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Abstract

The study of the climate change and the effects of climate change induced ex-
treme events on food security are fundamental for the sustainable develop-
ment of agriculture globally. Climatic factors are the primary important fac-
tors affecting agricultural production. Furthermore, the world is now expe-
riencing more frequent and intense droughts and floods in many agricultural
regions which damage and at times destroy crops. The effects of climatic
change on agriculture have triggered significant trend of research during the
last decade globally in order to unfold the solutions to climate change
induced extreme events on agriculture. Several studies have been conducted
on effects of extreme events such as droughts and flooding induced by cli-
mate change on agriculture and food security. These effects include changes
in crop and livestock yields as well as the economic consequences of these
potential yield changes globally. Therefore, this study reviews the effects of
extreme events, including floods and drought, caused by climate change on
agriculture and food security with focus on Nigeria in particular. For the
study, literatures were identified for review through a comprehensive search
by using electronic and non-electronic databases to identify researches con-
ducted on effects on climate change and extreme events on agricultural
productivity. From the review, it shows that extreme events such as droughts
and floods impact agriculture and food security. In order to mitigate the ef-
fects of climate change especially droughts and floods, on agricultural prod-
uctivity, there is an urgent need to intensity efforts and researches on climate
change to mitigate and adapt to the occurrences of these extreme events when
necessary in Nigeria. Several mitigation and adaptation measures need to be
implemented to mitigate the effects of extreme events on agricultural produc-
tivity and food security. These measures include practicing climate-smart
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agriculture, construction and improvement of drainage networks to effec-
tively dispose of flood water in order to reduce the risks of flooding in urban
agriculture and drought-resistant varieties of crops should be cultivated.
Keywords

Agriculture, Climate Change, Drought, Food Security, Flood

1. Introduction

Climate is an important factor affecting agricultural productivity. Agriculture
and food production depend fundamentally on climatic factors. Climate refers to
the average weather conditions over time while climate change is the long-term
change in climate, including average temperature and precipitation [1]. Climate
change and global warming resulting from human activities such as increase in
the concentration of Greenhouse Gases (GHGs) in the atmosphere are two
closely connected phenomena facing humanity in the 21st century. Climate
change is already affecting the earth’s temperature, precipitation, and hydrolog-
ical cycles. Continued changes in the frequency and intensity of precipitation,
heat waves, and other extreme events are affecting agricultural production. Cli-
matic changes due to anthropogenic factors have shown that the globe is warm-
ing [2] [3].

According to [4] and [5] developing countries, African countries exclusively,
have been termed to be at danger as the tropical regions stand to experience
some of the most serious effects of climate change. Climate change induced ex-
treme events include floods and droughts. Agriculture, which takes an important
part of employment and food provision in Africa, is highly susceptible to climate
change. Climate change has already caused a negative impact on agriculture in
many parts of the world because of increasingly severe weather patterns [6] [7].
Meanwhile, [8] reported that the major negative effect of climate change is as a
result of the increase in temperature which is largely more than the changes in
precipitation as simulated by climate models. According to [9] five main climate
change related drivers will affect the agriculture sector in ways that will vary in
intensity and importance across the regions. They are: temperature rise; precipi-
tation patterns, including rainfall and snow; the incidence of extreme events in-
cluding floods and droughts; sea-level rise; and the atmospheric carbon dioxide
content. This is the main reason why the effects of extreme events such as floods
and droughts caused by climate change should be examined especially on agri-
cultural production and food security. For this study, literatures were identified
for review through a comprehensive search by using electronic and non-electronic
databases to identify researches conducted on effects on climate change and ex-
treme events on agricultural productivity. Keywords such as climate change,

agricultural productivity, food security, droughts, floods, Nigeria were used for
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the search.

Climate change and food security are related because climate change affects
the climatic conditions responsible for optimum food production. However, re-
search shows climate change will not equally affect all countries, and will likely
have the biggest impact in equatorial regions such as sub-Saharan Africa due to
its geographical location [10] [11]. This means that countries already struggling
with food security are likely to struggle harder in the future if urgent actions and
measures are not taken to mitigate climate change and adapt to climate-smart
agriculture. Also, [7] affirms that food production will reduce largely due to
current and future trend of climate change in Mali and in other Sub-Saharan
African countries. However, small scale farmers will suffer more than their large
scale counterparts unless early planting and recommended rates of fertilizers are
applied in order to achieve food sufficiency in those areas. Climate change is ex-
pected to continue to cause floods, worsen desertification and disrupt growing
seasons [4]. The Food and Agriculture Organization [1] [12] warns that an in-
crease in average global temperatures of just two to four degrees Celsius above
pre-industrial levels could reduce crop yields by 15 - 35 percent in Africa and
western Asia, and by 25 - 35 percent in the Middle East. In their separate studies
[13] [14] [15] stated that the yield of cereal by 2050 which is the most staple food
of West African will reduce by 10% as a result of climate change. Climate change
has become a universal concern and thus becoming a threat to achieving sus-
tainable development of agriculture in Nigeria [10] [11].

