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Climate change due to global warming is a world concern, particularly in Africa. In this study, precipitation and temperature
variables are taken as a proxy to assess and quantify the long-term climate change and drought in the Horn of Africa (HOA) (1930–
2014). We adapted a simple linear regression and interpolation to analyze, respectively, the trend and spatial distribution of the
mean annual precipitation and temperature. In addition, standardized precipitation evapotranspiration index (SPEI) was applied to
evaluate the drought condition of theHOA.The results revealed that statistically the trend of precipitation decreased insignificantly;
the trend of temperature was observed to drop very significantly between 1930 and 1969, but it was dramatically elevated very
significantly from 1970 to 2014. The SPEI showed that the HOA experienced from mild to moderate drought throughout the study
period with severe to extreme drought in some regions, particularly in 1943, 1984, 1991, and 2009. The drought was a very serious
environmental problem in the HOA in the last 85 years.Thus, an immediate action is required to tackle drought and hence poverty
and famine in the HOA.

1. Introduction

Climate change is a global concern, particularly, with increase
in the rate of mean temperature and decline of annual mean
precipitation [1]. Today, climate warming is a global con-
cern. Climate hazard grows with increase warming [2, 3]
and vegetation production is declining in response to cli-
mate warming [4], particularly in desert vegetation [5]. Long-
term change in the average weather patterns may refer to
climate change; the changemight be quantitatively and quali-
tatively; however, the statistical analysis is the most suitable
and commonly applied analysis to stress short- or long-
term trend of precipitation and temperature changes [2, 6,
7]. According to the United State Environmental Protec-
tion Agency (EPA) (https://www3.epa.gov/climatechange/
basics/), the mean temperature of the Earth’s surface
increased by 1.5∘F in the last one hundred years, and it will
be raised by 0.5 to 8.6∘F in the next century.

Climate change is directly or indirectly caused by anthro-
pogenic or natural factors. Anthropogenic factors may be
related to emission of various gases from industries and
vehicles, leading to increase in amount and concentration of
natural greenhouse gases in the atmosphere such as carbon
dioxide (CO2), methane gas (CH4), Chlorofluorocarbons
(CFCs), and nitrous oxide (NO) [2, 6, 7]; particularly, the
rise of CO2 in the atmosphere is the main factor to increase
warming on the Earth’s surface [8]. Land use changes, includ-
ing clearing of forests for different purposes (e.g., farming,
firewood, industrial and medical material, construction, and
urbanization). Generally, directly or indirectly deforestation,
desertification, overgrazing, and modernization might accel-
erate global warming [2, 6, 9]. According to Food and Agri-
cultural Organization/Global Forest Resources Assessment
(FAO/FRA) 2015 [10] globally, the forest cover has been
decreasing despite an increase in planted forests since 1990,
and thismight lead to increase in the concentration of CO2 in
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the atmosphere. Climate warming may occur due to natural
factors such as variations in solar radiation. The presence
of aerosols in the Earth’s atmosphere either from a volcanic
eruption or from other materials may cause climate warming
by absorbing or scattering the solar radiations, and it may
change chemical and physical prosperities of clouds that lead
to global warming [2, 6].

In general, an increase in temperature on the Earth’s
surface is leading to changes in rainfall distribution and
frequency, drought and flooding, melting of glaciers, lower-
ing of ice cover in the arctic region, and decrease of snow
in terms of amount, frequency, and intensity, which are
the main indicators of climate change. Climate change is
serious in the Horn of Africa (HOA); several researchers
found that the annual mean temperature and precipitation
were, respectively, raised and declined in the Sub-Saharan
African countries in general [1] and in the HOA in particular
[11]. Drought and flooding are serious natural disasters in
this region, mainly, drought is severe since the 1970s [12, 13],
according to African Development Bank (ADB) 2011 [14],
millions of people and livestock were under serious food
crises in theHOA, and climate change led the region to be one
of the poorest regions in the world where above 50% of the
population is living below the poverty line. Recently, several
researchers [15–17] have found that drought frequently occurs
during El Nino periods, including the HOA.

