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Abstract

Climate is a complex system involving the atmosphere, land surface, snow and ice, oceans, and other water bodies. It is measured
by variations in temperature, humidity, atmospheric pressure, wind, precipitation, atmospheric particles, and other
meteorological variables over a 30-year period. Climate change has gained momentum due to anthropogenic disturbances, which
may negatively impact human health and the biosphere. The complex relationships between humans, microbes, and the
biosphere are causing an increase in greenhouse gases (GHGs), causing global warming and other cascade effects. Climate
change is a key environmental concern, posing challenges to ecosystems, food security, water resources, and economic stability.
Historical climate records and projected patterns across global regions have confirmed this, with Ethiopia experiencing
significant increases in annual mean temperature, hot days, and nights. Climate variability refers to the Spatio-temporal
fluctuation of climatic conditions, focusing on the variability dimensions. The Intergovernmental Panel on Climate Change
(IPCC) has declared climate change a key environmental concern. Climate in Ethiopia is characterized by significant geographic
variance in rainfall and temperature data. The country has three seasons: bega (dry season) from October to January, belg (short
rain season) from February to May, and kiremt (long rainy season) from June to September. The country's climate is influenced
by the seasonal migration of the Intertropical Convergence Zone and its varied geography, affecting landforms, natural
landscapes, and local people's living situations. Coffee is susceptible to drought, over-wetting, and wind damage because its
production and quality are largely dependent on temperature and rainfall levels. In key coffee-growing regions around the world,
the yield of coffee is at risk due to climate change and unpredictability. The production of coffee is expected to be severely
impacted by high temperatures and unpredictable rainfall patterns in terms of yield, quality, pests, and illnesses.
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1. Introduction

Climate is a complex, interactive system consisting of the
atmosphere, land surface, snow and ice, oceans, and other
bodies of water and living things which are determined by the
balance between the solar energy that the earth has absorbed
and the energy that the earth is reradiating. Climate is the
weather condition prevailing in a place over 30 years. It is
measured by assessing the patterns of variation in temperature,

humidity, atmospheric pressure, wind, precipitation, atmos-
pheric particles, and other meteorological variables in a given
region over an extended period. During the preindustrial pe-
riod, there might be modest climate change, but it changed
dramatically after the industrial revolution because climate
dynamics now have a new element in the form of anthropo-
genic inputs [47].
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Climate is changing naturally at its own place, since the
beginning of the evolution of the earth, 4-5 billion years ago,
but presently, it has gained momentum due to inadvertent
anthropogenic disturbances. These changes may culminate in
an adverse impact on human health and the biosphere on
which we depend. The complex relationships between hu-
mans, microbes, and the rest of the biosphere are beginning to
show signs of an increase in the concentration of GHGs, such
as CO,, CH,4 and N,O. These GHGs are causing global
warming, along with other cascade effects like altered rainfall
patterns, ice melting, sea level rise, etc. The aforementioned
complex relationships between atmospheric composition,
climate change, and the health of people, plants, and animals
need to be carefully examined, and potential remedies for the
unfavorable changes could be looked for [39].

Climate change is defined as a change in the statistical
characteristics of the climate system that can be detected by
changes in the mean and/or variability of those properties over
time, usually decades or more [15]. Climate change is a key
environmental concern in today's globe, posing serious chal-
lenges to ecosystems, food security, water resources, and
general economic stability, resulting in regionally dependent
increases or decreases in rainfall, increased cloud cover, and
rising sea levels. Extreme events like as greater maximum
temperatures, more intense precipitation events, increased
drought risk and duration, and enhanced peak wind intensities
of cyclones will all rise in severity and frequency [34].

According to the decision of IPCC climate change is al-
ready happening with multifaceted effects on humans and the
environment [14]. Analysis of historical climate records and
projected patterns across several global regions has verified
this. For instance, an examination of historical climate data
for Ethiopia revealed that the country's annual mean temper-
ature increased by 1.3<C between 1960 and 2006, and its
annual lowest temperature increased by 0.37<C per ten years
since 1951 [26]. Moreover, the average number of hot days
and hot nights per year had increased by 20 and 37.5 % be-
tween 1960 and 2006, respectively, while the average number
of cold days and nights declined by 5.8 and 11.2 %, respec-
tively [11].

