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1 Introduction

Several decades of scientific work on a better understanding of the earth’s cli-
mate system have led to increasing certainty that changes in the climate system
are influenced by human activity. As the 5th Assessment Report of the IPCC
notes, there is 95% confidence that the increase in global surface temperature is
caused by the anthropogenic increase in greenhouse gas concentrations [Stocker,
2013]. As a result, more extreme weather occurrences have been predicted for
many regions for the upcoming decades. Successfully coping with changes in
weather patterns requires mitigation measures for future GHG emissions reduc-
tions along with adaptation measures, the latter adopted particularly in those
regions that will be severely affected by future weather extremes.

In most of the developed Annex I countries, a well-functioning governance
system provides financial resources and institutional stability for potentially
large-scale investments in adaptation and mitigation measures within the na-
tional territories. In many developing countries, however, governance and insti-
tutions are poorly developed, resulting in a lack of financial investments to cope
with climate change. Given these circumstances, affordable adaptation mea-
sures are required to be taken by citizens themselves on a local level to avoid
adverse effects on their livelihoods.

An important field for investigating the effectiveness of adaptation measures
against climate change are African smallholder, or subsistence farmers. In many
parts of the African continent, smallholder farmers cultivate more than 70% of
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the arable and permanent cropland and are responsible for a very high propor-
tion of local food and crop production [Morton, 2007]. However, their lack of
economic resources restricts them access to alternative livelihoods [Slingo et al.,
2005]. Given these circumstances, a worsening of climate variability, primarily
decreases in precipitation and increases of droughts that have been predicted
for large parts of Africa, highlight the importance for cost-effective adaptation
measures for the agricultural sector in Africa. Without these measures, severe
effects on food production are to be expected that greatly endanger the liveli-
hood of local farmers and the people that to a great extent dependent on local
food supply [Waha et al., 2013]. If not adopted successfully, African food sys-
tems are unlikely to provide sufficient nutrition to a population that is growing
by 4% annually, and that will thus further increase the stress on arable land
[The World Bank, 2012].

This paper examines agroforestry as an adaptation measure that can be
applied by smallholder farmers in order to increase the resilience of African
food systems against increasing climate variability. In doing so this paper aims
at responding to the following research question:

What is the adoption potential of agroforestry for smallholder farming in
different countries of Sub-Saharan Africa to strengthen the resilience against
increasing climate variability?

The paper proceeds as follows. Firstly, based on a literature review the
predicted impacts following from climate change are synthesized for different
African regions. Secondly, agroforestry is being introduced as a cost-effective
adaptation measure. Lastly, adoption potentials for different regions are quan-
tified and advice is given on increasing the adoption of agroforestry methods by
addressing several identified barriers.

2 Predicted impacts for Africa

Several studies have modeled and assessed the potential environmental and
socio-economic impacts on the African content from climate change. Table
2 provides a summary of the different studies. de Wit [2006] assess that pre-
dicted precipitation changes will significantly affect present surface water access
across 25% of Africa’s land surface by the end of this century. They estimate
that a 10% decrease in precipitation in regions with more than 1000 millimeters
precipitation per year would reduce drainage by 17%, regions with less than
500 millimeters would experience reduced drainage by up to 50%. Hulme et al.
[2001] estimate a temperature increase between 2 to 6 ◦C by 2100. Tempera-
ture changes will have different impacts on different regions in Africa and are
strongly related to changes in precipitation. As such, Burke et al. [2006] predict
increased droughts over Northern Africa and a wetting over central Africa.

