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Abstract  

  The substantial change in environmental and climatic conditions has compounded the 

inability of economies to achieve food production targets. The impact of global warming is 

most prominent in many African countries, making it impossible for households to produce 

sufficient food for subsistence consumption. The lack of alternative sources of income and 

the prevalence of subsistence farming drives households to abject poverty and famine. 

Attempts to avert the impact of global warming has deepened and steepened the instability of 

food production owing to the establishment of policies to enable the production of biofuel 

that compete for arable land with the production of food for human consumption. This 

situation has become challenging for the achievement of food sustainability. As a result, 

arable land and resources originally utilized for the production of food crops are currently 

being diverted to production of energy-related products. Ultimately, the scarcity of food will 

lead to the increase in the price of food, leading to severe food insecurity.  

  In this chapter emphasis is laid on investigating the impacts of climate change and 

the production of biofuels on agricultural land use changes and the sustainability of food 

security in African countries. The chapter also reviews food sustainability in Africa in the 

context of changing land use patterns for biofuel production. For empirical setting cross-

country data from African countries were analyzed for correlations between the concerned 

variables to assess the impacts of climate change on agricultural land use and food 

production. The analysis shows that there is a positive relationship between food production 

and precipitation (rainfall). However, the negative relationship between water resources and 

food prices suggests that as the availability of water resources decreases the food prices 

would increase. There is also a negative relationship between food production and biofuel 

production, since the agricultural land that is meant for planting food crops would reduce 

when farmers opt for biofuel crops that provide greater profit. The analysis also shows a 
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positive relationship between the population of countries and food prices. Policy options for 

increasing the agricultural land’s productivity and potential for cultivating the un-tapped 

forestlands are discussed in regards to attaining food sustainability. 

 

Keywords: biofuel, food security, global warming, land use, land use change, rainfall 

 

1. Introduction 

   The term biofuel, also known as bioenergy, refers to any kind of fuel from any living 

organism or their wastes. This category of fuels includes all the fuels which are produced 

from biomass (Dewbre et al., 2008). In the widest sense, biofuels thus include all types of 

organic matter such as charcoal, energy crops, agricultural and forestry wastes, manure, 

ethanol, diesel or other liquid fuels which are manufactured from processing plant material or 

waste oil, among others (Baier et al., 2009). However, it is argued that the term biofuel 

should be used in the strict sense to refer only to ethanol and diesel, made from crops 

including corn, sugarcane and rapeseed (Mitchell, 2010; Havnevik, 2011).  

The African region faces a range of environmental factors causing challenges to the 

development of the agricultural sector. Environmental factors are considered the main threat 

to food and agriculture in Africa, since the environmental phenomena in most parts of Africa 

are not favorable for agriculture. Most of the African nations reside in the tropics with dry 

and hot climate, which is unfavorable for productive and profitable agriculture (Love et al., 

2006). Due to the dry and timid climate, most of the African regions experience long drought 

seasons and short rain seasons, which eliminates the possibility for the cultivation of different 

crops. Unfavorable climatic conditions in Africa have led to unavailability of water resources 

for agriculture, especially for the rain-fed agriculture due to the season nature of rivers and 

dams.  

The main crops appropriate for cultivation in dry African lands are tropical plants that 

are able to withstand high temperatures. Another consequence of adverse climatic conditions 

is the devastation of soil fertility in most parts of Africa. This deterioration is also affected by 

soil erosion and poor farming methods due to economic inability of African farmers to adopt 

new technologies, organic fertilizers, and manure (Bamire, 2010). Azih, (2007) indicated that 

the utilization of biofuels does have an impact on the change in climate in the long-run. The 

production of greenhouse gases is a natural process, which varies in the intensity and form. 

However, the use of biofuels reduces the production of green house gases to a large extent 

since they are more carbon neutral as compared to other forms of energy such as fossil fuels 
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(Borjesson and Tufvesson, 2010) . Secondly, changes in the usage of land can also affect the 

rate and magnitude of climatic change, especially due to the fact that reallocation of idle land 

could be undertaken in order to provide for cultivation of such crops as well as conversion of 

forests and grasslands into arable land (Naylor et al., 2007). 

