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ABSTRACT 

Somalia is one of the most drought prone countries in Africa. Drought is the country’s 

costliest natural disaster. The impact of drought events on the economy, on people`s 

livelihoods and on lives has grown. Drought events usually develop gradually unnoticed, 

causing tremendous effects on both agriculture and environment. This study evaluated the 

spatio-temporal variations of drought occurrences in Somalia and its implication on forest 

cover. In this study, precipitation and temperature variables were taken as a proxy to assess 

and quantify long-term drought in Somalia. The intensities, frequencies and trends of 

drought occurrences were analyzed using Standardized Precipitation Evapotranspiration 

Index for the multiple timescales of 1-, 3-, 6-, 12-, and 24-month. Drought maps were done 

using Normalized Difference Vegetation Index during the period 1982 to 2015. Hansen 

data was used to account for forest cover change whereas a sample of 20 papers were 

reviewed in order to determine the best fit land degradation mitigation measures. Temporal 

variations in drought showed decreasing trends in severity and increasing trends in drought 

duration as the SPEI timescales increased. The major drought event as identified by SPEI 

12 occurred during the period between May 2011 and January 2013, lasting for a period of 

12months with an intensity of -0.55. Furthermore, drought count was generally high in the 

southern parts of Somalia and entire country had suffered droughts ranging from 

moderately dry to severely dry conditions. An average drought duration of between 2 and 

3 months was recorded for most (81%) of the locations. About 23 % of forest cover was 

lost from 79,294 ha to 67,199ha from 2000 to 2019 representing a loss of 1,058ha per year. 

The study findings show the need for immediate actions to tackle drought and hence 

poverty and famine in Somalia. A combination of remote sensing tools conservation 

practices (such as agroforestry, afforestation, reforestation and conservation agriculture) is 

ideal for monitoring and mitigating land degradation effects respectively.  
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CHAPTER ONE 

INTRODUCTION 

1.1 Background 

Globally, natural disasters now occur nearly five times as often as 40 years ago 

(Ghebrezgabher et al., 2016). Consequently, droughts have continued to have increasing 

substantial social and economic consequences. In most cases, drought is only felt when 

natural disasters (insect migration, forest fires etc.) happen or when there is inadequate 

water for human or agricultural needs (Clark et al., 2016). Nonetheless, even moderately 

severe droughts can lead to damaging effects on the structure and functionality of 

vegetation resulting in ecosystem changes (Ensham & Airfax, 2012).  

Climate change has led to increased frequency of droughts and floods across the globe. 

Droughts in particular have had devastating effects on populations, causing more human 

deaths than other natural disasters. An assessment of drought disasters covering the period 

from 1900 to 2004 associated 50% (out of the 22 million deaths caused by natural disasters) 

with drought (Parry et al., 2004). Although drought can occur anywhere in the world, 

drylands are highly prone. Drylands are estimated to cover 41% of the global land. 

Therefore drought have a highly significant potential to lead to damaging impacts (Johnson 

& Mayrand, 2007).  

Droughts that occurred during the period between 1970 and 2017 resulted in more than 

800,000 deaths globally according to Somali Drought Impact Needs Assessment (DINA) 

report (World Bank, 2018). The report also noted a decline in Gross Domestic Product 

(GDP) and a rise in conflicts as a result of these droughts. The major huddles to sustainable 

development in Africa are droughts and forest destruction (Nyong & Adesina, 2007).  

About 67% of Africa is categorized as drylands and therefore has a great potential for land 

degradation according to the United Nations Economic and Social Council (UN Ecosoc) 

2007 report (UN Ecosoc, 2007). According to this report, most parts of Africa have 

undergone some level of degradation that has impacted a minimum of 485 million people 

in Africa. Desertification in Africa is not only a cause but also a product of high levels of 
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poverty and unsustainable extraction and use of natural resources. This has led to poor 

economic growth, food insecurity and political instability in the continent. In the Great 

Horn of Africa, drought occurs frequently causing destruction to both the environment and 

the natural resources (Wollburg, 2019). This is mainly due to climate changes, high rates 

of population growth, inadequate institutional frameworks, political instability and 

elevated poverty levels (Abdulkadir, 2017). 

The worst drought was experienced in the Horn of Africa during the 2011 summer 

(Ghebrezgabher et al., 2016). This drought affected Kenya, Ethiopia, Somalia, Djibouti 

and Eritrea. This followed very low rainfall during the short (October-December 2010) and 

long (April-June 2011) rain seasons. This drought caused huge reductions in annual crop 

production resulting in worst harvests, high death of animals and elevated cost of food   

(Fredriksen, 2016). UK Meteorological service associated the low levels of rainfall that 

was experienced during the short rain season to LaNiña conditions (Behera et al., 2005). 

The effects of the 2011 drought were majorly felt through decline in food production but 

in Somalia the impacts were more sever and resulted in famine (Anderson et al. 2012). The 

Drought Impact and Needs Assessment conducted by the World Bank in 2017 showed that 

the 2016/2017 drought caused damages and losses valued at $3.25 billion out of which 600 

million US Dollars was recorded for restoring the impacts on both the environment and 

natural resources (World Bank, 2018).  

The main source of livelihood for millions of Somalia citizens is dependent on environment 

and natural resources. Their reliance on this sector has had significant impacts such as 

depletion of vegetation and other natural resources. In 1990 Somalia had 13% forest cover 

which dropped to 10.7% by 2010. A 27 % rate of tree loss was recorded between 2001 and 

2006 in north-eastern Somalia (Ginnetti & Franck, 2014). The drought that occurred 

between the year 2016 and 2017 in Somalia resulted in detrimental consequences on the 

environment. As a result, about 68 percent of vegetation was destroyed (an equivalent of 

113,282 km²) which is approximately 18 percent of the total landmass in Somalia. 

Generally, this drought caused destruction and losses in the environment sector to a tune 

of 564.8 million and 610.7 million US dollars respectively (World Bank, 2018). It also 
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encouraged over-extraction of natural resources because of the reduced usual sources of 

livelihoods.  

Drought monitoring techniques that depend on satellite data have recently gained global 

popularity because acquiring such information is cheap, and the data have good spatial and 

temporal resolutions that are highly reliable. Several drought indices can be used to fulfill 

the same. These include the Palmer Drought Severity Index (PDSI), Standardized 

Precipitation Index (SPI) and the Standardized Precipitation Evapotranspiration Index 

(SPEI). The disadvantages of using PDSI include high interference from the calibration 

timing and poor spatial resolution. It is also subjective in characterizing drought conditions 

(Chen et al., 2018). The main setback of PDSI is the fixed time scale of recording indices 

which do not allow assessment of categories of drought occurring at varying time scales. 

On the contrary, SPI can be calculated easily and at varied timescales. However, SPI is 

disadvantaged by the monthly temporal resolution because the mechanisms through which 

drought develop is not captured. SPEI was developed to circumvent the limitations of SPI. 

it is an extension of SPI but takes into account both precipitation and potential 

evapotranspiration (Li et al., 2019). This index is generated from both temperature and 

precipitation thereby combining the respect of the PDSI to variations in evaporation 

demand with the ease of computing and the multi-timescale nature of the SPI.  

Moderate resolution imaging spectroradiometer (MODIS) NDVI is used to show the 

response of vegetation to drought impacts in different regions with varying ecological 

conditions. This is because MODIS data have advanced wide spectral, high distribution in 

time and is cheap. NDVI can also be used to measure and monitor the conditions of 

vegetation because it has high correlation with the canopy of vegetation (Khosravi et al., 

2017). 

Previous drought assessment studies in Somalia made use of (SPI) and (PDSI) which do 

not fully account for drought severity status as they do not include the role of temperature 

increase in their computation (Stagge et al., 2014). This study attempted to fill the gap by 

using SPEI, which takes into consideration both temperature and precipitation plus 

evapotranspiration in its calculation. SPEI was used to characterize spatiotemporal 

distribution of meteorological drought from 1990 to 2018. On the other hand, NDVI was 
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used to determine the variation of forest cover with changes in meteorological drought 

incidences (Li et al., 2015).  

This study also attempted to determine the best fit sustainable management methods for 

mitigating land degradation through systematic review of the available literature. This 

provides information that can support policy development process, or the designing of 

programs or projects for adoption of drought mitigation practices.  

1.2 Statement of the problem 

Drought has detrimental impacts on both the growth and survival of plants. Droughts also 

affects the structure, composition and function of forests, consequently derailing the ability 

of the forest to provide ecosystem services. Globally, extreme droughts have already 

caused significant forest degradation resulting in a decline in forest productivity. The 

frequency and intensity of drought is expected to rise due to climate change. This is likely 

to worsen the impacts on the forest structure and function. Droughts have also promoted 

encroachment of the pastoralists into the forest due to lack of pastures for their livestock. 

How drought regimes affect forest structure and stability depends on its frequency, 

intensity and temporal extent. However, it is still difficult to quantify the spatiotemporal 

distribution, magnitude and intensity of drought. This triggered development of objective 

drought indices. Nevertheless, there is little, up-to-date scientific literature that is available 

on the characterization of droughts using these indices in Somalia.  

