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Abstract

Climate smart agriculture (CSA) embodies a blend of innovations, practices, sys-
tems, and investment programmes that are used to mitigate against the adverse
effects of climate change and variability on agriculture for sustained food
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production. Food crop production under various climate change scenarios requires
the use of improved technologies that are called climate smart agriculture to ensure
increased productivity under adverse conditions of increased global temperatures,
frequent and more intense storms, floods and drought stresses. This chapter sum-
marizes available information on climate change and climate smart agriculture
technologies. It is important to evaluate each climate change scenario and provide
technologies that farmers, research scientists, and policy drivers can use to create the
desired climate smart agriculture given the array of tools and resources available.
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Introduction
Background

Climate describes the weather conditions of a region such as its temperature (hot,
warm, or cold) which is due to amounts or intensity of sunshine, rainfall (dry or
wetness) and its pattern, air pressure, humidity, cloudiness, and wind, throughout the
year, averaged over a series of years. “Climate change” as a terminology was
suggested by the World Meteorological Organization (WMO) in 1966 to represent
climate variations over long periods of time often from decades to millennia,
irrespective of the causative agents (Hulme 2017). The term has been widely accepted
and has fast become a household name for climatic variations which are often not
favorable for man’s survival. Climate change has largely been associated with anthro-
pogenic global warming; however, it is indeed larger and encompasses all vagaries in
climatic conditions which occur over decades. Also human activities are estimated to
have caused approximately 1.0 °C of global warming above pre-industrial levels, with
a likely range of 0.8 °C to 1.2 °C. Global warming is likely to reach 1.5 °C between
2030 and 2052 if it continues to increase at the current rate (IPCC 2018). In today’s
world, the term climate change has evolved from being a technical jargon for
describing vagaries in climatic pattern into a global issue agent which requires the
intervention of man to prevent future disastrous outcomes being predicted.

It should be noted that this book chapter will cover very limited information on
climate change as the objective is to guide the reader to appreciate the need for a
response that adopts innovations to accelerate the development of climate smart
agriculture technologies as mitigation efforts against climate change. With that
understanding we shall proceed to attempt to cover the breadth of knowledge in a
summary of what is known with regards to the expected impact of climate change on
crop production and food security, an overview of climate smart agriculture tech-
nologies and what is possible given current trends in technology and innovation.

Even though mitigation and adaptation responses compete with each other due to
potential negative trade-offs across spatial, temporal, institution (Smith and Olesen
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2010), economic scales (Wilbanks and Sathaye 2007). While mitigation measures
aim to reduce emissions on a global scale, adaptive measures are specific to micro-
environments and address various local impacts of climate change. As a result of the
interconnection between the environment and socio-economic risks, the agriculture
sector offers opportunities for complementary actions through the implementation of
ecosystem sensitive approaches known as the CSA. This new approach is to bridge
the growing divide between the two discourses and foster long-term resilient devel-
opment in the agriculture sector. CSA is defined by FAO as “agriculture that
sustainably increases productivity, resilience (adaptation), reduces/removes GHG’s
(mitigation) and enhances achievement of national food security and development
goals’ (FAO 2010). Therefore, adaptation, mitigation, and food security are the three
key pillars of CSA (Lipper et al. 2014).

Climate smart agriculture (CSA) is a way to achieve sustainable development as
well as green economy goals. It intends towards food availability and takes part to
conserve natural assets and is closely associated with perception of improved
growth, as FAO develops it for crop yield (FAO 2011). There is a high need for
climate smart agriculture because agricultural production systems are expected to
produce food for a global population of about 9.1 billion people in 2050 and over 10
billion by the end of the century (UNFPA 2011). This, however, has necessitated the
development of CSA strategies and policies at different levels of governance
(Zougmore et al. 2016). Therefore, it is highly imperative to sustain livelihoods
which are predominantly agrarian in these regions.

