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ABSTRACT 

Africa is considered to be the second driest continent in the world after Australia. Sub-

Saharan Africa (SSA) is the whole of Africa except North Africa; SSA covers around 

80% of Africa’s total land area with a population of around 0.9 billion people. The 

continued population growth poses a challenge to systems that supply services in SSA; 

for example, in 1950, less than 200 million people lived in Sub-Saharan Africa, but in 

2016 the population in SSA has increased to around 1 billion. Since the beginning of the 

21st century, there has been a rising sense of urgency about the need to address migration; 

movement of refugees and their displacement (Cross et al., 2006). There are many factors 

that influence the movement of people. This thesis examines some of these factors in 

depth to understand the tendency for migration both to urban from rural and from rural to 

urban – the latter being more important. Presently, 14 African countries (including 9 from 

SSA) are experiencing water stress, and it is predicted that the number of water stressed 

countries in SSA will increase to 25 countries by the year 2025 (Mejia et al., 2012; UN, 

2008). SSA experiences rainfall fluctuations and rising temperatures that have been 

impacting the agricultural production over time. It is predicted that SSA may experience 

extreme rainfall events and such extreme precipitation may become more frequent and 

intense over time. Local rural water availability conditions may also face more 

challenges; for example, Nigeria water supply systems have failed to cope with the rapid 

population growth over time. In 1991, 79% (25 million) of Nigerian people living in urban 

areas had access to clean water, yet 17 years later it has fallen to 75%, but now 55 million 

people have access to fresh water.  

The literature reviewed showed a number of gaps in research with regards to water 

security. Essentially, this thesis investigates how water security, climate change and 

population growth are related to the people movement in and around SSA. This study 

uses quantitative type univariate and multivariate time series methodologies to investigate 

the links among the abovementioned variables. The main research aim of this major study 

as stated led to the examination, study and analysis of long term time series data 

concerning rainfall, temperature, populations; including their relationships to rural-urban 

and urban to rural migration time series data. 
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The study developed univariate and multivariate time series models that are appropriate 

for trend studies, and prediction of the changes that may occur to the climatic and people 

movement variables in the future. The study identified associations and correlations 

between climatic and people movement variables. The findings of this study indicate that 

rainfall and temperature variabilities do indeed impact the movement of people in SSA 

in Somalia, Ethiopia and Democratic Republic of Congo in particular. The results of the 

time series analyses suggest that rainfall has a greater impact on rural-urban migration in 

Somalia, Ethiopia and Democratic Republic of Congo compared to that of the 

temperature; although a combined effect is also noted. The people movement in these 

countries responded to the unit shocks in rainfall or temperature.  

More importantly, the study notes that number of people leaving from rural areas 

outnumber those relocating to rural areas. This means that migration in selected countries 

and in SSA in general has net flows towards the cities. Due to limitations of the migration 

data availability, author used vital statistical method to indirectly measure net migration 

in selected countries. The study provides an essential breakthrough of the area of the 

climate change impact on rural urban migration in SSA. The findings can aid different 

levels of decision making authorities, research and educational institutions in the regions 

as well as regional and international organization in terms of what may be done to stem 

the flow away from rural areas. Hence, there is a need for more site specific research 

projects to further examine interactions and associations between climate change and 

human migration within SSA and member counties. Higher level studies in the future 

should seek funding from agencies to collect primary data from relevant government 

departments as well as climate related research institutions in SSA. 
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concerning climate change and its effects 
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1.1 Introduction  

The world’s population has dramatically increased in recent years. In the 1950s, the 

population was around 2.5 billion people (Demeny, 2015; Haub, 2011; Miller et al., 

2016), however during the past six decades this has grown to exceed seven billion people 

(Schramski et al., 2015), and is projected to reach about 11 billion by the end of the 21st 

century (Bongaarts, 2015; Jones and Warner, 2016). It is expected that the world’s 

population will increase by around 33% to reach more than 9 billion by the year 2050 

(Béné et al., 2015; Dolgonosov, 2016; Dyson, 2015; Meyers and Kalaitzandonakes, 

2015). This thesis investigates the impact of water security and climate change factors on 

the movement of people in Sub-Saharan Africa (SSA). In 1950, less than 200 million 

people were living in Sub-Saharan Africa, but in 2012 the population had reached 

approximately 900 million (DESA, 2013). In fact, the population in Sub-Saharan Africa 

quadrupled during the period between 1950 and 2010, increasing from 179 million in 

1950 to 830 million in 2010 (DESA, 2013; Tularam and Hassan, 2016a; 2016b). The 

Food and Agriculture Organization of the United Nations (FAO) estimates that the 

population of Sub-Saharan Africa has already exceeded 1 billion, adding that these 

countries have experienced the world’s fastest population growth (FAO, 2009). It is 

anticipated that the population in SSA will reach 3.8 billion by the end of the 21st century 

(DESA, 2013). Several factors have contributed to this population trend, including higher 

fertility rates, improved health care conditions and significantly lower death rates among 

children (Kohler, 2012).  

The increase in population is not expected to be distributed evenly amongst the regions 

of the world. The population in developing regions including SSA will tend to grow more 

significantly than in the developed world, which means that SSA will demand more food 

and water than regions which have slower population growth. It is expected that many 

people will leave the rural areas to relocate to urban areas in search of good land, water 

and food, which will then lead to an increase in urbanization. The pressures of 

urbanization will lead to changes in diet for the new arrivals to the cities, for example 

fresh food will be less available. It is concerning that some scholars argue that urban out-

migration might take place in the developing world, and there is uncertainty about the 

momentum of this process (Beauchemin, 2006; Potts, 2009). In essence, this study aims 

to understand the relationships between climate change, population growth and rural-
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urban migration in SSA. It will also attempt to identify rural migration “push” and “pull” 

factors, as well as the long term implications for the developed world in general, and for 

Australia’s refugee intake in particular. 

The major reason for population growth in SSA has been the increase in birth rates 

(Bongaarts and Casterline, 2013; Caldwell and Caldwell, 1990; PRB, 2013). The average 

number of births in Sub-Saharan Africa is 5.2 children, rising to 7.6 in Niger, which has 

the world’s highest fertility rate, five times higher than that of the average European rate 

(1.6 children per woman). Sub-Saharan Africa contains the world’s 10 highest countries 

in terms of fertility rates (PRB, 2013). Data shows that high fertility rates are concentrated 

in the poorer communities, thus, high birth rates accelerate poverty and indirectly affect 

water and food security (Caldwell and Caldwell, 1990). 

Rapid population increases result in an increased demand for food and water. The 

population in SSA is expected to double by the end of this century, while the growth in 

agricultural production is the slowest amongst other world regions. SSA has imbalanced 

growth in terms of population and food production and the number of people living under 

the poverty line is consistently increasing (Pinstrup-Andersen and Watson II, 2011; 

Torrey and Torrey, 2015). However, food production factors such as land and water are 

limited in SSA in particular, and in the wider world in general. Humans need to utilize 

these resources efficiently and sustainably to conserve them for future generations, 

otherwise there will not be enough food to meet nutritional needs, and the world will not 

have enough resources to meet the demands for food and water. Given population growth 

as a major element, SSA’s future challenge remains how to feed its increasing population 

(Zuberi and Thomas, 2012).  

Studies show that there are strong interrelations between population, natural resources, 

environment and food security (Lutz et al., 2003). Smith (2013) and Zuberi and Thomas, 

(2012), defined food security as the situation where sufficient amounts of food are secured 

and made available to people in need. Others define food security as “a situation that 

exists when all people, at all times, have physical, social and economic access to 

sufficient, safe and nutritious food that meets their dietary needs and food preferences for 

an active and healthy life” (Collings et al., 2016, p. 33; FAO, 2014, p. 50; FAO, 2003, p. 

28; Szabo, 2016, p. 29). Food insecurity, on the other hand, is when “necessary food 
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quantities are not available to the population … insufficient access to food for the 

population to maintain consumption at adequate nutritional levels which supports an 

active life style” (Zuberi and Thomas, 2012; p. 1). In other words, food insecurity is the 

inability to get adequate quantities of food for a healthy and active life (Seligman et al., 

2010; Zuberi and Thomas, 2012). Food quantities are defined as the amount of food 

produced locally and imported from other countries combined, while accessibility is 

based on the affordability, transportation and distribution of the food in designated areas 

(Zuberi and Thomas, 2012). However, nutritional values are defined based on community 

lifestyles and vary in terms of space and time. Malnutrition remains a persistent issue in 

certain parts of the world. In SSA, the number of people suffering from malnutrition and 

hunger has increased since 1990, and is increasingly becoming concentrated in Africa in 

comparison with the rest of the world (Pinstrup-Andersen and Watson II, 2011; Torrey 

and Torrey, 2015). 

In fact, food security is an important issue in many parts of the world. The number of 

people at risk from hunger has increased from 300 million in 1990 to 700 million in 2007, 

the highest number of people facing food insecurity ever recorded (Kleinen, 2010). In 

Sub-Saharan Africa food insecurity is a major concern as well. Food security levels in the 

SSA sub regions vary from one country to another and climate change factors appear to 

impede the water and food security situation (Thornton et al., 2011; Smith et al., 2006). 

According to the Bain et al., (2013) and FAO, (2009), SSA experiences the world’s worst 

conditions of undernourishment, stating that around 30% of the population in SSA are 

suffering from malnutrition. The percentage of people living with hunger in SSA varies 

extensively from one sub region to another. Table 1.1 shows the food security indicators 

for 1995 and 2015 in some selected Sub-Saharan African countries. 

Based on current food production levels, it is projected that a 70% increase in world food 

production is needed to respond to the increasing demand for food. There is a dramatic 

increase in the numbers of people living in poverty, from about 100 million in 2008. 

Importantly, this was first time that populations living in situations of chronic hunger 

grew to a billion (Luttrell, 2014). Food insecurity challenges systems of food production 

throughout the world, and in SSA in particular. By the year 2050, the world’s agricultural 

systems should have the capacity to produce an additional one billion and 200 million 

tons of cereals and meat each year, respectively (Kumar et al., 2014; Luttrell, 2014). The 
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availability of production factors such as arable land and fresh water tend to be the 

principal limiting elements which will challenge world farming systems to meet these 

targets and to respond to the fast growing food demand. Sustainable agriculture and 

precision farming are considered to be suitable systems; these production systems allow 

the appropriate utilization of limited production factors than those used in current farming 

practices. 

Table 1.1: Food security indicators for 1995 and 2015, selected Sub-Saharan African countries (Stacey et 

al., 2015) 

 Number of food-insecure 

people (million people) 

Food gaps 

(Million tons) 

Population 

(Million people) 

1995 2015 change 1995 2015 Change 1995 2015 Change 

Cameroon 11.1 0.0 -11.1 252 0 -252 13.9 23.7 9.8 

Burundi  5.6 10.7 5.2 215 567 352 6.2 10.7 4.5 

Ethiopia 57.0 29.8 -27.2 2744 291 -2453 57.0 99.5 42.4 

Tanzania  26.9 10.2 -16.7 666 82 -584 29.9 51.0 21.1 

Uganda 4.1 7.4 3.3 61 86 25 20.7 37.1 16.4 

Malawi 7.0 0.0 -7.0 180 0 -180 10.0 17.7 7.8 

Mozambique 14.4 5.1 -9.3 600 52 -548 16.0 25.3 9.3 

Ghana 1.7 0.0 -1.7 12 0 -12 16.8 26.3 9.6 

Sierra Leone 1.6 0.0 -1.6 19 0 -19 3.9 5.9 2.0 

SSA 281.9 254.2 -27.7 10,232 10,574 342 537.6 903.2 365.6 

There is evidence that factors such as the availability and accessibility of production 

elements determine agricultural production levels, as well as the rural to urban migration. 

These appear to be the major factors which have fuelled rapid urbanization, where people 

tend to migrate internally. In other words, people who leave their agricultural villages and 

relocate to major cities. But there are other reasons for migration. In recent years, external 

migration has increased significantly. Worsening urban unemployment in Sub-Saharan 

African nations has been reinforced by the persistence of migration into the region (Cross 

et al., 2006). 

Large numbers of people from less developed countries (LDCs) have been migrating to 

more developed countries, risking their lives in dangerous conditions, on routes including 

crossing the Mediterranean Sea and the Indian Ocean. For example, since the beginning 

of the 21st century around 40,000 SSA migrants may have lost their lives while attempting 

to migrate. During the first nine months of 2014, more than 120,000 migrants were 

rescued from the Mediterranean alone. In the same period throughout the world, about 

4,077 migrants drowned; about 75% died while attempting to cross the Mediterranean 

Sea (Malakooti and Davin, 2015). 
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The vast majority of migrants however, have landed in different parts of Europe. Several 

factors have contributed to the trend and pattern of international migration from Sub-

Saharan Africa.  These factors include fast population growth, increased work force, poor 

economic performance, and environmental problems including shrinking farmlands, 

desertification, inadequate water availability and extreme rainfall fluctuations. These 

factors have triggered the migration of many SSA farmers and pastoralists to urban areas, 

hoping to achieve a better life for themselves and their families (Adepoju, 2008). 

Marchiori et al., (2012) estimated that temperature and rainfall anomalies in SSA caused 

a total net displacement of five million people who migrated internationally during the 

period 1960–2000.  

The above SSA environmental net displacement figures translate to an average of 128,000 

displaced people every year. Houghton et al., (1990) noted that climate change might be 

the greatest single impact on human migration. The first assessment report of the 

intergovernmental panel on climate change assessment report one (IPCC AR1) estimated 

that climate change events such as water scarcity, floods, desertification and storms may 

displace 150 million people around the world by 2050 (Shamsuddoha and Chowdhury, 

2009). In fact climate change is displacing more number of people than war and 

persecution (Kiss et al., 2012; Marshall, 2011). 

In order to comprehend the situation in Sub-Saharan Africa more accurately, this project 

aims to investigate the relationship between the liveability of the home lands of migrants 

and the number of people migrating. The study explores how climate change will impact 

or relate to the availability of resources such as water and productive land in the SSA 

region by analysing the rainfall and temperature levels in the region. This study will also 

examine the push and pull factors which influence migrants over time. The study attempts 

to understand the circumstances that lead to an internal and/or external migration. The 

time series analysis will examine the long term aspects of the migration issue.  

The research scope is the SSA region, a region that consists of the whole of the African 

continent with the exception of Algeria, Libya, Morocco, Egypt and Tunisia (UNEP, 

2002). Geographically this region falls below the Sahara Desert (Figure 1.1), with an 

estimated total area of 24.24 million km2 (Livingston et al., 2011). It is noted that a 
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significant number of people from this region migrate internally and externally every 

year.  

The study will use time series analysis to understand how the rainfall and temperature 

patterns of selected SSA countries contribute to migration. The climate change factors 

that will be examined are rainfall and temperature and their impact on population 

movement. The researcher will analyse the push and pull factors of rural-urban migration 

and external migration, thus using quantitative methodology. 

 

Figure 1.1: Regional Africa, North and Sub-Saharan Africa (African Studies Centre, 

2014.) 
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This study aims to investigate climate change and its impact on the people movement in 

Sub-Saharan Africa region. The study will analyse the data of two non-climate related 

elements that are rural migration and urban migration as well as two climate change 

factors, namely rainfall and temperature. The study will examine the impact of climate 

change on rural-urban migration in SSA. This study will therefore attempt to explore, 

analyse and thus identify the nature of the relationship between climate change variables 

and human migration in SSA.  

This thesis is structured as follows: the following section of chapter one presents a general 

overview of climate change and climate change factors, followed by chapter two that will 

discuss background and literature review of the study. Chapter three will then introduce 

research aims and methodology. Chapter four will later present the analysis and results 

of the time series data. Chapter five discusses summary of findings and reflects the 

findings in the literature. Conclusion, limitations and implications will be presented in 

chapter six and followed by the final chapter seven that presents references. 

1.2 Overview of climate change 

In recent years, climate change has become the most significant issue challenging the 

natural well-being of the world (Pachauri et al., 2014). Given the extensive evidence now 

available, it appears that climate change creates problems that completely overweigh 

other global issues. The extreme conditions noted at the present time show that climate 

change is already impacting on the world, but what is more important is how, where and 

in what way will it affect human life in the future. The Intergovernmental Panel on 

Climate Change (IPCC, 2007) states that climate system warming is unequivocal; for 

example, in the period between the 1950s and the year 2000 the world witnessed 

unprecedented changes. The new order in the climate system has led to changes that 

include rises in atmospheric and ocean temperatures, sea levels, and considerable levels 

of snow and ice melting in Antarctic regions (Pachauri et al., 2014).  

Maslin (2014) found that the global temperature has increased by 0.8oC during the 20th 

century, and sea levels have risen 22cm in the same period. Paulsson (2008) suggested 

that global temperatures will increase around 1.1-6.4ºC by the year 2100. Maslin, (2014) 

described the temperature rise more precisely, stated that temperatures will increase 

between 2.8oC and 5.4oC, and moreover, the sea level will rise between 58cm and 96cm 
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by the end of the 21st century. The main cause of these events has been attributed to the 

emission of greenhouse gases (GHG) caused by various human activities. For example, 

around 10-12% of GHG emissions are released from agricultural fields, which are 

estimated to be approximately 5.1-6.1 gigatons (Gt) of CO2-equivalents/yr. But in certain 

situations such as land use, land use change and forestry (LULUCF), human activities 

have resulted in both emission of GHG and the removal of CO2. Most of world’s CO2 

removal 3.1GtCO2eq/yr takes place in the northern hemisphere (Smith et al., 2007).  

As a result of these changes the world has begun experiencing extreme weather events 

such as hot spells, heat waves and heavy rains (Smith et al., 2007). These heavy rains 

sometimes result in floods, but the hot spells lead to drought conditions which are further 

impacted by a lack or very low levels of rainfall. It is projected that these climatic events 

are likely to occur more frequently than they were in the past (Carvajal-Velez, 2007). The 

degree and severity of climate change impacts on communities and countries are related 

to levels of social vulnerability and structures. For example, climate change events often 

drastically impact on countries in the developing world because of the social structures 

and higher community vulnerability (Carvajal-Velez, 2007).  

During the past few decades, research findings have shown how climatic systems 

influence the livelihoods of humans around the globe (Carvajal-Velez, 2007). However, 

climate change is a controversial, challenging topic, where decision makers debate its 

existence (Zinn and Fitzsimons, 2014). Despite three decades of negotiations, the world’s 

top GHG polluters show no desire to deviate from their usual business pathways which 

are based on GHG emissions (Maslin, 2014). Even though some scientists forecast 

extreme climate conditions, others suggest that the cost of mitigating the impacts of 

climate change and a reduction in GHGs is as low as 2-3% of the global GPD at the 

present time (Barros et al., 2015; Mach and Mastrandrea, 2014, Rosen and Guenther, 

2015). Interestingly, Maslin (2014) projected that the cost of tackling climate change is 

expected to be remarkably high and may cost around 20% of the global economy by 2050. 

However, it is anticipated that future interactions on this matter might create some hope 

for changes in critical issues in the climate change debate. 

Clearly, both natural and anthropogenic factors are causes of climate change. An essential 

component of the climate change argument is that it is caused by human interference and 
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it imposes risks not only on human life but also on natural systems (Barros et al., 2015; 

Mach and Mastrandrea, 2014). Anthropogenic activities include humans contributing to 

the release of CO2, nitrous acid, methane and water vapour to the atmosphere. The 

emission of more and more greenhouse gases leads to negative interactions with the 

chemical composition of the atmosphere. The GHGs trap and absorb the heat from the 

sun, thus causing the earth’s temperature to rise (Saikia, 2009). So climate change is 

related to a number of complex interactions within natural systems and this indeed can 

alter people’s lifestyles and biological communities and/or ecosystems, often challenging 

the livelihoods of both groups. 

In this chapter a general review of the literature on climate change will be conducted and 

the background discussion will be focused mainly within the Sub-Saharan African region. 

The nature of climate change and some issues regarding whether climate has been 

scientifically proven or not will also be discussed. Moreover, the impact of climate change 

on developing societies in rural Sub-Saharan Africa is examined to provide examples of 

historic climate change issues. The aims of this study include the need to examine, 

evaluate and assess whether there is a direct link between climate change impacts in rural 

areas and the rural-urban migration that has significantly been undertaken by the people 

of the region over time (social stability); this will be done more generally and then within 

SSA in particular. This chapter will provide an overview of the climate change 

phenomenon and summarizes past studies and related views in the area of climate change. 

This chapter aims to address the above issues to establish an understanding of the general 

background. 

1.2.1  Climate change issues 

There is no doubt that the number one environmental issue in today’s world is the need 

to address the factors that relate to climate change (Barros et al., 2015; Mach and 

Mastrandrea, 2014). It is however also clear that climate change is the single largest 

environmental issue that is more complex than anything else that is challenging humans 

and natural systems today. Over hundreds of years, humans have interacted with the 

natural landscape, geography and ecosystems, but it has been only in recent times, well 

after the industrial revolution, that the impact of climate change on environmental 

systems has come to the attention of world politics (Yazdi and Shakouri, 2010). Scientific 
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consensus has somehow been critical to proof that climate change is indeed happening, 

and this consensus has helped to evaluate the actual causes and effects of climate change. 

Nonetheless, people are affected by inconsistent rainfall, rising global temperatures and 

the increasing polar ice melts which lead to rising sea levels (Saikia, 2009). 

There is now unanimous consensus regarding climate change within the scientific 

community, leading to real evidence regarding global warming; the warming of the earth 

that has been occurring for quite some time and is now considered to be a fact (Maibach 

et al., 2014). A recently published research work emphasized that public support 

regarding climate change issues has been critical, even more than that of scientific 

consensus (Cook et al., 2013). Cook et al., (2013) studied the scientific consensus in 

relation to anthropogenic global warming (AGW) by analysing 11,944 scientific papers 

in the area of climate change published between 1991 and 2011. The study concluded that 

there is a significant gap between public awareness and the reality of climate change, and 

rising global temperatures can be used as evidence to gain public support. 

The evidence now shows that the reasons for climate change are both natural and human 

induced. Pew Research Center (2012) stated that scientists overwhelmingly agree that 

human activity is the cause of global warming, however, 57% of people in the United 

States are in fact unaware of the science or disagree that anthropogenic activities are 

causing global temperatures to rise above normal levels. On the other hand, 67% of 

Americans believe that there is evidence that earth’s temperature has been gradually 

rising, particularly during the past few decades (Pew Research Center, 2012).  

There are other major climate change related factors that may indirectly be related to 

global temperature rise. These include changes in weather patterns, precipitation, rising 

sea levels and the remarkable shrinking of the Arctic and Greenland ice sheets and 

glaciers (McMichael and Woodruff, 2005). In other places, parts of the ice sheets and 

glaciers always melt during the summer and during winter the accumulation of snow and 

ice causes some of the melted ice sheets to recover (Lemke et al., 2007). However, there 

is now evidence that the decline outpaces the winter snowfall and ice accumulation and 

scientists argue that this discrepancy is because higher temperatures in the summer have 

caused the ice sheets to melt in large volumes, and the glaciers to quickly move towards 

islands’ edges (Liu et al., 2012). 
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There is also an increase in the number of natural disasters such as cyclones, heat waves, 

heavy rains and associated flooding, lack of rainfall and associated droughts, hurricanes 

and raging windstorms. These events are now occurring more frequently that in the past, 

and this is an indication of the reality of climate change (Jentsch and Beierkuhnlein, 2008; 

Kron, 2011). Based on the evidence of the past, it is predicted that such extreme weather 

events are likely to continue in the future and that all of the continents will be affected, 

and many of the earth’s natural systems will be influenced in some way (Jentsch and 

Beierkuhnlein, 2008). 

1.2.2 What is climate change? 

Saikia (2009) described climate change as a product of the imbalance of several factors, 

namely the sun, oceans, atmosphere, plants, water systems, living organisms and surface 

features or topography. The interaction of these factors is believed to be complex and 

leads to an ideal balance of the ecosystem. Elements like wind, rainfall patterns, humidity, 

sunlight and temperature are the most crucial elements of this balance. The overall climate 

of the earth is determined by the distance between the earth and the sun, the mass of the 

planet and the structure of its atmosphere (Saikia, 2009). The average weather of a 

geographical area or location in a certain period of time is referred to as its climate.  

Climate change is indeed a natural process and has been occurring constantly since the 

big bang (Vlad Van Rosenthal, 2011). Earth’s climate was unstable for more than 0.4 

million years, and during this period there were times of remarkable warm and cold 

seasons. Saikia (2009) defines climate change as: “the change in the average weather of 

a given area or region during certain period of time” (p. 1). Importantly, climate change 

is gauged through changes in rainfall, wind patterns and temperature. These factors affect 

agricultural production, food and water security; and since this study investigates how 

climate change might be related to rural-urban migration in Sub-Saharan Africa, the 

importance of the definition and factors related to climate are of critical importance. As 

such, this study uses Saikia’s (2009) definition of climate change as given above. 

Concerns about global warming date back to 1800s and it probably began with the 

research findings of Joseph Fourier, ‒ a French mathematician and physicist. Fourier 

researched the impact of the energy of the sun on the earth’s surface (Farmer, 2015). A 

study conducted by John Tyndall (1820-1893) found that carbon dioxide and water 
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vapour are neither transparent nor translucent to heat radiation. The importance of the 

increasing carbon dioxide levels in the atmosphere was first recognized by Svante 

Arrhenius (1859-1927), and it was Arrhenius who calculated how much the global 

temperature will increase if the amount of carbon dioxide in the atmosphere was doubled. 

Arrhenius concluded that the amount of CO2 released from the combustion of fossil fuels 

and other substances was enough to lead to a rise in global temperatures. Arrhenius related 

his findings of the increased CO2 emissions to the occurrence of the industrial revolution. 

According to the data available, the emission of greenhouse gases causes the global 

temperature levels rise (Meinshausen et al., 2009), and thus to better understand the global 

warming process it is important to understand how the emission of GHGs is related to 

global warming. As shown in Figure 1.2, the general concept is that the energy released 

from the sun reaches the earth’s surface, where some of the sun’s energy is absorbed, 

while some is reflected back into the atmosphere. The greenhouse gases in the atmosphere 

prevent the sun’s heat escaping and this leads to increased global temperatures or global 

warming. In other words, the greenhouse effect is a natural process, characterized by the 

trapping of the radiant heat (in the lower atmosphere) which is reflected back to the earth’s 

surface by the force of GHGs (Saikia, 2009). Some greenhouse gases become 

atmospheric stock as the result of natural processes. However, anthropogenic activities 

are mainly to blame as they greatly contribute to the emission of a number of important 

greenhouse gases, such as carbon dioxide, methane, nitrous oxide, water vapor and the 

halocarbons ‒ a group of gases containing fluorine, chlorine and bromine. The 

accumulation of these gases in the atmosphere increases their concentration (Nordhaus, 

2013; Weitzman, 2015), and some stay in the atmosphere for a rather long period of time; 

for example, CO2 can remain in the atmosphere for hundreds or thousands of years 

(Nordhaus, 2013; Weitzman, 2015). 

The natural carbon dioxide cycle of the earth also has a direct impact on global warming 

since natural processes introduce CO2 into the atmosphere. These natural processes 

include vegetation, landmass, fossil fuel deposits, the atmosphere and the oceans. The 

farming of land and vegetation, the retrieval of fossil fuels and the use of fuel have 

resulted in much CO2 imbalance in the atmosphere. For example, Sathaye et al., (2006) 

stated that since reliable global measurements started in 1850, about 1489 GtCO2 were 

released to the atmosphere by fossil fuels and land use; in this way emitting around 990 
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GtCO2 (270 GtC) and 499 GtCO2 (136 GtC) respectively. However, vegetation growth 

and the oceans naturally absorbed approximately 403 GtCO2 (110 GtC) and 425 GtCO2 

(116 GtC) respectively, and as a result the net CO2 emission from fossil fuels and land 

use during that time was around 660 GtCO2 (180 GtC). 

 

Figure 1.2: Greenhouse gas effect (Saikia, 2009) 

According to Sathaye et al., (2006), global warming is linked to large deposits of carbon 

dioxide available in the planet and several factors contribute to the emission of CO2, 

which is the most important greenhouse gas in the atmosphere. They also noted that the 

major contributors of emissions were the interaction between soils and vegetation, 

oceans, atmosphere and fossil fuel deposits. The carbon stocks of these elements vary 

widely, the largest in the oceans contains about 39,000 GtC, and the fossil fuel deposits 

are the second largest carbon stock holder at about 16,000 GtC. The atmosphere and soil/ 

vegetation contribute the smallest amounts of carbon at around 760 GtC and 2500 GtC 

respectively (Sathaye et al., 2006).  

There is now evidence of a direct relationship between the CO2 concentrations in the 

atmosphere and temperature (Solomon et al., 2009). Since carbon dioxide is directly 

correlated to global warming, there is a need to know exactly what the current levels of 

CO2 in the atmosphere are, and according to the literature, it is about 385 ppmv (parts per 
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million by volume). Unfortunately, Solomon et al., (2009), found that human activities 

attributed to the increased CO2 concentration in the atmosphere, suggesting that this 

increase would be largely irreversible for approximately 1,000 years from when the 

emission of GHGs ceased.  

As discussed, global warming is a consequence of changing climate, and global warming 

brings climate variability. In Sub-Saharan Africa (SSA), as in any other part of the world, 

the climate is an important component of everyday life, critical to the livelihoods of the 

populations. SSA is an agriculture dependent region and its agricultural systems tend to 

have been directly affected by the dynamics of the climate. For example, Hummel et al., 

(2012) and Stigter and Ofori (2014) have both reported that the climate change effects 

have directly and adversely impacted much of West Africa. In fact, West Africa 

experiences rather volatile rainfall patterns and because of this, farmers in this region 

have suffered and struggled hard to cope with the situation but have almost failed to 

mitigate the impact of climate change on their farm production resources. This situation 

seems to apply to the majority of farming communities in the SSA region.  

Rainfall fluctuations are one of many effects that climate change has on different 

communities. Others include rising temperatures, extreme snow events, rising sea levels 

and extreme flooding and drought situations. The study will examine whether these 

variables are important in the context of the Sub-Saharan African experiences. Also the 

author will examine the literature concerning the ways in which the climate has impacted 

on previous and existing farming practices; and how rural and other communities have 

managed to sustain themselves. In the next section particular factors related to climate 

change will be discussed. 

1.2.2.1 Temperature 

It was in the mid-1800s around 150 years ago when scientists started accurately 

documenting and measuring temperature values around the globe. During this period 

some tools were developed to efficiently capture sufficient and reliable temperature data. 

These tools included CRUTEM4 and HadCRUT (Figure 1.3). The record of the 

temperature data can be used to show the nature of climate change in regions around the 

world. Similar instruments or tools also facilitated the comprehensive understanding of 
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the nature of global warming and to gather appropriate and sufficient information 

regarding the variables. 

  

Figure 1.3: Temperature trends worldwide (Climate Research Unit, 2015) 

As Figure 1.3 illustrates, both measurement tools show that temperatures have fluctuated 

significantly since 1860. Following the industrial revolution, the average temperature of 

the earth trended upwards, further confirming assumptions. Saikia (2009) noted that the 

earth’s temperature had increased, with 11 of the last 12 years being among the hottest 

12 years ever recorded (Table 1.2). According to NOAA (2015), the year 2015 was the 

warmest year on record out of 136 years of readings. Additionally, during the past 50 

years there have been more hot days and nights than previously, and an increasing number 

of heatwave conditions have been noted. In parallel, there were much fewer cold days 

and nights observed, with less frosty mornings being reported. The world’s annual 

temperatures have been above the global average temperatures since 1977 (NOAA, 

2015), essentially confirming the association and the relationship between climate change 

and temperature measures. 

Table 1.2 shows that since the start of this century the world has recorded 15 of the 16 

warmest years on record. The average temperature rise was noted as being 0.678oC above 

the global annual temperature average for both land and ocean combined. The table lists 

yearly averaged temperature rank and anomaly for each of the 16 hottest years recorded 

since 1880. World average temperatures have increased about 0.85oC between 1886 and 

2012, and it is anticipated that average global temperature will continue to rise, reaching 

around 1.5oC by the middle of the 21st century (AGRA, 2014). 
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Table 1.2: Hottest 16 years on record (1880-2015) (NOAA, 2015), 

Rank 

1 = Warmest 

Period of record: 1880–2015 

Year Anomaly °C Anomaly °F 

1 2015 0.90 1.62 

2 2014 0.74 1.33 

3 2010 0.70 1.26 

4 2013 0.66 1.19 

5 2005 0.65 1.17 

6 1998 0.63 1.13 

6 2009 0.63 1.13 

8 2012 0.62 1.12 

9 2003 0.61 1.10 

9 2006 0.61 1.10 

9 2007 0.61 1.10 

12 2002 0.60 1.08 

13 2004 0.57 1.03 

13 2011 0.57 1.03 

15 2001 0.54 0.97 

15 2008 0.54 0.97 

In the face of such evidence we must acknowledge that the effects of climate change 

appear to be reality. In the Sub-Saharan African region, where the average temperature 

has been rising, some scholars concluded that climate change is already affecting 

agriculture and rural farm production levels in SSA (AGRA, 2014; Chijioke et al., 2011). 

Between 1980 and 2000 the temperature records from the majority of weather stations in 

the SSA subregions revealed progressive warming. Because of this rise in temperature, 

small farmers could grow crops that are tolerant to higher temperatures (AGRA, 2014). 

In the next chapter, the literature review will explore in much detail those aspects 

concerning the impact of climate change on cropping systems in Sub-Saharan Africa 

regions. The next section focuses on rainfall and flood related factors, which is the second 

major factor acting as a proxy for climate change variable. 

1.2.2.2 Rainfall and flooding 

Rainfall is essential for natural ecosystems and for human existence and wellbeing. The 

above review and analysis of climate change shows that it has a long term effect on 

rainfall levels (Forslund et al., 2009; Haines-Young and Potschin, 2010). However, levels 

of rainfall are extremely variable in regions, specific places, seasons and time. In SSA 

there have been rapid and uncertain changes in rainfall patterns (Haile, 2005). The 

absence of reliable rain has impacted on agricultural production, and this has led to the 

increased susceptibility of smaller famers, who heavily depend on pumping water from 
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irrigation wells and rainfall events. Rainfed agricultural farms supply food necessary for 

90% of the population of SSA (Boussard et al., 2005; FAO, 2006a; Riddell et al., 2006).  

The amount of precipitation fluctuates from season to season and within seasons. It has 

been noted that between 1931 and 1990, West Africa recorded a decline in the average 

rainfall ranging from 20-40% (Hummel et al., 2012; Sissoko et al., 2010). Yet some sub-

humid parts of SSA have in fact recorded increasing rainfall but this is not the norm it 

seems. AGRA (2014) and Fabusoro et al., (2014) have both found that in the period of 

1982 to 2010, the rainfall level increased by 65 mm/month/decade in sub-humid parts of 

Nigeria. 

The evidence regarding the nature of weather patterns and the number of storm events 

also serves as evidence of climate change, and is related to the effects of global warming. 

For example, large scale and destructive flooding events have occurred in various regions 

across the globe. Countries such as China, Italy, Korea, Bangladesh, Venezuela, the UK, 

the US, the Philippines and Mozambique, among others, have suffered from massive 

storms and subsequent floods. In some cases, these devastating flooding events were 

classified as being “once in 200 year events” but they actually occurred within 13 years 

(Maslin, 2014). In the last 40 years, the intensity of storms has also gradually increased, 

as has their frequency. More evidence can be found in the North Atlantic region where 

the intensity of tropical hurricane activity has become more pronounced (Maslin, 2014). 

As far as records are concerned, the year 2014 is now considered to be the wettest across 

the world's land and ocean surfaces since record-keeping began in 1880 (NOAA, 2015). 

Not surprisingly, there has been a significant level of costs attached to such intense events. 

1.2.2.3 Sea level rise 

In the last century, the evidence suggests that sea levels rose between 10 and 20 

centimetres (cm) (Church and White, 2006; Nicholls and Cazenave, 2010; Nicholls et al., 

2011). Church and White found that between January 1870 and December 2004 sea levels 

rose about 195 millimetres (mm), and an average of 1.7 ± 0.3 mm/year since 1950 

(Church and White, 2006).  

It is noted that the thermal expansion of sea water and water mass input are two main 

factors that contributed the rise in sea levels (IPCC, 2007; Nicholls and Cazenave, 2010). 
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The first factor is caused by ocean warming, while the second factor is caused by land ice 

melting and land water reservoirs (IPCC, 2007, Nicholls and Cazenave, 2010).  

 Ramillien et al., (2008) argued that the contribution of the land water storage to sea level 

rise as result of climate variability could not be predicted due to lack of in situ 

observations globally. The data gathered in the past few decades relating to ocean 

temperatures show a significant increase in the thermal expansion of the oceans since 

1950 (IPCC, 2007; Levitus et al., 2009; Nicholls and Cazenave, 2010). Domingues et al., 

(2008) and Nicholls and Cazenave, (2010) suggested that 25% of the sea level rise 

observed since 1960 was the result of thermal expansion. Church and White (2006) added 

that between 1993 and 2003, 50% of the observed sea level rise was caused by thermal 

expansion. Rising sea levels have also been related to the rise in the global mean 

temperatures, and research shows that the major contributor to sea level rise over the 21st 

century will be the thermal expansion of the oceans (Melet and Meyssignac, 2015).  

In 2014, the Intergovernmental Panel on Climate Change (IPCC) recorded the fastest rate 

of sea level rise at 3.1 mm annually (IPCC, 2014). A possible explanation for such rapid 

rise in global sea levels can be explained by the melting of ice sheets and ice caps, valley 

glaciers and the thermal expansion of ocean water (Church et al., 2011). As noted in Table 

1.2, the year 2015 was the wettest on record, but it was also the hottest year since 1850 

(NOAA, 2015). 

The above review confirms that rainfall and temperature are two variables that are closely 

related to climate change variables and therefore in this study these two main variables 

will become the focus of analysis. The next section introduces the negative effects of 

climate change variables on several aspects such as the economy and loss of human life.  

1.2.2.4 Economic and human loss due to events related to climate change 

It is estimated that the economic losses from natural disasters for the year 2013 was 

approximately 118.6 billion US dollars, which is just under 75% of economic losses from 

natural disasters for the entire period 2003 - 2012 (156.7 billion US dollars) (Guha-Sapir 

et al., 2013; Okayo et al., 2015). Cyclone Xynthia, which crossed Western Europe in late 

February to early March 2010, was the most expensive single event, causing overall 
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damage of 6.1 billion US dollars (Ludwig, 2015). The floods in Pakistan accounted for 

9.5 billion US dollars in losses (NOAA, 2015).  

In less economically developed countries, there is usually a major toll in human life, and 

this seems to heavily outweigh losses in the developed world, mainly because 

underdeveloped countries lack the safeguards that exist in many developed countries. 

According to Kreft et al., (2014), the findings of the global climate risk index only reflect 

the economic and human loss directly caused by climate factors in the form of extreme 

weather events. However, in Africa, frequent heat waves often cause far stronger and 

longer lasting indirect impacts such as causing water and food insecurity due to long 

standing drought conditions in many parts. 

In the case of the Pakistan floods mentioned above, almost 25% of the population was 

living within the flooded areas for weeks. In 2013, 10 countries suffered from disaster 

mortality, five countries are classified as low income (Cambodia) or lower middle income 

economies (Pakistan, the Philippines, Vietnam, India); another other five countries are 

classified as upper middle income (Mexico, China) or high income (United States, United 

Kingdom, Japan) economies. Together these 10 countries accounted for 88% of global 

disaster mortality in 2013 (Guha-Sapir et al., 2014). 

America, Europe, Asia and Australia are also facing an increasing frequency of heat 

waves and changing climate conditions (Banholzer et al., 2014). For example, it is noted 

that in Europe, heat wave events occurred in 2003 and 2007 in Russia in 2010; in the 

United States in 2012; and in Australia in 2009 and 2014. Such extreme temperature 

events have led to some deaths in France (2003) and in Russia (2010). Importantly, more 

than 40,000 people died in France in 2003 and approximately 56,000 people died in 

Russia in 2010 due to these events. Based on the data published by the Russian statistics 

office, Mesík (2011) estimated that in Russia approximately 42,000 deaths were caused 

directly by heat waves in August 2010.  

In this section, an overview of climate change has been presented. It is noted that climate 

change affects countries irrespective of their wealth, economic levels or strength to cope 

with extreme weather events and causes significant loss of life and decline in economy. 

Observations related to temperature change, receding snow cover, sea level rise and 

excessive flooding all indicate that climate change is now considered real (McGuire, 
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2012)  causing significant economic losses across many countries. In SSA, lives have also 

been lost during and after extreme weather events. Many believed that Africa is the 

continent that is most vulnerable to climate change (Osman-Elasha et al., 2007; Stott et 

al., 2016). In 2011, Somalia experienced the worst drought in six decades; and this 

drought, combined with instability in this East African country, indirectly related events 

such as “skyrocketing” food prices and severe food insecurity may have led to the death 

of more than 258,000 individuals (Funk et al., 2013). Further the country has recorded 

more frequent climatic events (Maystadt et al., 2013; Mubarak, 1997). 

Chapter one summarized current population trends in Sub-Saharan Africa ‘SSA’ and 

other world regions. It also presented future population growth projections by researchers, 

international organizations and world bodies such the United Nation and World Bank. 

This chapter examined links between population growth, the utilization of natural 

resources and food security. A particular attention was given to the situation in SSA 

region. Chapter defined climate change and analysed climate change issues such as 

temperature, rainfall and sea level rise. The final sections of this chapter summarized 

economic losses due to climate events. It is noted that floods and droughts often leave 

greater impact in Least Developed Countries (LDCs) compared to the developed world. 

It appeared LDCs do not have safeguards that exist in many developed countries. To 

further examine the current situation in SSA, the following chapter two discusses several 

important aspects in terms of the availability and accessibility of natural resources and 

rural-urban migration. The literature review section in chapter two presents summary of 

most recent studies to these areas. 
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CHAPTER TWO 

Background and Literature Review  
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2.1   Background 

This section presents the background first and then it is followed by the review of studies 

done on migration and climate change. The final section presents the implications of the 

review and some gaps in the literature on which this thesis will focus upon. 

2.1.1 Introduction 

This section gives a general overview and discusses the impact of climate change on Sub-

Saharan Africa. In this chapter, water and land availability will be examined as well as 

the historical background of rural-urban migration in SSA. This chapter presents the 

current situation of urbanization in SSA, discusses current internal (rural-urban) 

migration and external migration, and the various push and pull factors. The pros and 

cons of rural to urban migration in SSA are discussed in the final section. 

Other important issues relating to migration are population growth in SSA and 

urbanization, which together seem to influence people’s movement to some degree. Since 

SSA has a fast growing population and an agricultural sector that is largely dependent on 

rainfall; the manner in which rainfall variabilities and rising temperature levels effect 

people’s movement or migration in general is also discussed in this chapter. It is important 

to note that SSA is a developing region and the consequences of climate change may be 

severe when compared to the developed world, mostly because of the region’s slow 

economic development and a lack of much essential infrastructure.  

2.1.2 SSA water and land availability 

2.1.2.1 SSA water resources and definitions 

Water is one of the most important natural resources and holds a unique place amongst 

other natural resources (Shiklomanov, 2000). Water is essential for life (Hassan and 

Tularam, 2018; Tularam and Hassan, 2016a; Tularam and Murali, 2015; Tularam and 

Reza, 2016), and is the most basic resource. Water greatly affects human health and 

composes roughly 70% of the human body mass (Chappell and Payne, 2016; Chenoweth, 

2008). Water is essential for all aspects of life and is used for many purposes, most 

essentially for human consumption (Tularam, 2012; Tularam and Ilahee, 2010; Tularam 

and Krishna, 2009). Economic activities, agricultural development and environmental 
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systems could not exist without water (Davidson-Harden et al., 2007; Meeks, 2012; Roca 

and Tularam, 2012; Roca et al., 2015; Tularam and Marchisella, 2014; Tularam and 

Murali, 2015). Water is a major part of the environment and plays an important role in 

the development of economic, social and human health. To meet the needs of current and 

future generations, the rational use of natural resources in general, and water resources in 

particular is critically important. Without water life cannot exist as there is no other 

resource that can substitute (Ward and Brownlee, 2003). People use water in various ways 

and for various reasons - traditionally to withdraw for agricultural, industrial and 

domestic use (Gleick, 1993; Hoekstra and Chapagain, 2007; Shiklomanov, 2000; Sullivan 

et al., 2003). 

Water occupies most of the environment. But approximately 97.5% of the world’s 1,386 

million km3 water resources is saline and only a portion of the remaining 2.5% (34.65 

million km3) is considered fresh water (Shiklomanov, 1998 and 2000). The Antarctic, the 

Arctic and mountainous regions around the world hold a large amount (68.7%) of fresh 

water resources, however this is unavailable for use as it comes in the form of ice and 

permanent snow. But the planet also has 29.9% of its fresh water resources stored as 

groundwater (Cassardo and Jones, 2011; Lopes, 2009; Wang et al., 2015). Lakes, 

reservoirs and rivers only hold 0.26% of the total amount (Attalla, 2015), which is the 

most accessible for purifying for human use (Scarlett Epstein and Jezeph, 2001; 

Shiklomanov, 1993, 1998). According to Lal et al., (2005), Scarlett Epstein and Jezeph 

(2001), less than 1% (2.5% x 0.26% = 0.0065%) of total fresh water in the world is readily 

available for direct human consumption. This small amount has to meet the increasing 

demand for water in a variety of sectors including agriculture, industry and domestic use. 

If the water is polluted, or if there is water surplus and in plentiful or indeed there is a 

large deficit of water all in some way may cause disease, calamity and damage to the 

environment more generally (Shiklomanov, 2000). 

Global renewable fresh water distribution between continents, regions and countries 

varies in time and place. Several studies have reported that the mean value of the global 

fresh water resources is approximately 42,700km3/year (Serra et al., 2009; Shiklomanov, 

1993; Vaux, 2012). However, the actual distribution of fresh water resources among 

continents, regions and countries is highly variable; the highest volumes are 
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13,500km3/year and 12,000km3/year in Asia and South America respectively (Valero et 

al., 2002), while Australia receives the smallest amount of fresh water at around 

2,400km3/year, followed by Europe at about 2,900km3/year (Valero et al., 2002). In the 

developing world regions including SSA, lack of water infrastructure seems to be a 

significant issue for water availability (Tularam and Ilahee, 2007).  