1.3 Justification 

The first Sustainable Development Goal aims at eliminating high levels of poverty and 

hunger by 2030. This is tied to achievement of food security and natural resource 

conservation which is curtailed by natural hazards like drought. Somalia is the most 

affected by drought relative to other countries in Africa. However, previous drought 

assessment studies have focused majorly on smaller regions in the country and failed to 

capture the countrywide status. Furthermore, these studies made use of PDSI and SPI that 

are not based on temperature yet drought occurrence is greatly influenced by the rising 

temperatures. The focus has also been majorly on drought impacts on food production and 

water availability with little attention on the impacts of these droughts on forest cover. 
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There is therefore need for a country-wide assessment that can better inform the 

government and the relevant institutions on the drought patterns and the most applicable 

mitigation measures that suits Somalia.  

1.4 Objectives 

1.4.1 General Objective 

This research aimed at determining the trends of occurrence of meteorological drought and 

its impacts on forest cover and also propose recommendations on the best fit sustainable 

management method for mitigating land degradation in Somalia.  

1.4.2 Specific Objectives 

1. To characterize meteorological droughts in Somalia between 1990 and 2018. 

2. To quantify forest cover loss in Somalia between 1990 and 2018.  

3. To determine best-fit sustainable management methods for mitigating land 

degradation in Somalia. 

1.5 Research questions 

1. What are the characteristics of meteorological drought in Somalia? 

2. What amount of forest cover has been lost in Somalia from 1990 to 2018? 

3. What are the best sustainable management methods for mitigating land degradation 

in Somalia?  
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1.6 Conceptual Framework 

 

Figure 1: Conceptual framework for drought assessment. 

Source: Perret et al (2018) 

Figure 1 on conceptual framework shows drought impacts on vegetation with time. NDVI 

can be used to measure the vegetation stress and the drought duration and intensity can be 

determined using SPEI. In this framework it is assumed that there is insufficient rainfall 

throughout the covered time. The first scenario (A) depicts a case with an immediately 

increasing vegetation stress due to insufficient rainfall. Other possibilities include scenario 

(B) that shows vegetation taking some delay period before experiencing stress, scenario 

(C) indicating a no change situation or scenario (D) where vegetation stress is on the 

decline.  
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Drought occurrences  

Drought is a hazardous climatic phenomenon denoted by lack of enough rainfall 

experienced over a long period of time and over a given land (Dai, 2011). American 

Meteorological Society categorized drought into four major types (meteorological, 

hydrological, agricultural, and socioeconomic) (Li et al., 2015). Meteorological drought 

refers to a period with below-normal precipitation that lasts for months to years. This type 

of drought occurs frequently and in most cases lead to occurrence of other types of droughts 

(Mishra & Singh, 2011). Agricultural drought is indicated by dry soils and occurs due to 

less frequent rains that retards plant growth resulting in reduced crop yields. Hydrological 

drought occurs when stored water get depleted and is not replenished (Dai, 2011). It occur 

when river and water reservoirs, aquifers drop to levels that are lower than the usual 

average. Socioeconomic drought is denoted by economic effects of meteorological, 

hydrological and agricultural droughts (Clark et al., 2016). 

The fifth assessment report of Intergovernmental Panel on Climate Change (IPCC) 

indicated increasing trends of global warming since 1950s (IPCC, 2014). This is likely to 

cause an increase in the global temperatures which consequently affect the water cycle, 

including changes in the rainfall patterns and increased natural phenomena like drought 

(Sheffield & Wood, 2008). Such temperature increases have resulted in increased rates of 

occurrence and severity of meteorological disasters. Research has shown that over 45 

percent of the global land is susceptible to drought (Li et al., 2019).  

Historically, approximately 20% of the global land is experiencing drought at any given 

time. This value has grown to 28% and is predicted to increase to 35% by this year (2020) 

(Sheffield & Wood, 2008). Compared to other meteorological hazards such as tornados, 

hurricanes and floods, drought is a unique event which can occur without any signal and 

can last for a long period of time (Sheffield et al., 2012). Drought is a complex phenomenon 

that results in several damages to the socioeconomic and environmental sectors (Van Loon, 

2015). In the recent past droughts have resulted in high prevalence of famine in many Asian 
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and African countries. It is a global problem whose impacts are felt in large areas and even 

beyond country borders. For example, in Iraq food insecurity is expected to persist due to 

extreme weather events that causes drought (Verma et al., 2017). Since drought results 

from decrease of precipitation below its common average, it leads to reduced groundwater 

recharge and reduction in soil water resources. This consequently leads to declining trends 

of land and vegetation production levels (Vicente-Serrano et al., 2013). For example, the 

drought severity conditions in northern parts of China have been increasing in recent past 

and is projected to continue increasing in the coming years. Due to the consequences that 

droughts can bring to food production, water supply and the environment as a whole, some 

severe droughts have attracted wide attention in the recent past. These include the 

Millennium drought in Southern Australia (Kiem et al., 2016), the centurial droughts in 

Southwestern parts of China (Lin et al., 2017), East African drought (Lyon, 2014) and the 

drought that occurred recently in California (Cheng et al., 2016) 

The main type of natural disaster that hits Africa frequently causing high levels of 

household insecurity is drought (Calow et al., 2010). In most African countries, the local 

population is threatened by severe drought impacts which in most cases leads to 

consequences such as loss of both human and animal lives, famine and lack of sufficient 

food resources. The world food program estimates that about 10 million people are faced 

with food insecurity while malnutrition claimed lives of tens of thousands in Somalia, a 

situation brought about by 2011 drought (Nicholson, 2014). This drought also led to severe 

food insecurity in the almost the entire Horn of Africa with major impacts felt in parts of 

Djibouti, Ethiopia, northern Kenya and Somalia. It also resulted in increased population 

displacement and food price increase (Yuan et al., 2013).  

Agriculture is the main contributor to the East African country`s GDP. It is approximated 

that agriculture accounts for 25%, 51% and 42% of the GDP for Tanzania, Kenya and 

Uganda respectively (Mwangi et al., 2014). Damages and destruction caused by drought 

on agriculture therefore leaves the region with a lot of risk of extreme consequences such 

as famine and deaths. For example the deaths and food shortages that resulted from the 

droughts which occurred in the last two decades (2008 to 2009 and 2010 to 2011(Mwangi 

et al., 2014).  
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Climate change will either directly or indirectly affect forest dynamics. For example, it 

affects the spatial distribution of vegetation types, ecosystem structure and function, and 

the presences and diversity of flora (Malcolm et al., 2006). Extreme climatic conditions is 

predicted to result in extinction of sub boreal and the montane climate regions in Colombia 

consequently leading to habitat destruction and fragmentation for the valuable conifer 

species (Hamann & Wang, 2006). Drought coupled with rising temperatures is destructive 

to forests globally. Some of the forest mortalities reported in the world includes: the vast 

death of Eucalyptus in the Northern parts of Australia during the early 1900s which resulted 

in a severe drought (Fensham & Holman, 1999).  

Somalia has a long history of droughts as compared to other countries in East Africa. 

Droughts were experienced multiple times in the region during the periods; 1974-1975, 

1984-1985, 2005, 2008 and 2010-2011 (Alwesabi, 2012). These droughts have resulted in 

severe effects such as famine, deaths of the people from both famine and malnutrition and 

even displacement. Drought impacts have been catalyzed by a number of factors in 

Somalia. These factors include pastoralism as a way of livelihood, civil unrest and the high 

rates of population growth (Alwesabi, 2012).  

The 2003-2007 drought caused 21.6% loss of aboveground biomass in the Mulga Lands 

bioregion in Queensland (Ensham & Airfax, 2012). During 2012–2015 drought, about 10.6 

million hectares of forest harboring up to 800 million trees were affected (Asner et al., 

2015).  

The drought that occurred between 2016 and 2017 in Somalia caused severe damages to 

the environment. As a result about 68% of vegetation was lost. In general, this drought 

caused environmental destruction worth around 1175.5 million USD ( World Bank, 2018).   

2.2 Remote Sensing and Geographic Information System-based Drought Assessment 

Drought assessment entails a number of activities. It includes all activities towards drought 

identification, quantification, characterization, evaluation and monitoring. The purpose of 

drought assessment influences its characterization and monitoring (Mendicino et al., 

2008). However successful analysis of drought characteristics requires vivid assessment of 

its spatial and temporal properties (Shahid & Behrawan, 2008). Challenges facing 
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comprehensive assessment of drought mainly arise from the scarcity of available data. This 

calls for the use of remotely sensed data since satellite data is capable of capturing the 

spatial and temporal properties of drought (Gonzalez-Hidalgo et al., 2018). Drought 

assessment yields drought properties in terms of intensity, duration, severity frequency and 

socioeconomic impacts depending on the timescales in which the drought indices are 

recorded. 

Remote sensing and GIS facilitate capturing of up-to-date and timely information on 

drought. This enables users to evaluate the drought characteristics and trends in a more 

effective way (Zhou et al., 2017). Remote sensing involves collection of data about an 

object, place or an event without necessarily touching it or being in that place or attending 

the event. Various satellites facilitate easy retrieval of climatic parameters such as 

precipitation and temperature that are useful in calculation of drought indices (Alizadeh & 

Nikoo, 2018). Satellites give aerial view of land cover, vegetation and hydrological 

resources thus can facilitate spatial and temporal evaluation of drought distribution 

(Choubin et al., 2019).  