Bosede (2010) posited that environmental factors have been the main threat to food 

and agriculture in Africa. Sage, (2010) indicated that the environmental phenomenon in most 

parts of Africa is not favorable for agriculture. The climate in Africa has been identified to be 

predominantly tropical in nature. This is classified into humid temperate, humid equatorial 

and dry climate (Kelly, 2008,). Nevertheless, localized variables and altitude usually leads to 

other distinct regional climates. Despite this diversity in climate, it has been identified that 

the dry tropical climate is dominant in most of the regions. This is very unfavorable to 

agriculture following the inadequate rain as well as the high temperatures (Atehnkeng, 2007). 

Most of the African regions are facing long drought seasons and short rain seasons thus 

making it impossible for the cultivation of different crops.  

Sage, (2010) postulated that exacerbation of drought periods has posed a serious 

threat to food production. Most of the African regions have been experiencing extended dry 

seasons. This makes it hard for many plant species to survive. Exacerbation of drought 

periods causes retardation of growth to the crops thus leading to declining yields. Only 

tropical crops can withstand the high temperatures and the adverse climatic conditions. These 

crops are however not highly productive, thus jeopardizing the production of adequate food 

(Atehnkeng, 2007).   Most of the sub-Saharan countries are unable to produce adequate food 

to sustain their population following dry and hot conditions which do not favor food 

production. The level of soil fertility in most parts of Africa has been devastating. As 

postulated by Saidou et al. (2007), most of the regions of Africa are not favorable for 

agriculture due to poor soil. This is associated with the issues of soil erosion as well as poor 

farming methods hence leading to deterioration of soil fertility.  

Despite climate and soil fertility being the main environmental barriers to food 

production in Africa, a number of other environmental factors have been identified as well. 

Lutz (2001) has postulated that hilly, upland, and irregular topography of most of the African 

regions is not favorable for agriculture, especially for large-scale and intensive commercial 

farming. The main obstacle caused by this unfavorable topography is the possibility of the 

use of heavy machinery like in majority of developed countries where plateaus are a perfect 

area for such technology. Forest cover on most of the humid regions such as tropics and 

mountain regions has also been an environmental barrier to food production in Africa. 

http://www.sciencedirect.com.ezproxy.csu.edu.au/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DB%25C3%25B6rjesson,%2520P%25C3%25A5l%26authorID%3D7003844551%26md5%3Df5c5dbdea4d37a6c495475a1f3654d40&_acct=C000053903&_version=1&_userid=1588505&md5=55be88305c9b44cc5846cf51e8c64a52
http://www.sciencedirect.com.ezproxy.csu.edu.au/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DTufvesson,%2520Linda%2520M.%26authorID%3D24179427300%26md5%3De5a604ae7b06c54ce095868bce509cb9&_acct=C000053903&_version=1&_userid=1588505&md5=594315797703fc833fa7f03f9b42c480
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Hosseini et al. (2011) asserted that the cultivation on these forested areas is a big challenge 

due to the unavailability of machinery and technology. Forested areas are also full of pests 

and insects that threaten livestock farming nearby, since they may cause a number of animals 

and plant diseases leading to massive damage and losses to the farmers. One more negative 

environmental factor of the African region is deserts – Sahara, Kalahari, Namib, and others – 

that are extremely unfavorable for agriculture (Ibid).  

  The chapter examines the impact of climatic change and shift to production of biofuels 

on the sustainability of food production in Africa. The chapter is organized as follows. In 

section 2, emphasis is laid on impacts of climate change and biofuel production on 

agricultural land use. Section 3 reviews food sustainability in Africa in the context of 

changing land use patterns for biofuel production. Results from empirical analyses of cross-

country data for the African countries are presented in section 4. Policy options for increasing 

the agricultural land’s productivity and conclusions are given in section 5. 

 

2. Climate change, bio-fuel production and agricultural land use  

    Changes in climatic conditions have hugely impacted the ability of the globe to feed 

its citizens (Barrios et al, 2008). The progressive increase in surface temperature originating 

from the process of global warming has made it impossible for productivity of arable lands to 

meet the needs of the growing populations (Goodness and Mungatana, 2010). Global 

warming is the continuous increase of the earth’s surface temperatures as a result of the 

effects of the heavy gases, otherwise known collectively as greenhouse gases (Mitchell, 

2010). Global warming has been the result of cumulative effects of several things, both 

natural and artificial. Artificial activities, caused by the anthropogenic activities, have been 

among the greatest contributors to the enhanced levels of the world climatic changes 

(Borjesson and Tufvesson, 2010). In one of its reports of 2011, the African Union outlines 

the various adverse effects of climate change (African Union, 2011). Among others, it is 

asserted that the phenomenon has led to increased temperatures which have in turn also 

speeded up desertification as well as erratic weather patterns (ibid). The combined effect of 

these has seen decreased food production across the globe.  