The quantity of fresh water per capita in the SSA has been falling - it fell by 30% in the 

past two decades, causing great concern at a time where extensive changes in climatic 

factors, water use and population increases have substantially decreased fresh water 

quantities over the past few decades (Any, 2013; Hinrichsen and Tacio, 2002; 

Zimmerman et al., 2008). Nelson Mandela said “Among the many things that I learnt as 

president was the centrality of water in the social, political and economic affairs of the 

country, the continent and the world” (Msangi, 2014, pp. 21; Roca et al., 2015; Steele and 

Schulz, 2012). A large percentage of households in SSA spend hours collecting water for 

domestic consumption. In rural SSA, it is estimated that an average round trip to collect 

drinking water takes about 36 minutes (Meeks, 2012). The World Health Organization 

(WHO) described the justifiable water access level as the availability of a minimum 

amount of 20 litres per capita per day from a source within a 1 kilometre of the consumer’s 

residence (Kennedy, 2006; Ohwo and Abotutu, 2014; Shiklomanov, 1997; Zimmerman 

et al., 2008). 

Water accessibility is affected by several factors including the high rate of the world’s 

population increase. In many regions, systems that supply water have been experiencing 

potential challenges of availability of fresh water for dramatically increasing populations. 

For example the African continent has experienced the greatest reduction in water supply 

as a result of rapid population growth (Shiklomanov, 1993). In 1997 around 34% of the 

world’s population lived in countries in water stress situations and they were withdrawing 

more than 20% of the fresh water available for them (Arnell, 2004). The rational use of 

water is the shared responsibility of all and should not be limited to certain regions, which 

are experiencing situations of water scarcity; or in particular sectors such as agriculture 

(Santos Pereira et al., 2009). In the past, humans thought that water was an unlimited 

natural resource and this led to the unsustainable use of water for widely different 

purposes (Jethoo and Poonia, 2011; Reddy and Venkat, 2013). 



39 

 

In the main however, water is used for three main purposes - agriculture, domestic and 

industrial use. Agriculture is the prime user of the fresher water resources available in the 

form of irrigated agriculture, which produces large volumes of food for the world’s 

population. This subsector while demands large amounts of water also generates much 

waste and often causes water degradation (Levidow et al., 2014; Schaible and Aillery, 

2012). But the irrigated agriculture is now adversely affected by water scarcity in many 

parts of the world including SSA (Mancosu et al., 2015). Santos Pereira et al., (2009) 

stated that the nature of water scarcity can either have a permanent effect such as causing 

aridity and desertification; or a temporary one such as drought and water shortage. So 

water scarcity can be a result of random actions of nature or persistent human actions. 

Nature can produce permanent aridity and temporary drought conditions, while human 

actions can induce permanent desertification and temporary water shortages. Table 2.1 

shows how nature or human actions result in permanent aridity and desertification, as 

well as temporary drought and water shortages. In the following section, the elements of 

water scarcity in dry environments will be discussed briefly. 

Table 2.1: Water scarcity in dry environments: impact of nature and human causes (Santos Pereira et al., 

2009) 

Impact Nature produced Human induced 

Permanent Aridity Desertification 

Temporary Drought  Water shortage 

2.1.2.1.1 Definitions of water scarcity forms 

Aridity is the natural permanent imbalance in water availability, consisting of low 

average annual precipitation, with high spatial and temporal variability, resulting in 

overall low moisture and low carrying capacity of the ecosystems (Kepner et al., 2006, 

p.273; Paulo et al., 2012, p.1481; Santos Pereira et al., 2009; p.9). Under conditions of 

aridity, extreme variations of temperatures can occur. Also, the hydrologic regimes can 

be characterised by large variations in discharges, flash floods and large periods with 

rather low or zero flows of water. In Sub-Saharan Africa aridity is a commonly known 

phenomenon, which is caused when the land is dry and desert-like. In addition such areas 

are where rainfall and natural surface water are dispersed and scattered, with few types 

of vegetation that can grow only in arid environments. 



40 

 

More specifically, the aridity is determined by the amount of rainfall and weather, which 

is greater or less than the amount of moisture required to balance evapotranspiration (ET). 

Evapotranspiration is a term used for plant transpiration and evaporation from the land 

surface (Maliva and Missimer, 2012). In Burkina Faso, for example, agricultural 

production and development has been extremely disadvantaged by aridity and soil 

erosion, so agricultural production in Burkina Faso is concentrated in the southern and 

south western parts of the country (Chauvin et al., 2012). The unfavourable weather 

conditions have resulted in significant pressure on the development of agricultural 

production in Burkina Faso and in Benin. Since the 1980s the fruit yields in both countries 

have fallen by an annual average rate of 14% (Chauvin et al., 2012). In Burkina Faso, 

there has been only 1-2% annual growth rate in some crops such as oil crops, cereals and 

root/tuber yields.  

Water scarcity in dry environments also comes in the form of drought and rainfall 

fluctuations that affect agricultural production in many parts of SSA. 

Drought is a natural but temporary imbalance of water availability. Drought conditions 

consist persistent lower than average precipitation. But this precipitation is of uncertain 

frequency and duration. The severity and unpredictability of occurrence in the end causes 

diminished water availability, and reduced carrying capacity of the ecosystems (Kepner 

et al., 2006, p.273; Paulo et al., 2012, p.1481; Santos Pereira et al., 2009; p.9). The U.S. 

Weather Bureau defined drought as a lack of rainfall; so great and so continuous as to 

affect injuriously the plant and animal life of a place and to deplete water supplies both 

for domestic purposes and the operation of power plants, especially in those regions 

where rainfall is normally sufficient for such purposes (Santos Pereira et al., 2009). These 

descriptions clearly indicate that drought is primarily the consequence of a breakdown in 

the rainfall regime resulting in a series of consequences, including agricultural and 

hydrological vulnerabilities, which result from the harshness and length of the absence of 

rain. 

It is important to recognise the less anticipated properties of droughts, with respect to 

their beginning and end characteristics, as well as their severity. These characteristics 

make drought both a hazard and a disaster.  
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Drought is a hazard because it is a natural accident of unforeseeable occurrence but of 

recognisable recurrence (Salee and Pongsapukdee, 2013). Drought can result in disaster 

since it corresponds with the failure of the rainfall season, triggering the interruption of 

the water supply to the natural and agricultural ecosystems as well as to other human 

activities. The semi-arid lands of Sub-Saharan Africa have had a noticeable history of 

recurrent droughts, especially in the Sahelian and East African regions. Weather cannot 

be easily forecasted in these regions because of high rainfall fluctuations (Bonkoungou, 

1996). 

Drought impacts negatively on the livelihoods of rural communities in Sub-Saharan 

Africa. For example, fruit production in Ethiopia has been decreasing sharply since the 

1990s as a result of an extended period of drought. Weather stresses in the region have 

led farmers to shift their major crops, growing food crops instead cash crops (Chauvin et 

al., 2012; Gebrehiwot and Veen, 2013). Drought has also affected crop production in the 

Western African country of Guinea Bissau; between 1950 and 1960, Guinea Bissau 

produced excess amounts of rice which is widely consumed locally and exported. 

However, since 1962 farmers have not been able to produce the amount of rice demanded 

locally, as a result of frequent crop failures often caused by drought. The country has 

begun to import rice to meet the local demand. In Kenya in the East African region, cereal 

and oil crop yields have been performing poorly as a result of severe drought conditions. 

Countries in the Sahelian region are also drought prone (Hummel et al., 2012). The 

rainfall levels in the Senegal region is inconsistent and fluctuates highly. About 95% of 

the farm land is under rain-fed agriculture, while the remaining 5% is irrigated farm land. 

The reliance on rain and combined poor soil conditions has resulted in significant 

fluctuations in agricultural production.  

Desertification causes another form of water scarcity in SSA. It is mainly man made and 

is a permanent problem. About 66% of the land in Africa is classified as dry land or desert, 

mainly found in the Kalahari, in the Sahelian region and in the Horn of Africa (Thiam, 

2014). 

Desertification is a human induced permanent imbalance in the availability of water, 

combined with damaged soil, inappropriate land use and mining of groundwater, which 

can result in increased flash flooding, loss of riparian ecosystems and a deterioration in 
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the carrying capacity of the ecosystems (Kepner et al., 2006, p.273; Rossi, 2003, p. 20; 

Santos Pereira et al., 2009; p.10). Human and livestock populations, together with the 

impact of frequent periods of drought, put enormous pressure on the land in SSA, 

resulting in many parts of the region experiencing a considerable degree of vegetation 

cover degradation, soil erosion and depletion in soil fertility. A remarkable proportion of 

dry land in SSA is threatened by desertification, more than in any other part of the world. 

Human activities, such as inappropriate land use, i.e., land clearing, over grazing and soil 

erosion are generally the causes of desertification. 

Desertification occurs in arid, semi-arid and sub-humid environments and studies show 

that climate factors have much to do with its occurrence (Wang et al., 2006). Human 

actions are a main factor in desertification, while climate change acts as a supporting 

factor (Glantz and Orlovsky, 1983). Dry seasons severely exacerbate the process by 

putting more pressure on the shrinking surface and groundwater stocks, and an increase 

in windy days per year accelerates desertification. There are many descriptions of 

desertification, the majority of which concentrate on land degradation; for instance, the 

United Nations Convention to Combat Desertification states that, “Land degradation is 

found in arid, semi-arid and dry sub-humid regions resulting from many issues including 

climatic discrepancies and human activities”. 

In this definition the term ‘land’ is referred to as being a zone and is not limited to farm 

lands because the causes and effects of desertification are not limited to farming 

operations but are far broader, influencing numerous activities, the environment and 

circumstances. Nonetheless, there is a need for the definition of desertification to be 

broadened to include water scarcity issues and to raise public awareness. In areas of water 

scarcity, it is sensible for definitions of desertification to be linked to the imbalances in 

water availability which are caused by the inappropriate use of water and land resources, 

so that the unsustainable use of water is defined as being a factor that causes 

desertification. 

Water shortages are also human-induced, but temporary water imbalances, including the 

over exploitation of groundwater and surface water and degraded water quality is often 

associated with disturbed land use and ecosystems’ altered carrying capacity (Kepner et 

al., 2006, p.273; Santos Pereira et al., 2009; p.10). For example, when groundwater usage 
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exceeds its recharge ability, surface water reservoirs could have insufficient capacity and 

the functional dimensions of land use for different purposes may have been transformed, 

thus altering the local ecosystem and changing the infiltration and surface water runoff 

properties.  

Water quality degradation is frequently linked to reduced water storage and intensifies 

the impact of water scarcity (Morrison et al., 2009). Situations of water scarcity do not 

have an agreed definition, where the term “water shortage” is always closely associated 

with water scarcity. It is fundamental to know that human activities often cause conditions 

of water scarcity, and such activities include over consumption of naturally available 

water and damaging water quality (Biswas et al., 2006). Water scarcity induced by 

humans is generally found in semi-arid and sub-humid regions. The economic systems in 

these regions may put pressure on the local water resources by over demanding water; in 

the meantime inadequate care is given to protecting the water resources from degradation 

in quality. 

Compared to domestic and industry use, agriculture is the major water withdrawing sector 

in low and middle income countries. The average water withdrawal of agriculture is above 

85% of the total water withdrawn per year. The annual water withdrawal in the 

agricultural sector is 39% in high income countries and countries which are members of 

the Organisation for Economic Co-operation and Development (OECD). In these regions, 

industry is the main annual water consumer. 

2.1.2.1.2 Water scarcity 

There have been many definitions used to describe water scarcity; nearly all of these 

definitions have not received unqualified recommendation. One main requirement is that 

water scarcity definitions can make possible qualitative and quantitative assessments of 

water scarcity. The World Water Development Report summarizes three of these 

definitions and then defines water scarcity as “The point at which the aggregate impact 

of all users impinges on the supply or quality of water under prevailing institutional 

arrangements to the extent that the demand by all sectors, including the environment, 

cannot be satisfied fully” (FAO, 2012, p.4; Kanjere et al., 2014, p. 1356). Water scarcity 

is a “…relative concept that can occur at any level of supply or demand. Scarcity may be 

a social construct (a product of affluence, expectations and customary behaviour) or the 
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consequence of altered supply patterns stemming from climate change. Scarcity has 

various causes, most of which are capable of being remedied or alleviated” (FAO, 2012, 

p.4; Kanjere et al., 2014, p. 1356).  

Water scarcity is a measurable quantity and it is  when the fresh water availability per 

capita per annum is < 1,000m3, that is, the minimum agreed amount of fresh water for 

human survival is 1,000m3/year (35,318.3ft3/year) (Tularam and Marchisella, 2014). 

Water stress exists when fresh water availability per capita per year is 1,000m3 ≤ 1,700m3 

(Lam, 2012; Steinman et al., 2004). On the other hand, water shortage is defined as the 

ratio of the total fresh water withdrawal to the available rainfall (DoE, 2006). The 

condition of water scarcity exists when fresh water demand exceeds the water supply 

available in a certain situation and/or place; that is, the water requirements of some sectors 

are not met.  

Water scarcity can also be expressed as the following formula as stated by the FAO 

(2012): water scarcity = an excess of water demand over available supply expressed as: 

that is, it can be written as 

𝑊𝑎𝑡𝑒𝑟 𝑆𝑐𝑎𝑟𝑐𝑖𝑡𝑦 =
Water Demand

Water Supply
  

The current situation is changing worldwide in that the variability in the supply of potable 

water has placed many demands on countries. It is noted that the availability of fresh 

water particularly is becoming crucial. The world’s population is increasing, which means 

demand on water resources will increase; the water resources will not increase, and in 

contrast, groundwater resources will also decrease in some regions. This means that the 

competition over the world’s limited water resources will become widespread and may 

intensify; the water needed for agriculture and industry in particular will also be 

competitive. It seems that the factors that challenge and threaten food and water security 

in the future (by the year 2050) include population growth, rural-urban migration, 

urbanization, increased income levels and changing consumer behaviour and 

consumption patterns.  

Today, approximately 2 billion people (28%) do not have enough fresh water and live in 

highly water stressed regions (Schlosser et al., 2014). Another 780 million people do not 

have access to clean water (Lal, 2015; Prüss-Üstün et al., 2008). Kummu et al., (2016) 
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and Reuveny (2007) noted that around 1.1 billion people (17%) have no access to fresh 

water. Rapid population growth and increasing water demand significantly drive water 

insecurity in many countries, while water resources and population growth are unevenly 

distributed among the world’s regions and countries. FAO states that fresh water 

resources are abundant and if these resources were to be equally distributed to the world’s 

population, every person would receive a share of about 5,000 - 6,000m3 of fresh water 

every year. According to Santos Pereira et al., (2009) and Pereira, (2004) per capita 

annual internal renewable water resources throughout the world is 7744m3. Lal (2015) 

noted that fresh water withdrawal in the world had tripled over the past 50 years; in that 

the annual increase in the rate of the fresh water withdrawal globally is estimated to be 

64km3/yr. 

While the world’s total annual internal renewable water resources are estimated to be 

around 41 billion cubic metres (40.86x109m3), the global population withdraws around 

7% of the available internal renewable fresh water resources (3 billion m3) every year 

(Hinrichsen and Tacio, 2002). Humans utilize 69% of the fresh water withdrawn for 

agriculture while 22% and 9% is used for industrial and domestic use respectively. The 

annual internal renewable water resources in SSA are estimated to be around 3.7 billion 

cubic metres. 

The region withdraws less than 2% (55 million m3) of the available internal fresh water 

resources annually. Agriculture receives about 88% of the total renewable internal fresh 

water resources followed by domestic use at about 8% and industry at 3%. The per capita 

annual internal renewable water resources in the world and in SSA are 7,744m3 and 7,488 

m3 respectively. This is well above the minimum threshold of fresh water for human 

survival, which is 1,000m3/year (35,318.3ft3/year) (Tularam and Marchisella, 2014).  

The per capita annual internal renewable water resources in the Middle East and North 

Africa region are 1,071m3; this means that the region experiences water stress situations. 

It seems that internal renewable fresh water is available in SSA but this water is 

distributed unevenly in the sub-regions of SSA and the member countries. In SSA, about 

half of the population have no access to drinkable water (Reuveny, 2007). Table 2.2 

shows details of the internal renewable water resources and annual water withdrawal in 

SSA and other world regions. Africa has the third largest surface fresh water resources in 
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the world at around 17.40%, following Asia which has about 42.37% and South America 

which has around 19.56%. Table 2.3 shows the distribution of major surface fresh water 

resources by continent. 

Twenty-five African countries and expected to become water stressed by the year 2025 

(Mejia et al., 2012; UN, 2008). SSA has the world’s longest river (the River Nile), and 

several other major waterways including the Congo, Zambezi and Niger Rivers. In 

addition, Africa has world’s second largest lake, namely, Lake Victoria (Ashton, 2002; 

Mejia et al., 2012). Despite these resources, Africa is the second driest continent in the 

world after Australia (ADF VII, 2010). As shown in Table 2.4, around 53% of African 

land is water abundant, sheltering about 61% of the total population with about 95% of 

the total renewable water resources (Ashton, 2002). But by 2025, the water abundance 

area may shrink to 35%, and about 24% of the population will live in water abundant 

areas holding 78% of available renewable water resources.  

The water deficit and scarcity area will however increase from 47% in 2000 to 65%, 

holding only 22% of the total renewable water resources and sheltering 76% of the 

population. In 2025 it is predicted that Africa will have a population of 1.45 billion and 

half of these people will experience situations of water stress or water scarcity (Mejia et 

al., 2012). 
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Table 2.2: Water resources in SSA and other world regions (Pereira, 2004; Santos Pereira et al., 2009) 

Country group 

Total annual internal 

renewable water 

resources 

(106 m3) 

Total annual 

water 

withdrawal 

(106 m3) 

Annual 

withdrawal as a 

share of total 

water resources 

(%) 

Per capita annual 

internal renewable 

water resources 

(m3) 

Sectorial withdrawal as a share of total 

water resources 

Agriculture 

(%) 

Domestic 

(%) 

Industry 

(%) 

Low and middle income  28002 1749 6 6732 85 7 8 

Sub-Saharan Africa  3713 55 1 7488 88 8 3 

East-Asia and Pacific 7915 631 8 5009 86 6 8 

South Asia 4895 569 12 4236 94 2 3 

Europe 574 110 19 2865 45 14 42 

Middle East and North Africa 276 202 73 1071 89 6 5 

Latin America and the Caribbean 10579 173 2 24390 72 16 11 

High income 8368 893 11 10528 39 14 47 

OECD members 8365 889 11 10781 39 14 47 

Other 4 4 119 186 67 22 12 

World 40856 3017 7 7744 69 9 22 

Table 2.3: Major surface freshwater resources distribution by continent (Nachtergaele et al., 2011) 

Continent 

Surface area in km2 

Total 
Percentage of 

global total Lakes Reservoirs  Rivers  Floodplain  
Flooded 

forest  
Peat land  

Intermittent 

wetland 

Asia 897 909 80 474 141 346 1 292 040 56 957 491 289 357 333 3 317 348 42.37 

North America 861 284 68 970 58 424 17 913 56 679 205 624 26 029 1 294 923 16.54 

Africa including SSA 223 325 34 247 44 656 693 549 179 013  187 072 1 361 862 17.40 

Europe 100 756 13 780 5 131 52 783  12 975 288 185 713 2.37 

South America 90 396 46 786 108 581 422 310 860 547  2 778 1 531 398 19.56 

Australia 8 026 4 163 521    111 609 124 319 1.59 

Oceania 4 992 1 000 1 161 5 844   89 13 086 0.17 

TOTAL 2 186 688 249 420 359 820 2 484 439 1 153 196 709 888 685 198 7 828 649 100 
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Table 2.4: Comparison of the proportional changes in area, total population and proportion of water available 

within each of three classes of water availability, for 2000 and 2025 (Ashton, 2002) 

Countries with water 
2000 2025 

Area % Population % Water % Area % Population % Water % 

Abundance  52.5 60.8 95.2 34.7 23.9 78.3 

Scarcity  26.0 24.3 4.4 39.1 57.3 20.6 

Deficit  21.5 14.9 0.4 26.2 18.8 1.1 

Total African population 786 million 1428 million 

African countries have been playing a crucial role internationally in reforming water security 

regulations, aiming at integrated water resources management (IWRM) (Pietersen et al., 

2006). In Sub-Saharan Africa the principles of water reform are similar to water reforms in 

other parts of the world (Van Koppen, 2003). However, the implementation of these 

principles has differed in Sub-Saharan Africa. There is sufficient water to satisfy the demand 

in the region, but it has not been utilized in economic terms, leading to an economic scarcity 

of water (Carles, 2009). This scarcity occurs when human factors, financial constraints and 

poor infrastructure and institutions stop people having access to clean water. Climate change 

and rainfall variability, the overexploitation of natural resources, environmental degradation, 

population growth and increasing demands for water have a significant impact on the 

worsening availability of fresh water in many African countries (Pietersen et al., 2006).  

In Africa considerable efforts have been made to boost access to safe drinking water and 

sanitation, which led numbers of people with access to safe drinking water to increase from 

56% in 1990 to 65% in 2008 (IPCC, 2014; UNDP et al., 2011).  During this period, the 

number of people with access to improved fresh water sources in SSA has almost doubled, 

increasing from 252 million in 1990 to 492 million in 2008 (IPCC, 2014; UN, 2011). Despite 

this improvement, major differences occur in access to safe drinking water and sanitation in 

rural areas, and in cities, towns and villages of various sizes (IPCC, 2014; UNDP et al., 

2011). 

In general, Sub-Saharan Africa has enough water availability throughout the year (UNDP, 

2012), but the distribution of this water is uneven throughout the countries in the region. In 

central Africa, the weather is humid and semi-humid with sufficient rainfall and abundant 

water resources. In contrast, dry and semi-dry areas in Africa with temperate and semi-

temperate climates experience differences in the amount of rainfall. Precipitation in this 

region is of high intensity in short periods, causing floods and rainwater runoff which erodes 

the fertile topsoil (Mekdaschi and Liniger, 2013). 
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In the year 2000, floods hit countries like Zambia, Angola and Mozambique in spite of the 

fact that these countries had been becoming drier for the previous three decades (Osman-

Elasha et al., 2007). The fluctuation in the time and the amount of rainfall in Sub-Saharan 

Africa increases with the droughts in some countries or subregions (Climate and 

Development Knowledge Network, 2012). SSA has one-third of the international river 

basins in the world (Donkor and Wolde, 2012), however there has been underutilization and 

perhaps some mismanagement of these resources, in that presently many SSA member 

countries are attempting to use these resources to enhance productivity (Donkor and Wolde, 

2012). 

Land is another important natural resource and land and productive soil are crucial for the 

balancing and regeneration of the environment, producing essential goods and services 

(Blum, 2013). The distribution of quality agricultural land throughout the world will be 

discussed in the following section. 

2.1.2.2 Sub-Saharan Africa land resources 

The quantity and quality of agricultural land is a key element that determines the ability of 

the world to feed the fast growing population (Godfray and Garnett, 2014). Leaders and 

policy makers need to identify the quantity and quality of untapped arable land that can be 

used for food production, and in the future, large-scale land-use change is expected to occur 

on all continents (IPCC, 2007). People will need to intensify current food production systems 

to increase volumes of food produced per unit of agricultural land. FOA (2009) noted that 

world has abundant food production resources, including land to produce food for its 

population up to the year 2050. Anderson et al., (2010) noted that the world has around 1.351 

billion hectare of arable land (3.339 billion acres). However, land degradation is widespread 

and is a major problem limiting the sustainability of farming systems. It is predicted that the 

world’s populations may experience constraints in the available amount of quality 

agricultural land if current levels of land degradation continue or remain unchanged (FAO, 

2009).  

Available arable land varies from country to country, and is unevenly distributed in many 

regions. Some regions have surplus arable lands but others are faced with a shortage of arable 

land, and this is an important factor affecting food security. The potential for expansion of 

open arable land to respond to increasing food demands also varies. Currently, some 12% 
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(over 1.6 billion ha) of total global land surface (13.4 billion ha) is used for crop production 

(arable land and land under permanent crops). In 2005 the world’s land use and land cover 

areas were separated into four major categories, the smallest being arable land and 

permanent crops at 1.56 billion hectares, followed by permanent meadows and pasture at 3.4 

billion hectares, while forestry had an area of around 3.95 billion hectares; while around 4.1 

billion hectares were nominated as other land. 

Different world regions have varying areas of potentially arable land for rain-fed agriculture, 

as shown in Table 2.5 (Jelle, 2009; Nachtergaele et al., 2011). SSA has a total of 2,287 

million hectares of land, and based on its suitability for farming, it is divided into two major 

types – 1,250 million hectares (55%) is considered to be unsuitable for agriculture and about 

1,032 million hectares is classified as being suitable for crop production. The level of 

farming suitability ranges from “very” suitable and suitable at 421 million hectares and 352 

million hectares, respectively (Jelle, 2009; Nachtergaele et al., 2011). In addition, 156 

million hectares is moderately suitable for farming and 103 million hectares is categorized 

as marginally suitable. From 1970 to 2010 the land used for agriculture in SSA has increased 

from 132 million hectares to 184 million hectares. 

The fourth assessment report of the IPCC estimates that in Sub-Saharan Africa, some 75 

million ha of land that is currently suitable for rain-fed agriculture will be lost by the year 

2080 (IPCC 2007). SSA’s expansion into irrigated agriculture is characterized as being the 

slowest in the world. SSA had 2.5 million hectares of irrigated land in 1961/1963, which 

increased to 5.6 million hectares in 2005/2007 (Nachtergaele et al., 2011). In the same period 

(1961/1963 to 2005/2007) irrigated agriculture has expanded significantly in other regions 

such as South Asia, where irrigated agriculture doubled from 37 to 81 million hectares; and 

East Asia, where irrigated land expanded from 40 to 85 million hectares. Less than 3.7% of 

SSA’s agricultural land is irrigated compared with 41% in South Asia (Turral et al., 2011). 

As shown in Table 2.5 the world has around 13.4 billion hectares of land, and around 31% 

of this (4.2 billion hectares) is categorized as being suitable for farming. In SSA, the share 

of suitable land for agriculture is around 45% of the total land surface area (2.3 billion 

hectares) in the region. Latin America’s total land surface is about 2 billion hectares and 

around 52% of this area is arable land. On the other hand, southern Asia has a total of 0.42 

billion hectares of land surface and around 0.22 billion hectares of this (52%) is arable land. 
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In contrast, the Middle East and North Africa has the smallest percentage of arable land, 

where only 9% of the total land surface is suitable for agriculture. Table 2.6 shows the 

world’s regions which cultivate small proportions of the available arable land.  

Table 2.5: Land with rain-fed crop production potential (million hectares) (Jelle, 2009; Nachtergaele et al., 

2011) 

Regions Total 

land 

surface 

Share 

of land 

suitable 

(%) 

Total 

land 

suitable 

Very 

suitable 

(VS)* 

Suitabl

e (S) 

Moderatel

y suitable 

(MS) 

Marginally 

suitable 

(mS) 

Not 

suitable 

(NS) 

Developing 

countries  
7302 38 2782 1109 1001 400 273 4520 

Sub-Saharan 

Africa 
2287 45 1031 421 352 156 103 1256 

Middle East/ 

North Africa  
1158 9 99 4 22 41 32 1059 

Latin America  2035 52 1066 421 431 133 80 969 

South Asia  421 52 220 116 77 17 10 202 

East Asia  1401 26 366 146 119 53 48 1035 

Industrial 

countries   
3248 27 874 155 313 232 174 2374 

Transition 

countries  
2305 22 497 67 182 159 88 1808 

World  13400 31 4188 1348 1509 794 537 9211 

* VS = yield attainable is 80 to 100% of the maximum constraint-free yield; S = 60-80%; MS = 40-60%; mS 

= 20-40%; NS = <20%. 

According to Nachtergaele et al., (2011), in SSA 133 million ha, or around 13% of the total 

arable land was under crops in 1961/1963. In 2005 the amount of arable land under crops in 

SSA has increased to 236 million ha, or about 23% of the total arable land in the region. It 

is projected that SSA will cultivate 300 million ha of its arable land by the year 2050. In 

contrast, in 1961/1963, only about 10% (105 million ha) of the total arable land in Latin 

America was cultivated, and in 2005 the cultivated arable land in Latin America had almost 

doubled to 203 million ha. It is projected that by the year 2050 Latin America will have 255 

million ha of cultivated arable land. 

The growth in the area of cultivated arable land in SSA has been slow compared to that in 

other world regions and the average annual growth rate globally. Between 1961 and 2005 

the average annual growth rate of arable land under crops in SSA was 0.8%. The annual 

growth of arable land under farming in Latin America, East Asia and Middle East/North 

Africa was 101%, 99% and 34% respectively, in the same period. Throughout the world 

between1961 and 2005, the average growth in cultivated arable land was 30%.  
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Land and water are two important natural resources for agricultural production, and water 

supply for agricultural use has been a major challenge for decades. Agriculture remains the 

number one fresh water withdrawer in SSA. In 1961/1963 SSA had about 2.5 million ha (out 

of 133 million ha of farm lands) of irrigated agriculture while the world had 141 million ha 

of irrigated land. 18% of the cultivated arable land in the world was under irrigation in 

2005/2007; while at the same period, in southern Asia 39% of the arable land under crops 

was irrigated. In SSA, only 5.6 million ha of crop land was under irrigation in 2005/2007, 

and this is about 2.4% of the total land under crops during this season (Table 2.7). 

An increase in irrigated agriculture results in an increase in water withdrawal for irrigation, 

and globally it is expected that irrigation water withdrawal will increase by 11% from its 

current level of 2620km3/yr to 2906km3/yr in 2050. SSA has renewable water resources of 

about 3500km3; in 2005/2007 SSA’s irrigation water withdrawal was 55km3/yr and is 

projected to increase to 87km3/yr by 2050. The pressure on water resources due to irrigation 

in SSA will remain unchanged from its current level of 2% (Table 2.8). Water use efficiency 

ratio in SSA was 22% in 2005, the lowest among all regions and will rise to 25% by the year 

2050 (Nachtergaele et al., 2011). 

According to Calzadilla et al., (2011), compared to the agricultural production of other world 

regions, currently agricultural yields in SSA are estimated to be around 30% of the attainable 

production. Despite the availability of water and land resources in SSA, agricultural 

production and water accessibility are low. Water accessibility and arable land distribution 

are major issues in SSA. 
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Table 2.6: Cultivated arable land resources in SSA and other world regions: Data and projection (Nachtergaele et al., 2011) 

Region 
Arable land in use (million ha) Annual growth (percent p.a.) Balance 

1961/63 1989/91 2005 2005 adj. 2030 2050 1961-2005 1990-2005 2005-2050 2005 2050 

Sub-Saharan Africa 133 161 193 236 275 300 0.80 1.07 0.55 786 723 

Latin America 105 150 164 203 234 255 101 64 52 861 809 

Near East/ North Africa 86 96 99 86 84 82 34 -2 -11 13 16 

South Asia 191 204 205 206 211 212 15 7 7 14 7 

East Asia 178 225 259 235 236 237 99 112 2 131 129 

Developing countries 693 837 920 966 1040 1086 67 65 27 1805 1684 

Industrial countries 388 401 388 388 375 364 -2 -21 -15 486 510 

Transition countries 291 277 247 247 234 223 -32 -90 -23 250 274 

World 1375 1521 1562 1602 1648 1673 30 17 10 2576 2503 

Table 2.7: Area equipped for irrigation (Nachtergaele et al., 2011) 

Region 
1961/1963 1989/1991 2005/2007 2030 2050 1961-2005 1990-2005 1996-2005 2005-2050 

Million ha Annual growth (percent per annum) 

Developing countries 103 178 219 242 251 1.76 1.05 0.63 0.31 

IDEM, excluding China and India 47 84 97 111 117 1.91 1.06 0.89 0.42 

Sub-Saharan Africa 2.5 4.5 5.6 6.7 7.9 2.07 1.49 0.98 0.67 

Latin America and Caribbean 8 17 18 22 24 2.05 0.62 0.27 0.72 

Near East / North Africa 15 25 29 34 36 1.86 1.21 1.30 0.47 

South Asia 37 67 81 84 86 1.98 1.10 0.28 0.14 

East Asia 40 64 85 95 97 1.42 1.00 0.80 0.30 

Developed countries 38 66 68 68 68 1.57 0.38 0.20 0.00 

World 141 244 287 310 318 1.71 0.87 0.52 0.24 
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Table 2.8: Summary of annual renewable water resources and irrigation withdrawals, 2009 and 2050 (without 

climate change) (Bruinsma, 2009; Turral et al., 2011) 

Region 

Precipitation 

Renewable 

water 

resources 

Water use 

efficiency ratio 

Irrigation water 

withdrawal 

Pressure on 

water resources 

due to irrigation 

  2005/07 2050 2005/07 2050 2005/07 2050 

mm p.a. cubic km Percent cubic km Percent 

Developing 

countries 
990 28000 44 47 2115 2413 8 9 

Sub-

Saharan 

Africa 

850 3500 22 25 55 87 2 2 

Latin 

America 

/Caribbean  

1530 13500 35 35 181 253 1 2 

Near East / 

North Africa 
160 600 51 61 347 374 58 62 

South Asia  1050 2300 54 57 819 906 36 39 

East Asia  1140 8600 33 35 714 793 8 9 

Developed 

countries 
540 14000 42 43 505 493 4 4 

World  800 42000 44 46 2620 2906 6 7 

The challenges that SSA faces include aridity, desertification, drought and water shortages. 

The availability of fresh water and arable land resources means that there are opportunities 

to expand irrigated agriculture which eventually may improve land productivity, reduce 

poverty, and enhance food security in the region and could also be used as ways to adapt to 

climate change. 

2.1.3 Agriculture and climate change in Sub-Saharan Africa 

Agriculture is the main economic activity in Sub-Saharan Africa (Davis et al., 2017). 

According to the Adeniyi (2010) and IPCC (2014), 98% of agriculture in SSA is rain fed, 

employs 65% of Africa’s work force and contributes around 33% of SSA’s gross domestic 

product. Livingston et al., (2011) noted that agricultural production in SSA has been growing 

quickly but this is contrasted by rapid growth in food imports. 

Sub-Saharan Africa has the highest ratio of rural poor, however despite this; there is the 

potential to reduce poverty by increasing employment opportunities in the farming sector as 

well as improving the living conditions of small farmers and their families. Bationo and 

Waswa (2011); Livingston et al., (2011) and Wiggins (2009) described smallholding farmers 

as farmers with two hectares or less, representing 80% of all SSA farmers and accounting 

for up to 90% of the agricultural output in some SSA countries. Smallholders provide about 
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80% of the food supply in the SSA region. In Botswana, for example, 76% of the population 

depends on subsistence agriculture; in Kenya, 85%; in Malawi, 90%; and in Zimbabwe, 70-

80% (AGRA, 2014). 

As with any other rain-fed agricultural area, agricultural productivity in SSA relies on 

climate, and on the use of production factors such as agricultural land, water and an effective, 

efficient work force.  Productivity also requires the sustainable, rational use of agricultural 

inputs including fertilizers, seeds and farm machinery. Agricultural workforce productivity 

remains low in SSA; calculations using data collected since 2008 show that the average value 

added per worker for 34 SSA countries is US$318, compared to a world average of 

US$1,000 for the same period. Low productivity in agriculture translates to less than US$1 

per day, which is a key factor affecting rural poverty; the agricultural sector in Sub-Saharan 

Africa is the least productive in the world (Torrey and Torrey, 2015).  

In 2010 about 53% of SSA’s population were living in poverty while around a third of the 

population were undernourished, making SSA the region that houses the highest number of 

poor and undernourished people in the world (Torrey and Torrey, 2015). Although poverty 

in rural areas in Sub-Saharan Africa has declined from 64.9% in 1998 to 61.6% in 2008, it 

is still double the prevailing average in developing countries in other regions (IPCC, 2014). 

Table 2.9 shows the current and projected total cereal production and consumption of several 

world regions, including SSA, during the first half of the 21st century. In 2000 the Middle 

East and North and Sub-Saharan Africa produced 55 and 76 million tons of cereal, 

respectively. People in the Middle East and North Africa consumed 99 million tons of cereal 

in 2000; therefore, the importation of 44 million tons of cereal was required to meet the local 

demand. Similarly, populations in SSA demanded 106 million tons of cereal in 2000, which 

meant that there was a shortage of 30 million tons of cereal. Fischer (2009) forecasts that 

both the Middle East and North and Sub-Saharan Africa will experience food insecurity in 

2050, and will need to source an additional 112 million tons of cereal for the former and 82 

million tons of cereal for the latter regions. 

It is noted that Sub-Saharan Africa is the only developing region to register a decline in per 

capita food production since 1990. In the last quarter of the twentieth century, land 

productivity was estimated to have declined by 25%. The SSA agricultural systems have 

increased production but were unable to keep up with the rapid population increase 
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(Adepoju, 2008). Several factors including rapid population growth and diet diversification 

are believed to have resulted in a higher demand for cereal in SSA, and this demand has been 

growing by about 2.43% every year since 2000 and it is expected to remain unchanged until 

2025. 

Table 2.9: Total cereal production and consumption; baseline simulation without considering climate change 

and biofuel expansion (Fischer, 2009) 

Region 
Cereal production (million tons) Cereal consumption (million tons) 

2000 2020 2030 2050 2000 2020 2030 2050 

North America 474 588 645 707 304 354 376 404 

Europe and Russia 526 552 575 650 545 590 621 684 

Sub-Saharan Africa 76 133 172 265 106 179 233 347 

Latin America 130 197 221 269 139 196 227 272 

Middle East and N.Africa 55 82 94 122 99 148 179 234 

East Asia 423 525 568 636 461 570 620 677 

South/Southeast Asia 345 450 496 573 341 453 494 573 

World  2143 2668 2923 3402 2144 2661 2928 3388 

The average growth of cereal demand throughout the world is expected to be around 1.03% 

up until 2025. It is expected that cereal demand around the globe may fall after 2025, while 

in SSA growth of demand for cereal is predicted to continue from 2.26% to 2.60% by 2050. 

Total demand for cereal in Sub-Saharan Africa is projected to almost double to 317 million 

metric tonnes (mt) by 2050; it is expected that 24% of the increase will be in maize, 20% in 

millet, 19% in wheat, 18% in sorghum, 14% in rice, and 5% in other grains (Ringler et al., 

2010). 

It is noted that the Sub-Saharan Africa has a warming rate higher than the average rate of 

the rest of the world (Ringler et al., 2010). A reduction in yield of major cereal crops in Sub-

Saharan Africa with strong regional variability has also been noted (Müller et al., 2011; Liu 

et al., 2008; Lobell et al., 2011; Lobell et al., 2008; Roudier et al., 2011; Thornton et al., 

2009). Estimated yield losses in the mid-21st century range from 18% in southern Africa to 

22% aggregated across SSA, with yield losses in South Africa and Zimbabwe in excess of 

30%. Simulations that combine all regions south of the Sahara consistently suggest that 

climate change will have a negative effect on major cereal crops in Africa, ranging from 2% 

for sorghum to 35% for wheat. Nonetheless, Nsombo et al., (2012) reported that maize, rice 

and cassava yields are expected to increase in the future in Democratic Republic of Congo 

(DRC). Leichenko et al., (2002) noted that rural communities in DRC might be vulnerable 

to the climate change impact. 
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Studies in North Africa also indicate the high vulnerability of wheat production to projected 

warming trends (Drine, 2011; Eid et al., 2007; Hegazy et al., 2008; Mougou et al., 2011; 

Niang et al., 2014). In West Africa, temperature increases above 2°C (relative to a 1961-

1990 baseline) are estimated to counteract positive effects of increased precipitation in millet 

and sorghum yields with negative effects stronger in the savannah than in the Sahel, and 

with modern cereal varieties compared with traditional ones (Niang et al., 2014). One 

exception is in Eastern Africa, where maize production could benefit from warming at sites 

above roughly 1,700 m in elevation, although the majority of current maize production 

occurs at lower elevations, thereby implying a potential change in the distribution of maize 

cropping (IPCC, 2014). 

In the East African region, climate change has impacted on weather patterns and this has led 

to a significant impact in the amount of rainfall. The frequency of dramatic rain events and 

dire dry seasons have increased remarkably (Cechvala, 2011; Dilling et al., 2015). Ringler 

et al., (2010) argue that land degradation, rising temperatures, climate variability and rainfall 

fluctuations might influence agricultural production in SSA. The West African Sahel region 

appears to be highly susceptible ecologically due to high climatic variability and fragile soils 

that are vulnerable to degradation (Hummel et al., 2012). Barrios et al., (2008) and Laczko 

and Aghazarm, (2009) stated that total agricultural production in the Sub-Saharan African 

region appears to suffer because of the climate change impact and this impact has exceeded 

that of other developing countries. They also noted that agricultural production levels in SSA 

continue to be low compared to those of other world regions. According to AGRA (2014), 

an average SSA farmer produces only one tonne of cereal per hectare. However, an Indian 

farmer produces twice as much per hectare; Chinese farmers produce four times more and 

an American farmer produces five times more than an SSA farmer.  

In Sub-Saharan Africa, poor agricultural outputs together with rapid population growth have 

led to a general decline in available food per capita since the 1970s (UN et al., 2008). This 

poor performance was followed by a better performing agricultural sector in Sub-Saharan 

Africa during the first decade of the 21st century (IPCC, 2014). However, most of this 

improvement was the result of countries recovering from the poor performance of the 1980s 

and 1990s, along with favourable domestic prices (IPCC, 2014). Figure 2.1 shows climatic 

factors and rural-urban migration. Temperature and rainfall appear to be influenced by 

climate change, in that there is a link shown between rainfall and mean surface temperature 
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(Adler et al., 2008; Madden and Williams, 1978 Trenberth and Shea, 2005). The models also 

explain that climate change and land use are both causal factors and have reciprocating 

effects on each other. Climate change effects have led to the development of new strategies 

of how to better use and manage agricultural land to mitigate some of these effects. However, 

when different land use strategies are applied they may in fact also alter climatic conditions 

(Dale, 1997).  

 

Figure 2.1: Climate change related factors and rural-urban migration 

In SSA low average annual rainfall, increasing average temperatures and low agricultural 

production have been noted since 1970s. A rise in temperatures and potential 

evapotranspiration rates contrasted with decreasing precipitation trigger an increase in the 

length and severity of droughts (Mullan et al., 2005). In SSA most of the agricultural systems 

depend on rainfall, and when potential evaporation rates increase, available root zone 

moisture content will be more rapidly depleted, requiring either shorter season crop varieties 

or acceptance of lower yields and more frequent crop failures. 

Climate change issues pose challenges by affecting arable land, fresh water availability, 

forests and natural habitats (Misra, 2014; Warner et al., 2009). Climate change also prompts 

natural disasters such as droughts and floods and affects population distribution by pushing 

residents to leave their homes and farmlands (Warner et al., 2009). The challenges caused 

by droughts and floods often occur in the least developed countries (LDCs); this includes 
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declining arable land per capita in SSA, Northern Africa and East and South Asia (Warner 

et al., 2009). Food availability relates to agriculture and climate change, factors such as 

rainfall and temperature clearly influence food and water availability in SSA.  

2.1.3.1 Rainfall and temperature in Sub-Saharan Africa 

SSA experiences rainfall fluctuations and higher temperatures which impact on agricultural 

production in many parts of the region (Bello et al., 2012; Enete and Amusa, 2010). Africa 

as a continent which is experiencing warmer seasons as part of the trend of global warming. 

It is predicted that temperatures will continue to rise and a growing threat to food production 

systems in SSA is imminent (Bello et al., 2012; Enete and Amusa, 2010).  

In March 2013 the temperature in South Africa’s Vioolsdrif village recorded its hottest day 

ever measured on the continent at 47.3oC. Similarly, the temperature in Navrongo, Ghana, 

reached 43oC on March 6th 2013, the hottest ever recorded. According to Fabusoro et al., 

(2014), the patterns of rainfall and temperatures in the studied area appear to be following a 

similar upward trend, with temperatures rising at about 0.4oC/month/decade in southwest 

Nigeria. This review shows that among small-scale farmers, rainfall is the most important 

climatic factor that is critical to their survival, particularly for crop growth and livestock 

herds. A period of low rainfall means a period of scarcity of both feed and water, and an 

increase in distances to suitable grazing areas (AGRA, 2014). 

Sub-Saharan Africa’s regional level of precipitation change forecasts three main issues. 

Firstly, predictions indicate a far greater degree of uncertainty in rainfall levels than 

temperature projections, with a wide range of projections across general circulation models 

(GCMs), ranging from strongly negative minimum values to strongly positive maximum 

values for each region. Secondly, predictions confirm that rainfall changes (positive or 

negative) are more pronounced under a representative concentration pathway (RCP) 8.5 

rather than 6.0. Thirdly, predictions suggest that despite the wide range of projections, it is 

possible to distil a ‘consensus’ conclusion with regard to the likely direction and extent of 

rainfall changes.  

Table 2.10 shows projections for annual temperature and rainfall changes in SSA by 2050 

(2040-2069), relative to 1950-2000 (World Climate data). This involves emissions pathways 

starting from the base period 1950-2000 for organic carbon (OC), using representative 
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concentration pathway 6.0 with 19 general circulation models and RCP 8.5 with 32 GCMs. 

The mean temperature response is based on the amount of organic carbon emitted into the 

atmosphere. 

Table 2.10: Projections for annual temperature and rainfall changes in SSA by 2050 (AGRA, 2014) 

SSA 

Region 
RCP 

Mean Temp. Response (OC) Mean Temp. Response (OC) 

Min 
Quartiles 

Max Min 
Quartiles 

Max 
25 50 75 25 50 75 

Sahelian 

Africa 

6.0 1.7 1.9 2.2  2.3 3.0 -7.9 0.4 7.5 16.3 48.0 

8.5 2.2 2.7 3.0 3.5 4.0 -18.2 1.9 8.8 20.4 49.6 

West 

Africa 

6.0 1.2 1.6 1.7 1.8 2.5 -3.3 1.2 2.8 4.8 13.0 

8.5 1.7 2.2 2.4 2.9 3.5 -10.8 -0.9 2.6 4.5 18.0 

Central 

Africa 

6.0 1.3 1.5 1.8 2.0 2.6 -7.6 1.2 2.1 3.6 10.1 

8.5 1.7 2.3 2.6 3.0 3.7 -9.3 0.8 3.9 7.3 14.1 

Eastern 

Africa 

6.0 1.3 1.6 1.6 1.9 2.5 -8.5 1.7 6.3 12.0 22.7 

8.5 1.6 2.1 2.4 2.9 3.4 -6.9 3.8 9.3 15.6 35.9 

Southern 

Africa 

6.0 1.4 1.8 1.9 2.2 2.6 -9.3 -4.9 -1.6 0.9 6.4 

8.5 1.8 2.6 2.8 3.1 3.5 -12.5 -7.3 -3.0 -0.3 4.6 

Sahelian Africa has the widest range of rainfall change projections, but there is still a 

consensus among the models that this region will become wetter by 2050, with a median 

increase in total annual rainfall of 7.5% by 2050. Given the arid to semiarid nature of this 

region, such increases in rainfall are likely to be positive and important.  