Climate change might have positive or negative conse-
quences. However, the adverse effects of climate change are
more thoughtful, which are the concern of the entire globe.
Climate change causes environmental, social, economic, and
political stresses from local to global scales [18], many
species of animals and plants have been extinct, tens of
thousands of human lives were lost due to heat wave, drought,
flooding, and so forth, declining economic growth at local
and regional/national levels, which affect millions of people
in the world, waiting for international/national aids in every
climate-related disaster, and climate change might cause
local and tribal conflict [8] and change in ecosystem and
biodiversity [19]. Soil moisture lowers as a result of high
rate of evaporation and soil erosion is serious with climate
change, leading to decrease in vegetation cover [3, 20]. In the
HOA, environmental, social, economic, and political issues
due to change of climate and weather patterns are very obvi-
ous; for instance, drought is serious environmental disaster
in this region, particularly in Ethiopia and Eritrea, which
affected thousands of people in 1980s [12, 21]. During drought
period, resources are scarce, leading to conflict among local
people; recently researchers have found that local conflict
was recorded in Sub-Saharan Africa, mainly in the HOA
because of climate change [22, 23]. In 2011 [24], the Institute
for Environmental Security (IES) had reported that conflict
and migration are extremely serious in the HOA, especially
during drought periods [25]. In this region, above 80% of the
population engage in rain-fed agriculture and herding at a
very low production [7, 11, 26, 27]; thus poverty is extremely
high although they are enjoying a little economic growth in
the last 10 years. In the future, drought and flooding will
be expected to continue in the HOA because temperature is
expected to rise in the next century [2, 25].

Climate change is very active and serious in theHOA, and
several types of researches have been done in Eastern Africa
including the HOA in particular.Therefore, this paper aimed
to provide an assessment of long-term climate change in
this region from 1930 to 2014; precipitation and temperature
variabilities are used as a proxy to evaluate the statistical trend
of climate change. In addition, drought was analyzed using
Standardize Precipitation Evapotranspiration Index (SPEI).
We believe this studywould be significant for decisionmakers
to develop an effective plan to solve food insecurity in the
HOA and it might be a useful input for researchers, who are
interested in this region for further study.

2. The Study Area

The HOA is situated in Eastern Africa, including Ethiopia,
Somalia, Djibouti, Eritrea, and parts of Kenya, Uganda, Tan-
zania, and Sudan [28, 29]. However, this study covers only the
first four countries and Kenya; in this study, theHOA extends
from 18∘N in Eritrea to Kenya 5∘S and from Ethiopia 32∘E
to Somalia 51∘E (Figure 1). This region covers approximately
2,509,678 km2, where Ethiopia is the largest country and the
smallest one is Djibouti. The region has about 164.45 million
population. The HOA is bordered with two big water bodies,
the Red Sea and the Indian Ocean, respectively, on the coast
of Eritrea and Djibouti and Somalia and Kenya, but Ethiopia
is the only landlocked country in this study. Topographically
the HOA is very complex, including mountains, valleys, rifts,
rivers, ridges, and lakes.The greatest rift in theworld (Eastern
Great Rift) is located in this region, and earthquake and a
volcanic eruption are active [30]; the volcanic eruption of
2010 that occurred in the Danakil depression of Ethiopia and
Eritrea is a good example. The elevation of HOA ranges from
the highlands of Ethiopia to theDanakil depression below sea
level; theDanakil depression (local nameDallol) is the hottest
place on the surface of the Earth (>60∘C). Lake Tana, Lake
Abaya, Lake Turkana, and a small part of Lake Victoria are
the biggest surface water located in the HOA along the rift
valley [17, 28, 30, 31]. The Lake Tana in Ethiopia is the source
of Blue Nile River, which is a tributary of the Nile River [32].
Drought due to climate change and land gradation are the
major environmental concerns of this region.

