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Abstract

Food security is a major public health priority in Cameroon, amidst climate
change and sea level rise (CC/SLR), vis-a-vis the ever-increasing population
growth with associated challenges. CC/SLR, singly or combine, is well known
to have severe impacts on agricultural productivity, food security, socioeconomic
activities and ecosystem (environment, plant and animal) health systems in
coastal areas. They contribute to natural disasters including erosion, flooding,
inundation of coastal lowlands, and saltwater intrusion, altogether reducing
agricultural productivity. Additionally, these disasters provoke adverse animal,
human, and environmental health implications; reduction in tourism; and poten-
tial close of some socioeconomic activities that constitute secondary (after agri-
culture), or main source of livelihood/income for many coastal indigents.
Although there are inadequate reports on the impacts of CC/SLR, preliminary
reports point to negative effects on crop production and socioeconomic activities
in coastal Cameroon. This chapter highlights the susceptibility of coastal Cam-
eroon agriculture and socioeconomic activities to CC/SLR. Furthermore, it has
propose agricultural (CC/SLR and non-climatic) and educational intervention
socioeconomic strategies for the mitigation and adaptation to CC/SLR and for
sustainable agricultural productivity in coastal Cameroon. The proposed strate-
gies may provide a small contribution toward a wider multi-stakeholder pool of
strategies and which, when applied, may enhance food security in coastal Cam-
eroon amidst CC/SLR and promote socioeconomic and touristic activities while
reducing negative implications on animal, plant, human, and environmental
health.
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Introduction

Food security is a major concern in feeding the world’s estimated 9.8 billion people
by 2050 (Worldometer 2020). The demand for food by 2050 will increase by an
estimated 60%. This will be associated with broader economic and societal issues.
Thus, there is increasing need for sustainable agriculture (Breene 2016; Abia et al.
2016; Center for Development Research (ZEF), Forum for Agricultural Research in
Africa (FARA), Institute of Agricultural Research for Development (IRAD) 2017)
toward sustainable food supply. Food security exists when all people, at all times,



Food Security Concerns, Climate Change and Sea Level Rise in Coastal Cameroon 3

have physical and economic access to sufficient safe and nutritious food that meets
their dietary needs and food preferences for an active and healthy life (Food and
Agriculture Organization (FAO) 2010). In addition, food security has three dimen-
sions. These include (i) availability of food (which consist of three elements related
to production, allocation, and exchange); (ii) access to food (that is connected with
affordability, e.g., income and wealth, provision, and preferences); and (iii) utiliza-
tion of food (focusing on the essential elements that are associated with dietetic and
social values as well as food safety issues). Additionally, it is vital to ensure that the
available and accessible food is safe. Furthermore, food waste should be minimized
as much as possible (zero food waste concept. According to the Codex Alimentarius
Commission (CAC 2003), food safety is the assurance that food will not cause harm
to the consumer when it is prepared and/or eaten according to its intended use.

Food security is generally affected by several factors. Climate change remains
one of the most devastating factors. Notwithstanding, both climatic and non-climatic
factors, singly and collectively, hinder agricultural productivity. These factors
include increase in temperature, fluctuation in rainfall (periods and amounts) and
population growth, and sea level rise. Their effects on coastal agricultural produc-
tivity and sustainability may be a concern (Schiermeier 2018). They may provoke
inundation, soil erosion, and saltwater intrusion (Gopalakrishnan et al. 2019).

