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Abstract 
Charcoal is the main cooking source of energy used by millions of households 
in Somalia and has been described as “black gold” because of the revenue it 
produces. The objective of this study was to understand the extent of land 
cover change, given the widely reported charcoal trade in the South of Soma-
lia. Land cover change analysis was done using remotely data from Landsat 
imagery. Different images covering all districts in Lower Jubba from 1993/95, 
2000 and 2014 were analysed and compared. A survey was conducted in Low-
er Jubba to determine the divers of deforestation and degradation in the re-
gion. Results showed a 50% reduction in forest cover and a 17% reduction in 
woodlands between 1993/95 and 2014. Results from the survey showed char-
coal production as a maladaptive response to climate extremes. If business 
continues as usual with deforestation, the entire area could completely be de-
forested in the future. Results from this study can be useful in the develop-
ment of strategies for reforestation, environmental management and sustain-
able development for this region. 
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1. Introduction 

Over 80% of the urban population and 90% of rural populations rely on charcoal 
for in sub-Saharan Africa [1]-[6]. Globally, 10% of the total anthropogenic net 
carbon dioxide (CO2) emissions are from land use change [7]. The forest sector 
can have an impact on greenhouse gas emissions [8]. Charcoal, usually described 
as “black gold” because of the revenue it produces, is the main source of energy 
for cooking in Somalia [5] [9]. Somalia is largely a pastoralist country which re-
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lies on trees and shrubs for animal feed, and rivers to water animals particularly 
during the dry season [10] [11]. Deforestation and degradation could have a se-
rious negative impact on an important natural resource that pastoralist com-
munities depend on [12]. 

Charcoal harvesting is currently the largest driver of environmental degrada-
tion in south of Somalia [13] [14]. Though the use of charcoal for fuel is wide-
spread across Somalia, it is the foreign demand that has been of great concern 
with an estimated 4.4 million trees logged annually for export [5]. It has been 
reported that charcoal production as a result of the war economy, has signifi-
cantly depleted the country’s natural resources [15]. Charcoal in Somalia had 
developed into one of the major export products, becoming a major source of 
income for 70% of poor and middle-income pastoralists in Somalia as minimal 
capital is required for production [16] [17] [18]. In some parts of Somalia, charcoal 
production is reported to have become mechanized and controlled by cartels [12]. 

According to the United Nation Environment Programme (UNEP) and the 
International Criminal Police Organization (INTERPOL), revenue from the 
charcoal trade in Africa is about USD 1.9 billion [19]. In Somalia alone, an esti-
mated USD 340 - 360 million per year is made from illegal charcoal export [5] 
[19]. This is despite the 2012 UN ban on the export of charcoal from Somalia, 
citing the revenue from it a significant source for the militant group Al Shabaab 
[14]. 

Forest conservation also secures the livelihoods of communities that depend 
on them. More than 1.6 billion people depend on forests for food, water, fuel, 
medicines, traditional cultures and livelihoods [8]. Land degradation negatively 
impacts livelihoods and food security due to declining land productivity which 
increases poverty [12] [14]. Climate extremes and variability further threaten the 
livelihoods and food security for the already vulnerable community. 

The impact for charcoal production in land cover change is not only a key 
threat to the natural vegetation but has been proposed to have a long-term im-
pact on climate [3]. Forests also play an important role in emissions, sequestra-
tion, albedo and the hydrological cycle [20] [21] [22]. Evidence of tree cover 
changes in the south of Somalia so far has largely been obtained through satellite 
imagery with no verification of data due to high insecurity [15] [23] [24]. The 
objective of the study was to evaluate the changes in land cover in Lower Jubba 
Somalia as well as the drivers of deforestation and land degradation in this re-
gion. 

2. Data and Methodology 
2.1. Data Used  
2.1.1. Land Cover Change Data 
The monitoring of global environment changes is commonly done through the 
joint application of remotely sensed data acquired from various sensors. The in-
ter-satellite cross-comparison among multiple sensors has become indispensable 
[25], especially in areas where there are no “ground truth” data. The strategy 
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used in this study was to compare different images 1993/1995, 2000 and 2014. 
The images were extracted from Landsat 5, Landsat 7 and Landsat 8 and used for 
land cover classification.  

