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Minireview Article

The Negative | mpacts of Climate Changein Sub-Saharan Africaand Their Mitigation

M easures
Abstract

Sub-Saharan Africa is particularly vulnerable tonelte change because of its dependence on natural
resources, fragile economy, weak infrastructure #ral already warm weather. Nowadays, food
security and agricultural production in some coestin the region are getting worse because of the
negative impacts of climate change and variabiBgnerally, the effect of climate change is higher
the developing nations, those with low economicaciéty and of contributing a little to the greenheus
gas emissions than that of the industrialized aoesit However, unless it is the weakness of the
policies that the developing countries have, explealve found different climate change mitigatiod an
adaptation measures. Therefore, this paper spaltyficoncentrates on the negative impacts of ckmat
change on the countries in Sub-Saharan Africa tla@dnitigation and adaptation measures that should
be taken into account to manage the risks of tl@ging climate. It emphasizes on the importance of
effective agricultural management, improving carldceding and sequestration projects and using
renewable energy sources. Furthermore, it alsoiderssthe roles of the people and governments of
Sub-Saharan countries and the international comsuni mitigating the changing climate in the
region, for Sub-Saharan countries particularly needvork ‘hand in glove’ with the international

community to manage the current climate risks aitdjate the future climate.
Keywords

Climate change, impact, Sub-Saharan Africa, mibgateffective agricultural management, renewable

energy, carbon trading and sequestration
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1 Introduction

Climate change is a long-term shift in the statsstof the weather, including its averages (NOAA
National Weather Service 2007). Nowadays, it iSaba issue. There are different factors causing
climate change, which can be distinguished intoured’ and ‘anthropogenic’ (human-induced) factors.
According to The Fourth Assessment Report of the Intergovernaheldinel on Climate Change
(IPCC), it is greater than a 90 percent certaihigt temissions of heat-trapping gases from human
activities have caused “most of the observed irsreéa globally averaged temperatures since the mid-
20th century (IPCC 2007). Some of the anthropogadiivities that causes climate change are burning
coal, oil and gas (fossil fuels) to generate eieityror drive cars and deforestation (Foster e2aD7;
Bowen et al. 2009). On the other hand, some ohtiteral factors that cause climate change include

the energy from the sun, periodic volcanic eruptions of tiny particles, dust, and salt spray (all known as
aerosols), and natural carbon and nitrate cycle processes such as termite mounds in Africa that emit
methane or tiny organisms in the ocean surface that take dpotedioxide (Foster et al. 2007; Alley et

al 2007;Hansen et al. 2005).

However, irrespective of its sources, climate cleawl adversely affect the global environment as a
whole. Though, the impact and mitigation and adapiameasures of Climate change may vary from
place to place based on the economic potentialtie@devels of vulnerability (IPCC 1990a). This is
also true for the countries in Africa. However, thénerability and economic capacity of sub-Saharan
countries are almost the same (Nkonya et al. 20Ikijs is because of that one major cause of
vulnerability to climate change is dependence ariose such as agriculture, forestry and fishery tha
are very sensitive to climate change (Sperling 208Bnost all countries in Sub-Saharan Africa have
very fragile soil, sensitive ecosystems and weakemic potential, which is agriculture lead economy
(Adejuwon 2006; Nkonya et al. 2011). Thus, everugtothere are some differences among the Sub-
Saharan African countries, the impacts and mitigatmeasures of climate change may not vary

significantly.

Climate change mitigation consists of actions toitlithe magnitude and/or rate of long-techmate
change Climate change mitigation generally involves rns in anthropogenic emissions
of greenhouse gasedPCC 2007). Mitigation may also be achieved bgréasing the capacity
of carbon sinkse.g., througheforestation(IPCC 2007). Mitigation policies can substantialgduce
the risks associated with human-induced global wagriPCC 2007Anne 2009; IPCC 1995).
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The objective of this paper is therefore to cleattpw the negative impacts of climate change in-Sub
Saharan Africa and to suggest the most appropmatigation measures that should be taken into
consideration; i.e., the special vulnerability ofibSSaharan countries to climate change and the
mitigation and adaptation measures that shouldakent into account to manage the risks of the
changing climate.