In Cameroon, agriculture and food associated sectors provides employment to an
estimated 75% of the adult-working population (mainly small-scale peasant farmers
(NIS 2010), contributing 30% to the gross domestic product (GDP) and account for
approximately half of total earnings from exports (DSCN 2002). The sustainability
of the agricultural sector in Cameroon is essential (Abia et al. 2016) and sustaining
the food sector (ZEF, FARA, IRAD 2017). However, there is inadequate focus on the
limitations to the country’s coastal agricultural productivity. Coastal Cameroon’s
agricultural productivity is likely already and may continue to experience adverse
impacts of climate change and sea level rise (CC/SLR) especially in terms of area of
inundation, soil erosion, flooding, salinity intrusion, and reduction in crop produc-
tion. This may have serious repercussions on farmers, food security and safety, as
well as on the ecosystem (plant, animal and human) health. An early awareness and
preparation toward helping coastal farmers cope with CC/SLR is relevant. This
chapter highlights the vulnerabilities of coastal Cameroon’s agricultural productivity
and ecosystem health to CC/SLR induced hazards, with proposed mitigation
strategies.

Highlights of Coastal Cameroon

The coastal lowlands of Cameroon is located between the Atlantic Ocean and the
western highlands in the northeast and the south Cameroon plateau in the southeast
and covers 402 km of coastline. The coastal Cameroon spans 15-150 km inland from
the Gulf of Guinea with an average elevation of 90 m. The coastal zone of Cameroon
has three sedimentary basins (Campo Kribi, Douala, and Rio-del Rey). These are
known to be potentially rich in hydrocarbons and are currently being exploited by
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petroleum companies. The northern part of the coast (including Idenau, Debundscha,
Batoke, Bota, and Down Beach) is characterized by a small population size and very
few industries and suffering impacts from the volcanic eruptions of Mount Cameroon.
For example, during eruption, lava flows obstruct road networks, destroying crops,
and induce rise in ocean water thereby killing fishes and other marine ecosystems. The
coastal zone harbors the coldest place in Cameroon, Debundscha, which is at the foot
of the Mount Cameroon, which experience the highest rainfall (annual average:
11,000 mm). The coastal region is characterized by equatorial climate with less dry
(~3 months) and wet (~9 months) seasons alternating. The coastal line has high
humidity mainly associated with the Guinea monsoon winds. The center of the
coast, i.e., Douala, has an estuarine system of river Wouri and is the part with highest
human/anthropogenic activities. Additionally, the central coast has the highest coastal
population size and is home to approximately 60% of Cameroon’s industries (Alemagi
et al. 2006). It harbors the countries important industrial and environmental interests
(Onguéné et al. 2015). The southern coast area (Kribi) harbors the smallest coastal
population size and has few industries. The characteristics of coastal Cameroon have
been presented variedly e.g., based on water, salt, and nutrient budget of the two
estuaries (Gabche and Smith 2002) and based on characteristics of coastal vulnerabil-
ity to climate change (Leal Filho et al. 2018).

Coastal Zones and Risk Factors of Agricultural Productivity

Coastal areas are likely to be more vulnerable to climate change than inland areas
because, in addition to changes in flooding, temperature, and precipitation, coastal
lowlands are frequently affected by sea level rise (SLR) and sea wave heights.
Increasing Greenhouse Gas (GHG) emissions may raise the average atmospheric
temperature by 1.1 °C to 6.4 °C over the next century, with possible thermal expansion
of the oceans, rapid melting of ice sheets, and consequently SLR (Intergovernmental
Panel on Climate Change (IPCC) 2007a). On the average, the global SLR stood at the
rate of 1.8 mm per year from 1961 to 1993 and at the rate of about 3.1 mm per year
from 1993 to 2003 (IPCC 2007b). Even if GHG emissions were stabilized soon,
thermal expansion and deglaciation would continue to trigger SLR for many decades.
Furthermore, the continuous growth of GHG emissions and associated global
warming could well promote SLR of 1-3 m in this century, and unexpectedly rapid
breakup of the Greenland and West Antarctic ice sheets might produce a 5 m SLR
(Church et al. 2001) and may rise to 7.5 m by 2020 (Bamber et al. 2019). Altogether,
the IPCC Third Assessment Report of 2001 projected a global average SLR of
between 20 and 70 cm between 1990 and 2100 using the full range of IPCC GHG
scenarios and a range of climate models (IPCC 2001). Recently, SLR projection until
2030 was reported in the “Special IPCC Report on the Ocean and Cryosphere in a
Changing Climate” (IPCC 2019). In the report, two scenarios for GHG emissions are
considered: a “low” scenario (known as RCP2.6), with strong reduction of global
greenhouse gas emission, such that global warming will probably not exceed 2 °C, and
a “high” scenario (referred to as RCP8.5), in which no measures are taken to limit
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GHG emissions. Altogether, it is assumed that the high scenario may lead to SLR of up
to 5 m of the global average sea level in 2030 (IPCC 2019).