    In spite of the advancement in technology and extension services, there is an ever 

growing need for expansion of agricultural production, in order to provide sufficient food for 

human consumption (Lybbert and Sumner, 2012). The change in global warming has 

continuously influenced the supply of food due to a catalogue of factors as revealed by 

Morrison et al (2011). It includes reduction in supply and increase in wastage of land 

http://www.sciencedirect.com.ezproxy.csu.edu.au/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DB%25C3%25B6rjesson,%2520P%25C3%25A5l%26authorID%3D7003844551%26md5%3Df5c5dbdea4d37a6c495475a1f3654d40&_acct=C000053903&_version=1&_userid=1588505&md5=55be88305c9b44cc5846cf51e8c64a52
http://www.sciencedirect.com.ezproxy.csu.edu.au/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DTufvesson,%2520Linda%2520M.%26authorID%3D24179427300%26md5%3De5a604ae7b06c54ce095868bce509cb9&_acct=C000053903&_version=1&_userid=1588505&md5=594315797703fc833fa7f03f9b42c480
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resources. According to Knox et al (2011) global warming has contributed to increased 

eutrophication and reduction in the supply of fresh water for use in farming. IUFoST (2010) 

attributed this outcome to the rapid urbanization of African nations, in which case cities are 

unable to handle the influxes of individuals, thereby leading to extensive pollution. Similarly, 

the demand for food from certain locations leads to over accumulation of nutrients and 

agrochemicals, resulting to contamination of certain locations (Goodness and Mungatana, 

2010). 

 The issue of climate change is one of the acutest problems for the global community 

in the 21
st
 century. The most drastic effect of climate change is global warming characterized 

by the rapid increase in the average temperatures of the land, sea, and the atmosphere 

(Lybbert and Sumner, 2012). Other aspects of climate change include prolonged droughts, 

increase in tsunamis, variation in rain patterns, and shortening of rain seasons (Adebo and 

Ayelari, 2011). Africa is considered the most vulnerable region for climate change where its 

high temperatures causing dry climatic conditions have only increased, posing a serious 

threat to agriculture and food production in Africa. Searle and Gow (2010) postulated that 

climate change produces strong barriers in the undertaking of agricultural activities. Climate 

change has led to a significant decline in the annual agricultural output in Africa due to the 

decrease in the land acreage under food production (Lemba et al., 2010).  

 Climate change has contributed to a rapid decline in water availability obstructing 

agricultural activities. Ground water that is a product of rain water also constantly diminishes 

in many regions. The negative effects of climate change in Africa cover the increase of dry 

seasons and shortage of rain seasons, worsening of human resources, and decline of intensive 

agricultural activities. In addition, climate change causes manifestation of vector-born 

diseases; combination of temperature and humidity induces ideal conditions for malaria 

(Naylor, et., 2007). The rise of infectious diseases also produces a negative impact on 

agriculture, since it affects the availability of labor (Adebo and Ayelari, 2011).  

    The increase in population and consumption of energy per capita has expanded the 

demand for energy. In addition to the enhanced production of greenhouse gases, the need for 

alternative sources of energy has become a major policy issue, leading to the development of 

mechanisms to address the deficits (Mitchell, 2010). Naylor et al (2007) defines biofuels as 

“solids, liquids or gases, derived from recently dead biological material, which can be 

combusted to produce heat or power”. Technological advances have made it possible for such 

biofuels to be utilized in internal combustion engines, thereby providing an avenue for 

commercialization of such products (Borjesson and Tufvesson, 2010). With the invention of 

http://www.sciencedirect.com.ezproxy.csu.edu.au/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DB%25C3%25B6rjesson,%2520P%25C3%25A5l%26authorID%3D7003844551%26md5%3Df5c5dbdea4d37a6c495475a1f3654d40&_acct=C000053903&_version=1&_userid=1588505&md5=55be88305c9b44cc5846cf51e8c64a52
http://www.sciencedirect.com.ezproxy.csu.edu.au/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DTufvesson,%2520Linda%2520M.%26authorID%3D24179427300%26md5%3De5a604ae7b06c54ce095868bce509cb9&_acct=C000053903&_version=1&_userid=1588505&md5=594315797703fc833fa7f03f9b42c480
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biodiesels originating from soya, palm and other forms of waste-oils as well as other starch 

producing food crops, it has become possible for countries without fossil fuel deposits to 

benefit from the energy sector (Seck et al., 2010).  