2. Vulnerability of Sub-Saharan Countriesto Climate Change
As shown in (figure 1), the levels of green houases (GHGS) in the atmosphere have been increasing
since the beginning of the industrial revolutiordahe large scale use of fossil fuels (IPCC 1990c;
Olivier et al. 2012 However, as shown in (figures 2 and 3), Africadmtribution to the increasing
concentrations of greenhouse gases has been eglathinimal compared to the developed regions
(DFID 2009; Boko et al. 200 KacKinnon et al. 2008; IPCC 1990c; IEA 2013

Nevertheless, according to (Boko et al. 20Gfantz 2005 A hostile climate 2006; Drying up and
flooding out 2007; Mwinjaka, Gupta and Bresser 20#@cKinnon et al. 2008; IPCC 1990a; Nkonya
et al. 2011; IPCC 1995Sub-Saharan Africa is the most vulnerable regioditnate change. The main
reasons for this are: Firstly, Sub-Saharan couare already warmer compared to other non-tropical
countries (Christensen et al. 2007; Cline 2@adko et al. 2007). Secondly, most Sub-Saharan &fric
economies are predominantly based on agriculturgchwis the most climate sensitive of all the
productive sectors (Nkonya et al. 2011; Boko e2807).Over 60% of the population in sub-Saharan
Africa depends on agriculture for their livelihodendelsohn et al. 2000a, b; Devereux and Maxwell
2001); and agriculture accounted on average for 20@ross Domestic Product (GDP) of the region
from 1998-2000 (IAASTD 2009). Furthermore, the likkeod of the majority of the population is being
threatened by the rapid depletion of natural resesjrsuch as forests (UNEP/GRID-Arendal, 2002;
Thomas et al., 2004; Boko et al. 2007). For insarice rainforest of the Congo basin is the second
largest on the earth, next to the Amazon (SCBD @O#1IFAC 2009; Somorin et al. 2011; Sonwa et
al. 2009). However, land clearing is being the nmivblem in the region, for the people dependston i

for food, shelter, medicine and agriculture (DFIQDQ).

Currently, a number of Sub-Saharan countries acgndaclimatic conditions that make agriculture
challenging (Anne 2009). In fact, it is not easyetactly know the rate of warming. What we can
easily identify is that the earth is warming, heaafall is becoming more common and dry areas lik
Sub-Saharan countries are generally becoming drier.length of growing seasons is likely to reduce
in these regions due to the effect of global wagrn the earth’s climatend at worst may force large
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regions of marginal agriculture out of productidim@rnton 2006; IPCC 2007b; ). Failure of crop yseld
in these poor countries will therefore primarilyfezt the small scale farmers, those who play a
considerable role in the economic development. [Tthis will inevitably adversely affect food sedyri

in the region.
3. Climate Change Mitigation and Adaptation Measures

Climate change mitigation is an activity which admites to the objectives of stabilization of
greenhouse gas (GHG) concentrations in the atmospdiea level that would prevent dangerous
anthropogenic interference with the climate systéihis can be done by promoting efforts to
reduce/limit GHG emissions or to enhance GHG sdcatem. Protection and enhancement of sinks
and reservoirs of GHGs through sustainable forembhagement and Methane emission reductions

through waste management or sewage treatmentgargkes of mitigation measures.

Although industrialization is low in sub-Saharanriéd, the polluted environment due to the high
carbon dioxide (Cg@ emissions from the industrialized world will affatis extremely impoverished
region directly and/or indirectly. The direct effég when the climate is changed globally the peapl
the impoverished dry land will suffer more (Drying and flooding out 2007). On the other hand, the
indirect effect of climate change is its negatingact on the food supplies that the region carirgat

the rest of the world, for the change in climate &a effect on the crop yields.

The main greenhouse gases apart from @@ Methane (Chl and Nitrous Oxide (pD). Methane is
produced by anaerobic decay of organic materialandfills, wetlands, and agricultural areas. #aal

can be found from animal manure, waste water assilftuel combustion.

Nitrous oxide (NO) is naturally present in the atmosphere as fdatieearth's nitrogen cycle. It has
different natural sources. However, human actisiseich as agriculture, fossil fuel combustion, and
industrial processes are affecting the naturalrzaaof the nitrogen cycle and increasing atmospheri
N2O. NO can warm the atmosphere over 300 times of theaddfon dioxide (EPA 2014).