Coastal areas are generally vulnerable to anthropogenic influences such as dense
population, industrialization, and agricultural activities (Amosu et al. 2012). In the
west and central African sub-regions, erosion of beaches is among the major ecolog-
ical problems (Ibe and Awosika 1991). Due to coastal erosion and SLR, the surface
area of the coastal administrative capital of the Gambia, Banjul, may disappear within
approximately 50—60 years, thereby jeopardizing livelihood for over 42,000 people
(Jallow et al. 1999). SLR causes devastating effects, which could include loss of land,
population displacement, loss of economic gain, loss of urban infrastructures and
amenities, submersion of agricultural lands, wetlands (or biodiversity) loss, and even
the disruption of several ecosystems (Dasgupta et al. 2009).

Climate Change and Sea Level Rise (CC/SLR) and Food Security
in Coastal Cameroon

Combined climate change (e.g., shifting weather patterns) and sea level rise (e.g.,
increase the risk of catastrophic flooding) (CC/SLR) has continued to threaten global
agricultural production, socioeconomic activities and planetary health in an unprec-
edented manner for a while now, despite continuous efforts world over to mitigate
it. There is urgent need for drastic actions, now more than ever; otherwise it will be
more complex and expensive adapting to impacts of CC/SLR in the future (United
Nations 2019).

SLR is generally referred to as “an increase in the level of the world’s oceans due
to the effects of global warming.” Basically, a warming climate may cause seawater
to expand and ice over land to melt. Both scenarios in combination may cause sea
levels to rise (SLR). Thus, SLR is one of the major effect of climate change (CC),
with rising waters threatening to inundate small-island nations and coastal regions in
various parts of the world (Mimura 2013) and Cameroon (Fonteh et al. 2009). The
effects of climate change, SLR, and both CC/SLR are discussed below.

Climate Change and Coastal Areas

Among all the environmental challenges known to have overwhelmed the planet
since the 1980s, it has been estimated that more than 70% of them are linked to
climate change (Lambi and Kometa 2014). In the wake of natural disaster such as
droughts, SLR, floods, tropical depressions as hurricanes, storms, and heat waves,
there has been an overwhelming negative impact on humankind, the environment,
and economic livelihoods (Living with Risk 2002; Associated Program on Flood
Management 2009; Brown et al. 2013). Cameroon is exposed to the impacts of
climate change particularly her territories located in the Sahelian zone (which are
extremely threatened by effects of desertification) and coastal areas (that are highly
vulnerable to SLR) (Banseka and Levesque 2018). Partly due to the impacts of
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CC/SLR, coastal Cameroon is already facing extreme weather phenomena such as
heavy rainfall, violent winds, high temperatures, and drought, which endanger
communities’ ecosystems and the services they provide (Molua 2006; Fonteh et al.
2009; Banseka and Levesque 2018).

The major risks of climate change are inundation, soil erosion, and saltwater
intrusion (Gopalakrishnan et al. 2019) and which negatively affects agricultural
productivity, with the worst impact in the coastal areas. Additionally, it is speculated
that by 2080, coastal West Africa may experience a high-risk level of flooding
provoked by climate change (Nicholls and Tol 2006).