In contrast, for both humid West Africa and Central Africa, the projected range of changes 

is much narrower. The consensus is that these regions will also become wetter, but with 

smaller increases than in Sahelian Africa, with a median value of 2.8% for humid West 

Africa and 2.1% for central Africa. Given that these two regions are already dominated by 

wetter humid and subhumid agro-ecological zones (AEZs), these relatively smaller increases 

in rainfall are less likely to be important with regard to crop production. East Africa also 

shows a wetting consensus with a median value of 6.3%. In southern Africa however, a 

drying consensus is evident, with a median value of -1.6%. While this is a relatively small 

decrease, large areas of southern Africa are already arid or semiarid and hence this decrease, 

combined with projected temperature increases, is likely to have strong negative impacts on 

crop performance. 

According to AGRA (2014), by the end of this century SSA is more likely to experience 

extreme rainfall events, most of which may fall in the mid-altitude land masses and wet 

tropical regions. Extreme precipitation may become more frequent and more intense due to 

the projected increase in the earth’s average surface temperature. West Africa’s monsoon 
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winds are expected to weaken due to the build-up of atmospheric moisture, so it seems that 

monsoon rainfalls will intensify. The monsoon season is predicted to last longer due to the 

earlier onset date and delays in the retreat dates (AGRA, 2014). 

In 2009 about 260 million people (30% of SSA’s population) lived in dry areas which are 

vulnerable to drought (Temesgen, 2012). Poverty in SSA is high and increases faster than 

the population rate increases (Laczko and Aghazarm, 2009). It seems that the countries in 

this region of Africa lack the ability to utilize resources and implement policies to produce 

and/or import food for the undernourished 200 million people, or about 33% of the total 

population (FAO, 2006). By 2014 the number of undernourished people in SSA had 

increased to 223 million (AGRA, 2014; WRI, 2014) and it is predicted to grow to 355 million 

by the year 2050 (AGRA, 2014; WRI, 2014).  

Food security challenges the developing world particularly in SSA. Factors undermining 

food security in SSA include agricultural dependence on rainwater and low agricultural 

productivity, poor policies in water and land management, lack of accountability and 

conflict, in addition to the high prevalence of HIV/AIDS (Angela, 2006). Similarly, rainfall 

and temperature impact on water availability for people, crops and animals as well as food 

availability in rural areas, which translates to the livelihood of rural communities (Hare, 

2006).   

As noted above, agriculture in SSA is highly dependent on climatic factors such as rainfall 

and temperature as well as other factors such as manpower. Poor agricultural activity and 

lack of employment opportunities in rural communities appear to create unfavourable living 

conditions in rural communities. Rural-urban migration seems to be one of many factors that 

reflect SSA’s poor agricultural production output. SSA’s poor agricultural performance 

appears to influence the increase in numbers of people leaving rural areas and choosing to 

live in urban areas.  

The percentage of SSA’s population living in cities increased from 20% to 36% during the 

past forty years, and it is predicted that half of this population will live in urban areas by the 

year 2050. These factors appear to result in rural communities migrating to urban areas with 

the expectation of finding suitable living conditions (Mullan et al., 2011). According to 

Resurreccion and Van Khanh (2007), people living in rural communities migrate to cities in 

search of alternative income sources to diversify their traditional primary source of income. 
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In other words, farm income does not satisfy the basics needs of people living in rural 

communities (Resurreccion and Van Khanh, 2007). 

2.1.4 Rural-urban migration in Sub-Saharan Africa 

2.1.4.1 Urbanization in Sub-Saharan Africa 

Urbanization has been growing faster throughout the world, especially in developing 

countries. In 1950 about 733 million of world’s population lived in urban areas. Five decades 

later in 2000, the number of the people living in cities had increased to 2.857 billion, about 

47.1% of the world’s population (Cohen, 2006). DESA (2013) estimates that in 2000, for 

the first time in history, more than half of the world’s population lived in cities. According 

to DESA, in 2013 around 72% of the world’s population will be living in cities by the year 

2050.  

In Sub-Saharan Africa 11%  of the population lived in urban areas in 1950; this figure is 

projected to reach about 49% in 2025 as shown in Table 2.11 (Bigombe and Khadiagala, 

2004). Nsiah-Gyabaah (2003) argues that SSA has the least numbers of people moving to 

urban area but remains to be the fastest urbanizing region throughout the world. 32% of 

SSA’s urban population live in the few large cities that attract people because of economic 

activities, living conditions and employment. The United Nations estimates that 50% of 

SSA’s population will live in cities by the year 2020 (Nsiah-Gyabaah, 2003). Even though 

Sub-Saharan Africa is not the fastest urbanizing region in the world, in the past 50 years the 

urban population has been increasing unexpectedly. In 1960, Johannesburg was the only city 

in SSA with a population of over a million, but by the year 2010, 33 cities in SSA had 

populations over one million (UN-Habitat, 2013). 

Population increase and rapid urbanization put pressure on natural resources such as water 

and land, creating food and water insecurity in developing countries and particularly in those 

countries experiencing water scarcity and water stress (Asif, 2013; Thornton and Herrero, 

2010). Goldsmith et al.,’s (2004) study about Senegal concluded that there is a positive 

relationship between rural-urban migration and the ratio of urban per capita income to rural 

per capita income. Further, Gray and Mueller (2012) reported of their strong evidence that 

shows drought conditions have significant consequences on the mobility of the rural 

communities living in the Ethiopian highlands. 
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Table 2.11: Urbanization in Sub-Saharan African regions, 1950-2025 (Bigombe and Khadiagala, 2004) 

Region 
Population in urban SSA and four sub regions (%) 

1950 1975 1996 2025 

Sub-Saharan Africa 11 21 32 49 

Eastern Africa 5 13 23 39 

Middle Africa  14 27 33 50 

Southern Africa 38 44 48 62 

Western Africa 10 23 37 56 

2.1.4.2 Migration in Sub-Saharan Africa 

Since the beginning of the 21st century, there has been a rising sense of urgency about the 

need to address migration (Cross et al., 2006). Recently, issues about refugees and migration 

have become prominent and international bodies are meeting to discuss how to better 

manage and coordinate human migration to enhance economic and trade relations. These 

include the report of the Global Commission for International Migration (GCIM) (Geneva, 

October, 2005), the United Nations High-Level Dialogue on Migration and Development 

(New York, September, 2006) and the Global Forum on Migration and Development 

(Brussels, July, 2007). The UN General Assembly informally agreed that the Global Forum 

be held annually.  

Bijak (2010) and Cross et al., (2006) reported that there have been acute fears in the 

European Union (EU) about rapid migration from Eastern Europe, the Far East, North Africa 

and other poor regions, overwhelming budgets and services in the destination countries and 

overbalancing job markets.  

A migrant is defined as an individual who moves from one area or section of the country to 

another for the purpose of taking up residence (Mangalam, 2015, p.8; Nowok et al., 2013; 

Smith et al., 2006). However, the most comprehensive definition of migration is, “A 

relatively permanent moving away of a collectively, called migrants, from one geographical 

location to another, preceded by decision-making on the part of the migrant on the basis of 

hierarchically ordered set of values or value ends and resulting in changes in the interactional 

system of the migrants” (Anburaj, 2013, p.2; Mangalam, 2015, p.8). Internal migrants are 

those individuals who move within the borders of a country, usually measured across 

regional, district, or municipal boundaries (Kusuma et al., 2014; p.37). Humans migrate in 

search of resources such as land, water and food or to escape from persecution, conflict or 

natural disasters (Adger et al., 2014; Bauer, 2007).  
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It is noted that around 30% of world population live in dry lands that has only 8% of the total 

renewable freshwater resources; climate change is expected to increase water security 

situations in these areas under water stress (Warner et al., 2010). Human movement—

whether it is for short term, long term, national, regional, or international—has always been 

considered as a possible survival approach for people experiencing hardships such as those 

documented in the effects of the climate change issues earlier (Warner et al., 2010). It is 

predicted that migration patterns throughout the developing world may experience 

significant changes due to climate change (Raleigh et al., 2008). 

Human migration, refugees and displacement of people are common and on the rise in Sub-

Saharan Africa (Flahaux and De Haas, 2016). The migration of people from countries within 

SSA is believed to be the result of number of factors including political, economic, 

environmental and armed conflicts (Black et al., 2011a and 2011b). In recent years SSA has 

experienced mass migration linked to rapid population growth, poor economic performance, 

a lack of employment opportunities for growing numbers of people seeking work, and ethnic 

tensions and conflict as well as political unrest. The ecosystems of SSA are fragile and many 

agricultural workers have lost their land in the face of desertification and diminishing areas 

of arable land (Adepoju, 2008). Cross et al., (2006) argued that SSA’s fragile ecosystems 

are also forcing rural populations to migrate from the hinterlands to the coastal regions. 

Many poor farmers in SSA are abandoning work and life in the rural areas to migrate to the 

cities or to neighbouring countries simply in order to survive. The ecological system in SSA 

has been negatively affected by weather fluctuations and seasonality; desertification has 

expanded significantly in recent years in Africa and in SSA in particular. Desert now covers 

about 50% of the land in Africa and affects the lives of more than 300 million people. In the 

1980s, adverse weather conditions caused an estimated 10 million environmental refugees, 

with another 135 million people who lived in areas classified as being susceptible to the 

desertification and soil erosion which threatened 80% of all pasture and range lands 

(Adepoju, 2008).  

It seems that some push factors for rural migration include lack of agricultural land and 

poverty, combined with interrelated issues such as small-scale farms, environmental 

degradation, poor land quality and productivity, rapid population growth, inability to access 

markets and agricultural finance, bureaucratic obstacles, and the need for extra income, all 
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of which directly impact on the increase in out-migration (Adepoju, 2008; Conceição et al., 

2012). 

In 2014 about 105,385 Sub-Sahara African irregular arrivals landed in Spain, coming mainly 

from Eritrea, Mali, Gambia, Nigeria, Somalia, Senegal, Sudan and Ghana (Malakooti and 

Davin, 2015). Figure 2.2 below shows the number of SSA refugees and asylum seekers 

registered with UNHCR in Libya and Egypt, per country of origin, as of May 2015. 

 

Figure 2.2 Refugees and asylum seekers registered with UNHCR Libya and Egypt in May 2015 (Malakooti 

and Davin, 2015) 

The number of registered irregular people who arrived via the central Mediterranean route 

(Italy and Malta) jumped from 39,800 in 2008 to 170,664 in 2014, but despite this increase, 

the figure has reached only 4,500 migrants registered in 2010 (Malakooti and Davin, 2015). 

The traditional transit point for Sub-Saharan African migrants was Libya, followed by an 

insignificant number of migrants transiting in Tunisia. Nevertheless, in recent years Egypt 

has become another transit point for migrants. Figure 2.3 shows arrivals in Italy according 

to departures from Libya and Tunisia from 2011 to 2014. 

There was a dramatic increase in the number of asylum seekers arriving in Italy from across 

the Mediterranean Sea. In 2010 a total of 4,406 migrants arrived in Italy by boat. The 

following year however, the number of migrants arriving in Italy by boat jumped to 62,692; 

this increase has been related to the 2011 Arab Spring and political unrest in the Arab world 

in North Africa and the Middle East. The numbers of migrants fluctuated in 2012 and 2013 

and skyrocketed in 2014 to peak at around 170,100 migrants, almost three times the number 

in 2011.  
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Figure 2.3 SSA migrant arrivals in Italy according to departures from 2011 to 2014 (Malakooti and Davin, 

2015) 

It is noted that five SSA countries claimed about 67,730 migrants, about 48% of total 

irregular arrivals in Italy in 2014. These five countries are Eritrea 34,329, Mali 9,938, 

Nigeria 9,000, The Gambia 8,707 and Somalia 5,756. Similarly, irregular maritime arrivals 

in Malta fluctuated in the period between 20012 and 2014. 65% of asylum seekers who 

arrived in Malta in 2012 were from Somalia; this figure has decreased to 49% in 2013 and 

21% in 2014. 

According to Cross et al., (2006), at the beginning of the twenty-first century, governments 

were starting to address migration as a priority in Africa and worldwide. To a considerable 

extent, this new focus on population movement as a factor in world and regional affairs stems 

from fears of the destabilising consequences of human flows at different scales. An uneasy 

recognition is emerging that the tide of human movement from the developing world to the 

developed world is on the rise everywhere. Between 1950 and 1960 urban areas in less 

developed countries grew quickly, Africa had an urban growth of 69%, followed by Latin 

America 67%, and Asia 51%.   

In contrast, the rural population growth was as low as 20% in the same period. The natural 

growth of population in the less developed world was slightly greater than 3%; and the rural-

urban migration was the main factor contributing to the urban population growth in these 

regions (Fields, 1975). African migration can be international, interregional and 

intraregional migration and often related to political, economic or social factors. African 

migrants are mainly migrant workers, undocumented migrants, nomads, frontier workers, 

refugees and highly skilled professionals who are increasing in numbers. The migration 
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process in Africa and in SSA in particular, is deemed to be undocumented and can take place 

in regular or irregular ways as people share culture, language and colonial experiences 

(Adepoju, 2000).  

Researchers have not yet reached firm conclusions about the relationship between migration 

and poverty; some scholars say that migration is the result of poverty, while others suggest 

that migration can result in poverty. Page and Adams (2003) concluded that over time 

migration is both poverty-driven and poverty-limited. Migration is poverty-driven when 

people in a certain disadvantaged community realise the existence of other places that offer 

better incomes. On the other hand, migration is poverty-limited when the income of the 

disadvantaged community increases. Beyond the adequacy levels, migration ends and people 

become part of the development of their local area, offering opportunities for its inhabitants.  

Existing theories relate migration to economic factors such as available opportunities and 

constraints in rural and urban areas, job access and labour absorption in different localities 

(Rahmati and Tularam, 2017). Poverty and unemployment have increased in Africa because 

of the rapid population growth and slow economic growth. Poverty is well established in 

Africa compared to other world regions and migration pressures in Africa are strongly 

influenced by unstable politics and ethno-religious conflicts (Cross et al., 2006). According 

to Findley et al., (1995) migration for the entire SSA region has recently become more 

diverse and unpremeditated. Those who migrate are exploring a much broader range of 

destinations, creating increasing levels of both short-term and long-term movement. 

The well-being of the vast majority of people in Africa has deteriorated markedly as result 

of intensified poverty and human deprivation. The labour force in Africa has grown by 2.7%, 

which translates as 7.5 million new jobs needed. Countries in SSA were not only 

experiencing negative economic growth in the early 1980s but also eroding the economic 

gains of previous decades while the population was growing at 3% every year, which led to 

a 25% decrease in the per capita income in the region (Adepoju, 2000). In Sub-Saharan 

Africa, population displacements, refugees and migration are not only a common 

phenomena, but are also on the rise.  

Although scholarly explanations include political unrest and persecution, economic hardship 

and environmental degradation, conflict and wars account for the majority of Sub-Saharan 

Africa’s refugees and migration in recent years (Akokpari, 1998). During the last 40 years 
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SSA has been a region of internal warfare, migration has significantly increased in this 

period amongst the general population but particularly in the skilled professionals, students 

and political and social activists because of political unrest and persecution (Adepoju, 2008; 

Crisp, 2010; Leung, 2007). The economy in rural Africa is shifting fast as the pressure on 

agricultural and pastoral lands intensifies and the terms of international trade have 

disadvantaged small farmers (Bryceson, 1995; Cross et al., 2006). These clarifications are 

themselves reliant on, or symptomatic of, more fundamental causes, including “the problem 

of the African state” and its failure to address the region’s environmental crisis.  

Akokpari (1998) argued that many African countries have failed to distribute the limited 

resources in a fair and equitable manner to their societies; the mismanagement of these 

resources has led to social aggression which translated to conflict, refugees and migrants. 

SSA has a history of refugees and migration; in 1969 there were about 0.7 million refugees 

increasing to 6.8 million refugees in 1995, which was about 30% of the world’s 20 million 

refugees at that time. SSA’s refugee population is on the rise and this trend is unlikely to 

change especially under the current environmental, economic, political and social situations 

(Akokpari, 1998). Governmental programmes working to obtain official migration data from 

Africa’s diverse and varied country contexts are limited, and sometimes isolated. Migration 

data collection is highly uneven. Limits on capacity, in relation to identifying indicators and 

also in data collection, capture and processing, are often a factor in the lack of hard data on 

African migration both within and outside the continent (Cross et al., 2006). 

2.1.4.2.1 Migration and remittances 

According to Adepoju (2008) and Cross et al., (2006), when migration is successfully 

managed it may result in “win-win-win” outcomes for migrants, countries of origin and 

residence. Since the beginning of this century, migration has gained international interest; 

there is a rising awareness of and urgency to address the problems caused by migration 

(Cross et al., 2006). This is related to two factors, the world’s fast growing refugee and 

asylum seeker populations and the remarkable increase in remittances to the developing 

world. In the period 2011-2013 around 214 million refugees (approximately 3% of the 

world’s population) have crossed international borders (El-Khatib et al., 2013). In 2016 the 

number of international migrants around the world has increased to 244 million (Willekens 

et al., 2016). Remittances to the developing world have doubled, from $96 billion in 2001 to 
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$206 billion in 2006, and this figure is projected to reach $471 billion in 2017. SSA is part 

of this growing international trend; however remittances to Sub-Saharan African countries 

have mostly grown at a slower pace than those to the developing world.  

Nevertheless, documented remittances are only a small portion of overall remittances to the 

SSA region. It is estimated that unrecorded informal remittances to SSA are relatively high 

at 45 to 65% of formally recorded remittances, compared to only about 5 to 20% in Latin 

America. This could be attributable in part to “in-kind” remittances by those working within 

the continent, and in part to the high costs of transactions through formal channels (Gupta et 

al., 2009). 

In 2005, remittances to the 34 Sub-Saharan Africa countries were estimated at about US$9 

billion, which increased to $32 billion in 2014. It is projected that total remittances to SSA 

will increase to $35 billion by 2017. Remittance flows to the region are relatively small, 

being 7.8% of total remittances to the developing world and just 50% of those to India, which 

received the most, around 70 billion in 2014. In contrast, countries in Latin America and the 

Caribbean received 25% of all remittances, as did the countries of the East Asia and Pacific 

region (Gupta et al., 2009; Ratha et al., 2015) (Table 2.12). In China, large numbers of people 

from rural areas migrated to the cities, resulting in a significant decrease in poverty levels in 

rural Chinese communities through increases in household income and other factors such as 

ease of credit and liquidity restrictions (Mullan et al., 2011).  

Table 2.12: Estimates and projections for remittance flows to developing countries (Adepoju, 2008; Ratha et 

al., 2015) 

Region 
2000 2005 2010 2013 2014 2015* 2016* 2017* 

($ billions) 

Developing countries 85 193 336 413 427 435 453 471 

East Asia and Pacific 17 45 95 113 120 126 130 135 

Europe and Central Asia   34 47 44 36 39 42 

Latin America and Caribbean 20 48 55 61 64 67 70 72 

Middle East and North Africa 13 24 39 49 51 51 53 54 

South Asia 17 36 82 111 116 123 128 133 

Sub-Saharan Africa 5 9 30 32 32 33 34 35 

World 132 262 457 560 580 588 610 635 
* Estimated 

Sub-Saharan Africa is experiencing challenges and opportunities in relation to the migration 

of SSA’s skilled professionals, the diaspora investing in both the country of origin and in 

transfer of remittances. SSA is facing major changes in migration patterns, both within the 

region and to the outside world. Migration in SSA is dynamic and its complexity is created 
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by current migration patterns which include changing migrant destinations, transformation 

of the flow of skilled labour, economic migration, countries of origin benefitting from 

remittances and diaspora investments (Cross et al., 2006). 

2.1.5 Implications of the background 

Several areas have been examined as a background to this study including water and land 

resources and their availability and accessibility in SSA. It has been noted that both land and 

water are abundant in this region. The River Nile, the world’s longest river, and other major 

rivers such the Congo, the Zambezi and the Niger rivers are all in SSA. Moreover, Lake 

Victoria, the world’s second largest lake, is in SSA (Ashton, 2002; Mejia et al., 2012). 

Ashton (2002) reported that around 53% of African (SSA) land is water abundant. Despite 

the availability of water, its distribution and accessibility have become a noticeable issue. 

Africa is the second driest continent in the world (ADF VII, 2010), and the Sahara, the 

world’s largest and hottest desert, and the Kalahari Desert are found in SSA. Many parts this 

region are classified as being dry environments and these areas experience water scarcity in 

the form of aridity, desertification, drought and/or water shortages (Santos Pereira et al., 

2009). SSA member countries are varied in the amount of water resources available to them. 

More than a dozen countries in this region are in water stress situations and eleven more are 

predicted to join this list by the year 2025 (Mejia et al., 2012; UN, 2008).  

The amount of arable land in SSA is estimated to be around 1.03 billion unevenly distributed 

hectares, 12.8% of which is currently cultivated (Jelle, 2009; Nachtergaele et al., 2011). The 

IPCC (2007) has predicted that approximately 75 million ha of SSA’s arable land may be 

lost by the year 2080. SSA has been experiencing warming temperatures as well as 

fluctuating rainfall (intensity–duration–frequency) in terms of time and space. Agriculture 

in SSA appears to be highly dependent on rainfall and recorded the slowest growth in 

irrigated agriculture in the world; around 3.7% of the agriculture is under irrigation 

compared to 41% in southern Asia (Turral et al., 2011). These factors result in poor 

agricultural production and a lack in water and food security. 

Finally, agriculture is considered to be the main employment activity in SSA rural 

communities in particular. The agricultural sector’s poor performance appears to have 

caused a lack of employment opportunities among rural communities. Agriculture’s 

dependence on rainfall has caused subsistence agriculture to fail to deliver its major purpose 
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of feeding households and providing employment. These issues may have impacted on rural-

urban migration in SSA and this subject is the main aim of this study. This study’s literature 

review attempts to critically asses  the recent research related to the climate change issues 

such as rainfall and temperature changes, and examines their impact on water and food 

availability; and consequently the in turn impact on the movement of people in Sub-Saharan 

Africa. 

This study aims to investigate climate change and its impact on the Sub-Saharan Africa 

region. Essentially, the study will: 

 Analyse the data of two climate change factors, namely rainfall and temperature as well 

as non-climate related elements such as population and human migration; 

 Explore, analyse and thus identify the nature of the relationship between climate change 

variables and human migration in SSA and 

 Examine the push and pull factors of rural-urban migration in SSA. 

The next chapter section presents the literature review and is followed by chapter 3 which 

presents the methodology used in this study to achieve the main aims and objectives of the 

thesis. The results and analysis with discussion are presented in chapter 4. Chapter 5 

discusses the results and findings in terms of the literature reviewed. Finally chapter 6 

presents the conclusions of the thesis. Implications and limitations are included in the final 

chapter. The references and appendix are presented following the conclusion chapter.  
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2.2   Literature review 

In this chapter section, the literature available in the area of climate change, population 

growth and people movement are discussed. The section gives special attention to the 

situation in Sub-Saharan Africa and summarizes research work available around climate 

change and its impact on rainfall, temperature and population movements in SSA. In the 

final parts of this section, implications of the literature are presented. 

2.2.1 Introduction  

While the earlier sections provided much about the statistics and the general nature of 

climatic effects around the world more generally, specifically, it appeared there has been 

relatively little research in the area of human migrations in SSA within and internationally, 

or regarding the influence of climate change related factors on Sub-Saharan Africa’s rural-

urban migration patterns over time (Annez and Buckley, 2009; De Brauw et al., 2014; Martin 

et al., 1993; Vandererf and Heering, 1996). The little that exists mainly focus on climate 

change, global warming, population growth with a few concerning migrations in SSA 

(Barrios et al., 2006; Bongaarts and Casterline, 2013; Caldwell and Caldwell, 1990; 

Calzadilla et al., 2013, 2011; De Brauw et al., 2014). 

Scientific research on climate change dates back to the mid-19th century. Most studies have 

focused on the broader impacts of climate change at a global level and in the long term 

(Farmer, 2015; Saikia, 2009). The literature review therefore firstly focuses upon some 

research about the impact of climate change on rural and urban migration that have been 

done specifically in Sub-Saharan Africa. Then the research that have been done around the 

world concerning the impact of climate change on rural and urban migration in other parts 

of the world are reviewed. This background and literature are together explored to develop 

a framework for this study. 

In SSA, agriculture has been the main driver of the economy. As mentioned in the 

background, agriculture employs the majority of the work force in the region. Agriculture in 

SSA is mainly rain-fed and for subsistence, and production has always performed poorly 

compared to other developing countries. Poor agricultural production has been related to the 

adversity of the natural environment. The low population density, poor management, lack of 

technology and climate conditions may have exacerbated the poor performance of the 
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agricultural sector. In their study, Barrios et al., (2008), noted that even minor changes in 

climate may substantially impact developing countries hitting their agricultural production 

hard. In this section, the literature review relating to climate change in Sub-Saharan Africa, 

rainfall, humidity, temperature, urbanization and external migration are all presented. In the 

final section of this chapter, implications are drawn from the literature presented from past 

studies to identify the main research gaps; which dignify their influence and contribution to 

the main aims and objectives of this study. 

2.2.2 Climate change, rainfall and humidity 

Barrios et al., (2008) explored the impact of climatic change on agricultural production in 

Sub-Saharan Africa, examining the impact of climatic change on the level of total 

agricultural production. The study used a new cross-country panel climatic dataset in an 

agricultural production framework. The study used a simple empirical production function 

where for any country i at time t, agricultural output (Y) is a function of a number of inputs 

such as labour (L), livestock (A), fertilizer (F), capital (T), and land (M) and included rainfall 

(RAIN) and temperature (TEMP). The study concluded that agriculture in SSA is sensitive 

to climate change due to agricultural practices and geographical characteristics. 

Hulme et al., (2001) reviewed the observed (1900–2000) and possible future (2000–2100) 

continent-wide changes in temperature and rainfall for Africa. This study utilized data from 

Jones (1994, global gridded data sets) and used observed regional rainfall series for 1900–

1998. The study found that the warming climate causes additional stress on water resources 

in Africa. They suggested that the link between emission of greenhouse gases and rainfall 

fluctuations is not determined yet. Studies have used rainfall as a proxy for climate change, 

and this justifies the use of rainfall as a parameter to study climate change and whether 

environmental change is causing more rainfall variations in Sub-Saharan Africa. 

According to Sherwood et al., (2010), important climatic change response is ascribable to 

water vapour, and clouds rely heavily on changes on relative humidity R during warmer 

environments. The study found a relative humidity R trend with global temperature rise 

around the tropopause, a drop in the tropical upper troposphere, and a fall in mid-latitudes. 

It also added that the relative humidity R pattern in every individual level of the troposphere 

was almost proportional to the upward and/or poleward slope of R in the current 

environment. This study used quantitative methods to examine the relative humidity R trend. 
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Hendrix and Salehyan (2012) have investigated rainfall variability and its involvements to 

social instability. The study examined over 6,000 instances of social conflict over 20 years. 

The study found that rainfall variabilities had a significant impact on both smaller and large 

scale cases of unrest in the continent. The study concluded that there was a strong 

relationship between climate change events and social instability. Other studies on climate 

change and Africa include (Cohen et al., 2000; IPCC, 2007; Nicholson and Yin, 2001; 

Nicholson, 2000; 1999; 1998; Shela, 2000; Smithson, 2002; Tarhule and Lamb, 2003; Trauth 

and Strecker, 1996; Wang et al., 2004). 

Seleshi and Zanke (2004) used time series rainfall data from 11 weather stations in Ethiopia 

between 1965 and 2002. The study aimed to investigate the shift and decline of number of 

rainfall days in Ethiopia. The study reported that Ethiopian economy heavily relied on 

rainfall. The noted that Ethiopia has experienced drought seasons in 1965, 1972–1973, 

1983–1984, 1987–1988 and 1997 due to failed rainy seasons. The study found that the 

annual number of rainy days have significantly dropped in some parts of the country. For 

example, in northern and eastern Ethiopia the number of annual rainy days dropped from an 

average of 61 to 41 days and 63 to 43 rainy days respectively. Western and central parts of 

the country have experienced smaller decrease to the number of rainy days annually. 

Deressa et al., (2008) assessed the vulnerability of Ethiopian farmers with respect of climate 

change. Similar to (Seleshi and Zanke, 2004) their study found that agriculture was a major 

contributor to the Ethiopian economy. They also noted that farmer vulnerability levels were 

dependant on two major factors that are environmental and socioeconomic factors. Deressa 

et al., (2008) predicted that climate change will continue to impact farmers in Ethiopia in 

terms of decreasing rainfall and rising temperatures. Gore and Hillier (2011) on their article 

“Briefing on the Horn of Africa Drought: Climate change and future impacted on food 

security” reported that climate change adversely affected food production systems in the 

Eastern Africa region. Gore and Hillier (2011) added that food insecurity conditions have 

worsened the livelihoods of the rural communities in the region. 

Mirhosseini et al., (2013) predicted various changes in the hydrologic cycle due to increases 

in greenhouse gases. It also noted that climate change will cause variations in intensity, 

duration and frequency of precipitation events. Mirhosseini et al., (2013) assessed the 

expected changes in rainfall characteristics IDF (intensity–duration–frequency) curves from 
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the current climate to the projected future climate. To provide future IDF curves, the study 

used time series analysis. Three hourly precipitation data simulated by six combinations of 

global and regional climate models were temporally downscaled using a stochastic method. 

The performance of the downscaling method was evaluated, and IDF curves were developed 

for the state of Alabama.  

The results of all six climate models in the above study suggested that the future precipitation 

patterns for Alabama are expected to veer toward less intense rainfalls for short duration 

events. However, for long duration events (i.e., >4 h), the results are not consistent across 

the models. Given that there was a large degree of uncertainty about the projected rainfall 

intensity of these six climate models, developing an ensemble model as a result of 

incorporating all six climate models, performing an uncertainty analysis, and creating 

probability based IDF curves, could be a solution to diminishing this uncertainty.  

Almazroui et al., (2012) documented the seasonal climatology of the Arabian Peninsula, 

including the regional to station level information for Saudi Arabia for the period 1979–

2009. The wet (November to April) and dry (June to September) seasonal rainfall and 

temperature climatology were obtained from various data sources, namely, surface 

observations, CPC merged analysis of precipitation (CMAP), the Climatic Research Unit 

(CRU) and the Tropical Rainfall Measuring Mission (TRMM). Irrespective of the season or 

dataset used, a relatively heavy rain area was obtained for the southwest of the peninsula. 

The wet (dry) season temperature was highest over the western (middle to the northern) parts 

of the peninsula. Surface observations indicate that, irrespective of season, rainfall 

insignificantly increased in the first period (1979–1993), and then significantly decreased in 

the second period (1994–2009). The decrease rate was 35.1 mm (5.5 mm) per decade during 

the wet (dry) season. The temperature in Saudi Arabia has increased significantly, and the 

increase rate was faster (0.72°C per decade) in the dry season compared to the wet season 

(0.51°C per decade). 

Omondi et al., (2014) examined rainfall and temperature variations and extremes in Eastern 

Africa regions over a 50 year period between 1961 and 2010. The countries considered in 

this study were Burundi, Djibouti, Ethiopia, Eritrea, Kenya, Rwanda, Somalia, Sudan, 

Tanzania and Uganda. The study adapted trend calculation and indices by using Sen’s (1968) 

slope estimator. Omondi et al., (2014) found extremes of increasing warm and decreasing 
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cold trends. The study also projected decreasing trend in wet days and increasing trend in 

dry days in the region. 

The above section has briefly discussed recent studies on climate change and rainfall 

variabilities as well as climate change impact on farmers in Sub-Saharan Africa i.e. Ethiopia. 

The following section summarizes studies on climate change and temperature in SSA and 

other world regions where relevant.  

2.2.3 Climate change and temperature 

Collins (2011) investigated the near-surface air temperature anomalies variation in Africa 

between 1979 and 2010, basically using a microwave sounding unit (MSU) total lower-

tropospheric temperature data from the Remote Sensing Systems (RSS) and the University 

of Alabama in Huntsville (UAH) data sets. This study found that temperature trends were 

significantly increasing in some regions, including in the northern and southern hemispheres 

in Africa, and in tropical and subtropical Africa. The study revealed that higher temperatures 

were recorded in June-August in most recent years in the period between 1995 and 2010 in 

both northern and southern Africa. In contrast, temperate records were lower in the previous 

period 1979 to 1994. 

The study also found that the rising temperature in northern and southern Africa became 

more concentrated after the year 2000, adding that the El Niño–southern oscillation (a 

teleconnection that has been previously shown to affect climate in some parts of Africa) was 

not likely to be the primary cause of the climate change and temperature variations in Africa, 

but links temperature and climate variations to natural climate variability and anthropogenic 

activities. The most important finding was that temperatures in Africa have significantly 

increased in the period between 1979 and 2010, regardless of the specific causes. However, 

even without ascertaining the specific causes, the most important finding in this work was 

the demonstration of a significant rise in African temperatures that occurred between 1979 

and 2010. 

Laban (2009) summarized number of studies on climate change on Africa (Cohen et al., 

2000; El-Mallah and Elsharkawy, 2016; IPCC, 2007; Nicholson and Yin, 2001; Nicholson, 

2000; 1999; 1998; Shela, 2000; Smithson, 2002; Tarhule and Lamb, 2003; Trauth and 

Strecker, 1996; Wang et al., 2004) and noted that these studies found and increasing mean 
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temperature levels in the African continent. Laban (2009) reported that minimum and 

maximum temperatures in many SSA areas have been rising and that these rising 

temperature may have resulted glaciers in the African glacial tropical mountains to melt 

rapidly. Laban (2009) stated that annual average rainfall in some areas of Africa has been 

declining; higher rainfall variabilities were observed. Changing rainfall and temperature 

levels in Africa have led the levels of many lakes in the region have declined. Due to the 

climate change impacts droughts and subsequent floods were observed in areas in the 

African continent. Extreme climate events are related to the El Niño Southern Oscillation 

(ENSO) and dipole systems such as the Indian Ocean Dipole. It is predicted that the impact 

of climate change will remain to be a major challenge to the development of Africa and that 

Africa may need to adapt sustainable strategies to mitigate climate change impacts (Laban, 

2009). 

Having discussed summarized literature on climate change and its impact on temperature on 

SSA. The following section presented impact of climate change on population movement in 

Sub-Saharan Africa. 

2.2.4 Climate change and population 

Le Blanc and Perez (2008) investigated the relationship between average rainfall and 

population density in Sub-Saharan Africa in order to assess the consequences of climate and 

demographic changes in terms of future water stress. Geographic information system (GIS) 

data on density, rainfall and climate change are combined in order to identify areas which 

will be subject to increased pressures stemming from excessive population, given their 

precipitation levels. This study aimed to quantify current and future water tension in Sub-

Saharan Africa, based on a direct examination of the spatial relationship between rainfall 

and human density. The study showed that with annual rainfall below 900 mm, rainfall and 

human density are strongly correlated in Sub-Saharan Africa. Beyond the 900 mm threshold 

however, there was virtually no spatial correlation between density and rainfall. Both 

features were consistent with the hypothesis that, for zones receiving more than 900 mm, 

water was not a binding constraint on human settlement. 

Marchiori et al., (2012) examined the impact of weather anomalies on migration in this 

region. The authors used the results of theoretical work as guidance for an empirical analysis 

of the impact of weather anomalies on international migration in Sub-Saharan Africa. Their 
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research found that weather anomalies had a significant and robust impact on average wages. 

This result supported work by Barrios et al., (2008) and Dell et al., (2009) who show that 

weather anomalies have a considerable impact on GDP per capita. Marchiori et al., (2012) 

found that wages were robust and significant determinants of international migration, and 

show that weather anomalies directly affected international migration, reflecting possible 

pure externality effects of weather anomalies. Their research observed that weather 

anomalies increased people’s incentive to move to cities. This channel of transmission was 

consistent with Barrios et al., (2008) who showed that weather anomalies in Africa displaced 

people internally. Marchiori et al., (2012) also found that urban centres represented an 

attraction force; thus urbanization softened the impact of weather anomalies on international 

migration. Marchiori et al.,’s (2012) projections also warned about the possible 

consequences that such population movements could have in terms of the health and security 

for their migrant-receiving nations. 

Overall Marchiori et al., (2012) concluded that a minimum of about 5 million people have 

migrated between 1960 and 2000 due to anomalies in local weather in Sub-Saharan Africa. 

This represented 0.3 per thousand individuals or 128,000 people every year. The authors 

projected the impact of weather anomalies on the future rates of migration in Sub-Saharan 

Africa – considering the medium-fertility population forecast of the United Nations, they 

concluded that in Sub-Saharan Africa towards the end of the 21st century every year an 

additional 11.8 million inhabitants may move as a consequence of weather anomalies.  

Fjelde and von Uexkull (2012) studied the link between rainfall anomalies, vulnerability and 

communal conflict in Sub-Saharan Africa, and whether climate variability increased the risk 

of armed conflict. Their study used a disaggregated dataset combining rainfall data with geo-

referenced events data on the occurrence of communal conflict in Sub-Saharan Africa 

between 1990 and 2008. Their results suggested that large negative deviations in amounts of 

rainfall from the historical norm are associated with a higher risk of communal conflict. 

There presented some evidence that the effect of rainfall shortages on the risk of communal 

conflict was amplified in regions inhabited by politically excluded ethno-political groups. 

This section presented literature around climate change and population in Sub-Saharan 

Africa. Summary and analysis on the correlation between rainfall variabilities and human 

density as well as implications of the rainfall fluctuations to the future water stress in Sub-
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Saharan Africa. This section also discussed the impact of weather anomalies on people 

movement in SSA as well as the link between rainfall anomalies, vulnerability and 

communal conflict in Sub-Saharan Africa, and whether climate variability increases the risk 

of armed conflict. The following two sections summarize research work available on climate 

change and its impact on rural and urban migrations in SSA and the implications of the 

literature will conclude this chapter.  

2.2.4.1 Climate change and urbanization  

Barrios et al., (2006) examined whether environmental change shaped urbanization in Sub-

Saharan African countries compared to the rest of the developing world. The study collected 

a cross-country panel data set that assessed factors of urbanization. Multi-level statistical 

analyses were used to analyse the data. The findings of the econometric analysis 

recommended that climate change, as represented by rainfall (proxy), has transformed 

urbanization in Sub-Saharan Africa, especially after decolonization (Laczko and Aghazarm, 

2009) but nowhere else in the developing countries. Further, the relation between climate 

change and urbanization has become stronger since independence, probably as a result of 

the immediate elimination of regulations prevented the free internal movement of local 

Africans. 

Henderson et al., (2015) reported strong but differentiated links between climate and 

urbanization in Sub-Saharan Africa, which has experienced significant moisture reduction. 

In large panel data of districts and cities, the study found that drier conditions increased both 

urbanization and total city incomes in places most likely to have an urban industrial base. 

Their analysis suggested that agro-climatic conditions do indeed influenced urbanization 

rates, with better conditions retarding urbanization and unfavourable conditions leading to 

greater urban population growth. The results suggested that more severe and persistent 

climate changes, which were likely to increase the challenges faced by farmers in SSA, could 

further accelerate migration to cities, but only in more industrialized areas. 

Henderson et al., (2014) concluded that climate change had a major impact on variations in 

urbanization in Sub-Saharan Africa, mostly in dry countries. The study found rainfall 

fluctuations, declined soil moisture and income from agriculture shrunk, these changes 

appeared to have resulted SSA farmers to migrate to nearby towns. On the other hand, wet 

seasons slowed rural-urban migration. The study indicated that environmental change also 
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led to employment changes within rural areas. Drier seasons induced a shift away from 

agricultural activities. For example, women left agricultural related activities in the dry 

season and sought non-agriculture related activities. In general, the findings suggested that 

there was a relationship between climate change and urbanization. 

The literature review has shown that urbanization in SSA has been growing quickly. In 

recent years there has been an increase in SSA’s rural-urban migration as well as external 

migration. Some studies concluded that declining economic opportunities in some SSA 

urban areas have resulted in urban outmigration.  

Beauchemin (2011) reported that Africa has the fastest urban growth in the world, adding 

that SSA remained the least urbanized region in the world. The study noted that in Zambia 

and Côte d’Ivoire, as well as in Burkina Faso, all countries in the SSA region, the rural 

outmigration appears to be slowing and the urban outmigration tends to be rising because of 

higher poverty rates and livelihood insecurity in urban areas. According to multiple and 

successive data sources, the review of the extant literature was insufficient to determine a 

reliable view of the people movement trends in Burkina Faso and Côte d’Ivoire. 

Beauchemin (2011) emphasised that national censuses provided little information about 

people’s movements, rather it has been suggested that national retrospective surveys be used; 

which were believed to be much richer sources of information than censuses. This used data 

from Burkina Faso (EMIUB survey, 2000) and Côte d’Ivoire (EIMU survey, 1993). To 

analyse the data, binary logistic regression (Method 1: migration odds), used to estimate 

discrete-time event history models, was adapted as well as computing rates of migration 

(Method 2: migration rates). Nevertheless, findings were hardly analogous from one source 

to another. For this reason, it has been difficult to achieve deeper understanding of rural-

urban migration in SSA. It appeared that migrants returning to their villages from cities and 

towns in Côte d’Ivoire have been related to the economic hardship faced in cities. 

Potts (2009) linked the slowing of the urbanization in some SSA countries to a deteriorated 

economic situation in many urban areas; a lack of economic opportunities has resulted in 

increased poverty and livelihood difficulties. Potts concluded that the economic situation has 

led to a slowing down in urbanization in SSA, –a few SSA countries such as Zambia, Côte 

d’Ivoire and Mali, urban-rural migration began in the 1980s and the 1990s. Potts also 
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reported that other countries such as Niger, Burkina Faso, Mauritania, Zimbabwe, Senegal, 

Mozambique and Benin have been experiencing a decrease in the urbanization process. 

2.2.4.2 Climate change and rural populations 

Dumenu and Obeng (2016) examined the degree of climate change impact, adaptation 

strategies and social vulnerability of rural communities in four ecological zones in Ghana. 

The study used questionaries, focus group discussions and interviews to gather primary data 

from 196 households in 14 rural communities. To assess community susceptibility to 

changing climate, the study used 6 indicators measuring demographic, economic and social 

factors. Qualitative and quantitative analytical methods were applied in the analysis of data. 

Descriptive statistical methods were used to determine illiteracy, access to information on 

climate change, household size, extent of dependence on natural resources, diversification 

of sources of income and extent of engagement in climate sensitive occupations among 

respondents.  

The above study found that the two most vulnerable communities with respect to climate 

change were Sudan’s savanna zone, with a social vulnerability index (SVI) of 0.552, 

followed by Guinea’s savanna zone, with a SVI of 0.550. The authors concluded that rural 

community vulnerability was the result of significantly high illiteracy rates, substantial 

reliance on jobs that were climate sensitive such as farming, income from highly 

undiversified sources as well as limited access to information, including climate change 

updates. The characteristics of these rural communities led to vulnerability in the face of 

climate change. The climate change impacts on these rural communities included 

unpredictable rainfall, declining crop yield, extended dry seasons and shifts in cropping 

seasons. Some suggested environmental change adaptation strategies were diversification of 

agricultural production, creating secondary sources of income mainly from non-farm related 

activities, increased farm size and relocation to urban areas. 

Pei and Zhang (2014) was understood to be the only single study known to date that used 

rainfall and temperature as climate change proxies and integrated to people movement 

variables i.e. rural out-migrations. Pei and Zhang (2014) investigated the impact of rainfall 

and temperature variabilities on rural out-migration in China historically. The study used 

correlational analyses, multiple regressions and granger causality analyses. Pei and Zhang 

(2014) found that the number of people leaving from rural china was related to historical 
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rainfall variabilities and temperature variations. Pei and Zhang (2014) added that rainfall and 

temperature levels were likely to granger cause rural out-migration in china in the long term. 

Pei and Zhang (2014) concluded that rainfall had greater impact on people movement from 

rural china in the long-term than that temperature. This meant that rural communities 

appeared to respond quickly to rainfall variabilities than temperature.  

Henry et al., (2004) utilized event history analyses and examined the influence of 

precipitation situations, an essential climatic element in the livelihood of Sahelian families, 

on the risk of first time rural migrants in Burkina Faso. The study aimed to investigate and 

prove the link between differences that migrants characterize in terms of destination and 

period of residence. This study used multilevel longitudinal data and event history methods. 

Questionaries and surveys were used for data collection at individual and community levels 

respectively, and time series data was used for rainfall. Binary and multinomial logistic 

regression methods were used to estimate discrete-time event history models. The study also 

adapted multinomial logistic regression for competing risk analyses that distinguished 

among the destinations and/or types of migration. The study found that inhabitants from 

drier areas were more involved in both short term and long term migration to other rural 

areas than people from wetter regions. It also concluded that short term rain shortages were 

likely to raise the chance of permanent migration to nearby rural regions and to reduce the 

possibility of temporary migrations to distant destinations. 

De Brauw et al., (2014) attempted to present the current situation of rural–urban migration 

from various dimensions. They stated that migration rates have been relatively low in several 

countries, even though significant proportions of people remain in rural regions, and they 

also noted that rural-urban migration has increased in several ways. It seemed that the urban 

population growth was the result of four elements combined; net fertility, urban 

expansion/reclassification of areas, rural-urban migration and international immigration. 

The study reported that between 1990 and 2000 the population weighted Sub-Saharan Africa 

rural–urban migration rate was 1.07% per year, while very few countries had migration rates 

over 2%. In contrast, Cote D’Ivoire and Zambia had negative rural-urban migration 

(Beauchemin, 2011; Potts, 2009).  