Most smallholder farmers in sub-Saharan Africa practice rain-fed agricul-
ture and depend on local hydrological feedbacks [Lasco et al., 2014]. Therefore
increasing climate variabilities will have significant socio-economic impacts and
several studies attempted to estimate these. A study done by Schlenker and
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Study Predicted impact
de Wit [2006] Decreased drainage 17% - 50%
Schlenker and Lobell [2010] Increased crop damage 7% - 27%
Jones and Thornton [2003] Decreased maize production by 10%

until 2055
Hulme et al. [2001] Temperature increase 2 - 6 ◦C by

2100
Kurukulasuriya and Mendelsohn
[2006]

10% temperature increase leads to
13% decline in net revenue. 10% in-
crease in precipitation leads to 40%
increase in net revenue

Burke et al. [2006] Increased droughts over Northern
Africa & wetting over central Africa

Table 1: Overview on studies assessing the environmental and socio-economic
impacts on the African continent as a result of climate change

Lobell [2010] showed that damages to yields of typical crops such as maize,
sorghum, millet and groundnut are likely to exceed 7% by 2050 whilst yields
from tropical crops such as rice could increase in regions with increasing flood-
ing. This corresponds to other studies such as Jones and Thornton [2003] who
predict a 10% decrease in maize production until 2050. Zinyengere et al. [2013]
predict even more severe yield reductions, with a 18% decline for maize and
an average crop decline of 30% for wheat, beans and sugarcane until 2100.
Overall, crop responses to increasing climate variability tend to be negative for
sub-Saharan Africa. Kurukulasuriya and Mendelsohn [2006] did an economic es-
timate in which 10% temperature increase leads to a 13% decline in net revenue
for smallholder famers. 10% increase in precipitation would in turn, according
to their calculations, lead to a 40% net increase in revenue.

3 Agroforestry

The predicted impacts show the necessity for smallholder farmers to adapt in
order to counter the negative effects of climate change on their farming oper-
ation. In this context, several hundred studies have been evaluating various
adaptation measures since the late 1990s [Kamukondiwa, 1996, see]. This paper
focuses on two recent studies performed by Deressa et al. [2009] and Waha et al.
[2013] who identified the following coping mechanisms as the most promising
measures adapt to climate change:

• Planting trees

• Soil conservation

• Different crop varieties
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• Early and late planting

• Irrigation

• Multiple cropping systems

Many of these strategies can easily be implemented by a single adaptation
measure called Agroforestry. Agroforestry is often used as a strategy that in-
volves the combination of regular crop cultivation along with trees and shrubs
to increase the resilience of the former. It commonly involves the following four
aspects [Nair, 1993]:

• At least two species of plants of which at least one is of woody perennial

• Two or more outputs

• A cycle exceeding one year

• A system that is ecologically (structurally and functionally) more complex
than a mono-cropping system, even for the most simplest system

Several methods for agroforestry are available, including: intercropping, al-
ley cropping and hedgerow cropping or more complex systems that form a nat-
ural forest ecosystem [Mbow et al., 2014a]. The diversity and characteristics of
agroforestry can be observed in figure 1. The main advantages of agroforestry
over other measures is primarily found in its positive influence on farmers’ in-
come security and through the provision of additional resources and its facili-
tating role in the growth of crops. Those both aspects add important security
in a changing climate setting. Furthermore, agroforestry can even to some ex-
tent help mitigating climate change, thus allowing farmers to benefit in multiple
ways with respect to food security [Mbow et al., 2014a]. A selection of feed-
back mechanisms under the application of agroforestry can be found in Figure
2 and will be further discussed. By planting trees and shrubs, farmers can di-
rectly benefit through the harvest of additional yield such as fruits or firewood.
These contribute to the farmers’ own food supply and possibly provide added
income if they are able sell these fruits and firewood on local markets. Following
the agroforestry typology, this is an example for a multiple cropping systems
with the provision of at least two outputs. The cultivation of trees along with
their use as firewood provides further benefits such as a decrease in time that is
needed to search for firewood and the prevention of deforestation by reforesta-
tion [Mbow et al., 2014a]. However, the availability of additional cheap firewood
can have a negative feedback in that it contributes to emission of greenhouse
gasses and contributes to domestic air pollution since stoves in homes are often
low efficiency [Kiplagat et al., 2011].

