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1.1 Introduction

During recent years, worldwide heavy rainfalls and floods, forest fires, occurrences, and
the spread of new diseases, as found in the new strains of different pathogens and viruses,
abnormal bacterial growth, and higher incidences of insect pests are direct indications
of drastic environmental changes globally. It is now well established and documented
that anthropogenic greenhouse gas (GHG) emissions are the main reason for the cli-
mate change at global level. It is also well recognized that agriculture sectors are directly
affected by changes in temperature, precipitation, and carbon dioxide (CO2) concen-
tration in the atmosphere. Thus, early and bold measures are needed to minimize the
potentially drastic climate impacts on the production and productivity of various field
crops. In most of the developing countries in Africa, Asia, and Asia Pacific regions, about
70% of the population depend directly or indirectly for its livelihood on the agriculture
sector and most of this population lives in arid or semiarid regions, which are already
characterized by highly volatile climate conditions (Yadav et al., 2015).

Food, from staple cereal grains to high protein legumes and oilseed crops, is central to
human development and well-being (Misselhorn et al., 2012); however, the complexity
of global food security is challenging and will be made more so under climate change.
The world continues to face huge difficulties in securing adequate food that is healthy,
safe, and of high nutritional quality for all (Redden et al., 2014a). Considering the com-
plexity of climatic change, the crop, plants, and livestock are inherently affected by too
much or too little water, too high or too low temperatures, the length of the growing
season, seasonal variation, other climatic extremes, etc.

If we consider weather extremes during 2010 – 11, in Russia there were severe heat
waves and approximately 30% of grain crops were lost due to burning, which resulted in
huge losses to the Russian economy. Likewise, in Pakistan, the worst floods in 80 years
of history occurred, and it was suggested in different media reports that one–fifth of
the country area and more than 14% of cultivated land were submerged. Considering
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the Indian weather scenarios during recent years some parts are having good rains and
some parts are under drought and cultivation of many field crops is difficult in those
areas and crop productivity is adversely affected.

The Intergovernmental Panel on Climate Change (IPCC) defined “climate change as
any change in climate over a time period that alters the composition of the global atmo-
sphere and this change might be due to natural climate variability or a result of human
activity”. According to the United Nations Framework Convention on Climate Change
(UNFCC) climate change refers to “a change of climate which is attributed directly or
indirectly to human activity that alters the composition of the global atmosphere and
is in addition to natural climate variability observed over comparable time periods”.
Human activities, most importantly the burning of fossil fuels, natural causes, indus-
trialization, and changes in land use are modifying the concentrations of atmospheric
constituents or properties of the surface that absorb or scatter radiant energy. The major-
ity of the warming observed over the last 50 years was likely due to the increase in
greenhouse gas concentrations (IPCC, 2001) and future changes in climate are expected
to include additional warming, changes in the amount of rainfall and its distribution pat-
tern, rise in sea-level, and increased frequency and intensity of some climate extreme
events such as flood, drought, and temperature severity.

