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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 rekpdasants who often already have to

deal with natural resources scarciBeasants 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 shold present great potential for adaptation. Literature review on climate change in four
climatic zones of Africa (arid, suérid, sub humid and humid tropical) permitted underline major
challengesAgroecological practices of peasants across Africa tene inventoriedhroughinterviews

with experts of French NGQand African associationsClimateevolutions accelerate land degradation,
further restrict water availabilityand 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
agroecosystembs cingnpanmhnhg, ssgienceermghérrhoeen collective
organizatiorreinforcesp e a s adaptasioon capaci t y adaptatian oould therefore &y i ms 6
the combination of practices that | agpoecologgdoest he
not provide vith a universasolution, butwith principles that can be applied to sfflecific contexts.
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1. Introductio n

Climate change effectare already being felt in various regions of the world. Some of the
increasing energy accumulated in oceans is then distributed on Earth seddoey to a global raise
of temperatures over the globe. Scientists ofitiiergovernmental Panel on Climate ChafdgCC)
are modelling these climate changes to determine scenarios for the future. The most optimistic one, so
cal | e-dmisGidn® seenario , which considers a reductison of
global temperatures to increase by 1 to 2°C across Africa compared to mean temperatures’of the 20
century, and to stabilize by 2100. A pessimistic Feghissions scenario predicts & 30 5°C increase
in temperatures by 2100, with further warming in the following decades if emissions keep increasing
(MassonDelmotte, 2015). This warming is expected to be faster over Africa than over other areas,
with greater changes over northern aoadithern arid regions and relatively smaller ones over central
Africa (IPCC, 2014). Higher temperaturalsoaffect rainfall patternsThe volume and distribution of
precipitations in space and tinge increasingly unpredictableften implying weather ettemes.
Depending on the regions, extreme weather events such as heatwaves, droughts, heavy rains and
floods areindeedexpected to become more frequent and infer@echchanges have and will have
negativeeffectson agricultural productionand food searity. Indeed,cultivation season irregularity,
heatwavesor water scarcity largely disturb plants growth cy@ed livestock productigrimiting the

availability of foods fohumanpopulations

This evolution of the climate is significantly acceleralydgreenhouse gas emissions resulting
from human activities. Climate changeuldtherefore be mitigated by a reduction of these emissions
and an enhancemeaot these gasesequestrationHowever, even if mitigation was addressed, which
does not appear aspriority for most countries for now, climate change would still have widespread
effects on agricultural activitie§.hus, in order to maintain and improve food security, strategies of
adaptation need to be elaborated. Afrigegasants, who represent % 80% of farmers on the
continent, are amongst the msb vulnerable to climate chandsecause of their geographic and
economic situations. In someegions where present climate variability raady threatens food
production;climate change could totally iitdit agricultural activitiesf no measures are taken to adapt
existingfarming systems to the new contexts. There is therefore an urgent need to find solutions for
maintaining agricultural pragttion throughout the contineahd improve working conditiong\frican
peasants have developed farming systems that constad#ypt to climate variability. The

agroecologicalpractices theymplementrepresent a major potential to face the challenges of natural

! See more details on climate change in Africa in Appendix 4



resources sustainable management and population gloveidl and internationd@lGOs that work for

the maintenance and development of peasant agriculture in Africa and elsewhere need to take into
consideration these traditional and emergegsantechniguesinnovations have a greater chance to

be acceptednd appropriated if they come from the people who actually need Tiene is therefore

a need to take an inventoand studythe relevance opeasant practices various contexts for

adaptation to climate change.

Somestudiesfocus on adaptation to otiate change, while others emphadize potentialof
agroecologyfor sustainable agricultural productiodowever, the link between those two themes has
not been investigated in deep so far. This study aims at linking climate change, adaptation and

agroectogy and therefore intends to answer the following questions:

- Which climate changes have been observed and are projectecenertif€limatic zones of
Africa? How are such evolutions already influencing and expected to affect farming systems
acrossAfrica?

- How doagroecological practices implemented figasantEontribute totheir adaptationto
climate change?

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

security?

The study is geographically limited to fomran climatic zones of Africa: arid, suérid, sub
humid and humid tropicakirst, the main trends of climate change #meir implicationsfor farming
systems in each of the four zones of studyideatified Then,we presenthe agroecological practices
inventoriedin those systms which contribute t@daptationto climate change. Thiollowing part
gathersexamples ofinnovative combinations of agroecological practices tlalbw peasantsto
increase the resilience of their farming systems to climategetedfects Finally, the potential of such
practices for adaptation to climate change is discussed, to conclude on the relevance of agroecology to

face climate change.



2. Methodology

2.1 How was the study carried out?

Characterization of climate change major tends

First, a literature review (scientifiqoublicationsincluding IPCC reportspapers provided by the
various partner NGQsvascarried out taharacterize climate change observed and projected trends in
the four zones of stugyand impact on African ariculture In addition, discussions with two
researchers of IRD permitted strengtherthis 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 systemt study

Then one referent systerwas chosen for each of the four zones, according to two criteria: its
representativeness of farming in the area, and its reliance on agroecological prifitijgeshoice
was discussed with the different NGO parthersrking in Africa, to finally be validated. Then,
review ofliterature and discussions with expgregmitted to characterize those referent systems.

