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Abstract Smallholder agricultural activities are susceptible to risks and uncertain-
ties compounded and affected by climate change in intensity, frequency, and scope.
Risks affecting crop yields and livestock survival are most important for smallhold-
ers, as they tend to consume a significant part of their own production. Local farm-
ers have learned to live with the uncertainties of a changing climate, coping and
adapting by building a memory of past events, accepting the reality of unstable
systems, and increasing their ability to learn from shocks and crisis. Diversification
of livelihoods is often used to reduce risks and increasing options in the face of
increased climate hazard. Community-based monitoring and indigenous observa-
tions provide important impetus to close the gap between local impacts and adapta-
tions and global science. Vulnerability of smallholder farmers is seen by their
exposure to climate hazards, as they depend on climate-sensitive rainfed agricul-
ture. However, the smallholder systems exhibit resilience to climate change, regis-
tered by their ability to deal with the shocks and hazards over time. Such resilience
comes through development of various adaptive capacities, enabling the farmers to
withstand the vagaries associated with uncertainties of a rapidly changing climate.
Options to cope and adapt to change on smallholder farms often include climate-
smart agriculture, off-farm livelihood options, and guided interventions by national
governments, e.g., promotion of drought tolerant crop varieties.
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1 Introduction

Agriculture plays a huge role in ensuring the food security, job creation and generat-
ing income to farmers at local scale as well as globally. However, it can be affected
by climate change. Human activities such as the burning of fuels, deforestation, and
urbanization can contribute to greenhouse gas emissions, thus influencing climate
change (Michalak, 2016). About 1.5 billion population in sub-Saharan Africa is
expecting agriculture to play a huge role in feeding and enhancing food security by
2050 (FAO, 2007). However, due to climate change, achieving this goal will be a
challenge. Crop yields are expected to drop by 2050 due to climate change and vari-
ability unless farmers adopt and use the mechanisms that will assist in adapting to
climate change to enhance food security (Aggarwal et al., 2018). Smallholder farm-
ers are more vulnerable to climate change because of the high poverty rate and high
dependency on rainfall for sustainable agriculture.

2 Evidence of Climate Change and Its Impact
on Smallholder Agriculture

Climate variables such as temperature, erratic rainfall, and extreme weather events
affect the agricultural production severely. These factors affect pest population, pest
distribution, pest behavior, and pest migration rate (Durak et al., 2016).
Poikilothermic pests are the most affected by climate change and are more adapt-
able to increased temperatures than any other pests (Durak et al., 2016). Smallholder
farmers are already vulnerable to such pests’ damage and due to increased tempera-
tures, they are expected to be more vulnerable to increased pest infestations. This
has become a major problem in enhancing food security and sustainable agriculture
due to lack of resources to manage these problematic pests.

As the vagaries of climate change and variability continue to unfold, it is the
smallholder farmers who bear the brunt of nature’s wrath (Parnell & Walawege,
2011). Smallholder farmers lack the necessary resource endowments to be able to
effectively cope and adapt to rapid changes in the weather. Apart, from low resource
endowment, these smallholder farmers also largely depend on climate-sensitive
rainfed agriculture to sustain their livelihoods (Jiri et al., 2017). With increasing
ambient average day temperatures, cooler night and winter temperatures, and poorly
distributed rainfall, these small farmers have to drastically evolve and adopt new
ways of farming and living. Such adaptation is not easy. It has to span from what the
farmers are used to do but often venture into unchartered waters of adaptation
beyond the individual and community levels. As usually reported, smallholder
farmers have been coping and adapting to climate change since time immemorial
(Ubisi et al., 2017). Such ways of coping, adaptation, and resilience need to be
unpacked and documented. There are coping and adaptation strategies that are spe-
cific to a locality, but there are also some which are broad. Commonly, indigenous
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knowledge systems are believed to be specific, while scientific and meteorological
models tend to be robust and need downscaling. However, some indigenous knowl-
edge systems are robust, and there efforts to downscale the climate models to be
effective at the local level (Nkomwa et al., 2014).

