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ABSTRACT: Due to inadequate adaptation capacity, Sub-Saharan Africa has been depicted as the most vulnerable 

region with regards to global climate change, this is because of its reliance on agricultural activities for sustenance to 

livelihood which is highly sensitive to climate variables such as temperature variation, rainfall intensity, humidity patterns, 

and other extreme weather events. This paper reviews how climate change constitutes a menace to agricultural productivity 

and ecological protection using a qualitative approach. And importantly suggests ways to overcome such problems. 

Relevant literature was gathered from secondary data through articles, reports, journals from scientific publications, online 

websites and Conference Papers. From the review, it is revealed that climate change in Africa has a very significant effect 

on average temperature, rainfall patterns, and extreme weather events. It was also reviewed that climate has a negative 

effect on agricultural production and the ecological niche in Sub-Saharan Africa. Evidently, due to past and present climate 

change; agricultural land, growing season and yield as well as, ecological degradation will cause a decline to sustainable 

development in Sub-Saharan Africa, which is the center of this problem. Climate change adversely affects biodiversity 

protection through aggravated weather conditions, increased temperature, increased land salinity, excessive rainfall, 

storms, hurricanes and tornadoes which climax in ecosystem ruin. This review has clearly confirmed that Sub-Saharan 

Africa is indeed the most vulnerable region to climate change. To this end, policies aimed at promoting farm level 

adaptation strategies and mitigation of climate change with regards to ecological protection are highly recommended.  
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Climate change is the variation in the statistical 

distribution of average weather conditions over a 

prolonged period of time in any region of the world 

(Adetayo and Owolade, 2012; Ikehi, 2014; Ikehi et al., 

2014a). It reflects abnormal variations to the expected 

climate within the earth’s atmosphere and subsequent 

effects on other parts of the earth which has extensive 

impacts on the already daunting challenges facing 

sustainable development, especially in Sub-Saharan 

Africa.  Thus, an urgent response to support climate 

change mitigation and adaptation in Africa, cannot be 

underestimated. Even though the continent is the least 

contributor to greenhouse gases, still, it is the most 

vulnerable to the adverse impacts of global climatic 

change, due to inadequate adaptive capacity ICSSDA 

(2017). In the Sub-Saharan Africa, because 

Agriculture is one of the sectors, which is sensitive to 

global warming, most farmers make low crop yields 

due to the incidents of extreme weather conditions 

such as high and fluctuating rainfall patterns, flooding, 

droughts, high temperature, and other disparaging 

weather conditions caused by climate change. All 

climate change patterns are a major concern in many 

areas of socio-economic activities, especially 

agriculture and forestry. This is a major threat for 

biodiversity and ecosystem function (Lepetz et al., 

2009).  

 

The objective of this study therefore, is to discuss how 

climate change has become a serious menace to 

agricultural productivity and ecological protection and 

suggests ways to overcome these problems. This 

review in the end will seek to create an enabling 

document for knowledge sharing which would lead to 

informed decision making in climate sensitive areas 

such as natural resources, agriculture and the 

ecosystem in general. 

 

MATERIALS AND METHODS 
Study Area: The study area is the Sub-Saharan Africa 

(Figure 1). The methodological approach consists of 

the study area and data collection strategy.  The second 

largest continent in the world is Africa and it is 
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bounded on the west by the Atlantic Ocean, and on the 

north by the Mediterranean Sea, and on the east by the 

Red Sea and on the south by the Indian Oceans 

(Mabogunje et al., 2017; National Geographic 

Society, 2012). According to (Mabogunje et al., 2017; 

National Geographic Society, 2012), the total 

landmass of Africa is around 11,724.000 square miles 

(30,365.000 square km), and the continent measures 

approximately 5000 miles (8000 km) from the north to 

south and around 4600 miles (7400 km) from the east 

to west. United Nations, 2016 stated that, its 

population has been increasing from the estimated 478 

million in the 1980s to the recent estimate of nearly 1.2 

billion and this is predicted to rise to 1.5 billion by 

2025 and 2.4 billion by 2050. Sub-Saharan Africa lies 

almost exclusively within tropical latitudes. 

According to UNEP (2002) two-thirds of its land 

surface can be classified as fragile desert or dry land, 

away from the equator, average annual rainfall 

declines rapidly and this is characterized by higher 

variability. 