2.1. Meteorological Stations. Precipitation and temperature
variabilities were applied to evaluate long-term climate
change in the HOA. Weather data directly from a rain
gauge is suitable to have an accurate and reliable climate
analysis. However, the rain gauges in the Sahel region have
a lack of consistency and are not appropriate [33]. In this
study, we selected 48 meteorological stations from inside
and outside of the study area and we obtained the latitude,
longitude, and elevation of each of the actual weather stations
from the National Oceanic and Atmospheric Administra-
tion (NOAA) at http://gis.ncdc.noaa.gov/map/viewer/#app=
clim&cfg=cdo&theme=hourly&layers=1&node=gis. Terres-
trial precipitation and temperature (1930–2014) were col-
lected from a gridded monthly time series (version 4.01)
available in May 2015, which was interpolated by 0.25 × 0.25
degrees of resolutions. In addition, the degree of resolution is
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Figure 1: The selected locations of actual and gridded meteorological stations in the HOA.

available only at an interval of 0.25 and 0.75; thus, the latitudes
and longitudes of the gridded stations were selected to the
closest point (Figure 1). In this version, the meteorological
data were collected from several updated sources such as
Global Historical Climatology Network dataset (GHCN-
monthly and GHCN-Daily) and other data including envi-
ronment Canada archive, data from the hydrometeorological
institute in St. Petersburg, Russia, Greenland station records
from the automatic weather station project, daily data for
India from the National Center for Atmospheric Research
(NCAR), Nicholsons archive of African precipitation data,
South American monthly precipitation station records, and
daily records from the Global Surface Summary of Day
(GSOD) [34].

2.2. Data Processing and Testing. In a time series study,
meteorological data processing and homogeneity testing are
very crucial to assess and evaluate climate change. Daily or
monthlymeteorological data at a station or at a gridded point
might be not uniform because of several factors. The data

can be certainly influenced by the quality of the instrument,
building, trees, changing the location of observation, and
recording errors [35]. Heterogeneous meteorological data is
biased and influences reliability and consistency of climate
change such as precipitation and temperature data. In order
for decision makers to develop a good plan to manage and
control the environment, in general, meteorological data
such as daily or monthly precipitation and temperature must
be homogeneous to enhance reliability and accuracy of the
study.

Despite a number of methods developed to test mete-
orological data, in this study, a Rainbow software package
(version 2.2) was applied to analyze the homogeneity of the
time series precipitation and temperature data at the gridded
station. The Rainbow frequency analysis was developed by
Raes et al., 2006 [36], and, recently, several researchers
have applied it in their meteorological study [37–39]. A
normal distribution of probability, Weibull method of esti-
mating the probability, and maximum likelihood method of
parameter estimation were adopted for this study where a
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threshold is considered as nil/zero for all observations. Upon
testing, an overestimation of precipitation has appeared in
Massawa station (39.25 and 15.75), which is very crucial.
According to Ministry of Land, Water and Environment
(MLWE) in Eritrea 2012, annually this area receives the
lowest rainfall (<200mm); however, the highest annual
precipitation is estimated by version 4.01. In order to min-
imize errors and enhance accuracy, we collected monthly
precipitation for Massawa station from Koninklijk Neder-
lands Meteorologisch Instituut (KNMI) Climate Explorer at
http://climexp.knmi.nl/getstations.cgi (1930–1990), and then
a linear regression was applied to adjust the data.

3. Methodology

3.1. Trend and Interpolation Methods. Interpolation and
trendmethods are themost significant techniques to evaluate
and analyze, respectively, the distribution and the short- or
long-term change of precipitation and temperature. Recently,
several researchers have applied a linear trend [33, 40, 41] and
interpolation [42–44] in their study to assess climate change
in a time series.The independent (time) and dependent (pre-
cipitation or temperature) variables are important variables.
A simple linear regression was adopted to analyze the long-
term trend of climate change in theHOA. In this study, a time
series of annual mean precipitation and temperature were
applied; however, some researchers studied mean monthly
climate data [45].