Inventory of agroecological practices in the referent system

Interviews were led with 16 expertsfrom 11 French NGOswhich 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 stéidinterviews werded either face to face, by telephone or

by skype. The notes taken were then traateposed t
the major elements.

From the #Areading tabl esd a rallthei agrbecotogicafiractioes pr o v i
mentioned were gathered @an Excel tableThese results were sorted out according to the zone of

study where they are implementeshd pesented in summarizing tablesSpecific information

concerninghe different referent systems was then oizgthin graphics and mind maps for analysis.

Evolution of the methodology

Initially, there wasto present one detailed agroecological innovation at each scale (plot, farm,
territory) for each of the referent system.rdigh the discussions with partnersappeared more
relevant to follow a more systemic approadhstead of one practice per scale, examples of

combinations of agroecological practicesplemented byfarmersthat contribute to enhance the

2 See list of people interviewed in Appendix 9
% For detailed information on interview topics see questionmaifgpendix 2
“ See Appendice5to 8



systemds r esi |l i eanectraus preséedcNew interviewys wete ghargfare led with
experts ofocal NGOsfrom different African countries to gétis informatiorr.

The methodology of the studysummarizedn Figure 1:

= Characterization of climate change PARTA ¢ 7 Literaturereview

and its effects in the 4 zones Discussion with researchers

= Presentation of a referent farming system o

for each zone Literature review
PART2 ~.. Discussionwith French NGO experts -

= |nventory of agroecological practices

= Presentation of examples of innovation " Literature review

combinations of agroecological practices PARTS  ( _Interviews with African NGO experts

= Analysis of results PART 4

= Conclusion

Figure 1 - Scheme of the methodology

2.2 Adaptation, resilience and agroecology

The IPCC definesdaptatonas @At he process of adjustment to
effects, in order to moderate harm or exploit b
option but Bako et @.208% p.452)psOclimate trends are evolving, will become
increasingly important to put adaptation measures in ptaoederto manage and reduce the risks of
such changefor agriculture ando build resiliencelt is the only effective option for societies to face

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

An agroecosystermay be resilient by itself, if we let interactions between its component take
places without disturbing thefNGO expery. Resilienceis defined by theFieldetal.( 2012) as At
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 tagicect ur e and functions

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 agintaining or mimicking natural balances whileplacing the

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

®> See Questionnaire ippendix 3



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 biologicaldaivity 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 orgaization 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 mina#skic 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 againpoverty. Peasanfarming is based on a long term vision, including
environment al ri sk management to reduce farmsé
minimum production in spite of climatic constrainBeasantghereforeaim at preserving natal
environment while using its functions. First, theyltivate species with various characteristics and
agronomic needs. This biodiversity constitute a natural barrier against parasitism andaneeds
contributes to landscape preservatiomdintenance ohedges, uncultivated areas, pt&Rkeasonable
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 autnomy. 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,
small hol ders6 far ming syst emsnonacs, ahichseemgtherodall y we |l |
food systems that are essential to face climate changes. All these mechaoisibsite tocarbon
sequestration and limitatin of greenhouse gas emi ssions whi |l
adaptation (Confédération paysan 2015).

2.4The innovation process in agricultural systems

Adaptation strategiesnay include innovation in agriculturelnnovation is defined as the

application of resources and technological, institutional and human findings to production, generating
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new pactices, 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 organizatibmall cases, lathese 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 validdggcial and economic terniisleynard and
Casabianca, 2011According to the World Bank (2006), innovations generally consist of many small
improvements in a continuous amelioration process, rather than of radical improveniergs.
progressive localized improvements can be difficult to deteecth&umore, 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 anotheinnoeation may
contribute to anticipation @nadaptation and appears as a i@ypeasant$o remain competitive or

even to survive. It implies diverse changepuactices that spread in farmmymmunities (Vall et al.,

2014).

2.5 Justification and characterization of the four zonesf study

Why those4 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 dividedaccording to the Koppe@Geiger climate
classification presented inAppendix 1). The climateof the continent is controlled by complex
maritime and terrestrial interactions that produce various climates from the humid tropics to the arid
Sahara. Fouzoneswere selected which amather homogeneous regards taclimatic conditions
Accordingto the map of Képpeeiger the dominant clirate in Africa is the arid B (52%) (in red