Thus, in addition to the GHGs coming from the irtdat sectors, gases that could come from
ineffectually managed agriculture could also cdnite to climate change. Although it is minimal in
comparison to what is coming from the developedldyd6HGs that emanate from an inadequately

managed agriculture within the region by itself edso contribute to climate change.
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Therefore, these changes in climate may influeheeSub-Saharan countries to suffer from shortage of
pure water, food and other related basic necessiied this situation can lead to violent conflidis
general, climate change will add another crisigamof the current problems in the region. However,

climate change can be mitigated in the region Itilfing the following mitigation measures:

3.1. Identifying the Roles of People and Governments of Sub-Saharan Countriesand the

I nternational Community

To mitigate climate change in sub-Saharan Africghlihe people and governments of the region and
the international community should play significales. Although it sometimes depends on the
government policies and strategies, people, edped@mers, should participate in biodiversity

conservation processes (Nkonya et al. 2011; Sniithl. 2008; Cooper et al. 2009; Cooper and Coe
2011). Additionally, the governments in the regghould take the responsibility to develop an action
plan and policies regarding environmental manageénierfact, there are hopeful starts in countries
like Ethiopia, Ghana, Tanzania and some other c@snih sub-Saharan Africa (Obama 2012; Yesuf et
al. 2008). These countries have started to desaitigs involving citizens in national issues. In

addition, they also have opened the doors of dewedmt by introducing the small farm holders with

traders and supplying improved fertilizers to farsaeHowever, free and conductive government
policy, which encourages the small holders and ides/ land ownership rights to the farmers, is
needed in all countries in the region, for it imsierably important to enhance food security and

mitigate climate change (Nkonya et al. 2011).

The poor countries should work hand in glove witle international community to mitigate the
changing climate (Climate change: meeting the ehgk to 2050 2008; IPCC 1990Rurthermore, the
largest financial responsibility for climate changgtigation should be covered by the rich countries
(Prowse and Peskett 2008; DFID 2009). Therefore/eldping countries, which have the least
contributions to greenhouse gas emissions, andpossibly suffer most from the impact, should pay
fewer prices to mitigate climate change (DFID 200 C 1990a).

3.2.  Effective Agricultural Management

According to different researchers in the environtakscience and related fields of studies, theee a
different proposed solutions to mitigate climatearnfpe. One of the proposed solutions for climate

change mitigation in sub-Saharan Africa is effeztgricultural management (Bryan et al 2011).
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Agriculture is the source of livelihood and sustes®for the majority of the Earth's poor and anireag

of economic growth in most of the developing wdikeé sub-Saharan countries. However, nowadays,
climate risks are being the main challenges forcafjural productions. And it is a special menage f
those whose livelihoods depend precariously on fedinagriculture in marginal, high-risk
environments. Therefore, advancing and protectoogl fsecurity and rural prosperity through effective
agricultural management could fairly help to mitgalimate change in sub-Saharan countries. Some

of the effective agricultural management technicaresdiscussed below.

3.2.1. Balanced nitrogen fertilizer application

Improving nitrogen fertilizer application and maeatgent contributes to a sustainable and ecologically
sound agriculture. In contrast, the unbalancediegpdn and poor management of nitrogen fertilizers
is a potential source of environmental pollutiohefiefore, a balanced nitrogen fertilizer applicati®

one of the main strategies to reduce the loadtodus oxide to the atmosphere.

3.2.2. Crop Rotation and Sequencing

It is possible to reduce the loss of nitrous oxwléhe atmosphere by rotating high nitrogen denramndi
crops with those requiring less nitrogen. This pescmay result in less nitrogen accumulation in the
soil profile and less denitrification. Other poskiies include double cropping or intercropping
processes. Therefore, these processes help notirordgcreasing the load of nitrous oxide to the

atmosphere but also in improving food security.

3.2.3. Effective Genetic M odification and Adaptation of Crops

Effective genetic modification and adaptation afps is also another basic measure, for it has multi
purposes in addition to climate change mitigatiod adaptation. For instance, the types of cropken
most desert parts of Africa need to be droughtstast; otherwise, the productivity of the land will
become less because of the lack of water. Thergjerestic modification may enhance the Agricultural
productivity and food security in sub-Saharan AdricThe genetically modified sorghum by “the
sorghum master, Professor Gabisa Ejeta”, who wemvthrld food prize in 2009, is the best example. It
has increased the agricultural productivity in 8u#-Saharan countries that have been using it since

2009. And it also has a valuable contribution talgaclimate change mitigation.
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3.2.4. Improving the Traditional Rainfed Farmingto Drip Irrigation System

Improving the traditional rainfed farming to dripigation system is helpful especially for efficiarse
of water in an area where drought and lack of waterthe main problems (Eriksen and Brown 2011
and Sharma 2010). The real benefits of drip itragainclude reduced runoff loss and decreasedrwvate
labor, equipment and energy costs. This may bbesagricultural productivity and food security bét
people in sub-Saharan Africa. Moreover, efficies¢ wf water due to drip irrigation system may also
help to create an aerobic condition on the solffilgroAs a result, it decreases the amount of geroto
be denitrified. Then, less amount of denitrificatiwill result a less amount of nitrous oxide losshe

atmosphere.