Meteorological spatial interpolation is an estimation of
weather or climate condition of unknown place from points
scattered in a particular region, mostly precipitation and
temperature data from hourly to annual scale. The relia-
bility and accuracy of meteorological spatial interpolation
depend on the quality of single data at a point, in addition
to topography, building, atmospheric haze and circulation,
and distance from the sea [46]; thus an overestimation or
underestimation is considered as a limitation of interpolation
[47, 48]. In ArcGIS, various methods are used to interpo-
late such as Interpolation Distance Weight (IDW), Kriging,
natural neighbor, and spline. In this study, the natural
neighbor interpolation is suitable to estimate the long-term
or annual precipitation and temperature in the HOA, which
is developed by Sibson, 1981 [49]. This method estimates the
spatial value at the various location from the given scattered
coordinates; for instance, the gridded meteorological values
(Figure 1) are used to estimate the historical distribution
of precipitation and temperature in the HOA. The natural
neighbor interpolation is smooth and continuous to the value
of its neighbor and it is commonly significant method, which
is recently applied by some researchers [50, 51]. Although
somemodificationwasmade in theweight of thismethod, for
example, Gold, 1989 [52], the following equation is adopted in
this study that was developed by Sibson:

𝐺 (𝑥, 𝑦) =
𝑘

∑
𝑖=1

𝑤𝑖𝑓 (𝑥, 𝑦) , (1)

where 𝑓(𝑥, 𝑦) refers to the gridded points of observed
weather stations and 𝐺(𝑥, 𝑦) is an estimated value in (𝑥, 𝑦)
coordinate at weights value (𝑤𝑖).

3.2. Standardized Precipitation Evapotranspiration Index
(SPEI). Drought is considered as one of the most serious
natural disasters in the world [53], particularly in the HOA,
which is a direct indicator of climate change, caused by a
deficiency of the summer rainfall and high rate of evap-
otranspiration. According to McKee et al., 1993 [54], and
Rajsekhar et al., 2015 [55], a number of factors may be applied
to define drought, generally, climate change, and particularly
the seasonal weather changes such as metrological data,
hydrological and water cycle, atmospheric and agricultural
factors, or soil moisture. Although Palmer Drought Severity
Index (PDSI) and Standardized Precipitation Index (SPI) are
the most commonmethods to evaluate drought, a number of
methods and models were developed to analyze the severity
of drought, including Crop Moisture Index (CMI), Palmer
Hydrological Drought Index (PHDI), the standardized pre-
cipitation evapotranspiration index (SPEI), Surface Water
Supply Index (SWSI), Soil Moisture Deficit Index (SMDI),
Evapotranspiration Deficit Index (ETDI), Vegetation Con-
dition Index (VCI), and so forth [56]. Recently, several
types of research used a new method to analyze drought;
for instance, Sánchez et al., 2016 [57], integrated Soil Mois-
ture Agricultural Drought Index (SMADI)with theModerate
Resolution Imaging Spectroradiometer (MODIS), NDVI,
and Soil Moisture and Ocean Salinity (SMOS), Hao and
AghaKouchak, 2013 [58], applied Multivariate Standardized
Drought Index (MSDI), and Cammalleri et al., 2016 [59],
combined Drought Severity Index (DSI) and water deficit
magnitude and frequency.