Climate Change and Food Security

Climate change has the potential to threaten food production and, consequently, food
security especially in vulnerable regions. One major area where the impact of climate
change is expected to be very significant in threatening the very existence of
humanity is the estimated effect of climate change on agriculture. Agriculture is
the major source of income and livelihood for an estimated 70% of the poor and
vulnerable people who live in rural areas with limited resources oftentimes without
access to basic technologies (World Bank 2016b). However, the production of food
is being affected by climate change, it is therefore important to study the influence of
this global climate change to meet the requirements of people and is estimated that
by 2100, the world population will reach about 10 billion (Boogaard et al. 2014).
The climate change and variability will adversely impact on food security and
agriculture livelihoods of the poorest farmers, fisher folks and forest dwellers.
Even though sub Saharan Africa contributes less than 5% of the global greenhouse
gas (GHG) emissions, the region is vulnerable to the negative effects of climate
change due to the fact that the region’s development prospects are closely linked to
the climate due to the great reliance on rainfall (Tol 2018). Added to other non-
climatic stresses (poverty, inequality, and market shocks), the impact of climate
change will make negatively impede the achievement of the Sustainable Develop-
ment Goals (SDGs) on livelihoods, food security, poverty reduction, health, and
access to clean water in vulnerable communities (IPCC 2014a). However, the use of
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climate change predictions based on theories and past data accrued over centuries is
difficult to use in projecting the expected impact of changing climates on food
security. Since the institution of climate change as a body or a field of study, many
academic and scientific publications have emerged. The first scientific work by Katz,
published in the first issue of the first journal on climate change titled “Climate
Change” on the effect of climate change on food production clearly questioned the
accuracy of any such predictions and warned that the predicted impacts at the time
were estimates should be acknowledged as such. A direct quote from Katz follows:
“Attempts to assess the impact of a hypothetical climatic change on food production
have relied on the use of statistical models which predict crop yields using various
climatic variables. It is emphasized that the coefficients of these models are not
universal constants, but rather statistical estimates subject to several sources of error.
Thus, any statement regarding the estimated impact of climatic change on food
production must be qualified appropriately” (Katz 1977).

The aforementioned challenges have been addressed by leading investigators
recently where climate change impact has been modelled based on quick country-
level measurement of vulnerability to food insecurity under a range of climate
change and adaptation investment scenarios (Richardson et al. 2018). The findings
have been made accessible through their publication and an online interactive portal
that is user friendly for policymakers (Met Office 2015). The interactive graphically
displayed model predicts that food insecurity vulnerability is anticipated to worsen
rapidly under all simulations of GHG emissions, and the re-distribution of vulner-
able geographic regions remains very similar to present-day conditions where sub-
Saharan Africa and South Asia remain the most severely affected. By the year 2050,
an additional 2.4 billion people expected to be living in developing countries with
much concentration in South Asia and sub-Saharan African, where agriculture is an
important sector and major employment source, but currently more than 20% of the
population is on average food insecure (Wheeler and von Braun 2013). About 75%
of the global poor live in rural areas, and agriculture is their most important source of
income (International Fund for Agricultural Development 2011). High levels of
adaptation is seen to be able to decrease vulnerability across affected areas; however,
the only scenario with the highest level of mitigation combined with high levels of
adaptation shows appreciable levels of reduction in vulnerability compared to the
present-day prevailing conditions (Smith and Olesen 2010). As agriculture is
directly affected by climate change, adaptation strategies are becoming increasingly
important issues for promoting development (Clements et al. 2011). Therefore,
adaptation strategies in the context of climate change are all those practices that
are employed by smallholder farmers to either get used to or minimize the effects of
climate change and variability. According to the IPCC, adaptation is the process of
adjustment to actual or expected climate and its effects that in human systems,
adaptation seeks to moderate or avoid harm or exploit beneficial opportunities
(IPCC 2014). The strategies for adapting to climate change and variability can be
grouped into two; namely, autonomous and planned adaptation strategies. The
autonomous adaptation strategies involve actions taken by non-state agencies such
as farmers, communities, or organizations and/or firms in response to climatic
shocks while planned adaptation involves actions taken by local, regional, and or
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national government to provide infrastructure and institutions to reduce the negative
impact of climate change. However, the planned adaptation which measures or
results from deliberate policy decisions and awareness from farm to global levels
and are discussed in literature as key to reducing present and future vulnerability and
climate impacts on livelihoods (IPCC 2014). However, there are limitations to
planned adaptation measures under severe conditions. As a result, more systematic
changes in adaptive capacity and resource allocation are being considered. So in this
discussion we shall look at the various climate smart agriculture practices that can
help mitigate the climate change effects on agriculture. Therefore, the effects of
climate change can be solved by climate smart agriculture practices such as climate
smart crop (breeding), improved pasture and animal rearing, amelioration of
degraded lands, rehabilitation of polluted water bodies, and management of sustain-
able systems such as agroforestry, livestock management, and manure management.
Also, the promotion of sustainable land management practices which are also part of
CSA practices (Branca et al. 2011) have influenced paradigms shift from the
traditional practices. Most of these technologies can help mitigate greenhouse gasses
(GHG) emissions. Food security and improving food productivity can also reduce
human vulnerability to climate impacts and the need for additional land conversion
to agriculture, which represents almost as much as GHG emissions and those directly
generated from agriculture activities (IPCC 2014), but food production and security
measures may conflict with climate smart and conservation objectives, especially
intensifying agriculture and producing more food for a growing population
(Matocha et al. 2012).