2.4 Natural Capital Accounting 

Natural capital accounting can be defined as a procedure of collecting information on the 

status and flows of natural capital (SEEA UN, 2012). It involves organized recording of 

information on natural capital such as mineral and biological assets and assessment of the 

flows from these assets including ecosystem services to human wellbeing in a consistent 

and comprehensive manner. According to the Natural Capital Coalition, natural capital 

refers to the vast natural resources that are beneficial to human beings. This is an important 

capital in developing countries because of its huge input into countries wealth whereby it 

contributes about (36%) (Coalition & Keynes, 2016). 

The Brazilian Amazon Forest ecosystem has a potential to contribute $8.2billion annually 

to the country`s economy if it is well conserved. This contribution is through services to 

man for example food production, supply of raw materials for industrial use, greenhouse 

gas mitigation as well as climate regulation. According to the United Nations Inclusive 

Wealth Index, natural capital for 140 countries declined between 1992 and 2014. Despite 
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the decline, there has been noticeable growth in GDP among these countries (Managi & 

Kumar, 2018). This is because GDP have limited representation of natural capital since it 

takes into account overall income in determining the growth in their economy leaving out 

the ability of the natural resources to generate wealth (Mardones & del Rio, 2019). 

Countries that include timber from forests in their accounts often omit other forest 

functions such as flood control, carbon storage and sequestration and even water and air 

cleaning and cycling.  

Recently, many countries have ratified natural capital accounting into their national 

accounts However, carrying out natural capital assessment at the national level is not yet 

adopted by several countries globally. The linkages between the natural assets, services 

and the final benefit to human beings can be represented in a diagram as shown below:  

 

Figure 2: Linkages between the natural assets, services and the final benefit to human 

beings.  

Source: Department for Environment, Food and Rural Affairs (Defra), UK 
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2.4.1 Natural capital accounting for forest resources. 

Forests are beneficial ecosystems capable of generating a wide range of benefits. They 

have benefits to the economy, environment and society in general (Willis et al., 2003). 

Various products and services which improves environmental conditions, human well-

being and economic status can be obtained from the forests. For many years, there has been 

no commonly agreed methodology for estimating forests social, economic and 

environmental benefits. Currently, there exist an internationally accepted methodology for 

accomplishing systematic forest accounting: the United Nations Statistical Commission’s 

System of Environmental–Economic Accounting 2012 (SEEA) Central Framework and 

the SEEA Experimental Ecosystem Accounting.  

In developing countries, approximately 80% of their citizens rely on forest goods and 

services for their basic health and nutritional needs (Pearce, 2001). Despite economic 

contribution, forests are also important in cultural restoration and maintenance and 

improves the quality of life for millions of people (Dovie, 2003; Shackleton et al., 2007; 

Harshaw et al., 2009). Sustainable extraction and utilization of forest products can further 

enhance income and provide alternative to tropical deforestation (Dlamini, 2012). 

However, the extent to which forests contributes to rural income is poorly captured in 

literature (Dlamini and Geldenhuys, 2011). This is because most of the services provided 

by forests (storage of carbon dioxide, maintenance of regional climate and conservation of 

biodiversity) are indicated by the externalities of the companies investing in large-scale 

economic operations. Furthermore, a wide range of natural products from forests, 

woodlands, river and lakes is extracted and used for subsistence purpose or exchanged at a 

local market by the adjacent communities and therefore do not attract a lot of commercial 

investments and non-local decision makers (Gram, 2001).  

2.4.2 Profile of forests in Somalia 

Somalia has a total land area of 63 766 000 ha out of which 9.98% (6, 363, 000) ha is 

occupied by forests. Table 1 shows the classes of forest in Somalia.  
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Table 1: Size of various classes of forest in 1980 

National Class Area in 1000 ha  

Closed Forest  1 537 

Open forest 7 510 

Plantations 3 

Total forests 9 050 

Other land 54 716 

Total country area 63 766 

Source: Somalia Forest Resource Assessment Report 

2.5 Land degradation 

Land degradation is a harmful ecological phenomenon, which various researchers have 

identified and looked at in many aspects. Some have found it to reduce overall soil 

productivity (agricultural) potential (Foster, 2006) or to decline ecosystem-based functions 

for the long term (Bai et al., 2008). UNEP (2001) explains it as the process that natural 

resources have evolved adversely over time due to various human activities on land. It is 

also described in a broad term as land degradation resulting from varying climatic events 

in synergy with anthropogenic activities (Blaikie & Brookfield, 2015). 

Despite the discrepancies in different meanings, a convergence on characteristics of land 

degradation exist: it induces deterioration of land capacity to operate normally (for example 

in provision of food and habitat and water and air cleaning). Degradation of land often 

begin with minor indicators and gradually develop visible characteristics (Bajocco et al., 

2012). Such incremental progress in many parts of the globe renders it insignificant until 

the deterioration is very advanced. As a result, efforts have been made to control land 

degradation at advanced stages which have proven to be relatively costly and lenient to 

handle. 

Land degradation effects partially explain why there is a global threat to land productivity 

(Vogt et al., 2011), further worsened by lack of policies and recommendations to combat 

the deterioration of soil quality (Bai et al., 2008). Land degradation affects ecological 

processes and these effects can be worsened by anthropogenic activities. It will take 
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seasons or years for noticeable characteristics of land degradation to be witnessed, often 

overlooked until when it is at advanced levels because of its progressive nature (Schwilch 

et al., 2018). It leaves a wake of destruction during its development that may be hard and 

expensive to eradicate if its control are delayed (Reed et al., 2015). These adverse effects 

usually affect food safety and economic well-being, as well as the environment, and explain 

the reasons for the worldwide degradation of land. 

Since degradation of land is a process involving anthropogenic activates, its measurement 

and control will include all aspects of time and space and human activities (Cowie et al., 

2018). Inclusion of evaluation and monitoring of human performance is essential because 

certain human activities intensify destructive ecological processes such that land resources 

cannot be recovered alone. A meaningful evaluation should, therefore, include land use 

patterns for human-induced land degradation (Kosmas et al., 2016). Time is also essential 

for the evaluation of soil degradation. They should be included by properly developing 

useful baseline data and later measurements. 

In Somalia, various works of literature have documented several aspects of advancing land 

degradation (Omuto et al., 2014). The reports show vegetation loss, gully erosion, topsoil 

loss, surface dam sealing and irrigation canals, invasive plant species that cannot be 

palatable, and plant nutrient loss in areas of agriculture potential. All these negatively affect 

crop production (Oduori et al., 2011). In general, land degradation can be said to potentially 

affect Somaliland's traditional system of pastoral production (Bolognesi et al., 2015).  
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Study site 

Somalia is the area of interest in this study (Figure 3). World Bank estimated its population 

at 14.74 million in 2017. It covers a total area of 637,660 km² and its capital city is 

Mogadishu. 50% of the people in Somalia rely on pastoralism which is greatly affected by 

precipitation timing and amount (Alwesabi, 2012). 

 

Figure 3: Map of the study area. 

Somalia covers large area starting from the equator to the north of Gulf of Aden. It is found 

in the Horn of Africa and is the easternmost African country. Based on topography, 

Somalia can be divided into several physiographic zones. The driest zones receive elevated 

annual average temperature and covers the northern parts of the country (Hadden & Lee, 
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2007). The central part of the country is covered mostly by plateaus with the southern parts 

bordering the coastline. There are two perennial rivers in the southern part: Webe Shebele 

and Jubba. Ethiopian plateau is the source of these two rivers and occasionally flood when 

high precipitation is received in Ethiopia. There exists a highly productive plain between 

the two rivers exists. This plain is frequently affected by floods.  Somalia`s coastline is the 

longest in Africa covering 3,025 kilometers in length (Alwesabi, 2012).  

Generally, Somalia experience hot weather throughout the year. The country has an 

average annual daytime temperature of 27°C which is among the world`s highest mean 

annual temperatures. These high temperatures are due to the fact that Somalia is located 

close to the equator and receives low precipitation. The northern highland and central parts 

experience fluctuating temperatures ranging from sub-zero temperature in winter to about 

45°C in summer in the Karkaar Mountains and interior plateau respectively. Lower 

temperature variations are experienced in the southern parts of Somalia. Their temperatures 

in the coldest months is 20°C and records 30°Cin the hottest months. Due to the cold 

offshore currents, the coastal region is usually 5°C-10°C cooler than the inland areas 

(Hadden & Lee, 2007).  

There are two climatic zones in Somalia, the semiarid zone which receives moderate 

rainfall and is suitable for rain fed agriculture and the arid zone which receives low 

precipitation and is used for pastoralism (Menkhaus, 2014). The semi-arid zone covers the 

northern mountains, southwest and the northwest areas while the arid zone covers the 

central and northernmost regions of the country. There are two rainy and two dry seasons 

in Somalia. The main rainy season occurs from April to June and is followed by a dry 

season between July and September (Alwesabi, 2012). The short rainy season comes 

between October and November. This is followed by the second and main dry season, 

which extends from December to March. 