In this study, the SPEI is applied to assess drought in
the HOA. The standardized precipitation evapotranspiration
index (SPEI) is a method used to analyze the condition
of drought based on the water balance variations. Vicente-
Serrano et al., 2010 [56], introduced SPEI to quantify the dry
and wet conditions at different time scales. Statistically, the
SPEI is similar to SPI although it is complex that includes
several variables such as precipitation, evapotranspiration,
humidity, solar radiation, and wind speed, which are not
easily available in meteorological data. Recently, several
researchers have adopted the SPEI in their research [60–
64] to monitor and quantify drought. In this study, the
Global SPEI database is applied to assess the drought con-
dition of the HOA (http://sac.csic.es/spei/database.html#p7).
TheGlobal SPEI database provides long-term drought condi-
tions at a global scale with a spatial resolution of 0.5 degrees
and the SPEI time-scale ranges between 1 and 48 months,
covering from 1901 to 2014. Here, we used gridded latitude
and longitude of each station to download the monthly SPEI
value for a 12-month SPEI from 1930 to 2014 and converted
the monthly SPEI value into annual SPEI taking the average
annual SPEI value to estimate the drought condition in
this region. In this method, the potential evapotranspiration
(PET) is the main parameter to calculate the water balance
difference, which is the difference between precipitation and
potential evapotranspiration (P − PET). Generally, the SPEI
is calculated by the following formula [56]:

PET = 16𝐾(10𝑇𝑚
𝐼 ) , (2)
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Table 1: Drought category based on the SPEI value.

SPI value Drought type
0 to −0.99 Mild drought
−1 to −1.49 Moderate drought
−1.5 to −1.99 Severe drought
≤−2 Extreme drought

where 𝐼 refer to the heat index, the sum value of 12 months,
𝑇 is monthly temperature value, and “𝑚” and “𝐾” imply
coefficient and correction coefficient, respectively.

𝐷𝑖 = 𝑃𝑖 − PET𝑖, (3)

where 𝐷𝑖 is the monthly water difference “𝑖” between 𝑃𝑖 and
PET𝑖.

However, at multiple timescales, a log-logistic distribu-
tion is required to standardize the accumulation of 𝐷𝑖 to
estimate the SPEI, and the probability density in a three-
parameter log-logistic distribution is defined as

𝑓 (𝑥) = 𝛽
𝛼 (𝑥 − 𝛾

𝛼 )𝛽−1 [1 + (𝑥 − 𝛾
𝛼 )𝛽]

−2

, (4)

where 𝛽, 𝛼, and 𝛾 represent, respectively, shape, scale, and
origin of parameters.

Therefore, the SPEI is defined as

SPEI = 𝑊 − 𝐶0 + 𝐶1𝑊 + 𝐶2𝑊2
1 + 𝑑1𝑊 + 𝑑2𝑊2 + 𝑑3𝑊3 , (5)

where

𝑊 = √−2𝐼𝑛 (𝑃) for 𝑃 ≤ 0.5. (6)

𝑃 is the exceeding probability of the difference (𝐷) value;
specifically 𝑃 = 1 − 𝑓(𝑥). 𝑃 can be replaced by 1 − 𝑃 when
𝑃 > 0.5, and the sign of the resultant SPEI is reversed, and
𝐶0 = 2.515517, 𝐶1 = 0.802853, 𝐶2 = 0.010328, 𝑑1 =
1.432788, 𝑑2 = 0.189269, and 𝑑3 = 0.001308.

For the detailed mathematical calculation of the SPEI it
can be found in Vicente-Serrano et al., 2010 [56]. Generally,
the value and category of the SPEI are the same as the
SPI (Table 1), the negative SPEI value indicates dry climatic
conditions while the positive SPEI value is for wet climatic
conditions, and near-zero SPEI value shows normal climatic
conditions [62, 64–66].

