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Abstract

Climate change based on precipitation and temperature variability is a major concern in the world,
particularly in the Horn of Africa, including Eritrea, which has led to severe droughts in poverty and
hunger in the region. In this study, the long-term trends and interpolation methods were used to
evaluate and evaluate the average annual rainfall and temperature, and the drought condition was
analyzed by using standard precipitation Index (SPI) (1930 — 2010).The results showed that the long-
term trend of annual precipitation was obviously decreased and the temperature increased
significantly. Relatively, the Highland (around Asmara) receives above 466 mm rainfall, with an
average temperature of 20.13°C. In the last eight decades, Massawa and Assab recorded minimum
rainfall (221 mm) and the highest temperature (> 28.16°C). The country has experienced moderate to
severe droughts since the 1960s, particularly in 1966, 1984, 1990 and 2009. We conclude that, over
the past 81 years, climate change and drought have been serious environmental problems in Eritrea,
and this study may be of great importance to policymakers in formulating and establishing
appropriate plans to address and control current environmental issues.
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1. Introduction

Climate change is a difference of the weather patterns that may describe changes in quantity
and distribution of weather patterns such as rainfall, temperature, wind, snow, air pressure,
etc. Typically, climate change records exceed 30 years (IPCC, 2014; Hegerl, 2007); short-
term extreme weather changes can lead to climate change (Eludoyin, 2015). Climate change
is the world’s most serious of environmental problems, directly affecting human activities
and property. Precipitation, melting ice, increasing sea level, drought, poverty, river drying
and reducing the number and distribution of groundwater resources are the best indicators of
climate change (IPCC, 2014). The impact of climate change on desertification and
deforestation is difficult to understand, but some researchers believe climate change may at
least accelerate land degradation in deserts and forests (IPCC, 2014), and desert vegetation is
highly sensitive to climate change (Yang et al., 2016). Human factors or nature are the main
causes of climate change, including volcanic eruptions, solar radiation changes, the Earth's
sun angle/orbit, greenhouse gases (carbon dioxide, methane gas, nitrous oxide,
chlorofluorocarbons), agricultural expansion, deforestation, population explosion,
urbanization and resource explosion play an important role in climate change. Before the
Industrial Revolution, climate change can be caused by natural factor and later by human
activity (Hegerl, 2007).

The causes of global warming are related to rapid population growth, industrialization,
urbanization and agricultural growth, leading to greenhouse gases such as emissions from
industrial sectors and vehicles to the atmosphere, as well as the use of methane products,
nitrous oxide, fertilizers and cosmic Products (Bryan, 2009). According to the Fourth
Assessment report, IPCC, 2014, over 90% of climate change is due to human activity in the
past 250 years, and the Earth's temperature increased over the past 50 years due to
greenhouse gas industrial activity. According to the WMO website, the average temperature
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of the Earth rose from 15.5°C to 16.2°C at the end of the
1850 and 20" century, with 60% from carbon dioxide and
25% of methane gas. According to the IPCC, 2001, data the
Earth's surface temperature increased to 0.6°C at the end of
the 20" century, thus effectively warming the earth.
Climate change may have positive or negative effects, but
the positive impact is very limited. Climate change has
complex interactions affecting social, economic,
environmental and political forms of livelihoods (IPCC,
2014). However, climate change has more impact on the
environment than in other forms, because it depends
directly or indirectly on environmental factors. As a result,
climate change has a negative impact on the environment at
local, regional or global level. As the annual average
temperature increases, the Earth's surface and atmosphere
become warmer, especially human factors (Conway and
Schipper, 2011). In many parts of the world, seasons
change, sea levels rise, ice melts in Polar Regions, glaciers
and permafrost melt on some mountains (IPCC, 2014).
Climate change has led to floods and droughts in some
places, mainly in Africa, such as Ethiopia (Bryan, 2009;
Conway and Schipper, 2011), including Eritrea and its
ability to influence soil moisture and its support for
production (Whan, 2015). Climate change such as drought
and floods has a negative impact on human life and
property (Antwi, 2015); particularly in the Horn of Africa
(IPCC, 2014) and from the 1960s to the 1980s it was
serious (Waal, 1991; Brandt, 2014; Ghebrezgabher, 2016b),
including Eritrea. Global warming may have the greatest
impact on extinction of species in the last century, for
example, according to IPCC data, the average temperature
rise of 1.5°C may be that the 20% — 30% species will be at
risk, and if it rises above 3°C, the ecosystem will struggle.
While our planet still provides living things and a man with
all the necessities such as water, food, air, local or land, but
climate change constantly changes land and water
resources, all life depends on its for survival. It is therefore
essential to focus on the future and predict the extremes of
weather and climate (Mahmood, 2015) that climate change
will have a negative impact on children and the elderly,
particularly the continent's future is concerned (Stringer,
2009).