Soil types and properties in Somalia varies with climate and nature of parent rock. The 

northeastern parts of the country have shallow infertile soils. However the plateaus have 

limestone parent rock that result in fertile soils which supports the rain fed agriculture. The 

plains along the plains of Jubba and Shabeelle rivers have the most fertile soils (Hadden & 

Lee, 2007). The alluvial plains have deep black cotton soils which have a great potential to 
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store water and thus are fit for irrigation farming. To the southern parts, Somalia has 

vertisols (which cracks during the dry periods) covering large areas. Naturally, vertisols 

are vegetated with grass and its unstable nature is not conducive for growth of forest. They 

have shrinking and swelling properties which damages infrastructure and may cause mass 

wasting. Because they are usually covered by grass or grassy woodlands, vertisols are 

normally used for grazing livestock. Their impermeability when saturated makes them 

suitable for rice production. The stickiness when wet and cracks when dry makes vertisols 

difficult to work on (Hadden & Lee, 2007).  

3.2 Datasets and their sources. 

The following datasets were used to achieve the research objectives.  

 

 

  



 
 

Table 2: Datasets, sources and properties.   

Category Source Bands/Image 

collection ID 

Spatial 

Resolution 

Temporal 

Resolution 

Period  Link  

Drought index 

(SPEI) 

Global 

SPEIbase 

N/A 0.5  ̊ Monthly 1980 - 2015 https://spei.csic.es/databa

se.html 

Vegetation 

index (NDVI) 

NOAA 

AVHRR 

NOAA/CDR/AVH

RR/NDVI/V5 

0.05  ̊ daily 1982 - 2001 https://code.earthengine.

google.com/65aa2cfb584

ecfe98c5fa2d5c340c2ee 

MODIS  MODIS/MCD43A

4_006_NDVI 

 

500m 16-day 2001 - 2015 https://code.earthengine.

google.com/deec5ea5b0c

9cc54e5198015056fe20c 

Forest cover Global Forest 

Watch  

N/A N/A Annual 2001 - 2015 www.globalforestwatch.

org 

Forest loss  Hansen  UMD/hansen/glob

al_forest_change_

2019_v1_7 

30m Annual 2000-2019 https://code.earthengine.

google.com/2abd4d2bc5

5e47d36a3dbe54f3afc03

7 

Land 

degradation  

Existing 

literature  

N/A N/A N/A N/A N/A 

   

 

http://www.globalforestwatch.org/
http://www.globalforestwatch.org/


 
 

3.3 Drought indices 

3.3.1 Standardized Precipitation Evapotranspiration Index  

For drought assessment purposes, a number of indices have been developed. These include 

Palmer Drought Severity Index (PDSI), Standardized Precipitation Index (SPI) and the 

Standardized Precipitation Evapotranspiration Index (SPEI). The Standardized 

Precipitation Index has gained frequent application in drought characterization in the last 

few decades. SPI was developed by McKee et al.(1993). It can be used to characterize 

various types of drought depending on the timescale. For example on the 3-months 

timescale, SPI is used to characterize both agricultural and meteorological drought (WMO, 

2012). At longer timescales such as 12 and 24 months, SPI is used to characterize 

hydrological drought. Despite the widespread acceptance of SPI, atmospheric conditions 

are not accounted for in its calculation apart from precipitation and this affects the output 

of drought assessment.  

To overcome the deficiencies of SPI, SPEI has been developed (Vicente-Serrano et al., 

2010). The SPEI is superior to both PDSI and SPI because of its sensitivity to temperature 

which greatly affect drought evolution patterns (Li et al., 2019). It is standardized the same 

way as SPI. However, it is calculated differently based on the difference between 

precipitation and potential evapotranspiration. The Global SPEI database is called the 

SPEIbase. This database provides historical SPEI values at various timescales ranging from 

1 to 48 months with a spatial and temporal resolution of 0.5-degree and one month 

respectively (Beguería et al., 2010). SPEI is useful in assessment of agriculture, ecology 

and even water cycles through drought evaluation (Vicente-Serrano et al., 2012). It is 

suitable for assessment of different types of drought depending on the timescale. The 1-, 

3-,12- and 24-month SPEI is applicable to meteorological, agricultural, hydrological and 

socioeconomic drought analysis respectively (Potop et al., 2014).  

SPEI enables reasonable estimation of drought severity on multiple temporal scales. Its 

calculation formula is given as follows (Li et al., 2019);  

𝑃𝐸𝑇 = 16𝐾 (10𝑇/𝐼)𝑚 … … … … … … … … … … … … … … … … … … … … … … . … … … … … . 1 
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Where PET is potential evapotranspiration, K is the modified latitude based coefficient, T 

is the average temperature per month, I is the total heating index per year and m is a 

coefficient that is based on I.  

To obtain the difference between precipitation and potential evapotranspiration we use the 

formula;  

𝐷𝑖 = 𝑃𝑖 − 𝑃𝐸𝑇𝑖 … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … . 2 

Pi is precipitation while PETi stands for potential evapotranspiration.  

The log-logistic distribution formula for the Di is as follows:  

𝑓(𝑥) =
𝛽

𝛼
((𝑥 − 𝑟)/𝛼)𝛽−1 [1 +〖((𝑥 − 𝑟)/𝛼)〗^𝛽 ]−2 … … … … … … … … … … … … … . . 3 

𝐹(𝑥) = ∫ 𝑓(𝑡)

𝑥

0

𝑑𝑡 = [1 + (𝛼/(𝑥 − 𝑟))𝛽]−1 … … … … … … … … … … . … … … … … … … … . 4 

α represent the scale, βrepresent the shape, γ is the origin,  f(x) stands for probability density 

function, and F(x) stands for probability distribution function.  

However SPEI is normalized using the formula:  

𝑆𝑃𝐸𝐼 = 𝑊 −
𝐶0 + 𝐶1 + 𝐶2𝑊2

1 + 𝑑1𝑤 + 𝑑2𝑤2 + 𝑑3𝑤3
… … … … … … … … … … … … … … … … … … … …  5 

𝑊 = √−2𝑙𝑛(𝑃) … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … . . 6 

When P ≥0.5. P is the probability of superseding a determined D value and P=1-F(x). If 

P> 0.5, then P changes to 1-P and the resulting SPEI will have its sign reversed. C and d 

represent constants that are derived based on the P value.  

Based on SPEI, drought is categorized as shown in table 3 below(Bae et al., 2018) 
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Table 3: Drought categories based on Standardized Precipitation Evapotranspiration Index 

SPEI VALUE CLASS 

More than 2.00 Extremely wet (humid) 

1.50 to 1.99 Severely wet 

1.00 to 1.49 Moderately wet 

0.50 to 0.99 Slightly wet 

−0.49 to 0.49 Near normal 

−0.99 to −0.50 Mild dry 

−1.49 to −1.00 Moderately dry 

−1.99 to −1.50 Severely dry 

Less than −2.00 Extremely dry (drought) 

 

SPEI values from Golbal SPEIbase were adopted for this study and use without any 

modification. Table 3 categories were used for classifying drought.  

3.3.2 The Normalized Difference Vegetation Index (NDVI) 

NDVI is a measure of how green the vegetation is. NASA`s Aqua and Terra satellites 

carries Moderate Resolution Imaging Spectroradiometer (MODIS) instrument. This 

instrument takes images of the land surface in 36 spectral bands at a temporal and spatial 

resolution of 1 to 2 days and 1000 m respectively. It was launched in March 5 2000 and 

has up to date data. MODIS calculates NDVI values based on the near-infrared (NIR) and 

red bands at an interval of 16 days.  

NDVI is a ratio of near infrared (NIR) and red (R) reflectance (Parry et al., 2004). It is 

computed as follows:  

𝑁𝐷𝑉𝐼 = (
𝑁𝐼𝑅 − 𝑅𝐸𝐷

𝑁𝐼𝑅 + 𝑅𝐸𝐷
) … … … … … … … … … … … … … … … … … … … … … … … … … … … . . 7 
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Where NIR is the near-infrared band whereas RED represent the red bands respectively. 

NDVI runs from negative 1 to positive 1. Negative indices indicate clouds, water or snow. 

The values near zero indicates bare rock or soil without any green vegetation while indices 

close to +1 indicates dense vegetation (Ozyavuz et al., 2015).  

3.4Analysis of drought frequencies and conditions 

Drought conditions varies from one drought event to another. Drought conditions can be 

worsened by water scarcity that results from global climatic changes (Dubrovsky et al., 

2009). A drought event can be defined as a prolonged period with a SPEI value of -1 or 

less which starts when the SPEI drops to a value below 0 and is said to end when the SPEI 

gets to a positive value preceded by a value of -1.0 or less (McKee et al., 1993). Drought 

characterization is done in three dimensions; drought duration, severity and intensity (Lee 

et al., 2017).  

Runs theory, proposed by Yevjevich (1967) can be used to characterize drought events in 

the three dimensions. A run refers to the part of time series with all values above or below 

a chosen threshold (Mishra & Singh, 2010). The portion below the truncation level is called 

negative run while the portion above the truncation level is called positive run. This theory 

adapts a probabilistic methodology in characterizing drought by estimating the return 

periods for extreme events (Gonza & Valde, 2006). This theory was applied to analyze 

drought characteristics based on SPEI whereby the drought characterization was based on 

the statistical parameters of drought duration and severity at different truncation levels. 