Climate variability refers to the Spatio-temporal fluctuation
of climatic conditions [7]. Climate variability is also defined
by [13] as fluctuations in the mean state and other statistical
descriptions of severe climatic conditions on all temporal and
geographical scales beyond individual weather occurrences.
Climate variability, according to [13], is defined as a climatic
parameter of an area that deviates from its long-term mean.
The importance of Spatio-temporal scales of meteorological
occurrences is also emphasized once more. The [14] defini-
tion of climatic variability is similar to that of [13], with a
focus on the variability dimensions.

2. Climate of Ethiopia

The statistical interpretation of rainfall and temperature
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data accumulated over a lengthy period for a certain region or
place is frequently used to characterize climate. As a result,
the mean annual rainfall distribution across the nation exhibits
significant geographic variance, ranging from nearly 2000
mm in certain pocket regions in the Southwest to less than 250
mm in the Afar and Ogaden lowlands [27]. Rainfall happens
at several seasons throughout the year. In contrast to much of
the tropics, where two seasons are prevalent (one wet season
and one dry season), Ethiopia has three seasons: bega (dry
season) from October to January, belg (short rain season)
from February to May, and kiremt (long rainy season) from
June to September [38]. The country's diverse altitude also has
a significant impact on temperatures. Because of its geogra-
phy, the nation has mild temperatures for its tropical latitude.
The average annual temperature in the nation ranges from
around 10°C in the northwest, central, and southeast highlands
to about 35°C in the north-eastern lowlands.

Ethiopia is one of Africa's biggest countries, with a diverse
range of landscapes, strong topographical differences, and
elevations ranging from about 155 meters below sea level at
Assale Lake in the Danakil valley to roughly 4,533 meters
above sea level at Mount Ras Dashin. Because of these factors,
as well as its physical location near the equator and the Indian
Ocean, the country experiences significant temperature and
precipitation changes across the country. Ethiopia's climate is
largely influenced by the seasonal migration of the ITCZ and
related atmospheric circulations, as well as the country's var-
ied geography [17]. Landscapes with varying physiography
and elevation, such as the highlands and lowlands, experience
a range of climates, ranging from desert climates to tropical
mountain climates. In a country whose economy is primarily
dependent on rain-fed agriculture, climate has many evident
repercussions on landforms and its dynamic evolution of
natural landscapes, as well as on the living situations of local
people. [11].

Rainfall

Because water is such an important component of agricul-
tural production, changes in water availability may have an
influence on agricultural productivity and income. According
to climate research, most of these oscillations are now caused
by intra-year, rather than inter-annual, alterations in rainfall
timing and intensity [18]. Because all plants require at least
some water to thrive, agriculture relies heavily on rain (which
is the most efficient method of watering). While a consistent
rain pattern is beneficial to plants, too much or too little rain
can be detrimental to crops. Aside from illness, rainfall may
influence how quickly a crop grows from seed, as well as
when it is ready to harvest. A good combination of rain and
irrigation can result in faster-growing plants, reducing ger-
mination time and the period between sowing and harvest
[44].

Temperature

The balance of the planet's system's incoming and outgoing
energy influences the earth's temperature. Large swings in
climate and weather can be caused by little changes in the
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Earth's average temperature. As a result, agriculture, as a
highly climate-sensitive industry, is especially vulnerable to
temperature variations. Warmer temperatures speed up the
growth of some crops, whereas quicker growth shortens the
time it takes for seeds to grow and mature, reducing harvests.
Increased weeds, pests, and fungus, which flourish in warmer
temperatures, as well as a rise in extreme weather events like
floods and drought, can have an impact on crops and diminish
yields [4]. Increased plant temperature accelerates growth by
reducing the window of opportunity for photosynthesis be-
cause the life cycle is shortened, whereas heat and drought
stress may also restrict growth directly at the metabolic level.

2.1. Climate Variability and Trend in Ethiopia

Global trends of temperature and rainfall point to the fact
the climate is changing. Mean annual temperatures have been
increasing and places in Sub-Saharan Africa and Asia con-
tinue to experience weather extremes like flood and drought
respectively. With global warming, not a hiding secret
whether caused by natural variability or anthropogenically
induced [14], it is important to be informed and regularly
updated on observed regional temperature and precipitation
trends at both regional and local levels. The [15] has projected
that, if measures are not taken to reduce the generation of
GHG emissions, the future temperature will continue to in-
crease as well as extreme weather conditions such as drought
in most parts of the world especially, countries in
Sub-Saharan Africa.