The focus of this study is therefore on the long-term
climate change analysis of Eritrea based on temperature
and precipitation variability from 1930 to 2010. Time series
data for analyzing trends in temperature and rainfall,
interpolation, and precipitation data for assessing and
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evaluating the country's drought index as a climate change
indicator.

2 Material and Methods

2.1 Materials

2.1.1 The study site

Eritrea is located in a fragile region, where the arid and
semi-arid climate dominates. Eritrea also found that in East
Africa or the Horn of Africa, between 36°26’ and 43°13’e,
12°22" and 18°02'. It is bordering with the Red Sea,
Ethiopia, and Djibouti and Sudan (Figure 1). The country is
considered one of the world's smallest and poorest
countries with a total population of 6.4 million, estimated at
about 125,300 km? (Nyssen, 2004; Ogbazghi and Bein,
2006; Ghebrezgabher, 2018). According to MLWE (2012),
about 80% of the population are engaged in agriculture and
related activities, and 20% of the population are working in
manufacturing and services.

In the Horn of Africa, rainfall is unpredictable,
characterized by erratic and infrequent. In this area, climate
change is very serious, and prolonged and frequent
droughts hit the region, especially during the EI Nifio
period, resulting in a decline in crop yields. For example, in
2015, El Nifio led to a drought in Horn of Africa, where
Ethiopia severely hungry, with 15 million of people
needing immediate food aid (UNICEF, 2015). In Eritrea,
the topography of the plateau and the southwest of the
summer rainfall relatively more (June — September),
Massawa and Assab around the eastern lowlands, receives
very small rainfall between December and February
(winter). The rainfall in this country is uneven and
irregular. Annual rainfall in the central and Southern
Highlands is above 500 mm, rainfall in the eastern
lowlands is lower than 200 mm, but the highest annual
rainfall (1000 mm) is recorded in the eastern cliffs of the
forest — dominated region. In this study, the annual average
temperature of the country varies, approximately 16°C in
the Highlands around Asmara, and 30°c in the eastern and
western lowlands around Massawa, Assab, Tesseney and
Agordat (Ghebrezgabher, 2018). Eritrea faces a number of
environmental —problems, such as desertification,
deforestation, soil erosion, overgrazing, which may cause
climate change (Nyssen, 2004; Tekeste, 2007; MLWE,
2012; Ogbazghi and Bein, 2006). For example,
Ghebrezgabher (2016a) said that the country's forest cover
has lost 0.35% annually since the 1970s.
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2.1.2 Climate Data Collection

Rainfall data are considered more accurate and reliable, but
there is no usable and reliability in the Sahel region,
including Eritrea (Herrmann, 2005). In this study,
temperature and precipitation data were used as proxies and
10 meteorological stations in the country and neighborhood
were selected to analysis and assess the long-term climate
change in Eritrea (Table 1). Monthly average surface
temperature and precipitation data (1930 — 2010) were
obtained from grid data for 0.25 degree resolution, version
3.02 in (http://climate.geog.udel.edu/~climate/html_pages/
download.html) (Figure 1). However, the grid precipitation

data estimated for Massawa station (longitude 39.25 and
latitude 15.75) are of great significance in this study.
Generally, the average annual rainfall in Massawa is the
lowest (Ghebrezgabher, 2018), but according to grid data,
the rainfall has been highest in the past eight decades.
Therefore, the monthly average precipitation data of
Massawa station (1930 — 1990) were obtained from the
Koninklijk Netherlands Meteorologisch Instituut (KNMI)
Climate Explorer (http://climexp.knmi.nl/getstations.cgi)
and grid data (1991 - 2010), and the annual rainfall
distribution was adjusted by means of linear regression.