Land use land cover (LULC) change analyses based on Landsat imagery data 
is commonly used in change detection studies. Landsat imagery has been exten-
sively used for agricultural evaluation, forest management inventories among 
other applications [26]. Research has confirmed that many of their sensors are 
highly linearly related or vary slightly, which makes them useful for comple-
mentary data analysis [25]. Landsat provides the longest continuous record of 
satellite-based observations and is therefore invaluable in monitoring global land 
use change. Landsat also provides the only time series seasonal inventory of the 
global land surface [27].  

Landsat 5 (1 - 5) carries the Thematic Mapper (TM) sensor and consists of 
seven spectral bands with a spatial resolution of 30 meters for Bands 1 to 5 and 
7. Landsat 7 (1 - 7) carries the Enhanced Thematic Mapper Plus (ETM+) sensor 
and has a spatial resolution of 30 m for the six reflective bands, 60 m for the 
thermal band, and includes a panchromatic (pan) band with a 15 m resolution. 
Landsat 8 carries the Operational Land Imager (OLI) sensor and keeps the same 
settings as Landsat 7 but also adds new bands, such as coastal and aerosol stu-
dies, cirrus cloud detection and a quality assessment band, and adjusts the wave-
length of each band [25]. 

GPS ground-truthing data was collected in the field in June 2016. Random 
points from field were collected and used for accuracy assessment of the classifi-
cation. This was further supported with high resolution photography from 
SPOT 6. SPOT 6 has a resolution of 1.5 meter panchromatic and 6 meter mul-
tispectral (blue, green, red, and near-IR). Google earth imagery contains high res-
olution imagery that was also useful in corroborating the resulting classification. 

2.1.2. Primary Data 
Primary data was collected through surveys, focus group discussions, interviews 
and direct observation of the study area. The survey was conducted in Lower 
Jubba. Data for the survey was collected through one on one interview. Due to 
security concerns the survey was conducted by research assistants from the local 
university because of their access to the local community and their knowledge of 
the local language. The research assistants were trained on the survey tools. 
Cultural constraints also led to a larger number of men than women being inter-
viewed. Two group discussions were held: one consisted of various community 
members and the other with local leaders. Key informant interviews were also 
conducted on one on one basis between January 2015 and October 2016. Some 
of the informants were interviewed once while others were interviewed multiple 
times depending on their knowledge of the subject matter to verify information. 

2.2. Methodology Adopted in the Study 
2.2.1. Land Cover Change Detection 
Land cover refers to the physical characteristics of earth’s surface, captured in 
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the distribution of vegetation, water, soil and other physical features of the land, 
while land-use refers to the way in which land has been used by humans and 
their habitat [28]. Southern Somalia has diverse land cover ranging from grass-
land, shrubland, woodland, bare soil and forest.  

The sample size shown in Figure 1 was selected for the land cover study as it 
covers all the three districts of lower Jubba. The analysis looks at Kismayo which 
is the most accessible area for ground verification and parts of Badhaadhe, Af-
madow and Jamame, covering all districts in Lower Jubba as shown in Figure 1. 
The area was selected to provide a picture of the change in land cover as a result 
of charcoal production. The most standard technique for land cover change stu-
dies is to use a sampling strategy across the target area [3]. 

The Landsat Thematic Mapper (TM) (Landsat 5) and Enhanced Thematic 
Mapper Plus (ETM+) (Landsat 7) sensors acquire temperature data and store 

 

 
Figure 1. Study area. 
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this information as an 8-bit digital number (DN) with a range between 0 and 
255. Atmospheric correction is done through radiometric normalization and 
dark object saturation methods. Radiometric normalization is required to re-
move radiometric distortions and make the images comparable so as to correct 
surface directionality and atmosphere effects due to images acquired on different 
dates under different conditions [29] [30] [31]. 