Climate variability is short-term fluctuations in average
weather patterns which has an impact on agriculture. Climate
variability, on the one hand, has an impact on agroecological,
agricultural, and livestock growth conditions. A delicate
balance between agricultural output and food security is cre-
ated by high climate variability (e.g., low and irregular rainfall
distribution). According to studies, changes in agriculturally
important climatic factors (e.g., rising temperatures and di-
minishing rainfall amounts and distribution) are anticipated to
affect maize, rice, wheat, and other food crop yields in
semi-arid parts of the world [19]. Many additional character-
istics of agricultural productivity among smallholder farmers
in Sub-Saharan Africa (SSA) are influenced by rainfall, in-
cluding farm sizes, crop enterprises, cropping calendars, and
the occurrence and growth of weeds, crop pests, and illnesses
[51].

2.1.1. Rainfall Variability and Trend in Ethiopia

Ethiopia has one of the most unpredictable rainfall patterns,
which is a natural aspect of agriculture. The country is sensi-
tive to rainfall unpredictability due to its geographic position
and terrain. Long-term trends in the nation are difficult to
identify due to the high inter-annual and inter-decadal varia-
bility in rainfall. Between 1960 and 2006, there was no sta-
tistically significant trend in recorded mean rainfall in any
season. Significant interannual variations between 2.2 and

100

3.8-year periodicity were found in reconstructed rainfall since
1811, with significant decadal and multidecadal variations
during 1855-1900 and 1960-1990; the duration of negative
and Positive rainfall anomalies ranged from one to eight years
[24].

For farmers who rely on agricultural production, rainfall
fluctuation is the most significant source of risk. In Ethiopia,
there are two major rain seasons: 'kiremt' and 'belge.' The
kiremt rains start in the south west in March and May and
move northwards from July to September, impacting the
majority of the nation. The kiremt rain accounts for over 90%
of the agricultural produce gathered between October and
December [5]. Droughts and floods wreaked havoc over the
land, resulting in catastrophic famines and floods [49].

Intra-seasonal rainfall variability in terms of start of the
season, end of the season, length of the growing season,
number of rainy days, length of the dry spell within the
growing period, and trend is more important for agricultural
purposes in dry land areas than annual and seasonal totals,
according to a study of the past and future [11]. The first
occurrence of at least a specified mm of rainfall totaled over
certain consecutive days is considered the commencement of
the rainy season. [38] defined onset date as any date when 20
mm of rain is accumulated over three consecutive days and
there are not more than eight dry (0.1 mm) days in the next 30
days. [43] utilized 20mm rainfall over three days and no dry
periods longer than seven days in the next 30 days to define
onset. On the other hand, [23] defined onset date as the time
when precipitation equals half of the reference evapotranspi-
ration at the start of the growing season.

The [38] also define the end of the rainy season as the first
day following the commencement of a dry spell (0.1mm
rainfall per day) lasting at least 20 days, while [43] define the
end date as the day when the soil water level reaches zero after
September 1. The Length of Growing Period is the difference
between the onset date and the termination date (cessation),
which is a critical component in determining the maturity of
cultivars to be cultivated in different rainfall regimes [10].
When a certain amount of precipitation is recorded the day is
the rainy day which means when more than 0.85mm precipi-
tation is accumulated and a dry day is a day with less than
0.85mm precipitation or no precipitation is recorded [19].

2.1.2. Temperature Variability and Trend in Ethiopia

Global average surface temperatures have been increasing
since the mid-nineteenth century, according to climate trends
and climatic extreme indices developed from empirical, ob-
served data, with the largest pace of change documented since
the mid-1970s [16]. This is due to the ongoing production of
greenhouse gases as a result of human activity. Anthropo-
genic forces remain a key contributor of recent global
warming, according to the IPCC's latest assessment. Because
of the increased concentration of greenhouse gases in the
atmosphere, the temperature continues to rise due to the
greenhouse effect, which may have led to changes in rainfall
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patterns throughout the world. According to recent climato-
logical studies, worldwide surface air temperature increased
by 0.76<C from 1850 to 2005 [2]. Ethiopia's climate is in-
herently both diverse and unpredictable, and the country has
seen both climatic fluctuation and change.