Climate Smart Agriculture Technologies

The climate smart agriculture technologies will focus on describing some of the
approaches which include breeding (climate smart crop), efficient resource manage-
ment, integrated renewable energy technologies for farming systems, resource
conserving technologies, land use management, cropping season variation, efficient
pest management, forecasting, and geographic information system (GIS) mapping.

Breeding and Climate Change

Agriculture was born about 13,000 years ago when man gradually transitioned from
hunting and gathering lifestyle into domestication of wild plants and animals. Food
production systems since the invention of Agriculture which remains heavily depen-
dent on the availability of rainfall has been evolving progressively to match-up to the
growing demands of the human population. It is noteworthy that the art of breeding
which emerged through domestication which involved selecting plants and animals
that were acceptable with good qualities for the consumption/utilization by man.
Breeding which begun as selection has seen many advancements; notable are
hybridization techniques, matting designs and schemes, genetics enhanced hybrid-
ization programs, tissue culture and mutagenesis aided systems, genetic engineering
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using recombinant DNA technologies, and Genomics- and other Omics-assisted
breeding and the latest being genome editing. A summary of the resources and
tools available for breeders in this day and age is presented in Box 1 below. As
breeding has evolved based on man’s knowledge and the development of tools to aid
the development of new variants, climate and the rate of climate change has rapidly
outpaced and outstripped the worlds production systems especially in areas of
greatest vulnerability where new technologies remain inaccessible. The dry areas
and flood prone areas are of the greatest concern where extreme weather conditions
can prevail and persist for long periods disrupting the natural seasons and cycles of
production that farmers are used to. These concerns can mostly be addressed if all
tools available to breeders are widely accepted and utilized to aid in the development
of climate smart crops that are designed to adapt to harsh and extreme weather
conditions producing higher yields compared to currently available varieties that do
poorly under such conditions.

Box 1 Array of Tools and Resources Available to Breeders

Genetic Genetic Resource 1st Generation 2nd Generation 3rd Generation 4th Generation
Resources Characterization Breeding Tools Breeding Tools Breeding Tools Breeding Tools

propagation Molecular Sequencing
Domestication/ techniques Biology Tools

Gene Banks

Basic Phenotyping Selection Gen:rr::dsi:ldEd
enotype-by ogenesis 8
-b
and
Core Collections Environment Studies

Embryo rescue

Anther culture
Hybridization
techniques
Somaclonal
variations

Marker Assisted Gene Expression
Breeding Regulation
Metabolomics
Targeting Genome Editing