The impacts of climate change are often glaring at the local level, with loss of
livelihoods being the eventual evidence. These impacts range from loss of agricul-
tural productivity, for both crops and livestock, to loss of water and forest resources,
due to temperature and rainfall variations (Muller, 2009). Crop yields have contin-
ued to decline, even with the “climate-smart crops” being developed and promoted
in places. Droughts have become more frequent, particularly over southern Africa,
causing devastating loss of life and livelihoods (Lobell et al., 2008). As a result of
climate change, various biophysical risks are going to change, most of them in an
uncertain way. Measuring these risks and impacts is often a complicated and diffi-
cult process as each component of the system will react differently, hence changing
relationships within the system, at the local, national, and international levels.

3 Concept of Adaptation

Adaptation defines the processes of deliberate change in response to shocks and
risks (in this case resulting from climate change) and other changes that affect the
lives of people and communities (Below et al., 2010). The causes of these changes
are usually very difficult to precisely identify. Successful adaptation is those actions
that decrease the vulnerability of the smallholder farmers and increase resilience, in
response to the shocks and risks. The vulnerability of the smallholder farmers
depends on the degree of exposure to the climate risk or shock; and on the sensitiv-
ity of the system, their livelihoods are dependent such as rainfed agriculture; the
already acquired adaptive capacity; and already acquired resilience (Berkes, 2007).
For most smallholder farmers, whose lives depend on rainfed agriculture and the
natural resource base, successful adaptations help to build resilience and decrease
vulnerability to multiple threats. In relation to smallholder farming systems, it
would be of interest to analyze the relationship between autonomous, locally driven
adaptation and managed policy-driven adaptation. Local level coping and adapta-
tion strategies are often seen as reactive, while policy-driven adaptations are seen as
planned.

3.1 Local Forms of Adaptation

Smallholder farming communities, particularly in the global south, have been using
a variety of strategies including indigenous knowledge systems and genetic diver-
sity to adapt to climate change and variability (Padulosi et al., 2011). This has
helped define types of effective and sustainable climate change adaptation. For
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example, smallholder farming communities have always protected wetlands which
act as floodwater reservoirs. This brings to the fore what has been recently coined as
“ecosystem-based adaptation.” This approach tends to increase the local resilience
and adaptive capacity when managed appropriately. There is also evidence that
ecosystem-based approaches can be cost-effective and, concurrently, generate the
social, economic, and environmental co-benefits (Valdivia et al., 2010).

The other approach has been termed “community-based adaptation,” owing to it
being a community lead process, based on community priorities, needs, knowledge,
and capacities, which help the people to plan and cope with the impacts of climate
change and variability. Community-based adaptation is often practiced reducing the
impacts of vulnerability to farmers and also to assist farmers in becoming more
resilient to climate change. It helps in boosting farmers adaptive capacity in order to
improve the livelihoods and to enhance agricultural sustainability by implementing
techniques and strategies to adapt to climate change (Gero et al., 2011). However,
when implementing this approach would be inadequate to engage the community
without adequate knowledge and understanding of the strategies to be used.

3.2 Why Adapt?

Climate change continues to impact the livelihoods at various levels of society. The
smallholder farmers are hardest hit as, in most cases, they depend on climate-
sensitive rainfed agriculture. Climate and weather extremes such as droughts, heat-
waves, and flash floods already create widespread problems for smallholder farming
communities (Stringer et al., 2009). In the absence of adaptation, these challenges
will grow as the climate change increase the intensity, frequency, and duration of
these extreme events. These impacts would be costly to attend to in the future. The
impacts of climate change and variability are most acutely felt at the local level
(Gbetibouo et al., 2010). This positions the smallholder farmers at the front line of
having to deal with the climate change impacts. This creates the need and opportu-
nity to reduce the vulnerability through adaptation planning at the local level. Action
that is taken now to reduce vulnerability to current and future climate impacts may
also lower the costs of those impacts by reducing financial losses and reducing the
disruptions to livelihood processes. Furthermore, the range of coping and adapta-
tion options may be more when preparing for, rather than reacting to, climate
impacts (Rhodes et al., 2014).