Ist 2nd 3rd  Description and orange on the magdllowed by the tropical A31.0%)
A Tropical . .
£ - Rainforest | zone 4 (in light and dark blue on the map) (Peel et 2007). We
m - Monsoon . . .
w - Savannah | Zone 3 chose areas that asebject toeither theglobal arid or the
B o
w :L].j; Zone 1 . . . .
S — et tropical climate so that theyare quite representative of the
h - Hot Zone 2 . .
K — Cold heterogeneity of Africa. Moreover, we chose to focus on
C Temperate i . . . .
s - Dry Summer areas where climate change is likely geriouslyimpact
w -Dr_}r\.linter
£ - Without dry season agricultural systems and local populations. Indeed, less
a - Hot Summer
° T Summer brutal chages are predicted in equatorial and coastal areas
D Cold i i i i i
s ~ Drv Summer (Christensen et al., 2007), which are not considered in this
w - Dry Winter
f - Without dry season study greyareas on the map).
a - Hot Sununer
b - Warm Summer
e - Cold Summer Identification and presentation of the 4 zones
d - Very Cold Winter
£ T ?‘}Em Table 1 briefly presents the different types of climates.
F - Frost

— - Tempeateandcold ones climate typesere not selected as
Table 1 - Description of KGppen _ _ _
climate symbols they are much less representative of African climates.

(Source: Peel M. C., Finlayson B.L., MCMAGC
T.A, Hydrology andearth System Sciences
Discussions Vol.11, n°5, 2007, p.1638. 2007 6



We will study the following climate zones, which &ighlighted inTable 1 anddelimitedin Figure 2:

Zone 1:Arid

(or dry tropical climate) whit corresponds tthe Desert (climate BWh and BWK).
Zone 2:Sub-arid

which corresponds tthe Hot Steppe (climat8SH).

Zone 3:Sub humid

(or tropical wetanddry climatég), which corresponds tihe Savannah (climaisw).

Zone 4: Humid tropical

which corresponds tthe Rainforest (climat&f) andthe Monsoon (climatam).

Legend
Zone 1:Arid

Zone 2: Subarid
Zone 3: Sub humid
Zone 4: Humid tropical

Areas not considered
in the study

Figure 2 - Delimitation of the 4 zones of stuy
(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.1@88.7)

The Arid zoneis characterized by a drglimate.i Ar i dans carebg idefined as regions with a
structural precipitation deficit (World Bank, 2013). This type of climate iesplittle rainfall and/or
concentrated rainfall in short periods between long rainless periods. This region globally receives less
than 50 mm of rain per yeawith a water deficit lastingt least 8 monthdPrecipitation is less than

half of potential evpotranspiration. Also, there are wide differences in temperatures between day and
night (up to30°C difference). During the day, temperature average sdingm 20 to 25°C, and can

®n the climate BS, we chose to study oBi$h (hot steppe), and not BSk (cold steppe).



exceed 5€C (Berthelot, 2006)Hot and dry deserts are warm throughoutftileand spring seasons

and very hot during the summer. Winter usually has very little if any rainfall. 3aah host very rare
vegetation: mainly shrubs and short woody trees, adapted to survive the climate (International
Sustainability Council, 2013).

The Subarid zone borders desert areasith climatic conditions similar to those found in the desert.

It receivesmore than 150nm of rain each yegBerthelot, 2006) The dry season lasts for the major

part of the year, followed by a short wetter seasRubarid 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 grasseyviding grazing for animals.

The Sub humid zonecan be found beteen 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 unequataihisr
towardsthe tropical forest zonand less towardsubarid desertszones The climate is relatively

warm all year long, with a minimum of 18°C duriniget coldest month{Berthelot, 2006) Such
conditions of humidity and heat allow fdenseherbaceousegetatiorto grow, with some shrubs and

isolated trees, offering grazing to animals.

The Humid tropical zoneis characterized by the rainfall it receiabyear round, with an average of
1250 to 6000 mm, occurring mostly during the summer. Precipitations are very var@abl®rie
month to another, with winter drought in some regidnsaddition, some areas are subject to storms
and tropical cyclones lked to high pecipitation Temperatureaverageranges 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 vegetatlotefnatonal Sustainability Council, 2013).

2.6 Justification and characterization of the four referent farming systemg

For each of the four zones of study focus ora farming systemthatis broad enough to include
a diversity of situations. They are farming systems, meaning that they includdyntiteoproduction
at the farm scale, but a broader frame (processi
afarming systemas fa popul ation of individual farm sys
bases, enterprise patterns, householdiiweds and constraints, and for which similar development

strategies and interventions would be appropriat

" References will be presented as follaws
Information from the literatur€Author, year)

Information from the interviews: (NGO expert)



As we can see imrigure 3, in the arid zone, sparse vegetatievails(number 13 on the map).

That is why sophisticated systems have beergdedito adapt to difficult climatic conditions: the
oasis systems, whidiave been selectddr the arid zone.

Regarding the subrid zone, we can see on the map that we find principally agropastoral

millet/sorghum systems and cereabt crop mixed systes (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 rqaharpp mixedcerealroot

crop mixedand foresbasedsystems (numbers 8, 7 and 3 Considering the importance of livestock

for livelihoods, the study will focus on mixed crbpestock systems for this zone.