Diverse Panels Greenhouses
Hydroponics
Aeroponics

Bi-Parental QTL

Recombinant
Inbred Lines

Environment
Simulation
Advanced Vegetative
phenotyping platforms| Propagation

Nested Association
Mapping Population

In
situ conservation

Techniques In vivo dissection nduced Local

and analysis Lesions in Comparative
Genomes Genomics

MAGIC

3
=
7

Satellite-Aided

Training Populations
Phenotyping

The myriad of available resources range from genetic resources available that are
conserved in situ, ex situ, or in vitro; gene banks, core and representative collections
not forgetting diverse panels in national, international, and regional research Centres
as well as the Bi-parental, Recombinant Inbred Lines (RILs), Nested Association
Mapping, Multi-parent Advanced Generation Inter-cross (MAGIC) & Training
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populations in the hands of researchers and Scientists who originated and curated
them. These genetic resources are sources of alleles of great agronomic importance
required in the development of climate smart crops or animal breeds that can
withstand and yield highly under changing climatic conditions. These are therefore
the first range of arsenals of breeders in the fight against dwindling productivity
under climate change conditions. The next in the array of tools are those that can be
used to characterize, evaluate, detect, select, and then release these climate adaptable
varieties to farmers and businesses for increasing productivity under prevailing
circumstances. These tools have evolved from first generation to the current cutting
edge fourth generation tools that are available for breeders to use in the development
of new and improved varieties with better adaptation to the changing environmental
conditions. The first-generation tools mainly encompass discoveries of basic princi-
ples of domestication/selection, the knowledge and use of pollination to make self
and crosses as well as means of vegetative propagation such as grafting, corms,
bulbs etc. Second generation array of tools are mainly based on advances in biology
that allow for cell, tissue and organ culture which allow for more advanced technol-
ogies in the crop and animal improvement by breeders. Third and fourth generation
tools such as represented in Box 1 that have been developed add speed and precision
to the array of tools that are currently available for quick development of improved
climate smart crops.

It is important to evaluate each climate change scenario and provide strategies
breeders can use to create the desired climate smart crops given the array of tools and
resources available. The various climate change scenarios, potential impact and
climate smart breeding approaches are delineated in Table 1. For instance, climate
change is greatly impacting agriculture currently in the tropics and other arid areas
with erratic rainfalls that no longer follow the patterns or established seasons known
to farmers that heavily depend on rain-fed crop production systems. This scenario
has the potential impact of poor yields as a consequence of untimely start of the
farming activities and crop failure. For adaptability to such scenarios, climate smart
crops with adaptability to different types of droughts or erratic rains could be
developed using a combination of tools and resources described in Box 1 and
made available to farmers. Such climate smart crops are required in vulnerable
areas threatened by climate change in order to avert the worsening food insecurity
problem and ensure the achievement of sustainable development goals 1 (no pov-
erty) and 2 (no hunger).

Efficient Resource Management

Another approach that can be of relevance in achieving the objectives of climate
smart agriculture is efficient management of resources. This approach is an impor-
tant part of CSA and the future environment. In the food production chain, from the
farmer to the customer or final consumer, almost one third part of the food is lost due
to the improper management of resources (Hartter et al. 2017). On yearly basis, for
instance, the total energy consumption in the global food losses are almost 38% of all
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Table 1 Climate change scenarios, potential impact, and climate smart breeding approaches

Climate change
scenarios

Erratic rainfall

Prolonged droughts in
arid areas and New
Droughts prone areas

Increased floods

Intense rain and wind
storms

Rise in sea levels

Loss of soil cover

Potential impact

Farmers plant too late or too
early leading to yield losses

Crop losses, Famine and loss of
lives

Damage to crops and animals;
loss of lives and property,
displacement of people

Damage to crops and animals

Increase in salt stress on crops,
loss of arable lands to toxic
levels of salts, low or no yields
Soil erosion, loss of soil fertility,
loss of microbes in the soil

Climate smart approaches
Climate smart crops with
adaptability to different types of
droughts or erratic rains.
Drought resistant crops that
perform well under water limited
conditions

Development of water loving
crops as well as crops resistant to
lodging

None

Salt resistant or tolerant crops

Planting of trees and plants that
will rehabilitate the soils.

Introduction of bioengineered
microbes that encourage soil

health.
Increased global Improved heat adaptable crops

temperatures

Reduced yields, new pests and
disease emergence and damage
to crops and animals

the energies utilized by the food chain. Critical areas in the food chain processes
which serve as good avenues for improving energy efficiency includes: transporta-
tion, conservation, processing, cooking, and consumption (FAO 2011). In Africa, a
majority of wood removed is used for manufacturing household articles as well as
cooking. However, cooking in stoves helps save energy thereby decreasing defor-
estation in the long run. For instance, this technique of managing resources and
climate change projects has helped in supporting sustainable intensification through
a number of initiatives including the establishment of an agriculture information and
the decision support system and the preparation of soil management plans. Since this
approach was adopted in 2014, climate smart agriculture was adopted on 2,946,000
hectares and has provided for a carbon sequestration potential of up to 9 million tons
carbon dioxide annually, (https://www.worldbank.org/en/topic/climate-smart-agri
culture). Additionally pastoralists are also enjoying some benefits from climate smart
agriculture in the Sahel, Burkina Faso, Chad, Mali, Mauritania, Senegal, and Niger.
The application of rangeland management is boosting productivity and resilience.
This approach is also helping to reduce emissions.