Due to the fundamental role of agriculture in human welfare, studies con-
ducted by researchers have revealed the potential effects of climate change espe-
cially extreme events on agricultural productivity [4] [7] [12]. Climate change is
expected to affect agricultural and livestock production, hydrologic balances,
input supplies and other components of agricultural systems [16]. This is in ac-
cordance with the report of [7] in Mali, Sub-Sahara Africa. It was reported that
future climate change will have extensive influence on small-scale farmers espe-
cially those that largely depend on agriculture as their source of income for sur-
vival. This is totally against the observation of [15] that climate change will have
least impact on small scale farmers in the region. In contrast [17] in a compre-
hensive study used process-based modeling to evaluate the impact of climate
change on crop yields and adaptation options in the Niger River Basin, West
Africa discovered that climate change would be two-sided as it was projected to
have some positive and negative impacts on food production in the study area.
According to the simulated results achieved, it shows that climate change will
positively affect the production of maize and sorghum to about 2% - 6% increase
in the Southern Guinea savanna zone. In the other hand, in the Northern Guinea
savanna, production is projected to have 2% - 20% decrease due to climate
change [17]. These results and studies shows that more studies need to be car-
ried out in order to unfold the impacts of climate change on food security in

various locations in Africa and most importantly on individual crop.
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2. Floods and Droughts Induced by Climate Change

Flood and drought are caused by several factors ranging from natural occur-
rences to climate change. In the same vein, flood is also caused by improper
waste disposal and generally poor waste management especially solid wastes.
Therefore, there is need to distinguish among these causes without erroneously
attributing all extreme events to climate change. According to [4] drought is a
condition of wide but short-term climatic variation, which results in inadequate
rainfall to meet the socio-economic demands of an area in terms of water supply
for domestic and industrial uses, agriculture and ecosystem. One of the earliest
and most influential interpretations of the cause of drought in the Sahel was that
reported by [18], which suggested that reductions in rainfall were the result of
human activity. Drought in Sahel region is often attributed to a southward dis-
placement of the Inter Tropical Convergence Zone (ITCZ), but this explanation
has been rejected because it failed to explain many important characteristics of
rainfall such as late onset or early stoppage [19] [20]. Similar studies have been
carried out by [21] [22] that have similarly used long-term data from a number
of synoptic stations in Nigeria also yielded some very useful information on the
recurrence, persistence and periodicity of severe droughts in Nigeria. Therefore,
there is urgent need to evaluate droughts caused as a result of climate change.

According to [23] flood is a general condition of partial or complete inunda-
tion of normally dry areas from overflow of inland or tidal waters or from un-
usual and rapid accumulation of runoff. Floods as noted by [24] are the most
frequent disaster and widespread natural hazards of the world. In another re-
port, [25] noted that, floods have caused 84% disaster deaths in the world with
an average of 20,000 deaths per year, which makes only a few countries immune
to floods. Consequently, Nigerian flood damage records show that many people
have lost their lives to flooding while hundreds of thousands have been rendered
homeless and properties worth billions of Naira have been destroyed as a result
of devastating floods across Nigeria [12] [26]. A state of food insecurity would
occur once any of the food security dimensions is truncated by extreme events
such as flooding, drought or any environmental change; hence, there exist a rela-
tionship between flooding and food (in) security. In a similar study, [27] [28]
found flooding to have significant negative impacts on food security in India and
Niger Republic respectively. Consequently, it is necessary to study the implica-
tions of climate change induced extreme events in order to adapt to climate
change thereby ensuring food security for the general populace.

Evidences from previous researches and past findings have showed that the
recent climate change has affected agricultural productivity leading to drastic
reduction in the global food production and availability [29] [30] [31]. Climate
change is stimulating adverse extreme events like drought and flooding that is
causing food shortage and food insecurity in many countries like Somalia, Sudan
and other countries that are within the borders of the arid zones [4] [32].
Therefore, it is imperative that extreme events such as floods and droughts will

DOI: 10.4236/as.2019.104038

490 Agricultural Sciences


https://doi.org/10.4236/as.2019.104038

0. S. Durodola

continue to affect agriculture and food production especially African countries if
appropriate measure are not taken according to [32] in Figure 1.