In addition to the social and human costs, the economic cost of the impacts of
climate change is immense. This includes decrease or losses in agricultural produc-
tivity due to droughts and increased variability of rainfall due to increased numbers
and intensity of natural disasters such as SLR (Banseka and Levesque 2018). It is
speculated that, if nothing is done to address climate change, the “cost of inaction”
may be huge and is estimated to be between 5% and 20% of world GDP, whereas the
cost of “acting” is estimated at only 1% or 2% (Stern 2006).

In order to contain the devastating effects and or influences of climate change on
the environment, agricultural productivity, and ecosystem (animal, human, plant,
environmental) health, which has jeopardized the entire planetary systems, two types
of policy response measures are needed: mitigation (efforts to limit GHG emission)
and adaptation (actions taken to reduce the negative consequences of changes in the
climate).

Adaptation capacity designates the ability for society to plan for and respond to
change in a way that makes it better equipped to manage its exposure and sensitivity
to climate change. Nearly 2.4 billion people (about 40% of the world’s population),
live within 100 km on coastal strip around the globe, making a total of 60 miles of
total land surface occupation per/inhabitant of the coastal strip. Thus, oceans coastal
and marine resources are very important for people living in coastal communities,
which represent 37% of global population (United Nations Factsheet 2017). The
term coastal zone is a region where there is interaction of the sea and land processes,
for example, the city of Limbe in the coastal Cameroon.

Globally, the most common adaptation and mitigation measures used is the
“Ecosystems Based Adaptation” (EBA) approach. This involves the conservation,
sustainable management, and restoration of ecosystems to adapt to the advert effects
of climate change (Convention on Biological Diversity (CBD) 2009, 2018). This
approach will help people to take into account, manage ecosystems in ways that
permit them to adapt to climate change in coastal areas. The United Nations
Environmental Program (UNEP) has laid-down foundation guides for EBA options
under the UNEP building capacity for coastal EBA for small islands Development
States (project funded by European Commission). This guide is a strategic resource
geared at helping environmental and adaptation managers and planners, mainly in
governmental departments and civil society organizations. It facilitates baselines
knowledge and built broad understanding of the principles and concepts of coastal
EBA (UNEP 2016).
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In synopsis, “EBA implement and support, environmental decision makers in
choosing, implementing, monitoring, evaluating and over time adaptively managing
coastal areas.” Mangroves, coral reef, estuaries, seagrass beds, dune communities,
and other systems on or near shorelines do serve critical ecological functions which
are beneficial to human society. Some of these functions include fisheries, storm
protection, floods mitigation, erosion control water storage, ground water recharge,
pollution abatement, retention, and cycling of nutrients as well as sediments. In a
similar manner, the Convention on Biological Diversity (CBA) has also acknowl-
edged and recognized the potential importance of EBA in meeting this challenge
(CBD 2009, 2018).

Around the globe, the coastal zone management Act (CZMA) introduced in 1972
is equally applicable. This sought to balance economic development with environ-
mental conservation, mainly by avoiding the scenario of specifying a defensive
definition approach to climate change management. The National as well as inter-
national CZMA programs encourage various countries of the globe to develop and
implement CZMA plans to protect, restore, and develop the resources of their
national coastal zones for present and future generations. A good number of states
still recognize the importance pre-emptive action to address their vulnerability to
climate change (C2ES 2011). Some mitigation innovations include beach nourish-
ment, coastal fortification, and a reactionary approach which includes seawalls,
groin and jetty construction, and inshore artificial reefs.

In Cameroon, the reality of climate change is widely acknowledged. It is the
consequence of increasing temperatures caused by atmospheric GHGs, altering the
functioning of the ecosystems. According to the Fourth Assessment Report of the
IPCC, the efficiency is difficult to assess because of natural adaptation and
non-climatic factors (IPCC 2007c). Furthermore, 70% of GHG emissions observed
between 1970 and 2004 was caused by human activities (IPCC 2007a). The IPCC
Synthesis Report suggests that a continuation of the present policies to mitigate
climate change would probably lead GHG emissions to further in the coming
decades (IPCC 2007d). Therefore, for improved and sustainable agricultural pro-
duction, there is a need for continuous monitoring and forecasting and use of crops
and varieties that are more resistant to drought and adaptation of suitable planting
methods (Molua 2006). Furthermore, there is need for expansion of farm size,
livelihood diversification, and usage of organic fertilizers as potential adaptation
options (Epule and Bryant 2016). However, non-climatic factors such as deforesta-
tion, poor governance, inadequate access to farm inputs (e.g., fertilizers, increased
economic opportunities elsewhere and a breakdown of cultural practices) cannot be
minimized (Epule and Bryant 2016).