De Brauw et al., (2014) suggested that there was the likelihood of considerable financial 

returns to migration, adding that income from agriculture appeared to be low compared to 
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other sectors in the city areas. The study concluded that rural-urban migration seemed to be 

a major component of the development process in SSA and migration rates appear to be 

slow, around 1% between 1990 and 2000. It also noted that the available data was not 

adequate enough to study migration. 

Morrissey (2014) stated that considerable historical suggestion showed that Sub-Saharan 

Africa is a region where migration has been used as an instrument to address environmental 

stress. Other studies also examined the connection between human migration and 

environmental stress (Black et al., 2011a and 2011b; McLeman and Brown, 2011; McLeman 

and Smit, 2006). But Morrissey (2014) reviewed over 30 studies of SSA in the area of 

climate change and the movement of people, and reported that environment stresses such as 

desertification and drought can cause slow onset stress, while other environmental issues 

such as storms and floods can lead to rapid onset stress.  

Morrissey (2014) stated that SSA tended to have considerable exposure to rapid 

environmental stresses such as storm surges and floods. Also, the people in SSA have long 

been adapting many forms of mobility to respond to environmental stress situations. This 

study noted that migration was not only the result of unbearable vulnerability caused by 

environmental stress or financial hardship, but also strategic reaction to a condition where 

significant obstacles arise. The literature review findings noted that there is a consistent 

connection between environmental change and human migration, with more broad 

conclusions about migration trends in the SSA region. 

A study by Marchiori et al., (2010) used both changes in rainfall and temperature as proxies 

for climate change. Previous studies have used either changes in rainfall or changes in 

temperature as a proxy for climate change. Marchiori et al., (2010) analysed the impact of 

climate change on international migration. Theoretically, this study proposed the way that 

changes in climate prompted influence people’s movement from rural to urban areas, and 

then in turn induced international migration. Empirically, the study noted that there has been 

an increase in the number of people migrating internally and internationally mostly attributed 

to of the effects of climate change. The study argued that between 1960 and 2,000 variations 

in temperature and rainfall have displaced around 2.35 million people in net terms in Sub-

Saharan Africa, and predicted that an additional 1.4 million people could be displaced per 

year as a result of rainfall and temperature variations. 
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Mueller et al., (2014) found that policy makers and academics have recently given a 

remarkable amount of attention to climate change and its impact on human migration. 

However, there has been limited quantitative evidence describing the link between natural 

disasters and individual long-term migration. The study reported that a 21-year longitudinal 

survey conducted in rural Pakistan (1991–2012) presented an exceptional explanation of the 

link between permanent migration and climate related events. Their study concentrated 

information at individual level from the respondents of the survey to the information of the 

climate variability measures generated by satellite, using a multivariate approach to control 

any possible confounding factors. The study found that flooding was an environmental event 

that attracted huge relief efforts and had modest to insignificant influences on migration. In 

contrast heat waves, which were associated with relatively insignificant relief efforts, 

regularly increased long-term migration. The immigration was mainly driven by their 

undesirable effect on agriculture and non-agriculture incomes. 

Gray and Bilsborrow (2013) examined the fact that the ways in which climatic conditions 

impacted on the movement of people has received remarkable awareness lately; motivated 

by statements that climate change will displace many communities. Notwithstanding the 

high degree of attention, limited quantitative research has examined the possible influence 

of climate change on human migration, mainly in developing countries. Because of this, the 

study conducted a backdated human migration investigation in rural Ecuador, and related 

this to data on geography, the environment, and adverse weather conditions. In order to 

collect data from individuals, households and the community, structured questionnaires were 

used. A multinomial discrete-time event history model was used to analyse the data. The 

study found that demographic characteristics had a tremendously substantial influence on 

rural migration. Women were far more expected to relocate within the district than men but 

were much less likely to migrate internationally. The study also found that wealth and 

accessibility impacted on migration. 

As noted above several studies (Adams and Adger, 2013; Barrios et al., 2006; Beauchemin, 

2011; De Brauw et al., 2014; Dumenu and Obeng, 2016; Ezra, 2002; Gray and Bilsborrow, 

2013; Henderson et al., 2014; Henry et al., 2004; Marchiori et al., 2010; Morrissey, 2014; 

Mueller et al., 2014; Nury et al., 2013; Pei and Zhang, 2014; Potts, 2009; Sarraf et al., 2011) 

have examined the impact of climate change on rural and urban migrations in some parts of 

SSA, Pakistan and Ecuador. These studies suggested that extreme climate events such as 
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floods, drought seasons, rainfall fluctuations, reduced soil moisture levels and agriculture 

production led to rural communities to migrate to urban areas. 

This literature review summarized the recent studies in the area of climate change, 

population growth and migration in Sub-Saharan Africa as well as other studies in this area. 

The literature review highlighted the deficiencies and showed that there was a research gap 

between the work already done and the need to investigate the impact of climate change and 

population growth on the movement of people in Sub-Saharan Africa. The following section 

aims to introduce the implication identified from the literature. 
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2.2.5 Implications and gaps in the literature review 

The review of the literature showed that many of the studies have mainly focused upon the 

economic aspects of migration patterns caused by climate change. They have also 

investigated the effects of climate change on international migration patterns. Also the 

influence of climate change factors on migration dynamics has been studied for a while now. 

(Black et al., 2011a and 2011b; Hummel et al., 2012; McLeman and Brown, 2011; McLeman 

and Smit, 2006; Morrissey, 2014). Similarly, other studies have focused on climate change 

in terms of changes in temperature and rainfall, where researchers have examined the impact 

of one or two of these factors on communities in rural areas around the world (Morton, 2007; 

Nelson et al., 2010; Wall and Marzall, 2006). Some studies have examined the impact of 

individual climate change factors on human migration in SSA, rainfall and urbanization in 

SSA (Barrios et al., 2006), rainfall anomalies, vulnerability and communal conflict in SSA 

(Fjelde and von Uexkull, 2012), moisture and urbanization in SSA (Henderson et al., 2015 

and 2014), and rainfall and first out-migration (Henry et al., 2004). Other researchers have 

tried to understand how climate change factors contributed to the decision to migrate 

(Bogardi and Warner 2009; Gutmann and Field 2010; Henry et al., 2004; Parry et al., 2010), 

while still others have researched climate change and its relationship to agriculture (Barrios 

et al., 2008).  

Only one study appeared to have examined the impact of climate change factors in a 

combined manner using rainfall and temperature variables (Marchiori et al., 2010); another 

(Pei and Zhang, 2014) seemed to have examined the possibility of a time series research 

approach involving for example, population, rainfall and temperature on migration in China 

but not in SSA. Time series analysis allows the investigation of various variables in an 

integrated dynamic manner when a vector autoregression approach is taken. Marchiori et al., 

(2010) study failed to examine how rainfall and temperature variables in SSA motivated or 

influenced rural-urban movements in an integrated manner. 

International migration has become an international issue in recent years (Beine and Parsons, 

2015; Betts, 2011; Hollifield et al., 2014; Levitt and Nyberg-Sørensen, 2004; Martin, 2015) 

and there have been few studies that have attempted to investigate the link between climate 

change and international migration. But the studies by Beine and Parsons, (2015) and 
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Marchiori et al., (2010) were both unable to show the impact of climate change on 

international migration. 

This literature review found that climate change factors have not been integrated or 

systematically studied in a measured and a dynamic fashion that would identify the main 

drivers of migration to rural and urban for example. While there have been studies in the 

area of rural-urban migration in SSA; only a few data sets in SSA (De Brauw et al., 2014; 

Foster and Rosenzweig, 2007; Marchiori et al., 2010) and/or elsewhere (Pei and Zhang, 

2014) appeared to have contained reliable information and thus their findings and related 

information on migration in Sub-Saharan Africa may require attention. In any case, most 

studies concluded that declining economic opportunities have slowed rural-urban migration 

by just 1% or less. Only Pei and Zhang (2014) have investigated the impact of rainfall and 

temperature fluctuations on rural out-migration in China. The gaps found in the literature 

can be summarized in the following points: 

a) Limited research on the impact climate change on people movements in SSA; i.e. 

Marchiori et al., (2010) examined the impact of climate change factors combined 

(rainfall and temperature) on migration in Sub-Saharan Africa. 

b) Limited research has been done on the impact of climate change and population on 

water security and people movement in SSA. 

c) Several studies discussed about of rural-urban migration/urbanization in SSA 

d) Literature review shows that impact of climate change factors on people movement 

in rural Sub-Saharan Africa have not been integrated and examined into one study. 

e) Based on the literature available there is no study that has investigated push and pull 

factors of rural-urban migration in Sub-Saharan Africa based on time series analysis. 

Hence, there is a shortage of literature on climate change factors such as rainfall and 

temperature and their  impact on long term migration trends in SSA in general; and on the 

nature of the drivers of the rural-urban migration in particular to show direct influences. This 

study takes an econometric time series approach using long term population (rural and 

urban), rainfall and temperate data series. In particular a vector autoregression approach is 

taken in order to gain an understanding of the main push and pull factors with respect of 

climate change factors induced migration patterns, and quantitatively determine how climate 



88 

 

factors affect the decision making process of migrants to migrate internally, externally or 

not to migrate. Objective of this study are summarized in the following points: 

i. Investigate and develop the univariate relationships concerning rainfall, temperature, 

urban and rural migrant populations. 

ii. Assess the correlational associations between rainfall, temperature, urban and rural 

migrant populations in Somalia, Ethiopia and Democratic Republic of Congo. 

iii. Examine relationships between population growth, climate change and people 

movement in SSA. 

iv. Identify push and pull factors of in SSA in general and Somalia, Ethiopia and 

Democratic Republic of Congo in particular. 

This study will examine in depth the impact of climate change on rural-urban migration in 

some chosen SSA countries. To do so the study will assess push and pull factors of SSA 

rural-urban migration based on time series analysis of population data and climatic variables 

data such as rainfall and temperature. The long term time series data concerning the 

population data will all be pre-prepared to allow for natural growth rates in the respective 

countries thus allowing us to examine the movements more precisely. This preparation 

process will lead to a more accurate reflection of the movements that occur in the regions by 

allowing for yearly natural growth rates to be subtracted out of the data series, that is, from 

the population of countries. In this manner, only the increases and decreases in the area by 

actual movements from rural to urban and vice versa can be more appropriately addressed 

and thus studied. 

Chapter two investigated land and water availability in SSA, agricultural production and 

rural-urban migration with respect to the climate change impact. This chapter also briefly 

discussed external migration and remittance and identified implication of the background. 

This chapter contained literature review section that summarized most recent studies in areas 

of interest in this study. The following chapter three will discuss the research aims and 

objectives and methods used in this study. 
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CHAPTER THREE 

Research Aims and Methodology 
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3.1   Introduction 

In the past few years Sub-Saharan Africa has experienced an unprecedented people 

movement that resulted significant increase number of refugees, migrants and asylum 

seekers. People crossing regional and international borders have reached the highest levels 

since World War II. Similarly, internal migration ‒ or rural-urban migration ‒ has been an 

issue in the SSA region. Changing climatic conditions have been recorded and it is believed 

that climate change has affected migration factors in one way or another. At international 

and regional levels, increased awareness about the causes of internal and external migration 

around the world in general, and in SSA in particular, may assist in the management of 

migration levels, and address the migration levels now and in the future. 

However, resolution of this problem faces challenges as both countries of origin and 

countries receiving migrants may not be in agreement about addressing migration issues. 

This chapter presents research questions, aims and objectives. Various techniques will be 

used in order to achieve the aims and objectives of the study. The overall aim of the study is 

to investigate whether there is a connection between climate change and rural-urban 

migration in Sub-Saharan Africa and the nature of that relationship and the main drivers. 

The study also investigates other climate change related variables such as the pull and push 

factors of people’s movements, population growth and urbanization, as well as land and 

water availability issues in SSA’s rural communities. 

The aim of this study is to determine whether a nexus exists among the climate change 

factors and then to seek to quantify the relationships between such variables and their impact 

on people’s movements in SSA. In particular, the study will examine urbanization in SSA 

and attempt to understand factors behind the region’s rapid urban population growth. The 

literature review identified the need to examine the agricultural sector in SSA and the rural 

population as well as variables impacting decisions to migrate internally, regionally, 

internationally or not to migrate. The background of the study and the literature review have 

presented the existing research on SSA human migration, water and land availability and 

agricultural production in some selected counties as well as information regarding the 

livelihood of SSA rural communities. Water and land availability in selected SSA rural 

communities has also been discussed. This study has gathered and presented the literature 

on historical large scale migration in SSA to provide significant insight into the process of 
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people’s migration in Sub-Saharan Africa. This research also attempts to predict future 

scenarios of SSA migration. 

The study uses quantitative analysis to achieve its aims, which are to investigate the 

existence and the nature of the link between human migration and climate related variables, 

namely rainfall and temperature. Univariate and multivariate frameworks are adapted to 

allow individual variable volatility based modelling and forecasting as well as accounting 

for contemptuous and/or deterministic variables in the regressive modelling process. The 

value relevance of migration and climate change will be examined using vector-

autoregression (VAR) and error correction models, which are most appropriate for such an 

in-depth time series analysis, particularly if we are to examine the nature of the lag related 

dynamics, serial correlations and two-way Granger causal relationships (drivers). 

This chapter discusses the ways in which the proposed study will obtain the most relevant 

and up to date data or information regarding the impact of climate change on rural-urban 

migration in SSA. The chapter also presents the research methodology that is crucial in 

achieving the aims and objectives of this study. More specifically, the study will mainly 

present the time series analysis method to achieve the main quantitative aims and objectives. 

Firstly, a univariate analysis will be employed in terms of an autoregressive integrated 

moving average (ARIMA) to understand the nature of individual series in terms of their 

serial correlations. ARIMA models will be use to predict and forecast the rainfall, 

temperature and population migration (urban and rural) using deterministic or exogeneous 

variables. In addition, this section will also provide a review of the multivariate framework, 

which will help examine the effects of climate change variables on rural urban migration in 

SSA. The multivariate analysis will include vector auto-regression (VAR) that will identify 

other dynamics such as Granger causal effects, how shocks may affect the system using an 

impulse response method, and how each of the dependent variables is influenced by serially 

related and/or deterministic and exogeneous variables by conducting variance 

decomposition analyses.  

Since this study attempts to understand longer term effects, a vector error correction model 

(VECM) may need to be used to understand both long (cointergration aspect) and short term 

effects of the movements of people in the SSA region. Both the univariate and multivariate 

analyses are well established methods and are deemed appropriate for such analysis (El-
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Mallah and Elsharkawy, 2016; Nury et al., 2013; Sarraf et al., 2011) – for example in a study 

of the lagged dynamics and interdependence as well as longer term relationships between 

the “climate change” variables and human migration. Figure 3.1 presents a flow diagram 

highlighting the major research undertaken; this research includes the collection, 

preparation, analyses of the data and presentation of the results and conclusion. 

 

    

          

           

 

 

 

 

    

         

          

 

 

 

 

         

 

         

 

 

 

 

         

 

  

Figure 3.1: A flow diagram highlighting the major research undertaken 

3.2   Research aims, objectives and questions 

This study aims to investigate climate change and its impact on the Sub-Saharan Africa 

region. The study will analyse the data of two climate change factors, namely rainfall and 

temperature as well as non-climate related elements such as rural and urban migrations. The 

study will examine the impact of climate change on rural-urban migration in SSA by 

Defined questions to be studied 

in this project 

Data collection 

process 

Obtain information about 

data type and sources 

Obtain information about data 

alterations (Data preparation). 

Planned statistical analysis, including contingency plans 

Analysed data 

Interpretation of results, summary of findings and discussion were presented 

MPhil thesis writing 

Identified what measures were appropriate to respond 

these questions and to deliver research aims and objectives 

Journal articles and book chapters Conference paper 

Time series data (rural migration, urban migration, 

and monthly rainfall and average monthly 

temperatres) were collected 
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exploring, analysing and thus identifying the nature of the relationships between climate 

change variables and human migration in three selected Sub-Saharan African countries.  

3.2.1 General aim 

To examine the impact of water security and climate change on SSA rural-urban migration 

and to identify long term implications of rural-urban migration to SSA region. 

3.2.2 Research objectives 

1. Analyse and understand the summary statistics data for the selected SSA countries 

Somalia, Ethiopia and Democratic Republic of Congo. 

2. Assess the correlational associations between rainfall, temperature, urban and rural 

migrant populations in SSA. 

3. Investigate individual trends in order to develop the univariate relationships 

concerning rainfall, temperature, urban and rural migrant populations. 

4. Examine relationships between population growth, climate change and people 

movement in SSA. 

5. To identify push and pull factors of Sub-Saharan African rural-urban migration. 

3.2.3 Research questions 

How rainfall and temperature variabilities impact on the movements of Sub-Saharan African 

populations in general and in Somalia, Ethiopia and Democratic Republic of Congo in 

particular? 

3.2.3.1 Focus questions 

The following focus questions concern the above listed five objectives and attempt to 

respond these research objectives respectively. 

1. What are the summary statistics regarding rural migration, urban migration, rainfall 

and temperature for Somalia, Ethiopia and Democratic Republic of Congo? 

2. What are the correlational associations between rural migration, urban migration, 

rainfall and temperature of Somalia, Ethiopia and Democratic Republic of Congo? 
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3. What are the univariate time series models of rural migration, urban migration, rainfall 

and temperature for Somalia, Ethiopia and Democratic Republic of Congo? 

4. At what degree do rural and urban migrations in the selected SSA countries relate to 

the rainfall and temperature levels using VAR/VECM methodology? 

5. How does rural and urban migrations in Somalia, Ethiopia and Democratic Republic 

of Congo relate to rainfall and temperature levels as well as major climatic events such 

as floods and droughts? 

3.3   Study site 

The Sub-Saharan region of Africa on which this study is focused consists of the whole of 

the African continent with the exception of Algeria, Libya, Morocco, Egypt and Tunisia 

(UNEP, 2002). Geographically this region falls below the Sahara Desert, with an estimated 

total area of about 24.24 million sq. km (Livingston et al., 2011). In fact, Sub-Saharan Africa 

consists of four of Africa’s five sub regions, namely East Africa, West Africa, Central Africa 

and Southern Africa (Teller and Alva, 2008). In 2009, about 260 million people (41% of 

SSA’s population) lived in dry regions which are vulnerable to drought (Temesgen, 2012). 

 

Figure 3.2: Four regions of Sub-Saharan Africa and SSA member states (African Studies Centre, 2014; Teller 

and Alva, 2008) 

Sub-Saharan Africa has a 49 member countries and this study selects a number of countries 

from each of the four sub regions to represent the whole of SSA (Figure 3.2). The study 

selects these countries based on recent climate related issues such as rainfall and temperature 
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anomalies, population growth, characteristics of the livelihoods of people in rural 

communities, agro-climatic conditions, rural population movements and data availability. 

The selection of the study site is based on information obtained from international 

organisations such as the National Climatic Data Centre (NCDC) of the National Oceanic 

and Atmospheric Administration (NOAA) of the United States, United States Census 

Bureau, Inter-Governmental Panel on Climate Change (IPCC), Food and Agricultural 

Organization of the United Nations (FAO), United Nations Department of Economic and 

Social Affairs (DESA), International Organization for Migration (IOM), UK Department for 

International Development, The World Bank, the African Development Bank, the Arab 

Organization for Agricultural Development (AOAD) and national and regional 

organizations including the African Union. 

3.4   Data 

3.4.1 Quantitative analysis 

The study will be predominantly use the established time series methodology analysis in the 

quantitative part of the study. At times systematic critical review may be undertaken based 

on the findings and the literature. The dynamics of human movement in SSA and rural-urban 

migration in respect to the climate change variables of rainfall and temperature will be 

studied using univariate and multivariate frameworks. It will therefore be important to obtain 

accurate population and migration data from SSA as well as data concerning climate related 

information for the effectiveness of such analysis. Climate change data will be gathered from 

the National Oceanic and Atmospheric Administration (NOAA) of USA, which has National 

Centre for Environmental Information (NCEI). NCEI is dedicated to climate data and often 

posts updates on climate change on its website. Climate data, including rainfall and 

temperature, is freely accessible on NCEI’s website. Population data such as total 

population, natural population growth rates, and rural and urban populations from selected 

SSA countries will be obtained from The World Bank. 
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3.5   Methodology 

3.5.1 Time series methodology 

Time series data refers to a set of recorded observations that have been observed sequentially 

over time (Bakouch, 2012; Prado and West, 2010).  Time series methods can be used to 

explore relationships’ endogenous and exogenous variables, such as the variables between 

climatic change and human migration, and between agricultural production and water and 

food availability. To conduct such analyses the researcher will need to assemble appropriate 

data underlying variables and employ various relevant time series analysis techniques to 

estimate the quantitatively directional effect of climate change which is the explanatory 

variable (rainfall and temperature will be employed as proxies for climate change) on rural-

urban migration in SSA, and vice versa variables (may be lagged) that are being influenced, 

this might assist in determining how lagged variables influence each other. 

By using time series analysis this study will explore the impact that climate change has on 

migration. Time series analysis will assist in understanding the interrelationship between 

migration and climate change. Modelling such a relationship will benefit local SSA 

institutions, international agencies, countries of origin and countries receiving migrants as 

well as donor countries. This study will also use time series analysis to forecast future trends 

in migration and urbanisation trends in SSA in respect to changes in climate. This study will 

employ multivariate time series analysis to forecast future trends in SSA human migration 

in relation to the influence of climate related variables. Migration projections are crucial for 

decision makers for long term and sustainable development plans as well as for the allocation 

of scarce resources to meet the unlimited needs of both rural and urban communities in SSA. 

The study aims to determine whether climate change related variables directly or indirectly 

impact human migration in Sub-Saharan Africa, or to prove that the movement of people in 

SSA is independent from climate change factors and is possibly caused by other variables 

such as employment, education and health. 

A time series multivariate analysis involving vector auto-regression (VAR) analysis will be 

appropriate as it includes other Granger causal ability among variables; the Granger causality 

test; the response to shocks - impulse responses, and how each of the forecast variances is 

distributed - decomposition analysis. To study longer term dynamics together with the short 
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term effects, it will be possible to apply co-integration tests and thus the vector error 

correction model (VECM) will be applied. 

The average monthly temperature and rainfall for these countries were initially obtained 

from the World Bank and then it was converted to annual data for analysing purposes. The 

data of rural and urban population of the selected countries have been obtained from the 

World Bank; the natural growth rate of this data that takes births and deaths into account. 

The vital statistics method has been used to indirectly measure the net internal migration 

(rural-unban) of these countries; the vital statistics method is considered to be useful tool to 

estimate internal net migration that is because it makes possible to estimate the natural 

increase between two census dates or between any two dates for which the population is 

known (Sharma, 2004; p191 and UN, 1970; p24). The estimate of net migration is then 

obtained by subtracting the natural increase from the total population change. This 

"balancing equation" can be put in the following form: 

𝑁𝑒𝑡 𝑀 = (𝑃1 − 𝑃𝑜) − (𝐵 − 𝐷 )  3.1 

Where for any area/country given, 

Net M is the net migration 

Po is the population at the earlier census/date 

P1 is the population at the later census/date 

B is the number of births in that area/country during the inter-censal period 

D is the number of deaths in that area/country during the inter-censal period 

3.5.2 An Overview of Data Sources 

In chapter 4 we intend to test this how climate change and population growth impact people 

movement (rural-urban) in three Sub-Saharan Africa countries over a fifty-six year period 

from 1960 to year 2015. The data of climate change variable (temperature and rainfall) are 

collected in monthly frequencies and converted to annual frequencies while the population 

data (rural, urban and total populations) are collected in annual frequency. The Sub-Saharan 

African countries involved in this study are Somalia, Ethiopia and Democratic Republic of 

Congo (DRC). The time series data in this model consist of four variables. People movement 

data namely rural migration and urban migration are the dependent variables. The 
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independent variables are temperature and rainfall as proxy of climate change variables. 

Since three countries are considered in the study, for each country there is a set of four 

variables. Thus there are 4×3 data series in the panel. The time period in the study is fifty-

six years. There is no missing data in this model and the total data points analysed in this 

study is expected to be 3×4× 56 = 672 in the panel data set. Because climate change factors 

(rainfall and temperature) and population growth may have a lagged effect on people 

movement, we collected the rainfall, temperature and population time series starting from 

1960 onward (while the analysis apply lag operator in different lag levels depending on 

suggestions from the lag selection criteria) in order to allow a lagged period up to 4 years in 

some countries; this may force the dependent variables (rural and urban migration) to lose 

observations. 

3.5.3 Time series models - univariate modelling 

Univariate and multivariate time series models will be used in this study. In this first section 

the models that relate to univariate analyses are presented, including autoregressive 

integrated moving average (ARIMA). 

3.5.3.1 Autoregressive integrated moving average (ARIMA) 

This research will initially examine and analyze individual selected countries from the Sub-

Saharan Africa region using the general ARIMA model ‘autoregressive integrated moving 

average and also called Box-Jenkins models (Nury et al., 2013). An autoregressive (AR) 

model of order p and without q terms is conventionally classified as AR (p) and a moving 

average (MA) model with q terms without p order is known as MA (q). A combined model 

that contains p AR-terms and q MA-terms and without d lags is called an autoregressive–

moving-average ARMA (p, q) model. To make a generally nonstationary time-series data to 

stationary time-shifted by applying difference (d lags), whereby in most cases d=1; are 

computed before further analysis. Such a model is then classified as autoregressive 

integrated moving average ARIMA (p, d, q), where the symbol “I” signifies “integrated”. 

Assuming that the original non stationary data Xt has been made stationary by taking d 

nonseasonal differences (whereby in most cases d=1), an ARMA (p, q) model for this new, 

stationary time series Yt is as follows: 
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𝑌𝑡 = 𝑐 +  𝛼1𝑌𝑡−1 + ⋯ + 𝛼𝑝𝑌𝑡−𝑝 + 𝜀𝑡 + 𝜃1𝜀𝑡−1 + ⋯ + 𝜃𝑞𝜀𝑡−𝑞 3.2 

Where: 

c = constant term, α= autoregressive parameter, θ = moving average parameter, εt = the error 

term at time t 

For climate data (monthly) that may often show seasonality effect, for example a yearly 

cycle, it may be more appropriate to adapt a seasonal ARIMA (p, d, q) (P, D, Q)S model, 

whereby P is the order of the seasonal AR-model; D is the order of the seasonal differencing 

(for monthly data, usually, D= 12) and Q is the order of the seasonal MA-model and s is the 

number of periods in the season (s=12, for an annual cycle) The general form of such a 

seasonal ARIMA (p, d, q) (P, D, Q)S model, can be written in backshift notation form as: 

𝛼𝐴𝑅(𝐵)𝛼𝑆𝐴𝑅(𝐵𝑠)(1 − 𝐵)𝑑(1 − 𝐵𝑠)𝐷Y𝑡 =  θ𝑀𝐴(𝐵)θ𝑆𝑀𝐴(𝐵𝑠)e𝑡 3.3 

Where 

 Yt is a linear function, αAR = non-seasonal AR- parameter, θMA = non-seasonal MA-parameter, 

αSAR = seasonal AR-parameter, θSMA = seasonal moving average parameter, B = backward 

shift operator, εt = the error term at time t.  

However, this study uses annual time series climate data (temperature and rainfall) and will 

use the above ARIMA model (Equation 3.1) for forecasting. The lag operator L can also be 

used to represent the lag of the second or higher order as shown in the following: 

𝐿2(𝑌𝑡) = 𝐿(𝐿(𝑌𝑡)) = 𝐿(𝑌𝑡−1) = 𝑌𝑡−2 3.4 

Therefore, in general an ARIMA (p,q) model can also be presented in the following succinct 

form: 

𝐴(𝐿)𝑌𝑡 = 𝐵(𝐿)𝜀𝑡 3.5 

Where:  

𝐴(𝐿) = 1 − 𝛼1𝐿 − 𝛼2𝐿2 − ⋯ − 𝛼𝑝𝐿𝑝 3.6 

𝐵(𝐿) = 1 − 𝐵1𝐿 − 𝐵2𝐿2 − ⋯ − 𝐵𝑞𝐿𝑞 3.7 
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Later in chapter four a multivariate fashion will be used and the interdependence and 

integration of climate change variables and population movements will be assessed. 

3.5.4 Time series models: multivariate analysis 

3.5.4.1 Vector auto-regression (VAR) analysis 

The vector auto-regression model (VAR) is among the most flexible, well established, and 

proven models in multivariate time series analysis. Ideally, the model provides a natural 

extension of the univariate autoregressive model giving rise to multivariate models, 

including deterministic, endogeneous and exogeneous variables. Over the years, the VAR 

model has proven to be rather useful in describing the dynamic characteristic of economic 

and financial time series analysis; as well as in making predictions and forecasting. Being 

more sophisticated than the univariate models, they provide superior forecasts when 

compared to the univariate together with other theory-based simultaneous equation models. 

Nonetheless, the univariate ARIMA and GARCH models are a necessary initial phase of the 

time series analytical process that will not only provide the analysis of individual series 

themselves, but also improves the individual variable models by involving conditional 

volatility. The VAR has a multivariate advantage, for the forecasts developed can be made 

conditional on the potential future trends in the other given variables used in the model. 

Importantly, the VAR framework can also be used for structural inference and policy 

analysis. Under the structural analysis, some assumptions about causal structure of the data 

under investigation will be imposed. 

The proposed study will centre on the analysis of covariance stationary multivariate time 

series using VAR models. Suppose that 𝑌𝑡 =  (𝑌1,𝑡, 𝑌2,𝑡, … . , 𝑌𝑛,𝑡)′  represents a time series 

variable vector (𝑘 × 1) then an autoregressive model of the basic vector, having order p, 

VAR (p) becomes: 

𝑌𝑡 = 𝑐 +  ∏1𝑌𝑡−1 + ∏2𝑌𝑡−2 +  … + ∏𝑝𝑌𝑡−𝑝 + 𝑢𝑡 3.8 

where t = 1, …, T and (𝑘 × 1) and ∏𝑖 are coefficient matrices, c a (𝑘 × 1) constant vector 

and 𝑢𝑡 a (𝑘 × 1) vector process for white noise with an unobservable zero mean, with ∑ 

covariance matrix. 
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Consider a special case for example where 𝑌 is a two-dimensional vector, the VAR(1) 

comprises of two equations and can written in matrix form (bivariate VAR) as: 

𝑌𝑡 = (
𝑌1,𝑡

𝑌2,𝑡
) = (

𝑐1

𝑐2
) +  (

𝜋11
1 𝜋12

1

𝜋21
1 𝜋22

1  ) (
𝑌1,𝑡−1

𝑌2,𝑡−1
) + (

𝜋11
2 𝜋12

2

𝜋21
2 𝜋22

2 ) (
𝑌1,𝑡−2

𝑌2,𝑡−2
) + (

𝑢1,𝑡

𝑢2,𝑡
) 3.9 

Where 𝑐𝑜𝑣 (𝑢1,𝑡, 𝑢2,𝑠) =  𝜎12 for 𝑡 ≠ 𝑠. The lag operators can also be used to represent 

VAR(p) where it may look like a univariate AR process as follows: 

∏(𝐿)𝑌𝑡 = 𝑐 +  𝑢𝑡 3.10 

Where ∏(𝐿) =  𝐼𝑛 − ∏1 𝐿 − ⋯ − ∏𝑝𝐿𝑝. Imposing stationarity on 𝑌𝑡 gives unconditional 

unexpected value as: 

𝜇 =  (𝐼𝑛 −  ∏1 −  ⋯ −  ∏𝑝) −1 𝑐 3.11 

In many cases stochastic exogenous variables and/or other deterministic terms are part of the 

VAR specification. Therefore, the VAR(p) can have a general form as: 

𝑌𝑡 =  ∏1𝑌𝑡−1 + ∏2𝑌𝑡−2 + ⋯ +  ∏𝑝𝑌𝑡−𝑝 +  Γ𝑋𝑡 +  𝑢𝑡 3.12 

Where 𝑋𝑡 denotes a deterministic or exogenous variable matrix of (𝑚 × 1), and Γ denotes a 

parameters matrix. It is important to note that 𝑌𝑡 is a (𝑛 × 1) vector and the system can be 

represented by a matrix form, as shown with the two by two case earlier. In this study there 

will be both endogeneous and exogeneous variables to include the effect of climate change 

factors in levels of human migration in SSA in general, and the rural-urban migration in the 

region, in particular. There are a number of aspects that are involved in the VAR 

methodology and these are discussed next. 

3.5.4.2 Granger causality test 

A key part of the use of a VAR model is in its use in forecasting. Its structure gives 

information on the ability of variables or variable groups to forecast for other variables. 

Granger (1969) introduced this intuitive notion of a variable’s ability to forecast. Should  𝑌1 

variable or variable groups be instrumental in another  𝑌2 variable’s or variable group’s 
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prediction, then  𝑌1 Granger-causes 𝑌2. In the opposite case,  𝑌1 does not Granger-cause 𝑌2 if 

for all 𝑠 > 0 the mean squared error of a forecast of  𝑌2,𝑡+𝑠 based on on (𝑌2,𝑡,  𝑌2,𝑡−1 , … . ) is 

the same as the mean squared error of a forecast of  Y2,t+s based on (Y2,t,  Y2,t−1 , … . ) and 

(𝑌1,𝑡, 𝑌1,𝑡−1, ….). It is worth noting that Granger’s causality notion only suggests the ability 

to forecast. 

A VAR(p) bivariate model for  𝑌𝑡 = (𝑌1𝑡 ,  𝑌2𝑡)′, sees the failure of  𝑌2 to Granger-cause  𝑌1, 

given that all p VAR matrices of coefficients are lower triangular. The Wald statistic can test 

p linear restrictions on coefficients. The coefficient matrices of VAR are diagonal in the 

event that both  𝑌2 and  𝑌1 fail to Granger-cause each other. It is important to note that 

Granger causality is rather useful in finance and continues to be extensively used because it 

shows bi-directional as well as uni-directional causal nature of the time series data. In 

essence, how and in what manner the other variables contribute to the prediction process of 

a given variable; that is, which variables or which information is crucial for the prediction 

process, which information in terms of the variables, contributes significantly to the 

forecasting of a given variable. 

3.5.4.3 Impulse response 

Processes of vector moving averages (VMA) can be used to represent VAR(p) as follows: 

𝑌𝑡 = 𝜇 +  𝑢𝑡 +  𝜁1𝑢𝑡−1 +  𝜁2𝑢𝑡−2 + ⋯ + 𝜁𝑠𝑢𝑡−𝑠 3.13 

In which the moving average matrices ζs are of  (𝑘 × 𝑘) matrix type. The coefficient matrix 

elements then represent the shock effects on 𝑌𝑡. Based on this an impulse response of the 

following form can be determined: 

𝜕𝑌𝑖,𝑡+𝑠

𝜕𝑢𝑗,𝑡
=

𝜕𝑌𝑖,𝑡

𝜕𝑢𝑗,𝑡−𝑠
 =  𝜁𝑖𝑗 

𝑠  3.14 

Where the coefficient sets 𝜁𝑖𝑗(𝑠) =  𝜁𝑖𝑗
𝑠  represent the impulse response functions and where 

i , j = 1,…, T. 
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3.5.4.4 Vector error correction model (VECM) 

The VECM essentially arises from the VAR approach. The VECM has an advantage in that 

it allows us to avoid some existing drawbacks in the earlier Engle-Granger approach, which 

stems from the estimation of the VAR model. This approach directly tests for cointegrating 

relationships that may exist (longer-term relationships). Still within a general VAR(p) model 

for vector Yt of (k × 1): 

𝑌𝑡 =  ∏1𝑌𝑡−1 +  … +  ∏𝑝𝑌𝑡−𝑝 +  𝑢𝑡 3.15 

Where t = 1,…, T and 𝑢𝑡 ~ 𝐼𝑁(0, ∑), the VAR equation can be transformed into another 

dynamic form (may be non-stationary) labelled as noted the vector error correlation model 

(VECM) 

∆𝑌𝑡 = ∏𝑌𝑡−1 + ΓΔ𝑌𝑡−1 + ⋯ + Γ𝑝−1Δ𝑌𝑇−𝑃+1 +  𝑢𝑡 3.16 

Where:  

Π = Π1 + ⋯ + Π𝑝 − 𝐼𝑛 3.17 

Γ𝑘 = − ∑ Πj

𝑝

𝑗=𝑘+𝑖

, 𝑘 = 1, … , 𝑝 − 1 3.18 

Assuming that 𝑌𝑡 has non-stationary time series components of I(1), then ut a stationary error 

term is only achievable if 𝛱𝑌𝑡−1 is stationary, thus implying that it has cointegrating relations 

of 𝑟 < 𝑘. The determining of the matrix Π’s rank is the key to the co-integration test.  

A full ranked Π implies stationarity of all 𝑌 time series, whereas rank zero suggests absence 

of cointegrating relationships. If the rank is greater than zero and equal to 𝑟 < 𝑘, then 𝑌𝑡 is 

I(1) and has r cointegrating vectors that are linearly dependent, and non-stationary vectors 

𝑘 − 𝑟. Having a rank r, Π can be the product: 

Π = 𝛼   𝜃′ 3.19 
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Where 𝛼 and 𝜃 denote (𝑘 × 𝑟) matrices with equal ranks of r thus Π it is not unique: 𝜃 is a 

(𝑘 × 𝑟) long run coefficients matrix, while 𝛼 stands for the adjustment speed to 

disequilibrium. Using this form, the VECM model then changes to: 

∆𝑌𝑡 = 𝛼𝜃′𝑌𝑡−1 + Γ1Yt−1 + ⋯ + Γp−1ΔYt−p+1 + ut 3.20 

Where 𝜃′𝑌𝑡−1~𝐼(0) 

3.5.5 Summary 

According to the presented methodology for this research, a time series quantitative method 

is used. That is, models will be built and applied using the quantitative methods. The 

methodology chapter has outlined the basis for the time series analysis model that will be 

used to analyse the data gathered, including the climate change factors of rainfall and 

temperature. The method of time series will include a univariate ARIMA, multivariate VAR 

approach for studying generalized interdependence and co-integration processes. Such an 

analysis will be applied to achieve answers to a number of questions and objectives in this 

study; namely, the time series univariate analysis (ARIMA), and multivariate analysis (VAR 

and VECM analysis frameworks) methodology is needed to study in depth the nature of the 

dynamic relationships between the exogeneous climate change variables and the 

endogeneous movements of people and rural-urban migration variables. 

This study will require in depth investigation of the individual, interaction and 

interdependence of three main processes, one being climate change variables and others 

being the population increase dynamics and human migration in SSA over time. The study 

will also attempt to see whether the data shows a persistent variance within its variations 

over time. The data will be investigated to check whether it is profoundly seasonal or 

increasing/decreasing at a faster rate. The ups and downs should be related to more dramatic 

events and these events will be focused upon for analysis. As noted, time series quantitative 

method is used. This well-established research methodology will be able to achieve the aims 

and objectives of this thesis. 
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CHAPTER FOUR 

Analysis and Results   
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4.1  Introduction 

This chapter presents results and findings of the data analysis. The section first presents 

the analyses and findings, and at the same time discusses findings in terms of the 

literature. The quantitative data of the three selected Sub-Saharan African countries 

namely; Somalia (SOM), Ethiopia (ETH) and Democratic Republic of Congo (DRC) are 

considered in this section. The time series data of each country involves four variables, 

namely; rural migration (MR), urban migration (MU), annual rainfall (Rain) and average 

annual temperature (Temp). 

The average monthly rainfall and temperature for these countries were initially obtained 

from the World Bank and then this large dataset was converted to annual data for 

analytical purposes of this study. The data of rural and urban population of the selected 

countries was also been obtained from the World Bank; as well as the natural growth rate 

in this population data. That is, population information was gathered that took into 

account births and deaths rates of both rural and urban areas. 

In this chapter how these factors are examined in depth firstly by studying the statistical 

data. The manner in which these variables trend in the future and how they influence each 

other will be analyzed using in both univariate and multivariate analyses respectively. An 

analysis correlations and a summary of the results and findings is presented in the final 

section of this chapter. 

4.2 Modelling of climate change factors and people movement 

variables 

The first step involved the preparation of the time series data – rural migration (MR), 

urban migration (MU), annual rainfall (Rain) and average annual temperature (Temp) – 

for statistical modelling. In this phase, the data has been stationarized by differencing 

technique; the differencing is the process where a new series is created. Each value in the 

series is replaced by the difference between that value and the proceeding value where 

the first in the series will be the second data minus the first. In this way, the new series 

will have l less data item.  
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The next step in the time series analysis is to determine the number of autoregressive 

orders (p), the number of differencing orders (d) and the number of moving-average 

orders (q) in the development of a univariate ARIMA model (p, d, q) model. This is done 

through examination of the autocorrelation plot ACF and the partial autocorrelation plot 

PACF of the time series of each individual variable.  

The ACF and PACF autocorrelation plots of the MR, MU, Rain and Temp of each country 

are shown in graphs. These plots give an indication of the significant orders p and q to be 

used in model-setup. Once the most appropriate order of the ARMA or ARIMA model is 

identified (via significance of the coefficients), the AR and MA coefficients are evaluated 

in step two of the Box-Jenkins process by running linear least-squares. This process 

allows us to model each variable in a univariate manner.  

Also correlation analysis of the four variables studied will allow a first step towards 

understanding the nature of associations between these variables. In the following, the 

data analysis of each country selected is done in turn. 

4.3 Country analysis 

The initial univariate (ARIMA model) analysis of the selected countries will be presented 

in the following order Somalia (SOM), Ethiopia (ETH) and Democratic Republic of 

Congo (DRC).  

The four main variables studied namely, rural migration (MR), urban migration (MU), 

annual rainfall (Rain) and average annual temperature (Temp) will be analyzed and 

discussed in detail. 

The country by country analysis will include a brief introduction followed by the 

descriptive statistics and correlation analysis. The numerical calculations related to the 

ARIMA modelling will be presented next. 

4.3.1 The Case of Somalia (SOM) 

4.3.1.1 Introduction 

As shown in Figure 4.1 concerning the “Geographical map of Somalia”, Somalia is 

situated in the Horn of Africa, adjacent to the Arabian Peninsula. Somalia is 
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geographically located in an advantageous region, bordering both Indian Ocean and the 

Red Sea. The country's land area is estimated to be around 637,660 km2 (Dahre, 2010). 

The country has Africa's longest coastline of 3,333km (northern coastline on the Aden 

from Djibouti to Ras Aseir is about 1,000km long and eastern coast extends along the 

Indian Ocean from Ras Aseir to Kenya is about 2,333km). The country stretches for 

almost 1,550km from north to south between latitudes 12o 00’N and 1o 37’S, and 1,095 

km from west to east between longitudes 41o 00’W and 51o 21’E.  

Most of the country is typically sparse savannah with few forested areas. The climate 

ranges from tropical to sub-tropical and from arid to semi-arid (Cooper, 2015; Gelletly, 

2014). The population is around 11 million in which around 69% of the economically 

active population rely mostly on agriculture (Thurow et al., 1989). Agriculture is a sector 

that constitutes 65% of the gross domestic product GDP. The population living in rural 

areas in Somalia has decreased from 83% in 1960 to 60% in 2015 (23% decrease). 

4.3.1.2 Analysis and results: Somalia 

The ARIMA model is developed for the following order Rural Migration (MR), Urban 

Migration (MU), Rainfall (Rain) and Temperature (Temp). Table 4.1 shows summary of 

the descriptive statistics of these variables from Somalia. 

Table 4.1: Descriptive statistics table for SOM MR, MU, Rain and Temp 

Variable Min 1st Qtr Media

n 

Mean 3rd Qtr Max. Sd Varianc

e 

MR -

130962.00 

-

8851.70 

-

768.83 

-

451.62 

9282.5

0 

107880.9

0 

41652.6

8 

1.73E^9 

MU -50036.00 -

2779.80 

768.67 874.56 8322.0

0 

29412.00 15431.2

3 

2.38E^8 

Rain 

(mm) 

181.70 246.50 263.58 264.12 286.00 384.00 40.655 1652.27 

Temp 

(°C) 

26.32 26.83 27.02 26.99 27.18 27.57 0.2537 0.0644 

Table 4.1 presents the Stata software output for the frequency command. Means and 

medians are measures of central tendency that approximate the location of the center of 

the distribution of the MR, MU, Rain and Temperature; means and medians are listed as 

-451.62, 874.56, 264.12 and 26.99 and medians as -768.83, 768.67, 263.58 and 27.02. 

The standard deviation measures the dispersion of the data; that is how widely spread out 

of the data distribution and, more specifically the average distance from the mean. 
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The negative and positive minimum and maximum values respectively show moving 

populations. On the overage there is a positive MU value but a negative MR value. There 

is some reasonable amount of rainfall and a higher mean temperature on the average. The 

variability of MR seems to be higher than MU, probably because of unexpected large and 

small flows from rural areas while MU is variable. The variability in rain is greater than 

in temperature it seems. 

 

Figure 4.1: Geographical map of Somalia 
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4.3.1.2.1 Rural migration (MR) 

 

       Figure 4.2: Somalia MR (1960-2015) 

In Figure 4.2, the rural migrations time series data shows an accelerated decrease of rural 

migration and a simultaneous reduction of rural populations; some of the decrease may 

be due to a drought period that lasted number of seasons and left a widespread impact to 

rural communities. Due to the Dabadheer drought "Long-tailed Drought" ‒ between April 

1973 and June 1975 ‒ in Somalia, the government getting assistance from its main ally 

The Soviet Union (the Union of Soviet Socialist Republics USSR) settled 100,000 

nomads over 5 years in three (Dujuma, Sablaale, and Kurtunwary) agricultural regions 

and three (Brava, Adale, and Eil) fishing settlements (Tsui et al., 1991). Through the 

settlement operation, rural communities from the central and northern regions of the 

country were transported to recently established settlement camps all in the south of the 

country except Eil that is in the northeast. People had earlier sought relief from the 

drought at some 20 relief camps (Tsui et al., 1991). 

Dabadheer affected approximately 0.7 million nomads in eight of the Somalia's sixteen 

states; 0.3 million of them settled in 20 relief camps. Over 20,000 people, mostly elderly 

and children are believed to have died. Despite the human cost, Dabadheer claimed more 

than 5 million animals, nearly half of country's sheep and goats and a third of its cattle, 

and up to 120,000 tons of food grains. Based on the populations affected the Dabadheer 

is generally believed to be the worst in living memory, and it caused people movement in 

unprecedented scale. The Somali-Ethiopia war 1977‒1978 known as “Ogaden war” has 
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exacerbated the drastic impact of the drought and the rural population movements 

(Mubarak, 1996). This dramatic impact of the drought had resulted considerable peaks 

and drops of both rural and urban migrations as shown in Figure 4.2.  