3.3 Constraints to Adaptation

Climate change may happen rapidly or severely, that adaptation becomes difficult.
Adaptation may be limited by the threshold of the climatic shock. These limits may
be ecological, economic, physical, societal, or technological in nature. In order to
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reduce the adverse effects resulting from climate change, farmers need strategies to
adapt to climate change impacts. However, this becomes more difficult due to lack
of resources, lack of risk exposure awareness (Elum et al., 2017), poor service deliv-
ery from extension services and other organizations, poor technological facilities
and norms and beliefs of farmers (Otitoju & Enete, 2016). Africa is expected to be
exposed to increased water stress by 2020 and this will affect crop yields (Parry
et al., 2007). Although smallholder farmers are battling to adapt to climate change
impacts, in some African countries, farmers minimize climate impacts by changing
crop planting dates, planting drought-resistant crops, and also irrigating their crops
to improve yields (Bryan et al., 2009).

4 Resilience Building

In the context of smallholder agriculture, resilience entails the ability to survive and
sustain livelihoods in the face of climate change and variability. Building resilience
to climate change and variability should begin by building resilience through sus-
tainable management of natural resources and ecosystem restoration (Gitz &
Meybeck, 2012). Interventions, defined as building resilience, largely depends on
the nature of the shock and risk. Some risks such as plant pests and livestock dis-
eases resilience building would focus on early warning and action to prevent the
spread of the risk (Fig. 20.1; Pasteur, 2011). However, this would need appropriate
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equipment and tools, policies, and institutions to be in place. For crop seeds, for
example, there would need to preserve genetic resources, and then making them
accessible when needed. It should be noted that extreme climatic events signifi-
cantly change the decision environment and a typical government response would
be to institute implementation of robust policies, which may not be optimal in nor-
mal circumstances, but which avoids negative outcomes.

The Intergovernmental Panel on Climate Change defines resilience as “the abil-
ity of a system and its component parts to participate, 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 structures and function” (Seipt et al., 2013). The continued upsets in
temperatures and rainfall, negatively affecting the productivity of crops and live-
stock, affect food security. The uncertainty in the prediction of climate shocks and
events increases the sensitivity of ecosystems and communities (Gitz & Meybeck,
2012). Climate change introduces the new uncertainties, modifies shocks and risks,
vulnerabilities and the conditions that help the resilience of agricultural systems.
Building resilience has to start with reducing vulnerabilities, as there is generally a
negative correlation between the two (Gitz & Meybeck, 2012). The complication in
this relationship is the problem of the time dimension, and the need to deal with
uncertainties. This means that the resilience of agricultural systems cannot be an
event but should happen over time, often with uncertain outcomes. This is what
defines adaptive capacity. Adaptive capacity is a dynamic notion which denotes the
capacity of a system to adapt in order to be less vulnerable (Aymone Gbetibouo &
Ringler, 2009). This capacity is determined by the interaction of biophysical, eco-
nomic, social, and economic factors that shape vulnerability though exposures and
sensitivities. In essence, coping and adaptations are manifestations of adaptive
capacity. It can be interpreted that increasing resilience can be achieved by reducing
vulnerabilities (reducing exposure and reducing sensitivity) and increasing adaptive
capacity. It is critical, therefore, to reduce the transmission of shocks between dif-
ferent types of risk, between scales and between domains and their interactions to
negate cumulative effects so as to achieve better resilience.

The dynamic nature of agricultural systems poses the challenge of prescribing
certain resilience building options. To ensure resilience, actions that build resilience
in agricultural systems must be considered through time and taking into consider-
ation future uncertainties (Table 20.1). Agricultural practices such as climate-smart
agriculture (CSA) may help increase the resilience of smallholder agricultural sys-
tems (Stringer et al., 2012). CSA is multi-faceted but aims to increase agricultural
productivity and incomes, as well as increasing resilience of ecosystems and liveli-
hoods to the climate change and variability. In the longer term, CSA also helps to
reduce greenhouse gas emissions. The effectiveness of CSA is driven by its consid-
eration of context-specific and locally adapted actions and interventions, along the
whole agricultural value chain. If promoted at the local level, this practice can
strengthen the local knowledge base on sustainable strategies, and improve on
financial and policy options to enable communities and countries to meet their food
and nutritional security goals (FAO, 2010). Some of the key strategies that can be
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Table 20.1 Suggestions on building smallholder farmer resilience at local level