Based on this theory, drought duration, severity and intensity can be defined in reference 

to the truncation level. Drought severity refers to the sum of drought parameter below the 

truncation level while drought duration refers to the number of months or years during 

which the drought parameter is continuously below the truncation level. Drought intensity 

refers to drought severity divided by respective drought duration. Thus, drought duration 

is expressed in years or any other time period during which a drought parameter is 

continuously below the critical level, that is the number of months between the 

commencement of drought and the end month (Spinoni et al., 2014). An illustration of 

drought characteristics for a given threshold level is shown in figure 2.  
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Figure 4: Drought characteristics using run theory based on selected threshold level. 

Source: Lee et al. (2017). 

3.5 Interpolation and trend analysis methods 

Trend analysis was performed using the Man-Kendall test (Mann, 1945). This is a 

nonparametric method that is used to determine whether a given set of time series data have 

trend. It evaluates the significance of trend in time series of hydrology and meteorology 

datasets (Sicard et al., 2010) and is therefore applicable in drought trend evaluation based 

on given drought indices (Damberg & AghaKouchak, 2014). This study adopted the Mann 

Kendall trend test to determine trends of annual and seasonal SPEI series, during years 

1980–2015. 

Interpolation methods are useful in analyzing both short-term and long-term distribution 

of NDVI and SPEI. Interpolation have been used in the recent past in a number of studies 

(Suparta & Rahman, 2016; Kilibarda et al., 2015) to assess climate change time series. In 

this study, time series of annual and seasonal SPEI and NDVI were subjected to 

interpolation. Spatial interpolation can be defined as a procedure of estimating weather or 

climatic condition of an unobserved area from points spread over an observed area 

(Ghebrezgabher et al., 2016). However, the accuracy of spatial interpolation depends on 
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the quality of the data available for the observed area. Other factors that determines the 

accuracy of spatial interpolation includes the distance from the sea, atmospheric haze and 

circulation and the topography of the area under study (Irmak et al., 2010). Therefore, 

underestimation or overestimation is a limitation to spatial interpolation (Gottschalk e al., 

2015; Plouffe et al., 2015). A number of interpolation techniques are available in ArcGIS 

including the Inverse Distance Weighting (IDW), Kriging, Spline and Natural Neighbor. 

In this study Inverse Distance Weighting (IDW) was selected over other interpolation 

methods for its suitability to evenly distributed data (Azpurua & dos Ramos, 2010). This 

method is deterministic whereby values of unmeasured points are estimated by linear 

combination of values at nearby measured points. IDW has been used previously in similar 

studies such as (Vu et al., 2018).  

3.6 Accounting for forest cover loss 

The Global Forest Watch`s data (tree cover loss) compounded with the use of Natural 

Capital Accounting methodology was used in quantification of forest cover loss. Due to its 

effectiveness in description of observed data, change detection analysis was adopted for 

forest cover loss assessment (Gandhi et al., 2015). Country specific tree cover data for 

Somalia were retrieved from the Global Forest Watch website1. A 30% threshold as 

recommended by International Geosphere Biosphere Program was used to discriminate 

forest from non-forest (Kim et al., 2014).  Tree cover loss data from the Global Forest 

Watch website is calculated based on remotely sensed images and have been used in forest 

cover loss assessment for the period between 2001 and 2018, the period for which data is 

available.  

3.7 Determining best-fit sustainable management for mitigating land degradation 

There exist a number of published papers on land degradation. As such, a systematic review 

of journal papers from between the years 2008 and 2020 was conducted. This was done 

stepwise as follows; first, search words were defined whereby 'land degradation' and 

'mitigation measures' were the keywords for the search process. The search string was 

therefore defined as “Land degradation” and “Mitigation Measures”. Secondly, different 

                                                             
1www.globalforestwatch.org 

http://www.globalforestwatch.org/
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databases were used to source journal papers. These included Science Direct, Taylor and 

Francis, Research gate, World Bank and FAO reports on land degradation.  

The inclusion criteria was: (i) Peer reviewed journals and (ii) Articles published in English. 

The exclusion criteria was (i) Articles from symposia; (ii) Theses at master`s level; (iii) 

Lecture notes; (iv) Book sections and (v) Book summaries to determine their suitability. 

Articles were grouped under several topics on land degradation, on top of mitigation 

measures, land degradation forms, management practices and generation of knowledge. If 

one of those screening requirements was not met the papers were omitted. Further 

screening of the selected articles was carried out to ensure that no other related articles 

were omitted from the search.  
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CHAPTER FOUR 

RESULTS 

4.1 Drought characterization 

4.1.1 Temporal characteristics of drought 

4.1.1.1 Observed drought occurrence 

This study made use of 34 years monthly SPEI values for multiple time scales of 1-, 3-, 6-

, 12- and 24-month derived from the SPEIbase. For each of the drought category (Table 2), 

frequencies of drought occurrences were computed as a percentage of the total number of 

observed drought events in the time series. Table 2 presents frequencies of drought 

occurrences at different time scales for various drought categories. Wet conditions are less 

persistent for the 1-month SPEI compared to the other timescales. However wet periods 

are more persistent in a 3- and 12-month timescale, while drought periods were observed 

more than wet periods for the remaining timescales. The results further indicate a 

decreasing trend in the frequency of moderately severe droughts except for 1-month SPEI.  

Table 4: Observed drought frequencies in Somalia for multiple time scales 

Time scale Drought frequencies (%) 

Wet  Mild Moderate Severe Extreme test  

P value 

SPEI 1  47.8 46.6 5.4 0.2 0 <0.001 

SPEI 3 51.7 42.2 6.1 0.0 0 <0.001 

SPEI 6 48.5 47.5 3.7 0.2 0 <0.001 

SPEI 12 51.7 45.3 2.9 0 0 <0.001 

SPEI 24 49.0 49.3 1.7 0 0 <0.001 

test  

P value 

0.892ns 0.643ns 0.189ns 1.000ns *  

test, Chi-square (two-tailed test); significant at probability level p≤0.001; ns, not 

significant at p≤0.001; *p value for extreme drought was not determined.  
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4.1.1.2 Long-term annual drought variations 

SPEI values enable users to analyses distribution of drought both in time and space. In this 

study, 1-Month, 3-Month, 6-Month and 12-Month timescales were chosen for drought 

evaluation. Figure 5 shows annual variations of SPEI at various time series in Somalia 

during 1982–2015. The drought occurred with increased frequency throughout the study 

period with various magnitudes. It was evident that drought had increased, especially after 

2003 (Figure 5) both in frequency and magnitude. Drought events were more frequent with 

shorter durations for 1-month SPEI compared to the 3-, 6-, and 12-month SPEI. Generally, 

as the record time increases, drought duration increases while the drought frequency and 

intensity declines.  

Results shows that the most intense drought (SPEI= -1.09) for SPEI 6 occurred between 

May to December 2003. For the 12-month SPEI, the most intense drought (SPEI= -0.72) 

occurred between July to December 2015. In contrast, the maximum drought duration (D) 

for the 6-month and 12-month SPEI were found to be D=26 months and D=41 months 

respectively.  
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Figure 5: Long-term annual drought variations at 1-month, 3-month, 6-month and 12-

month timescales.  
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4.1.1.3 Long-term monthly distribution of drought  

Figure 6 shows the monthly distribution of SPEI at each timescale during the 1982-2015. 

Although there is a similarity in trends of drought in all the four timescales, the severity 

and intensity increased with timescales. Figure 5 shows a decreasing trend among all the 

SPEI timescales during 1982-2015 beside the inconsistent patterns. Almost all months 

were wet 1988, a water deficit was recorded for all months in 1991 and 2005. Wetting 

trends were record in 1988while drying trends were captured in 1991 and 2005. During the 

months of October-December, few droughts were recorded as shown in figure 6.  

 

 

 

 

 

 

 

 

 

 

 



30 
 

 

Figure 6: Monthly drought patterns at various timescales  
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4.1.1.4 Annual patterns of drought  

Figure 7 shows drought trends based on Mann Kendall test and slope for each timescale. 

The results showed an increasing trend of drought over the past 34 from 1982 to 2015. The 

P values for the 1-, 3-, 6-, and 12 month SPEI were - 0.0000042, -0.00001, -0.000013, and 

-0.000014, respectively. The fluctuating downward trend in Figure 7 indicates that the 

drought trends increased in the country, but non-statistically significant.  
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Figure 7: Annual variations of SPEI at each of the four timescales during 1982–2015 
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To check for multi-year drought fluctuations, the study period was divided into two, 1982-

1999 and 2000-2015 as shown in figure 8. Although the latter period (2000-2015) showed 

increased downward trend compared to the 1982-1999 period (Figure 8), the two periods 

showed non-statistically significant downward trends for all the SPEI timescales.  
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Figure 8: Temporal variation of the annual SPEI over Somalia in each timescale from 1982-

2015. The red and blue lines indicate the time series data of the SPEI during 1982-1999 

and 2000-2015, respectively. 
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4.1.2 Spatial evaluation of drought 

4.1.2.1 Spatial distribution of drought characteristics.  

Drought identification was done for all locations using the runs theory. For each station 

drought characteristics including count and severity were determined. A total of 14820 

drought occurrences were extracted. On average there were about 76 drought occurrences 

for each location with a mean duration of 2.53 months and a mean severity of -1.42.  