A two-step process is used for the Landsat 5 and 7 images to convert the DNs 
to top-atmosphere reflectance (ToA) by first going through a spectral radiance 
conversion followed by a ToA reflectance conversion. Landsat 8 Operational 
Land Imagers stores information in reflectance rather than radiance as a 16-bit 
digital number (DN) data with a range from 0 and 65,536, thus requiring only a 
ToA reflectance conversion. The purpose of the conversions is to minimize any 
spectral differences in the images caused by acquisition time, sun elevation and 
sun earth distance by calibrating to a common radiometric scale. The Dark Ob-
ject Subtraction (DOS) method was applied to all the images to cancel out the 
haze component caused by additive scattering from remote sensing data. The 
study area was then clipped from the images. 

The Red band (R) in the Landsat images discriminates vegetation, the Green 
band (G) emphasizes peak vegetation, which is useful for assessing plant vigor; 
the Blue band (B) which shows bathymetric mapping, distinguishing soil from 
vegetation and deciduous from coniferous vegetation; the near Infrared band 
(NIR) which emphasizes biomass content and shorelines; the short wave infra-
red 1 (SWIR-1) which discriminates moisture content of soil and vegetation; 
penetrates thin clouds; and the short wave infrared 2 (SWIR-2) band which im-
proves moisture content of soil and vegetation and thin cloud penetration. A 
layer stack was created from these bands. 

Given that the region of interest is along the coast line most of the images had 
high cloud cover, thus images with low cloud cover were difficult to obtain. This 
led to the Mosaicking of the 1993 and 1995 Landsat Images. This challenge was 
then further overcome by the development of a cloud and shadow mask that 
comprises of the cloud area and shadow area obtained from a supervised classi-
fication. The mask was created for each year 1993/5, 2000 and 2014. 

Through a raster operation, the masks created were added up to develop a 
common cloud and shadow mask, with cloud and shadow areas with a given 
value of 0. This was to enable one-to-one change comparison in the cloud free 
images and avoid inaccurate land cover changes e.g. clouds to woodland.  

Image classification was done using supervised classification which applies 
maximum likelihood algorithm through ERDAS. This method assumes the 
probability that a pixel belongs to a particular class and the probabilities are 
equal for all classes and that the input bands have normal distributions. A quan-
titative analysis of the different classes was then done using a change matrix so 
as to observe a visual output of the change in the classes over the years. Unfor-
tunately the method tends to over-classify signatures with relatively large values 
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in the covariance matrix, pixels that should be unclassified become classified, 
and class variability is not considered. The cloud mask demonstrated improve-
ment in the accuracy of the analysis of the images used in the study and avoided 
inaccuracies like those that would for example present clouds as woodland. 

Land cover change analysis was done for the images of 1993/95, 2000 and 
2014 in the Erdas Imagine change matrix tool. The change matrix results were 
analyzed in ArcGIS for identification of change areas. The resulting classification 
was therefore verified manually using high resolution imagery and ground veri-
fication. Google earth also proved useful in the verification of data. In between 
classes, there were confusions which required manual manipulations that may 
have resulted in errors. Examples include: close similarities between grassland 
and shrubland, scarce woodland and dense shrubland, small scale farms and 
shrubs.  

Accuracy assessment of land cover classification is important to figure the de-
gree of “correctness” of a classification [32] [33]. The accuracy in this study was 
conducted by applying both ground data collected from the field and high reso-
lution imagery to the 2014 classified image. Accuracy assessment is done on the 
2014 image because the reference images used are closer in the date of acquisi-
tion to the 2014 image than images from 2000 or 1993 and therefore more com-
parable. High resolution imagery was largely used due to inaccessibility in some 
areas of Lower Jubba due to insecurity.  

Mapping accuracy was done using the confusion matrix and Kappa Khat me-
thods for the 2014 image [32] [34]. Kappa Khat method is a measure of agree-
ment between predefined producer ratings and user assigned ratings, calculated 
by the formula: 

( ) ( ) ( )1K P A P E P E= − −                  (1) 

where P(A) is the number of times the K agrees, and P(E) is the number of times 
the K are expected to agree only by chance [34]. The number of points used in 
the confusion matrix was 76 points using field points and high resolution im-
agery. The overall accuracy of the classification was determined. The overall ac-
curacy is the proportion of the total number of predictions that were correct. It 
is calculated by dividing the total number of correctly classified pixels by the to-
tal number of reference pixels.  