    According to Mitchel (2010), food prices experienced a 70% increase primarily due to 

the introduction of biofuels. The extent of the impact depends on the type of crop grown for 

production and the context in which the crop is grown. With regard to context, IUFoST 

proposed that three factors come into play, including, “the use of existing arable land, 

expansion of the agricultural frontier and the use of marginal land previously considered 

unsuitable for farming and crop production” (IUFoST, 2010). Similarly, Edame et al (2011) 

and Barrios et al (2008) asserted that the cultivation of biofuels on arable land can either be 

competitive or complementary to the cultivation of food for human consumption. The intense 

international demand for energy from biofuels has fueled widespread concerns that the 

increased production of biofuel could propagate an increase in the demand for arable land, 

water and other resources thus adversely affecting small scale farmers in tropical lands 

(Lemba et al., 2010). This is bound to result in reduction of the productivity of such lands. 

Conversely, the small scale farmers could utilize the opportunity at producing cash crops 

thereby acquiring sufficient resources to improve their productivity (Azih, 2007).  

    The period between 1970 and 1990 experienced a gradual drop in the levels of world 

food prices, with stagnation occurring in 2002, primarily due to demographic, technological 

and policy development (Anim and Mandleni, 2010). However, there was a 140% increase in 

prices between 2002 and 2007 attributable to the increased demand for biofuels and rising 

fuel and fertilizer prices (Mitchell, 2010). Rising food prices directly attributable to increased 

demand in biofuels has contributed to undernourishment with the most affected regions being 

Africa and South Asia. If indeed agriculture experienced supply limitations, we would expect 

to see rising food prices as demand grows.  

 

3. Food Sustainability in Africa 

    Food sustainability is premised on the whole idea of sustainable development. 

Sustainable development has been defined as the development which meets the development 

needs of the present generation of people without in any way compromising the development 

needs of the future generations (Azih, 2007). Barrios et al (2008) examined the effects of 

climatic change in the productivity of farmlands across the sub-Saharan Africa (SSA) and 

non-sub-Saharan Africa (NSSA). Through estimation of the changes in both temperatures 

and rainfall, considered the main determinants of production in agricultural activities, it was 
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determined that the impact was more pronounced in the SSA as compared to the NSSA 

(Thornton et al., 2010). Thornton and Beckwith (2004) had early asserted that the idea of 

sustainable development arose out of the developments within the African continent during 

1980s when the continent was ravaged by famine (Pauw and
 
  Thurlow, 2011).  

Although the ready explanation of the famine was the effects of the drought, closer 

examination revealed deep-seated underlying causes of the drought and famine. The causes 

included the incessant political unrest within the continent, unplanned population increases, 

as well as the punishing foreign debts owed by the African countries (Thornton and 

Beckwith, 2004). The inability by most countries to repay their debts caused the countries’ 

over-reliance on agriculture. This led to soil degradation, and an enhanced subsequent route 

to desertification in the continent (Azih, 2007).    

Food sustainability is a food program which aimed at nurturing the people, the land, 

the animals, as well as the environment (Woolmer, 2006). A sustainable food program 

therefore, is a system which aims at putting into place, a feeding mechanism which does not 

harm the environment (Naylor et al., 2007). In one of its recent reports titled Food 

Sustainability, The United Nations Global Compact identifies the African continent as a 

continent facing food crisis; a crisis that has seen food prices soaring exponentially globally 

(UN Global Compact, 2008). 