Sea Level Rise (SLR)

The impact of sea level rise (SLR) on developing countries is overwhelming
(Dasgupta et al. 2009). The effects will likely be more in coastal lowlands. SLR is
expected to pose unique challenges partly due to the resultant saline contamination.
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SLR may provoke more salt in soils and too much salt in soil can ruin crop yield
(e.g., through restriction of water and nutrient uptake by the plant) and render
farmlands or fields useless (Schiermeier 2018). SLR in coastal zones could poten-
tially lead to land loss through inundation, erosion of coastal lands, increased
frequency and extent of storm-related flooding, and increased salinity in estuaries
and coastal freshwater aquifers (Gopalakrishnan et al. 2019).

Fonteh et al. (2009) have revealed possible implications of future SLR on the
ecosystems and economic activities along the coast of Cameroon using mapping and
valuation approaches. This was partly associated with the high ecological and
economic value of the area. It was speculated that an estimated 112-1216 km?
(1.2-12.6%) of the coastal area is likely to be lost from a 2—10 m (equivalent to a
low scenario by 2050 and high scenario by 2100) flooding, respectively. Further-
more, approximately between 0.3% and 6.3% of ecosystems (estimated to worth
USS$ 12.13 billion/year) could be at risk of flooding by the years 2050 and 2100. The
areas under a serious threat contain mangroves, sea and airport, residential and
industrial areas, and to a lesser extent, main plantation crops of banana and palms
(Fonteh et al. 2009). Although there is inadequate information on the consequences,
it may be speculated that this may have adverse effects on coastal agriculture
production and may be a threat to food security and safety, as well as on the socio-
economy of the coastal Cameroon. Wetland losses and loss of productive mangrove
ecosystem will also occur with a SLR. According to the TOPEX/Poseidon and Jason
satellite data, the rate of SLR in Cameroon is 2-2.4 mm/year between 1993 and 2004
(NASA 2008). Thus, the low-lying coastal areas are physically and socioeconomi-
cally vulnerable to impacts of SLR. There is need to take prompt actions toward
mitigating the effects of SLR provoked natural disasters in coastal Cameroon
(Fonteh et al. 2009).

Climate Change and Sea Level Rise (CC/SLR)

Climate change and sea level rise (CC/SLR) are not new concepts, even though their
synergistic effects seem minimized and less talked about vis-a-vis climate change or
food security alone or in combination. SLR is a direct consequence of global climate
change. It appears to get worst as population growth increases (Gommes and du
Guerny 1998). The CC/SLR constitute a major hindrance to agricultural productivity
(Schiermeier 2018; Ogbuabor and Egwuchukwu 2017) and may exert adverse
effects on ecosystem health (Nicholls et al. 2011) in coastal areas.

As climate change continues to provoke SLR in coastal Cameroon, inundation of
low-lying coastal areas increases continuously and with saltwater, and gradually
contaminating the soil. Although rainfall can dissipate these salts, climate change is
also increasing the frequency and severity of extreme weather events, including
droughts and heat waves. This leads to intensive use of groundwater for drinking and
irrigation, which further depletes the water table and allows salt to leach into soil. In
some parts of the world, especially low-lying river deltas, local land is sinking
(known as subsidence), making sea levels that much higher (Nicholls et al. 2007).
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Thus, even without climate change, coastal areas such as coastal Cameroon would
still experience slow relative SLR due to these non-climatic processes and hence
increased flooding and damage cost through time (Nicholls 2002; Nicholls et al.
2007, 2011).