 
Fig 1: Map of Africa and the Sub-Saharan zones 

Source: Frimpong, 2014. 

https://i1.wp.com/www.herald.ng/wpcontent/uploads/2014/03/afric

aland.gif 

 

Data Collection: Relevant literature was gathered 

from secondary data through articles, publications, 

IPCC Reports, UN Reports, journals from scientific 

publications, online websites and conference papers 

and libraries. This search was conducted in libraries 

and on Google search engine with “Climate Change in 

Sub-Saharan Africa” as the title for obtainable 

literature. Furthermore, the search for literature on 

climate change impact was conducted in Sub-Saharan 

African countries that are predominantly affected by 

climate change. These sources encompassed studies 

from the WESS Reports, UN Reports, IPCC Reports, 

online websites and conference papers. Furthermore, 

data were also collected from cited literature for the 

sample studies of this paper. The study is qualitative 

in nature, however, further integration of quantitative 

and qualitative evidence to assess climate change 

impact in Africa is still very much recommended.  

 

RESULTS AND DISCUSSIONS 
Causes of Climate Change: The main causes of 

climate changes include: increased temperature and 

extremes on both land and water; change in rainfall 

pattern which is the variability in its onset, seasonal 

distribution and extremes; increased frequency and 

intensity of large storms and tropical cyclones, 

increased evaporation losses from plants and water 

surfaces, increased glaciers meltdown and other ice 

bodies. Increased drought, flood windstorms and other 

extreme climate phenomena, which will increase the 

number and intensity of disasters, reduce freshwater 

availability, threaten food security and human health, 

diminish industrial production and weaken the 

physical infrastructure base for socio-economic 

activity, resulting in reduced development. Changes in 

rainfall with decreased river basin run-off and less 

water availability for agriculture and hydropower 

generation which is due to changes in rainfall and river 

sensitivity to climate variation. Associated causes of 

climate change also include: rise in sea level and ocean 

acidification, severe droughts and floods; damage 

from high wind during storms; disrupted crop yield 

with different pests and invasive insects; heat waves 

and spread of disease to new areas such as cholera, 

dysentery, rheumatism, malaria, typhoid etc. and 

increased water demand and reduced water 

availability IPCC (2007). 

 

Climate change has many various impacts on human 

habitat and livelihood conditions, and as the climate 

gets hotter, it even becomes more unstable. As the 

changes become bigger and quicker, there is the 

likelihood that adverse effects will keep dominating. 

The increasing population and industrial development 

has increased emission of GHGs. The use of fossil 

fuels, deforestation, burning and decay of biomass, 

etc., has led to higher atmospheric CO2 concentration, 

which currently is around 388 ppm and predicted to 

increase to approximately 470 – 570 ppm until year 

2050 IPCC (2007). Table 1 below shows the sources 

of GHG emissions which are some of the likely causes 

of climate change. 
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Table 1: Main sources of greenhouse gases, current level, global warming potential and their lifetime in the atmosphere. 

Green 

House 

Gases 

Atmospheric 

Life time 

Recent 

Level 

Global Warming 

Potential (in 100 

yrs) time zone 

Main Source 

CO2 100yrs 389 ppm 1 Anthropogenic activities, fossil fuel etc. 

CH4 12yrs 1748 – 

18709 ppb 

25 Land wastes, livestock etc. 

N2O 114yrs 323ppb 298 Agriculture, industry and combustion etc. 

CFCs 12 – 100yrs 75 – 534ppt 5000 – 10900 Industries, old air conditioners and refrigerators etc. 

O3 Hours to days 34ppb n.a Fuel combustion, organic compound evaporation etc. 

Source: IPCC (2007), http://cdiac.ornl.gov/pns/current_ghg.html [accessed, 13 Sep 2011]. 

 

Climate Change in Africa: Climate change scenarios 

for Africa, based on results from several general 

calculation models using data collated by the Inter-

governmental Panel On Climate Change (IPCC), 

indicate future warming across Africa ranging from 

low scenario of 0.2ºC per decade to a high scenario of 

more than 0.5ºC per decade. With a more rapid 

warming scenario, large areas of Africa would 

experience rainfall that significantly exceeds natural 

variability in the December to February and June to 

August periods, with resultant adverse impacts on 

many sectors of the economy including agriculture, 

infrastructure, and health, with consequent effects on 

economic growth and poverty reduction. (SADF, 

2010). There are different sectors which contribute to 

emission of GHGs and the highest proportion is from 

the energy sector, then followed by industry, 

deforestation (from tree felling, burning and slashing), 

intensive agricultural practices, and transport sectors. 

The lowest are from the residential and commercial 

buildings, as well as waste. All these are the sources 

of the overall anthropogenic activities which result to 

climate change. (Figure 2). 

 

 
Fig 2: The sectors, which causes climate change as a result of 

anthropogenic activities. 

Source: IPCC synthesis report (2007). 