According to Eide (2008) the apposite question at this point is on how the interplay of 

the global climate change and the increased biofuel production impacts upon food 

sustainability in Africa? The increased production of biofuels in Africa has also affected the 

continent’s food sustainability. At present, the focus remains trained on the production of 

bioethanol and biodiesel. These two forms of biofuels, it emerged, are produced from food 

crops, the former from the starch-rich crops, while the latter from the oil-rich seeds 

(Havnevik, 2011). Therefore, what this means is that a sustainable biofuel production in 

Africa will substantially eat into the continent’s already depleted food reserves. The 

consequence of this is that, within the foreseeable future, sustainable biofuel production will 

add onto the continent’s food crisis, rather than solve it.        

 

3.1 Biofuel production in Africa 

However, despite the advantages and disadvantages of biofuels, there are other 

equally serious doubts which have been expressed concerning the sustainability of these fuels 

(Kimiywe et al., 2006). For instance, in one of its recent reports titled Biofuel production in 

Africa which was presented to the Convention on Biological Diversity in Bonn, Wetlands 
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International (2008) registered its strong reservations as whether the African continent’s 

quest for biofuels as alternative forms of energy is really sustainable. The first point for the 

reservation of such doubts on the sustainability of biofuel production arises out of the fact 

that the continent’s land rights are complex (Yila and Thapa, 2008; Seck et al., 2010).  

The complex land rights do contribute towards complicating the process for the 

acquisition of the requisite land for the projects for the generation of the biofuels within the 

continent (Azih, 2007). The problem regarding complex land rights arises, especially when it 

is considered that sustainable biofuel production requires large tracts of land for the purpose. 

Thus, on the basis that the process for the land acquisition may not be guaranteed, then it 

means that the whole idea of whether the biofuel production may be feasible within the 

continent becomes really questionable (Naylor et al., 2007).  

The other reason that makes Wetlands International to doubt the feasibility of the 

sustainable biofuel production in Africa is the fact that such projects raise a real likelihood of 

destruction of the continent’s rainforests and a degradation of its wetlands as well. These 

threats arise out of the fact that sustainable biofuel production requires large tracts of arable 

land for the production of the requisite crops (Thornton et al., 2010). Due to the fact that most 

of the continent’s lands are not very arable, then it may mean that the crop production may 

have to be carried out within the arable rainforest lands (Yila and Thapa, 2008).  

There are other points of concern noted by the researches on the increased sustainable 

production of biofuels in Africa. For instance, there are challenges that relate to African 

governments’ coordination and guidance for the biofuels’ production (Olusegun and Ajayi, 

2010). As a result, it is noted that a number of biofuel investors are on the ground without 

while the benefiting countries’ governments have not put into place the requisite policies and 

the guidelines so as to inform the investments and production. The lacuna experienced by the 

biofuel investors within Africa in terms of the absence of the requisite policies and guidelines 

greatly hurt investments into this all important sector (Seck et al., 2010). Further, fluctuations 

in the OPEC authorized global oil market prices have also caused jittery among some 

international biofuel investors in Africa. For instance, Havnevik (2011) points out that in 

February 2009, the Swedish company SEKAB announced its plans to withdraw and sell its 

bioethanol investments in Tanzania. This action was precipitated by the lowering of the 

international oil prices. At the moment therefore, it emerges that sustainable biofuel 

production remains partially hinged upon the global oil prices (Seck et al., 2010).   

Even with these likely threats and potential demerits, it is agreed that significant 

investments by Africa into biofuel production would positively contribute towards the 
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continent’s long-term good (Azih, 2007; Eide, 2008). It can be put forward that by investing 

into sustainable biofuel production, Africa would be shifting its fuel demands away from the 

environmentally unfriendly fossil fuels. This would in turn reduce carbon emissions into the 

atmosphere, hence helping to bring down global warming and climate change (Seck et al., 

2010). Besides, the shift would enhance the continent’s energy security so as to avoid making 

its economy to be dependent upon the whims of the fluctuations in the oil market as is the 

case today. In addition to these, other possible advantages of sustainable biofuel production 

may also improve the continent’s balance of trade, creating employment, as well as creating 

an added value (Naylor et al., 2007). Posit that biofuel production can have positive socio-

economic effects on the population of African, provided that production is carefully managed 

by governments and companies and monitored by certification schemes and non-

governmental organizations. Also, careful management of biofuel feedstock expansion is 

essential. Several conditions, such as effective land use planning, comprehensive biofuel 

policies, accountability mechanisms for producers, raising awareness, and sound agricultural 

management practices can help to mitigate the risks and promote the benefits.  