  

Figure 4.3: Histogram and box plots of Somalia MR (1960-2015) 

Figure 4.3 shows the time series data of the Somalia MR in the form of histogram and 

box plot; these plots help visualize the time series data where the histogram indicates the 

frequency of people movement in rural areas of Somalia; while the box plot illustrates the 

median of the MR time series and indicates the distribution of the time series data in the 

form of quartiles. The following section analyses time series data and attempts to predict 

how rural migration time series may change in the future. 

Figure 4.4 (a, b) show plots of the time series and stationarized rural migration of Somalia, 

while (c and d) show plots of the autocorrelation ACF; and (e and f) show partial 

autocorrelation PACF. The confidence band of 95% is also shown as the shaded area 

between the upper confidence limit and lower confidence limit lines in both ACF and 

PACF plots. The horizontal axes of the (Figure 4.4 parts c and d) are the lags of the time 

series and difference of rural migration respectively; and the vertical axes are the 

autocorrelation of the time series and difference of rural migration.  

 



112 

 

 Time series data Stationarized data 
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Figure 4.4: Somalia MR time series analysis ‒ ACF and PACF Plots (Graphs a-f) 
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As shown in Figure 4.4 (c, d), the autocorrelation of the first lag of the times series data 

of MR Somalia is relatively large and it is outside the confidence band (the upper 

confidence limit lines). It is also relatively large in the stationarized MR data (D = 1) and 

that indicates that it is statistically significant from zero, which means that the q = 1 or 

MA(1). For the partial autocorrelation plots of the time series Figure 4.4 (e), the first three 

lags are significant from zero and fall outside the confidence band (the upper confidence 

limit and lower confidence limit lines), and the first order difference Figure 4.4 (f) of the 

MR of Somalia; the first three lags are relatively large in magnitude and fall well outside 

the confidence band (the upper confidence limit and lower confidence limit lines), so it 

suggests that we have at least p = 2 or 3; AR(2 or 3). Using these outputs of (p, d, q)  

(2, 0, 1) and (2, 1, 1), Stata software was used to fit the ARIMA model of the MR of 

Somalia as shown in Tables 4.2 and 4.3. 

Table 4.2: ARIMA (2, 0, 1) of Somalia MR 1962-2015 

ARMA MR Coef. Std. Err. z P-value [95% Conf. Interval] 

 Cons -355.421 4826.481 -0.07 0.941 -9815.15 9104.307 

AR L1. 1.591275 0.041091 38.73 0.000 1.510739 1.671811 

 L2. -0.88892 0.038587 -23.04 0.000 -0.96455 -0.81329 

MA L1. 0.223452 0.113413 1.97 0.049 0.001166 0.445737 

 

𝑀𝑅𝑡 = −355 + 1.59𝑀𝑅𝑡−1 − 0.889𝑀𝑅𝑡−2 + 0.223𝜀𝑡−1 + 𝜀𝑡 4.1 

   Table 4.3: ARIMA (2, 1, 1) of Somalia MR 1962-2015 

ARMA D.MR Coef. Std. Err. z P-value [95% Conf. Interval] 

 Cons 33.97479 1727.342 0.02 0.984 -3351.55 3419.502 

AR L1. 1.541244 0.049196 31.33 0.000 1.444822 1.637665 

 L2. -0.89608 0.041802 -21.44 0.000 -0.97801 -0.81415 

MA L1. -0.46265 0.1317 -3.51 0.000 -0.72078 -0.20452 

 

𝐷𝑀𝑅𝑡 = 33.97 +  1.54𝐷𝑀𝑅𝑡−1 − 0.896𝐷𝑀𝑅𝑡−2 − 0.462D𝜀𝑡−1 + 𝜀𝑡 4.2 

Tables 4.2 and 4.3 demonstrate ARIMA results obtained from analyzes of rural migration 

data of Somalia in the period between 1962 and 2015 with 54 observations. To determine 

usefulness of the best models and to test model’s fitting performance, the Akaike's 

information criterion (AIC) and Bayesian information criterion (BIC) were used to 

evaluate the ARIMA model. The AIC and BIC tests have illustrated that the log likelihood 

of the model is relatively small at -561.56 (this is similar to the log likelihood value of 

the model (2, 1, 1) with AIC and BIC values of 1133.117 and 1143.062 respectively. In 
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general, AIC and BIC results have been appropriate for the choice of the model. Other 

tests including augmented Dickey–Fuller unit root test (ADF) and the White Noise test 

of the stationarized time series (autocorrelation and partial autocorrelation) also gave 

favorable results.  

a. SOM MR residuals D = 1 b. Cumulative periodogram white-noise test of 

SOM MR residuals 

 

c. Line plot of SOM MR time series d. SOM MR in sample forecast 2014 and 2015 

 

e. SOM MR time series and MR in sample forecast of 2014 and 2015 

 

     Figure 4.5: Somalia MR time series, residuals and forecasts 
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The ultimate and the final step of the ARIMA model is forecasting the time series – rural 

migration in Somalia – for one or more future time periods (years) in advance by using 

the coefficients determined using the Tables 4.2 and 4.3; and Equations 4.1 and 4.2. 

As stated the next phase of the analysis was conducted to predict results of the model of 

rural migration of Somalia; the residuals line plotted has shown that the residuals are 

random. The ACF and PACF plots of the residuals have shown that the residuals are 

white-noise; this means that there is no serial correlation and heteroscedasticity. The ACF 

and PACF have also indicated the variability of residuals and that values are unequal 

through the range of values of a next variable that it forecasts. Moreover, the cumulative 

periodogram white-noise test gave Bartlett's (B) statistic and corresponding probability 

values of 1.44 and 0.0320 respectively. The p values are less than 5% in most lags apart 

from the first 4 lags, so these results suggest that residual variable of rural migration is 

stationary and also a white noise. These results are desirable and show that the model is 

a good model and can be used to forecast, that is, how rural migration are impacted by its 

own lags to explain movement of rural communities in Somalia. Similarly the 

Portmanteau test for white noise of the rural migration residuals showed Portmanteau (Q) 

statistic of 30.268 and Probability value of 0.2. The model is seems to be appropriate for 

prediction as all autocorrelations for the residual series are non-significant. 

 

        Figure 4.6: SOM MR Time series and SOM MR forecast 2016-2025 ARIMA (2, 1, 1) 

Figure 4.5 (a, b) show plots of residuals of MR of Somalia (D = 1) and cumulative 

periodogram white-noise test of MR residuals, while the (c, d) show plots of MR time 
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series data and in sample forecasted MR of 2014 and 2015. A combined line plot of SOM 

MR time series and in sample forecast of 2014 and 2015 is presented on Figure 4.5 (e) 

and a line plot of SOM MR forecast of a ten year period from 2016 to 2025, using the 

ARIMA (2, 1, 1) is presented in Figure 4.6. 
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4.3.1.2.2 Urban migration (MU) 

 

          Figure 4.7: Somalia MU (1960-2015) 

As shown in Figure 4.7 “Somalia MU 1960-2015” is similar to that of MR in Somalia. 

The Somalia MU time series data shows a considerable decrease of MU between 1975 

and 1980. This slowdown of urban migration may be related to number of factors that 

may include extended drought period that lasted number of seasons severely impacting 

both urban and rural communities. Another reason could be the Somali-Ethiopia war also 

known as Ogaden war.  

In addition the years leading to 1975, the central Somali government mobilized a large 

number of high and primary school students to participate in a campaign to improve 

literacy within rural communities - to teach how to read and write Somali language; the 

primary and secondary education was temporarily suspended while one student was 

allocated to each rural household to teach others how to read and write Somali language. 

Figure 4.8 presents the time series data of the Somalia MU in the form of histogram and 

box plot; these plots visualize the time series data. The histogram indicates the frequency 

of people movement in urban areas of Somalia, while the box plot describes the median 

of the MU time series and indicates the distribution of the time series data in the form of 

quartiles. 
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Figure 4.8: Histogram and box plots of Somalia MU (1960-2015) 

The following section presents time series data analysis of MU Somalia and the author 

attempts to predict how urban migration time series may change in the future. Figure 4.9 

(a, b) show plots of the time series and stationarized (d = 1) urban migration of Somalia, 

while (Figures 4.9 parts c and d) show plots of the autocorrelation ACF and Figure 4.9 

(e, f) show partial autocorrelation PACF. The confidence band of 95% is shown as the 

area between the upper confidence limit and lower confidence limit lines in both ACF 

and PACF plots. The horizontal axes of the Figure 4.9 (c, d) are the lags of the time series 

and difference of urban migration respectively; the vertical axes are the autocorrelation 

of the time series and difference of urban migration. 

The autocorrelation of the first lag of the time series data is relatively large and it is also 

large in the stationarized time series data - falls outside the confidence band (the upper 

confidence limit line). So it indicates that the correlation is statistically significant from 

zero, which means that the q = 1 or MA(1). The partial autocorrelation plots of the time 

series Figure 4.9 (e) and the first order difference Figure 4.9 (f) (D = 1) of the Urban 

migration of Somalia graphs show that the first and the second order of the partial 

autocorrelations are relatively large in magnitude and fall well outside the confidence 

band (the upper confidence limit and lower confidence limit lines). This suggests that at 

least p = 2 or AR(2) may be appropriate. Using (p, d, q)  (2, 1, 1), the respective 

ARIMA model of the Urban migration of Somalia is shown in Table 4.2. 
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Figure 4.9: Somalia MU time series analysis ‒ ACF and PACF Plots (Graphs a-f) 

Table 4.4 above shows the output obtained from ARIMA testing of urban migration data 

of Somalia using the data between 1962 and 2015 with 54 observations. To determine 

usefulness of the best models and to test model’s fitting performance, the Akaike's 
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information criterion (AIC) and Bayesian information criterion (BIC) were used ; that is, 

used to evaluate the ARIMA model. 

Table 4.4: ARIMA (2, 1, 1) of Somalia MU 1962-2015 

ARMA D.MU Coef. Std. Err. z P-value [95% Conf. Interval] 

 _cons 73.24799 508.326 0.14 0.885 -923.053 1069.549 

AR L1. 1.551626 0.096315 16.11 0.000 1.362853 1.740399 

 L2. -0.87768 0.059161 -14.84 0.000 -0.99363 -0.76172 

MA L1. -0.75306 0.138113 -5.45 0.000 -1.02376 -0.48237 

 Sigma 3688.886 290.989 12.68 0.000 3118.558 4259.214 

 

𝐷𝑀𝑈𝑡 = 73.25 +  1.55𝐷𝑀𝑈𝑡−1 − 0.877𝐷𝑀𝑈𝑡−2 − 0.753D𝜃𝜀𝑡−1 + 𝜀𝑡 4.3 

The AIC and BIC tests have illustrated that the log likelihood of the model is relatively 

small at -521.48 (this is similar to the log likelihood value of the model (2, 1, 1) with AIC 

and BIC values of 1052.96 and 1062.91 respectively). The urban migration in Somalia 

for one or more future time periods (years) in advance by using the coefficients in Table 

4.4 and Equation 4.3. 

The next phase is to predict results of the model of urban migration of Somalia; the 

residuals line plotted has shown that the residuals are random. The ACF and PACF plots 

of the residuals have shown that the residuals are white-noise; this means that there is no 

serial correlation and heteroscedasticity; the ACF and PACF have indicated the 

variability of residuals and values are unequal through the range of values of a next 

variable that it forecasts. Further, the Bartlett's (B) statistic and corresponding probability 

values are 0.837 and 0.485 respectively. 

Similarly the Portmanteau test for white noise of the urban migration residuals. Figure 

4.10 shows plots of the residual variable (urban migration). The corrollelogram 

(Autocorrelations & partial autocorrelations) test for white noise of residuals of the urban 

migration shows probability values that were non-significant in most lags; the values 

range from 0.027 of the 12th lag to 0.544 of the 3rd lag, suggesting the residual variable of 

urban migration is stationary and also of white noise. These results are desirable and show 

that the model is appropriate and can be used to forecast urban migration that may to 

some extent explain movement of urban communities in Somalia in future.  
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a. SOM MU residuals D=1 b. Cumulative periodogram white-noise test of 

SOM MU residuals 

  

c. SOM MU time series d. SOM MU in sample forecast 2014 and 2015 

 

e. SOM MU time series and SOM MU in sample forecast 2014 and 2015 

 

     Figure 4.10: Somalia MU actual, residuals and forecasts. 
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a. SOM MU time series and SOM MU forecast 2016 to 2025, ARIMA (2, 0, 1) 

 

b. SOM MU time series and SOM MU forecast 2016 to 2025, ARIMA (2, 1, 1) 

 

     Figure 4.11: Somalia MU time series and forecasts (2016-2025) 

Figure 4.10 (a, b) show plots of residuals of MU of Somalia (D = 1) and the cumulative 

periodogram white-noise test of MU residuals, while (c, d) show plots of MU data. A 

combined line plot of SOM MU time series and in sample forecast of 2014 and 2015 is 

presented on Figure 4.10 (e); also a line plot of SOM MU forecast of a ten year period 

from 2016 to 2025, for the models: ARIMA (2, 0, 1) and (2, 1, 1) are presented in Figure 

4.11 (a, b) respectively. 
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4.3.1.2.3 Rainfall (Rain) 

Somalia has low rainfall and it generally falls with an unpredictable frequency, as shown 

in Figure 4.12 labelled “Mean annual Rain distribution in Somalia”. The main reason of 

rainfall fluctuation and variability in Somalia is believed to be an overall descending 

motion of the air and the consequent low humidity that follows. As mentioned above 

(section 4.3.1.1), Somalia is located in the horn of Africa region and falls at the leeward 

side of the Kenyan and Ethiopian highlands that may have contributed the low rainfalls 

as well – see the average annual rainfall pattern, Somalia has in fact a desert that causes 

the dry sub-humid climate. Figure 4.13 presents monthly mean rainfall of some selected 

areas in Somalia. 

 

     Figure 4.12: Mean annual Rain distribution in Somalia 
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Figure 4.13: Monthly mean Rain (mm) of some selected areas in Somalia 

The country has four seasons; Gu (March – July) and Deyr (August –November) are 

considered to rainy seasons, country receives highest rainfall in April-June. The other two 

dry seasons are Jilaal (December – March) and Haggai (July – August). During data 

collection process, average monthly rainfall data was collected from 1900-2015 and 

during the data preparation process it was converted to average annual rainfall for 

analytical purposes. The study utilizes 56 years (1960 and 2015) of rainfall data. 

However, Figure 4.14 shows the line plot of rainfall in Somalia between 1900 and 2015. 

 

Figure 4.14: Somalia Rain (mm) (1900-2015) 
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Figure 4.15: Histogram and box plots of Somalia Rain (1960-2015) 

Figure 4.15 presents the time series data of the Somalia Rain in the form of histogram and 

box plot; these plots visualize the data; the histogram indicates the frequency of rainfall 

in Somalia, while the box plot describes the median of the Rain time series and indicates 

the distribution of the time series data in the form of quartiles. 

Figure 4.16 (a, b) shows plots of the time series and stationarized (D = 2) rainfall in 

Somalia, while (c, d) show plots of the autocorrelation ACF; and (e and f) show partial 

autocorrelation PACF. The confidence band of 95% is shown as the area between the 

upper confidence limit and lower confidence limit lines in both ACF and PACF plots. 

The horizontal axes of the (c and d) are the lags of the time series and difference of rain 

respectively and the vertical axes are the autocorrelation of the time series and difference 

of rain.  

The autocorrelation of the first lag of the second order difference (D = 2) is relatively 

large and it is outside the confidence band (the lower confidence limit line) and this 

indicates that it is statistically significant from zero; which means that q = 1 or MA(1). 

For the partial autocorrelation plots of Figure 4.16 (e), while the second order difference 

Figure 4.16 (f) (D = 2) of the Rain in Somalia show that the first four lags of the partial 

autocorrelations are relatively large in magnitude and fall well outside the confidence 

band (the lower confidence limit line), the analysis suggests at least p = 4 or AR(4). Using 

these outputs of (p, d, q)  (3, 2, 1) ARIMA model of the rainfall in Somalia is chosen 

and shown in Table 4.3.  
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 Time series data Stationarized data 
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Figure 4.16: Somalia Rain, time series analysis ‒ ACF and PACF Plots (Graphs a-f) 
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Table 4.5: ARIMA (3, 2, 1) of Somalia Rain 1962-2015 

ARMA D2. Rain Coef. Std. Err. z P-value [95% Conf. Interval] 

 _cons 0.004908 0.215617 0.02 0.982 -0.41769 0.427509 

AR L1. -0.56406 0.124725 -4.52 0.000 -0.80852 -0.3196 

 L2. -0.49745 0.121031 -4.11 0.000 -0.73467 -0.26024 

 L3. -0.43685 0.175536 -2.49 0.013 -0.78089 -0.09281 

MA L1. -0.996 0.136003 -7.35 0.000 -1.26656 -0.73344 

 

𝐷2𝑅𝑎𝑖𝑛𝑡 = 0.005 − 0.564D2𝑅𝑎𝑖𝑛𝑡−1 − 0.497D2𝑅𝑎𝑖𝑛𝑡−2 − 0.437D2𝑅𝑎𝑖𝑛𝑡−3 − 0.996D2𝜀𝑡−1

+ 𝜀𝑡 
4.4 

Table 4.3 above indicates output obtained from ARIMA testing of rainfall data of Somalia 

in the period between 1962 and 2015 totaling 54 observations. Once again the log 

likelihood, Akaike's information criterion (AIC) and Bayesian information criterion 

(BIC) are used to evaluate the ARIMA model. The analysis showed that the log likelihood 

of the model is relatively small at -279.89 (this is similar to the log likelihood value of 

the model (3, 2, 1) with AIC and BIC values of 569.7869 and 579.732 respectively.  

Other time series analysis tests such as the augmented Dickey–Fuller unit root test (ADF) 

and the White Noise test also gave favorable results. Table 4.3 and Equation 4.4 show the 

time series data from previous years. 

The next phase was to predict results of the model of rainfall of Somalia; the residuals are 

stationary or random. The ACF and PACF plots of the residuals are white-noise and this 

means that there is no serial correlation and heteroscedasticity. 

Further, the cumulative periodogram white-noise test gave Bartlett's (B) statistic of 0.84 

and a significant p-value of 0.4824. Similarly the Portmanteau test for white noise of the 

rainfall residuals showed Portmanteau (Q) statistic of 42.638 with a p-value of 0.011.  

Figure 4.17 shows plots of the residual variable (rainfall). The corrollelogram 

(Autocorrelations & partial autocorrelations) test for white noise of residuals of the 

rainfall shows probability values that are between 0.001 to 0.6 in all lags; and these 

values, and results suggest that residual variable of rainfall is stationary and also a white 

noise. The results are desirable and show that the model is appropriate and can be used to 
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forecast how rainfall amounts can be impacted upon by its own lags to explain amount of 

rainfall in Somalia.  

a. Rain residuals D = 1 b. Cumulative periodogram white-noise test of 

Rain residuals 

 

c. SOM Rain time series 

 

d. SOM Rain time series and SOM Rain forecast 2016 to 2025, ARIMA (3, 2, 1) 

 

     Figure 4.17: Somalia Rain time series, residuals and forecasts 
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The model was tested using the available time series data and predicted for the next two 

years 2014 and 2015 as well. The results have suggested this model can be used to predict 

rainfall in Somalia. 

Figure 4.17 (a, b) show plots of residuals of Rain in Somalia (D = 1) and cumulative 

periodogram white-noise test of Rain residuals, while (c and d) show plots of Rain time 

series data and in sample forecast values of  Rain for the years 2014 and 2015. In line 

graph (e), the actual Rainfall amount and in sample Rain forecast of two control periods 

2014 and 2015 are presented. 



130 

 

4.3.1.2.4 Temperature (Temp) 

Somalia characterises generally high mean air temperatures throughout the year. Figure 

4.18 shows trends of mean annual air temperature variation over Somalia, the major 

spatial temperature distribution features presented in Figure 4.18 are as follows. 

 

Figure 4.18: Somalia mean annual temperature distribution (Muchiri, 2007) 
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The southern parts of the country has the highest temperatures in the country, for example, 

Muchiri (2007) reported that temperatures in the inland south of the country are the 

highest in Oct – April. This is as shown in Figure 4.19 Temperature distribution; some 

selected stations in Somalia southern parts of the country i.e. Afgoi, Afmadow and Belet 

Weyne have higher temperatures during this period; similarly, Luuq (Lug-ganane) in 

Gedo region near the Somalia’s Ethiopia and Kenya border has the highest mean 

temperature in the country of over 30.48°C, followed by Berbera, Bosaso and Bardera 

with annual mean temperatures of 29.7°C, 29.4°C and 28.8°C respectively.  

The temperatures along the southern coast however, seem to be lower than those of the 

inland areas, which may be due to the impact of low temperature ocean currents. Northern 

parts of the country tend to have lower annual means temperatures i.e. Erigabo and Sheikh 

and this is shown in Figure 4.19. Despite this low mean temperatures, Figure 4.19 

Temperature distribution at some selected stations in Somalia indicates that the average 

temperatures in Berbera and Bossaso appear to be considerably high and reach 35-38°C 

between June and August. 

During data collection process, average monthly temperature data was collected for the 

years between 1900 and 2015; however this study utilized time series data for 56 years 

(1960-2015). Figure 4.20 shows the line plot of average annual temperature in Somalia 

between 1900 and 2015, an increasing trend of the average annual temperature in Somalia 

can be seen in the figure, especially in the past six decades.   

 

Figure 4.19: Monthly mean Temperature (°C) of some selected areas in Somalia 
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    Figure 4.20: Somalia Temp (°C) (1900-2015) 

  

Figure 4.21: Histogram and box plots of Somalia Temp (1960-2015) 

Figure 4.21 presents the time series data of the Somalia Temp in the form of histogram 

and box plot; these plots visualize the time series data; the histogram indicates the 

frequency of temperature values noted in Somalia, while the box plot describes the 

median of the “Temp” time series and shows the distribution of the time series data in the 

form of quartiles. Figure 4.22 (a, b) shows plots of the time series and stationarized (D = 

1) temperature in Somalia, while (c and d) show plots of the autocorrelation ACF; and (e 

and f) partial autocorrelation PACF. 
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 Time series data Stationarized data 

 a. Line plot of SOM time series Temp b. Line plot of SOM Temp D = 1 
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Figure 4.22: Somalia Temp, time series analysis ‒ ACF and PACF Plots (Graphs a-f)  
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The autocorrelation of the first lag of the time series data is significant from zero as shown 

in Figure 4.22 (c). It is also large in the first order difference (D = 1) and it is outside the 

confidence band (the upper confidence limit line) that indicates it is statistically 

significant from zero. This means that q = 1 or MA(1) as shown in Figure 4.22 (d). For 

the partial autocorrelation plot of the time series in Figure 4.22 (e), the first lag is 

significant from zero and it is outside the confidence band (the upper confidence limit 

line), while the first order difference shown in the Figure 4.22 (f) (D = 1) of the 

temperature in Somalia shows that the first two lags of the partial autocorrelations are 

relatively large in magnitude and fall well outside the confidence band (the lower 

confidence limit line). The analyses suggest that the model has at least p = 1 or 2 or AR(1 

or 2). The model test results suggested that p = 1 or AR(1) may be the most suitable 

alternative in this case. Despite ACF, PACF and other tools used into the above analysis 

that suggested ARIMA models of (1, 0, 1) or (2, 1, 1); the auto fit of the model 

recommended an ARIMA model of (1, 1, 2) and this was used while testing the ARIMA 

in Stata to fit the model of the temperature in Somalia and the reason for this choice is 

shown in Table 4.6. 

Table 4.6: ARIMA (1, 1, 2) of Somalia Temp (1962-2015) 

ARMA D.Temp Coef. Std. Err. z P-value [95% Conf. Interval] 

 Cons 0.008325 0.002944 2.83 0.005 0.002555 0.014095 

AR L1. -0.78898 0.101668 -7.76 0.000 -0.98825 -0.58972 

MA L1. 6.00E-06 2176.378 0.00 1.000 -4265.62 4265.623 

 L2. -1 . . . . . 

 

𝐷𝑇𝑒𝑚𝑝𝑡 = 0.0083 − 0.789D𝑇𝑒𝑚𝑝𝑡−1 + 𝜀𝑡 − 0.000065𝜀𝑡−1 − 𝜀𝑡−2 4.5 

Table 4.6 above indicates output obtained from ARIMA testing of temperature data of 

Somalia in the period between 1962 and 2015 with 54 observations. The log likelihood 

of the model is relatively small at 4.02 (this is similar to the log likelihood value of the 

model (1, 1, 2) with AIC and BIC values of -5.046 and 2.98 respectively. The Dickey–

Fuller unit root test (ADF) and the White Noise test in the stationarized time series also 

gave favorable results. The Table 4.6 and Equation 4.5 show the time series data model. 

The residuals plot is stationary or random. The ACF and PACF plots of the residuals have 

also proven that the residuals are white-noise; this means that there is no serial correlation 
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and heteroscedasticity, the ACF and PACF and thus the model is appropriate for forecasts. 

The model appears to be and all autocorrelations for the residual series are non-significant 

and p-values range 0.664 to 0.947. Further, the cumulative periodogram white-noise test 

gave Bartlett's (B) statistic and corresponding p-values 0.473 and 0.979 respectively are 

appropriate. The Portmanteau (Q) test for white noise gave 14.74 with a p-value of 0.947; 

Figure 4.23 shows plots of the residual for temperature. 

a. Line plot Temp residuals b. Cumulative periodogram white-noise test of 

Temp residuals 

  

c. Line plot of Temp time series 

 

e. SOM Temp time series and SOM Temp forecast 2016 to 2025, ARIMA (1, 1, 2) 

 

    Figure 4.23: Somalia Temp actual, residuals and forecasts 
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Figure 4.23 (a, b) show plots of residuals of the temperature in Somalia and cumulative 

periodogram white-noise test of Temp residuals, while Figure 4.23 (c) shows plot of the 

temperature time series data. In Figure 4.23 (d) Temp time series and Temp forecast of 

the next decade 2016 - 2025 are presented. 

4.3.1.3 Summary of results 

The univariate analysis of MR, MU, Rain and Temp of Somalia aimed to forecast the 

annual trend for a decade between 2016-2025; the Autoregressive Integrated Moving 

Average (ARIMA) method with its appropriate technical tools were used to find the best 

fit the model Table 4.7 summarizes the best fitted models obtained their corresponding 

AIC and BIC values.  The analyses of the data have proven that lags of stationarized time 

series data and that of the forecast errors terms can be useful tools to predict. The ARIMA 

models were used to forecast for the next 10 years. 

Table 4.7: ARIMA models for annual MR, MU, Rain and Temp of Somalia 

Variable ARIMA model AIC BIC P-value         

MR (2, 1, 1) 1133.117 1143.062 0.0000 

MU (2, 0, 1) (2, 1, 1) 1052.964     1062.909 0.0000 

Rain (3, 2, 1) 569.7869     579.7318 0.0000 

Temp (1, 1, 2) -5.0469 2.9835 0.0000 

 

Figure 4.6 shows a slight decrease of rural migration in Somalia until early 2020s and 

period of increased people movement in rural areas until 2025. Similarly, Figure 4.11 (b) 

“SOM MU time series and SOM MU forecast 2016 to 2025, ARIMA (2, 0, 1 and 2, 1, 

1)” indicates a period of slow down to the urban migration of Somalia, followed by a 

period that people movement to urban areas will take an increasing trend from early 

2020s. Further, Figure 4.17 (d) shows that rainfall in Somalia is predicted to have 

minimum variations in the next 10 years, even though some parts of the country may 

experience above average rainfalls leading to the annual average rain in the country to 

have slight upward trend. Figure 4.23 (e) suggests that Somalia will have raising 

temperatures that leads to an increased annual average temperatures; SOM Temp appears 

to be taking  an increasing trend in the next decade as shown in Figure 4.23 (e). 
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Table 4.8: Forecast annual MR, MU, Rain and Temp of Somalia (2016-2025) 

Year SOM_MR SOM_MU SOM_Rain SOM_Temp 

 Lo 95 Hi 95 Lo 95 Hi 95 Lo 95 Hi 95 Lo 95 Hi 95 

2016 -6156.64 23828.91 15364.88 3736.37 198.49 358.83 26.77 27.59 

2017 -27341.30 41823.32 19196.69 -2778.10 185.23 361.33 26.60 27.49 

2018 -50669.90 59149.05 20126.60 -9303.44 189.00 370.83 26.71 27.59 

2019 -70501.60 72586.58 18726.29 -14256.80 185.98 371.55 26.61 27.53 

2020 -83416.30 81025.57 16630.78 -17006.40 174.90 384.09 26.67 27.60 

2021 -89097.20 85538.98 15823.04 -17866.70 165.46 390.13 26.60 27.56 

2022 -89638.80 88293.22 17413.30 -17497.10 162.73 397.13 26.64 27.61 

2023 -87766.30 90878.50 20794.69 -16256.40 159.40 401.17 26.60 27.59 

2024 -85465.30 93465.88 24397.80 -14374.40 153.44 408.16 26.61 27.62 

2025 -84117.70 95658.09 27011.98 -12389.10 146.73 414.13 26.59 27.61 

Table 4.9: Correlation for annual MR, MU, Rain and Temp of Somalia 

Variable MR MU Rain Temp 

MR 1.0000 0.9831 0.1082 -0.0612 

MU 0.9831 1.0000 0.1625 -0.0185 

Rain 0.1082 0.1625 1.0000 -0.1171 

Temp -0.0612 -0.0185 -0.1171 1.0000 

The correlation study was then undertaken to study nature of the associations between the 

four variables being studied. This was mainly to understand at an initial stage the nature 

of the interactions and covariances.  

The associations between SOM MR, MU, Rain and Temp were tested using the Pearson's 

correlation coefficient in Stata and the results are shown in Table 4.9. Correlation doesn’t 

imply causality and is measured anywhere between -1 and 1.  Therefore the values in the 

table demonstrate the strength and direction of the association between any two of these 

variables. It appears that some level of association exists between the variables. Notably, 

Temp correlates negatively to other variables, while MR, MU and Rain appear to have 

positive relationships among each other. The later multivariate analyses in the final 

section of this chapter will examine and explore aspects of causality and impulse response 

relationship between these variables using Vector Autoregression analysis (VAR) in 

which the Grainger Causality and Impulse Response tests will allow a better 

understanding of the drivers and response to changes and granger causality. 
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4.3.2 The Case of Ethiopia (ETH) 

4.3.2.1 Introduction 

Ethiopia is situated in the Horn of Africa region, and it is landlocked country and shares 

border with five East African countries; namely Djibouti and Somalia on the East, Eritrea 

is on the North, the Sudan on the West and Kenya on the South. Ethiopia has a land mass 

of about 1.1 million km². The altitude of the country ranges from as low as 110 meters 

below sea level in the Affar region to highlands that reach 4.55 thousand meters above 

sea level at Ras Dashen in North Gondar region. Ethiopia falls between 3°N and 15°N 

Latitudes and 33°E and 48°E Longitudes, Figure 4.24 shows the geographical map of 

Ethiopia. 

 

Figure 4.24: Geographical map of Ethiopia 
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Ethiopia has three main climatic areas that are dry, tropical rainy and temperate rainy 

climates and these climatic conditions have a considerable impact on both human and 

environments aspects of the country. These climatic areas characterize temperature and 

rainfall variations. According to (Bielli et al., 2001) the dry climate in Ethiopia is divided 

into three sub divisions, and those are hot arid climate that has mean annual temperature 

higher than 27°C and mean annual rainfall less than 450 mm; hot semi-arid climate with 

mean annual temperature 18-27°C and mean annual rainfall 410-820mm; and cool semi-

arid climate with a mean annual temperature below 18°C and mean annual rainfall 410–

820mm - with reduced evapotranspiration due to lower temperature.  

Bielli et al., (2001) noted that tropical Rainy Climate has three sub-divisions mainly-

depending on the mean annual rainfall. The mean annual rainfalls of these three climatic 

sub regions are 680-1200mm, 680-2000mm and 1200-2800mm. On the other hand, the 

minimum mean temperature in these areas is 18°C throughout the year. In addition to 

that, temperate rainy climate covers the highland areas of Ethiopia and presents a cool 

climate, with the annual mean temperature and rainfall range 10-18°C and 800-2000 mm 

respectively (Bielli et al., 2001). 

Since mid the 20th century, Ethiopia has experienced several severe famines including 

those in 1973, 1977-78, 1983-84, 1987-88, and 1993 (Fransen and Kuschminder, 2009). 

It is noted that the 1983-1984 famine was the most devastating where more than 1 million 

people lost their lives. High rainfall variability, water availability issues and degraded 

productive land and subsequent drought are believed to be main triggers of the famine, in 

many occasions these conditions resulted rural communities to mobilize and move to 

urban areas seeking better living conditions.  

Food security is   a major concern in Ethiopia. There has been a constant insecurity in as 

much of Ethiopia’s rural communities and this may have resulted people movement from 

rural to urban areas. According to the Food and Agricultural Organization of the United 

Nations (FAO) nearly half of the population was undernourished in 2009. In the following 

section the nature of people movement in rural and urban areas as well as rainfall and 

temperature variations in Ethiopia will be discussed and changes will be predicted in the 

next decade at least. 
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4.3.2.2 Analysis and results: Ethiopia 

The ARIMA model is developed for each of the following: Rural Migration (MR), Urban 

Migration (MU), Rainfall (Rain) and Temperature (Temp). Initially however, Table 4.10 

shows summary of the descriptive statistics of these variables from Ethiopia. 

 Table 4.10: Descriptive statistics table for ETH MR, MU, Rain and Temp 1960-2015 

Variable Min 1st Qtr Median Mean 3rd Qtr Max. Sd Var 

MR -150274 -15246 7255.79 6605.96 35357.16 154789 57377.60 3.29E^09 

MU -36102 2929.56 6214.95 7614.53 11748.02 150941 22279.65 4.96E^08 

Rain (mm) 537.46 693.57 727.83 729.35 757.70 897.11 59.04 3485.34 

Temp (°C) 22.29 22.89 23.13 23.20 23.44 24.49 0.54 0.28913 

Table 4.10 shows the Stata software output for the frequency command. Means and 

medians are measures of central tendency that approximate the location of the center of 

the distribution of the MR, MU, Rain and Temperature; means are listed as 6605.96, 

7614.53, 729.35 and 23.20 and medians as 7255.79, 6214.95, 727.83 and 23.13. The 

standard deviation measures the dispersion of the data; that is how widely spread out of 

the data distribution and, more specifically the average distance from the mean. 

The negative and positive minimum and maximum values respectively show moving 

populations. On the overage there are positive values in both MR and MU. There is some 

reasonable amount of rainfall and a higher mean temperature on the average. The 

variability of MR appears to be higher than MU, probably due to unexpected large and 

small flows from rural areas while MU is variable. The variability in rain is greater than 

in temperature it seems. 
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4.3.2.2.1 Rural migration (MR)   

 

    Figure 4.25: Ethiopia MR (1960-2015) 

As shown in Figure 4.25 considerable fluctuations in the rural migration occurred from 

early 1970s until mid-1980s with a simultaneous reduction of rural populations; some of 

the decrease may be due to the change of the political system and removing the ruling 

Imperial system from the power in 1974. The uprise of Eritrea for independence as well 

as Somali-Ethiopia war in 1977 and 1978 were also factors. This means that patterns of 

people movement in Ethiopia had number of probable causing agents that impacted upon 

the migration process between 1970s to late 1990s.  

Fransen and Kuschminder (2009) stated that environmental issues, food insecurity, and 

poverty are among the main reasons of people movement in Ethiopia; that is besides war 

and political instability, vast majority of Ethiopians depend on rain-fed agriculture 

making them susceptible to unfavorable environmental impacts such as drought; like 

those occurred in 1973‒1974, 2008 and 2011. The Somali-Ethiopia war 1977‒1978 

known as “Ogaden war” clearly worsened the impact of the 1973‒1974 drought and the 

rural population movements (Fransen and Kuschminder, 2009). As shown in Figure 4.25, 

impact of the drought had resulted significant peaks and drops of rural migration. 
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Figure 4.26: Histogram and box plots of Ethiopia MR (1960-2015) 

Figure 4.26 presents the time series data of the Ethiopia MR in the form of a histogram 

and box plot; these plots visualize the time series data; the histogram indicates the 

frequency of people movement in rural areas of Ethiopia, while the box plot illustrates 

the median of the MR time series; and also shows the nature of the distribution of the time 

series data in terms of quartiles. The following section addresses prediction for a time to 

understand how rural migration time series may change in the future. 

Figure 4.27 (a, b) show plots of the time series and stationarized rural migration of 

Ethiopia, while (c, d) show plots of the autocorrelation ACF and (e and f) show partial 

autocorrelation PACF; the confidence band used to test models is 95% significance level.  

The autocorrelation of the first lag of the time series data is relatively large and it is 

outside the confidence band (upper confidence limit line), while in the stationarized time 

series (D = 2) the autocorrelation of the first lag is also large in magnitude and it is outside 

the confidence band (lower confidence limit line) as shown in Figure 4.27 (c, d); and so 

it is statistically significant from zero, which means that the q = 1 or MA(1).  

For the partial autocorrelation plots of the time series shown in Figure 4.27 (e) and the 

second order difference of the rural migration of Ethiopia shown in the Figure 4.27 (f) the 

first order of the partial autocorrelations is relatively large in magnitude and fall well 

outside the confidence band (the upper confidence limit and lower confidence limit lines). 

This suggests that at least p = 1 or AR(1) is appropriate. Using these outputs of (p, d, q) 

 (1, 0, 1) or (1, 2, 1) the ARIMA model of the rural migration of Ethiopia is developed. 
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But during the fitting process the model that fits the ARIMA best was been found to be 

(2, 0, 2) as shown in Table 4.11. 

 Time series data Stationarized data 
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Figure 4.27: Ethiopia MR time series analysis ‒ ACF and PACF 

Table 4.11 demonstrates the ARIMA results obtained from analyzes of rural migration 

data of Ethiopia in the period between 1962 and 2015 with 54 observations. To determine 

usefulness of the best models and to test model’s fitting performance, the Akaike's 

information criterion (AIC) and Bayesian information criterion (BIC) are used to evaluate 
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the ARIMA model. The AIC and BIC tests have illustrated that the log likelihood of the 

model is relatively small at -647.9 (this is similar to the log likelihood value of the model 

(2, 0, 2) with AIC and BIC values of 1307.81 and 1319.854 respectively). The augmented 

Dickey–Fuller unit root test (ADF) and the White Noise test of the stationarized time 

series both gave favorable results. Table 4.11 and Equation 4.6 together summarize the 

data for Ethiopia. 

    Table 4.11: ARIMA (2, 0, 2) of rural migration of Ethiopia 1962-2015 

ARMA MR Coef. Std. Err. z P-value [95% Conf. Interval] 

 Cons 6575.834 17672.8 0.37 0.710 -28062.2 41213.88 

AR L1. 1.463651 0.232224 6.3 0.000 1.008501 1.918802 

 L2. -0.76164 0.157245 -4.84 0.000 -1.06984 -0.45345 

MA L1. -0.68249 0.220496 -3.1 0.002 -1.11466 -0.25033 

 L2. 0.398665 0.23726 1.68 0.093 -0.06636 0.863685 

 

𝑀𝑅𝑡 = 6575.834 + 1.46𝑀𝑅𝑡−1 − 0.76𝑀𝑅𝑡−2 − 0.68𝜃𝜀𝑡−1 + 0.398𝜀𝑡−2 + 𝜀𝑡 4.6 

The prediction results of the model of rural migration of Ethiopia are presented in Figure 

4.28; the residuals line plotted has shown that the residuals are random. The model is 

appropriate for prediction, the ACF and PACF plots of the residuals have shown that the 

residuals are white-noise and this means that there is no serial correlation and 

heteroscedasticity noted; all autocorrelations for the residual series were non-significant 

and p-values ranged 0.7079 to 1.000. Further, the cumulative periodogram white-noise 

test gave Bartlett's (B) statistic and corresponding p-value of 0.3785 and 0.9988 

respectively. Similarly the corrollelogram (autocorrelations & partial autocorrelations) 

test for white noise of the rural migration residuals showed Portmanteau (Q) statistic of 

5.269 with a p-value of 1.000. 

Figure 4.28 shows plots of the residual variable (rural migration) and these results suggest 

that residual variable of rural migration is stationary and also a white noise, the model is 

appropriate and can be used to forecast how rural migration may be impacted by its own 

lags to explain movement of rural communities in Ethiopia. Figure 4.28 (a, b) shows plots 

of residuals of MR of Ethiopia (D = 1) and cumulative periodogram white-noise test of 

MR residuals with line plots of ETH MR forecast for a ten year period from 2016 to 2025, 

ARIMA (2, 0, 2) is also presented in Figure 4.28 (c). 
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a. ETH MR residuals D = 1 b. Cumulative periodogram white-noise test of 

MR residuals 

 

c. ETH MR time series and ETH MR forecast 2016-2025, ARIMA (2, 0, 2) 

 

     Figure 4.28: Ethiopia MR time series, residuals and forecast (2016-2025) 
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4.3.2.2.2 Urban migration (MU)    

 

  Figure 4.29: Ethiopia MU (1960-2015) 

As shown in Figure 4.29 a considerable change can be noted at certain points on the graph. 

The urban population in Ethiopia is noted with for a substantial growth but there is 

evidence of a considerable decrease of rural migration between 2005 and 2010, while in 

the same period, number of people moving to urban area have risen and this is shown by 

the graph above but it then stabilized but showing a positive change (Figure 4.29).  

The acceleration of urban migration may be related to unfavorable conditions in rural 

areas such as the extended drought periods that lasted a number of seasons impacting 

many rural communities in terms of food production systems at least. Viste et al., (2013) 

reported that 2011 and 2009 were two exceptional years due to the widespread drought 

in the country; these years were the driest and third driest years respectively in Ethiopia 

for the past 6 decades; while 1984 was the second driest year. 

Figure 4.30 the histogram indicates the frequency of people movement in urban areas of 

Ethiopia, while the box plot describes the median of the MU time series and also shows 

the distribution of the time series data in the form of quartiles. 
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Figure 4.30: Histogram and box plot of Ethiopia MU (1960-2015) 

Figure 4.31 (a, b) show plots of the time series and stationarized (D = 1) urban migration 

of Ethiopia, while (c, d) show plots of the autocorrelation ACF. The plots (e, f) show the 

partial autocorrelation PACF with the confidence band of 95%.  

The autocorrelation of the first lag is relatively small and it is inside the confidence band 

(the upper confidence limit line) and indicates that it is statistically insignificant from 

zero, which means that the q = 0 or MA(0); despite this the first difference of the times 

series data shows MA(1) as shown in Figure 4.31 (a, b). For the partial autocorrelation 

plots of the times series data and the first order difference (D = 1) of the MU of Ethiopia 

shows that the first lag of the partial autocorrelations to be relatively large in magnitude 

falling outside the confidence band (the lower confidence limit line). This suggests that 

at least p = 1 or AR(1).  

The output of (p, d, q)  (1, 0, 0) was used to run the model and the same ARIMA results 

demonstrate the best fit to an autoregressive model (AR model). The model was used to 

predict changes of the urban migration in Ethiopia for a number of years; Table 4.6 

presents the ARIMA model of the urban migration of Ethiopia. 
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Figure 4.31: Ethiopia MU, time series analysis ‒ ACF and PACF Plots (Graphs a-f) 

Table 4.12: ARIMA (1, 0, 0) of MU of Ethiopia (1962-2015) 

ARMA MU Coef. Std. Err. z P-value [95% Conf. Interval] 

 Cons 7615.92 7239.445 1.05 0.293 -6573.13 21804.97 

AR L1. 0.2172557 0.1163974 1.87 0.062 -0.01088 0.445391 

 

𝑀𝑈𝑡 = 7615.92 + 0.217𝑀𝑈𝑡−1 + 𝜀𝑡 4.7 
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Table 4.12 indicates output obtained from ARIMA testing of urban migration data of 

Ethiopia to determine usefulness of the best models and to test model’s fitting 

performance, the Akaike's information criterion (AIC) and Bayesian information criterion 

(BIC) are used The augmented Dickey–Fuller unit root test (ADF) and the White Noise 

test also gave favorable results. Table 4.12 and Equation 4.7 show some results from this 

analysis. 

The next phase of the analysis is to use the ARIMA model to predict changes of urban 

migration of Ethiopia; the residuals line plotted has shown there is no serial correlation 

and heteroscedasticity. All autocorrelations for the residual series are non-significant and 

p-values range 0.896 to 1.000. Also, the cumulative periodogram white-noise test gave 

Bartlett's (B) statistic and corresponding p-value of 0.936 and 0.345 respectively. 

Similarly the Portmanteau (Q) statistic was 7.342 with a p-value of 1.000. The higher p-

values suggest that lags of urban migration in Ethiopia explain the changes that occur to 

the people moving to urban Ethiopia in the future. The model is appropriate for prediction 

because all autocorrelations for the residual series are non-significant. 

Figure 4.32 shows plots of the residual variable (urban migration). The corrollelogram 

(autocorrelations & partial autocorrelations) test for white noise of residuals of the urban 

migration shows p values between 0.94 and 1.000 for the 25 lags. These results suggest 

that residual variable for the urban migration is stationary and also a white noise. So the 

model appear to be appropriate and can be used to forecast how urban migrations are 

impacted by its own lags that may help explain the nature of the movement to urban areas 

in Ethiopia. 