But the climate has changed significantly in recent years
[24]. The temperature (maximum, minimum, and mean) is
rising, but the rainfall has no discernible pattern—it is highly
variable [27, 22, 24]. According to studies, there has been a
significant temperature variance and trend shift throughout
time. The annual lowest temperature, represented as temper-
ature deviations from the mean and averaged across 40 sites
from 1951 to 2005, exhibited a significant degree of fluctua-
tion [26]. Over those 55 years, the country saw both warm and
chilly years, with recent years being the warmest compared to
earlier decades. Furthermore, between 1951 and 2005, there
was a rising tendency in the annual lowest temperature. Every
ten years, it has risen by roughly 0.370<C [26].

2.2. Impacts of Climate Change and Variability
on Agriculture

Climate change, according to the [15], impairs agricultural
productivity, posing a significant danger of global food in-
security. Africa is one of the world's most susceptible areas to
climate change. Due to factors such as widespread poverty,
repeated droughts, inequitable land distribution, and over
reliance on rain-fed agriculture, previous assessments by [20]
concluded that Africa is particularly vulnerable to the impacts
of climate change due to temperature and rainfall changes and
extreme events. Climate change and unpredictability, ac-
cording to [35], restrict agricultural growth and influence crop
species and cultivar selection, as well as farm management
decisions. Climate change's impact on agricultural systems
raises significant doubts regarding crop yield and appropri-
ateness in the future, particularly in locations prone to extreme
environmental change [32]. Agriculture is vulnerable to
short-term weather fluctuations as well as seasonal, yearly,
and longer-term climatic variations. Agriculture can sustain
minor deviations in the climatic mean for long-term changes.
Variations in meteorological factors are more transient, yet
they have a significant impact on agricultural systems. Crop
production and animal agriculture will be affected by changes
in temperature, solar radiation, and precipitation. Climate
change will have an economic influence on agriculture, af-
fecting farm profitability, pricing, supply and demand, trade,
and regional comparative advantages, among other things.
The size and distribution of such climate-induced changes
may have an impact on our capacity to grow food production
[39].

The agricultural industry contributes significantly to
greenhouse gas emissions, and climate change has the poten-
tial to irreparably harm the natural resource base upon which
agriculture relies, as well as negatively impact agricultural
output in general. In the mid-to-high latitudes, mild temper-
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ature rises can have a slight beneficial influence on crop yields;
but, in the low latitudes, even moderate temperature increases
are likely to have a detrimental effect on yields. Water scar-
city and availability will become increasingly constrained,
necessitating a rethinking of water storage to deal with more
intense precipitation events, higher intra- and inter-seasonal
variability (floods and droughts), and higher evapotranspira-
tion. Invasive species, pests, and disease vectors are already
harming agricultural output and are predicted to worsen as a
result of climate change [34].

2.2.1. Climate Variability and Crop Production

Worldwide climate changes have raised worries about
prospective changes to food yields and crop production sys-
tems, according to the [14] report. Increased atmospheric
concentrations of greenhouse gases might lead to regional and
worldwide changes in temperature and precipitation, accord-
ing to studies undertaken to examine the impact of climate
change on agriculture. These changes are expected to have an
influence on agricultural production systems, according to
new [14] estimates. Global warming, according to [40], has
increased the intensity of heat and decreased the dependability
of rainfall in East Africa, resulting in droughts and floods that
have been observed to cause crop loss and damage. [36] found
the same thing in his research. Similarly, according to [36],
changes in rainfall patterns and levels have resulted in agri-
cultural losses in several regions of Africa. In general, varia-
tions in rainfall and temperature are expected to lower agri-
cultural production. Changes in rainfall patterns may raise the
chances of crop failure in the short term while decreasing
productivity in the long term.

Despite significant advances in specific crops in some parts
of the world, climate change is anticipated to have a negative
overall influence on food productivity [36]. Increases in av-
erage temperature can prolong the growing season in areas
where the spring and autumn are generally mild, while also
harming crops in areas where July heat already limits yield
[19]. Furthermore, rising temperatures result in increased
respiration rates, shorter seed development times, and, as a
result, poorer biomass output [3]. Additionally, warmer
temperatures cause a shorter grain filling time, smaller and
lighter grains, and so poorer crop yields and perhaps inferior
grain quality [50]. For some plants, a temperature increases of
less than 1<C can increase transpiration rate by up to 30% [16].
Temperature rises may also influence water supply by
changing runoff and groundwater recharge rates, as well as
capital and technology needs such as surface water storage
and irrigation systems [29]. Climate change will most likely
result in a major spatial shift and extension of croplands,
according to [30], because it will create a favorable or re-
stricted environment for crop growth across different regions,
and because climate is a primary determinant of agricultural
productivity, any significant changes in climate now and in
the future will influence crop productivity.
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2.2.2. Climate Variability & Coffee Production