Finally, in regions under humid tropical climate, tree crop, forest based anrtlegcerop systems

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

Faiming System
1. lingated
2. Tron crop
' 3. Forest based
4. Rice-treo crop
[ 5 Hightand porennial
8 & Highland temperate mixer
| 7.Rootcrop
8, Coroat-1o0t crop mixed
9. Maize mixed
10. Large commercial & smallhoidar
11, Agre-pastoral millot/serghum
12 Pastoral
13. Sparse fand)
14. Coastal artisanal fishing

Irtigated areas In rainfed farming systems

I Woater Bodies
Country Boundaries

Notes :
Projection = Geopraphic (LovLong)

13—

(Source: FAOFarmings y st e ms
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2.6.1 Oasis systems of arid regions

What characterizes an oasis system?
Oases ar e Ai sl ands of prosperityo i n an ar i
agroecosystem They are places of settlement and intense econamid sociecultural activities
(Deygout and Treboux, 2012). In Africdney are found in the Saharan region, where they developed
with caravanned trade. They remain quite traditioaméheir cultivationsystem.
A specific cultivation design in several strat e
reduction of temperature in an isolated moisture source surrounded by an atitbariekty, heat and
light allow for space optimization in an éronment 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 isbdigd 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, medicinalamdtiz 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 Bgtensive livestock production is led

on large pastoral areas swrnaling the palm grove. Oases also constitute a relay for nomad ard semi

- =
s 4l —

nomad breeders of arid zones. Animg
contribute to soil fertility manageme
while benefiting from oasis forage
production (Cheneval and Mich@ueirel, 7":
2012).  Additional  recession ap f
production can be practiced in some arg 4
although it is quite unpredictable (Deygog
and Treboux, 2012). Oases provide with
wide range of foods including cereal§
legumes, milk products and animad
proteins, which contribute to food securit  Figure 4 - Oasis in Morocco(Source: CARI, 2006)

andnuti i onal quality of | ocal populationsd diets.

Why a focus on oasis systems?

To which extent are oasis systems resilient regarding climate change?

In arid zones, climatechanges accentuateater scarcity and soil degradation and affect
agricultural yields. Oses 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 respotisediought i n t he 19706s ar
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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 animalsdmultiplications 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 Mi€hadirel, 2012 We
observe an increasing interest from governments and international organization for these farming
systems.
How are oasis systenagroecologicaP

The multiple layers optimize the use of surfaces and take advantage of beneficial interactions
between plats; and crop and livestock integratiofavors biological recyclingDiversification of
production, including trees, bushes and grasses, strengthens the resilience. For instance, if cereal
production, which is more sensitive to climate change, fails, @iwetuctions such as fruits may be
able to compensate. This diversity also enables the production of forage for animals, relatively
conmpensating the lack of pastures.

Which advantages of oases?

Thanks to an optimized utilization of soil and water resoustes productions adapted to the
environment, oasis cultivation givegh 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 uickly 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 surviied aneas.
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 ddu# developed and profit to local population.

Which socieeconomic factors threaten oasis systems?

First, groundwater tables are overexploited because of uncontrolled multiplication of pumping
stations. Secondly, oases maintenance is weakenibe loyigraion of workerswhichis 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,
nowadayasis systemsa often not economically sustainable because they are dependent to external
financial inputs (peasanfduriactivity and money transferred by migrgnte addition, knowledge
and knowhow are progressively disappearing, instead of being transferredepetyenerations.
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 investovghich representinfair competitbn for wateraccess
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Integration crop-livestock

2.6.2 Various levels of croplivestock 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 valorizatioaf pasture land which represents 78% of total agricultural
surface on the continentdll et al, 2014) and significantly contribute to food security, reduction of
poverty and job creation. Smatale livestock farming communities take advantage of human
inedible forage and marginal lands, to produce high quality and hadible foods; and avoid

degradation of natural resources and sociahgaments (River&erreet al., 2012).

Sub humid In Africa, livestock breeding depends

on direct feed supply of spontaneous

and cultivated vegetation. Its

e Top. mobility is therefore linked toits

systems

spatial repartitiorwhich depend®n
rainfall and temperatures. As

Agropastoral presented irFigure 5, thereexistsa
systems

diversity of livestock systems. In

subarid zones, breeding is strongly
Pastoral
systems dependent tonatural resources and

mobility. Pastoral systems that

: practice transhumance therefore
- Direct dependence to natural resources +

. . . _ prevail. In sub humid regions,
Figure 5 - Levels of cropslivestock integration

(adapted by Deray V. from INRA, 2014) livestock husbandry has relatively
settled as climatic conditions allow for crop cultivation. Mixed diepstock systems are thus
domimant. Finally, in the two zones, intermediary systems, which associate mobilityubivation
are developing: agropastoral systems. We will put an emphasis on agropastoral systerregiof sub
zones in order to study integration of crop and livestock ymmohs which is a basic principle of

agroecology. Regarding sub humid zones, we will focus on mixedigegtock systems.