 

3.2 Conceptual framework 

From the literature review it has been seen that many past studies point to the effects 

of biofuel production on food yield due to arable land competition. Climate change also 

affects food production in Africa since majority of farms rely on natural sources of irrigation 

like rainfall. Both these factors influence the food sustainability in Africa. The conceptual 

framework that this chapter adopted is presented in Figure 1. 
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Figure 1. Variables influencing food sustainability in Africa  

 

4. Empirical analysis of key variables 

For cross-country macro level analysis, data from 2009 was collected for the African 

countries from various sources. All African nations are part of the population. However, 

convenience sampling was used, wherein only the countries with complete data on the 

variables were included in the data set. Data that are chosen as the indicators for biofuel 

production, climate change and food prices are listed below: 

 

(1) Average precipitation in volume: This measure was used as an indicator of climate 

change. The data is expressed in the unit 10
9
 cubic meters per year. This was obtained 

from the FAO database, AQUASTAT. (Available from FAO, 2012a) 

(2) Combustible renewables and waste: This measure was obtained from The World Bank 

database. It is expressed in metric tons of oil equivalent. It gives a comparison of the 

countries biofuel production rate. Although the measure is not exclusively for biofuel 

production, a higher value in this aspect would indicate a higher biofuel production 

rate. Combustible renewables include solid biomass, liquid biofuels and biogas. 

(Available from World Bank, 2012). 

(3) Food production index number (PIN): This measure approximates food sustainability 

in each country. The base years are 2004-2006, which has a value of 100. Any 

deviation from 100 in this score would mean that food production has either increased 
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or decreased since the base years. The values were obtained from the FAO database, 

FAOSTAT. AQUASTAT. (Available from FAO, 2012b). 

(4) Population (POPULATION): Since this data is easily quantifiable, the actual 

population of each country was collected from the FAO website. The data is 

expressed in 1000 inhabitants. 

(5) Water resources (WATER): To measure the availability or scarcity of water in a 

nation, the water resources data from the FAO website, AQUASTAT was used. The 

actual total renewable water resources are used and this was expressed in cubic meters 

per inhabitant per year. 

(6) Food price variability: The differences in consumer price food indices of each country 

was examined for this research, the base year is 2000, with an index of 100, if the 

index for 2009 is more than 100, this means that the country’s food prices have 

increased since 2000. Data was from FAOSTAT. 

 

 The collected data were analyzed using Spearman correlation with an alpha value of 0.1 

as significant margin (see the Appendix for the details of data).  

 

4.1 Rainfall and food production  

    The analysis was employed with the view of providing further insight into the impacts 

of climate change and biofuel production on food sustainability in Africa. Data from 25 

African counties was used because only this number of countries has complete relevant data. 

As observed in Appendix, the amount of precipitation in each country varies greatly from one 

another, how this relates to the food production of each African nations, can be observed 

using the scatter plot of the two variables in Figure 2.  

Figure 4 shows that there might be a slight positive relationship between food 

production and precipitation. However, the increase in food production does not increase as 

much as the precipitation volume increases, suggesting that a significant increase in 

precipitation would only influence food production to increase slightly. This observation, 

however, is not yet statistically proven. To do this, the Spearman’s rho was used in order to 

assess the relationship between the two variables quantitatively. The result of the correlation 

was positive, and significant at 0.05 alpha value, r(50) = .289, p = .042. 
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 Figure 2. Precipitation and food production index 

 

   This means that as the volume of precipitation in an area increases, the food production 

index also does. Providing support to the hypothesis of the study concerning with the effects 

of climate change on food sustainability. As rainfall deceases or becomes more erratic as a 

result of climate change, the agricultural lands of Africa that are dominantly reliant on natural 

sources or water like rainfall, becomes more vulnerable to losses, thus, decreasing the food 

yield. Climate change has been a global issue for decades owing to the changes occurring in 

the global temperature and precipitation level, both of which are major determinants of the 

productivity of the African farmlands. Since the continent relies mostly on labor intensive 

farming based on the traditional seasons, it is impossible to predict the timing and quantity of 

precipitation as well as the surface temperatures. Similarly, farmers are unable to rely on 

natural soil characteristic owing to the depletion of fertility levels due to decades of farming 

activities. Climate change causes distress to the agricultural sector due to the lack of 

irrigation system in the majority of the agricultural area in Africa. 