According to the Special Report on Emissions Scenarios (Nakic’enovic’ and Swart,
2000), the carbon dioxide concentration (CO2) in the atmosphere which was 284 ppm
in 1832 will increase to approximately 550 ppm by 2050. This, in combination with other
changes in the atmosphere, is likely to change the Earth’s climate, making it warmer by
an average of 1.80C to 4.00C by the end of this century (IPCC, 2007). The temperature
increase is widespread over the globe, and is greater at higher northern latitudes, while
land regions have warmed faster than the oceans. This warming will increase the evap-
otranspiration of water from wet surfaces and plants, leading to increased but more
variable distribution of precipitation. The concentration of ozone (O3) will also increase
as a result of industrialization and this will have a negative impact on crop growth and
productivity. The global average sea level has risen since 1961 at an average rate of
1⋅8 mm/year and since 1993 at 3⋅1 mm/year with contributions from thermal expan-
sion, melting glaciers and ice caps, and the polar ice sheets (IPCC, 2007). The annual
average Arctic sea ice extent has shrunken by 2⋅7% per decade, with larger decreases
in summer of 7⋅4% per decade. Mountain glaciers and snow cover on an average have
declined in both hemispheres (IPCC,2007). These general features of climate change
act on natural and biological systems. The changes in climate, particularly increases in
temperature have already affected a wide range of physical and biological systems in
many aquatic, terrestrial and marine environments in various parts of the world. The
climate change will increase the risks of extinction of more vulnerable species and loss
of biodiversity. The extent of damage or loss and the number of systems affected would
increase with the magnitude and rate of climate change. The human systems that are sen-
sitive to climate change mainly include water resources, agriculture and forestry, coastal
zones and marine systems, human settlements, and human health. The extent of the
vulnerability of these systems depends on the geographical location and environmental
conditions. The projected adverse impacts of climate change on human systems (IPCC,
2001) include: i) a general reduction in potential yields of crops in most of the tropical
and sub-tropical regions for increases in atmospheric temperature; ii) a general reduc-
tion in potential crop yields in most of the regions in Mid-latitudes due to increases in
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annual average temperature of more than a few 0C; iii) decreased availability of potable
water for populations in many water-scarce regions, particularly in the Sub-tropics;
iv) increased incidences of vector-borne and water-borne diseases and an increase in
heat-stress mortality; v) increased risk of flooding for many human settlements because
of increased occurrences of heavy precipitation and also a rise in the sea-level; and vi) a
general increase in the demand for energy due to higher summer temperatures in differ-
ent parts of the world. Climate change is also known to have some beneficial effects on
the human system (IPCC, 2001). The positive impacts of climate change include: i) an
increase in the potential yields of some crops in some of the regions in Mid-altitudes
for increases in temperatures of less than a few 0C; ii) a potential increase in global
supply of timber from well managed forests; iii) an increase in the availability of water
in some water-scarce regions in some parts of Southeast Asia; iv) A decrease in the
winter-mortality in mid- and high altitudes; and v) reduced demand for energy due to
higher winter temperatures.

1.1.1 Climate Change and Agriculture

The world population will continue to grow and is expected to reach 9.1 billion by 2050
(Charles et al. 2010). The total food production will have to be increased by 70–100%,
if all these people are to be fed sufficiently (Smil, 2005; World Development Report,
2008). Increasing food production to feed this ever-increasing world population in a sus-
tainable way is a great challenge, moreso at a time of rapid environmental change with
rising temperatures and extreme climate events threatening food production globally.
Agriculture is inherently sensitive to climate variability and change, as a result of either
natural causes or human activities (Wheeler and Braun, 2013). Climate change caused
by emissions of greenhouse gases is expected to directly influence crop production sys-
tems for food, feed, or fodder; to affect livestock health; and to alter the pattern and
balance of trade of food and food products. Climate change has already started affecting
agricultural growth and these impacts will vary with the degree of warming and associ-
ated changes in rainfall patterns, as well as from one location to another. According to
the Intergovernmental Panel on Climate Change (IPCC, 2014), climate variations affect
crop production in several regions of the world, with negative effects more common
than positive, and developing countries highly vulnerable to further negative impacts.
Climate change is estimated to have already reduced global yields of maize and wheat by
3.8% and 5.5% respectively (Lobell et al., 2011), and several researchers predicted steep
decreases in crop productivity when atmospheric temperatures exceed critical physio-
logical thresholds of agricultural crops (Battisti and Naylor, 2009; Wheeler et al., 2000).

Climate change is already happening and represents one of the greatest environmental
and societal threats facing the planet and our own existence. With the Paris Agreement
on Climate Change in force this month and the skeptics who threaten its implementa-
tion, the time for bold and unprecedented action has never been more critical. For the
livelihoods of the so-called “forgotten billion”, who live in dryland, on the margins of
environmental sustainability, and where the harshest climate change scenarios are the
fact of life, such action is vital! It is expected that drylands will expand by 11% by 2100
due to climate change. Fifteen out of 24 ecosystem services are already in decline, making
drylands increasingly unproductive. About 10% of drylands are already degraded, and
more land will continue to degrade in the upcoming years. Yet, drylands and agricul-
tural research in drylands do not receive much attention or investment from the wider



�

� �

�

4 1 Climate Change, Agriculture and Food Security

community of scientific research, development agencies, policy makers, or the private
sector. This is in part due to huge misconceptions or oversimplifications socioeconomic
factors, and the valuable things we can learn about climate change mitigation and adap-
tation from examining the complex interactions of these factors in drylands.