Figure 4.32 (a, b) show plots of residuals of urban migration of Ethiopia and the 

cumulative periodogram white-noise test of MU residuals, while plot (c) shows urban 

migration time series data. Figure 4.32 (d) presents the urban migration actual (MU 

actual) and urban migration (MU forecast); showing the 95% confidence interval of the 

forecast. 
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a. ETH  MU residuals b. Cumulative periodogram white-noise test of 

ETH MU residuals 

  

c. ETH MU time series 

 

d. ETH MU time series and ETH MU forecast 2016 to 2025, ARIMA (1, 0, 0) 

 

    Figure 4.32: Ethiopia MU actual, residuals and forecasts 
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4.3.2.2.3 Rainfall (Rain) 

Ethiopia (Figure 4.24) is locate at the Horn of Africa between 3–18° N latitude and 33–

48° E longitude. The country extends over 1.1 million km² and this includes water covered 

areas of around of 7,444 km² (Demissew et al., 2017). As shown in Figure 4.33 rainfall 

across Ethiopia has high spatial and temporal variability and it generally falls in a varying 

frequency. The average annual precipitation distribution ranges from less than 400 mm 

in the Afar Triangle and the Somali Region and to more than 2,400 mm in the southwest 

of the country (Demissew et al., 2017). There has been a significant rainfall fluctuation 

in Ethiopia particularly in the past six decades. Figure 4.34 presents line plot of the rainfall 

(mm) time series data from Ethiopia between 1900 and 2015. However, this study 

specifically investigates rainfall variabilities in Ethiopia for the period between 1960 and 

2015.  

 

Figure 4.33: Mean annual rainfall distribution in Ethiopia (Fazzini et al., 2015)  
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Figure 4.34: Ethiopia Rainfall (Rain mm) (1960-2015) 

Figure 4.35 presents the time series data of the Ethiopia Rain in the form of histogram 

and box plot; these plots visualize the time series data; the histogram indicates the 

frequency of rainfall in Ethiopia, while the box plot describes the median of the Rain time 

series and indicates the distribution of the time series data in the form of quartiles. 

  

Figure 4.35: Histogram and box plots of Ethiopia Rain (1960-2015) 

Figure 4.36 (a, b) shows plots of the time series and stationarized (D = 2) rainfall in 

Ethiopia, while (c, d) show plots of the autocorrelation ACF; and (e, f) show partial 

autocorrelation PACF plots showing the confidence band of 95%. 
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Figure 4.36: Ethiopia Rain, time series analysis ‒ ACF and PACF Plots (Graphs a-f) 
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The autocorrelation of the first lag of the second order difference (D = 2) is relatively large 

and it is outside the confidence band (the upper confidence limit and lower confidence limit 

lines) so it is statistically significant from zero; which means that q = 1 or MA(1). The 

graphs show that the first two lags of the partial autocorrelations are relatively large in 

magnitude and fall well outside the confidence band (the lower confidence limit line), it is 

also worth noting that the subsequent three lags are also outside the lower confidence band 

and significant as well even though smaller in magnitude. This suggests that at least p = 2 

or AR(2); also p can be equal anywhere between 3 and 5. Using these outputs of (p, d, q) 

 (2, 2, 1) was a fit for the ARIMA model of the rainfall in Ethiopia, and the best model 

fit was when p = 3 or AR(3); as shown in Table 4.13. 

Table 4.13: ARIMA (3, 2, 1) of rainfall of Ethiopia (1962-2015) 

ARMA D2.Rain Coef. Std. Err. z P-value [95% Conf. Interval] 

 Cons 0.010688 0.343102 0.03 0.975 -0.66178 0.683156 

AR L1. -0.42695 0.1413 -3.02 0.003 -0.70389 -0. 1500037 

 L2. -0.43583 0.151624 -2.87 0.004 -0.73301 -0.13866 

 L3. -0.26111 0.133864 -1.95 0.051 -0.52348 0.001257 

MA L1. -.9999993 0.215285 -4.64 0.000 -1.42195 -0.57805 

 

𝐷2𝑅𝑎𝑖𝑛𝑡 = 0.011 − 0.427𝐷2𝑅𝑎𝑖𝑛𝑡−1 − 0.436D2𝑅𝑎𝑖𝑛𝑡−2 + −0.26D2𝑅𝑎𝑖𝑛𝑡−3 − .999D2𝜀𝑡−1

+ 𝜀𝑡 
4.8 

Table 4.13 indicates output obtained from ARIMA testing of rainfall data of Ethiopia in 

the period between 1962 and 2015 with 54 observations. The Akaike's information criterion 

(AIC) and Bayesian information criterion (BIC) were used to evaluate the ARIMA model. 

The log likelihood of the model was relatively small at -300.8 (this is similar to the log 

likelihood value of the model (3, 2, 1), with AIC and BIC values of 611.66 and 621.61 

respectively. The augmented Dickey–Fuller unit root test (ADF) and the White Noise test 

of the stationarized time series gave favorable results. The Table 4.13 and Equation 4.8 

summarize the analysis. 

The next phase to predict some future results using the model of rainfall of Ethiopia was 

considered; the residuals line plotted has shown that the residuals are stationary or random. 

The ACF and PACF plots of the residuals have shown that the residuals are white-noise; 

this means that there is no serial correlation and heteroscedasticity. The ACF and PACF 

have indicated the variability of residuals and that the values are unequal through the range 
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of values of forecasts. Further, the cumulative periodogram white-noise test gave Bartlett's 

(B) statistic and corresponding p-value of 0.4125 and 0.9957 respectively. Similarly the 

Portmanteau test for white noise of the rainfall residuals showed Portmanteau (Q) statistic 

of 13.52 and Probability value of 0.97. The model is appropriate for prediction because all 

autocorrelations for the residual series are non-significant and p-values range 0.57 to 0.989. 

a. ETH Rain residuals b. Cumulative periodogram white-noise test of 

Rain residuals 

   

Figure 4.37: Ethiopia Rain residuals 

Figure 4.37 presents plots of the residual of Ethiopia rainfall and cumulative periodogram 

white-noise test of Rain residuals. The corrollelogram (autocorrelations & partial 

autocorrelations) test for white noise of residuals of the rainfall shows p-values of the all 

25 lags to be greater than 5%. These results suggest that residual variable of rainfall is 

stationary and also a white noise and that the results show that the model is an appropriate 

one that can be used to forecast how rainfall amounts are impacted by its own lags to 

probably explain nature and trend of future rainfall in Ethiopia. 

Figure 4.38 (a, b) show plots of rainfall time series and forecasted rainfall Ethiopia Rain 

(2016-2025) based on ARIMA (3, 2, 1) respectively. The forecast data shows that the 

rainfall in Ethiopia may vary considerably in the next decade and that may impact water 

availability and livelihood of rural communities and trigger people movement from rural 

areas to cities. 
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a. ETH Rain time series 

 

b. ETH Rain time series and ETH Rain forecast 2016 to 2025, ARIMA (3, 2, 1) 

 

Figure 4.38: Ethiopia Rain actual and forecasts ARIMA (3, 2, 1) 
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4.3.2.2.4 Temperature (Temp) 

Ethiopia characterises generally high mean air temperatures throughout the year. Figure 

4.39 shows some trends of mean annual air temperature variation over Ethiopia. The 

major spatial temperature distribution features are presented in Figure 4.39. 

 

  Figure 4.39: Ethiopia mean annual temperature distribution (Fazzini et al., 2015) 

The eastern part of Ethiopia appear to have the highest temperatures in the country, for 

example  as shown in Figure 4.40,the average temperatures in Gode and Dire Dawa of 

the Somali Region of Ethiopia ranges between 27-30°C most of the year. Figure 4.40 also 

shows that Addis Ababa in the centre and Jimma from the south-western part of the 

country have average monthly temperatures that are below 21°C throughout the year. 

Despite the overall low mean temperatures in Ethiopia, Figure 4.40 shows that the 

temperature in Gode can reach 32°C between February and March. 
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Figure 4.40: Monthly mean Temperature (°C) of some selected areas in Ethiopia 

During the data collection process, average monthly temperature data were collected 

during the period of 1900-2015.The data preparation process involved converting the 

values to average annual temperatures for analytical purposes. The Figure 4.41 shows the 

line plot of average annual temperatures in Ethiopia between 1960 and 2015. There is an 

increasing trend noted in the average annual temperature in Ethiopia. 

 

      Figure 4.41: Ethiopia Temp (°C) (1960-2015) 
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Figure 4.42: Histogram and box plots of Ethiopia Temp (1960-2015) 

Figure 4.42 presents the time series data of the Ethiopia Temp in the form of histogram 

and box plot; these plots visualize the time series data; the histogram indicates the 

frequency of temperature in Ethiopia, while the box plot describes the median of the Temp 

time series and indicates the distribution of the time series data in the form of quartiles. 

Figure 4.42 presents the time series data of the Ethiopia Temp in the form of histogram 

and box plot. The histogram indicates the frequency of temperature in Ethiopia, while the 

box plot describes the median and quartiles. 

Figure 4.43 (a, b) shows plots of the time series and stationarized (D = 2) temperature in 

Ethiopia, while (c, d) show plots of the autocorrelation ACF. The plots (e, f) show partial 

autocorrelation PACF with the confidence band of 95%.  

The autocorrelation of the first lag of the time series data is significant from zero and falls 

outside the upper confidence limit line as shown in Figure 4.43 (c). The autocorrelation 

is also large in the first lag of the second order difference (D = 2) and it is also outside 

the confidence band so it is statistically significant from zero; which means that q = 1 or 

MA(1) as shown in Figure 4.43 (d). 

Figure 4.43 (e) shows the first lag of the time series data is significant from zero and falls 

outside of the confidence band (the upper confidence limit line), while the first order 

difference of the temperature (Figure 4.43 (f)) shows that the first three lags of the partial 

autocorrelations are relatively large in magnitude and fall well outside the confidence 

band. This suggests p = 1 to 3 or AR(1-3). It was found that p = 1 or AR(1)be the most 
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suitable alternative. ARIMA model of (3, 2, 1) fit the model of the temperature in Ethiopia 

well as shown in Table 4.14. 
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Figure 4.43: Ethiopia Temp, time series analysis ‒ ACF and PACF Plots (Graphs a-f) 

Table 4.14 above indicates output obtained from ARIMA testing of temperature data of 

Ethiopia data. The log likelihood is relatively small at -6.91 (this is similar to the log 
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likelihood value of the model (3, 2, 1)) with the AIC and BIC values of 23.82 and 33.76 

respectively. The augmented Dickey–Fuller unit root test (ADF) and the White Noise test 

of the stationarized data also gave favorable results. Table 4.14 and Equation 4.9 

summarize this analysis. 

Table 4.14: ARIMA (3, 2, 1) of Ethiopia Temp 1962-2015 

ARMA D2.Temp Coef.  Std. Err. z P-value [95% Conf. Interval] 

 Cons 0.001068 0.00113 0.95 0.344 -0.00115 0.003283 

AR L1. -0.36823 0.125465 -2.93 0.003 -0.61414 -0.12233 

 L2. -0.54735 0.138523 -3.95 0.000 -0.81885 -0.27586 

 L3. -0.03617 0.166346 -0.22 0.828 -0.36221 0.289858 

MA L1. -1 . . . . . 

 

𝐷2𝑇𝑒𝑚𝑝𝑡 = 0.0012 − 0.368𝐷2𝑇𝑒𝑚𝑝𝑡−1 − 0.5475D2𝑇𝑒𝑚𝑝𝑡−2 − 0.036D2𝑇𝑒𝑚𝑝𝑡−3 + 𝜀𝑡 − 𝜀𝑡−1 4.9 

The next phase was to predict results using the model of temperature in Ethiopia. The 

residuals line plotted has shown that the residuals are stationary or random. The ACF and 

PACF plots of the residuals are white-noise and this means that there is no serial 

correlation and heteroscedasticity. Further, the cumulative periodogram white-noise test 

gave Bartlett's (B) statistic and corresponding p-value of 0.5583 and 0.9142 respectively. 

Similarly the Portmanteau (Q) statistic was 24.52 with a p-value of 0.4895; Figure 4.44 

shows plots of the residual variable (temperature). 

Figure 4.44 (a, b) show plots of residuals and Figure 4.44 (c) shows plot of the 

temperature data; while Figure 4.44 (d) shows the Temp time series with Temp forecast 

of the next decade 2016 - 2025. 
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a. Line plot Temp residuals b. Cumulative periodogram white-noise test of 

Temp residuals 

 

c. ETH Temp time series 

 

d. ETH Temp time series and ETH Temp forecast 2016 to 2025, ARIMA (3, 2, 1) 

 

     Figure 4.44: Ethiopia Temp actual, residuals and forecasts 
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4.3.2.3 Summary of results 

The univariate analysis of MR, MU, Rain and Temp of Ethiopia were mainly used to 

study the models in terms of seasonality and trend with the aim to use the model to 

forecast the series from 2016-2025. The Autoregressive Integrated Moving Average 

(ARIMA) method was used to find the best fit of the model using the ACF and PACF 

values.  

Table 4.15 summarizes the best fitted models obtained from the data along with their 

corresponding AIC and BIC values. The ARIMA models were then used to forecast 

changes of the time series variables in the next 10 years. 

Table 4.15: ARIMA models for annual MR, MU, Rain and Temp of Ethiopia 

Variable ARIMA model AIC BIC P-value 

MR (2, 0, 2) 1307.81 1319.854 0.0000 

MU (1, 0, 0) 1259.6 1265.65 0.0000 

Rain (3, 2, 1) 611.66 621.61 0.0000 

Temp (3, 2, 1) 23.82 33.76 0.0000 

Figure 4.28 (e) shows there is an increase of rural migration in Ethiopia between 2018 

and 2023, followed by a period of slowdown of movement of the people in rural 

communities of Ethiopia until 2025. Figure 4.32 (d) indicates a period of an increased 

urban migration of Ethiopia; where more people are predicted to relocate to urban areas.  

Figure 4.38 (b) shows that rainfall in Ethiopia is predicted to have considerable variations 

in the next 10 years. The average annual rainfall will decline from 732 mm in 2016 to 

726 mm in 2025. Despite this some parts of the country may experience above average 

rainfalls, the overall forecast results indicate that the annual average rainfall in Ethiopia 

to take slight downward trend. Figure 4.44 (d) shows that Ethiopia will have rising 

temperatures that lead to an increased annual average temperatures that range from 

24.27°C in 2016 to 24.58°C in 2025.Table 4.16 summarizes the forecasted annual data of 

MR, MU, Rain and Temp of Ethiopia for the period 2016-2025. 
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Table 4.16: Forecast data annual MR, MU, Rain and Temp of Ethiopia (2016-2025) 

Year ETH_MR ETH_MU ETH_Rain ETH_Temp 

 Lo 95 Hi 95 Lo 95 Hi 95 Lo 95 Hi 95 Lo 95 Hi 95 

2016 -76436.52 49616.64 -34097.86 51093.75 613.10 850.99 23.75 24.79 

2017 -86791.35 73616.68 -35843.11 51345.41 589.42 865.84 23.69 24.94 

2018 -93939.58 94966.78 -36052.54 51229.56 580.82 869.34 23.75 25.02 

2019 -95133.96 106594.24 -36090.18 51196.36 575.45 878.27 23.69 25.10 

2020 -93845.70 109812.21 -36098.00 51188.75 560.62 895.47 23.62 25.21 

2021 -94693.42 109356.31 -36099.68 51187.07 546.34 907.89 23.62 25.30 

2022 -99253.34 108605.15 -36100.05 51186.71 535.97 916.46 23.61 25.38 

2023 -105410.62 107988.63 -36100.13 51186.63 526.96 925.80 23.57 25.46 

2024 -110268.87 106965.61 -36100.14 51186.61 516.48 936.78 23.55 25.54 

2025 -112603.91 105829.08 -36100.15 51186.61 505.63 947.11 23.54 25.62 

Table 4.17: Correlations among annual MR, MU, Rain and Temp of Ethiopia 

Variable MR MU Rain Temp 

MR 1.0000 -0.09192 -0.34787 -0.12577 

MU -0.09192 1.0000 -0.07193 0.145456 

Rain -0.34787 -0.07193 1.0000 -0.25368 

Temp -0.12577 0.145456 -0.25368 1.0000 

The associations between ETH MR, MU, Rain and Temp were tested through Pearson's 

correlation coefficient in Stata as shown in Table 4.17. The values in the table 

demonstrate the strength and direction of the association between any two of these 

variables and whether it is direct or inverse relationships. It appears that associations do 

exist between the variables.  

It is worth mentioning that rural migration (MR) correlates negatively to urban migration, 

rainfall and temperature, while the association between urban migration and temperature 

appear to be negative. In other words, the urban migration correlates positively to 

temperature. The multivariate analyses in the final section of this chapter will later 

examine and explore granger causality and impulse responses between these variables 

using the Vector Autoregression analysis (VAR) and Vector Error Correction Model 

(VECM) methods. 
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4.3.3 The Case of Democratic Republic of Congo (DRC) 

4.3.3.1 Introduction 

The Democratic Republic of Congo (DRC) also known as Zaire is situated in the Central 

Africa Region with coordinates of 11o57’ S to 5o5’ N latitude and 14o51’ E to 31o 17’ E 

longitude; and has a border with nine countries: Angola and Zambia on the south, 

Tanzania, Burundi, Rwanda and Uganda on the east, South Sudan and the Central African 

Republic on the north and Congo-Brazzaville on the west. DRC also has a coastline of 37 

km in the west with the Atlantic Ocean. DRC is the largest country in Sub-Saharan Africa 

(SSA) and the second largest in Africa after Algeria. DRC has a land area of around 2.34 

million sq. km. According to USAID (2017), DRC has an estimated total population of 

81.3 million as of 2016. 

 

Figure 4.45: Geographical map of the Democratic Republic of Congo (DRC) 
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DRC is considered to be one of the poorest countries in the world and ranks 182 out of 

182 countries in the United Nations’ Human Development Index (Tularam and Hassan, 

2016a; 2016b). However, DRC is in fact a rich country with many natural resources such 

as oil, diamond, cooper and cobalt. In addition, DRC is also referred to as Africa’s water 

rich country - DRC possesses 52% and 23% of Africa’s surface water reserves and 

internal renewable water resources respectively (Partow, 2011; Tularam and Hassan, 

2016a; 2016b). Despite this, about 60% of the population live under the poverty line, and 

it is considered one of world’s poorest countries (also held by Niger in SSA) (UNDP, 

2013; Tularam and Hassan, 2016a; 2016b). 

Two-thirds the country falls to the south of the Equator and one-third to the north 

(Kisangani, 2016). The climate in DRC is cool and dry in the southern highlands with a 

cold, alpine climate in the Rwenzori Mountains; and hot and humid in the river basin 

(Kazongo, 2016). South of the Equator, the rainy season starts in October and lasts until 

May and in the north of the Equator, rain starts in April and continues until November. 

In addition to this, rainfall is fairly regular throughout the year, along the Equator (Mula, 

and Saxena, 2010). The annual average rainfall in DRC ranges from 1,000 mm to 1,700 

mm and average annual temperatures ranges 18°-32°C. DRC experiences periodic 

climatic events such as seasonal flooding in the east and droughts in the south. These 

events are may be directly related to the significant variations in the rainfall abundance 

or lack of precipitation. 

According to Alinovi et al., (2007), the number of undernourished people tripled from 12 

million to 36 million, and the prevalence increased from 31 to 72% of the population. In 

2002, about 80% of the Congolese population lived below the poverty line of around 

US$0.2 per day (Vlassenroot et al., 2007). Food security is a major concern in DRC in 

that there has been constant food insecurity. 

Between 1974 and 2003, nineteen natural disasters were recorded in DRC. Congo River 

of 4,700 km length crosses the country from East to West. Lukamba (2010) and its water 

level has been increasing steadily and thus posing risk to communities on its path 

including the 12 million living in the capital Kinshasa. Therefore, DRC is considered to 

be one of the most vulnerable and affected countries with a number of natural disasters 

over time. In some occasions the climatic conditions have triggered communities to 
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mobilize and move to other locations; seeking for better living conditions for example. In 

the following section people movement in rural and urban areas as well as rainfall and 

temperature in DRC will be analyzed and some predicted will be made concerning the 

next decade. 

4.3.3.2 Analysis and results: The Democratic Republic of Congo (DRC) 

The ARIMA modelling analysis is presented in the following order: Rural Migration 

(MR), Urban Migration (MU), Rainfall (Rain) and Temperature (Temp). Table 4.10 

shows the summary of descriptive statistics of the main four variables concerning The 

Democratic Republic of Congo (DRC). 

 Table 4.18: Descriptive statistics table for DRC MR, MU, Rain and Temp (1960-2015) 

Variable Min 1st Qtr 
Media

n 
Mean 3rd Qtr Max. Sd Var 

MR -115821 
-

2665.35 
8080 6441.78 17245.66 79940 37183.92 1.38 E^09 

MU -47403 2085.86 8228 11887.16 23226.15 59624 20821.97 4.34 E^08 

Rain (mm) 1208.65 1456.31 1496 1493.38 1524.036 
1728.8

8 
77.37 5986.124 

Temp (°C) 23.66 23.94 24.09 24.18 24.49 25.02 0.343 0.1174793 

4.3.3.2.1 Rural migration (MR)   

 

      Figure 4.46: DRC MR (1960-2015) 

Figure 4.46 shows rural migration in DRC has been relatively stable with small scale 

movement of people to rural areas between 1960 until late-1980s, which has been 

followed by a period of a significant reduction of people coming to rural areas. This seems 

to have started during the early part of 1990s and reached its lowest mid-1990s. This has 
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resulted in a simultaneous reduction of rural populations over time in the rural areas. The 

decrease in population in rural areas may be due a number of factors such as the change 

in the political stability until 1996. The political instability in the regions (Rwanda, 

Uganda and DRC) did trigger some increased movement. This means that patterns of 

people movement in DRC had number of causing factors as well as climatic changes 

impacting migration process. However, Figure 4.46 shows that climatic factors as well as 

political issues seem to have together impacted rural some migration patterns in DRC 

causing peaks and drops of rural migration time series. In this study, the main drivers of 

the movements are considered in terms of movement of persons in SSA. The following 

section analyses time series data and attempts to predict how rural migration time series 

may change and the pattern that it may take in foreseeable future. 

  

Figure 4.47: Histogram and box plots of DRC MR (1960-2015) 

Figure 4.47 presents a histogram and box plot; the histogram indicates the frequency of 

people movement in rural areas of DRC, while the box plot illustrates the median of the 

MR and also the nature of the quartiles.  

Figure 4.27 (a, b) shows plots of stationarized rural migration of DRC, while (c, d) 

presents plots of the autocorrelation ACF. Plots (e and f) show partial autocorrelation 

PACF together with the confidence band of 95%. 
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 Time series data Stationarized data 
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Figure 4.48: DRC MR time series analysis ‒ ACF and PACF 

The autocorrelation of the first lag of the time series data is relatively large and it is 

outside the confidence band (upper confidence limit line) in the stationarized time series 

(D = 2); the autocorrelation of the first lag is also large in magnitude and it is outside the 

confidence band (upper confidence limit line) as shown in Figure 4.48 (c, d). This 

indicates that it is statistically significant from zero, which means that the q = 1 or MA(1). 

Figure 4.48 (e) shows that the first two lags of the partial autocorrelations are relatively 
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large in magnitude and fall well outside the confidence band. The second order difference 

of the rural migration of DRC is shown in Figure 4.48 (f) and this indicates that the all 

lags of the partial autocorrelations are relatively small in magnitude and fall well inside 

the confidence band (the upper confidence limit and lower confidence limit lines). This 

suggests that at least p = 2 or AR(2). Using these outputs of (p, d, q)  (2, 0, 1) is the 

best fit ARIMA model for the rural migration of DRC. Table 4.19 summarizes the above 

analysis for DRC. 

Table 4.19: ARIMA (2, 0, 1) of rural migration of DRC (1962-2015) 

ARMA MR Coef. Std. Err. z P-value [95% Conf. Interval] 

 Cons 7054.585 5365.159 1.31 0.189 -3460.93 17570.1 

AR L1. 1.599177 0.090309 17.71 0.000 1.422175 1.77618 

 L2. -0.85825 0.068049 -12.61 0.000 -0.99162 -0.7248742 

MA L1. -0.37729 0.136505 -2.76 0.006 -0.64483 -0.1097459 

 

𝑀𝑅𝑡 = 7054.59 + 1.6𝑀𝑅𝑡−1 − 0.858𝑀𝑅𝑡−2 − 0.3773𝜀𝑡−1 + 𝜀𝑡 4.10 

To determine usefulness of the best models and to test model’s fitting performance, the 

Akaike's information criterion (AIC) and Bayesian information criterion (BIC) together 

with log likelihood are used. The log likelihood of the model is relatively small at -599.13 

(this is similar to the log likelihood value of the model (2, 0, 1)) with AIC and BIC values 

of 1208.25 and 1218.29 respectively. The augmented Dickey–Fuller unit root test (ADF) 

and the White Noise test of the stationarized time series using autocorrelation and partial 

autocorrelation also gave favorable results. Table 4.19 and Equation 4.10 data shows the 

ARIMA model from which forecasting can be done. 

The next phase is to predict rural migration of DRC for a number of years; the residuals 

line plotted has shown that the residuals are stationary or random. The ACF and PACF 

plots of the residuals have shown that the residuals are white-noise and together this 

means that there is no serial correlation and heteroscedasticity. Further, the cumulative 

periodogram white-noise test gave Bartlett's (B) statistic and corresponding p-value of 

0.612 and 0.8487 respectively. Similarly the corrollelogram showed Portmanteau (Q) 

statistic of 26.9 and p-value of 0.36.  

Figure 4.49 shows plots of the residual variable (rural migration), and these results 

suggest that residual variable of rural migration is stationary and white noise. The model 

therefore is appropriate and can be used to forecast how rural migration may be impacted 
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upon by its own lags. The future values may be able to explain movement of rural 

communities in DRC. Figure 4.49 (a, b) show plots of residuals of MR of DRC and the 

cumulative periodogram white-noise test of MR residuals; together with the line plots of 

DRC MR forecast for a ten year period from 2016 to 2025. The model ARIMA (2, 0, 1) 

is presented in Figure 4.49 (c) as well 

a. DRC MR residuals b. Cumulative periodogram white-noise test of 

MR residuals 

   

c. DRC MR time series and DRC MR forecast 2016-2025, ARIMA (2, 0, 1) 

 

     Figure 4.49: DRC MR time series, residuals and forecast (2016-2025) 
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4.3.3.2.2 Urban migration (MU)    

 

Figure 4.50: DRC MU (1960-2015) 

Figure 4.50 shows that the urban migration in DRC has been relatively stable with small 

scale movement of people to urban areas between 1960 until mid-1980s, which is 

followed by a period of a significant increase of people coming to urban areas that started 

around 1985 and continued until 1994. This resulted a simultaneous reduction of rural 

populations. Figure 4.50 indicates that between 1994 and 1999 there has been an increase 

of the people leaving from urban areas of DRC, and similarly the DRC’s rural populations 

seems to have plummeted in the same period due to many people leaving rural areas 

(Figure 4.46).  

Some of the considerable population movement in both urban and rural areas may be due 

to the political instability including the 1993-1994 ethnic conflict that left 5,000 dead and 

1.3 million people displaced (Nzongola-Ntalaja, 1999 and Putzel et al., 2008). The 

political instability in the region (Rwanda, Uganda and DRC) may have trigged an 

increased people migration from the DRC’s rural and urban communities to neighboring 

countries leading to international refugee type migration. This means that patterns of 

people movement in DRC had number of causing agents that may have impacted upon 

the migration process. However, in the longer term, the main drivers of the movement 

patterns is studied across countries in SSA in this thesis to not only identify the main 

granger causal factors but also to understand in more depth how and why movement has 

occurred so rapidly in terms of the big picture of the populations in SSA.  
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As shown in Figure 4.50, climatic factors as well as political issues seem to have impacted 

urban migration patterns in DRC causing peaks and drops of urban populations over time. 

But political aspects seem to have only occurred and influenced movement at certain 

times and therefore were not particularly seasonal in nature over time. So generally the 

time series plot shows an upward trend of the people coming to DRC urban areas since 

1960. The following section analyses time series data and attempts to predict how urban 

migration time series may change; and the pattern it may take in foreseeable future. 

  

Figure 4.51: Histogram and box plot of DRC MU (1960-2015) 

Figure 4.51 presents the DRC MU histogram and box plot; the histogram indicates the 

frequency of people movement in urban areas of DRC, while the box plot describes the 

median of the MU time series and the distribution quartiles. 

Figure 4.52 (a, b) shows plots of stationarized (D = 1) urban migration of DRC, while (c, 

d) shows plots of the autocorrelation ACF. The plots (e, f) show partial autocorrelation 

PACF with the confidence band of 95%. 

The autocorrelation of the first lag of the time series data is relatively large and it is 

outside the confidence band indicating that it is statistically significant from zero, which 

means that the q = 1 or MA(1) as shown in Figure 4.52 (c). Similarly the second order 

difference of the times series data shows MA(1) where the autocorrelation of the first lag 

is relatively large and it is outside the confidence band indicating that it is statistically 

significant from zero as shown in Figure 4.52 (d). 
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Figure 4.52: DRC MU, time series analysis ‒ ACF and PACF Plots (Graphs a-f) 

PACF plots of the MU of DRC indicate that the first two lags of the partial 

autocorrelations are relatively large in magnitude and fall outside the confidence band; 

this suggests at least p = 2 or AR(2). While the second order difference (D = 2) indicates 

that the first lag of the partial autocorrelations is relatively large in magnitude and falls 

outside the confidence band so at least p = 1 or AR(1) is appropriate. Despite the ACF 
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and PACF results, the study finds that ARIMA(2, 2, 3) fits the model. This was used to 

run the model and results demonstrate to be the best fit. Stata software was used to test 

the model and to predict “changes” of the urban migration of DRC in future; Table 4.20 

presents the ARIMA model of the urban migration of DRC. 

Table 4.20: ARIMA (2, 2, 3) of MU of DRC (1962-2015) 

ARMA D2MU Coef. Std. Err. z P-value [95% Conf. Interval] 
 

Cons -40.1641 210.4007 -0.19 0.849 -452.5419 372.2137 

AR L1. 1.206773 0.3752456 3.22 0.001 0.4713048 1.94224  
L2. -0.8465341 0.2711322 -3.12 0.002 -1.377943 -0.3151248 

MA L1. -2.023164 0.3328394 -6.08 0.000 -2.675517 -1.370811 

 L1. 1.856674 0.3820066 4.86 0.000 1.107955 2.605393 

 L1. -0.833509 0.1569635 -5.31 0.000 -1.141152 -0.5258662 

 

𝐷2𝑀𝑈𝑡 = −40.16 + 1.207D2𝑀𝑈𝑡−1 − 0.847D2MU 𝑡−2 − 2.023𝜀𝑡−1 + 1.857𝜀𝑡−2 − 0.834𝜀𝑡−3

+ 𝜀𝑡 
4.11 

Table 4.20 shows the urban migration data of DRC during the period between 1962 and 

2015 with 54 observations. The log likelihood of the model is relatively small at -576.65 

(this is similar to the log likelihood value of the model (2, 2, 3) with AIC and BIC values 

of 1165.3 and 1177.12 respectively. The augmented Dickey–Fuller unit root test (ADF) 

and the White Noise test of the stationarized time series also gave favorable results. Table 

4.20 and Equation 4.11 are summarizes the analysis. 

The next phase is to predict the changes of urban migration of DRC; the residuals line 

plotted have shown that the residuals are stationary or random. The ACF and PACF plots 

of the residuals have shown that the residuals are white-noise; this means that there is no 

serial correlation and heteroscedasticity; the cumulative periodogram white-noise test 

gave Bartlett's (B) statistic and corresponding p-value of 0.299 and 1.000 respectively. 

Also the Portmanteau (Q) statistic of 7.078 with a p-value of 0.9997 was noted.  

Figure 4.53 shows plots of the residual variable (urban migration). The corrollelogram 

shows p-values are between 0.7037 and 0.999 for the 25 lags considered (all 

autocorrelations for the residual series are non-significant) and these results suggest that 

residual variable of urban migration is stationary and also a white noise. Together the 

results show that the model is appropriate and can be used to forecast urban migration. 

Figure 4.53 (a, b) shows plots of residuals of the urban migration of DRC and cumulative 

periodogram white-noise test of MU residuals, while plot (c) shows urban migration time 
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series data. Figure 4.53 (d) presents urban migration actual (MU actual) and urban 

migration (MU forecast); with a 95% confidence band for the forecasts. 

a. DRC MU residuals b. Cumulative periodogram white-noise test of 

DRC MU residuals 

  

c. DRC MU time series 

 

d. DRC MU time series and DRC MU forecast 2016 to 2025, ARIMA (2, 2, 3) 

 

     Figure 4.53: DRC MU actual, residuals and forecasts 
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4.3.3.2.3 Rainfall (Rain) 

The map of the Democratic Republic of Congo (DRC) was presented in Figure 4.45. DRC 

has three main sub climates, the equatorial climate that receives 1,700-2,000mm per 

annum. Tropical climate (north and south of the equator) that is rainy most of the year 

receiving around 1,000-1,700mm. DRC also has tropical climate with long dry seasons the 

annual average rainfall ranges 800-1,000mm a year; Figure 4.54 presents monthly rainfall 

(mm) of some selected areas that are the main regions of population in DRC. Figure 4.55 

shows line plot of the rainfall (mm) time series of DRC between 1960 and 2015. 

 

     Figure 4.54: Monthly Rainfall (mm) of some selected areas in DRC 

 

          Figure 4.55: DRC Rainfall (Rain mm) (1960-2015) 

Figure 4.56 presents histogram and box plot; histogram indicates the frequency of rainfall 

in DRC, while the box plot describes the median of the Rain and the distribution quartiles. 
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Figure 4.56: Histogram and box plots of DRC Rain (1960-2015) 

Figure 4.57 (a, b) shows plots of stationarized (D = 2) rainfall in DRC, while (c, d) show 

plots of the autocorrelation ACF. The plots (e, f) show partial autocorrelation PACF plots 

with the confidence band of 95%. 

The autocorrelation of the first lag of the time series data is relatively large and it is outside 

the confidence band indicating that it is statistically significant from zero, likewise the 

autocorrelation of the first lag of the second order difference (D = 2) is relatively large and 

is outside the confidence band indicating that it is statistically significant from zero, which 

means that q = 1 or MA(1). The partial autocorrelation plots in Figure 4.57 (e) shows that 

the first lag is statistically significant and falls outside the confidence band, which means 

that q = 1 or AR(1). On the other hand the partial autocorrelation plots of the stationarized 

time series data (D = 2) is presented in Figure 4.57 (f) and it shows that the first two lags 

are relatively large in magnitude and they fall well outside the confidence band. This 

suggests p = 2 or AR(2). Using these outputs of (p, d, q) (2, 2, 1); is the best fit the 

ARIMA model of the rainfall in DRC. 
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Figure 4.57: DRC Rain, time series analysis ‒ ACF and PACF Plots 

Table 4.21 shows the outputs obtained from ARIMA testing of rainfall data of DRC using 

the period between 1962 and 2015; with 54 observations. The log likelihood of the model 

is relatively small at -311.74 (this is similar to the log likelihood value of the model (2, 2, 

1), with AIC and BIC values of 631.48 and 639.44 respectively. The augmented Dickey–
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Fuller unit root test (ADF) and the White Noise test of the stationarized time series gave 

favorable results supporting the analysis. Table 4.21 and Equation 4.12 summarize the 

analysis involved. 

Table 4.21: ARIMA (2, 2, 1) of rainfall of DRC (1962-2015) 

ARMA D2. Rain Coef. Std. Err. z P-value [95% Conf. Interval] 

 Cons 0.293384 0.571984 0.51 0.608 -0.82768 1.414452 

AR L1. -0.32319 0.156919 -2.06 0.039 -0.63074 -0.01563 

 L2. -0.13676 0.11963 -1.14 0.253 -0.37123 0.09771 

AM L1. -1.000 0.184006 -5.43 0.000 -1.36064 -0.63935 

 

𝐷2𝑅𝑎𝑖𝑛𝑡 = 0.3 − 0.3232𝐷2𝑅𝑎𝑖𝑛𝑡−1 − 0.13676𝐷2𝑅𝑎𝑖𝑛𝑡−2 − D2𝜀𝑡−1 + 𝜀𝑡 4.12 

The next phase was to predict results of the model of rainfall of DRC; the residuals line 

plotted has shown that the residuals are stationary or random. The ACF and PACF plots of 

the residuals have shown that the residuals are white-noise; this means that there is no serial 

correlation and heteroscedasticity. Further, the cumulative periodogram white-noise test 

gave Bartlett's (B) statistic and corresponding p-values of 0.672 and 0.76 respectively. 

Similarly the Portmanteau test for white noise of the urban migration residuals showed 

Portmanteau (Q) statistic of 12.333 and p-value of 0.984. 

Figure 4.58 (a, b) presents plots of the residuals of DRC rainfall and cumulative 

periodogram white-noise test of Rain residuals. The corrollelogram test for white noise of 

residuals of the rainfall shows probability values of the all 25 lags is greater than 5% 

ranging from 0.6 to 0.98. These results suggest that residuals of rainfall is stationary and 

also a white noise, so the model is good and can be used to forecast how rainfall amounts 

are impacted by its own. The results together suggest that the above model can be used to 

predict rainfall in DRC in future periods. 

Figure 4.58 (c, d) shows plots of rainfall time series and forecasted DRC Rain (2016-2025) 

based on ARIMA (2, 2, 1) respectively. The forecast data shows that the rainfall in DRC 

may vary considerably in the next decade and this means that climate may impact water 

availability and livelihood of rural communities and trigger people movement from rural 

areas to cities. 
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a. DRC Rain residuals b. Cumulative periodogram white-noise test of 

Rain residuals 

   

c. DRC Rain time series 

 

d. DRC Rain time series and DRC Rain forecast 2016 to 2025, ARIMA (2, 2, 1) 

 

      Figure 4.58: DRC Rain residuals, actual and forecasts ARIMA (2, 2, 1) 
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4.3.3.2.4 Temperature (Temp) 

DRC has three main sub climates. Equatorial climate that is hot and has average 

temperatures of around 25°C; tropical climate that is hot throughout the year and 

experiences a significant temperature variations that range 19-33°C and tropical climate 

with long dry seasons, this regionGenerally DRC characterises medium high mean air 

temperatures throughout the year, which is around 24.2°C. Figure 4.59 “DRC mean 

annual temperature distribution” shows trends of mean annual air temperature variation 

over DRC, major spatial temperature distribution of some selected areas in DRC. Figure 

4.60 presents a line plot of the Temp (°C) time series data for DRC between 1960 and 

2015.  

 

Figure 4.59: Monthly mean Temperature (°C) of some selected areas in DRC 

During data collection process - the average monthly temperature data was collected 

1900-2015 and during the data preparation process it was converted to average annual 

temperature for analytical purposes. The study utilized data from 1960 to 2015 (56 years). 

Figure 4.60 shows the line plot of average annual temperature in DRC between 1900 and 

2015. There is considerable increasing trend of the average annual temperature in DRC 

that can be seen since mid-20th century. However temperature fluctuations in DRC appear 

to have started in 1940s. This study only examines DRC temperature variabilities for the 

period between 196 and 2015. 
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Figure 4.60: DRC Temp (°C) (1960-2015) 

  

Figure 4.61: Histogram and box plots of DRC Temp (1960-2015) 

Figure 4.61 presents a histogram and box plot; the histogram indicates the frequency of 

temperature in DRC, while the box plot describes the median of the Temp time series and 

the distribution quartiles. 

Figure 4.62 (a, b) shows plots of stationarized (D = 2) temperature in DRC, while (c, d) 

show plots of the autocorrelation ACF. The plots (e, f) show partial autocorrelation PACF 

with the confidence band of 95%. 
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Figure 4.62: DRC Temp, time series analysis ‒ ACF and PACF 
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4.62 (d), which means that q = 1 or MA(1). For the partial autocorrelation Figure 4.62 (e) 

shows the first lag of the time series data is significant from zero and falls outside the 

2
3

.5
2

4
2

4
.5

2
5

D
R

C
_
T

e
m

p
 (

°C
)

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Year

-1
-.

5
0

.5
1

T
e
m

p
 (

°C
),

 D
2

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
Year

-1
.0

0
-0

.5
0

0
.0

0
0
.5

0
1
.0

0

A
u
to

c
o
rr

e
la

ti
o
n

s
 o

f 
T

e
m

p

0 5 10 15 20 25
Lag

-0
.5

0
0

.0
0

0
.5

0

A
u

to
c
o

rr
e
la

ti
o

n
s
 o

f 
D

2
.T

e
m

p

0 5 10 15 20 25
Lag

-1
.0

0
-0

.5
0

0
.0

0
0

.5
0

1
.0

0

P
ar

ti
al

 a
u

to
co

rr
el

at
io

n
s 

o
f 

T
em

p

0 5 10 15 20 25
Lag

-0
.5

0
0

.0
0

0
.5

0
1

.0
0

P
ar

ti
al

 a
u

to
co

rr
el

at
io

n
s 

o
f 

D
2

.T
em

p

0 5 10 15 20 25
Lag



185 

 

confidence band; while the second order difference of DRC in Figure 4.62 (f) shows first 

four lags of PACF are relatively large in magnitude and fall well outside the confidence 

so p = 1-4 or AR(1-4). The model test process results suggested that p = 3 or AR(3) may 

be the most suitable. The ARIMA model of (3, 2, 1) was used to fit the temperature in 

DRC and a summary of the analysis is shown in Table 4.22. 

Table 4.22: ARIMA (3, 2, 1) of DRC Temp (1962-2015) 

ARMA D2.Temp Coef. Std. Err. z P-value [95% Conf. Interval] 

 Cons -.0000307 0.001541 -0.02 0.984 -0.00305 0.00299 

AR L1. -0.59414 0.14952 -3.97 0.000 -0.88719 -0.30109 

 L2. -0.56148 0.137379 -4.09 0.000 -0.83074 -0.29222 

 L3. -0.32586 0.150578 -2.16 0.030 -0.62098 -0.03073 

MA L1. -1.000 3401.281 0.000 1.000 -6667.39 6665.388 

 

𝐷2𝑇𝑒𝑚𝑝𝑡 = −.000031 − 0.594𝐷2𝑇𝑒𝑚𝑝𝑡−1 − 0.561D2𝑇𝑒𝑚𝑝𝑡−2 − 0.326D2𝑇𝑒𝑚𝑝𝑡−3 − D2𝜀𝑡−1 

+ 𝜀𝑡 
4.13 

Table 4.22 shows the output obtained from ARIMA testing of temperature data of DRC 

for the period between 1962 and 2015 with 54 observations. The log likelihood of the 

model is relatively small at 2.039 (this is similar to the log likelihood value of the model 

(3, 2, 1), with AIC and BIC values of 7.92 and 19.855 respectively. The augmented 

Dickey–Fuller unit root test (ADF) and the White Noise test in the stationarized time 

series through the use of autocorrelation and partial autocorrelation also gave favorable 

results. Table 4.22 and Equation 4.13 summarize the results of the anlaysis and provide 

the model that could be used for forecasting. 

The next is to predict temperature of DRC for the next decade for example; the residuals 

line plotted has shown that the residuals are stationary or random. The ACF and PACF 

plots of the residuals have also proven that the residuals are white-noise, which means 

that there is no serial correlation and heteroscedasticity. Further the, cumulative 

periodogram white-noise test gave Bartlett's (B) statistic and corresponding p-values of 

0.7478 and 0.631 respectively. Similarly the Portmanteau test showed Portmanteau (Q) 

statistic of 31.023 and p-value of 0.188, Figure 4.63 shows the plots of the residuals of 

the temperature variable. 

Figure 4.63 (a, b) shows plots of residuals of the temperature in DRC and cumulative 

periodogram white-noise test of Temp residuals, while Figure 4.63 (c) shows the plot of 
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temperature time series data. Figure 4.63 (d) shows the Temp forecast of the next decade 

2016-2025. 

a. Line plot Temp residuals b. Cumulative periodogram white-noise test of 

Temp residuals 

  

c. DRC Temp time series 

 

d. DRC Temp time series and DRC Temp forecast 2016 to 2025, ARIMA (3, 2, 1) 

 

    Figure 4.63: DRC Temp actual, residuals and forecasts 
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4.3.3.3 Summary of results 

The univariate analysis of MR, MU, Rain and Temp of DRC was used to model the time 

series data with the aim to forecast the annual trend of these variables between 2016 and 

2025. The ARIMA method was used to find the best fit of each model. The 

appropriateness of the models were diagnosed and checked by looking the ACF and 

PACF of the residuals. Table 4.23 summarizes the best fitted models obtained from the 

time series data of all four variables for DRC; and their corresponding AIC and BIC 

values. The analyses of the data have shown that the lags of stationarized data and that of 

the forecast error terms can be useful tools to predict the trend their respective variable. 

Each ARIMA model was used to forecast changes of the time series variables for the next 

10 years. 

Table 4.23 ARIMA models for annual MR, MU, Rain and Temp of DRC 

Variable ARIMA model AIC BIC Prob. value 

MR (2, 0, 1) 1208.25 1218.29 0.0000 

MU (2, 2, 3) 1165.3     1177.12 0.0000 

Rain (2, 2, 1) 631.48 639.44 0.0000 

Temp (3, 2, 1) 7.92 19.855 0.0000 

As shown in Figure 4.49 (c) rural migration in DRC will tend to increase between 2018 

and 2023. This is followed by a period of slowdown of movement of the people in rural 

communities of DRC until 2025. Further, Figure 4.53 (d) predicts a decline to the number 

of people coming to urban areas in DRC until 2020; which is followed by a period of 

increased urban migration of DRC where more people are predicted to relocate to urban 

areas. Figures 4.49 (c) and 4.53 (d) further predict a reciprocating effect between rural 

and urban migrations in DRC during the forecast period. On the other hand, Figure 4.58 

(d) shows that rainfall in DRC is predicted to have a declining trend. The forecasted 

rainfall data shows that the average annual rainfall in DRC will decline somewhat from 

1512mm in 2016 to 1497mm in 2025. This seems to be a continuation to the declining 

trend of the average rainfall in DRC since 1900. Despite the declining trend; the overall 

forecast results indicate that the annual average rainfall in the DRC will remain to be 

relatively high. Figure 4.63 (d) shows that DRC will experience rising annual average 

temperatures in the next 10 years. The results show that the average annual temperature 

of DRC will rise slightly from 24.54°C in 2015 to 24.58°C in 2025. This is a continuation 

of the increasing trend of the average annual temperatures in DRC since 1900. 
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Table 4.24: Forecast data annual MR, MU, Rain and Temp of DRC (2016-2025) 

Year DRC_MR DRC_MU DRC_Rain DRC_Temp 

 Lo 95 Hi 95 Lo 95 Hi 95 Lo 95 Hi 95 Lo 95 Hi 95 

2016 -20480.08 28839.44 -2616.12 42429.73 1364.77 1660.21 24.14 25.00 

2017 -30669.06 46975.34 -16614.95 46773.90 1330.14 1692.00 24.13 25.07 

2018 -35934.12 58416.18 -25341.14 47213.94 1301.72 1716.82 24.13 25.10 

2019 -37420.87 62959.09 -29756.19 45969.65 1272.32 1742.71 24.11 25.12 

2020 -37820.20 62943.50 -31296.71 44828.64 1245.83 1765.75 24.07 25.20 

2021 -40048.74 61882.04 -31365.97 44839.81 1220.98 1787.12 24.05 25.25 

2022 -44980.58 61904.76 -30844.80 46107.51 1197.12 1807.50 24.04 25.29 

2023 -50817.17 62711.16 -30078.20 48061.44 1174.19 1826.95 24.03 25.33 

2024 -55168.33 63229.52 -29190.78 49998.21 1152.02 1845.65 24.00 25.38 

2025 -56990.52 63239.33 -28326.26 51461.38 1130.46 1863.73 23.99 25.43 

Table 4.25: Correlation for annual MR, MU, Rain and Temp of DRC 

Variable MR MU Rain Temp 

MR 1 0.8134 0.3641 -0.0858 

MU 0.8134 1 0.2346 0.2051 

Rain 0.3641 0.2346 1 -0.0197 

Temp -0.0858 0.2051 -0.0197 1 

The correlations in Table 4.25 show that there are associations between DRC MR, MU, 

Rain and Temp. It is worth noting that correlation doesn’t imply causality but only 

associations, therefore, the values in the table demonstrate the strength and direction of 

the association between any two of these variables; showing whether it is direct or indirect 

relationships.  