4. Results

4.1. Long-Term Spatial Interpolation Analysis. The spatial
distribution of rainfall and temperature from 1930 to 2014 is
explained in Figure 2. The spatial interpolation of the above
two variables was completed from 48 stations selected for
this study, overestimation or underestimation might have
occurred in some regions. The highlands of Ethiopia and a
small part of Kenya around the Lake Victoria received the
highest rainfall (>850mm); Eritrea, Djibouti, and Somalia
had received the lowest rainfall (<450mm) in the last 85

years. In the long-term interpolation, the highest temper-
ature (>25∘C) was observed in eastern and western parts
of Eritrea, Djibouti, Somalia, eastern and southern parts
of Ethiopia, and central and northern parts around Lake
Turkana of Kenya. In addition, the lowest temperature
(<19∘C) was recorded in the highlands of Ethiopia and
Eritrea, the southern part of Kenya.

4.2. Long-Term Trend and Anomaly Analysis. The long-term
trend and anomaly of precipitation and temperature were
assessed from 48 meteorological stations selected in this
study. Figure 3 describes the trend and anomaly from 1930
to 2014. The result reveals that precipitation and tempera-
ture decreased and increased at a rate of −0.3913/yr. and
0.0084/yr., respectively, in the last 85 years. The trend of pre-
cipitation was insignificant at 95% (𝑟 = −0.158 𝑃 = 0.148)
but the trend was very significant for temperature at 99% (𝑟 =
0.569 𝑃 = 1.343 × 10−8). Relatively, the highest precipitation
was recorded in 1961 (875mm) and 1997 (851mm) and the
lowest amount of rainfall was observed in 1943, 1984, and
2009, respectively, 576, 550, and 592mmperhaps dry periods.
Temperature dropped and it was very significant at 99% (𝑟 =
−0.42 𝑃 = 0.0068) from 1930 to 1969; however, it appeared
to rise dramatically between 1970 and 2014 and it was very
significant at 99% (𝑟 = 0.813 𝑃 = 2.77 ∗ 10−11). The
annual mean temperature in the HOA declined by −0.895∘C
from 1931 (24.699∘C) to 1968 (23.804∘C) and rose by 1.554∘C
from 1968 to 2009 (25.356∘C). Generally, the annual mean
temperature increased approximately by 0.569∘C between
1930 and 2014. Figure 3 explains the anomaly of precipi-
tation and temperature in order to evaluate the warmest
and coldest (temperature anomaly) or driest and wettest
(precipitation anomaly) periods in the HOA in the past
85 years. The precipitation anomaly demonstrated normal
climate condition observed in the HOA between 1930 and
2014. Generally, the anomaly value was detected between
50 and −50 with some extremely dry (negative) and wet
(positive) periods, respectively, in 1943, 1984, and 2009 and
in 1961, 1967, and 1997. In addition, the temperature anomaly
revealed that the coldest (negative) and warmest (posi-
tive) climate condition were identified, respectively, between
the 1930s–1980s and 1990s–2010s with the extreme coldest
period in 1956 (−0.71∘C) and the warmest period in 2009
(1.004∘C).

Figure 4 demonstrates the composite SPEI anomaly for
the wettest and driest years selected from 1930 to 1914.
In this study, the positive and negative value of wet SPEI
anomaly reveal regions that receive high and low rainfall,
respectively, while the positive and negative value of dry
SPEI anomaly illustrate areas that are very dry and less dry,
respectively. Based on Figure 4, a large part of Eritrea, Kenya,
southern and northern Ethiopia, and southern Somalia were
the wettest regions whereas the western region of Ethiopia,
Djibouti, southeast part of Eritrea, and northern Somalia
received poor rainfall. The dry SPEI anomaly showed that
aridity/dryness was high in most parts of Ethiopia, Eritrea,
Kenya, and eastern and northern Somalia while low dryness
was observed in northern and eastern Ethiopia, western
Somalia, Djibouti, and a small part of Kenya.
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Figure 2: Long-term spatial interpolation of precipitation and temperature in the HOA.