Table 1 Stations with latitude, longitude, altitude, and rainfall and temperature periods

Stations Latitude | Longitude | Altitude (m) | Rainfall period | Temperature period
1 | Asmara 15.3 38.9 2325 1930 — 2010 1930 — 2010
2 | Massawa 15.6 39.5 10 1930 - 2010 1930 — 2010
3 | Asset 13.1 42.7 14 1930 — 2010 1930 — 2010
4 | Agordat 15.6 37.9 626 1930 — 2010 1930 — 2010
5 | Michele 135 39.5 2141 1930 - 2010 1930 — 2010
6 | Kassel 154 36.4 500 1930 - 2010 1930 — 2010
7 | Djibouti 11.6 43.2 16 1930 - 2010 1930 - 2010
8 | El-Gedaref | 14 35.4 599 1930 — 2010 1930 — 2010
9 | PortSudan | 19.6 37.2 5 1930 — 2010 1930 — 2010
10 | Aden 12.8 45.1 I 1930 — 2010

2.2 Methodology

2.2.1 Precipitation and Temperature data homogeneity
test

For meteorological and climatic analysis and evaluation,
reliable and homogeneous climatic data, such as rainfall
and temperature data (Eaterling and Peterson, 1995), are
needed, especially in decision-making, formulation and
design of a good plan for environmental management and
control. Therefore, monthly and yearly rainfall or
temperature data from the weather stations must be
homogeneous, since heterogeneity is biased to analyze
climatic data, especially rainfall. In the time series,
precipitation or temperature data may not be uniform at
each station due to the quality of the instrument, the
relocation of instruments, trees and buildings, and the
changes in observation locations and the errors observed by
the observers during the observation process. Recording
data may affect data quality (Eaterling and Petersen, 1995).
Different methods established to test the consistency of
monthly or yearly rainfall (Eaterling and Peterson, 1995).
In this study, we used the Rainbow Package version 2.2 to
analyze the hydrological and meteorological frequency, and
tested the uniformity of historical rainfall and temperature
data sets of each station. We apply the probability of the
normal distribution, the Weibull method parameter
estimation of the maximum likelihood method and the
threshold value is considered to be no/nil of all
observations (Raes, 2006). A relative frequency analysis of
climatic data has been taken, where the histogram is
considered non — zero. As a result, we found that all
stations were suitable for this study except for the
precipitation data of the Aden station.

2.2.2 Linear Trend Analysis

Linear trend analysis relies on the relationship between
independent variables and dependent variables. Linear
trend analysis is one of the most common methods to
evaluate climate change. Recently, some researchers used it
in their research (Herrmann, 2005; Stergiou, 2016). In this
study, meteorological data (temperature or precipitation)
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and time are input variables, the trend of which depends on
changes in annual precipitation or temperature data,
although some researchers apply monthly (Gungbenro and
Morakinyo, 2014). The linear polynomial regression of
precipitation and temperature was completed with the help
of original product 9.29 software. The formula is defined
as:
Y=bx—a

Where Y is a dependent variable, x is an independent
variable, and "b" and "a" are the slopes of lines and
constant numbers, respectively.

2.2.3 Precipitation and Temperature Interpolation

In climatology studies, temperature and precipitation data
records are important for ecology, hydrological cycles,
environmental studies, agricultural sciences or soil
moisture (Irmak, 2010). Meteorological data are usually
collected from terrestrial meteorological stations, measured
from a single location and may be suitable for local or
peripheral areas. Thus, spatial interpolation is an estimate
of meteorological data at different time scales (hourly,
daily, weekly, monthly or yearly). The application of
spatial interpolation is important for estimating climatic
conditions in a given region (Nardelli, 2016; Appelhans,
2015). However, accuracy may be influenced by data
quality, the distribution of selected/known points, and the
distance between known observations, resulting in
overvaluation or undervaluation (Gottschalk, 2015). Irmak,
2010, stated that the accuracy of interpolation can be
influenced by topography, distance from the sea,
atmospheric circulation patterns, smoke and buildings. The
weather station should represent the closest point in the
vicinity to avoid such errors and improve reliability. In
addition,  spatial interpolation is important for
understanding the distribution of rainfall, temperature and
climate patterns in a given region. Different methods were
used to interpolate precipitation and temperature, including
Interpolation Distance Weight (IDW), Kriging and Splines
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(Irmak, 2010). In this study, the ArcGIS 9.3 interpolation
distance weighting (IDW) method was applied, and IDW
was a smooth surface, which depended on different points
and weights. The IDW define as (Irmak, 2010):