It appears that rural migration correlates positively to urban migration and rainfall and 

negatively to temperature. Rainfall and temperature also correlate negatively. In the next 

few sections a multivariate analyses will examine and explore the nature of granger 

causality and impulse response among these variables by using Vector Autoregression 

analysis (VAR) and Vector Error Correction Model (VECM), Grainger Causality and 

Impulse Response tests.  
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4.3.4 Multivariate analysis 

4.3.4.1 VAR and VECM analyses for Somalia, Ethiopia and DRC 

This section presents the results and findings of the multivariate time series analyses using 

well established approaches such as Vector error-correction model (VAR) and Vector 

error-correction model (VECM). The VAR and VECM are appropriate to analyze and 

study the time series data in a dynamic and interactive manner. The results of the time 

series analysis of MR, MU, Rain and Temp of Somalia, Ethiopia and Democratic 

Republic of Congo are critically examined to understand the main drivers of variables 

such as movement of persons. That is, how for example, Rain and Temp time series may 

impact and explain people movement in the selected countries. The impulse responses 

and granger causality will help understand the variables that tend to influence and drive 

persons to urban/rural; in terms of changes in flows of population.  

The first step of the VAR and VECM (d=1) analyses are the lag selection process and it 

suggested that lag 2 is most suitable in that it tends to be the most suitable option in many 

cases. But this does not mean that a lags 1 or 3 are not appropriate of course. During the 

lag selection process, the primary concern is given to the lowest model selection SBIC 

values as suggested by (Asari et al., 2011). STATA software was used to conduct all 

numerical analyses for VAR and VECM modelling. The VECM is used when the data is 

not stationary and need to be differenced to make stationary as done for Somalia and 

Ethiopia. The DRC multivariate analysis was conducted using VAR. Selection order 

criteria is computed to gauge whether we have included sufficient lags in the 

VAR/VECM. Stata’s varsoc command is used to produce selection order criteria, and 

highlight the optimal lag. The study acknowledges that introducing too many lags wastes 

degrees of freedom, while too few lags may cause the equations to be potentially 

misspecified and are likely to result autocorrelation in the residuals. 

Table 4.26 and 4.27 present the lag order selection criterion for the VECM models for 

Somalia and Ethiopia. Table 4.28 shows lag order selection criterion for the DRC VAR. 

The stars (*) in the tables indicate the best fitting models that could be selected depending 

on the criteria used. 
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Table 4.26: Lag order selection criterion for the Somalia VECM 

Lag LL LR df P FPE AIC HQIC SBIC 

0 -1350.16    1.40E+18 53.1042 53.1621 53.2557 

1 -1288.58 123.16 16 0.000 2.30E+17 51.3168 51.6063 52.0744 

2 -1224.82 127.52 16 0.000 3.5e+16* 49.4439* 49.965* 50.8076* 

3 -1212.22 25.201 16 0.066 4.20E+16 49.5773 50.3299 51.547 

4 -1197.23 29.977* 16 0.018 4.60E+16 49.6169 50.6012 52.1927 

 

Table 4.27: Lag order selection criterion for the Ethiopia VECM 

Lag LL LR df p FPE AIC HQIC SBIC 

0 -1526.85    1.40E+21 60.0334 60.0912 60.1849 

1 -1455.61 142.49 16 0.000 1.60E+20 57.867 58.1565 58.6245 

2 -1397.92 115.38 16 0.000 3.10E+19 56.232 56.7531 57.5956* 

3 -1370.19 55.441* 16 0.000 2.0e+19* 55.7724* 56.525* 57.7421 

4 -1361.04 18.314 16 0.306 2.80E+19 56.0407 57.025 58.6165 

Table 4.28: Lag order selection criterion for the DRC VAR 

Lag LL LR df p FPE AIC HQIC SBIC 

0 -1452.34    7.50E+19 57.1113 57.1692 57.2628 

1 -1392.44 119.79 16 0.000 1.30E+19 55.39 55.6795 56.1476 

2 -1328.46 127.97 16 0.000 2.10E+18 53.5083 54.0294 54.8719* 

3 -1306.51 43.91* 16 0.000 1.7e+18* 53.2747* 54.0274* 55.2444 

4 -1298.82 15.371 16 0.498 2.50E+18 53.6008 54.5851 56.1766 

To further justify the test of the lag selection processes, Johansen methodology was used; 

particularly to estimate the co-integration rank.  

Table 4.29-4.31 present model fitting for the VECM model for MR, MU, Rain and Temp 

of SOM, ETH and DRC As noted the VAR and VECM analyses were conducted to assess 

the nature of the interactions between the variables or indeed how one variable can 

influence/explain another variable. 

Table 4.29: Model fitting for the VECM model for Somalia and Ethiopia 

Equation Parms RMSE R-sq chi2 p-value 

SOM_D.MR 10 8281.04 0.8995 375.9102 0.000 

SOM_D.MU 10 2715.08 0.9228 502.2505 0.000 

SOM_D.Rain 10 43.033 0.4373 32.64058 0.0003 

SOM_D.Temp 10 0.251883 0.364 24.04152 0.0075 

ETH_D.MR 10 25903.8 0.6442 76.03813 0.000 

ETH_D.MU 10 23469.5 0.4456 33.76291 0.0002 

ETH_D.Rain 10 57.8346 0.3655 24.19333 0.0071 

ETH_D.Temp 10 0.236069 0.571 55.90439 0.000 
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Table 4.30: Model fitting for the VAR model for Democratic Republic of Congo 

Equation Parms RMSE R-sq chi2 p-value 

DRC_MR 13 10383.3 0.9435 867.9317 0.000 

DRC_MU 13 7004.19 0.915 559.6924 0.000 

DRC_Rain 13 62.4107 0.3671 30.16269 0.0026 

DRC_Temp 13 0.194075 0.7482 154.5044 0.000 

 

Table 4.31: Somalia MR, MU, Rain and Temp VECM results 

SOM_D.MR Lags Coef. Std. Err. z p-value [95% Conf. Interval] 

Ce1* L1 0.080 0.039 2.08 0.038 0.005 0.156 

SOM_D.MR 
L1. 1.131 0.188 6.01 0.000 0.763 1.500 

L2 -0.566 0.264 -2.15 0.032 -1.083 -0.049 

SOM_D.MU 
L1 0.450 0.560 0.8 0.422 -0.647 1.547 

L2 -0.030 0.519 -0.06 0.954 -1.047 0.988 

SOM_D.Rain 
L1 -72.432 39.176 -1.85 0.064 -149.215 4.351 

L2 -83.956 29.271 -2.87 0.004 -141.325 -26.587 

SOM_D.Temp 
L1 -3443.540 4758.125 -0.72 0.469 -12769.300 5882.217 

L2 -11328.100 4792.448 -2.36 0.018 -20721.100 -1935.090 
 Cons -38.455 1150.779 -0.03 0.973 -2293.940 2217.030 

SOM_D.MU Lags Coef. Std. Err. z p-value [95% Conf. Interval] 

Ce1** L1 0.046 0.013 3.64 0.000 0.021 0.071 

SOM_D.MR 
L1 0.428 0.062 6.95 0.000 0.307 0.549 

L2 -0.006 0.086 -0.07 0.945 -0.175 0.164 

SOM_D.MU 
L1 0.017 0.184 0.09 0.928 -0.343 0.376 

L2 -0.312 0.170 -1.84 0.066 -0.646 0.021 

SOM_D.Rain 
L1 -26.688 12.844 -2.08 0.038 -51.863 -1.513 

L2 -19.130 9.597 -1.99 0.046 -37.939 -0.320 

SOM_D.Temp 
L1 1013.008 1560.029 0.65 0.516 -2044.590 4070.610 

L2 -1466.950 1571.282 -0.93 0.351 -4546.610 1612.706 
 Cons 66.905 377.302 0.18 0.859 -672.592 806.403 

If the time series is not stationary, the Vector error-correction model (VECM) 

automatically converts time series data to first difference/stationarized data. In vector 

error-correction models of MR and MU of Somalia, p-values of the error correction terms 

(Ce1* and Ce1**) or speed of adjustment towards the equilibrium are significant 0.038 

and 0.000; and these are presented in Table 4.31. However, the long run coefficients of 

the error correction terms (Ce1* and Ce1**) of these VECM model are positive and 

suggest that there are no long run causality running from SOM MU, Rain and Temp to 

SOM_D.MR or from SOM MR, Rain and Temp to SOM_D.MU. 

The VECM results presented in Table 4.31 suggest that a lag 2 of the independent variable 

rainfall is statistically significant (0.004) and has an influence to the dependent variable 
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SOM_D.MR. The postestimation tests have showed that rainfall lags 1 and 2 jointly can 

influence (p = 0.0153) the dependent variable; which is rural migration of Somalia.  

The Rainfall variable is statistically significant and this does tend to explain rural 

migration in Somalia. The results indicate that there is short run causality running from 

rainfall to rural migration in Somalia. Similarly, lag 2 of the independent variable 

temperature has an influence to the dependent variable which is SOM_D.MR.  

Further, rainfall (lag 1 and 2) has an influence on the dependent variable which is 

SOM_D.MU. The rainfall is statistically significant and thus helps explain urban 

migration in Somalia. Temp is also statistically significant and so helps explain rural 

migration in Somalia. The lag 2 of the independent variable temperature has an influence 

to the dependent variable, which is SOM_D.MR and statistically significant at 0.018.  

The VECM results indicate that temperature does not appear to have influence urban 

migration in Somalia. The results suggest that future amounts of MR and MU in Somalia 

can be suitably modelled to predict using Equations 4.14 and 4.15. 

𝑆𝑂𝑀_∆𝑀𝑅𝑡 =   −38.455 + 1.131∆𝑀𝑅𝑡−1 − 0.566∆𝑀𝑅𝑡−2 + 0.45∆𝑀𝑈𝑡−1 − 0.03∆𝑀𝑈𝑡−2

− 72.432∆𝑅𝑎𝑖𝑛𝑡−1 − 83.956∆𝑅𝑎𝑖𝑛𝑡−2 − 3443.540∆𝑇𝑒𝑚𝑝𝑡−1

− 11328.1∆𝑇𝑒𝑚𝑝𝑡−2 + 𝑢𝑡 

4.14 

𝑆𝑂𝑀_∆𝑀𝑈𝑡 =   66.905 + 0.428∆𝑀𝑅𝑡−1 − 0.006∆𝑀𝑅𝑡−2 + 0.017∆𝑀𝑈𝑡−1 − 26.688∆𝑀𝑈𝑡−2

− 26.688∆𝑅𝑎𝑖𝑛𝑡−1 − 19.13∆𝑅𝑎𝑖𝑛𝑡−2 + 1013.01∆𝑇𝑒𝑚𝑝𝑡−1

− 1466.95∆𝑇𝑒𝑚𝑝𝑡−2 + 𝑢𝑡 

4.15 

The long run relationship between rural migration, urban migration, rainfall and 

temperature for one co-integrating vector for Somalia for the period 1962-2015 is shown 

in Table 4.32.  

The p-values are displayed in parenthesis. Rural migration, urban migration and rainfall 

are significant at 1% level of significance. For example, 1 unit increase of the rainfall is 

likely to increase rural migration in Somalia by 1077.3 units and decrease urban migration 

in Somalia by 187.34 units. These estimates are significant at 1% level of significance.  
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Table 4.32: Cointegrating equations of the VECM for Somalia 

Equation Parms chi2 p-value  
Ce1 3 62.27889 0.000  

Identification: Identification:  beta is exactly identified 

Johansen normalization restriction imposed 

 beta Coef. Std.Err. z p-value [95% Conf. Interval] 

Ce1 MR 1      

 MU -5.75055 0.761775 -7.55 0.000 -7.2436 -4.2575 

 Rain 1077.317 264.7664 4.07 0.000 558.3849 1596.25 

 Temp -8577.07 30743.38 -0.28 0.780 -68833 51678.84 

 Cons -47223.5      

Equation Parms chi2 p-value  
Ce1 3 34.98609 0.000  

Identification: Identification:  beta is exactly identified 

Johansen normalization restriction imposed 

 beta Coef. Std.Err. z p-value [95% Conf. Interval] 

Ce1 MU 1      

 MR -0.1738963 0.0495864 -3.51 0.000 -0.2710838 -0.0767088 

 Rain -187.3415 45.1444 -4.15 0.000 -275.8229 -98.8601 

 Temp 1491.52 5361.471 0.28 0.781 -9016.771 11999.81 

 Cons 8212.023      

 

MR =  −5.75055MU +  1077.317Rain −  8577.07Temp −  47223.5  4.16 

MU =  −0.1738963MR − 187.34Rain + 1491.52Temp + 8212.023  4.17 

In this case, the coefficients can be interpreted as the long run relationship values. The 

changes of the rural and urban migrations in Somalia are related to rainfall variabilities; 

therefore, the estimated models are able to produce consistent results. The results 

presented in the Table 4.32 suggest that the increase of rainfall in Somalia leads to people 

moving to rural areas in Somalia and vice versa. Generally, the result of the rural/urban 

migrations MR and MU equations shown above appear to be suitable in terms of the 

appropriate signs and does fit the reality. It is seen that rainfall has appropriate positive 

and negative signs with its relationship to rural and urban migration respectively. 

Essentially, these results indicate that rainfall variabilities in Somalia have a greater 

impact on rural communities compared to urban communities. People movement appears 

to be a response to changes to the rainfall. For example, one unit change of rainfall causes 

larger rural movement than urban movement.  

The results suggest that many people will come to rural areas in the times of good rainfalls 

while urban migration slows down during the rainy season. In contrast during the dry 
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season many people will leave their rural communities and migrate to urban areas. 

Temperature on the other hand, appears to have less of an impact on both rural and urban 

migrations in Somalia. 

Table 4.33: Ethiopia MR, MU, Rain and Temp VECM results 

ETH_D.MR Lags Coef. Std. Err. z p-value [95% Conf. Interval] 

Ce1* L1 -0.29974 0.095653 -3.13 0.002 -0.48721 -0.11226 

ETH_D.MR 
L1 1.096526 0.189871 5.78 0.000 0.724385 1.468667 

L2 -0.3008 0.237073 -1.27 0.205 -0.76546 0.163854 

ETH_D.MU 
L1 1.202624 0.297756 4.04 0.000 0.619033 1.786214 

L2 -0.24735 0.230521 -1.07 0.283 -0.69916 0.204463 

ETH_D.Rain 
L1 146.4489 74.3949 1.97 0.049 0.637535 292.2602 

L2 116.5299 66.33788 1.76 0.079 -13.49 246.5498 

ETH_D.Temp 
L1 14149.47 12889.2 1.1 0.272 -11112.9 39411.84 

L2 12131.8 12323.35 0.98 0.325 -12021.5 36285.12 
 Cons -155.818 3677.829 -0.04 0.966 -7364.23 7052.593 

ETH_D.MU Lags Coef. Std. Err. z p-value [95% Conf. Interval] 

Ce1** L1 0.275189 0.086664 3.18 0.001 0.10533 0.445048 

ETH_D.MR 
L1 0.334988 0.172028 1.95 0.052 -0.00218 0.672157 

L2 -0.48612 0.214795 -2.26 0.024 -0.90711 -0.06513 

ETH_D.MU 
L1 0.194349 0.269775 0.72 0.471 -0.3344 0.723098 

L2 -0.49884 0.208859 -2.39 0.017 -0.90819 -0.08948 

ETH_D.Rain 
L1 -127.911 67.40375 -1.9 0.058 -260.02 4.197885 

L2 -87.9408 60.10388 -1.46 0.143 -205.742 29.86068 

ETH_D.Temp 
L1 -12953.2 11677.96 -1.11 0.267 -35841.6 9935.171 

L2 -3212 11165.28 -0.29 0.774 -25095.6 18671.55 
 Cons -169.72 3332.21 -0.05 0.959 -6700.73 6361.292 

The vector error-correction model of ETH_D.MR shows that the probability value of the 

error correction term (Ce1*) is statistically significant 0.002 (Table 4.33). Further, the 

long run coefficient of the error correction terms (Ce1*) of the VECM model is negative 

and suggests that there is long run causality running from ETH MU, Rain and Temp to 

ETH_D.MR. On the other hand, the VECM model of MU of Ethiopia shows that the 

probability value of the error correction term (Ce1**) is significant 0.001 (Table 4.33). 

However, the long run coefficient of the error correction terms (Ce1**) is positive and 

suggests that there is no long run granger causality from ETH MR, Rain and Temp to 

ETH_D.MU. 

The VECM results are presented in Table 4.33 and the values suggest that the lag 1 of the 

independent variable rainfall has an influence on the dependent variable; which is 

ETH_D.MR. The ETH_Rain variable is statistically significant (0.049) and can be used 

to explain rural migration in Ethiopia.  
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The results indicate that there is short run granger causality running from rainfall to rural 

migration in Ethiopia. Further, the results suggest that the lag 2 of the independent 

variable rainfall has an influence to the dependent variable; which is ETH_D.MU. 

So rainfall is statistically significant (0.017) and can help explain the nature of the urban 

migration in Ethiopia. The results indicate that there is short run causality running from 

rainfall to urban migration in Ethiopia. The VECM results further show that temperature 

does not appear to have influence to rural migration in Ethiopia. The results suggest that 

future amounts of MR and MU in Ethiopia can be predicted by using Equations (4.18 and 

4.19). 

𝐸𝑇𝐻_∆𝑀𝑅𝑡 =   −155.82 + 1.1∆𝑀𝑅𝑡−1 − 0.301∆𝑀𝑅𝑡−2 + 1.203∆𝑀𝑈𝑡−1 − 0.247∆𝑀𝑈𝑡−2

+ 146.45∆𝑅𝑎𝑖𝑛𝑡−1 + 116.53∆𝑅𝑎𝑖𝑛𝑡−2 + 14149.47∆𝑇𝑒𝑚𝑝𝑡−1

+ 12131.8∆𝑇𝑒𝑚𝑝𝑡−2 + 𝑢𝑡 

4.18 

𝐸𝑇𝐻_∆𝑀𝑈𝑡 =   −169.72 + 0.335∆𝑀𝑅𝑡−1 − 0.486∆𝑀𝑅𝑡−2 + 0.194∆𝑀𝑈𝑡−1 − 0.5∆𝑀𝑈𝑡−2

− 127.9∆𝑅𝑎𝑖𝑛𝑡−1 − 87.941∆𝑅𝑎𝑖𝑛𝑡−2 − 12953.2∆𝑇𝑒𝑚𝑝𝑡−1 − 3212∆𝑇𝑒𝑚𝑝𝑡−2

+ 𝑢𝑡 

4.19 

The long run relationship between rural migration, urban migration, rainfall and 

temperature for one co-integrating vector for the Ethiopia for the period 1962-2015 is 

shown in Table 4.34. All variables are significant at 1% level of significance. For 

example, 1 unit increase of the rainfall is likely to increase rural migration in Ethiopia by 

830.851 units and decrease urban migration in Ethiopia by 530.85 units. Similarly 1 unit 

increase of the temperature is likely to increase rural migration in Ethiopia by 63256.06 

units and decrease urban migration in Ethiopia by 40415.74 units. These estimates are 

significant at 1% level of significance.  

The coefficients can be interpreted as the long run relationship. The changes of the rural 

and urban migrations in Ethiopia appear to be strongly associated with the rainfall 

variabilities and rising temperatures; therefore, the estimated models are consistent with 

the data and can be used to predict for example.  

The results on Table 4.34 suggest that increase of rainfall and decrease in temperatures in 

Ethiopia lead to people moving to rural areas in Ethiopia and vice versa. Generally, the 

result of the rural and urban migrations (MR and MU equations) shown above appear to 

be suitable in terms of the appropriate signs. It is seen that rainfall and temperature have 
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appropriate positive and negative signs with their relationship to rural and urban 

migration in Ethiopia. 

Table 4.34: Cointegrating equations of the VECM for Ethiopia 

Equation Parms chi2 p-value  

Ce1 3 34.99555 0.000  

Identification: Identification:  beta is exactly identified 

Johansen normalization restriction imposed 
 beta Coef. Std.Err. z p-value [95% Conf. Interval] 

Ce1 MR 1      
 MU -1.565135 0.4868975 -3.21 0.001 -2.519437 -0.6108335 
 Rain 830.8509 176.6643 4.7 0.000 484.5952 1177.107 
 Temp 63256.06 16205.1 3.9 0.000 31494.64 95017.47 
 Cons -2065632      

Equation Parms chi2 P-value  

Ce1 3 23.37752 0.000  

Identification: Identification:  beta is exactly identified 

Johansen normalization restriction imposed 
 beta Coef. Std.Err. z p-value [95% Conf. Interval] 

Ce1 MU 1      
 MR -0.6389224 0.1458835 -4.38 0.000 -0.9248489 -0.352996 
 Rain -530.8493 135.9864 -3.9 0.000 -797.3777 -264.3208 
 Temp -40415.74 11212.68 -3.6 0.000 -62392.19 -18439.29 
 Cons 1319779      

 

MR =  −1.565MU +  830.851Rain + 63256.1Temp − 2065632  4.20 

MU =  −0.6389MR − 530.85Rain − 40415.74Temp + 1319779  4.21 

Essentially these results indicate that rainfall variabilities in Ethiopia have a greater 

impact on rural communities compared to urban communities. The average temperature 

in Ethiopia tends to be at medium to low levels (23.2°C) and a unit change of temperature 

appear to increase rural migration in Ethiopia and decrease the number of people coming 

to urban areas.  

In Ethiopia, people movement appears to be a response to the rainfall and temperature 

changes. For example, one unit change of rainfall causes greater rural movement than 

urban movement. The results also suggest that many people will come to rural areas in 

the times of good rain while urban migration slows down during the rainy season. In 

contrast during the dry season a larger number people tend to leave their rural 

communities and migrate to urban areas. The general trend of people movement in 
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Ethiopia appears to be towards the urban areas, in other words the number of people 

arriving to urban areas out cumber those relocating to rural areas of Ethiopia. 

Table 4.35: VAR results for Democratic Republic of Congo MR and MU 

DRC_MR Lags Coef. Std. Err. z p-value [95% Conf. Interval] 

DRC_MR L1. 1.471197 0.131735 11.17 0.000 1.213001 1.729393 

 L2. -1.24869 0.228791 -5.46 0.000 -1.69711 -0.80027 

 L3. 0.251957 0.140584 1.79 0.073 -0.02358 0.527497 

DRC_MU L1. 1.281801 0.200505 6.39 0.000 0.888818 1.674783 

 L2. -1.06026 0.214041 -4.95 0.000 -1.47977 -0.64074 

 L3. 0.492141 0.173426 2.84 0.005 0.152232 0.832049 

DRC_Rain L1. -1.40983 22.5199 -0.06 0.950 -45.548 42.72836 

 L2. 23.25225 23.17778 1 0.316 -22.1754 68.67986 

 L3. -1.02227 20.80228 -0.05 0.961 -41.794 39.74946 

DRC_Temp L1. 2880.4 6184.209 0.47 0.641 -9240.43 15001.23 

 L2. -11681.1 6108.678 -1.91 0.056 -23653.9 291.6479 

 L3. -6411.61 5968.776 -1.07 0.283 -18110.2 5286.978 

 Cons 331192.7 180464.8 1.84 0.066 -22511.8 684897.2 

DRC_MU Lags Coef. Std. Err. z p-value [95% Conf. Interval] 

DRC_MR L1. 0.589363 0.088864 6.63 0.000 0.415193 0.763533 

 L2. -0.35785 0.154334 -2.32 0.020 -0.66034 -0.05536 

 L3. -0.07414 0.094833 -0.78 0.434 -0.26001 0.11173 

DRC_MU L1. 0.516384 0.135253 3.82 0.000 0.251293 0.781476 

 L2. -0.23009 0.144384 -1.59 0.111 -0.51308 0.052901 

 L3. 0.151829 0.116987 1.3 0.194 -0.07746 0.381119 

DRC_Rain L1. -0.84009 15.19111 -0.06 0.956 -30.6141 28.93395 

 L2. -24.6794 15.6349 -1.58 0.114 -55.3233 5.964416 

 L3. 32.07739 14.03247 2.29 0.022 4.57425 59.58053 

DRC_Temp L1. 5428.293 4171.645 1.3 0.193 -2747.98 13604.57 

 L2. 12208.18 4120.694 2.96 0.003 4131.764 20284.59 

 L3. -2075.2 4026.321 -0.52 0.606 -9966.65 5816.241 

 Cons -379741.6 121735 -3.12 0.002 -618337.9 -141145.3 

As shown in Table 4.28, the lag selection criterion suggested lag 3 for DRC time series. 

VAR(3) was used to assess the interaction between climatic variables and people 

movement. In other words how rainfall variability and rising temperatures may impact 

rural-urban migrations. 

The VAR results have shown that temperature has a significant impact on rural and urban 

migrations in DRC (Table 4.35). The independent variable temperature (lag 2) is a 

significant variable (less than 10% and 5%) to explain the dependent variables; which are 

rural migration and urban migration respectively. On the other hand, rainfall (lag 3) is 

statistically significant at 5% significance level and maybe able to explain urban 

migration in Democratic Republic of Congo.  
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Further, the results show that climatic factors (rainfall and temperature) strongly impact 

urban migration in DRC; where each climatic variable is statistically significant to explain 

changes to the urban migration in DRC. The results suggest that future amounts of MR 

and MU in DRC can be predicted by using Equations 4.22 and 4.23 as developed using 

the VAR. 

DRC_MRt =   331192.7 + 1.47MRt−1 − 1.25MRt−2 + 0.252MRt−3 + 1.282MUt−1

− 1.06MUt−2 + 0.492MUt−3 − 1.41Raint−1 + 23.25Raint−2

− 1.02Raint−3 + 2880.4Tempt−1 − 11681.1Tempt−2

− 6411.61Tempt−3 + ut 

4.22 

DRC_MUt =  −379741.6 + 0.589MRt−1 − 0.358MRt−2 − 0.074MRt−3 + 0.516MUt−1

− 0.23MUt−2 + 0.152MUt−3 − 0.84Raint−1 − 24.679Raint−2

+ 32.08Raint−3 + 5428.3Tempt−1 + 12208.18Tempt−2

− 2075.2Tempt−3 + ut 

4.23 

4.3.4.2 Granger causality test 

Granger causality test were conducted to test the VAR model of DRC and to determine 

whether each variable plays a significant role in each of the equations. The granger 

causality tests have shown that there is significant granger causality effect from Temp to 

MR and MU respectively. Moreover, Rain and Temp appear to have a combined granger 

effect on DRC MU; in addition, the low p-value of the combination of rain and 

temperature does not necessarily suggest that rain is granger causal, since temperature 

could be compensating for rain. Table 4.36 shows Granger causality Wald tests for MR 

and MU of DRC.  

Table 4.36: Granger causality Wald tests for MR and MU of DRC 

Equation Excluded chi2 df p-value 

DRC_MR DRC_MU 44.114 3 0.000 

DRC_MR DRC_Rain 1.2262 3 0.747 

DRC_MR DRC_Temp 7.7898 3 0.051 

DRC_MR ALL 48.4 9 0.000 

DRC_MU DRC_MR 96.551 3 0.000 

DRC_MU DRC_Rain 5.8992 3 0.117 

DRC_MU DRC_Temp 16.937 3 0.001 

DRC_MU ALL 134.54 9 0.000 

Further, temperature together with rainfall has a combined granger effect on rural and 

urban migrations in DRC. The results also suggest that there rural migration and urban 
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migration are associated, where each migration variable granger causes the other at less 

than 1% significance level. 

 

Figure 4.64: Granger causality diagram for MR and MU of DRC 

The results of the multivariate analyses have showed that changing climate in form of 

rainfall variabilities and rising temperatures have a combined granger effect on people 

migration in both rural and urban areas in DRC; in fact temperature variations have a 

significant impact (5%) on both urban and rural migrations. Further, Temperature may 

able to compensate for the other variables and lead to a combined granger effect on MR 

and MU. To further check the relationship between climatic and people movement the 

following session will discuss impulse response tests. 

4.3.4.3 Impulse response 

The study conducts an impulse response analysis to further check and understand the 

findings of VECM. To draw a meaningful interpretation contemporaneous identifying 

restrictions are employed. In the recursive structure it is assumed that the first appearing 

variables contemporaneously impact those variables that appear later. The responses of 

rural and urban migrations of Somalia to a unit shock in rainfall are positive, and thus 

have upward trends and these responses appear to be “fast” and can be considered 

statistically significant (Figure 4.65).  

This means that 1 unit shock (increase) in rainfall leads to an increase to the number of 

people coming to rural and urban areas simultaneously. While one unit shock (negative) 

in rainfall results a reduction to the number of people coming to rural areas as well as 

those coming to urban areas of Somalia. This can be explained in the following manner; 

the rainfall variabilities deter people from coming to rural areas and thus may contribute 

to migration out process; even where people migrate externally to neighboring countries 
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due to dry seasons in the country. The rainfall variabilities in Somalia appear to granger 

cause migration processes that have two directions. However, it is understood that the 

people leaving from rural areas outnumber those coming to rural Somalia by noting the 

coefficients of changes. 

Further, the response of rural migration in Somalia to a shock in temperature is negative 

and has a downward trend; this response seems to be fast and statistically significant. This 

means rural migration responses negatively to the rising temperatures, where the number 

of people coming to rural areas in Somalia declines due to the rising temperatures. In 

confirmation of this; the response of urban migration of Somalia to a unit shock in 

temperature is positive and has upward trend which appears to be much slower. This 

means the number of people coming to urban areas in Somalia may increase slightly due 

to one unit shock in temperature. The interactive manner in which the rainfall and 

temperature act on the MR and MU tends then to a have a positive longer term effect on 

MU. 

 

Figure 4.65: Impulse response functions MR, MU, Rain and Temp of Somalia 

The response of rural migration of Ethiopia to a unit shock in rainfall is negative, fast and 

have downward trend. This response appears to be fast and can be considered statistically 

significant (Figure 4.66). This means that 1 unit shock (increase in standard deviation) in 

rainfall leads to a decrease to the number of people migrating to rural. While the response 

of urban migration of Ethiopia to a unit shock in rainfall is positive, fast and have upward 
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trend. This response appears to be fast and can be considered statistically significant 

(Figure 4.66). In other words, 1 unit shock (increase) in rainfall variability leads to an 

increase to the number of people relocating to urban areas. Therefore, rainfall variabilities 

appear to granger cause urban migration in Ethiopia. 

On the other hand, the response of rural migration in Ethiopia to a shock in temperature 

variability is negative and has a downward trend; this response seems to be slow and 

statistically insignificant. The Urban migration shows a similar response but positive and 

upward direction. This means rural and urban migrations respond slowly to the rising 

temperatures. In fact, the number of person coming to or leaving from the rural/urban 

areas in Ethiopia due to the rising temperatures appear to be relatively small; but over 

time the percentage of the population movement tends to be notable. Similar findings 

were presented in the co-integration tests in which the results showed that rainfall 

variabilities play a significant role to shape the people movement in Ethiopia and that 

rising temperatures have limited impact on rural/urban migration in Ethiopia. A combined 

rainfall and temperature effect is however noted.   

 

Figure 4.66: Impulse response functions MR, MU, Rain and Temp of Ethiopia 
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    Figure 4.67: Impulse response functions MR, MU, Rain and Temp of DRC 

The rural migration of the Democratic Republic of Congo responds positively to a unit 

shock in rainfall variability and shows fluctuating trend in the initial shocks and dies out. 

Figure 4.67 shows that the shock of the forth unit of rainfall results significant movement 

of people to rural areas. Urban migration shows mixed and slow responses to the unit 

shock of rainfall. It appears that rural migration slowly responds to a unit shock to the 

temperature, this response seems to be insignificant. However, the initial response of the 

urban migration is positive to the unit shock of the temperature and dies out. 
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CHAPTER FIVE 

Summary of the findings and discussion
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5.1 Introduction 

Climate change poses a major challenge to Sub-Saharan Africa. Climate change appears 

to have serious impacts on rural-urban migration trends in the region. SSA sub regions 

and member countries are expected to address the people movement phenomenon that is 

used as a tool to mitigate climate change impacts and associated challenges. As presented 

in the literature, there have been limited studies that collectively examine the relationship 

between climate change, population growth and people movement in Sub-Saharan Africa. 

Literature review found that climate change factors and population growth have not been 

integrated to assess their impact on people movement. This study aimed to establish a 

better understanding on the impact of rainfall fluctuations and rising temperatures to the 

rural and urban migrations of three Sub-Saharan African countries. It is anticipated that 

these findings will increase our understanding to the impact climate change on the 

livelihoods and migration processes of rural communities in Somalia, Ethiopia and 

Democratic Republic of Congo.To do so the study examined push and pull factors of SSA 

rural-urban migration using time series univariate and multivariate analysis on population 

data and climatic variables data namely rainfall and temperature. This chapter 

summarizes findings of the study with the respect of the research question presented in 

chapter three. The final section of this chapter is the discussion to recap the overall 

findings of the literature review and the time series analysis. 

5.2 Summary of findings 

In this section the summary of the findings of this study is presented. These findings 

constitute a combination of the results of the literature review and times series analysis. 

Summary first discusses findings of the quantitative time series data analysis of three 

Sub-Saharan African countries –Somalia (SOM), Ethiopia (ETH) and Democratic 

Republic of Congo (DRC). The time series data of each country involved four main 

variables; rural migration (MR), urban migration (MU), rainfall (Rain) and temperature 

(Temp). These findings are discussed in a way that reflects and responds the focus 

questions of this study posed in chapter three. 

 



205 

 

5.2.1 What are the summary statistics regarding rural migration, urban 

migration, rainfall and temperature for Somalia, Ethiopia and Democratic 

Republic of Congo? 

The summary of statistics of the time series data showed the general characteristics of the 

time series data. The means, median, standard deviations and variances of the climatic 

and migration variables of the three selected Sub-Saharan African countries were 

summarized in Tables 4.1, 4.10 and 4.18. 

In Somalia, the number of people migrating to rural and urban area peaked 107,881 and 

29,412 respectively, while the lowest migrants to rural and urban areas recorded in the 

past six decades reached -130,962 and -50,036. The negative and positive minimum and 

maximum values respectively indicate people movement. It appeared that rural migration 

of Somalia has been recording higher variabilities with respect to urban migration. It is 

also noted that both mean and median values of the rural migration in Somalia were 

negative; while mean and median values of urban migration were positive. The standard 

deviation measured the distribution of the time series data; that is how widely spread out 

of the data distribution and, more specifically the average distance from the mean. It 

appears that the variability in rain is greater than that of the temperature. The higher 

rainfall variability may have linked to the higher variabilities in the rural migration. Based 

on these figures it can be concluded that rural migration fluctuates more than urban 

migration and people in the rural areas of Somalia are more likely to migration compared 

top these in the urban areas. 

The analyses of the summary of statistics of the time series data of Ethiopia showed high 

variations in the rural migration of Ethiopia when compared to the urban migration. The 

minimum values of the rural and urban migrations of Ethiopia were -150,274 and -36,102 

respectively and the maximum values were 154,789 for rural migration and 150,941 for 

urban migration. The higher variability of the rural migration times series data appear to 

show that rural populations are likely to migrate. However, urban migration of Ethiopia 

appeared to be less variable and mainly to the positive. It may be assumed that the number 

of people coming to urban Ethiopia outnumber those leaving from cities and relocating 

to rural areas. Both rainfall and temperature in Ethiopia seem to be variable as well. On 

the average there are some reasonable amounts of rainfall and a higher mean temperature. 
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The summary statistics of the time series data from Democratic Republic of Congo 

showed significant variabilities MR, MU, Rain and Temp. It is noted that rural migration 

varies considerably and reaches as low as -115,821 and peaks 79,940. That may mean 

that the overall net migration of rural migration is negative; where the number of people 

leaving rural areas outnumbers those moving to rural areas. On the other hand, urban 

migration in DRC appears to be less variable. However, urban migration in DRC ranged 

from -47,403 to 20,822. The number of people arriving or leaving DRC cities has been 

relatively low compared to the people movement in the rural areas. It is also noted that 

rainfall has been fluctuating throughout the period considered in this study. Further, 

temperature in DRC has recorded notable vitiations but it appears that it has been on an 

increasing trend. 

5.2.2 What are the correlational associations between rural migration, urban 

migration, rainfall and temperature of Somalia, Ethiopia and Democratic 

Republic of Congo? 

Correlations of climatic and migration variable were also tested to examine the 

relationships and associations between these variables. Pearson's correlation coefficient 

was used to identify the direction and strength of the association between any two of these 

variables and whether it is direct or inverse relationships. The study finds that associations 

do exist between the climatic and people movement variables as shown in Tables 4.9; 

4.17 and 4.25. Correlations do not constitute causality and is valued between -1 and 1.  

Nonetheless, the correlation values in these tables demonstrate the directions and strength 

of the associations between any two of these variables. Correlations results suggest that 

some degree of associations exist between migration and climatic variables. Notably, in 

Somalia temperature correlates negatively to rainfall and migrations variables, while 

positive relationships are found among MR, MU and Rain. 

Similarly correlations between migration and climatic variables in Ethiopia are presented 

in Table 4.17. It seems that associations exist between the MR, MU, Rain and Temp. The 

results showed that MR correlates negatively to MU, Rain and Temp in Ethiopia. In 

contrast, there is a positive association between the urban migration and temperature. The 

correlations in Table 4.25 suggest that associations exist between MR, MU, Rain and 

Temp of the Democratic Republic of Congo. It seems that rural migration correlates 

positively to urban migration and rainfall and negatively to temperature. Values in these 
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tables demonstrate the strength and direction of the association between any two of these 

variables. It appears that some level of association exists between the variables. Notably, 

Temp correlates negatively to other variables in all countries, while Rain appear to have 

positive relationships with people movement variables in Somalia and Democratic 

Republic of Congo and negative relationships with people movement variables in 

Ethiopia. 

5.2.3 What are the univariate time series models of rural migration, urban 

migration, rainfall and temperature for Somalia, Ethiopia and Democratic 

Republic of Congo? 

Univariate time series analysis was used to determine how the lags of each time series 

variable explains changes that may occur to it in the future. Autoregressive Integrated 

Moving Average (ARIMA) method was used to find the best fit of the models and their 

appropriateness were diagnosed and checked by testing ACF and PACF of the residuals.  

This study examined whether the historical values of each time series variable (rural 

migration, urban migration, rainfall and temperature) of each selected country (Somalia, 

Ethiopia and Democratic Republic of Congo) may explain changes that may occur to it 

in the future. Autoregressive Integrated Moving Average (ARIMA) method was used to 

find the best fit of the models and their appropriateness. These models were diagnosed 

and checked by testing ACF and PACF of the residuals.  

This study finds that lags of people movement variables and climatic variables were 

statistically significant to explain changes that may occur to these variables in the future. 

The best fitting ARIMA (p, d, q) models were obtained to predict the value of the annual 

migration and climatic variables for a ten year period (2016-2025). Identifying time series 

data variabilities and directions allows to forecast potential changes of these variables in 

the future. These predictions are necessary for planning and decision making purposes. 

5.2.4 At what degree do rural and urban migrations in the selected SSA countries 

relate to the rainfall and temperature levels using VAR/VECM 

methodology? 

The multivariate analyses’ section of chapter four explored aspects of co-integration, 

causality effects and impulse response relationships between these variables using Vector 

Autoregression analysis (VAR) and Vector Error Correction Model (VECM). The 
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Grainger Causality and Impulse Response tests allowed a better understanding of the 

drivers and response to changes and granger causality between variables. 

In Somalia: the results of multivariate analyses have shown the existence of causality 

effect relationship between climatic variables and people movement variables. The 

VECM results presented in Table 4.31 suggest that rainfall has an influence to both rural 

and urban migrations in Somalia. The rainfall is statistically significant and this does tend 

to explain rural and urban migrations of Somalia. Similarly, temperature is statistically 

significant and has causality effect to the rural migration in Somalia. The study conducted 

impulse response tests to further test the VECM results. It is also noted that rural and 

urban migrations in Somalia respond positively and quickly to unit shock in rainfall. In 

contrast rural migration in Somalia responds negatively to unit shocks in temperature. 

The VECM and Impulse Response results indicate that temperature does not appear to 

have an influence on urban migration in Somalia. Rural-urban migration responses to unit 

shocks on rainfall and temperature are considered to statistically significant. The VECM 

results of Somalia suggest the existence of a short run relationship between migration 

variables and climatic variables. 

In Ethiopia: the results of multivariate analyses indicated that there are long run 

relationships between climatic and people movement variables. The VECM results 

presented in Table 4.33 suggest that rainfall impacts rural migration in Ethiopia. The 

rainfall is statistically significant and this appears to explain the movement of rural 

communities in Ethiopia. The VECM results do not show an existing relationship 

between rainfall and urban migration. However, impulse response analysis indicated that 

urban migration in Ethiopia responses positively and adjusts quickly to a unit change on 

rainfall amounts in Ethiopia. On the other hand, both VECM and impulse response 

analyses have shown that temperature in Ethiopia appear not to impact people movement 

in Ethiopia. 

In DRC: the results of the VAR, granger causality and impulse response analyses revealed 

the existence of relationships between migration and climatic variables in Democratic 

Republic of Congo. The VAR results shown in Table 4.35 have indicated that rainfall 

does not appear to impact rural migrations in DRC. The study finds that rainfall tends to 

be statistically significant to influence people movement to urban areas in DRC. While 
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granger causality tests concluded that it is unlikely that rainfall has a causal effect on 

movement of people in rural DRC as shown in Table 4.36 and Figure 4.64. However, 

impulse response results presented in Figure 4.67 (95% confidence interval) indicated 

that rural migration in DRC responds quickly to a unit shock on rainfall, while urban 

migration responds slowly to unit shock on rainfall. Further, impulse response results also 

show directions of these relationships between migration variables and rainfall. 

It is found that temperature has a greater impact on rural and urban migrations in DRC 

than rainfall. VAR analyses find that temperature is statistically significant to explain 

changes that occur to urban migration in DRC. The VAR results also indicated that 

temperature is not likely to explain rural migration in DRC. However, granger causality 

tests find that temperature is statistically significant to granger cause both rural and urban 

migrations in DRC. As shown in Table 4.36 and Figure 4.64 temperature is statistically 

significant (5%) to granger cause rural and urban migrations in DRC. The impulse 

response tests revealed the strength and directions of the relationship between rainfall, 

temperature and rural-urban migrations in DRC. Further, impulse response analyses 

suggest that rural migration in DRC responds faster to a unit shocks on rainfall and 

temperature than urban migration. DRC rural migration responds positively to a unit 

shocks in rainfall and temperature and presents fluctuating trend in the initial shocks and 

dies out. However, it is the study finds that rural migration of DRC slowly responds to a 

unit shock to the temperature, this response appears to be statistically insignificant. As 

shown in Figure 4.67, the shock of the forth unit of rainfall results significant movement 

of people to rural areas of the DCR. Urban migration shows mixed and slow responses to 

the unit shock of rainfall. However, the initial response of the urban migration is positive 

to the unit shock of the temperature and dies out. 

5.2.5 What are the consequences of rural urban migration in Somalia, Ethiopia 

and Democratic Republic of Congo? 

Based on the results obtained from univariate and multivariate examinations, the study 

finds that rainfall and temperature have strong influence to explain rural and urban 

migrations in Somalia, Ethiopia and Democratic Republic of Congo.  

In Somalia there are strong relationships between climatic variables and migration 

variables. Author observations showed that the number of environmentally displaces 
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people and environmental refugees in Somalia have been on the rise. Further, literature 

reported that Somalia is vulnerable for rainfall variabilities and temperature variations as 

well as natural disasters such as floods and droughts (Baumann et al., 2003; Griffiths, 

2003; Hassan and Tularam, 2017; Serdeczny et al., 2017; Tsui et al., 1991). The country 

recorded 18 floods and 12 droughts between 1961 and 2004 (Tularam and Hassan, 

2016b). Somalia recorded 27 natural disasters in less than thirty years 1974 - 2003 (Guha-

Sapir et al., 2004). 

These climatic events largely impacted the livelihoods of rural communities in Somalia 

and triggered rural communities to mobilize. Morrissey (2014) reported that migration 

has been considered as a possible coping strategy for people experiencing environmental 

changes to alleviate the unfavourable impact of the climatic events. Author observations 

as well as recent reports from none governmental organizations and media have indicated 

that in recent decades the frequency and severity of failing rainy seasons in Somalia has 

been increasing.  