3.2.5. Spatelrrigation System

High dependence on variable rainfall and exposumgntnitigated climate risk are common features in
the marginal, rainfed regions of the tropics and-sapics. Climate shocks, such as drought, flogdin
and heat waves lead to loss of life and long-terss lof livelihood through loss of productive assets

impaired health and destroyed infrastructure.

The continued trend of frequent and intense draught variations in rainfall due to climate charge
then affecting most of the traditional agricultunatactices in sub-Saharan Africa. The rate of
groundwater depletion, Violent stresses of cyclom@slonged floods, and saltwater intrusion are
increasing. The average temperature has increastt isummer while winter season has shortened.
Therefore, to manage the problems in sub-SaharaitaAfone of the primary actions should be
introducing a modernized spate irrigation systenth# region. This is because ensuring soil feytilit
and rangeland management and improving agriculincerural welfare using spate irrigation system

provides multiple benefits across the agro-ecokdgiones of the region.

In fact, irrigation and soil and water conservatiare essential in the arid and semi-arid zones.
However, the conventional types of irrigation syséemay not work in some parts of the region
especially where the groundwater table is much @eepherefore, the effective type of irrigation
system in arid and semi-arid areas is spate irogaystem. This is because spate irrigation isrenf

of water management whereby occasional floods iaertdd to irrigate farms, rangelands and forests.
So, in this system of irrigation, farmers can inatedtheir farmland by the flood which comes from
upstream. Thus, without the help of groundwatezytban grow crops by conserving the water in the
soil and supplying additional water from the pomdgen the moisture within the root zone decreases.
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The structures constructed in spate irrigation esysincluding the pond, which is used to store the
excess flood during heavy rainfall, makes the sygpeeferable in arid and semi-arid areas. Therefore
by increasing the moisture in the soil, recharggrgundwater, improving rangeland management,
conserving soil and water and enhancing food seesirispate irrigation systems have livelihood and

environmental benefits.

3.3. Using Renewable Energy Resources

The use of renewable energy has an important rmolelimate change mitigation and adaptation
processes. Developing countries have to use sical-solar, wind, and geothermal devices to provide
energy to urban and rural populations. These tygdesnergy productions are especially useful in
remote locations because of the excessive cosamgporting electricity from large-scale power pgan
Besides, most of the time, the source of energgnmote areas of each country in sub-Saharan ABica
wood. Thus, the development of renewable enerdlyaae areas may help to prevent deforestation and

decrease environmental pollution.

3.4. Carbon Trading and Sequestration Projects

Another valuable solution for sub-Saharan Africadéal with climate change is improving the carbon
trading and sequestration projects (Drying up dadding out 2007). Firstly, the governments in the
region should have well designed policies on tétissoceanic, and geological carbon sequestration
projects. Terrestrial carbon sequestration is theess through which GQOs absorbed naturally

through photosynthesis and stored as carbon in dgsnand soils. Some of the ways to reduce

greenhouse gases using the terrestrial carbon Stegjii@n are:

» avoiding emissions by maintaining existing carbtmmegye in trees and soils
* increasing carbon storage by tree planting or came from conventional to conservation

tillage practices in agricultural lands

Carbon accumulation eventually reaches saturatmnt pvhere additional sequestration is no longer
possible. After saturation, the trees or agricaltyractices still need to be sustained to maintian
accumulated carbon and prevent subsequent losseshain back to the atmosphere. Therefore, to do
S0, strong policies and strategies on biodiversiiyservation need to be designed. Moreover, Sforin
CO, underground in rock formations (geologic sequésiia and the oceanic sequestration are also
able to retain large amounts of €@ver a long time period.
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227  Furthermore, the countries in sub-Saharan Africaukh work cooperatively with the developed
228 countries in carbon trading projects. Additionalliye developed countries should share the emission

229 credits and provide allowances in compensationutn Saharan countries.
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4. Conclusion

In conclusion, even though there are hopeful starsdme Sub-Saharan countries, the region as
a whole needs effective leadership and managenaticigs in order to enhance food security
and mitigate climate change. Additionally, the abtrated work between the developed world
and sub-Saharan countries is very important foreffective management of the current climate

risks and future climate mitigation.
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