https://www.worldbank.org/en/topic/climate-smart-agriculture
https://www.worldbank.org/en/topic/climate-smart-agriculture

Case for Climate Smart Agriculture in Addressing the Threat of Climate. .. 9

Integrated Renewable Energy Technologies of Farming Systems

The Integrated Renewable Energy Technologies is the application of suitable energy
technologies, tools, and different farming services which are relevant in creating the
stable change to energy smart proficient food systems. These technologies are
governed by conditions of nature. These technologies are very useful because in
the long run there will be a reduction in GHG’s emissions. For instance, mid-season
aeration can be promoted through short term drainage. Some of the technologies in
the energy smart food system are the windmills, solar panels, wind generators,
photovoltaic lights, biogas, and conversion of hydrothermal tools, bio energy and
water pumping machines, information and communication technological innovation,
and other similar approaches (Bochtis et al. 2014; Basche 2015). This technology
has been applied in Morocco through the Morocco inclusive project Green Growth
project, through the supply of agrometeorological information and the facilitation of
the resilience building technology such as direct seeders. The pumps used can be
both fuel and electric water pumps which are mostly used on irrigation farming (deep
well and submersible pumps). Stakeholders in the agricultural industry should
appreciate this modern technological innovation due to the benefits of increasing
the value of production in the farming business. Most times, these technologies are
linked on the farm from an integrated food energy system as shown in Fig. 1 below.

Biomass Crop residues Wind Sun
: and manure : H

Solar

Y Biogas plants \J Windmills Y  PVpanels
g $ collectors

and storage

................ b Control

: equipment
o ' @: )

CHP station \
> Meters Heat accumulator

@ Power

. Heat v v
Electricity to the grid Heat for housing
@be'\a.’;t:' or off-grid installations or productive uses

Fig. 1 Integrated renewable energy technologies for farming systems. (Source: Amin et al. 2016)
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Resource Conserving Technologies (RCTs)

This technology consists of methods that enhance efficiency in the management of
inputs. When these resource technologies are implemented, it comes with its own
merits which includes low cost of productivity, limited use of fuel, labor, water, and
early planting of crops which results in improved yields in the long run. For instance,
the zero tillage system, which happens to be one of the resource conserving
technologies, is a type of cultivation system in which the seeds are directly sowed
into a virgin (uncultivated) soil. The zero-tillage system, however, involves the
cultivation of crops into untilled soil by aeration of thin channels with adequate
depth-width so as to attain suitable seed coverage. The soil remaining is left as if
tillage has never been done on it before (Derpsch et al. 2010). In some parts of the
globe, the zero tillage permits farmers to grow wheat very soon after the rice harvest.
This allows the head of the crops to appear and the filling of the grains before the
warm weather, pre-monsoon set off. Therefore, as the average temperature of the
globe in certain parts rises, early planting will be more relevant for the production of
wheat (Pathak 2009).

Land Use Management

Land use management involves the proper planning of land and its usage. The proper
planning includes fixing the location of plants and livestock production, changing
the concentration of the application of plant foods and bug sprays can reduce global
warming on agricultural activities (Ahmad et al. 2014). Other land use practices
involve shifting production out of marginal areas, changing the role of applying
cartilage and pesticides. However, it must be noted that capital and labor can
minimize the risks from Climate change on agriculture production. The farmers
can regulate the duration of the growing season by changing the time at which the
farming fields are sown. Other adaptation mechanisms can be in the form of
changing the times of irrigation and use of fertilizer.
Figure 2 elucidates Cropland Expansion Potential for different continents.