Zs = Z )\iZsi
i=1

Where Z; is the value of interpolated at location ‘s’, Zg is

the observed value in each station i, ns is the total number

of weather stations selected for interpolating and 2, is the

weight signed to interpolating from the closer location,

which might be calculated by the following formula:
a=

n
>

i=1

Where d is the distance from the station to the unknown
place to be interpolated, and P is the exponent of the
distance, which is always a positive real number and N is a
station. The power controls the significance of the closest
points on the interpolated area, and the influence is less
from distant points when P is higher. Although any real
number can assign for P, usually, the value ranges between
0.5 and 3, in this study, P equal to 2.

2.2.4 Drought Index Assessment

Drought is a serious of environmental problems in the
world, and it is the direct impact of climate change, such as
the scarcity of rainfall and extreme evapotranspiration.
Several factors may define droughts, including climate
change, metrological data, hydrological and water cycles,
atmospheric and agricultural factors or soil moisture
(McKee, 1993; Rajsekhar, 2015). Although measuring
drought indices is complex, researchers have established
several techniques for estimating drought conditions. The
Standardized precipitation index (SPI) and the Palmer
Drought Index (PDI) are the most common indicators for
the analysis of drought indices (WMO, 2012; Rajsekhar,
2015; AghaKouchak, 2015). In this study, the drought
index was evaluated by SPI. Drought indices estimated
from terrestrial satellite imagery or other methods.
However, the most suitable and simplest method is SPI,
depending on the precipitation data, and the actual and
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monthly/yearly average precipitation (at least 30 years) for
calculating the SPI. The SPI values range between > 2.00
and < -2.00 (McKee, 1993; WMO, 2012). According to
McKee (1993), the value of SPI and the type of drought
explained in table 2. The SPI applies to any time scale,
depending on the purpose of the study (from March to 4
August). The limitation of the SPI is that it does not show
the normal distribution of the month. The SPI defined as:
spr= fa— e
Sa

Where P, is annual mean precipitation and Py, is long-term
annual mean precipitation and Sy refers to the long-term
standard deviation.

Table 2 Value and description of SPI

SPI Values | descriptions
>2 Extremely wet
1.5-1.99 Very wet
1.0-1.49 Moderately wet
0.99 —-0.99 | Near normal
-1.0—-1.49 | Moderately dry
-1.5--1.99 | Severely dry
<-2 Extremely dry

3 Results

3.1 Precipitation Trend Assessing

Figure 2 shows an annual average rainfall was declined
from 1930 to 2010. In contrast, the highest annual rainfall
was recorded in the early 1930s (415 mm) and 2001 (459
mm), and the lowest levels observed in 1984, 1990 and
2009, respectively, in 197.5 mm, 176 mm and 214.9 mm,
and may be associated with severe droughts. Although the
distribution of annual average rainfall has a certain
fluctuation, the decline rate of this trend is -0.45/a. (1930-
2010). Climate change was more significant in the 1930s-
the 1960s (r =-0.394, p = 0.028) than in 1960s — 1990s and
1990s — 2010, where (r =-0.087, p = 0.647) and (R =-0.138,
p 0.561), respectively. In the long-term average
precipitation changed insignificant (R =-0.2002 and P =
0.073). The country has had insufficient rainfall over the
past eight decades.
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Fig.2: The trend of annual mean precipitation, based on climatic period (above), and long-term climate change (bottom) in Eritrea from 1930

to 2010.
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3.2 Temperature Trend Assessing

In Figure 3, the long-term trends and variations of the
temperature of the three climatic phases are explained. The
results showed that in the long term, the annual mean
temperature increased significantly 99% (r = 0.351, p =
0.0013), and low temperature was recorded in the 1980s
and the early 1990s, and the annual average temperature
was lowest in 1989 (25.5°C). In contrast, over the past two
decades, temperatures have risen with the highest
temperature in 2009 (27.5 °C). In the long term, the annual
average temperature increased significantly (1930 — 2010)
at a rate of 0.007/a. Figure 3 also shows that the

temperature has significantly decreased in 1930 — 1960 and
1960 — 1990, while the temperature has increased
significantly over the past two decades. In 1930-1960, the
annual average temperature was dropped significantly level
of 99% (R =-0.397, p = 0.0269), and increased at the 95%
(r = 0.680, p = 0.0098) at 1990 — 2010. The annual average
temperature decreased by 0.1°C between the first and
second phases, and the second and third phases increased
by 0.6°C. However, it has been raised by 0.5°C in the long
term. Therefore, the temperature change in the first and last
period is very serious, although the change is the opposite
trend appeared.
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Fig.3: The trend of annual mean temperature, based on climatic period (above), and long-term climate change (bottom) in Eritrea from 1930