 

4.2 Water resources and food price index 

    The relationship of water resources and food price index is shown in Figure 3. It can 

be observed that there might be a downward trend to the right, suggesting a negative 

relationship between the two variables, that is, as the availability of water resources 

decreases, the food price index becomes more likely to be higher. The correlation study have 

seen that this relationship is indeed, significant enough to infer that availability of water 

resources influences the price of food across Africa, r(27) = .547, p = .002. This means that 

water resource availability to the population of African nations influences food prices, 
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wherein the countries with more available water resources are more likely to have lower food 

prices, which could be attributed to higher food supply due to increased food yield, as water 

becomes more available for the local farmers. As most of previous literature have suggested, 

the amount of water input to agricultural areas, as affected by climate change and irrigation 

investments, indeed have a direct effect on food productivity, thus affecting the prices of the 

crops. 

 

 

Figure 3. Water resources and food price index 

 

4.3 Biofuel production and food production 

    By looking at Figure 4, where the values of food production index are plotted against 

the combustible renewable values, it could be inferred that there might be a negative 

relationship between the two values as observed from the possible decreasing trend in food 

production index as the amount of combustible renewables increase for any country. Food 

production index number of a country with high rate of production of biofuel and biofuel raw 

materials is more likely lower than that of a country that produces low volume of biofuel raw 

materials. This makes sense, considering that the possible effect of increasing the production 

of crops used for biofuel is that the agricultural area that is meant for planting food crops 

would reduce since most farmers would opt to plant biofuel crops where there is more profit.   

However, using the Spearman’s rho, although the rho correlation value was negative, 

the relationship is not very strong, thus the observation was found not very significant as 

indicated by the correlation test., r(26) = -.016, p = .93. 
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 Figure 4. Food production index and combustible renewables in Africa  

 

The fact that food crops are utilized in the production of bio-oils means that the 

reducing availability of food for consumption is causative of high prices and low quantities of 

food for the households. Similarly, reduction in production is expected owing to the 

competition for resources with food crops, since these bio-oils utilize the same resources in 

land, water and inputs as food crops.  

 

4.4 Population and food price  

It can be observed from Figure 5, that the total population of the countries is highly 

variable, however, a possible positive relationship can still be spotted in Figure 7, that the 

more populous nations are more likely to have higher food price index. 

 

 

 Figure 5. Total population and food price index 
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However, this observation is not supported by the result of the correlation analysis. 

The correlation, although positive was not significant enough at 90% confidence value, r(27) 

= .199, p = .16. Again, the significance value obtain is close to 0.1 suggesting that there 

might be a need to investigate this variable’s effect on food prices further. This does not 

reject nor support the prevailing idea that as population increases, food prices become more 

variable (Anim and Mandleni, 2010). The opposing theory offered by Bloom and Freeman 

(1986) that, an increased population could lead to increased labor force, thus increasing 

productivity is also not supported not rejected. 

 In summary, the analysis shows that there is a positive relationship between food 

production and precipitation (rainfall). However, the negative relationship between water 

resources and food prices suggests that as the availability of water resources decreases the 

food prices would increase. There is also a negative relationship between food production and 

biofuel production, since the agricultural land which is meant for planting food crops, would 

reduce when farmers opt for biofuel crops that provide greater profit. The analysis also shows 

a positive relationship between the population of countries and food prices. 

 

5. Conclusion  

This chapter aims at investigating the impact of climatic change and the reliance on 

biofuels on the sustainability of food security for Africa. The insignificant result of the study 

regarding the relationship of biofuel production and food prices could be attributed to the 

limited amount of data available for study with regards to biofuel production. It was seen that 

biofuel production affects food production when considering climate change. The Green 

Revolution has resulted to adversities in spite of the fact that it originally targeted to combat 

climate change. The fact that biofuels are a source of cash motivates most individuals to 

convert land previously used for production of food crops to the production of raw materials 

for biofuels. As a result, it is clear that these aspects do influence the sustainability of food 

security in Africa, individually and severally. The following are the desirable policy options: 

 

 Integrating food security and sustainability policies into mainstream national and 

international policies. 