2.6.3 Agropastoral systemsof sub-arid regions

What characterizes anagropastoral system?
A diversity of agropastoral systems

Agropastoral systems preseat wi de range of mobility 1levels
surfaces. In Africa, they are generally found in regions with low density of populdien. d s 6
mobility is a necessary condiadcesdtoresburces otwateramly st e n
pastures whose spatial distribution varies along the year. Breeders may also have access to cultivated

land through their family cagreements with crop producers.
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D6Aquino et al. (1995) usrcambiningicropeandtlivestockeproductigne n c e ¢
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. Aimals provide food for

auto consumption, additional income
fertilizer and animal power. In
agropastoral systems, livestoclkaiso
a patrimony and material securit
insurance,as well as a symbol o
success. Dicko et al. (2006) &
distinguish the associatiedry crops
livestock (ith millet/ cowpea or
millet/peanut); irrigated crops
livestock ith irrigated or rainfed
rice); and the agrosilvopastora Figure 6 - Agropastoral system in Niger

' i S : CARI2007
system (withAcaciaSenegal) (Source 2007)

How is livestock managed in agropastoral systems?

Agropastoral herds arether small compared to pure transhumamg¢ and composed mainly of
sheep, goatand bovines from local breeddilk is the main animal product in the Sahel, in particular
bovine one, although farmers do not necessarily have access to (NGO &qpets)aiickly 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 animalad diversify the system (Dicko et al., 2006). Hards/be owned
individually by a family, or collectively, and are ofteranaged by an employed shepherd vighn
charge of daily management of cattle while women generally take care of small runiinzgsock
can be managed through transhumance or more sedentarily (range pasturing, divagation, tether or
ilzegrroazi ngo) . Transhumance is practiced mostly w
by the herdsman while dairy animals stay at the paent place. In wet seas@mimals 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
sedentaryln 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 onagropastoral systems?
To which extent aragropasteal 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
13



productivity and influences animal mobility. Breeders have to move back ew@rl@iitivation areas,
which leads to an overexploitation of grasslands in some arghsinder exploitatiom others (NGO
expert). In additionyarming restricts the area suitalbte cutivation and heavy rainsamage soils.
Such evolutionscause vyield reductions, including of milleHeavy rainsalso favor diseases
propagation NGO expert). In additionsuccessive years of extreme drought decimate herds and
prevent their reconstitutiodMore frequent weather extremes may also degihgssical infrastructure

for cropsand livestock (Riverderre 2012).

The drought in 1972973 affected livestock production in several ways: degradation of livestock
itinerary, loss of herds, migration obpulations 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 furscttbns
prevent future disasters (Dicko et al., 2006). Agropastoral systems present several aspects of resilience
to climate changeFirst, their mobility allows optimizing land use in accordance with climatic
constraints(NGO expert. Heterogeneity of subrid zones, generally perceived as a production
disadvantage, is actually the basis of mobility which is the optimal use of these ecosystems (Wezel,
2014). Secondly suchsystems include a variewyf productions andpecies, 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 wateiTldioily, breeders may sell animals to
ensuretheird od secur i ty. capacityohnedotiation allaws thedndor ascdrtain extent to
take advantage of opportunities to graze their animals while creating alliances that strengthens their
systems (NGO expert). Neverthel ess, agropastor a

farmers sell capital that they should keep (NGO expert).
Which representativeness of agropastoral systems?

Agropastor al systems are r epr-aid eones ardiconeern o f pe
large numbers of population (NGO expert). They represemtnthin wealth of the region and
constitute one fundamental social value. Even though peasants-ariduiegions cannot always
afford to breed animals, large parts of the population depend on agropastoral systems. Indeed, many
households rely on livestodkr food, animal products, income or insurance against crop failure. For
instance, in the sultrid zone of Madagascar, zebus are traditionally integrated in farming systems for

transport and manure supply (NGO expert).
How are agropastoralsystemsgroecdogical?

Agropastoral systems rely on agroecological principles including fertitityster from animals to
fields; the use of local resources and their collective management (NGO expert); low depeéadence
external inputs; and the maintenance of sersitinesTheyare based on traditional knewow 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 amourg 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 dicfange, 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 resouitedso generates jobs in the dry season,
when work force required foruttivation 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 productsldema
and to the multiplication of markets and local trade of livestock prodimszover agropastoral
systems host various innovatiossich as livestock diversification, use of woody forage resources, hay
fabrication and organization of pastoral itineear(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 le 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 socieeconomic factors threateagropastoralsystems?

Her ds® mobility is constrained by crop cultiva
situation often leads to conflicts linked to land and water availability butlmked to damages
caused by animals on f i el ddeedinfRissdas m patiodhvehendtreyy mo b
didnét exist in the past (Valll et al ., 2014) .