In addition to adverse impact on agricultural productivity, CC/SLR constitute a
nuisance in coastal ecosystem health and socioeconomic activities. This is particu-
larly worse in the developing countries with inadequate capacity to manage associ-
ated repercussions on land use, populations’ evacuation/displacement and
juxtaposition of livelihood sources, i.e., agriculture and touristic activities in the
case of coastal Cameroon and elsewhere. For example, in coastal Cameroon,
CC/SLR may lead to flooding which may provoke internal displacements with
associated joblessness. The coastal Cameroon’s situation is made worse by the
eruption of Mt. Cameroon, which releases lava flow that further reduce agricultural
land and destroy crops and marine lives whenever it erupts — a scenario which is
arguably by the assumed post eruption increase in soil fertility. Apparently, coastal
zones in different geographic areas, with varied anthropogenic activities, non-similar
efforts against SLR, and varied effectiveness of erosion-driving forces such as waves
and tides, are expected to react differently to SLR. Thus, considering the CC/SLR
projected likelihood of high-risk flooding in the lowlands of coastal West Africa
(including Cameroon) by 2080 (Nicholls and Tol 2006), there is a need for constant
monitoring and timely mitigating actions to salvage coastal Cameroon from the
natural disaster. To this effect, we speculate that relevant efforts to mitigate and adapt
to CC/SLR may include intensive farmers’ education on good agricultural practices,
creation of nurseries for improved and climate smart food varieties, irrigation and
vertical farming, and a shift from subsistence-to-industrial farming. Application of
these strategies may enhance food security, ecosystem health and socioeconomic and
touristic activities in the coastal Cameroon.

Conclusions and Future Prospects

Food security is a major public health priority in Cameroon, vis-a-vis the ever-
increasing population growth with associated challenges. Risk factors to agricultural
productivity such as combined climate change and sea level rise (CC/SLR) require
attention, particularly in coastal Cameroon. CC/SLR have negative impacts on
agricultural productivity and socioeconomic activities in coastal morphology. This
is through its contributions to natural disasters including erosion, flooding, inunda-
tion of coastal lowlands, and saltwater intrusion, which all have a significant impact
on crop productivity and output. Socioeconomically, these disasters may provoke
adverse animal, human, and environmental health implications; reduction in tour-
ism; and potential close of some socioeconomic activities (e.g., beer parlors, and
small roadside restaurants) that constitute as secondary (after agriculture), or main
source of livelihood/income for many coastal indigents.

Sustainable agricultural productivity in Cameroon is essential, moreover in
coastal Cameroon amidst CC/SLR. This requires concerted actions of stakeholders’
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(government, local civil society organizations, individual, and common initiative
farmers groups, and international bodies). Such efforts may propose and develop
sustainable strategies toward adaptation and mitigation of risk factors of agricultural
production and socioeconomic growth in coastal Cameroon. Potential adaptation
options may span from agricultural (CC/SLR and non-climatic) to educational
intervention socioeconomic strategies. CC/SLR strategies include expansion of
farm size, usage of organic fertilizers, creation of nurseries for improved and climate
smart crop varieties, irrigation and vertical farming, and a shift from subsistence-to-
industrial farming. Non-climatic strategies may include afforestation, good gover-
nance, ensuring adequate access to farm inputs (e.g., fertilizers), promotion, and
increase of local agribusiness opportunities. Educational intervention socioeconomic
strategies may include intensive farmers’ education on good agricultural practices,
and the diversification of livelihood. These strategies may provide a small contribu-
tion toward a wider multi-stakeholder pool of strategies and which, when applied,
may enhance food security in coastal Cameroon amidst CC/SLR and promote socio-
economic and touristic activities while reducing negative implications on animal,
plant, human, and environmental health.
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