4.3. Drought Assessment. Drought is directly or indirectly
a response to the scarcity of rainfall. Usually, it occurs at
local or regional scale and it is a devastating natural disaster
of farmers in the HOA. Therefore, drought assessment and
prediction are significant, particularly for farmers to prepare
and establish a good plan to tackle the catastrophic effect of
drought. Researchers and scientists have developed several
indexes to analyze and predict drought. In this study, the
SPEI is adopted to evaluate drought in the HOA from 1930
to 2014. The result revealed that moderate drought condition
was detected in this region and severe to extreme drought
was observed in 1943 and 1984. The drought was weakly
identified using SPEI, particularly in the 1990s and 2000s; for
instance, the SPEI value of 1991 and 2009was−0.40 and−0.27,
respectively (Figure 5), despite significant record in HOA,
particularly, in Ethiopia and Eritrea. Generally, drought is a
severe environmental problem in theHOA in the last 85 years,
particularly in the Eli Nino period.

Figure 6 illustrate the drought condition of theHOA from
the SPEI possibly during the Eli Nino years. A drought is a
natural event that commonly occurs on a local or regional
scale; therefore, it is an irregular phenomenon in frequency,
duration, and intensity in the HOA. For instance, in 1930,
mild drought was recorded in large part of Eritrea, northwest
of Ethiopia, and eastern Somalia, severe to extreme drought
was observed (SPEI < −2.00) in 1943, 1953, 1965, 1984, 1991,
and 1999, particularly in some regions of Eritrea and Ethiopia,
and moderate to severe drought appeared in the other
selected years at different regions of the HOA (Figure 6).
Relatively, dryness was high in some regions of Kenya,
Djibouti, and Somalia in 1939, 1943, 1959, and 1965; however,
drought was serious in some parts of Ethiopia, Eritrea, and

Djibouti in 1971, 1991/9, 2004/9, and 2013. Generally, drought
was a serious environmental disaster in the HOA from 1930
to 2014.

5. Discussion

The results of this study demonstrated that in the past eight
and a half decades climate change was active and serious
environmental issue in the HOA. Rainfall was uneven and
inconsistent in frequency and amount; the trend of the annual
average precipitation and anomaly declined insignificantly
from 1930 to 2014. Generally, approximately 72% of the HOA
receives inadequate rainfall and approximately 89% of the
region has moderate to very high temperature, particularly
large part of Eritrea, Djibouti, and Somalia. However, the
long-term mean annual temperature showed two contrary
trends that temperature was significantly decreased from
1930 to the 1970s at a rate of −0.01/yr. and it was observed
to increase very significantly since the 1970s at a rate of
0.02/yr.; thus, global warming is very high in this region
due to high temperature and lower precipitation in the past
few decades. Relatively, a large part of Somalia, Djibouti,
Eritrea, and Ethiopia was under inadequate rainfall and
high temperature while the highest amount of rainfall and
the lowest temperature were recorded in the highlands of
Ethiopia and southern Kenya (around the equator). The
result of this work is consistent with previous studies in this
region; for instance, Pricope et al., 2013 [29], found that
rainfall decreased significantly in theHorn of Africa although
his study excluded Eritrea and Djibouti. Generally, several
researchers stated in their studies that rainfall declined in
distribution, frequency, and amount/intensity in the HOA
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Figure 3: Long-term precipitation and temperature trend and anomaly (1930–2014) in the HOA.

[30, 67–72]. According to Frankl et al., 2013 [32], rainfall
is inadequate and limited to the short rainy season in the
HOA, especially in Ethiopia. The dramatic increase in the
trend of themean annual temperature since the 1970s is corre-
sponding to other researchers in HOA [71]. Global warming
due to climate change may accelerate food insecurity in the
HOA. In this region, the farmers greatly depend on rain-fed
agriculture; accordingly, they are suffering from poverty and
hunger due to inadequate rainfall. Thus, poverty is extremely
high in the HOA. According to FAO 2011 [73] and 2015 [10],
it was reported that food insecurity is very high in this region
because of severe drought.