 Enhancing investment in agriculture and related activities. 

 Enhancing the efficiency in consumption of food as well as reducing wastages. 
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 Establishment of comprehensive and integrative information systems to map 

agriculture into the rest of global operations. 

 Increase the production of agricultural products while curtailing ecological 

degradation. 

 Establishing ways to cushion vulnerable populations from the adversities of climatic 

changes. 
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Appendix: Food Production, Climate Change and Biofuel Production Indicators 

 

Food Gross 

Production 

Index Number  

(2004-2006 = 

100) 

Average 

precipitation 

in volume 

(10
9
 3/yr) 

Combustible 

renewables 

and waste 

(metric tons 

of oil 

equivalent) 

Consumer 

Prices, 

Food 

Indices 

 (2000 = 

100) 

Water 

resources:  

total 

renewable per 

capita (actual) 

(m3/inhab/yr) 

Total 

population 

(1000 

inhab) 

Algeria 116.67 212 57.193 150.67 333.9 34950 

Angola 143.96 1259 7150.388    

Benin 117.71 117 1995.556 140.3 3068 8602 

Botswana 109.04 242 483.212 237.42 6176 1982 

Burkina Faso 102.66 205.1  149.05 782  15984 

Burundi 66.57 35.46     

Cameroon 120.84 762.6 4436.522    

Cape Verde 117.81 0.9188  119.99 609.8 492 

Central 

African 

Republic 

112.1 836.7     

Chad 112.59 413.4  175.44 3932 10937 

Comoros 95.75 1.675     

Congo 118.46 562.9 716.949 131.32 21111 3941 

Cote d'Ivoire 101.19 434.7 7780.414 142.28 4193 19350 

Democratic 

Republic of 

the Congo 

101.64 3618 21473.063    

Djibouti 208.04 5.104     

Egypt 117.85 51.07 1545.155 188.13 718.8 79716 

Equatorial 

Guinea 

116.34 60.48     

Eritrea 99.71 45.16 561.347    

Ethiopia 122.27 936.4 30051.953 354.38 1503 81188 

Gabon 113.8 490.1 1108.653    

Gambia 118.1 9.447  207.39 4756 1682 

Ghana 120.95 283.1 6453.823 400.55 2233 23824 

Guinea 106.11 405.9  489.4 23153 9761 

Guinea- 98.92 56.98  128.25 20889 1484 
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Bissau 

Kenya 116.2 365.6 14233.698 138.59 778 39462 

Lesotho 97.51 23.92  239.74 1406 2149 

Liberia 115.68 266.3     

Libya 109.32 98.53     

Madagascar 118.72 888.2  241.62 16746 20124 

Malawi 154.77 139.9  258.03 1197 14442 

Mali 156.12 349.7  136.63 6707 14910 

Mauritania 102.2 94.82  195.53 3375 3378 

Mauritius 100.79 4.164  198.46 2129 1292 

Morocco 120.96 154.5 480.084    

Mozambique 110.73 825 7987.836 285.61 9497 22859 

Namibia 91.34 234.9 205.678 173.36 7904 2242 

Niger 119.87 191.3  132.1 2248 14972 

Nigeria 89.47 1062 91907.195 309.61 1853 154488 

Rwanda 129.44 31.92     

Sao Tome 

and Principe 

117.05 3.072  1244.87 13374 163 

Senegal 141.42 134.9 1208.471    

Seychelles 84.14 1.072  244.62  86 

Sierra Leone 104.85 181.2  203.17 27879 5739 

Somalia 100.9 179.8     

South Africa 117.25 603.4 14161.806 109.54 1005 49752 

Sudan and 

South Sudan 

120.2 1042 10754.406    

Swaziland 102.53 13.68     

Togo 124.97 66.33 2183.133 142.91 2491 5902 

Tunisia 105 33.87 1293.986 138.27 443.3 10365 

Uganda 106.88 285  213.9 2039 32368 

United 

Republic of 

Tanzania 

111.21 1015 17204.633 210.22 2212 43525 

Zambia 126.2 767.7 6356.999 365.48 8268 12724 

Zimbabwe 93.04  6236.572 100 1603 12474 

Sources: Developed from FAO (2012a and 2012b), IUFoST (2010) and IIASA (2009) 

     