Figure 4 (a) shows the spatial distribution of SPEI locations in Somalia. Figure 4(b), 4(c) 

and 4 (d) shows spatial distribution of drought characteristics in terms of drought count, 

mean duration and mean severity respectively. There was remarkable variations of drought 

count in space (Figure 4b). The northern parts of Somalia experienced high (76-100) 

drought occurrences. The central parts have counts ranging from low (51-75) and 

extremely low (39-50). However, the southern parts of Somalia presented between high 

(76-100) and extremely high (101-125) drought counts. As shown in figure 4 (c), almost 

the entire Somalia is hit by drought of equal severity. Drought ranges between severely dry 

(-1.53 to -1.43) and moderately dry (-1.42 to -1.33) conditions. Figure 4 (d) shows spatial 

variation of mean duration. A small section of the central parts of Somalia experienced 

extremely short drought duration (1.3 to 1.6 months). North West and south west parts 

experienced between long (2.5 to 3.2 months) and extremely long droughts (3.3 and 4.0 

months). However, the larger part of central Somalia experienced short (1.7 to 2.4 months) 

drought durations. A negative relationship between drought count and drought duration 

can be deduced from these results.  

It is evident that there are a lot of differences in drought characteristics regionally within 

the country. The North West and South West parts are highly prone to have high 

frequencies of droughts with short duration. Drought prevention and management teams in 

these areas should therefore focus efforts on short and moderate droughts to reduce the 

impacts of these droughts on crops. In the central parts prone to low frequencies of droughts 

which last between short and long duration, drought prevention and management should 

focus on longer droughts in order to minimize the impacts of these droughts on water 

availability within the country.    

 



36 
 

 

Figure 9: Spatial distribution of drought characteristics over Somalia: (a) SPEI locations, 

(b) drought count, (c) drought severity and (d) drought duration. 



 
 

4.2 Accounting for forest cover loss  

4.2.1 Physical forest accounts 

This section presents the physical accounts of forest cover in Somalia. The main components of physical accounts are opening 

and closing stocks. Table 5 shows tree cover extend in Somalia for various periods between 2000 and 2018 at various tree cover 

thresholds ranging from 10% to 75%.  

Table 5: Tree cover loss summary 

Tree 

cover 

threshold 

(%) 

Total 

area (ha) 

Tree cover (ha) % tree 

cover loss 

since 

2000 

Tree cover 

loss/year 

2001-2018 

(ha) 

Average 

loss/year 

2001-2010 

(ha) 

Extent 

in 2000  

Extent 

in 2010  

Extent  

in 2018  

Loss  

2001- 2018 

10 63426842 3890753 3122190 3114000 14743 0.40% 819 655 

15 63426842 1333029 1390822 1385363 11041 0.80% 613 558 

20 63426842 174770 325046 322832 5374 3.10% 299 316 

25 63426842 135035 262067 260299 4710 3.50% 262 294 

30 63426842 87294 146785 145462 3598 4.10% 200 228 

50 63426842 15692 27913 27454 1332 8.50% 74 87 

75 63426842 1095 4142 4122 127 11.60% 7 11 

 

Table 6 shows the physical accounts of forest cover in hectares and the respective volume in cubic meters. A 30% threshold 

recommended by International Geosphere Biosphere Program (IGBP) was adopted in selecting forest from non-forest trees 

(bolded in table 5) (Kim et al., 2014). 



 
 

The overall forest cover declined for the opening stocks from around 87, 294 hectares in 

2000 to around 67, 199 hectares in 2019. This translates to 23.01% forest cover loss. On 

the other hand, volume account was done at a rate of 25m3/ha suggested by FAO for use 

in converting the area in hectares to volume in cubic meters (FAO, 1981). Forest stock has 

been decreasing over the study period to 1.63 million m3in 2019.   

Table 6: Area and volume account for forest cover loss 

Year Opening  

Stock (ha) 

Opening stock 

volume (M3) 

Forest cover  

loss (ha) 

Closing  

Stock (ha) 

Closing stock 

volume (M3) 

2000 87294.00 2182350.00 200.00 87094.00 2177350.00 

2001 87094.00 2177350.00 1068.38 86025.62 2150640.44 

2002 86025.62 2150640.44 952.99 85072.63 2126815.73 

2003 85072.63 2126815.73 492.50 84580.13 2114503.32 

2004 84580.13 2114503.32 667.86 83912.27 2097806.76 

2005 83912.27 2097806.76 941.71 82970.56 2074264.12 

2006 82970.56 2074264.12 336.72 82633.85 2065846.22 

2007 82633.85 2065846.22 896.67 81737.18 2043429.39 

2008 81737.18 2043429.39 705.58 81031.59 2025789.83 

2009 81031.59 2025789.83 674.27 80357.32 2008933.07 

2010 80357.32 2008933.07 370.11 79987.21 1999680.26 

2011 79987.21 1999680.26 519.89 79467.32 1986682.90 

2012 79467.32 1986682.90 2006.75 77460.57 1936514.27 

2013 77460.57 1936514.27 4116.75 73343.82 1833595.53 

2014 73343.82 1833595.53 2429.88 70913.94 1772848.49 

2015 70913.94 1772848.49 468.48 70445.46 1761136.55 

2016 70445.46 1761136.55 577.16 69868.31 1746707.63 

2017 69868.31 1746707.63 2121.31 67746.99 1693674.80 

2018 67746.99 1693674.80 547.35 67199.65 1679991.13 

2019 67199.65 1679991.13 1613.90 65585.75 1639643.66 
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Table 7 compares extend of forest cover determined based on Hansen data with the forest 

cover determined by Forest Resource Assessment of 2015. The Hansen based estimates are 

higher than FRA estimates by 14.58%.   

Table 7: Comparison of Forest Resource Assessment (FRA) -and Hansen-based forest 

cover  

Year FRA-Based FC 

(ha) 

Hansen-based FC 

(ha) 

Range (ha) % difference 

2000 7515000.00 8729400.00 1214400.00 13.91 

2001 7438200.20 8709400.00 1271199.81 14.60 

2002 7361399.90 8602562.00 1241162.10 14.43 

2003 7284600.10 8507263.00 1222662.90 14.37 

2004 7207799.81 8458013.00 1250213.20 14.78 

2005 7131000.00 8391227.00 1260227.00 15.02 

2006 7054200.20 8297056.00 1242855.81 14.98 

2007 6977399.90 8263385.00 1285985.10 15.56 

2008 6900600.10 8173718.00 1273117.90 15.58 

2009 6823799.81 8103159.00 1279359.20 15.79 

2010 6747000.00 8035732.00 1288732.00 16.04 

2011 6670200.20 7998721.00 1328520.81 16.61 

2012 6593399.90 7946732.00 1353332.10 17.03 

2013 6516600.10 7746057.00 1229456.90 15.87 

2014 6439799.81 7334382.00 894582.20 12.20 

2015 6363000.00 7091394.00 728394.00 10.27 

2016 6286200.20 7044546.00 758345.81 10.77 

Average 
  

1214400.00 14.58 

 

Forest cover was lost at fluctuating rates throughout the study period. Figure 10 shows the 

variation of forest cover as determined by the Hansen data and the FRA. Both estimates 

shows decreasing trends of forest cover throughout study period.  
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Figure 10: Variation of forest cover with time. 

Besides the high correlation (r = 0.95) between the 2015 FRA- and Hansen-based forest 

cover, FRA underestimated the forest cover by an average of 14.58% for the period 

between 2000 and 2016.  

 

Figure 11: Correlation of Hansen based- and Forest Resource Assessment based forest 

cover estimates  

4.4 Best-fit sustainable management methods for mitigating land degradation 

From 100 papers that were screened only 20 met the criteria. From the 20 reviewed papers, 

land degradation was defined in various forms and entailed various aspects (Beier & 
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Stephansson, 2012; Maystadt & Ecker, 2014; Meeking, 2013; Shiferaw et al., 2013; Jama 

et al., 2020). Some articles(de Jong et al., 2011; Le et al., 2012; Nachtergaele & Licona-

Manzur, 2008; Vargas et al., 2008; Adami et al., 2012)applied GIS and remote sensing 

methods in identification and mapping of areas experiencing land degradation. 

Furthermore, most articles recommended a remote sensing based monitoring of land 

degradation for selection of best mitigation measures. Other studies provided mitigation 

measures (Galati et al., 2015; Kosmas et al., 2013) while others assessed various land 

degradation types(Nkonya et al., 2012; Rizk & Rashed, 2015). 43% of the reviewed articles 

found soil erosion to be the major form of land degradation while 57% found loss of 

vegetation cover as the dominant land degradation type in Somalia.  

The study was divided into three thematic areas; land degradation types, land degradation 

assessment methods and land degradation mitigation measures (Table 8).  

Table 8: Thematic analysis  

Thematic area  Research studies  Findings  

Land degradation 

types/forms  

Beier & Stephansson (2012) 

Maystadt & Ecker (2014) 

Meekin (2013) 

Shiferaw et al. (2013) 

Jama et al. (2020) 

Nkonya et al. (2012)  

Rizk & Rashed (2015) 

Soil erosion  

Loss of vegetation cover  

Land degradation 

assessment methods  

de Jong et al. (2011) 

Le et al. (2012)  

Nachtergaele & Licona-Manzur 

(2008) 

Vargas et al. (2008) 

Adami et al. (2012) 

Eckert et al. (2015) 

Onchere (2000) 

Remote sensing techniques  
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Land degradation 

mitigation measures  

Galati et al. (2015) 

Kosmas et al. (2013) 

Zegeye (2018) 

El Shabrawy et al. (2014)  

Magembe et al. (2015) 

Keestra et al. (2016) 

Soil bundling  

Water harvesting  

Afforestation 

Reforestation  

Inorganic farming  

Conservation tillage  

Managed grazing  

Ridging  

Terracing  

 

 

Table 9 shows the major land degradation mitigation measures recommended by the 

reviewed articles and their respective percentages.  