The producer accuracy shows how well a certain area can be classified (omis-
sion error) this is the fraction of correctly classified pixels with regard to all pix-
els of that ground truth class. It is calculated by dividing the number of correctly 
classified pixels in each category by the total number of reference pixels “known” 
to be of that category. The user accuracy shows the probability that a pixel class 
on the map correlates with the category on the ground (commission error). The 
user accuracy is the fraction of correctly classified pixels with regard to all pixels 
classified as this class in the classified image. It is computed by dividing the 
number of correctly classified pixels in each category by the total number of pix-
els that were classified in that category [32]. 
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Post processing of the classified image was compared using cross-tabulation 
in order to determine qualitative and quantitative aspects of the changes for the 
periods from 1993/95 to 2014 in ArcGIS 10.2.  

2.2.2. Analysis of Primary Data 
Primary data was used to determine the impacts of climate and variability on the 
livelihoods of the community and the significance of charcoal production. The 
primary data was also aimed at collecting information to meet the first and 
second objective.  

1) Sample size  
Sampling is a way of selecting a number of individuals for a study to represent 

the larger group from which they were selected. The size of the sample popula-
tion was determined using a sample size calculator in the Creative Research Sys-
tems survey software [35]. The software uses the confidence interval, confidence 
level and population size to determine the sample size. 

The confidence interval is the margin of error, while the confidence level 
shows the probability that the value of a parameter falls within the confidence 
interval. The confidence level selected was 95%. This gave a sample size of one 
hundred and fifty for the estimated 183,000 people in the sample area. Probabil-
ity sampling, also known as random sampling was used to select the one hun-
dred and fifty participants for the survey, whereby every sample has an equal 
chance of being selected.  

2) Survey 
Permission was sought from the regional government to conduct the survey. 

Questionnaires were used to collect data from the population in Kismayo. The 
survey was conducted in the port town of Kismayo, in Lower Jubba. The advan-
tage of carrying out the survey in Kismayo was that it is a melting pot of clans 
from all over Jubbaland and would therefore allow for collection of information 
that would create a complete picture of the region. There have been no popula-
tion surveys carried out in Somalia since the collapse of the government in 1991 
and the population is not known. The target population in Kismayo as estimated 
by African Union Mission in Somalia (AMISOM) is 183,000 [36]. The United 
Nations Population Fund (UNFPA) estimates the population in Kismayo to be 
172,861 [37].  

The questionnaire was designed to collect bio-data in addition to under-
standing the state of the environment as well as understanding the behavior and 
attitudes of the population towards charcoal production. The survey was trans-
lated to the local dialect, and five local students trained on how to conduct the 
survey. No incentives were offered to the participants in the survey. Participants 
from the survey were selected at random to participate in a focus group discus-
sion, due to cultural restrictions, all participants who attended the discussions 
were male. 

The data once collected was scored, analyzed and edited. Descriptive analysis 
was used to analyses the primary data which was then presented in tables, charts 
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and graphs. Multiple univariate and multivariate analyses were also done.  
3) Key Informant Interviews  
Key informant interviews are in depth interviews of people selected for their 

first-hand knowledge about a topic of interest [38]. Interviews were conducted 
with key informants from the community to design the research, to understand 
and identify history of land use in the area of interest. The key informants were 
important in understanding the existing policies and any past and future plan-
ning on land use. The interviews also helped expand on the motives, views and 
attitudes of the respondents from the survey. The informants were from interna-
tional and regional organizations working in the South of Somalia, local NGOs, 
representatives from the Federal Government of Somalia, and representatives 
from the Jubbaland administration and persons from Lower Jubba region with 
knowledge on the area. The methodology used for the interviews was both 
structured and unstructured. An interview guide was created to ensure all as-
pects of information required were included but the interviews ware unstruc-
tured. Some key informants were interviewed multiple times over a long period 
of time while others were interviewed once based on the scope of their know-
ledge and their willingness to engage in the research. 

3. Results and Discussion 
3.1. Classification Results  

The initial classification resulted into 36 signatures. These were checked for ac-
curacy and assigned new classes for generation of 6 classes as summarized in 
Table 1 below.  