With respect to the findings of this study, the failure of rainy seasons translate to a higher 

changes of people movement from rural areas and displacing to nearby cities in search of 

water, food and medical care in most instances. The study notes that due to the absence 

of strong government institutions and infrastructure in Somalia; the federal government 

and member states often fail to deliver much needed aid/material supplies to rural 

communities. Consequently such circumstances only leave a single option to 

communities in rural areas; that is to migrate to urban areas and seek assistance from 

government institutions as well as non-governmental organizations including those of the 

United Nations. The large numbers of people arriving to cities in short period of time 

appear to put pressure to the existing services. New arrivals always stay sites/camps 

designated for the internally displaced people and build shanty houses of their own. These 

sites/camps are always found in periphery of cities. A similar findings were made by 

Reuveny (2007) when they concluded that climate change is likely to impact least 

developed countries LDCs harder than the developed countries DCs. 

In Ethiopia, the study finds existing relationships between rainfall and migration variables 

in Ethiopia based on the results obtained from VECM and impulse response tests. In the 

literature, few studies and reports concluded that climate change impacts rural 
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communities in Ethiopia and cause rural migration. For example, Ezra (2002) found that 

people from poor households in rural Ethiopia are more vulnerable to environmental 

changes; adding that climate change tends to cause rural out-migration in Ethiopia. 

Morrissey (2008) reported that climate change causes a deterioration of the livelihoods 

of rural communities in Ethiopia. Gray and Mueller (2012) noted the existence of strong 

findings that indicate drought conditions had significant consequences on the movement 

of rural communities in Ethiopian highlands.  

Fransen and Kuschminder (2009) said that during the past six decades Ethiopia witnessed 

number widespread famines including those of 1973, 1977-78, 1983-84, 1987-88, and 

1993. In most cases, famines in Ethiopia i.e. 1983-1984 always left significant impact to 

rural communities. In fact, Ethiopia experienced 54 natural disasters in less than thirty 

years 1974 - 2003 (Guha-Sapir et al., 2004). FAO (2009) reported constant food 

insecurity in as many parts of Ethiopia’s rural communities and said that lack of adequate 

food appear to pushed large number of rural populations to migrate to cities. Funk et al., 

(2013) reported that due to the declining rainfall levels and warming temperatures the 

rural communities has been experiencing hardships in their livelihoods. In Ethiopia, 

migrations appear to be a mitigation strategy for people witnessing climate change events 

(Black et al., 2008). 

In DRC, the study finds the existence of a considerable relationship between people 

movement variables and climatic variables. The multivariate analyses – VAR, granger 

causality and impulse response – have indicated that climatic variables rainfall and 

temperature influence rural-urban migration in DRC. Both rain and temp are statistically 

significant to explain rural and urban migrations in DRC. It is found that the annual 

average rainfall in DRC has been on a declining trend, the country has been experiencing 

considerable rainfall variabilities. DRC also witnessed warming temperatures in recent 

decades. 

As discussed above multivariate analyses find relationships between climatic variables 

and people movement variables in DRC. Further, the literature reported that due to rainfall 

and temperature variabilities food security has been a major concern in DRC. Food 

insecurity remains to be a persistence issue in DRC and this is mainly related to rainfall 

issues. According to Alinovi et al., (2007) the food insecurity issues have been recurring 
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in much of the rural communities in DRC and this may have resulted people to migrate 

to urban areas in the country. The number of people living under a chronic hunger in DRC 

has jumped from 12 million to 36 million with in just ten years (1990-2000) (Tollens, 

2003). Climate change events have become common in DRC; for example the DRC 

recorded 19 natural disasters in less than three decades between 1974 and 2003 (Guha-

Sapir et al., 2004). DRC is believed to be vulnerable climate change impact (Lukamba, 

2010).  Rural communities in DRC are believed to be highly vulnerable to climate change 

impact and these people from these communities often migrate to urban areas in DRC. 

Similar to other SSA countries, the environmentally displaced people often settle in the 

least desirable location in urban areas, typically create large slums on the periphery of 

cities (Guha-Sapir et al., 2004). 

5.3 Discussion: Reflection of the literature findings 

The literature finds that the rainfall in Somalia characterizes to be generally low and 

highly variable and distributed unevenly in the country. The generally falling motion of 

the air and the consequent low humidity are understood to be the main cause of rainfall 

variabilities in Somalia. Somalia has high mean air temperatures all around the year. The 

southern parts of the country receive more rainfall than central and northern parts of the 

country. The literature finds that the highest average temperatures are recorded in the 

southern parts of the country (Shahin, 2007).  

 It appears that climate change influence has been “real” and happening in Somalia, and 

that climate has affected the intense nature of both rainfall and temperature; which has 

subsequently resulted major climatic events such as floods and droughts (Thurow et al., 

1989). In recent decades, the rising average temperatures as well as high variability of the 

annual rainfall in Somalia seem to have negatively impacted the availability and 

accessibility of productive land and water resources in the country (Mubarak, 1997). The 

rainfall and temperature variabilities pose challenges to the availability of water and food 

security of the country in general and of rural communities in particular; and consequently 

appear to trigger the rural-urban people movement (Mubarak, 1997; Ogallo et al., 2017).  

Further, Somalia has two main rivers –Juba and Shabelle– that mainly supply water to 

rural communities in eight southern states. Juba and Shabelle rivers supply water to 
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farmers and grazers in these regions. Despite the importance of a reliable and continuing 

water supply from these rivers for the first time in the living memory, the Shabelle River 

dried on a number of occasions since 2000. Juba and Shabelle rivers have caused number 

of floods in the same period. The literature review (Maystadt et al., 2013) finds that 

Somalia has experienced more frequent floods and droughts in recent decades. This has 

reduced the amount of water available to rural populations, their crops and livestock. The 

inconsistency of water supply has negatively impacted the amount of agricultural land 

under irrigation. In fact, the declined water flow of Shebelle River has significantly 

reduced the agricultural land under irrigation.  

Furthermore, rainfed agriculture in Somalia was affected by rainfall fluctuations in terms 

of frequent droughts and lack of adequate rain for agricultural production. In times of 

failed agricultural seasons in Somalia, food insecurity often becomes imminent due to the 

absence of strategic planning or contingency plans. In such circumstances, rural 

communities often move to urban areas and leave their agricultural lands behind. The 

author’s first hand observations suggest that large number of urban migrants are unlikely 

return to their rural communities to resume their farming activities. Hence this 

subsequently reduces the overall volume of agricultural land under crop production in the 

country. This means that the future yields of these environmentally displaced subsistence 

farmers and pastoralists may be lost permanently. 

Griffiths (2003) and Serdeczny et al., (2017) reported that similar to other SSA countries, 

agriculture is the major contributor to the Somali economy and that the rural communities 

in Somalia are likely to be more vulnerable to the climate change impacts due the 

degradation of ecological systems more generally. Somalia frequently experiences 

variable climatic events such as floods and drought seasons. 

In Ethiopia, there are three major climatic areas – dry, tropical rainy and temperate rainy. 

These climatic regions characterize rainfall and temperature variations. Humans and 

environmental flora and fauna largely rely on positive aspects of these climatic regimes. 

The rainfall across Ethiopia characterizes high spatial and temporal variability. The 

literature has shown (Funk et al., 2013; Gebrehiwot and Veen, 2013) that the rainfall 

generally fluctuates in terms of frequency and intensity. The rainfall distribution appears 

to be widespread in Ethiopia with the average annual rainfall ranging from 400mm-
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2,400mm. This study finds that the rainfall in Ethiopia has been below annual average 

and had a downward trend over the past years. In fact, the study finds that the average 

annual rainfall in Ethiopia has declined 10mm during the period between 1961 and 2015 

compared to the annual average rainfall between 1901 and 1960. This study model 

predicts considerable rainfall variations in the next decade with declining annual 

averages.  

Further, Ethiopia has an overall low mean air temperature throughout the year; with the 

eastern parts of the country experiencing the highest temperatures compared to other 

regions. This study finds that the annual average temperature of Ethiopia has increased 

0.28°C in the past six decades compared to the previous six decades between 1901 and 

1960. This study reports that the increasing trend of the average annual temperature in 

Ethiopia has accelerated since 1990. This study predicts that the average annual 

temperature in Ethiopia will continue to increase in the next decade. Based on the findings 

in the data analysis and in the literature, it appears that climate change has negatively 

impacted both rainfall and temperature in Ethiopia. While average annual temperature in 

the country has started to accelerate upwards since 1960, the annual average rainfall took 

downward trend and presented more variabilities and fluctuations. 

Water availability has been a major challenge in Ethiopia; and the country has 

experienced rising temperatures and significant rainfall fluctuations. The literature finds 

that throughout the history Ethiopia has witnessed a notable number of droughts. The 

review of the literature suggests that El Niño-Southern Oscillation (ENSO) has been 

causing droughts in Ethiopia. High rainfall variability, water availability issues and 

degraded productive land and subsequent drought conditions are believed to be main 

triggers of the famine conditions experienced. The literature review shows much rainfall 

variabilities that has led to a lack of adequate water supply to the rural communities.  

It is noted that the men in rural Ethiopia tend to migrate to urban areas in dry seasons and 

leave their female family members to do the farm work. Rural men moving to urban areas 

do not necessarily reduce the size of the agricultural land that may be under cultivation. 

However, it may reduce the agricultural production due to reduced labor during the rainy 

season. Rainfall fluctuations in Ethiopia notably reduce the amount of water available and 

accessible to rural populations, their farms and livestock. The literature notes that 
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previous droughts in the country have significantly reduced the livestock populations in 

the country due to lack of drinking water and forage (Angassa and Oba, 2007). 

Agriculture remains to be the largest contributor to the Ethiopian economy (Seleshi and 

Zanke, 2004). Food security has been a major issue in Ethiopia in general and in rural 

communities in particular. During the past six decades Ethiopia has witnessed frequent 

dry seasons that led to failing agricultural seasons (Fransen and Kuschminder, 2009). 

Deressa et al., (2008) and Seleshi and Zanke (2004) reported that Ethiopian farmers’ 

vulnerability levels were largely linked to both environmental and socioeconomic factors. 

Deressa et al., (2008) predicted that climate change will continue to negatively impact 

Ethiopian farmers and rural communities in the form of decreasing rainfall and rising 

temperatures. The increasing climatic events – in terms of magnitude and frequency – 

often adversely impacts rural communities of Ethiopia. The recovery process of such 

climatic shocks tend to be quite slow and may take years for the rural communities to 

rebuild their livelihoods to levels existing before the climatic events (Chirambo, 2016; 

Hallegatte et al., 2015; Hidrobo et al., 2014). 

The Democratic Republic of Congo DRC is located in the African Great Lakes region of 

Central Africa and has two-thirds of its land mass to the south of the Equator and one-

third to the north. DRC has three major climatic regimes, equatorial climate, tropical 

climatic (short dry seasons) and tropical climate (long dry seasons). As reported in the 

literature the climate in DRC is cool and dry in the southern highlands, alpine climate in 

the Rwenzori Mountains and hot and humid in the river basin. Importantly, DRC holds 

52% and 23% of Africa’s surface water reserves and internal renewable water resources 

respectively and it is referred as Africa’s water rich country. While DRC has a limited 

amount of agricultural land it nevertheless experiences the effects of many climatic events 

such as floods and droughts. 

Rainfall is relatively regular throughout the year along the Equator. The annual average 

rainfall in DRC is relatively high. However, this study finds that rainfall in DRC has been 

falling in the past sixty years. The average annual rainfall has decreased 7mm between 

1961 and 2015 compared to the period between 1901 and 1960. Despite receiving high 

average rainfalls high rainfall variability in terms of frequency and distribution has been 
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observed. The results of the univariate time series analysis have predict the annual 

average rainfall in DRC will continue to decline in the next ten years. 

Generally DRC experiences medium high mean air temperatures throughout the year. The 

average annual temperatures in DRC have been on a rising trend since mid-20th century. 

In fact, the study finds that the average annual temperature in DRC has increased around 

0.50°C between 1940s and 2015. This study anticipates that average annual temperature 

in DRC will continue to increase in the next ten years. It is noted that climate change has 

impacted rainfall in DRC that has led to a higher variabilities and fluctuations. Rainfall 

in DRC took downward trend since mid-20th century. Similarly, climate change has also 

impacted DRC’s annual average temperatures and appears that climate change impacts 

will continue causing some rise in temperatures. 

Large variabilities of the rainfall in the country such as abundance or lack of precipitation 

may have compounded the severity of these climatic events. The literature review finds 

that floods outnumber draughts due to the large reserves of water resources and 

abundance of rainfall (Lukamba, 2010). Soil erosion and water pollution have been major 

challenge to the DRC subsistence farmers. Excessive water availability often washes 

“good” top soils and this results in low agricultural output or crop failures; this is mainly 

by reducing not only the quality land but also the agricultural land available for cultivation 

degraded by water logging. Water logging is found to be a major factor that further limits 

the quality of arable land. Despite the large water resources that the country has it is noted 

that only 23% of the population in DRC has access to clean water.  

Similar to other SSA countries, DRC also relies considerably on rain-fed agriculture. 

Despite DRC being rich in natural resources, agriculture appears to be a sector that largely 

contributes to the country’s GDP. Agriculture also employs the largest percentage of 

DRC’s work force. Tollens (2003) reported that subsistence agriculture dominates 

agricultural production activities in DRC. It is noted that DRC’s agricultural production 

has been on a declining trend. Climate change appears to largely affect the agricultural 

sector in DRC (Bele et al., 2014). Food security is of concern in DRC. Alinovi et al., 

(2007) reported that there have been recurring food insecurity conditions in much of 

DRC’s rural communities. In the end the climatic variations has led to water problem, 
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land degradation, low food production causing many rural population to move towards 

better pastures.  

In general, rural communities in DRC have been primarily reliant on agriculture. 

Communities in DRC are highly vulnerable to the impact of climate change (Bele et al., 

2014). Vlassenroot et al., (2007) noted that in 2002, around 80% of the population in 

DRC lived below the poverty line and earned only US$0.2/day. Overall, the changing 

climate – in the form of major climatic events or agricultural production failures – has led 

to an overall deterioration of the health and economic wellbeing of rural communities 

(Bele et al., 2014). 

In summary, based on the findings of the critical analysis of the literature, the findings of 

the time series analyses conducted, together with the author’s observations who has lived 

in the region over many years there is a clear relationship between the current rainfall and 

temperature levels in Somalia, Ethiopia and Democratic Republic of Congo and the 

negative impacts related to the availability of water to rural regions as well as reducing 

agricultural production. Consequently hardships to the livelihoods of rural communities 

has triggered people movement from rural to urban areas. The literature review noted that 

communities in rural Ethiopia appear to use migration as a coping technique during and 

after dry seasons and failed farming times and seasons (Deressa et al., 2008). Gore and 

Hillier (2011) have also concluded that climate change events lead to food insecurity 

conditions in the Eastern Africa region and cause deterioration of the livelihoods of rural 

communities. Nsombo et al., (2012) predicts that rice, maize and cassava yields to 

increase in the future in DRC. Despite this, Leichenko et al., (2002) noted that climate 

change may expose DRC’s rural communities to new and unfamiliar circumstances and 

it is likely that vast majority may face higher vulnerabilities. 

The literature finds that food security remains to be a major concern in Sub-Saharan 

Africa in general and in Somalia, Ethiopia and Democratic Republic of Congo in 

particular (AGRA, 2014; Chijioke et al., 2011). In SSA the average temperature has been 

increasing over time (AGRA, 2014; Chijioke et al., 2011). In fact, temperature records 

taken between 1980 and 2000 from large number of weather stations in the SSA showed 

warming trend. 
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Majority of the Sub-Saharan African economies largely depend on agriculture as a major 

contributor. For example, around 33% of SSA’s GDP is generated from agriculture. 

Agriculture in SSA is the largest fresh water withdrawer in the region as well as the largest 

employer (Livingston et al., 2011). Adeniyi (2010) and IPCC (2014) both reported that 

98% of SSA agriculture is rain fed and only 2% is irrigated agriculture. In fact, about 95% 

of the SSA agriculture is under rain-fed, and 5% is irrigated farm land (Mancosu et al., 

2015). Agriculture employs around 65% of SSA’s work force.  

The review and the study both show that climate change issues tend to be related to the 

negative impact in agricultural production in the form of problems with the water and 

land availability (AGRA, 2014; Chijioke et al., 2011; Müller et al., 2011). Water scarcity 

in many parts of the SSA region has been adversely affecting both rain-fed and irrigated 

agriculture (Mancosu et al., 2015). IPCC’s fourth assessment report estimated that in 

SSA, around 75 million Ha of land that is currently suitable for rain fed agriculture will 

be lost by the year 2080 due to climate change related impacts (IPCC 2007). Barrios et 

al., (2008) found that agriculture in Sub-Saharan Africa appears to be vulnerable to 

environmental change because of geographical characteristics and the nature rural 

farming practices. 

In general, SSA Agriculture appears to have been directly affected by the climate change 

(AGRA, 2014; Chijioke et al., 2011). Hummel et al., (2012) and Stigter and Ofori (2014) 

reported that many parts of the West Africa region have been directly and adversely 

impacted by the climate change effects. Further, countries in the Sahelian region seem to 

be more vulnerable to climate change impact than other places it seems. For example, 

rainfall levels in the Senegal region have been highly variable and fluctuate frequently. 

There have been considerable fluctuations of agricultural production in the Sahelian 

region due to the high dependence of rainfall amounts; but this is further compounded by 

poor soil conditions (Hummel et al., 2012).  

Having summarized the main findings in the literature review, the following section 

presents summary of the discussion directly related to findings of this study instead of the 

critical literature reflections. The next final chapter six will follow the next section 

summarizing the study as well as presenting the conclusions, limitations and implications 

for future research.  
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5.4 Discussion regarding the finding of this study 

This study developed univariate ARIMA models to understand the trends of rural and 

urban migrations in Somalia, Ethiopia and Democratic Republic of Congo. Time series 

analyses indicated considerable rural-urban movement process in SSA in general and in 

Somalia, Ethiopia and Democratic Republic of Congo in particular. This study predicts 

that fluctuations in the people movement in these countries and in SSA may become less 

significant in the next ten years. Yet, Marchiori et al., (2010) used multiple regression 

analyses to analyze and understand the trends of the time series data; and investigated 

how migration of people relates to climate change. Their study reported that rural-urban 

migration has been occurring in SSA since 1960s and predicted the people movement in 

this region to considerably accelerate towards the end of the 21st century. However, their 

study paid special attention to the impact of climate change on international migration 

and predicted potential changes in the long term. This present study forecasted a 10 year 

period between 2016 and 2025 instead. Theoretically it is unlikely rural-urban migration 

figured to change significantly in the short term unless extraordinary and unforeseen 

climatic and none climatic events emerge. 

This study reports that since 1960s the annual rainfalls, the selected SSA countries namely 

Somalia, Ethiopia and Democratic Republic of Congo all showed high variability with an 

overall declining trend. In this period the average temperatures have been increasing. 

Similar conclusions were made by Ogallo et al., 2017, Conway et al., 2004 and Aguilar 

et al., 2009 for SOM, ETH and DRC respectively. Hoscilo et al., (2015) also found that 

the rainfall in DRC has been notably declining over time. Hulme et al., (2001) used 

rainfall and temperature as proxy for climate change effects and reported that Africa has 

been observing warming climate in recent decades. 

By using time series univariate models, this study predicts that rainfall in Somalia and 

Ethiopia will have minimum and considerable variations respectively in the next 10 years; 

some parts of these countries may experience above average rainfalls but it is likely that 

many parts will receive below average rainfalls. Rainfall in Democratic Republic of 

Congo is predicted to show downward trend in the next 10 years. Average annual 

temperatures in these countries are expected to continue to increase at least until 2025 - 

the end of the forecasted period. These conclusions are in line with predictions made by 
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Omondi et al., (2014); who examined rainfall and temperature trends in SSA in the future. 

Omondi et al., used trend calculation and indices utilizing Sen’s (1968) slope estimator 

for their analyses.  

The present research was designed to analyze the time series variables and to understand 

trends that these variables may have in the future. Time series ARIMA models was 

developed and utilized for forecasting purposes. It is noted that the average rainfall 

predictions for Somalia and Ethiopia appear to be inconsistent with the long-term climate 

predictions made by Christensen et al., (2007). Christensen et al., reported that rainfall 

trends in South, West and North Africa regions are predicted to decrease; while in East 

Africa it is anticipated that annual rainfall levels will increase in the future. Further, this 

study forecasted that average rainfall in DRC will continue to decline; while average 

temperatures in this country will rise. Similar predictions were made by Beyene et al., 

(2012) and Hoscilo et al., (2015). 

The study finds some notable correlations between rainfall and temperature and rural and 

urban migrations in Somalia, Ethiopia and Democratic Republic of Congo; this study 

assumes that similar conditions may be found in other SSA countries. Hassan and 

Tularam (2017) and Raleigh et al., (2008) have also reported correlations between 

climatic and people migration variables in Somalia and Ethiopia. Kumssa et al., (2014) 

investigated conflict and migration in Somalia, also assessing the potential impact on 

environmental change on people movement in Somalia. Kumssa et al., found that people 

movement was correlated to rainfall levels and other climatic events i.e. droughts.  

Further, De Brauw et al., (2014) revealed associations between levels of agricultural 

production and rural out-migration in Ethiopia. Rural out-migration in Ethiopia was also 

related to climate change as reported by Morrissey (2013). Kengoum (2015) noted 

linkages between people movement and climate change in Democratic Republic of 

Congo. Ochieng (2015) stated that correlational associations have been found between 

crop production levels and rural out-migration in DRC and SSA. 

This study suggests the existence of associations and granger casual relationships 

between climatic and people movement variables in Somalia, Ethiopia and Democratic 

Republic of Congo. It is worth noting that the co-integration and granger causal 
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relationships found in this study may be generalized to SSA region. Some of the findings 

of this study appear to be the first of its kind in Sub-Saharan Africa. The literature review 

has showed limited studies that integrated climate change and people movement variables 

in SSA region and even elsewhere. However, Pei and Zhang (2014) have investigated the 

long-term relationships between rural out-migration and climate change in China utilizing 

times series data. Beside the correlation analysis and multiple regression analysis, Pei and 

Zhang (2014) used granger causality analysis. The present study defers from that of Pei 

and Zhang by integrating summary of the descriptive statistics, univariate (ARIMA) and 

multivariate (VAR, VECM, granger causality test and impulse response test) analyses 

that helped to gain a much more in depth understanding of the properties and relationships 

within the time series variables.  

Pei and Zhang (2014) suggested that both rainfall and temperature were more likely to 

co-integrate and granger cause movement of people from rural areas in China. However, 

their study failed to establish a firm conclusion about the co-integration and granger 

causal relationships between temperature variabilities (drought and winter periods) and 

rural out-migration due to limitations around the availability of sufficient and reliable 

time series data concerning rainfall and temperature. 

Further, the findings of the present study appear to be consistent with similar relationships 

that were developed by both Mubarak (1997) and Ogallo et al., (2017). These studies also 

related rainfall and temperature variabilities to water and food security. Funk et al., (2013) 

reported that water and food insecurity conditions often associate with major climatic 

events that mainly impact rural communities. Marchiori et al., (2010) concluded that 

climate change is a key factor that determines urbanization in Sun-Saharan Africa. Hulme 

et al., (2001) argued that warming climate in Africa was causing water stress conditions 

and this situation influences decision making of rural farmers. 

The study finds that Somalia, Ethiopia and Democratic Republic of Congo’s rainfall 

variabilities appear to have a greater impact on rural-urban migration than temperature 

fluctuations itself. In fact, Pei and Zhang (2014) have reported that historically and in the 

long term, rainfall was a statistically more influential climatic variable on people leaving 

from rural China to urban areas than temperature. Their conclusions were based upon 

both statistical evidence and analysis of the push-pull model. 
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Chapter five discussed the summary of study findings in response to the aims and 

objectives and focus questions. The discussion pertaining to the literature review was also 

presented in this chapter and finally the discussion of the study conducted in this thesis 

itself was summarized. Chapter six will present final chapter that will include the 

conclusions, limitations and implications. This will be followed by the references and 

appendices sections of this thesis respectively. 
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CHAPTER SIX 

Conclusion, limitations and 

implications
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6.1 Conclusion 

Africa continent is the second driest region in the world after Australia. Sub-Saharan 

Africa (SSA) is the whole of Africa except the Northern Africa region. SSA has been 

recoding fast growing population that has led to great concerns about SSA’s ability to 

deliver essential services to its population. The population in SSA was less than a quarter 

of a billion in 1950s and increased to around one billion in 2016. Urbanization in SSA 

region has been growing considerably due to the rapidly growing population and the 

accelerating rural-urban migration. The SSA population living in urban areas has 

increased from 15% in 1961 to 38.3% in 2016. 

The general aim of this study was to investigate the impact of water security, climate 

change and population growth on rural-urban migration in SSA. Objectives of this 

research project were to examine and assess trends using summary statistics of the time 

series data of three selected SSA countries. Another was to examine correlational 

associations among these variables using a matrix. Another was to examine and develop 

univariate and multivariate models of relationships of climatic and people movement 

variables; in the end this study aimed to identify push and pull factors of rural urban 

migration in Somalia, Ethiopia and Democratic Republic of Congo by reviewing the 

existing literature. Rainfall and temperature times series variables were used as proxy of 

the climate change influence whereas rural and urban migration variables were the 

response variables that indicated people movement indicators. Univariate and 

multivariate time series methodologies were both used to analyse the time series data. 

More specifically, ARIMA, VAR, VECM, granger causality and impulse response 

analyses were used to model the data. The analyses performed were deemed to be 

appropriate for the achievement of the aims of this study. 

Since the beginning of the 21st century, the phenomenon of surging urban-rural migration 

has gained especial attention from decision makers in SSA that attention aimed to address 

both the movement of regional migration and the internally displaced people. Similar to 

other world regions, SSA experiences major events that relate to the climate change 

issues. There have been alarming reports about water security issues in SSA and member 

states. It is anticipated that around 25 countries in the SSA region may experience water 

stress by the year 2025. The level of water availability and accessibility appear to have a 
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significant effect to the level food security in the region; food security in SSA has been 

on downward trend in the last few decades; and rural to urban migration has also been in 

concert. A significant part of the literature review included critical analysis pertaining to 

the issues regarding climate impact upon the water variability, agriculture production and 

movement of communities to and from major urban centres. 

The literature finds that around 98% of Sub-Saharan Africa agriculture is rain-fed with 

around 80% this is amount deemed to be subsistence farming: that is, 1-2 hectares in size. 

In this manner, family owned small farms dominate the agricultural activities and food 

production systems in SSA. The literature also noted that climate change is one of several 

elements that influence people movement in SSA in particular; and the world in general. 

Due to the existence of many factors that impact people movement in SSA, this study 

particularly investigated the relationships between recent trends of people movement in 

Sub-Saharan Africa SSA and its relation to climate effects; and also how rural and urban 

migrations in SSA relate to the water security and temperature changes. The climate 

change patterns were also studied in relation to population growth. The SSA countries 

focused in this study were Somalia (SOM), Ethiopia (ETH) and Democratic Republic of 

Congo (DRC); these countries were chosen on the grounds of their issues regarding water 

availability, population growth and rural-urban migration situations.  

The summary of the descriptive statistics presented the distribution and spread of the time 

series data. This study found that correlations exist among people movement variables 

and climatic variables. Univariate analyses have involved ARIMA models developed for 

the study of trend and prediction. The analysis indicated that historical values of the time 

series rural-urban migration variables as well as climatic variables were statistically 

significant enough to explain their influence and to suggest future values of these 

variables. This multivariate study found co-integrations (long/short run) and causality 

relationships running from rainfall and temperature to rural and urban migrations of the 

selected SSA countries. In fact, this study finds the existence of short run co-integrations 

and causality effects running from rainfall and temperature to rural and urban migrations 

in Somalia. It is also noted that rainfall has a long run co-integration and causal 

relationship with rural migration in Ethiopia. Further, temperature is found to be 

statistically significant to explain rural-urban migration in Democratic Republic of 

Congo; temperature has granger causality effect on rural and urban migrations in DRC. 
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This study reveals large rainfall variations and rising temperatures in Somalia, Ethiopia 

and Democratic Republic of Congo in the next ten years or so. This study concludes that 

correlations and associations exist between climatic and migration variables. This study 

suggests that rural and urban migrations in Somalia, Ethiopia and Democratic Republic 

of Congo generally relate to the variabilities of rainfall and temperature. Nevertheless, 

temperature appears to have less influence on people movement within these countries 

than that of rainfall volatility. Further, this study notes flows of rural-urban migration 

with flows in both directions but essentially the net migration flows towards urban areas. 

In conclusion, the antagonistic nature of climate change appear to have negatively 

impacted water availability situation in SSA in the form of water shortage, stress or 

scarcity. In turn, the absence of adequate water supply had adverse implications on food 

production systems in rural areas and subsequently impacted the livelihoods of rural 

communities in SSA. Further, rural communities have been experiencing limited 

availability and accessibility of potable fresh water even when at times there are floods 

etc. In addition to that, the food security conditions in many SSA member countries have 

not been improving in recent decades. It is not surprising that such unfavourable 

conditions in SSA’s rural areas has resulted a great deal of rural-urban migration and 

ultimately the international refugee phenomenon that has been occurring in SSA in recent 

years. The conditions have together compounded the move away from rural areas towards 

the urban. 

6.2 Limitations of the Study 

The research faced some limitations, mainly related to the data availability.  Issues rose 

from possibility to acquire a primary time series data of people movement in Sub-Saharan 

Africa in general or the three focus SSA countries (Somalia, Ethiopia and Democratic 

Republic of Congo) in particular has been an issue. However, the annual population data 

(rural, urban and total populations) was collected and the vital statistics method was used 

to indirectly measure the net internal migrations in selected countries. During this process 

the yearly natural growth rate of the population in each country was taken into the account 

and through this process the predicted migration data was obtained. 

This study also obtained the rainfall and temperature time series data; the monthly 

averages of rainfall and temperature of each country was collected initially and converted 
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to annual averages for analytical purposes. A comprehensive time series univariate and 

multivariate analyses were undertaken to respond to the aims and objectives of this study. 

The time series data characteristics could have some influence both the nature and the 

extent of the forecasted changes and trends of the concerned variables. These may have 

also affected the nature and directions of the observed causality relationships and 

associations among the climatic and people movement variables but the study was robust 

enough to allow for these aspects. 

The properties of the time series data and its levels may have reflected the overall 

conclusion of the study. Thus, this study suggests that relationships among people 

movement and climatic variables have to be interpreted with a little caution since the time 

series data obtained and tested was confined to three SSA countries only. This study 

draws its conclusions based on this data as well as findings from the literature review of 

similar circumstances in other areas of Sub-Saharan Africa so in this manner somewhat 

triangulates the findings of this study. Therefore, this study assumes that similar 

conditions exist in wider SSA region and generalizes some of its findings. 

Further, the replication of similar studies at different Sub-Saharan African countries or 

sub regions might allow improved generalizability of the findings of this study. This study 

relied mainly on quantitative methodology and obtained data from international 

organizations. Therefore, future research work should utilise mixed methodologies 

(quantitative and qualitative methods) for data collection and analyses to provide a 

broader picture of the rural-urban migration in SSA. In this regards, future studies should 

also collect time series data from government departments, local universities and other 

research institutions of the concerned SSA countries or regions but this will require much 

funding. However, the future research design of such studies might employ clinical 

interviews or case based studies methodologies as well as quantitative analysis to deliver 

broader perspective of people movement situations in Sub-Saharan Africa. 

6.3 Implications and future research directions 

This study establishes foundations of the area of the relationship between climate change 

and rural-urban migration in SSA. The findings of this study aid different levels of 

decision making authorities, research and educational institutions as well as regional and 

international organizations. While this study examined the impact of climate change and 
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population growth on rural and urban migrations in Sub-Saharan Africa, there are certain 

important areas that were not considered in this study due to reasons related mainly to the 

scope of the study. This study only examined some aspects of environmental and social 

factors; which suggests therefore that future research work may examine other variables 

individually or further integrate environmental and social factors to other migration 

influencers in SSA. 

This study only focused on the assessment of the associations and causal relationships 

between water security, environmental related climate change and the movement of 

people in local SSA selected countries. In this regard there is a need for more site specific 

research projects to further examine interactions and associations between climate change 

and human migration in SSA and member counties more critically including case study 

analyses for example. Moreover, future studies should attempt to collect primary data 

from various government departments and climatic research institutions in and around 

SSA. 

Eze (2016) reported that there may be multiple factors that affect rural and urban 

migrations in Sub-Saharan Africa; these include environmental, political, economic, 

social and cultural variables. Future research exploring people movement in SSA should 

also focus on economics of rural and urban migrations, social/political stability and rural 

urban migration, cultural aspects and decision making processes to migrate as well as 

rural-urban migration and its implications on agricultural production and food security in 

the regions.  

Further, future research work may also investigate push and pull factors of the internal, 

regional and international migration in Sub-Saharan Africa in more detail. It is important 

to examine other rural-urban migration processes in each individual SSA country. This 

study then suggests that future research work may contain more intense cross-country 

comparison to better understand and determine common and disparate influencers that 

relate to people movement in SSA member countries.  
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Appendix 1: List of selected tables related to this thesis 

Appendix 1A. Forecast annual MR, MU, Rain and Temp of Somalia 2016-2025 

SOM_MR Forecast Lo 80 Hi 80 Lo 95 Hi 95 

2016 8836.14 -967.11 18639.39 -6156.64 23828.91 

2017 7241.02 -15371.10 29853.17 -27341.30 41823.32 

2018 4239.57 -31663.80 40142.95 -50669.90 59149.05 

2019 1042.51 -45737.60 47822.66 -70501.60 72586.58 

2020 -1195.34 -54956.70 52566.02 -83416.30 81025.57 

2021 -1779.09 -58873.30 55315.13 -89097.20 85538.98 

2022 -672.77 -58844.50 57498.97 -89638.80 88293.22 

2023 1556.09 -56848.70 59960.87 -87766.30 90878.50 

2024 4000.31 -54498.10 62498.70 -85465.30 93465.88 

2025 5770.20 -53004.30 64544.73 -84117.70 95658.09 

SOM_MU Forecast Lo 80 Hi 80 Lo 95 Hi 95 

2016 3736.37 12931.16 1302.66 15364.88 3736.37 

2017 -2778.10 14597.62 -7377.18 19196.69 -2778.10 

2018 -9303.44 13967.23 -15462.80 20126.60 -9303.44 

2019 -14256.80 11823.30 -21159.80 18726.29 -14256.80 

2020 -17006.40 9590.90 -24046.30 16630.78 -17006.40 

2021 -17866.70 8772.16 -24917.50 15823.04 -17866.70 

2022 -17497.10 10106.95 -24803.50 17413.30 -17497.10 

2023 -16256.40 13040.32 -24010.70 20794.69 -16256.40 

2024 -14374.40 16283.23 -22488.90 24397.80 -14374.40 

2025 -12389.10 18765.77 -20635.40 27011.98 -12389.10 

SOM_Rain Forecast Lo 80 Hi 80 Lo 95 Hi 95 

2016 278.66 226.24 331.08 198.49 358.83 

2017 273.28 215.70 330.86 185.23 361.33 

2018 279.92 220.47 339.36 189.00 370.83 

2019 278.77 218.10 339.43 185.98 371.55 

2020 279.50 211.10 347.89 174.90 384.09 

2021 277.79 204.34 351.24 165.46 390.13 

2022 279.93 203.29 356.56 162.73 397.13 

2023 280.28 201.24 359.33 159.40 401.17 

2024 280.80 197.52 364.07 153.44 408.16 

2025 280.43 193.01 367.85 146.73 414.13 

SOM_Temp Forecast Lo 80 Hi 80 Lo 95 Hi 95 

2016 27.18 26.91 27.45 26.77 27.59 

2017 27.05 26.76 27.34 26.60 27.49 

2018 27.15 26.86 27.44 26.71 27.59 

2019 27.07 26.77 27.37 26.61 27.53 

2020 27.13 26.83 27.44 26.67 27.60 

2021 27.08 26.77 27.40 26.60 27.56 

2022 27.12 26.80 27.44 26.64 27.61 

2023 27.09 26.77 27.42 26.60 27.59 

2024 27.12 26.79 27.44 26.61 27.62 

2025 27.10 26.76 27.43 26.59 27.61 
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Appendix 1B. Forecast annual MR, MU, Rain and Temp of Ethiopia 2016-2025 

ETH_MR Forecast Lo 80 Hi 80 Lo 95 Hi 95 

2016 -13409.94 -54620.81 27800.92 -76436.52 49616.64 

2017 -6587.34 -59029.92 45855.25 -86791.35 73616.68 

2018 513.60 -61246.02 62273.21 -93939.58 94966.78 

2019 5730.14 -60221.35 71681.63 -95133.96 106594.24 

2020 7983.25 -58599.12 74565.63 -93845.70 109812.21 

2021 7331.45 -59379.03 74041.92 -94693.42 109356.31 

2022 4675.91 -63279.77 72631.59 -99253.34 108605.15 

2023 1289.01 -68478.13 71056.14 -105410.62 107988.63 

2024 -1651.63 -72672.63 69369.37 -110268.87 106965.61 

2025 -3387.41 -74800.24 68025.42 -112603.91 105829.08 

ETH_MU Forecast Lo 80 Hi 80 Lo 95 Hi 95 

2016 8497.95 -19353.95 36349.84 -34097.86 51093.75 

2017 7751.15 -20753.60 36255.90 -35843.11 51345.41 

2018 7588.51 -20946.84 36123.86 -36052.54 51229.56 

2019 7553.09 -20983.71 36089.89 -36090.18 51196.36 

2020 7545.38 -20991.49 36082.24 -36098.00 51188.75 

2021 7543.70 -20993.17 36080.57 -36099.68 51187.07 

2022 7543.33 -20993.54 36080.20 -36100.05 51186.71 

2023 7543.25 -20993.62 36080.12 -36100.13 51186.63 

2024 7543.23 -20993.64 36080.10 -36100.14 51186.61 

2025 7543.23 -20993.64 36080.10 -36100.15 51186.61 

ETH_Rain Forecast Lo 80 Hi 80 Lo 95 Hi 95 

2016 732.05 654.27 809.82 613.10 850.99 

2017 727.63 637.26 818.00 589.42 865.84 

2018 725.08 630.75 819.40 580.82 869.34 

2019 726.86 627.86 825.86 575.45 878.27 

2020 728.05 618.57 837.52 560.62 895.47 

2021 727.11 608.91 845.32 546.34 907.89 

2022 726.22 601.82 850.61 535.97 916.46 

2023 726.38 595.99 856.78 526.96 925.80 

2024 726.63 589.22 864.04 516.48 936.78 

2025 726.37 582.04 870.71 505.63 947.11 

ETH_Temp Forecast Lo 80 Hi 80 Lo 95 Hi 95 

2016 24.27 23.93 24.61 23.75 24.79 

2017 24.32 23.91 24.72 23.69 24.94 

2018 24.39 23.97 24.80 23.75 25.02 

2019 24.40 23.94 24.86 23.69 25.10 

2020 24.41 23.89 24.93 23.62 25.21 

2021 24.46 23.91 25.01 23.62 25.30 

2022 24.49 23.91 25.07 23.61 25.38 

2023 24.51 23.89 25.13 23.57 25.46 

2024 24.54 23.89 25.20 23.55 25.54 

2025 24.58 23.90 25.26 23.54 25.62 
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Appendix 1C. Forecast annual MR, MU, Rain and Temp of DRC 2016-2025 

DRC_MR Forecast Lo 80 Hi 80 Lo 95 Hi 95 

2016 4179.68 -11944.47 20303.83 -20480.08 28839.44 

2017 8153.14 -17231.34 33537.61 -30669.06 46975.34 

2018 11241.03 -19605.15 42087.20 -35934.12 58416.18 

2019 12769.11 -20048.35 45586.58 -37420.87 62959.09 

2020 12561.65 -20381.27 45504.57 -37820.20 62943.50 

2021 10916.65 -22407.83 44241.12 -40048.74 61882.04 

2022 8462.09 -26482.19 43406.38 -44980.58 61904.76 

2023 5947.00 -31169.10 43063.09 -50817.17 62711.16 

2024 4030.59 -34677.51 42738.69 -55168.33 63229.52 

2025 3124.41 -36182.63 42431.44 -56990.52 63239.33 

DRC_MU Forecast Lo 80 Hi 80 Lo 95 Hi 95 

2016 19906.81 5179.86 34633.76 -2616.12 42429.73 

2017 15079.48 -5644.40 35803.35 -16614.95 46773.90 

2018 10936.41 -12784.20 34657.01 -25341.14 47213.94 

2019 8106.73 -16650.50 32863.96 -29756.19 45969.65 

2020 6765.97 -18121.88 31653.81 -31296.71 44828.64 

2021 6736.92 -18177.22 31651.06 -31365.97 44839.81 

2022 7631.35 -17526.85 32789.56 -30844.80 46107.51 

2023 8991.62 -16554.76 34538.00 -30078.20 48061.44 

2024 10403.72 -15485.73 36293.16 -29190.78 49998.21 

2025 11567.56 -14517.60 37652.73 -28326.26 51461.38 

DRC_Rain Forecast Lo 80 Hi 80 Lo 95 Hi 95 

2016 1512.49 1415.90 1609.08 1364.77 1660.21 

2017 1511.07 1392.76 1629.38 1330.14 1692.00 

2018 1509.27 1373.56 1644.98 1301.72 1716.82 

2019 1507.51 1353.73 1661.30 1272.32 1742.71 

2020 1505.79 1335.81 1675.77 1245.83 1765.75 

2021 1504.05 1318.96 1689.14 1220.98 1787.12 

2022 1502.31 1302.76 1701.86 1197.12 1807.50 

2023 1500.57 1287.16 1713.98 1174.19 1826.95 

2024 1498.83 1272.06 1725.60 1152.02 1845.65 

2025 1497.09 1257.36 1736.83 1130.46 1863.73 

DRC_Temp Forecast Lo 80 Hi 80 Lo 95 Hi 95 

2016 24.57 24.29 24.85 24.14 25.00 

2017 24.60 24.29 24.91 24.13 25.07 

2018 24.62 24.30 24.93 24.13 25.10 

2019 24.62 24.29 24.95 24.11 25.12 

2020 24.63 24.26 25.00 24.07 25.20 

2021 24.65 24.26 25.05 24.05 25.25 

2022 24.67 24.26 25.08 24.04 25.29 

2023 24.68 24.25 25.11 24.03 25.33 

2024 24.69 24.24 25.14 24.00 25.38 

2025 24.71 24.24 25.18 23.99 25.43 
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Appendix 1D. Equations used to predict MR, MU, Rain and Temp of Somalia, Ethiopia and DRC. 

Country Equation ARIMA AIC BIC Prob. 

Somalia  𝑀𝑅𝑡 = −355 + 1.59𝑀𝑅𝑡−1 − 0.889𝑀𝑅𝑡−2 +
0.223𝜃𝜀𝑡−1 + 𝜀𝑡 

(2, 0, 1) 

(2, 1, 1) 

1133.12 1143.06 0.000 

  𝐷𝑀𝑈𝑡 = 73.25 +  1.55𝐷𝑀𝑈𝑡−1 − 0.877𝐷𝑀𝑈𝑡−2 −
0.753D𝜃𝜀𝑡−1 + 𝜀𝑡 

(2, 0, 1) 

(2, 1, 1) 

1052.96     1062.91 0.000 

 𝐷2𝑅𝑎𝑖𝑛𝑡 = 0.005 − 0.564D2𝑅𝑎𝑖𝑛𝑡−1

− 0.497D2𝑅𝑎𝑖𝑛𝑡−2

− 0.437D2𝑅𝑎𝑖𝑛𝑡−3 − 0.996D2𝜃𝜀𝑡−1

+ 𝜀𝑡 

(3, 2, 1) 569.79     579.73 0.000 

  𝐷𝑇𝑒𝑚𝑝𝑡 = 0.0083 − 0.789D𝑇𝑒𝑚𝑝𝑡−1 + 𝜀𝑡 (1, 1, 2) -5.046     2.983 0.000 

Ethiopia  𝑀𝑅𝑡 = 6575.834 + 1.46𝑀𝑅𝑡−1 − 0.76𝑀𝑅𝑡−2 −
0.68𝜃𝜀𝑡−1 + 𝜀𝑡 

(2, 0, 2) 1307.81 1319.85 0.000 

  𝑀𝑈𝑡 = 7615.92 + 0.217𝑀𝑈𝑡−1 + 𝜀𝑡 (1, 0, 0) 1259.6 1265.65 0.000 

 𝐷2𝑅𝑎𝑖𝑛𝑡 = 0.012 − 0.427𝐷2𝑅𝑎𝑖𝑛𝑡−1

− 0.436D2𝑅𝑎𝑖𝑛𝑡−2

+ −0.26D2𝑅𝑎𝑖𝑛𝑡−3 − .999D2𝜃𝜀𝑡−1

+ 𝜀𝑡 

(3, 2, 1) 611.66 621.61 0.000 

 𝐷2𝑇𝑒𝑚𝑝𝑡 = 0.001068 − 0.36823𝐷2𝑇𝑒𝑚𝑝𝑡−1

− 0.54735D2𝑇𝑒𝑚𝑝𝑡−2 + 𝜀𝑡 

(3, 2, 1) 23.82 33.76 0.000 

DRC 𝑀𝑅𝑡 = 7054.59 + 1.56𝑀𝑅𝑡−1 − 0.858𝑀𝑅𝑡−2

− 0.3773𝜃𝜀𝑡−1 + 𝜀𝑡 

(2, 0, 1) 1208.25 1218.29 0.000 

  𝑀𝑈𝑡 = 11429.99 + 1.5𝑀𝑈𝑡−1 − 0.701𝐷𝑀𝑈 𝑡−2 −
0.52𝜃𝜀𝑡−1 + 𝜀𝑡 

(2, 0, 1) 1196.8 1206.86 0.000 

 𝐷2𝑅𝑎𝑖𝑛𝑡 = 0.3 − 0.3232𝐷2𝑅𝑎𝑖𝑛𝑡−1 − 𝐷2𝜃𝜀𝑡−1 + 𝜀𝑡 (2, 2, 1) 631.48 639.44 0.000 

  𝐷2𝑇𝑒𝑚𝑝𝑡 = −.000031 − 0.594𝐷2𝑇𝑒𝑚𝑝𝑡−1 −
0.561𝐷2𝑇𝑒𝑚𝑝𝑡−2 − 0.326𝐷2𝑇𝑒𝑚𝑝𝑡−3 + 𝜀𝑡 

(3, 2, 1) 7.92 19.855 0.000 
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