Drought is a natural disaster that adversely affects agricul-
tural and livestock production in Eastern Africa, particularly
the HOA countries, including Somalia, Kenya, Ethiopia,
Eritrea [21, 74, 75]. In this study, the SPEI revealed that
drought was serious in the HOA from 1930 to 2014; generally,
drought is a local or regional natural hazard;mild tomoderate
drought was recorded in the majority of the region but

severe to extreme drought was observed in some regions.
The severe to extreme droughts were detected in 1943 and
1984 and moderate drought appeared in 1991 and 2009.
Relatively, the spatial distribution of drought was dominant
around Kenya and southeast of Somalia in the 1930s, 1940s,
and 1950s, it was a more serious environmental problem in
Ethiopia, Eritrea, and Djibouti in the 1960s, 1970s, 2000s,
and the 2010s, and it had adversely affected majority regions
of Ethiopia and Eritrea. These results are consistent with
previous studies in the Eastern Africa and in the Sahel
region, according to Bhuvaneswari et al., 2013 [16], severe
to extreme drought commonly occurs during the El Nino
periods, and particularly the droughts in 1984, 1991, and
2009 are corresponding with previous researchers in the
HOA and the Sahelian region [76–79]. In addition, Waal,
1991 [79], and Munro et al., 2008 [75], stated that drought
adversely affected the HOA, particularly Ethiopia and Eritrea
in 1973/4, 1984, and 1990/1. Drought is a direct impact
of scarce rainfall but it might be intensified with human
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Figure 5: The drought condition of the HOA from SPEI.

activities as land degradation [69] including deforestation,
desertification, erosion, and overcultivation extremely high
in the HOA.

6. Conclusion

The long-term precipitation and temperature data were used
as a proxy to assess climate change and drought in the HOA.
Climate change was very active in this region in the past 85
years as statistically the trend of the mean annual precipita-
tion and temperature declined and increased, respectively; in
addition, drought is directly or indirectly the indicator of cli-
mate change where mild to moderate drought was observed
throughout the study period with some severe to extreme

drought, particularly during the El Nino periods. Aridity
seems to be very high in the HOA because a large part of the
region receives lower rainfall and is under high temperature,
particularly Eritrea, Djibouti, and Somalia; however, in the
highlands of Ethiopia and southern Kenya around the equa-
tor a considerable amount of rainfall was recorded. Poverty is
extremely high in this region due to low crop and livestock
production, which directly depends on rain-fed farming;
besides, land degradation is significant as the demand for
cultivation and firewood is growing with the increase of
population; thus, climate change might be caused by the
continuous low production of crop and livestock in the HOA.
This study concluded that climate change and drought were
very serious in the last eight and a half decades. Therefore,
the adverse effect of climate change on agriculture might be
minimized through the introduction of dry resistance crops
andmodifying the type of crops/seeds; for instance, replacing
long growing season crops by short growing season crops
and applying modern type of agriculture such as irrigation
by constructing water reservoirs/dams may help to tackle
food problems. Therefore, well preparation prior to El Nino
periods is needed and increasing awareness of the people and
encouragement may help to protect land degradation.
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patory and GIS-based land use planning methods: a case study
fromBurkina Faso,”LandUse Policy, vol. 26, no. 4, pp. 1162–1172,
2009.

[79] A. D. Waal, “Thirty years of war and famine in Ethiopia. Evil
days,” African Watch Report, Human Rights Watch, New York,
NY, USA, 1991.



Submit your manuscripts at
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Climatology
Journal of

Ecology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Earthquakes
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Applied &
Environmental
Soil Science

Volume 2014

Mining

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

 International Journal of

Geophysics

Oceanography
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

  Journal of 
 Computational 
Environmental Sciences
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of
Petroleum Engineering

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Geochemistry
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Atmospheric Sciences
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oceanography
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Advances in

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Mineralogy
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Meteorology
Advances in

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Paleontology Journal
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Scientifica
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Geological Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Geology  
Advances in