Table 9 Land degradation mitigation measures  

Land degradation mitigation measure  Percentage articles recommending it. 

Soil bundling and water harvesting  30%  

Afforestation and reforestation  20% 

Agricultural practices such as combined 

use of organic and inorganic farming 

techniques, conservation tillage, managed 

grazing, ridging, terracing etc.  

50%  
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CHAPTER FIVE 

DISCUSSIONS 

5.1 Drought characteristics 

Drought characterization was done with respect to severity, duration, intensity and trends. 

These characteristics explained the historical distribution of drought in time and space in 

Somalia as captured at various timescales. As determined by SPEI values, the trends of 

drought occurrence have increased at fluctuating downward trends which is in agreement 

with the findings of Mpelasoka (2018). This is because drought duration increases with 

timescale which is also in line with previous findings (Potopová et al., 2019; Vicente-

Serrano et al., 2012). These variations in drought as determined by SPEI at various 

timescales can be useful in multi-dimensional drought evaluation. For instance, SPEI 1 

represent meteorological drought, SPEI 3 can be used for agricultural drought evaluation 

and SPEI 6 and SPEI 12 can be used for hydrological drought assessment (Asong et al., 

2018). Previously drought have been found to mutate gradually beginning with 

meteorological drought to agricultural and eventually to hydrological (Van Loon, 2015). 

At hydrological level, its recovery normally takes longer period of time compared to the 

other two.  

Wet conditions are less persistent for the 1-month SPEI compared to the other timescales. 

However wet periods are more persistent in a 3- and 12-month timescale while drought 

periods are observed more than wet periods for the remaining timescales. The results 

further indicate a decreasing trend in the frequency of moderately severe droughts except 

for 1-month SPEI. This implies that the 1-month SPEI could not be useful in evaluating 

drought trends in the region. This is further explained by the ever-drying conditions in 

Somalia (being a semi-arid country) that results in frequent precipitation deficits. 

Generally, as the record time increases, drought duration increases while the drought 

frequency and intensity declines. This implies that the increase in timescale have a 

smoothing effect on individual drought severity and an increasing effect on drought 

duration.  

Based on SPEI, drought events were successfully identified. For example, SPEI 12 

successfully identified the May 2011 to January 2013 (duration of 21 months and intensity 
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of -0.55) drought that have been featured in other studies (Anderson et al., 2012; Dutra et 

al., 2013). Droughts with high severity occurred during 1973–1974, 1984–1985, 1989-

1993 and 2010–2011. These drought events were found to have large scale impacts in the 

Horn of Africa (Haile et al., 2020) which resulted in destructive effects on the environment 

and society (Haile et al., 2019). The 1984–1985 and 1989-1993 drought events were 

previously found to have affected the entire African continent (Masih et al., 2014). The 

1984 drought was previously found to affect the entire Horn of Africa presenting serious 

environmental problems (Ghebrezgabher et al., 2016). 

The monthly SPEI also captured the wetting trend in 1988 and the drying trend in 1991 

and 2005. However, during the months of October-December, few droughts were recorded. 

This can be attributed to the short rains that comes during these months (Lyon & Vigaud, 

2017). There were also decadal variations besides the generally increasing drought trends. 

These variations could be associated with the changes in climatic and environmental 

conditions in the past few decades. Other sources of differences might include the 

seasonality, patterns of precipitation and oceanic influence. Generally there is an increasing 

trend of drought occurrence showing rising drought count and the associated consequences 

on agriculture and water resources (Haile et al., 2020). The most severe drought years were 

1984-1985, 1989-1993, 2005-2007, and 2010–2011. These droughts caused huge damages 

to both the environment and livelihoods (Haile et al., 2019).  

Drought showed significantly drying trends with increased frequency. Spatiotemporal 

evaluation of drought can improve knowledge and understand of mechanisms and factors 

influencing drought occurrences and distribution (Zhou et al., 2017). In general, high 

drought counts with long durations and high intensities are distributed in various parts of 

Somalia, Spinoni et al. (2014) also found similar trends. Somalia is characterized by arid 

and semi-arid climatic conditions and is therefore frequently hit by drought of high severity 

(Zhou et al., 2017).  

5.2 Account for forest cover loss 

An increasing trend in forest cover loss resulting in decreasing forest cover was witnessed 

throughout the study period as shown in Figure 10. A 23.01% decrease in forest cover has 

been recorded in the period between 2000 and 2019. The Forest Resource Assessment does 
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forest cover change analysis based on assumed uniform annual change of 76800 ha. 

Besides the different approaches adopted by FRA and Hansen in estimating forest cover 

change, there is a strong correlation of 0.95 between their forests cover estimates (figure 

11). However, FRA underestimated forest cover by 14.58% for the period 2000 to 2016 

(table 7).  

5.3 Sustainable management for mitigating land degradation 

5.3.1 Land degradation types 

Various forms of land degradation were assessed by the reviewed articles. The prevalent 

forms of land degradation in Somalia are vegetation loss (57%) and soil erosion (43%) as 

shown in table 8. According to Nachtergaele & Licona-Manzur (2008) assessment, the 

main areas experiencing loss of vegetation cover were the central and the North-Eastern 

parts of Somalia. The loss was estimated at 1.4% per annum (Zerga et al. 2018). The 

findings were attributed to overgrazing and extreme drought events. Additionally, the 

increase in population which results in clearing of vegetation for human settlement, 

urbanization and agriculture accelerated the situation.  

Soil erosion in Somalia is mainly accelerated by wind and water agents. The Northern parts 

were mainly affected by water erosion (Omuto et al., 2014) while wind erosion was 

experienced in the North Eastern coast of the Aden Gulf. Wind erosion was attributed to 

the presence of high wind storms (Bolognesi et al., 2015). The occurrence of water erosion 

was mainly due to the loss of vegetation and the flash floods which carry the topsoil. 

Vegetation cover checks the rate of erosion by either wind or water. However, since the 

loss of vegetation is the primary type of land degradation, it exposes the land, making it 

more prone to both wind and water erosion. 

The decrease in soil moisture was attributed to climate variability (Beier & Stephansson, 

2012). The increased temperatures result in high water losses through evapotranspiration 

leading to a decline in moisture. Additionally, prolonged droughts and reduced rainfall 

patterns results in low moisture. 
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5.3.2 Land degradation assessment 

Remote sensing 

This technique of assessing land degradation was used in 60% of the reviewed papers. It 

involved the NDVI-based analysis in identifying the main areas affected by land 

degradation. According to Maystadt & Eckert (2014), the steps followed during the 

assessment process were described in figure 12 below.  

 

 

Figure 12 Steps followed in remote sensing based assessment and monitoring of land 

degradation 

 

The steps were carried out to develop land-use system maps which were used to monitor 

land degradation. Land use involves a series of activities aimed at offering goods and 
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services. A land use map entails all the anthropogenic activities and all the resources 

available. According to Nachtergaele & Licona-Manzur (2008), this measure was 

advocated to evaluate land degradation.  Vegetation loss has been identified as the primary 

type of land degradation in Somalia (Enenkel et al., 2013). Therefore, proper mapping of 

the areas with high vegetation cover loss is vital for the selection of proper mitigation 

measures.  

Additionally, the use of NDVI as a rainfall sensor can be applied to forecast rainfall to 

avert climate change effects (Nachtergaele & Licona-Manzur, 2008). This was attributed 

to the fact that - NDVI can be used to assess the increase or decline in the trends and the 

disparities between the remotely sensed -and predicted-rainfall - with time (Enenkel et al., 

2013). This approach was identified to be effective due to its better ability to model NDVI- 

rainfall relation compared to the common traditional single model approach used for land 

cover dynamics analysis (Nachtergaele &Licona-Manzur, 2008).It is an application of 

regression that simultaneously establish environmental relations at the landscape level and 

also the relationship between the various same units in the landscape (Omuto et al., 2006). 

Furthermore, this approach is realistic since various vegetation responds differently to 

rainfall patterns which cannot be captured with single model. 
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Table 10: Criteria for vegetation cover loss 

Vegetation status   Indictor of anthropogenic vegetation loss  

Lost vegetation  

 

    

    

Stumps or cut tree branches  

Evidence of charcoal burning 

Overgrazed land  

Less than 10% vegetation cover  

Report of decreasing vegetation cover in the last five to ten 

years  

No vegetation loss  

 

    

More than 10% vegetation cover  

No evidence of charcoal production  

No evidence of livestock overgrazing  

No reports of declining vegetation in the last five to ten 

years  

 

 There were two major causes of direct land degradation found by experts in Somaliland: 

overuse of vegetation and expansion of agriculture (Omuto et al., 2014). Vegetation 

overutilization was primarily for the collection of fuelwood, fencing and building 

materials, livestock grazing and the processing of coal. This is an unregulated operation 

that removes trees selectively (particularly the Acacia busei) (Rembold et al., 2013). 