2.6.4 Mixed crop-livestock systems of sub humid regions
What characterizes a mixed croplivestock system?
A diversity of mixed crofivestock systems

Major farming system of sub humid zones identified by the FAO (C2%.all include animals,
to different extent. In root crop and maize mixed systeatteis strongly integratedHowever most
farmers cannot afford to breed many animblistds are more anecdotal in cérazot crop mixed and
forestbased system@nl y when space opening allows it, bovi
1995). In regions where tripanosomiasis limits cdiieed systemgyeasantggenerally introduce
small ruminants into their mixed/stems. 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 diogstock systems?
77 | A sl T Farmers implement different kind of

- strategies. Some alternate beém
cultivation and pasture on the same plot;
some relyalmost exclusivelyon crops
that they produce and their byproducts for
livestock feeding; some graze animals
under plantations; and someombine

several of these techniques.

In unsaturatechreas farming systems are

often based on slasindburn techniques,

in rotation with fallow of variable

Figure 7 - Mixed system in TOQO(AVSF, 2013)

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, farmersrelyon closd drop e st ock i nt egr at i

fertilization and animal feeding.

Mixed systems may also rely on perennials or tr@ash 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 popuati The association between livestock and
plantations is diverse, depending on cultivated plant nature and cultivation Fadistance, in

South of Benin, Cameroun, Ctte doélvoire and Tog
palm groves andoconut.Animals addvaluetohédb aceous cover wunder planta
land, reducingplantation maintenance cost whilavoring soil biological activity which is often

weakened in plantations by pesticides and herbicides. This fertilizationmigleted with compost

made of perennials6 | eaves.

In more humid foresareas vegetation densityestricts animalmovement and favors parasites and
diseases spreading. There are though some small ruminants grazing in undergrowth where vegetation

opening albws, providing famers with supplementary revenue.
Why a focus on mixed croplivestock systems?
To which extent are mixed crdipestock systems resilient regarding climate change?

Mixed croplivestock systems are still highly dependent to natural reseReénfall is likely to
become more unpredictable, with generalyprter wet seasormdmore frequent and intense heavy
rains and cyclonedhis implies greater variability of production and price volatility. Farmers perceive
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changes in start and endtes of rainy seasons, although clear direction of this evolution cannot be
identified (NGO expert). Floods may faveests, diseases and weeds spreadiggones may destroy
crops and weaken animals. In addition, higher temperatures apdo@entrationsire expected to
reduce the surface of savanna grassland.

However, mixed crofivestock systems present certain resilience. Their nature implies a
di versification of production and economic compl
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 extremts and ensure their maintenance
(NGO expert).

Which representativeness of mixed eliopstock systems?

Sub humid zones are characterized by the prevalence of savanna graséthngsstoral
societies and smallholder rafied cultivation. Rainfall pagrns generally allow breeders to grow
crops. Rairfed mixed crodivestock farming therefore replaces livestamily and croponly systems
when conditions allow it (agricultural land availability and access to market). Moreover, in areas with
high populatbn 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 h&0 @kpert).

How are mixed croflivestock systems agroecological?

The integration of animal and crop productions afiéev biological recycling: animal manure is
used as organic fertilizer while crops and their byproducts feed aniimaieals mayalsoersurethe
conservation of a dense muiecific herbaceous cover close to natural vegetatibich allows for
better interception of rain, slower mineralization of organic matter, increased fertilization and soil
protection against erosionr&zing also prmits to avoid usinghemical herbicides which is frequent
in some areas and increases soil exposure to erosion. Moreover, mixddasmek systems are
generally highly diversified, including associatioaad rotations of cereals and legum@&GO
expet). Livestock breedingcaslsogener at e jobs (shepherds,lnbl acksm

between crop producers and breeders.
Which advantages of mixed crtipestock systems?

Livestock both improves organic fertility and adds value to weak &ggeton 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 hdmegions than in subrid ones. Maintaining systems that
associate crops and animals could permit to compensate for expected issues of livestock production

(reduction of grasslandand pressuie ). 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 croefivestock systems?

In regions where land pressure is growing, surfaceaatebe 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 depndent 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 wedkensnvironment and threatens

natural vegetation (D&6Aquino et al., 1995).
Which socieeconomic factors threaten mixed cribgestock systems?

In West African sub humid zones, populations coming from the Sahel with different cultures have
coexisted for a lng 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 competitiolarfdrfrom agribusiness
projects which affeclarge zonesvith 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. Migrationsnkied 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 produbtianany
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 ofhumid tropical regions
What characterizes anagroforestry system?
A diversity of agroforestry systems

The word fagr of o-use systamg in wigch wwdo@yrperenriials @ne deliberately
used on the same land management unit as agricultural aripgls 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 cor
2014).Agroforestry systms are characterized pyl a nt a s degree iofacamiplexitgmndspatial
structure.In humid tropical zones, such systems result either from a progressive occupation of
woodland by agriculture through the plantation of cultivated species under reftad® or from the

plantation by humans of associations after complete clearing of wood or savanrreostbased
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farming systems are generally based on shifting cultivation, but as population density infateages
periodsare progressively being deiced and groforestryappears aan alternative. There exist a wide

range of agroforestry systems: from relay cropping to complex -siudtia systems associating
numerous perennial and annual plant species that mimic natural forests. In humid tropozal Af
agroforestry systems are peasant plantations combining perennial cash crops (coffee, cocoa,
coconut é) with other pl ants such as trees for
handicraft (palm, bamboo..), medicinal plants and tagye coverAlthough livestock production is
generally marginal in those systempgasantsnay introducesmall ruminants, pigs or poultig areas

with high densities of population, where croply small farm predominance affects sailadjty, and

where foods lack. In South Nigeria for instance, small ruminant breeding is spréabifigAqui no et
al., 1995)

How are agroforestry systems managed?