1.1.2 Impact of Dioxide on Crop Productivity

An important change for agriculture system is increased concentrations of carbon diox-
ide (CO2) in the atmosphere. As per the IPCC Special Report on Emission Scenarios
(SRES), the atmospheric CO2 concentration is projected to increase to >550 ppm by
2050 and 800 ppm by 2100. Higher concentrations of CO2 will have a positive effect
on many crops resulting in enhanced accumulation of biomass and the overall yield.
However, the magnitude of this effect varies depending on type of management of crop
(e.g. irrigation and fertilization regimes) and also crop type. Experimental yield response
to elevated CO2 show that under optimal growth conditions, crop yields increase at
550 ppm CO2 in the range of 10% to 20% for C3 crops (such as wheat, rice, and soy-
bean), and only 0–10% for C4 crops such as maize and sorghum (IPCC, 2007). It has
been projected that in the next few decades, CO2 trends will be likely to increase global
crop yields approximately by 1.8% per decade. The impact of climate change on nutri-
tional quality of agricultural produce is not properly understood. However, some cereal
and forage crops, for example, show lower protein concentrations under elevated CO2
conditions (IPCC, 2001).

Some aspects of global climate change are expected to benefit agriculture. It has been
projected that in the next few decades CO2 trends will likely increase global crop yields
by roughly 1.8% per decade (IPCC, 2001). The increasing concentrations of CO2 in the
atmosphere can have a positive impact on the rate of photosynthesis, particularly in C3
plants. Rising CO2 is estimated to account for approximately 0.3% of the observed 1%
increase in global wheat production (Fischer and Edmeades, 2010). The free air carbon
dioxide enrichment (FACE) experiments have shown that the average yield increase of
C3 species was 11%, but no significant responses in case of C4 species such as maize and
sorghum (Long et al., 2005). The CO2 affects the water use by crop plants because higher
concentrations cause partial closure of stomata, and the decrease in the aperture of
stomata reduces the rate of water consumption. The FACE experiments in potatoes have
shown that CO2 enrichment increased tuber yield by 43%, decreased water consumption
by 11%, and as a result increased the water use efficiency (WUE) by about 70% (Magli-
ulo et al., 2003). In a similar experiment on sugar beet, it was found that the amount
of water consumed during the growing season reduced by 20% while yield increased by
8% (Manderscheid et, al., 2010). The magnitude of increased CO2 effects on dry matter
production depends upon the illumination conditions, water availability, N supply, and
the transport and storage of the photosynthates (Jaggard, et al., 2010). In all cases of
FACE experiments, the relative response to enriched CO2 was generally positive when
the Nitrogen amount applied was inadequate, as in the case of wheat (Kimball, et al.,
1999), rice (Kim et al., 2003). Thus, the enriched CO2 atmosphere should help to sus-
tain the crop yield even when the use of nitrogenous fertilizer is restricted to protect the
environment.
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1.1.3 Impact of Ozone on Crop Productivity

Ozone (O3) in the atmosphere is concentrated mostly in the upper layers of the atmo-
sphere (Stratosphere) where it absorbs UV radiation. It is also present in the lowest
layer of the atmosphere, called the troposphere or the Earth’s surface. Tropospheric O3
is a spatially and temporally dynamic air pollutant as well as a powerful greenhouse
gas (Ainsworth, 2017). As a result of increased industrialization and human activities
Tropospheric O3 has risen from approximately 100 ppb in the late 1800s to monthly
average daytime concentrations exceeding 40–50 ppb at present (Monks et al., 2015).
This increased concentration of O3 in the atmosphere has made it the third most potent
anthropogenic greenhouse gas after CO2 and methane (IPCC, 2013).

The distribution of O3 over the land surface is not uniform globally. It varies from
region to region and also from season to season within the region. Ozone concentrations
vary from about 20 ppb in parts of Asia, the Middle East, Europe and North America
(Gillespie et al., 2012). According to Ramankutty et al. (2008), croplands in parts of
China, India, and the USA are exposed to higher concentrations of O3 than croplands in
Australia or Brazil. In India, O3 concentrations are the highest during the spring (Rabi)
crop growing season (October – April) with 8 h daily concentrations reaching 100 ppb
(Roy et al., 2009). Unlike India, O3 concentrations in the Corn Belt of the Mid-west USA
are at the maximum during the summer growing season (Huang, et al., 2007). In India,
O3 concentrations increased 20% from 1990 to 2013 and in the case of China its con-
centrations increased 13% over the same period (Brauer et al., 2016). Thus, many of the
world’s most productive crop growing regions are exposed to continuously increasing
concentrations of O3 resulting in an adverse impact on agricultural productivity and
hence food security.