Coffee productivity and quality, according to [12], is highly
reliant on temperature and rainfall conditions, and is particu-
larly vulnerable to drought, excessive wetness, and wind
damage. [40] found that the blooming and fructification of
Avrabica coffee, in particular, need a precise pattern of dry and
rainy seasonal alternation. Steps in coffee production and
possible implications from severe effects of climate change
and variability according [12]. Increasing temperatures and
erratic rainfall patterns are projected to have severe reper-
cussions for coffee production in terms of quality, yield, and
pests and illnesses, even if future climatic variations between
areas remain unclear. Climate change and unpredictability are
posing a danger to coffee output in every major cof-
fee-growing location on the planet.

Climate change has resulted in higher temperatures, longer
droughts interrupted by severe rains, and more resilient pests
and plant diseases, all of which have impacted coffee output
in the majority of cases. Temperature and rainfall are thought
to be crucial elements in deciding whether or not coffee can be
grown. According to research done by [21], mean tempera-
tures above 23<C inhibit coffee growth, and persistent expo-
sure to daily temperatures as high as 30<C might result in
lower yield. Nonetheless, as scientific studies and participa-
tory evaluations have shown, many of today's coffee-growing
locations are already experiencing climate change and un-
predictability, and are extremely likely to be influenced in the
near and long term. According to [41], a quality issue may
occur as a result of the rapid plant growth, which will result in
inferior coffee fruit quality.

Furthermore, during the summer months, high maximum
temperatures may produce excessive fruit ripening, which is
detrimental to fruit quality. Although coffee trees are resistant
to high temperatures and drought, the occurrence of more
extreme circumstances can lead to physiological stress, such
as a decrease in photosynthetic efficiency. Flowering and
maturation in connection to the anticipation of bud potential
break are the recognized crucial stages that may be impacted,
according to [25]. Furthermore, during the reproductive pe-
riod, high temperatures and dry conditions might be crucial
for optimal coffee yield and quality. The establishment of
appropriate air temperature restrictions for coffee is critical
for its distribution and commercial utilization. Coffee output
will be negatively affected when temperatures climb in the
highlands.

2.2.3. Climate Change and Crop Production in
Ethiopia

In many parts of the world, climate change is one of the
biggest risk factors impacting the agricultural system's per-
formance and management. Many people who are already
vulnerable face worse living situations as a result of climate
change, especially in developing nations where there is a
dearth of assets and sufficient insurance coverage. According
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to [28], climate change is expected to result in a general drop
in cereal crop yields in Africa by shortening the growing
season, intensifying water stress, and raising the frequency of
disease, insect, and weed outbreaks. Among the various en-
vironmental changes brought by climate change that limits
crop yields, heat and water stresses are considered the most
important [33]. The major impacts of climate change are
predicted to be harsh in sub-Sahara Africa because of the
region’s characteristic of high heat stress and low precipita-
tion [49, 46]. Africa is most vulnerable to climate change and
climate variability and the situation is aggravated by the in-
teraction of multiple stresses occurring at various levels and
low adaptive capacity. Agricultural production and food se-
curity (including access to food) in many African countries
and regions are likely to be severely compromised by climate
change and climate variability [15]. Climate change is ex-
pected to shorten the growing season and drive out vast areas
of marginal agriculture, in addition to the semi-arid conditions
that already provide challenges for agriculture in some Afri-
can countries.

Agriculture, which is the mainstay of the Ethiopian
economy, is highly exposed to the impacts of climate change
which threatens sustained economic growth that will lead to
extended poverty. However, like the rest of Sub-Saharan
Africa, Ethiopia’s agriculture is mainly rain-fed and therefore
highly vulnerable to climate change. Rain-fed crop production
is the basis of all subsistence farming in most parts of Ethiopia
and accounts for more than 95% of the land area cultivated
annually. In semi-arid regions, a typical agricultural house-
hold owns a tiny plot of land (usually less than one hectare)
that is used to grow crops and partially sustains varying
numbers of sheep, goats, cattle, and donkeys [9]. According to
[9] climate change, especially increasing temperature has a
damaging impact on Ethiopian agriculture. In Ethiopia,
models indicate that the average daily rainfall amount will
decline to around 1.97 mm from 2070 to 2099. The decrease
in rainfall amount will be aggravated by increased evapo-
transpiration rates caused by likely mounting temperatures
and aridity. The mean annual temperature will rise to 26.9°C
during 2070-2099 [8]. On the other hand, the [27] revealed
that in Ethiopia climate variability and change in the country
are mainly manifested through the variability and a decreasing
trend in rainfall and increasing trend in temperature. Besides,
rainfall and temperature patterns show large regional differ-
ences [26].