As shown inFigure 8, in Madagascar for instanctie differentcrops are distributed accang to
the topography: fruit and cash crop trees at the top; fruit trees, root crops, cereals and legumes on the

slope; and vegetables

Maraichage de contre saison

. . - Rizicul
and rice in the plain Pestoralisme B — i
Reboiseraent Village Razires mauvaise mailyise (zorede  parsic  Lac
irviguées , 2
(NGO expert) exploitation du bois Fruitiers do Vs maricage)

< =< 2€ >

Fruitiers

Tree crop farming _
systems may also be
considered as o
agroforestry as they are
generdly composed of

tree crop production

(cocoa, coffee, oil palm,

rubberé _planteu ! \}\L/ Grass <°_,.,‘3‘ Citrus fruit trees " Cessava ‘_-: Village
. i i Maize ; o
with food crops (roots @ Cucayptus “. Mango, et trees: Y Z Irrigation

and tubers). Cassave Rice

Lake

Yf; Sedges * Bananatrees o __ - - - - -
yam and cocoyam are

- - Figure 8 - Land use in the Alaotra Lake regon
the main staple while (Sourceaadapted from Rivera et al'he role of smatkcale livestock farming

tree crops and offarm in climate chanae and food seci®1?2. n 89)

activities ae the main source of cash.

In addition, differat kinds of agroforestry techniques are implemented in all kinds of farming
systems: hedgerows, grassy strips, cultivation under tree shade, refore$taticamepeasanimay

implement slasfandburn techniques on some of his plots and agroforestryhmnsot
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Why a focus onagroforestry systems?
To which extent are agroforestry systems resilient to climate change?

Mean annual temperature raeed increased duration of heatwaves may provoke heat stress for
crops. Such warming also leads to more freqaek intense heavy rains which are a factor of soil
erosion and crop destruction. Increased moisture may favor diseases weect@timulate weed
infestation. In addition, cyclones, which are becoming more frequent and intesngse land
degradation and @aken animalsjncreasing 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 shorterdndlghts 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 soinamme 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 moreopd uct i v e, more sustainable and mor e

material needs than treeless systems (Mbow et al., 2014).
Which representativeness of agroforestry systems?

Agroforestry systems are not necessarily the most representative farming systeamsiumid
tropical zone, but they characterize these regions and are implemented by peasants. They significantly
contribute to householdsé food security and have
many parts of Africa (Mbow et al.024). 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; viatier
infiltration reducing water erosion; shelter for pollinator insects and biathjcedevapotranspiration
and thus water losgyrotection of thesoil against wind erosiomand erratic raingNGO expert
Agroforestry takes advantage of interactions between species aregk#: trees provide crops with
shade allowing them to grow; legumes favor soil fertility that wile n e f i t to other pl
various rooting systems explore different soil strata favoring its structure; animals may pass on fields
and bring manureSuch systemslso optimizeland useon slope and in plaingNGO expert).
Agroforestry improves natural resources use efficiency (space, soil nutrients, water, and light) and
limits sanitary, climatic and economic risks thanks to diversification (Perbtamtrenie, 2014).
Such systems favor a useful biodiversity with a market value while integrating -salwized

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

Agroforestry is increasingly recognized as asnswib| e | and use that cont
ability to adapt to climate change. It enhances -egasystem diversity and resilience while
contributing to the limitatiorof greenhouse gas concentrations in the atmosphere (IPCC, 30tH).
systems favor plas recovering after extreme climatic events such as floBdsibert, 2014)
Agroforestry therefore provides multiple benefits: food provision, diversified income sources and
environmental services. For instance, African peasants have been able to nradefpaded
agriculturallandscapes into more productive and sustainable systems by integrating trees into annual
cropping systems (IPCC, 2014)he vegetation cover may also contribute to a -yeand cooling
which could favor crop productionCpristensenet 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 spreadingdgroforestry can consequently be seen asvay to sustainably intensify farming
practices forincreasedood security using sociallgnd costeffective management techniqué@sey
requirelow external input, high recycling rataad sometimes crdprestock integration.

Which limits to agroforestry systems?

The potential of agroforestryis limited in the short term because of smallnfasize poor
development of markets and isolatiAO, 2001) In addition, as theitand holdings are small,
farmers are often unwilling or unable dedicatedlandto agroforestryPeasantare often reluctant to
invest in the longermwhen itmay benetithe next owner of their land rather than themvsg(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 curremnf stage
knowledge does not provide sufficient information on what systems work where, for whom and under

what circumstances
Which socieeconomic factors threaten agroforestry systems?