Resilience

building What can be measured | Pathways for building

strategy as enabling information | resilience Measurable outcomes
Access to Downscaled climate Scientific and academic | Availability of data
localized, modelling and community and

relevant, up-to-date climate stakeholders consolidate

accurate data

change scenarios

and downscale research

Optimal
activities in the
face of climate
change

Vulnerability and risk
assessments

Relevant downscaled
climate modelling,
weather and seasonal
forecasts

Institutional social and
safety nets, essential
services, and emergency
response services

Improved long-term
stability against shocks
and stressors

Early warning systems
operational at local level

Informed
decision making

Downscaled climate
modelling analytical
tools to map impacts
and weigh benefits and
trade-offs

Engagement with
climate information
producers and
knowledge brokers to
discuss needs and
availability of
information

Useable and reliable
climate change
information available for
use by policy makers
and planners at the local
and national level

Promotion of
innovation and
local research

Scenarios of future
agroclimatic conditions
Principles, practice, and
case studies of resilient
options available for
farmers

Research programs
specifically targeting
climate resilient crops
for expected conditions

Climate resilient crops
developed and being
trialled

Trained
practitioners

Key skills required for
climate resilient systems

In-service training to fill
skills gaps in current
agricultural practitioners

Courses that support
climate resilience

Food security
and farming

Principles, practice, and
case studies of
climate-smart options
for different crops for
different cropping
systems

Promotion of climate-
smart agriculture via
extension, courses, and
other information
options

Financial support and
other incentives
available for climate-
smart agriculture

Farmers adopting
climate-smart agriculture

used by smallholder farmers to develop the resilience and adaptive capacity are
shown in Table 20.1. Success and continued adaptation are defined by these factors.

Building resilience around local woodlands, forests and trees in smallholder
communities requires a basket of actions (Leeuwen et al., 2013). These may include
the conservation, management, and use of the natural forest resources to reduce risk
on the forest and people vulnerable to climate change. For example, the local folks
in most indigenous communities use indigenous knowledge systems to predict sea-
sons and forecast season quality through the use of tree phenology and animal
behavior. Preserving these trees would ensure the perpetuation of use of indigenous
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knowledge in such communities (Njiraine & Ocholla, 2010). However, it also
becomes a challenge when prolonged droughts, due to climate change, destroy the
forest resources, often changing animal behavior and migration patterns, useful for
indigenous predictions.

At the policy level, strategies to build resilience must combine a set of specific
policies aimed at addressing certain categories of risks and vulnerabilities. Policies
to help smallholder farmers should aim at building economic resilience at the farm
level through increasing incomes and promoting diversification (Ifejika Speranza
and Deutsches Institut fiir Entwicklungspolitik, 2010). Other measures could also
include actions to prevent loss of productive assets, such as feedbanks for livestock
during a drought or measures that help a quick recovery, such as ensuring availabil-
ity of seed. The effectiveness and efficiency of risk management policies depend on
other enablers such as favorable policies, support institutions, effective coordination
and appropriate infrastructures, such as transport and markets (Pye-Smith, 2011).

4.1 Measuring Resilience

Resilience analysis is concerned with the ability of households or communities to
adjust their livelihoods after disturbances (Osman-Elasha, 2006). To analyze resil-
ience, therefore, both ex-ante actions that reduce continued risk and ex-post actions
that help households and communities after a crisis occurs must be considered. This
will lead to the most effective combination of short-term and long-term strategies
for building the adaptive capacity and resilience, moving the families and communi-
ties out of the traps of food and nutritional insecurity. For smallholder farmers, four
basic tenets determine their resilience to food security shocks as a result of climate
change and variability (Solh & Van Ginkel, 2014):

access to water, healthcare, and energy
social safety nets, e.g., food assistance
assets, e.g., land, livestock

access to food (and income)