3.3 Precipitation Spatial Interpolation Assessment

Figure 4 depicts the long-term and climatic cycles of
Eritrea's spatial precipitation interpolation. Overestimation
or underestimation is common in spatial interpolation, but
it should not be close to the real image of the region. In the
long term (1930 — 2010), the results showed that the
central, Southern Highlands and eastern Cliffs received
about 421 mm to 530 mm. The minimum rainfall (< 200
mm) is observed along the coastal area, Massawa, Assab
and Danakil depression, with rainfall in the southwestern
part of the country between 378 mm and 421 mm. The
direct relationship was derived between rainfall distribution
and altitude. Over the past eight decades, the country's
highlands have had more precipitation than the lowlands. In
this study, some regions underestimated, for example, the
underestimation of the < 421 mm found in the eastern cliff,

to 2010.
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possibly due to lack of sufficient stations. According to the
Ministry of Water, Land and environment 2012, Summer
and winter season, the eastern part of the country has the
highest rainfall (about 1000 mm). Moderate rainfall (< 378
mm) was also received in the western part of the country.
In addition, the results showed that the annual average
precipitation decreased from the first to the final climatic
period, and the highest precipitation was recorded in 1930 —
1960, 1960 — 1990 and 1990 — 2010, about 542.71 mm,
516.9 mm and 504.28 mm, respectively. In contrast, over
the past two decades, the average annual rainfall in coastal
areas has increased from 85 mm to 103.92 mm in the
previous two climatic periods. Arid to semi-arid climate
dominates the coastal and western regions, and a humid
climate has been found in the south-west and the highlands
of the country.
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Fig.4: The spatial precipitation interpolation of Eritrea based on climatic period (above), and long-term climate change (bottom) from 1930

3.4 Temperature Spatial Interpolation Assessment

The long-term spatial temperature interpolation (1930 —
2010) is explained in Figure 5. The results show that the
temperature of Massawa, Assab, Danakil Depression and
Western region is higher (about 29.89°C), but the middle
and Southern Highlands are 17.58°C — 20.13°C. A reverse
relationship is found between the temperature and the
altitude. In other words, the temperature is reduced from
the coast (Massawa port) to the Central Highlands or
Asmara (capital), and vice versa. Figure 5 also shows the

to 2010.

relative temperature variations in the three climatic phases.
Relatively, the lowest temperature recorded in 1960 — 1990,
and the highest temperature recorded in 1990 — 2010. Over
the past 81 years, the annual average temperature has
increased from 29.9°C in the first phase to 30.12°C in the
last, which increased by 0.2°C. High temperatures are
recorded in the western, Danakil depression and coastal
regions, from the second (1960 — 1990) and third (1990 —
2010) climatic periods. The temperature is serious from
1930 to 2010 in Eritrea.
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Fig.5: The spatial temperature interpolation of Eritrea based on climatic period (above), and long-term climate change (bottom) from 1930 to
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3.5 Anomalies Analysis

Figure 6 explains the long-term temperature and
precipitation anomalies. Anomaly is the difference between
climate data and the long-term mean, which is suitable for
evaluating the colder and warmer periods. Positive values
indicate warmer temperatures and negative values as cooler
climates/weather. In this study, climatic data anomalies
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(temperature and precipitation) were estimated from 1930
to 2010. In Eritrea, the warm periods found in the 1930s
and the past two decades. Relatively speaking, in 1966,
1969, 1984, 1990 and 2009, as well as the 1930s, 1961 and
2001, each recorded an extremely cool and warm weather
conditions, respectively. Droughts usually occur in
extremely cool environments.
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Fig.6: Temperature and precipitation anomalies of the country from 1930 to 2010.