 

Impacts of Climate Change: The influences of climate 

change have become evident in the natural 

environment for so many years, together with other 

threats like habitat destruction, fragmentation, 

disturbances and loss in biodiversity (Lepetz et al., 

2009). For instance, the most important impact, which 

is the land use change in tropical forest can cause loss 

of biodiversity. Therefore, overexploitation of natural 

resources, use of hardwood timber and deforestation, 

will cause high loss in the amount and availability of 

habitats, even the extinction of species, especially the 

endangered.  

 

Climate change has different effects, such as 

disturbances and loss of habitat, fragmentation, and 

increasing the incidence of photogenes. In addition, 

following a change in climate parameters like 

precipitation level, snow cover, humidity, sea level 

etc. There is variation in exchange of different 

activities in symbiotic, prediction, parasitic and 

mutualistic relationships (Lepetz et al., 2009). Climate 

change affects species indirectly by reducing the 

amount and availability of habitats and by eliminating 

essential species Morris (2010). As a result, the loss of 

one species can result in decrease, increase or 

extinction of other apparently unconnected species; 

however, human activities are causing secondary 

extinction at higher level than expected from random 

species losses. When species are lost from an 

ecosystem, it is not the only species that is lost, but the 

interaction and the general ecological functions, which 

we expect from these interactions, also will be lost 

(Morris, 2010).  

 

According to FAO (2007) and Mimura, (2010) climate 

change impacts are classified into two broad 

categories;  

1) Biophysical impacts: This indicates the 

physical impacts caused by climate change directly in 

the physical environment which are drought and 

flooding, which causes an effect on physical 

environment such as: effects on quality and quantity 

of crops, pasture, forest and livestock, change in 

natural resources quality and quantity of soil, land and 

water resources, increased weed and insect pest 

challenges due to climate change, shift in spatial and 

temporal distribution of impacts, sea level rise, change 

in ocean salinity, and sea temperature rise causing fish 

to inhabit different ranges. 

2) Socio economic impacts: Subsequent to the 

first biophysical impacts on environment there will be 
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a secondary effect on socio economic systems. For 

example, decline in yield and production, reduced 

marginal GDP from agriculture sector, fluctuation of 

world market price, change in geographical 

distribution of trade regimes, which is due to shortage 

of food in quality and quantity, which increases the 

number of people at risk and in hunger and this leads 

to high level of migration.  

 
Climate change in Sub-Saharan Africa: From 

literature, it is known that there has been evidence of 

insights about the possible economic-wide 

consequences of harsh climate events that affect road 

networks in Africa, mostly consequences for food 

security (Cervigni et al., 2016). As illustrated in 

Burkina Faso by (Ndiaye et al., 2015), the variability 

in the price of maize is extreme in rural markets who 

suffer poor road network connectivity. Therefore, as 

climatic change intensity decreases road network 

connectivity, there is an increased possibility of food 

shortage and economic shocks to vulnerable 

communities (Cervigni et al., 2016). Power stations 

are also adversely affected when climate change 

impacts greatly on African countries. Besada and 

Sewankambo (2009) stated that in Kenya, droughts 

extremely affected hydropower generation between 

the years 1999 and 2000, and in the year 2000, the 

capacity went down by 25%. The water level at the 

Akosombo dam in Ghana decreased to the minimum 

level of 240 feet and this led to a reduction in power 

generation. By scientific research, Ghana, Uganda, 

Ethiopia and Tanzania have experienced droughts 

which affected the water levels in their dams and this 

led to low hydropower generation (Besada and 

Sewankambo, 2009; Karekezi et al., 2012). Climate 

change impacts have the potential to exacerbate 

national security issues and increase the number of 

international conflicts. Conflicts often occur over the 

use of already limited natural resources, fertile ground 

and water. Access to consistent and dependable 

sources of water is significantly treasured in many 

African regions. However, changes in the timing and 

intensity of rainfall have threatened water availability 

and are causing conflicts over this limited resource 

(IPCC, 2014). 

 

Severe drought, shoreline erosion or river and coastal 

flooding have displaced millions of people Abebe 

(2014). For instance, Abebe (2014) observed that 

disparaging weather conditions caused severe flooding 

and landslides in 2010, as a result, around 48,000 

people in Uganda and 55,000 in Kenya, Namibia, 

Rwanda and Zambia were provisionally displaced. 

Henry et al., (2003) looking at the correlation between 

environmental factors, inter-provincial migration and 

using the demographic data from the population 

census survey, they found out that in Burkina Faso, 

said that, “migration is influenced by biophysical 

changes in the environment”.  