3. Climate Change and Effects of Extreme Events on
Agriculture: Case Study of Research Examples in Nigeria

In an extensive study by [12] on the probable effects of climate change on food
and crop production in Nigeria concluded that for the remaining years of the
21* century, Nigeria generally will experience low crop yields as a result of in-
termittent droughts within the country. Some other studies have equally been
carried out to determine the effects of climate change on the production of some
major food crops in some parts of Nigeria. These include [33] that evaluated the
effects of climate change on rice farming in South East, Nigeria. It was reported
that climate change will reduce the yield of rice production in the area both in
short and long run using econometric tools such as Augmented Dickey Fuller
(ADF) test, Johansen Test and Vector Error Correction (VEC) Estimates for the
data collected from Nigerian Meteorological Agency and FAOSTAT (Food and
Agriculture Organization Statistics). Similarly, [34] examined the impact of cli-
mate change on cocoa production in Nigeria which shows that cocoa production
will be affected with extreme events such as droughts and floods. For the study,
the authors collected data from the relevant agencies. Also, rainfall data for thir-
ty years (1981-2010) were collected from the Nigeria Meteorological Agency to
generate seasonality index and reliability index [34]. The data were analyzed us-
ing descriptive statistics and correlation analysis and revealed that there is a
strong relationship between climate change and decline in agricultural produc-
tion. In another study [35] considered the effect of climate change on cassava
production in Ondo State, Nigeria which reported that there will low yield pro-
duction of cassava due to climate change. In addition, several studies have been
conducted in Nigeria to verify the effects of climate change induced extreme
events such as drought and floods on food security and agricultural production.
Some are [36] [37] [38] with similar results that extreme events caused by cli-

mate change have extensively damaging effects on food production thereby

CROP AND LIVESTOCK PRODUCTION LOSSES AFTER MEDIUM-TO LARGE-SCALE,
CLIMATE-RELATED DISASTERS, BY TYPE OF HAZARD, 2003-13

ASIA LATIN AMERICA AND NEAR EAST AFRICA
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SOURCE: FAO, 2015.

Figure 1. Crop and livestock production losses after medium-to large-scale, climate re-
lated disasters by droughts, floods and storms, 2003-2013 (Source: [32]).
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causing low crop yields and food shortages in those in the areas examined. It is
imperative to state that all these studies attributed low yields and stumpy food
production to extreme events such as droughts and floods as a result of climate
change.

[39] observed that Nigerian agriculture depends highly on climate because
temperature, sunlight, water, relative humidity are the main drivers of crop
growth and yield. Climate can affect the quantities and types of food produced as
well as production-related income. Similarly, [11] opined that the climate
change phenomenon will affect agriculture in a number of ways including
changes in rainfall pattern. It should be noted that there are more uncertainties
in the prediction of the beginning of rainy season for farmers. Farmers can no
longer predict the commencement of rainy season due to changes in rainfall
characteristics. Excess rainfall for crops causes flooding thereby devastating
farmlands and eventually leading to crop failure and food shortages. [40] opined
that there is desert encroachment and extreme droughts in the northern states as
well as serious problems of flooding and erosion in the littoral southern states
which are capable of causing food shortages. This calls for more intensive studies
in these areas to ascertain these claims through models and simulations. In-
creasing climate uncertainties, sheet erosion, gully erosion, periodic flooding,
biodiversity depletion, agricultural land degradation and general decline in
yields of agricultural produce are now common norms in the country as re-
ported by Ibrahim [39].

In a study [41] concluded that changing rainfall pattern in Enugu State, Nige-
ria could devastate the rain-fed agriculture on which Enugu farmers depend on
for survival. Water supplies may also be altered, primarily through changes in
temperature and rainfall. In general, climate changes have the potential to lead
to large disruptions in agricultural sector in the state and have adverse impacts
on food security [41]. According to [42], Climate variability and change have a
straight and repeatedly inverse influence on the quantity and quality of agricul-
tural production. [11] stated that Nigeria is not left out of effects of climate
change especially with the flooding in the country in 2013 when several hundred
of thousands of farmland/crops were being destroyed. The flooding in 2013 was
also noted to have caused massive destruction of farmlands which resulted to
food insecurity in parts of the country as significant proportion of areas (in-
cluding the south eastern region) that produce the three main tuber food crops
in Nigeria (namely yam, cassava and sweet potato), were affected by the floods
[43].