It is particularly the indirect effects of agroforestry that are likely to help
farmers adapt to a changing climate. For instance, nitrogen-fixing trees bind
nitrogen in the ground, and thereby fertilizing it. Since nitrogen is often a lim-
iting factor for plant growth, this extra nitrogen in the ground will help crops
to grow without the need for synthetic fertilizers [Fleischer et al., 2013]. Studies
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already showed that using fertilizer tree species contributes to a larger maize
yield than without the use of any fertilizer [Lasco et al., 2014]. Thus, agro-
forestry can be seen as a natural adaptation method to ensure soil conservation.
Natural soil conservation by trees is also created through year-round surface
cover. This stems from the fact that unlike most crops, trees will be on the
land for multiple years. In comparison to conventional cultivation with large
extents of surface litter and crop residue removal, resulting in soil erosion and
increases in probability for water runoff, agroforestry ensures surface covering
through trees and thus mitigating these effects [Mbow et al., 2014a].

A second benefit provided by trees is the provision of shade for the surface
below them that allows them to buffer against temperature extremes and there-
fore decreases evaporation [Mbow et al., 2014a]. This can contribute to a longer
growing period for the crops, making them less likely to fail. Furthermore,
shade will create a more comfortable working environment for the farmers with
potentially positive socio-economic and health effects.

A third benefit comes as a result from water management by trees. If pruned
correctly, the roots will grow to use water from deeper layers and therefore not
compete over water with annual crops, which use water from the top soil. Since
trees also contribute to soil conservation, the runoff from precipitation can be de-
creased, increasing the available water for crops. Furthermore, tree cover plays
an important role in the water cycle. Analysis showed that trees have a direct
influence on precipitation patterns [Mbow et al., 2014a]. Since a significant frac-
tion of the precipitation originates from local evaporation, an increase in plant
cover can increase the amount of local precipitation [Bierkens and van den Hurk,
2008]. This might eventually contribute to a positive feedback effect of increas-
ing precipitation in local areas and reduce the need for a mechanical irrigation
system. Therefore, planting of trees can be seen as a natural replacement for
mechanical irrigation systems.

A fourth benefit from agroforestry refers to the reduction of pests without the
use of pesticides. Trees can form a natural barrier and decrease the accessibility
of the crops by limiting the movement of the pests. Furthermore, a diverse plant
mix evaporates a mixture of odors that can potentially irritate insect pests and
the provided free space can encourage the pests’ natural enemies to inhabit
the area. Agroforestry can therefore increase yield by protecting it from pest
impacts [Rathore, 1995].

Finally, agroforestry reduces CO2 concentration in the atmosphere. Since
trees sequester carbon, the overall carbon concentration in the atmosphere will
be reduced. Trees will use and store carbon for their entire lifetime, keeping
it out of the atmospheric cycle longer than annual crops. If agroforestry is
applied on a large scale, the sequestration of carbon can significantly contribute
to GHG emission mitigation and thus lessen the severity of impacts due to
human-induced climate change [Mbow et al., 2014a].

In summing all these effects, agroforestry covers 4 out of the 6 aforemen-
tioned adaptation measures through a single measure of planting trees. Yet,
other measures could still be incorporated, such as early and late planting by
planting crops at the beginning of the seasonal rain period instead of at tradi-
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tional dates [Waha et al., 2013]. Lastly, different crop varieties as a suggested
adaptation measure might not be necessary with agroforestry as the latter har-
monizes factors such as water availability and surface temperature, allowing tra-
ditional crops to prosper regardless of the increases in regional climate change.

Figure 1: A selection of agroforestry classifications. Source: Mbow et al. [2014b].

4 Challenges for agroforestry adoption

Despite its potential to adapt local food production to changing climate con-
ditions, the adoption rate of agroforestry technologies in sub-Saharan Africa is
still considerably low [Ndjeunga and Bantilan, 2005]. 8% of the world popula-
tion is involved in agroforestry, with the majority being located in Southeast
Asia, Central America and South America [World Agroforestry Centre]. This
section discusses the challenges for agroforestry as a result of possibly impeding
barriers that need to be overcome for its widespread adoption in sub-Saharan
Africa. Empirical studies highlight that two different situations have to be dis-
tinguished [Dahlquist et al., 2007, Kiptot et al., 2007]: (1) a temporary adoption
of agroforestry methods with a subsequent dismissal at a later stage and (2) no
adoption due to impeding barriers. For the scope of this paper we primarily
focus on cases in which agroforestry is not adopted at all in order to investigate
the challenges that need to be addressed by policy-makers and future research.