The spatial distribution of land cover is shown in Figures 2(a)-(c). Some of 
the changes in the vegetation can be seen in the progression from the 1993-95 
image, to 2000 image and 2014 image. A decrease in vegetation and increase in 
bare-land from 1993-95 to 2014 is evident in Figure 2. These results support re-
ports of change in the distribution of grasslands and shrublands, savannas and 
woodlands, and forests in Africa [39]. 

3.2. Accuracy Assessment 

The results of the accuracy assessment showed an overall accuracy of 88.16% 
with a Kappa coefficient of 0.84. This means that 88% of the image classification 
matched the reference data. The general target for an accuracy assessment is 85% 
[33], the overall accuracy for the study exceeds this target and the results there-
fore represent a strong agreement. Table 2 shows the producer and user accura-
cy for each class. 

A user accuracy of 90% was reported for the forests, this is probably because 
the forested areas are well known and easily classified. The woodlands reported a 
user accuracy of 80% while 71% was reported for the shrublands. Bare 
land/artificial had the highest accuracy of 97% probably because the residential 
areas classified under this classification are close together and easy to spot. The 
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use of remote sensing and GIS to determine the change in land-use and land 
cover has been used as a satisfactory method [40] [41] [42]. 
 

 
Figure 2. Classified images of the land cover in the study area for 1993/95(a), 2000(b), 
2014(c). 
 

Table 1. Land Cover Classes.            

Class Name Land Cover Types 

1) Forest Dense trees mainly in hilly areas and along the rivers 

2) Woodland Acacia and other woodlot in less dense formation 

3) Shrub land Areas with shrub vegetation interspersed with grass 

4) Grassland Savannah grassland 

5) Bare/Rock/Urban Rocky river bed, rocks, bare soils and Urban Areas 

6) Water Open water in rivers and the Indian Ocean 

 
Table 2. Accuracy assessment tabulation. 

  Actual Classification   

Predicted 

Class Water Forest Woodland Grassland Shrubland 
Bare  

Land/Artificial 
Totals 

Users  
Accuracy % 

Water 5 0 0 0 0 0 5 100 

Forest 0 9 1 0 0 0 10 90 

Woodland 0 2 8 0 0 0 10 80 

Grassland 0 0 1 5 0 0 6 83.3 

Shrubland 0 0 3 0 10 1 14 71.4 

Bare Land/Artificial 0 0 0 1 0 30 31 96.8 

Total Predictions 5 11 13 6 10 31 76  

Total Correct 67 

 Producers Accuracy % 100 81.8 61.5 83.3 100 96.8   
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3.3. Land Cover Change Results 

The land cover changes were analysed and categorized based on loss or gain in 
vegetation as summarized in Table 3 below.  

Figures 3(a)-(c) maps out the land cover changes in Lower Jubba. Results 
seen in Figure 3(a) show that the most significant change between 1993-95 to 
2000 was degradation from forests and woodland. This type of degradation 
shows a threat to the natural vegetation and has implications on carbon stocks. 
The degradation seen is supported by reports of pastoralists turning to charcoal 
trade after the ban on export of livestock due to Rift Valley Fever (RVF) that hit 
Somalia in 1998/1999 [32]. The Rift Valley Fever outbreak is also linked to ex-
cessive flooding reported in Somalia around the same period, [43] and coincides 
with the enhanced rainfall anomalies in 1997-98 [44].  

The most significant change seen in Figure 3(b) and Figure 3(c) is deforesta-
tion. In this study deforestation was categorized as the change from forests or 
woodlands to grassland, bare land or shrubs. Results in Figure 3(b) show signifi-
cant deforestation from 2000 to 2014. During this period, there were also reports 
 
Table 3. Summary of land cover change categorization. 

Change Type Cover category 

Deforestation Forest, Woodland to Shrubs, Grassland and Bare 

Degradation Forest to Woodland 

No Change Constant cover type 

Reforestation 
Woodland to Forest; Grassland, Shrub or Bare to  

Woodland/Forest 

Other Change Other changes 

 

 
Figure 3. Change in land cover map 1993 to 2014. 
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of a Rift Valley Fever outbreak in 2000-2002 and 2006-2007 that also lead to a 
ban in the export of livestock from Somalia [45].  