A number of the identified negative effects of flooding on food security are
indirect, for instance, roads are important in the transportation of agricultural
products from farms to market and when these roads are destroyed by flooding,
food security is affected indirectly which is in line with the findings of [44] [45]
[46]. In the same vein, when crop failure occurs as a result of flooding, food

availability is affected with an associated reduction in meal frequency and quan-
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tities. Flooding was found to reduce crop/fish pond harvest and farm income,
thereby affecting household food security in Nigeria especially as majority of the
households are dependent on agriculture for their food and income [41] [47].
This agrees with the findings of [48] where 66% of their respondents strongly
agreed that flooding caused loss of fish stock in their ponds. In addition, this is
somewhat related to the findings of [49] who noted that flooding caused loss of
farm crops in Gwagwalada Area Council in Nigeria, thereby indirectly affecting
food security of households. Similarly, food prices are usually low during harvest
periods, but flooding alters this seasonal pattern by causing a rise in food prices
as a result of crop failure, corroborating the findings of [48] flood events occur
mostly between July and October, the harvest season for staples like yam in
south eastern Nigeria in the study by [50] show that flooding has negative effects
on food security in various aspects.

[11] recommended that measures and actions that can assist to alleviate the
adverse effects of drought include drip irrigation, drought resistant crops varie-
ties among others should be put in place by the government. Farmers should
equally be sensitized and equipped with skills of adaptation and mitigation of the
effects of climate change as this will go a long way to improve large scale food
production and urban agriculture in Nigeria. In the same vein, [15] suggested
that in order to recognize the most susceptible areas and locations to climate
change, the identification of crop varieties that are capable of withstanding the
effects of climate change is urgently required. Also, there is need for immediate
review of the main effects of climate change on food security to avoid exaggera-
tion and confusion on the impacts of climate change and climate change in-
duced extreme events with other causes. The future of agricultural production
relies on both designing new ways to adapt to the impacts of climate change.
Climate-smart agricultural practices must be implemented to ensure that agri-

cultural productions are not affected by the occurrence of extreme events.

4. Recommendations

From the review, the following recommendations are made:

1) Adaptation strategies for short and long-term changes to human activities
that respond to the effects of changes in climate should be put in place. In agri-
culture, adaptation strategies include well-designed water infrastructure, emer-
gency preparation for and response to extreme weather events, development of
resilient crop varieties that tolerate temperature and precipitation stresses, and
new or improved land use and management practices.

2) Improved water management in high-emitting, irrigated rice systems
through mid-season drainage or alternate wetting and drying has been shown to
substantially reduce CH4 emissions in Asia; this can be implemented in Africa
and Nigeria.

3) Construction and improvement of drainage networks to effectively dispose

flood water will go a long way in reducing the risks of flooding. Indiscriminate
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dumping of wastes in drainage and water channels prevents the disposal of flood
water thereby leading to flooding of farmlands.

4) Drought is difficult to forecast, however, its impacts can be significantly
mitigated. This can be achieved through a more proactive, risk-based manage-
ment approach.

5) The characterization of the possible effects of climate change on crop yields
and production, as well as the corresponding impacts on food security, requires
computer modelling applications. More researches needs to be conducted in
these areas.

6) Implementation of climate-resilient water management and control actions
to minimize the risks from extreme events such as droughts and floods should
be encouraged among farmers globally.

7) Advance dissemination of information on climate smart agriculture and
adaptation planning to farmers.

8) Imperatively, there is urgent need to conduct more research on the effects
of climate change induced extreme events on agriculture and food security the-
reby distinguishing between the these from other causes of extreme events. This
is due to the fact that climate change is not the only cause of extreme events.

5. Conclusion

Climate change will continue to have significant effects on agriculture and food
security over the next few decades and beyond. This implies that extreme events
especially droughts and floods as a result of climate change, will negatively affect
food production and output in Nigeria in both short and long run. Hence, there
is an urgent need for actions to minimize or ameliorate flood hazards. Flood
protection through engineering and structures such as embankment, dikes, le-
vees, river channelization and flood diversion channels should be constructed by
the government to alleviate the adverse effects of floods on farmlands. Institu-
tional capacity should be strengthened to meet up the international require-
ments on climate change. In addition, farmers should equally be sensitized and
trained on climate-smart agriculture in order to adapt and mitigate the effects of
climate change on agricultural production and food security. Finally, more in-
tensive and elaborate studies need to be done globally to unfold the effects on
climate change on agriculture and food security. There is a need for more mod-
eling and simulation projections on the impacts of climate change to be done on
various crops cultivation with respect to different locations. More research is
needed to distinguish among extreme events induced by climate change, those
extreme events caused by natural occurrences and those that are man-made as

consequences of improper waste management and other causes.
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