Cropping Season Variation

The planting dates can be set to reduce the infertility that is caused by increasing
temperatures; this may prevent the flowering period from meeting with the hot
period (Arslan et al. 2015). The effects of the increased climatic variations which
normally happens in both the semiarid and arid regions sometimes take advantage of
the wet period by changing the planting times/dates. However, this approach is
usually to avoid intense weather events in the growing season. This system of
cultivation promotes the development of strong cultivars thereby leading to the
production of different crops. The planting dates can be set to reduce the infertility
that is caused by increasing temperature; this may prevent the flowering period from
meeting with the hot period. The effects of the increased climatic variations which
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Potential for Cropland Expansion?
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Fig. 2 Land use management. (Source: Burnisma 2009)

normally happens in both the semiarid and arid regions sometimes take advantage of
the wet period by changing the planting times/dates. However, this approach is
usually to avoid intense weather events in the growing season. This system of
cultivation promotes the development of strong cultivars thereby leading to the
production of different crops. The farmers will, therefore, need to ensure that they
adopt the changing crop rotation system in the various hydrological cycles (Pathak et
al. 2012).

Crop Relocation

This approach involves the grouping and sorting of the plants and the varieties with
respect to its sensitivity to the weather condition of a place. Crop relocation helps the
crops to perform well according to the sensitivity of the climate during the vegetative
and productive stages (Shames et al. 2012). There are several factors which affect
agricultural production as a result of climatic change. These include increase in
temperature, carbon dioxide (Co,) levels, and increase in drought and floods. These
impacts vary across the various regions in the world as well as the different cultures.
Other factors such as daylight, temperature, and humidity are very necessary for the
vegetative and reproductive growth of the crops. Additionally the period for
harvesting should be properly done so as to minimize losses during the period
(Baba et al. 2017). However, it is therefore important to differentiate regions and
crops that are highly susceptible to climate change. For instance, it is obvious that
temperature increases affect the quality of many important crops. Some of these
crops with respect to the discussion include basmati rice and tea.
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Efficient Pest Management

The normal agriculture pest and insect management on farms poses a threat to the
environment. The usage of chemicals to destroy and kill pests is very harmful for
farmers and also living organisms in the soil. Even chemicals such as insecticide,
herbicides for plant disecases have been banned by some governments of certain
countries, as the situation exists now, there is no botanical or environmental friendly
chemical available. Due to this, farmers still use the chemicals for controlling pests
on their farms. So, basically this technique provides an opportunity to employ
environmentally friendly measures for pest control. The difference in the climatic
factors such as the fall and rise in temperature unpredictably influences pest and
disease incidence thereby impacting on major crops.

Therefore, the change in climate will affect the relationship of pest and weed and
the host populations. However, some of the adaptation strategies in this pest man-
agement approach includes;

(i) Improvement in different breeding types that are resistant to pest and disease.
(i) Strong pest adaptation mechanism with more relevant control for both biolog-
ical and cultural practices.
(iii) Adoption of techniques such as crop substitution with regards to places resis-
tant to pest and hazards.

GIS Mapping

This approach is used in analysis and mapping. It is a system which is designed
to capture, store, manipulate, analyze, manage, and present geographical data.
However, it helps in the estimation and computation of storm causes and flooding
that is related to hot cyclones. The study in using GIS mapping considers factors
such as property allocation, infrastructure facilities among other resources. The
photograph and images (Fig. 3) were used in the experimentation of seashore due
to rising sea levels and hot cyclones. The figure below shows risk which can be
explained by the cumulative study of emerging threat and the existing patterns of
vulnerability. The technique enables the creation of hazards and risk maps at many
different possible scales or dimensions to show the threat allocation across different
geographical spaces within the globe. Some of the geographical places can be site
specific, municipal (administrative areas) and other natural landscapes in river
basins, coastlines, and lakes. Figure 3 portrays Mapping and Risk Assessment.

Conclusion
Climate change is a great threat to agriculture and as such there is the need to tackle

this adverse impact by adopting new innovative techniques in climate smart agri-
culture. This chapter has dealt with some of the climate smart agriculture techniques
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Fig. 3 Risk Assessment and mapping. (Source: Amin et al. 2016)

that can help reduce the impacts of climate change on agriculture and increase food
crop production. To achieve food security and agriculture development goals,
adaptation to climate change will be required to lower emission intensities per
output. Thus improving food protection by moderate climate change, sustainable
use of the natural resources, using all products more competently, have less incon-
sistency and greater constancy in their outputs. More fruitful and more flexible
agriculture requires a paramount change in the usage of resources such as land,
water, soil nutrients, and genetic resources management by climate smart agriculture
approaches.
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