2.2.4. Coffee Production and Its Importance in
Ethiopia

Coffee is growing in more than 60 tropical countries among
which Ethiopia is one, and its production is a significant
contributor to agricultural GDP. Coffee (Coffee arabica L.) is
an economically important crop, which is contributing the
highest of all export revenues in Ethiopia accounting for about
27-34 % of the value of all exports. It is a cornerstone in the
export economy of the country and it supports directly or
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indirectly for about 25 mill livelihoods of people. As is widely
known, Ethiopia is the only Arabica coffee origin and diver-
sification center [48]; in the country's western, southern, and
southwest regions, coffee is produced using four different
production systems: forest, semi-forest, garden, and planta-
tion coffee [6]. Of the Southwestern parts of the country,
Jimma Zone is one of the coffee-growing zones by
small-scale farmers’ holdings as well as state and pri-
vate-owned plantations. The Garden coffee production system
is predominantly implemented by small-scale farmers’
holdings.

2.3. Adaptation to Climate Variability

Stafford defines adaptation as "the entire adjustment made
or self-made within natural and human systems as a thera-
peutic or preventative reaction to present or future climatic
stimuli or their consequences in order to limit harm or take
benefit of it at the appropriate moment [37]." [42] define
adaptation as a shift in ecological, social, and economic sys-
tems in reaction to climate stimuli—actual or predicted—and
its ramifications. Consequently, these are modifications to
procedures, customs, and frameworks to lessen possible harm
or seize chances brought about by climate change. It is de-
fined as a change in procedures, practices, and structures
aimed at limiting or eliminating potential damages or taking
advantage of opportunities created by variability and climate
change.

Adaptation to Climate Variability and Change

Making decisions about how to adapt to the consequences
of climate change coffee yield. The impact of numerous cli-
mate variables on agricultural yields needs to be isolated and
measured in order to execute such techniques. A different
adaptation approach, for example, will be needed in response
to a change in temperature than a change in rainfall [1]. In
order to study adaptation strategies that can be utilized to
increase food productivity under climate change in Cameroon,
[45] combined climate and crop models. The study's findings
suggest that using new crop cultivars—Ilate-maturing and
heat-tolerant cultivars—can significantly lessen the negative
effects of climate change on food supply in Cameroon.

There are two different types of production system ad-
justments involved in agricultural adaptation. The first is
more diversification, which entails engaging in production
activities that can withstand temperature stressors and/or
droughts as well as activities that effectively utilize and fully
exploit the current water and temperature circumstances,
among other considerations. Given that different crops are
impacted by climate events differently, crop diversification
can act as insurance against rainfall variability [31].

The second technique focuses on crop management pro-
cedures designed to prevent crucial crop growth stages from
coinciding with extremely unfavorable weather circumstances,
such as dry periods in the middle of the growing season.
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Changes in planting and harvesting dates, as well as length-
ening the growing season, are all possible crop management
techniques. Testing possibilities for adaptation in-depth
seemed to be hindered by a number of factors. Prioritizing
among crop management modifications that could be adaptive
is the main challenge, particularly for interacting practices
like planting dates, fertilizer levels, cultivar selection, and
irrigation management [31].

3. Conclusion

Ethiopia's climate is distinguished by notable regional
variations in temperature and precipitation data. The three
seasons in the nation are kiremt (long rainy season) from June
to September, belg (short rain season) from February to May,
and bega (dry season) from October to January. The average
annual temperature of the nation varies from approximately
10°C in the northwest, central, and southeast highlands to
approximately 35°C in the northeastern lowlands, reflecting
the country's diverse topography. Ethiopia's diverse terrain,
together with the yearly movement of the ITCZ and associ-
ated atmospheric circulations, have a significant impact on the
country's climate. Climate has a major impact on local peo-
ple's living conditions, natural landscapes, and landforms.
Water availability fluctuations can impact agricultural reve-
nue and productivity; the majority of these fluctuations are
brought about by variations in the timing and intensity of
rainfall within a given year [14, 15].