A lack of adoption leads to the presumption of existing barriers that hinder
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Figure 2: Overview of internal feedbacks and outcomes in an agroforestry
system.

smallholder farmers to adopt agroforestry methods. Therefore it is important to
understand the factors that affect farmers’ choices in the decision-making pro-
cess. A schematic relationship developed by the ’Edinburgh Study of Decision
Making on Farms’ (see Figure 3), suggests that smallholder farmers’ choices
depend on personal factors, i.e. attitudes to farming and objectives, as well
as external farm factors that together influence the decision-making process
[Willock et al., 1999].

Figure 3: Schematic relationship between personal, external factors and indi-
vidual farmer behaviour Willock et al. [1999].

By analysing existing empirical studies we want to investigate the relevancy
of each of these factors for smallholder farmers’ choices on agroforestry methods
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in sub-Saharan Africa. A survey performed by Deressa et al. [2009] amongst
farmers in the Nile Basin of Ethiopia indicates that failures to successfully adapt
farming practices are primarily a result of a lack of information, insufficient
financial resources, a shortage of labour and land, as well as a poor potential
for irrigation methods. In a study specifically looking at agroforestry, Mbow
et al. [2014b] identify the lack of public policy support and the disposition of
farmers as the major adoption barriers. More specifically, they highlight the
counteracting role of national policies that institutionally segregate forest from
agriculture and thus miss the opportunities for synergetic effects.

Another study done by Rusinga et al. [2014] on smallholder communal famers
in Zimbabwe revealed that most farmers received information on adaptive strate-
gies that do not include agroforestry but emphasise different strategies such as
evidence and manipulation of seasonal rainfall variability, planting of drought
resistant crops, conservation farming methods, early planting and irrigation.
Most of the information is provided to the farmers by NGOs, amongst them
many internationally operating ones such as Caritas, which frequently recom-
mend adaptation measures that are more compatible with mono-cropping cul-
ture than with agroforestry. This is surprising in that the success of monoculture
production of annual crops has been proven to be significantly lower in African
regions than elsewhere Djurfeldt et al. [2005].

5 Discussion

Agroforestry has a large potential to sustainably intensify farming practices that
provide (a) enhanced food security, (b) multiple sources of income from the sale
of products other than crops, (c) financial resilience to withstand food insecure
periods during droughts and floods, and effective climate change mitigation
through carbon sequestration [Verchot et al., 2007, Thorlakson and Neufeldt,
2012]. The previous section highlighted a selection of key challenges that need to
be addressed in order to stimulate the adoption of agroforestry in sub-Saharan
Africa. However, these challenges are unlikely to be the same in whole sub-
Saharan Africa and possibly large differences concerning the adoption potentials
for agroforestry between the countries need to be acknowledged.

In order to estimate the adoption potentials for different countries, we follow
the differentiation between extrinsic influential factors and intrinsic factors as
proposed by Meijer et al. [2014]. Their approach is comparable to the afore-
mentioned Edinburgh relationship by which extrinsic and intrinsic factors both
shape the knowledge, attitudes and perceptions of smallholder farmers and thus
their decision whether to adopt agroforestry technologies. However, as intrinsic
factors such as farmers’ and researchers’ perceptions of technology, use value,
tree mortality, or pests are arguably difficult to assess for a large number of coun-
tries, in this study we exclusively focus on extrinsic factors. The per-country
assessment has been performed based on seven World bank indicators that ap-
proximate the explanatory variables for extrinsic factors [Meijer et al., 2014, p.
7]. Each table cell corresponds to a value of a country for a specific indicator
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Person
factors