Increasing population pressures natural resources. Furthermore, peasans ggnerally 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 partcharacterizeshe expead effects of climate change in th#ferent climatic
zonesand how they could affect the four farming systems that have been prederded.s ant s 0
agroecologicapr act i ces t hat c oadaptaiiob ard tieen gresentdde thenistudg y st e me

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

3.1Expected effects of climate change on agriculture in Africa

3.1.1Which implications of climate change for agriculture in Africa?

The 5th Assessment Report of the IPCC (3Qdrévides 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 heaklfriza. Vast proportions
of Aficancountri es® popul ations rely on agricultura
livelihood and food securityindeed, agculture employsalmost 70% of the popuian in most
African countries andepresents in average 21% of GDP in Africa, withoatigbution ranging from
10 to 70% depending on the country (Boko et al., 209@}.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, wheag, mdliet and sorghum
(Adesina, 2010, cited in World Bank 2013). In Sséharan Africd 97% of total crop land is raiied
andmany African countries do not have efficient irrigation systems (Boko et al., ZDIo& )ivestock
sector is also very importamt Africa, with a concentration in stdrid and sub humid zones, because
of susceptibility to diseases and low digestibility of grasses in tropical environmheints.i can peasar
rainfed farming systems are particularly dependent to precipitation ildyiadnd therefore critically
vulnerable to climate evolution8esides 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 improed seeds (Boko et al., 2007). Climate changes and hazards are aggravating the

already challenging situation, threatening popul

Rainfall increasing variability is likely to further restrict access to water resourbeseis
growth season; impact soil fditly; and alter quatity and quéity 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 dadation and loss of arable land; crop yield and animal
productivity reduction; alteration of vegetative covers; and pests and diseases spfdadiagtreme
events could have significant consequences which are uncertain for now (Roétter et al, 2014, cite

World Bank 2013)Yields from rainfed cultivation could decrease by up to 50% in some countries by

8 See more detailed information from literature review in Appendix 4

% 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., Zd)relative significance of
temperature and precipitation in the effects ahatechange on agriculture variepending 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 deperésnperature in tropical
zones (World Bank, 2013).

However in manyparts 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 strongesblogical 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 thengafpli
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)urthermore, althugh climate change is expected to affect mainly
negatively agriculture in Africa, Mier et al. (2011¢cited in World Bank 2013) suggest thiaitmay
have positive influence as wetlepending on farm type and crop type and depending on whether or
not adapation is assumed:or instancecrops may respond positively to increasing atmospheric CO
concentrationsBut important crops such as maize, sorghum and millet are not very sensitive to

atmosphericCO, concentrations, and the magnitude of these effeatsiins 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 challengesto farming systemsin the four zones of study?
a. Inthe arid zone

Agriculture in arid Afric a

Arid regions rely on the wet seasfan water and receive little runiofrom permanent water sources.
High temperatures and dry soils, which absorb more moisture, accentuate this phenMoezrer,
agricultural production in arid zones is subjectttorsg constraints such as low fertility of soitkie to

low organic matter contengnd high density ofveeds and pests. Producers are masilysistence
farmers, growingmainly cereals and legumes in rdied or specific irrigation systems. They also
produce smaller amounts of roots, fibers, fruits and vegetables. Livestock production is limited by the

scarcity of accessible grasslandée{lington 2007).

1% Find more detailson climate in the four zones of study in Appendix®his informatiam is summarized in
Tables 2 to 5.
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Climate changes in arid Africa

In the arid zone, climate is becoming drier and
warmer in average diing the year Average
annual rainfall is decreasing while mean
temperature increases. In the worst céseal
associationexpect a 50% decrease of rainfall
by 2060 in Morocco and Algeri&Cpenevaland
Michel-Queire] 2012). Furthermore, extreme
climatic events such as droughts, heatwaves and
flooding should multiply (Kabat et al., 2002,
cited inChristensen et a2007). The number of
heatwaves dayger yearis expected to increase
over the 2% century (IPCC, 2014). In the Horn
of Africa and in North Eds Africa, global

Figure 9 - Arid climate zone
(adapted by Debray V. from: Peel M. C., Finlayson B.L., climatic models predict an increase of rainfall
MCMAGON T.A, Hydrology and Earth System Sciences
Discussions Vol.11, n°5, 2007, p.162807) 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 yearg@entuatig flooding risk (Schellnhuber et a2013).

Subsistence farming of African arid regionstliseatened by the following major climate changes:
increase bmean annualemperaturgreduction of annual average rainfdligher 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 imable 2.

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

Impacts on natural resources
and production means

_ Expansion of desert zones Loss of arable land

Lower quantity of availableater
Higher uncertainty about water availability in tin Lack of water supply for crops and
Water and space animals

Low-efficiency surface irrigatiogystems
Increased crops and animals water requiremen

Affected factor Challenges for farmers

Higher soil salinity
Soil Accentuated evapotranspirati Reduction of soil fertility

Loss of organic matter
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