3.6 Drought condition analysis

Drought is naturally a regional and seasonal event. In
Eritrea, the rainy season differs in the eastern, western and
central Highlands. The eastern region received rainfall from
December to February and the central and western regions
in summer from June to September. Therefore, seasonal
and regional droughts may vary between winter and
summer, and between lowland and highland. However, the
worst droughts occurred in summer, especially in the
western and highland regions. Although drought
assessment indicators of different scales have been
established, the SPI is used to assess the drought in Eritrea

1930
I sP!

1940 1950 1960

1970

Year

on the basis of long—term average annual rainfall. Figure 7
explains the drought in Eritrea based on the SPI value from
1930 to 2010. Relatively, in the 1930s, 1953/4 and 2001
and drying conditions observed in the 1960s, 1984, 1990,
1991 and 2009 took place. The country has experienced a
normal drought in the past eight decades (1.5 to -1.0), and
lower SPI occurred between the 1930s and the 1950s
compared with the 1960s — 2010. During the EI Nifio
period, droughts in the country were severe for every 6 to 7
years, for example, during the El Nifio period, which had a
severe drought in 1966, 1973, 1984, 1990/1 and 2008/9.

1980 1990 2000 2010

Fig.7: Drought condition of Eritrea based on SPI from 1930 to 2010

Discussion

According to MLWE (2012), in Eritrea, rainfall is variable
in both distribution and quantity, with a prolonged drought,
and the trend of annual average rainfall declines in a long
time series. There was no significant decrease in
precipitation between 1966 and 2010, although heavy

~7~

rainfall was recorded in the 1930s, the 1950s and the early
1960s. The average annual rainfall in East Africa is also
falling (Verdin, 2005; Hein, 2011; Gonzalez, 2012;
Dawelbait and Morari, 2012; Terwilliger, 2011; Nyssen,
2004). According to Pricope, 2013, rainfall in the Horn of
Africa has fallen significantly, although the study excludes
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Eritrea. In this study, the annual average temperature trend
decreased considerably in 1930 to 1960, but significantly
increased since the 1970s (Midega, 2015; Gonzalez, 2012).
Thus, it may be that climate change leads to inadequate
food production and therefore poverty in the Horn of
Africa, in addition, several organization and researchers say
that the drought has a negative impact on food security in
the Horn of Africa (MWLE, 2012; Ministry of Agriculture
(MOA), 2004; Kayouli, 2006).

The IDW is suitable for analyzing the spatial distribution of
rainfall and temperature in Eritrea. In the past eight
decades, the average annual rainfall in lowland, coast,
southeast Red Sea and northeast Red Sea is lower, and the
average annual temperature is higher. In the long term, the
country's highlands and southwestern regions are getting
enough precipitation. The method is suitable for estimating
the spatial distribution of precipitation and temperature in
Eritrea (Kayouli, 2006; MOA, 2004; MLWE, 2012), moist
and arid climatic conditions in upland and south-west, as
well as lowland and desert areas. In Eritrea, the climate
warming observed since 1965 is consistent with Dawelbait
and Morari (2012).

Drought is a serious of environmental problems in East
Africa, particularly in the Horn of Africa (AghaKouchak,
2015; Ghebrezgabher, 2016b), such as Ethiopia, Somalia,
Eritrea and Djibouti. In this study, SPI was used to analyze
and evaluate the drought condition of Eritrea in the long
term (1930 to 2010). Droughts were found in the country
and in the Sahel, especially serious in the El Nifio time
(Bhuvaneswari, 2013) in 1966, 1984, 1990 and 2009
(Brandt, 2014). The drought in 1973, 1984, 1990 and 2009
(Waal, 1991), had a negative impact on Ethiopia, including
Eritrea. In the 1930s and the early 1950s, the impact of the
drought was small, and Eritrea experienced nearly normal
and extreme droughts from the 1960s to 2010.

Conclusions

The country's climate is affected by topography, from
mountains to plains and depressions, dividing the country
into highlands and lowlands. In this study, climate data are
suitable for estimating the spatial distribution of rainfall
and air temperature in the country and the study may be
reliable. Relatively, high rainfall and low temperatures are
recorded in upland and southwest and low precipitation and
high temperature observations on the eastern lowlands and
the western part of the border to the Sudan. Statistically, the
annual average precipitation and temperature change trend
declined and rose in the 1970s to 2010, respectively.in
additions, extreme drought recorded in 1966, 1984, 1990
and 2009. Therefore, this article concludes that climate
change and drought is serious environmental problems in
Eritrea.
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