The deforestation seen in this study is supported by reports of pastoralists 
coping to loss of livelihood by cutting trees for charcoal production [18]. Figure 
3(c) shows significant deforestation between 1993-95 to 2014. 

Re-sprouting of forests after injury, such as slash and burn inflicted by char-
coal production, is a shortcut for forest recovery [46]. Natural re-sprouting and 
re-growth of wood biomass is an important source of regeneration of deforested 
and degraded areas. Climatic change-induced water stress has however been 
found to threaten the viability of trees by suppressing their regeneration [47]. 

In fact several studies have shown the risk posed by drought to forests [46] 
[47] [48]. The extended periods of below normal rainfall [44] show climate va-
riability could be preventing the re-growth of natural vegetation, resulting in the 
overall magnitude deforestation and degradation seen in Figure 3(c).  

Figure 4 highlights specific areas of forest conversion to woodland and to 
bare land. From the images an area that has a dense population of trees taken in 
1993/95 becomes sparsely populated with trees in 2000, and becomes shrubland 
and grass land, verifying the deforestation. SWALIM identified the dark spots 
shown in the images in Figure 4 as charcoal production sites [5]. The images 
show several charcoal production sites in the area that is classified as having ex-
perienced deforestation. 

The region of study experienced about 50% reduction in forest cover between 
1993_95 and 2014, and 16% reduction of woodland in the same time period as 
shown in Table 4. The reduction of tree and forest cover is further evidenced by 
the increase in bare-land and grassland by over 300% each. There was an in-
crease in woodland between 1993/5 and 2000 showing that some of the areas 
that had forest cover had been converted into woodlands, and can be seen in 
Figure 5. 

Results from the analysis on the change in land cover are seen in Table 4 below. 
Reports on Sub-Saharan Africa give a 16% decrease in total forest cover and 

5% decrease in total non-forest cover [7]. Results from this study show that the 
rate of deforestations in Lower Jubba is much higher. Natural regeneration of 
deforested areas would have been influenced by the recurrence of below normal 
anomalies between the year 1993 and 2014 [44]. Aside from impacting the natu-
ral regeneration of vegetation, the droughts reported for Somalia in 1999, 
2008-09 and 2010/11 [43] also has an impact on availability on water and pasture 
impacting on livelihoods. The impact of climate variability is driving pastoralists 
to charcoal production thus increasing land degradation. 

If deforestation and degradation continue at the same rates shown in Table 4, 
Lower Jubba could experience complete deforestation in the future, particularly 
if no mitigation measures are taken. Complete deforestation would create signif-
icant livelihood challenges for pastoralists in this region. Deforestation could in-
crease the risk and spread of disease by increasing artificial water pools that can 
become breeding sites for malaria-carrying mosquitoes. It could also possibly 
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extend tsetse zones which would negatively impact livestock in the region. Ca-
mel trypanosomiasis caused by tsetse flies is the most prominent single cause of 
economic losses in camel rearing areas, causing morbidity of up to 30.0% and 
mortality of around 3.0% [49]. 
 
Table 4. Land cover in area of interest in 1993/95, 2000 and 2014. 

 Area in Ha % change 

Class 93_5 2000 2014 2000-93/5 2014-2000 2014-93/5 

Water 57,172.5 61,212.15 58,458.06 7% −5% 2% 

Forest 520,163.7 288,206.5 259,764 −45% −5% −50% 

Woodland 786,299 1,015,097 655,032.1 29% −46% −17% 

Grassland 49,258.71 137,856.1 198,129.3 180% 122% 302% 

Shrubland 200,753.6 131,611.1 293,250.7 −34% 81% 46% 

Bare 
Land/Artificial 

47,270.43 26,935.56 196,283.9 −43% 358% 315% 

Total Predictions 57,172.5 61,212.15 58,458.06 7% −5% 2% 

Producers  
Accuracy % 

520,163.7 288,206.5 259,764 −45% −5% −50% 

 

 
Figure 4. Forest conversion to woodland (degradation) then to bare land (deforestation). 
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Figure 5. Land Cover between 1993/5 and 2014. 