Yield reductions owing to ozone pollution can start at concentrations as low as 20 ppb
(Ashmore, 2002). The higher concentrations of O3 during crop growing seasons found
to have significant negative impact on crop yields (Burney and Ramanathan, 2014). Feng
and Kobayashi (2009) found that by 2050 probable yield reductions will be 8.9%, 9% and
17.5% for barley, wheat and rice, whereas 19.0 and 7.7% for bean and soybean, respec-
tively. Globally, it is estimated that 4–15% of wheat yields, 3–4% of rice yields, 2–5% of
maize yields and 5–15% of soybean yields are lost to O3 pollution (van Dingenen et al.,
2009; Avnery et al., 2011). In the absence of stricter air pollution control, it is projected
that increased O3 will further reduce wheat yields by 8.1–9.4% in China and 5.4–7.7%
in India by 2020 (Tang et al., 2013). Tai et al. (2014) found that increased O3 pollution in
South Asia could reduce wheat production as high as 40% in 2050. Such a trend would
lead to increased demand for land area devoted to crops by as much as 8.9% in Asia in
order to meet the increasing demand for food (Chuwah et al., 2015). The magnitude of
negative impact of O3 on crop yield depends on the growing season temperature and
water availability, and during dry years yield reductions in soybean and maize ranged
from 10–20%, depending on growing season temperature (McGrath et al., 2015). Crops
can experience both high background O3 concentrations throughout the growing sea-
son (termed chronic exposure) as well as acute O3 stress when concentrations exceed
approximately 100 ppb that can lead to hypersensitive response and induction of cell
death. By 2050 the impact of rising O3 is likely to eliminate most of the beneficial effects
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of yield increase due to increasing CO2 in C3 crops and cause a yield decrease of at least
5% in C4 species (Nelson, et al., 2009). As a result of the dynamic nature of O3, there may
be little potential for adaptation of crops to rising O3 concentrations in the atmosphere
through altered crop management practices (Teixeira et al., 2011). However, the stud-
ies with rice indicate that there is scope to select for reduced O3 sensitivity. Therefore,
recent efforts are focused on breeding and biotechnological approaches for genetically
improving crops that can tolerate and respond to higher concentrations of Tropospheric
O3 (Ainsworth, 2008; Frei, 2015).

1.1.4 Impact of Temperature and a Changed Climate on Crop Productivity

The temperature variations and changes in the amount and distribution of rainfall
associated with increased CO2 concentration and continued emissions of greenhouse
gases will bring about changes in land suitability for crop cultivation and crop yields.
According to the Intergovernmental Panel on Climate Change (IPCC, 2007), global
mean surface temperature is projected to rise in a range from 1.8∘C to 4.0∘C by 2100.
In temperate latitudes, higher temperatures are expected to be beneficial to agriculture
and as a result the area under agricultural cropping is likely to increase. The length of
the growing period will also increase at higher latitudes and because of which there
may be increased accumulation of biomass resulting in higher crop yields (Parry et al.,
2004. Fisher et al. (2005) predicted that world cereal production will increase from 1.8
Gt to between 3.7 and 4.8 Gt by 2080 and much of this increase will be the result of
cropping on an additional 320 million ha in the Northern Hemisphere. However, in low
latitudes crop yields are likely to decrease, mainly because of increased temperature
which shortens the period for grain filling and sometimes stresses the plants at the
time of flowering and seed-set. A moderate incremental warming in some humid and
temperate grassland may increase pasture productivity and reduce the need for housing
and for compound feed (Rosenzweig et al., 2002). There may also be reduced livestock
productivity and increased livestock mortality in semi-arid and arid pastures. In drier
areas, there may be increased evapotranspiration and lower soil moisture levels (IPCC,
2001) and because of which some existing cultivated areas may become unsuitable for
cropping and some tropical grassland may become increasingly arid. Temperature rise
will also expand the range of many agricultural pests and diseases and increase the
ability of pest populations to survive the winter and attack spring crops. In general,
warming trends are likely to reduce global yields by about 1.5% per decade in the
absence of effective adaptation. Thus, the increases in the atmospheric temperature are
likely to impact adversely against the advantages of increasing concentrations of CO2
in the atmosphere. Extreme weather events are more likely to happen in the changed
climate of the future (Gornall et al., 2010).

1.2 Climate Change and Food Security

The Food and Agriculture Organization (FAO) defines food security as a “situation
which exists when all people, at all times, have physical, social, and economic access to
sufficient, safe, and nutritious food that meets their dietary needs and food preferences
for an active and healthy life”. This definition of the FAO involves four important