Another clear cause of land erosion was also an agricultural extension (i.e. rise in rain fed/ 

irrigated farms) to rangelands. First, rangelands were marginally suitable for agriculture 

and primarily when it was not properly managed.  

In regions where agriculture has been practised, lack of good agricultural practice worsened 

the deterioration of soil. Second, farming influenced typical animal pasture patterns in 

rangeland areas. As a result, the concentration of animal pasture in individual sections was 
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said to be rising. This caused significant levels of overgrazing. The overgrazed fields can 

regenerate vegetation and therefore invasive plants start colonizing the area.  

About 53% of the reviewed papers assessed the drivers of land degradation. Indirect factors 

driving land degradation in Somaliland include: an increase in population of humans and 

livestock, deprivation and poor policies and ineffective enforcement of the existing policies 

(Nachtergaele & Licona-Manzur, 2008). The population in Somalia is increasing, as in 

many places in the world. While there is no official public domain figure, in different works 

of literature, there is an annual population growth rate of around 3% in Somalia (Omuto et 

al., 2014). This increase undoubtedly puts the limited land resources under pressure (Table 

11). 

Table 11: Extent of various types of land degradation 

Type of land degradation  Area (sq. km)  Area affected (%)  

Water driven Soil erosion 76661.09 45.21 

Biological degradation  51673.45  30.48  

Water degradation  16055.44 9.47  

Soil erosion by wind  13520.54  7.97  

Chemical soil deterioration  1365.61  0.80  

Urban  47.44  0.03  

Non-degraded areas  10235.75  6.04  

Total 169559.32 100 

Source: Nachtergaele & Licona-Manzur (2008) 

Poverty also induces land loss indirectly. With a limited resources base, people require 

better benefits derived from significant assets including crop and livestock farming (Beier 

& Stephansson, 2012). As household income is small, land users are unable to make 

investments in developing land management and thus degrading property (Nachtergaele & 

Licona-Manzur, 2008). Another indirect driver of land degradation is the absence of 

effective policies and the government's deficient compliance (Venema et al., 2009). While 

the government of Somaliland is trying to monitor the use of land resources, more effort 

and support are still needed. 
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5.3.3 Land degradation mitigation measures 

The articles reviewed reported that land degradation affected both flora and fauna as well 

as food security and livelihoods, and vegetation cover. To mitigate the impacts, soil 

bundling and water harvesting were recommended by 30% of the articles. Most of these 

reactions are in the agribusiness processes, with the primary forms of land degradation 

being depletion of fertile top soil, nutritive degeneration and water scarcity.  

 

While several organizations in Somalia (such as United Nations Environment Program, 

Food and Agriculture Organisation and National Action Program among others) are 

implementing the above responses, documentation or assessment of the practices 

implemented is lacking (Onchere, 2000). 75% of the places with human induced vegetation 

loss were correctly defined in the NDVI-based study (Baumann, 2014). It correctly defined 

areas of vegetation cover loss with a precision of 76% and the affected areas with a 

precision of 72%. Seven impacted areas were nevertheless misclassified as uninfluenced 

(Enenkel et al., 2013).  

 

After 2002, however, the majority of these lands were recolonized with grass or trees, and 

thus the loss of vegetation cover was not easily detected by 8 km NDVI images (Eckert et 

al., 2015). Similarly, on the boundary between the densely and the sparsely vegetated areas, 

8 of the 11 misclassified areas with no evidence of vegetation cover loss were captured. A 

misclassification was also likely due to inadequate description of the newly established tree 

species and the coarse resolution of NDVI (Sergio M. Vicente-Serrano et al., 2015). The 

findings from the NDVI-based study indicate that vegetation coverage was high at the point 

where the photographs were taken, and vegetation coverage was not significantly 

decreasing in the region surrounding the lower photographs (Nachtergaele & Licona-

Manzur, 2008). The images revealed that the change of land use from natural vegetation to 

agricultural use decreased vegetation cover as expressed by NDVI signals that decreased 

(Eckert et al., 2015). The findings suggest that NDVI-based research can detect human-

induced vegetation loss. The vegetation can be correlated with a loss of vegetation that 

protects certain soil degradation (Omuto et al., 2014).  
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5.3.3.1 Afforestation and Reforestation 

This strategy is a curative and defensive aspect of vegetation. This approach was found to 

be useful by 20% of the articles reviewed in this study. With a carefully planned and 

efficiently controlled forestation system, the land otherwise abandoned will regain value. 

Jama et al. (2020) notes that restoration and reforestation is the critical step to restoring 

troubling land on a broad enough scale to fix the soil problems. 

 

Successful implementation of afforestation and reforestation schemes calls for the 

opportunity to form neighborhood advocacy groups or include local organizations in the 

neighborhood(Zegeye, 2018). Activities such as the development of children's schools in 

villages, plant and protect multifunctional trees along roads, farms and homes, etc., for 

example, call for the opportunity to obtain know-how, resources and energy from people 

living in rural areas. 

 

About 50% of the reviewed papers recommended a number farming practices to mitigating 

land degradation. Farmers' use of some new soil enhancement inputs like combined use of 

organic and inorganic fertilizers can also bring short-term economic benefits (Magembe et 

al., 2015). The soil enhancement inputs augmenting the soil reducing the erodibility rate 

(Keesstra et al., 2016). The principles behind the process of conservation are part and parcel 

of farming work cycles. This technique proved to integrate the three main strategies 

referred to by Tegene (1992) to regulate soil erosion: agronomic methods which improve 

vegetative cover to control erosion, and soil management methods, which seek to control 

erosion through the improvement in soil aggregation; and structural methods of soil 

conservation that mitigate erosion by length shortening and reduces soil slope gradient. 

These methods include building linked ridges, sheets, Fanya juu terraces, bench terraces, 

hillside terraces, waterways and individual water processing facilities(El Shabrawy et al., 

2014). Several agricultural activities are thought to preserve the natural resource base and 

at the same time, increasing productivity. Cultivation of crops; incorporation of the animal 

farming with arable crops; cutting and transportation system of the use of degraded 

pasturing, managed grazing and tethering. 
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CHAPTER SIX 

CONCLUSIONS AND RECOMMENDATIONS 
6.1 Conclusions 

6.1.1 Drought characteristics 

Somalia has always been the unfortunate recipient of detrimental consequences of droughts 

that often develop gradually and unnoticed. This therefore made it necessary to evaluate 

the patterns of drought occurrence at monthly, annual and inter-annual based on SPEI 

captured at four different timescales (1-, 3-, 6- and 12-month). The 3-month SPEI was 

selected for the assessment of spatial patterns of drought. Based on the results of this study, 

a number of conclusions can be made:  

1. The duration and severity of drought increased as the SPEI timescale increased. 

Based on all timescales, the SPEI showed decreasing trends implying that drought 

count increased throughout the study period. Based on MK-trend test, the annual 

average trends of changes in the SPEI for Somalia were -0.00000142, - 0.000013, 

-0.00001, and -0.000014 for the 1-, 3-, 6-, and 12-month respectively revealing 

increasing trends of drought.  

2. An increasing trend of drought was found in the last 34 years with fluctuating 

spatial and temporal patterns. Drought increased intermittently for the period 1982 

to 1999 and increased persistently for the period 2000 to 2015 with considerable 

regional variations. Somalia experienced the most severe droughts during 1984-

1985, 1989-1993, 2005-2007, and 2010–2011.   

These results being the first for the country are expected to be useful for the policy and 

decision makers in understanding drought patterns for enhanced preparedness.  

6.1.2 Account for forest cover loss 

This analysis shows the temporal patterns of forest cover loss in Somalia and proposes a 

remote sensing-based accounting for forest cover loss. Generally the following conclusions 

were made from this analysis;  

1. Forest cover has been decreasing in Somalia at an average rate of 1.67% per year 

from 2000 to 2019.  
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2. This study show higher forest cover than that of Forest Resource Assessment report 

of 2015 for the period 2000 to 2016. . The Hansen based forest cover is higher by 

14.58%.  

6.1.3 Best-fit sustainable management methods for mitigating land degradation 

A total of 20 papers on land degradation in Somalia were reviewed. From the review, the 

following conclusions can be made;  

1. Somalia is a highly degraded country with the main type of land degradation being 

soil erosion that result from wind and water erosion and loss of vegetation cover.  

2. From the reviewed articles a combination of remote sensing technique together with 

other land degradation measures is a promising tool for the better results in land 

degradation management. Mapping and identifying areas prone to degradation 

enable proper monitoring and management of land degradation.   

3. The most commonly used land degradation mitigation measure is the use of soil 

bands. Other practices, such as agroforestry, afforestation and reforestation, can 

also be adopted to mitigate land degradation.  

6.2 Recommendations 

From this study the following recommendations can be made; 

1. These results can be used to design drought monitoring and management systems 

at national level, since Somalia is frequently hit by widespread drought and does 

not have enough ground meteorological stations, such a system is necessary. 

2. The following practices can be adopted in order to minimize land degradation; 

conservation agriculture and mulching, minimum tillage, cover cropping, 

agroforestry, integrated nutrient management and any other practices that minimize 

soil disturbance and increase soil organic carbon. 

3. There is need to develop institutional framework for enhanced and sustainable 

management and restoration of degraded lands. This can be done through creation 

of awareness among people/farmers living in areas that are prone to degradation.  
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