 

In Mali, decreasing rainfalls led to poor harvests which 

prompted farmers in the affected regions to migrate to 

the country’s urban cities in search of job, especially, 

to the nation’s capital, Bamako. This led to a 

population surge from 600,000 in two decades ago to 

approximately 2 million at present (Christian Aid, 

2007). Similarly, the decline in rainfalls in Africa 

increased rural-urban migration within Sub-Saharan 

Africa (Barrios et al., 2006). 

In Nigeria, particularly in the South-Eastern zone. 

Climate change has been a very challenging 

experience for the farmers in the rural area and this has 

led to various problems such as, low crop yield, new 

insects emerging, outbreak of diseases, incessant 

migration, river dryness, land salinity, increased 

temperature and intensified rainfall (Ibe et al., 2018). 

 

Exploring further on the impact of climate change on 

agriculture in South-Eastern Nigeria, the level of 

impact in South Eastern Nigeria, particularly in Ohafia 

Local Government Area was assessed to be very 

serious.  Coherently, the finding of the study in (Figure 

3) reveals that majority of the sampled households, 

(87.5%) strongly reputed that if crop yield keep 

decreasing in availability as a result of climate change 

impacts, it will have serious effects in its contribution 

to overall household livelihood and this will make 

agriculture loose its safety net function in time of 

financial shortfall or environmental crisis (Ibe, 2017).  

 

 
Fig 3: Level of impact of climate change on agriculture in South-

Eastern Nigeria. 

Source: Ibe, 2017 

 

With an average 30 percent share of GDP and 70 to 80 

percent of employment, agriculture continues to be the 

dominant sector in the following 19 countries below 

(Figure 4) with an average annual GDP growth rate of 

4.5 percent or more over the period 2000 to 2006. 

Additionally, because agriculture is manly rain-fed 

and categorized by low productivity, only 3.6 percent 

of arable land is irrigated, see table 2 below, these 

economies are constantly exposed to the risks of high 
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climate variability like precipitation and extreme 

climatic events, especially droughts and floods, and it 

is not uncommon to see swings in annual GDP that 

exceed 30 percent. Tables 2 and 3 below shows the 

challenges in agriculture as a result of climate change 

and projected climate changes in Africa respectively. 

 

Conclusion: This study assessed how climate change 

is a serious menace to agricultural productivity and 

ecological protection, there is a confirmation that the 

impacts of climate change in Africa are real. This 

study reveals that climate change in Africa has a very 

significant effect on average temperature, rainfall 

patterns, and extreme weather events. 

 
Fig 4: CO2 emissions and GDP growth 2002. 

Source: World Development Indicators (2002) and World 

Resources Institute (2002) 

 

 
Table 2: Challenges in Agriculture 

Region Irrigated 

Area (% of 

cropland) 

 Fertilizer 

Consumption (kg/haof 

arable land) 

 Cereal yielda 

(metric 

tonnes/ha) 

 

Year 1989 - 1991 2001 - 2003 1989 – 1991 2001 – 2003 1989 – 1991 2001 - 2003 

SSAb  3.6 3.6 14.2  12.3 1.04 1.09 

Source: World Bank IEG Database 2008. a. Cereals include: wheat, rice, maize, barley, oats, rye, millet, sorghum, buckwheat, mixed grains  

b. Sub-Saharan Africa includes South Africa. 

Table 3: Projected climate changes in Africa 

Change  Region  

Average conditions   

Temperature increase  Entire continent (median projected increase in annual 

average temperature: 3 to 4 ºC (end of century to present)  

Decrease in rainfall  

 

West coast of Africa as far south as 15º N  

Southern Africa  
 

Increase in rainfall  Northern parts of East Africa  

Uncertain projections 

for rainfall  

 

Sahel (already high variability)  

Guinean coast  

Southern Sahara  

Sea level rise  Low lying islands and coastal zones  

Delta regions  

Extremes   

Increase in intense 

precipitation events  

Entire continent (this applies also in regions of mean 

drying because there is a proportionally larger decrease in 

the number of rain days)  

Cyclones  

 

Uncertain — changes in magnitude and frequency, and 

shifts in cyclone tracks possible  

Source: IPCC, 2007 

 

It was also reviewed that climate has a negative effect 

on agricultural production and the ecological niche in 

Sub-Saharan Africa. Sub-Saharan Africa is indeed the 

most vulnerable region to climate change. To this end, 

policies aimed at promoting farm level adaptation 

strategies and mitigation of climate change with 

regards to human health are highly recommended. To 

help in climate change mitigation, there should be the 

establishment of more forest plantations and there 

should be an encouragement to continue the 

maintenance of the existing natural and artificial 

forests. Standing forests can be adopted to save 

biodiversity and which will help communities and 

natural areas cope with a changing planet.  
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