Sl o

An analysis of these factors can give a quantitative score of resilience for each
household. Further analysis of these pillars could also indicate which pillar needs to
be strengthened to further build resilience. For example, analyzing how and why
people in a certain location became food insecure may suggest ways of preventing
this from happening in the future. Interventions that are made can then be tailored
to enhance the people’s ability to manage risk, climatic or otherwise, over time,
leading to a reduction of the need for humanitarian assistance over time. Generally,
vulnerability assessments and resilience assessments often compliment, rather than
being seen as alternatives. However, the important difference is that vulnerability
analysis tends to measure the susceptibility of farmers to damage when exposed to
shocks, while resilience analysis pinpoints the specific factors that make households
resilient, giving decision makers clear indications of where to intervene (Care
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International, 2009). Policy interventions resulting from resilience analysis would
lead to measures such as the promotion of climate-smart agriculture (CSA) and
radical agricultural innovation systems. The main limitation to recommendations
from a resilience analysis is usually financial, often addressed through private sector
partnerships.

Policy measures that promote resilience in the smallholder farming sector often
should go beyond the agriculture facet. Non-agricultural interventions are often
important to enhance the effectiveness of these measures. Investments in infrastruc-
ture, developments of credit markets, enhancement of health facilities, and address-
ing other institutional constraints would support challenges in the face of climate
change and variability. Safety nets for vulnerable smallholder farmers are a priority
in the policy. Most of the smallholder farmers are not able to adapt and benefit, even
when prospects are enhanced. For such smallholder farmers, safety nets to support
production and consumption are required. Such decisions can be made based on the
results of resilience analysis (Food and Agriculture Organization, 2013).

5 Conclusions

There are so many uncertainties in the way that climate change will, directly and
indirectly, affect and impact the agricultural and food systems, as well as increasing
related vulnerabilities. This makes building resilience of the individuals and com-
munities central to risk-preparedness for future changes. Such resilience options
need to be explored at the ecosystem (biophysical), economic, social and institu-
tional levels, as well as at the various scales of operation and implementation.
However, there can be an interaction between domains and scale of resilience
implementation. For effective resilience building, it is important to identify and
monitor potential shocks, risks, and vulnerabilities. This will allow early actions to
be taken and avoid cumulative and long-term effects. There is also a need to increase
the adaptive capacity of smallholder farmers and systems, to be able to recover from
shocks and to prepare for future climate change. Disasters result from the impact of
hazards on vulnerable communities, people with fragile livelihoods and who are
inadequately prepared, not only from hazards themselves. Therefore, disasters are
not inevitable and farmers do not have to be helpless. Action can be taken to build
resilience to hazards and strengthen adaptive capacity to further climatic shocks.
Farmers have traditionally adapted to the climate risk by diversifying across crops
and risk management options. Farmers generally diversify their production systems
by employing activities that are less sensitive to drought and/or temperature stresses
and activities that take full advantage of beneficial climate conditions. For example,
farmers time their planting and inputs based on their best estimates of the cropping
season; and they reduce risk exposure by diversifying their livelihoods. Farmers
diversify their cropping practices using a mix of crop species both in space and time
(e.g., intercropping of different crops species, strip cropping and double cropping),
growing different cultivars at different sowing dates and farm plots; combining less
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productive drought-resistant cultivars with high-yielding but water-sensitive crops.
Nevertheless, managing droughts effectively in the vulnerable areas requires diver-
sifying livelihood strategies and income generating options within and outside agri-
culture especially into income generating options through non-farm enterprises and
employment opportunities. This will require the greater investments in infrastruc-
ture, road networks, electricity, communication, and market development. It is
important that extension officers in African countries should be well informed about
climate change and its impacts and also how to adapt to these changes to reduce
vulnerability. There needs to be a strong link between research organizations and
extension by the relevant institutions active at a country level. Workshops and for-
mal meetings should be held to share information to extension officers so that they
should give it with smallholder farmers. In order for the smallholder farmers to
adapt to climate change, more experimental researches should be conducted on the
farm, for farmers to see, look, and learn through experience.
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