3.4. Land Use Drivers 

Results from the survey showed that the main driver of changes in land cover in 
Lower Jubba is charcoal production (Figure 6). The expansion of agriculture 
and urbanization are drivers as well. This is supported by studies that have at-
tributed deforestation to charcoal production in Sub-Saharan Africa [3] [5] [6]. 
It is further supported by literature that lists population growth and economic 
factors as drivers of land cover change [50].  

Of the respondents that admitted to participating in charcoal production for 
export, 29% of these were pastoralists, 14% crop farmers and 28% listed their 
occupation as other than agriculture or charcoal production (Figure 7). This is 
supported by several studies that have stated that pastoralists in Somalia partici-
pated in the trade of charcoal as a result of the loss of livestock due to climate 
variability, and the ban in the export of livestock that occurred between 1998 
and 2008 due to Rift Valley Fever (RVF) epidemics [51]. 

The results are also similar to studies on pastoralists in Somaliland, Malawi, 
Tanzania, southern Ethiopia, who turn to charcoal production as an alternative 
means of livelihood particularly when faced with climate extremes [52] [53] [54] 
[55]. Results further show that the export of charcoal is as a result of a livelihood 
challenge affecting not just the pastoralists but the entire community as well. 
Adverse impact of climate variability on livelihoods is high with 73% of the res-
pondents having a significant decrease in household income as a result of bad 
weather conditions. Frequent and prolonged drought in this region is increasing 
the community’s vulnerability reducing their ability to further adapt to climate 
shocks.  

Poverty has played a role in the engagement of the local community in char-
coal production. Key informants stated that the income received by majority of 
the local community in Lower Jubba from the charcoal trade is not much. This is 
supported by several studies on the trade of charcoal in other parts of Africa that 
state the same [53] [54] [55] [56]. Charcoal production is not a means to get rich 
for the local community but to put food on the table and to afford to send their 
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Figure 6. Reasons for tree cutting in Lower Jubba. 

 

 
Figure 7. Occupation of respondents participating in the export of charcoal. 
 
children to school. The charcoal production business in Lower Jubba is however 
said to be growing in popularity and involving not only the impoverished 
people. Continued news reports of it being a multi-million dollar industry has 
led to diverse populations getting into the trade with some areas reported to 
have highly mechanized systems for harvesting and producing the charcoal.  

3.5. Community Behaviors and Attitudes 

Charcoal production is a widely accepted practice among the local community, 
though many understand it is a topic of taboo not to be discussed with the in-
ternational community. 90% of the respondents in the survey admitted that they 
cut trees for household fuel consumption while 69% stated that they cut trees for 
charcoal export as seen in Figure 8. Some of the community members view the 
ban on the export of charcoal as an imposition by the international community. 
Majority of the local community does not understand the risks posed by the 
practice. Key informants further stated that charcoal from Somalia in the past 
has been shipped under falsified documents to by-pass the international ban. 
Due to high international scrutiny, the newly formed local administration also 
placed a ban on the export of charcoal in June 2013. 

The charcoal production problem is complex and is one that was done with 
no regulation for over two decades. A recurrence of depressed rainfall published 
by Ogallo [44] means the natural regeneration to assist in the recovery of dis-
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turbed vegetation is not occurring as fast as the deforestation and degradation. 
Charcoal production in this community is tied to economic development. The 
struggle for many seems to be out of necessity and not apathy. 40% of the res-
pondents agreed that development and environmental protection should go 
hand in hand, though 18% believe that the government should prioritize devel-
opment above all else. 44% believe that cutting trees is alright if it brings eco-
nomic benefit while 66% believe that selling charcoal is an important means of 
supporting the economy as seen in Figure 9. Despite a large number of the res-
pondents stating charcoal production as an important means of livelihood, when 
asked if they would play an active role in stopping the production of charcoal, 
66% of the respondents stated that they would.  