External/
physical
farm
factors

Attitudes
to farm-
ing

Objectives
in farm-
ing

Other
factors

Farming
be-
haviours

Lack of
public
policy
support

choice for
cheapest
measures

Lack of in-
formation

keep ex-
isting
methods

Shortage
of labour

choice for
simplest
measures

Shortage
of land

maximising
single out-
pus

food secu-
rity

day to day
practices
that lead
to im-
mediate
effects

acquired
knowl-
edge from
previous
genera-
tions

traditional
farming
methods

Uncertain
land
rights

investing
in short-
term
measures

Low in-
formation
sharing

slow diffu-
sion of in-
novation

NGOs
promoting
alter-
native
strategies

slow
knowledge
diffusion

Table 2: Relevant variables for agroforestry adoption based on the ’Edinburgh
Study of Decision Making on Farms’ relationship, identified by different studies.
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whose colour indicates its relationship to the best value of the country selection.
Green coloured table cells thus indicate conditions that facilitate the adoption
of agroforestry methods.

Figure 4: Evaluation of relevant extrinsic factors for agroforestry adoption for
sub-Saharan countries. Source: The World Bank

Figure 5: Evaluation of relevant extrinsic factors for agroforestry adoption for
sub-Saharan countries. Source: The World Bank

According to the indicators that approximate extrinsic factors, a high adop-
tion potential for agroforestry is likely to be found in Angola, Botswana, Cameroon,
Cabo Verde, Gabon, Ghana, Mauritania and Senegal. On the contrary, a very
low potential exists in Somalia, Eritrea, South Sudan and Rwanda. Concern-
ing recommendable advice, we suggest that smallholder farmers of countries
with an identified large potential should be receiving stronger public policy sup-
port from national and regional governments. Aside national governments, the
international community can further encourage farmers to develop a positive
perception of the environmental benefits, such as carbon sequestration, that are
provided by agroforestry. However, until today the share of Clean Development
Mechanism (CDM) projects on agroforestry (group Afforestation Reforesta-
tion) accounts for only 0.8% of all CDM projects issued UNEP Risoe Centre
[2014]. Future investigations are required to identify stimuli that can strengthen
international cooperation in the CDM on agroforestry projects. For the low-
performing countries, future research is needed to identify the key challenges on
a per-country basis that lead to a low potential and investigate particularly the
relevancy of intrinsic factors on farmers’ perceptions, attitudes and knowledge
about agroforestry. Due to a lack of primary data, these intrinsic factors were
outside the scope of this study.
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6 Conclusion

In the light of expected future population growth and the growing scarcity of
arable land due to climate change and variability, increasing pressure on African
food systems is to be expected and the herewith the necessity to provide more
food on less land. For most of the countries in sub-Saharan Africa this implies
a huge task. This paper introduced agroforestry as a promising adaptation
strategy for subsistence farmers. By various cost-effective methods of planting
trees, smallholder farmers can increase the resilience of their food crops, whilst
simultaneously generate additional income from the sale of firewood and other
products and contribute to CO2 emission mitigation through carbon sequestra-
tion. However, despite this synergy between increasing food security and climate
change mitigation, the adoption rate of agroforestry in sub-Saharan Africa is
still unsatisfactory.

It is therefore important to provide a better understanding on the barriers
and reasons that hinder smallholder farmers to adopt agroforestry methods on
their cultivated lands. This paper reviewed the approaches taken by different
recent studies on the evaluation of intrinsic and extrinsic factors that influence
farmers’ attitudes, knowledge and perception and thus their decision-making
process. We proposed a first approach for quantifying extrinsic factors based
on approximate indicators that can be evaluated using publicly available sta-
tistical data. Thereby we were able to identify a set of countries with a large
adoption potential for agroforestry and a low potential, respectively. We hope
to having achieved a contribution towards a comprehensive understanding of
agroforestry as an effective risk management and adaptation technology that is
tailored to local and regional needs and circumstances. Yet, in order to really
improve human security and livelihoods of the people, it also requires policy-
makers to ”Governing a transition towards an effective climate response and
sustainable development pathway is a challenge involving rethinking our rela-
tion to nature.”, said Pachauri, who is chairman of the Intergovernmental Panel
on Climate Change [Gulf Times, 2014].
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