A tight balance between agricultural output and food secu-
rity is created by climate variability, which affects agroeco-
logical, agricultural, and cattle growth conditions. In
semi-arid regions of the world, high climate variability—such
as low and uneven rainfall distribution—is predicted to have
an impact on the yields of food crops, including wheat, rice,
and maize. Rainfall also affects crop enterprises, crop sizes,
cropping schedules, and the prevalence and growth of dis-
eases, weeds, and crop pests among Sub-Saharan African
smallholder farmers. Ethiopia’s geography and geographic
location contribute to its irregular rainfall patterns, which
present serious threats to farmers who depend on agricultural
productivity. The two main rainy seasons in the nation are
"belge" and "kiremt," with the former providing more than 90%
of the agricultural output. Catastrophic floods and famines
have been brought on by droughts [5].

Global food insecurity is a serious risk as a result of climate
change's negative effects on agricultural productivity. Africa
has a high rate of poverty, frequent droughts, unequal land
distribution, and an excessive dependence on rain-fed agricul-
ture, making it one of the most vulnerable regions in the world
to climate change. Unpredictability and climate change limit
agricultural expansion, impact cultivar and crop species selec-
tion, and influence farm management choices. The agricultural
sector is a major contributor to greenhouse gas emissions, and
climate change has the potential to seriously damage the natural
resource base that supports agriculture as well as have a det-
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rimental effect on agricultural productivity. Agronomic
productivity is already being harmed by invasive species, pests,
and disease vectors, and climate change is expected to make the
situation worse [36]. According to the [14] report, food yields
and crop production systems around the world are becoming
more vulnerable to climate change. Raising greenhouse gas
concentrations have the potential to impact agricultural pro-
duction systems by causing global and regional variations in
precipitation and temperature. Droughts and floods brought on
by climate change have damaged and destroyed crops in East
Africa. It is anticipated that variations in temperature and
rainfall will reduce agricultural output, leading to a rise in crop
failure in the short run and a decline in productivity over the
long run. It is anticipated that climate change will have a det-
rimental overall impact on food productivity, even in the case
of notable advancements in individual crops. Raising the av-
erage temperature can damage crops in areas with low yields
while extending the growing season in milder climates. Addi-
tionally, shorter seed development durations, higher respiration
rates, and lower biomass output are caused by rising tempera-
tures.

Coffee is susceptible to drought, over-wetting, and wind
damage because its production and quality are largely de-
pendent on temperature and rainfall levels. In key cof-
fee-growing regions around the world, the yield of coffee is at
risk due to climate change and unpredictability. The produc-
tion of coffee is expected to be severely impacted by high
temperatures and unpredictable rainfall patterns in terms of
yield, quality, pests, and illnesses. Coffee distribution and
commercial use depend on the establishment of suitable air
temperature limitations.

Global agricultural systems are highly vulnerable to the
effects of climate change, especially in developing countries
with inadequate insurance and resource availability. It is an-
ticipated to shorten the growing season, exacerbate water
stress, and increase outbreaks of weeds, insects, and disease
while also lowering cereal crop yields in Africa. Sub-Saharan
Africa, with its high levels of heat stress and limited precipi-
tation, is especially vulnerable to climate variability and
change. Climate variability and change are anticipated to have
a significant negative impact on agricultural productivity and
food security. Ethiopia's primarily rain-fed agriculture is
extremely susceptible to the effects of climate change; pro-
jections indicate that daily average rainfall will decrease be-
tween 2070 and 2099 [8].

The term "climate variability" describes how biological,
social, and economic systems alter in response to climatic
cues. These adjustments seek to mitigate the effects of climate
change or take advantage of its potential. Temperature and
rainfall are two examples of climate variables that can affect
coffee production adaptation options. Using novel crop cul-
tivars, such as late-maturing and heat-tolerant cultivars, can
lessen the detrimental effects of climate change on the
availability of food, according to a Cameroonian study. Two
types of adaptation techniques exist: crop management, which
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entails avoiding critical crop growth stages from coinciding
with unfavorable weather circumstances, and diversification,
which entails engaging in productive activities that can toler-
ate temperature stresses and droughts. However, issues like
prioritizing adaptive techniques like planting dates, fertilizer
levels, cultivar selection, and irrigation management make it
difficult to explore adaptation potential in-depth [31].
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