People from all occupations participate in charcoal production as a means to 
supplement their income as seen in Figure 10. It is important to note that a large 
number of respondents that identified their occupation as in charcoal produc-
tion stated that the charcoal they produce was not for export but for local con-
sumption. 85% of pastoralists admitted to cutting trees for charcoal export while 
88% stated that they do it for local sale as shown in Figure 10(a) and Figure 
10(b). Liberation of Lower Jubba has driven militia into hiding in the forests 
which has restricted access to the forest. This is supported by respondents who 
stated minimal access to the forest as seen in Figure 11. The forests are as a re-
sult being protected by the militia who now need it to provide security cover.  

The survey shows that in Lower Jubba charcoal is the primary source of energy. 
The Federal Government reports that 98% of the urban households in Somaliause 
traditional inefficient charcoal stoves, and most of the rural and nomadic popu-
lation use firewood and inefficient biomass stoves [57]. Various reports also 
support the results of the study showing the export of charcoal from the South of 
Somalia as a major livelihood source [5] [9] [15] [58]. 90% of the respondents 
agreed that charcoal burning is one of the primary reasons for tree cutting in 
Lower Jubba. The Federal Government of Somalia has further stated a need to 
 

 
Figure 8. Respondent’s participation in tree cutting activities. 
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Figure 9. Respondents’ attitudes towards contribution of charcoal burning to the 
economy. 

 

 
(a)                                       (b) 

Figure 10. Participant’s occupation compared with their participation of tree cutting for 
charcoal production. 
 

 
Figure 11. Graph showing how often respondents visit a forest. 
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ensure the sustainability of household fuels supply by reducing pressure on the 
biomass resources (vegetative cover) of Somalia and through substitution of 
modern fuels, kerosene and liquefied petroleum gas (LPG) for biomass fuels 
[57]. This had not been implemented in Lower Jubba during the period of study. 

4. Conclusions 

The objective of the paper focused on evaluating the changes in land cover in 
Lower Jubba for possible impacts of human activity. The results from the study 
revealed that Lower Jubba has experienced significant deforestation of up to 50% 
reduction in forest cover between 1993 and 2014. The region has further expe-
rienced significant degradation in the same period with up to 17% reduction in 
woodlands. The classification of woodlands reported a user accuracy of 80%. 
Bare land/artificial land increased to 315%, which could also be associated to an 
increase in settlement. An increase in grassland and shrubland was seen as well. 

It may be concluded from the results that main reason for the rapid deforesta-
tion and degradation in Lower Jubba was primarily due to charcoal production. 
The expansion of agriculture and urbanization were highlighted as well. It was 
also evident from the study that loss of livelihoods due to climate extremes in-
creases the poverty for communities in Lower Jubba. The local communities at-
tempt to cope with the impacts of climate extremes including prolonged drought 
and floods by turning to the charcoal trade. 

The study concluded that if business continues as usual with charcoal trade 
and other deforestation activities, Lower Jubba could have complete deforesta-
tion in the future. As the region stabilizes, the growth of the population is ex-
pected, particularly with repatriation of refugees back to their homes. Population 
growth means an increase in demand for charcoal, which is currently the main 
source of energy. This would increase the rate of degradation even further if ef-
fective measures are not taken to counter it. The natural process of regeneration 
of vegetation that would have naturally reduced the overall degradation has been 
hindered by climate extremes associated with climate variability and change. 

Sustainability in reforestation and tree farming could address the need for 
charcoal while simultaneously engaging in soil and water protection, as well as 
investing and enhancing the use of clean renewable energy resources such as 
hydropower, solar and wind. Reforestation and Forests conservation are some of 
the largest and most cost-effective climate solutions available today. Conserva-
tion, sustainable management and restoration of forests can contribute to eco-
nomic growth, poverty alleviation, rule of law, food security, climate resilience 
and biodiversity conservation [8]. 

The issue of enforcement of existing policy on charcoal export in Somalia is 
one that has persisted. With a government in its infancy, peace and stability con-
tinues to be the priority. It is hard to ignore the potential contribution to eco-
nomic development that the charcoal trade has had on this community. Tackling 
this issue therefore requires speedy and multifaceted approach that deals with 
the complex reasons behind the trade. Poverty alleviation and alternative live-
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lihood sources are core issues that need to be addressed if any sustainable strate-
gies for deforestation are to be implemented. 
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