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A B S T R A C T   

Ethiopia is highly vulnerable to climate variability and change due to depend on the rain-fed 
agricultural system. The paper provides comprehensive review of impact and adaptation of 
climate variability and change on small-holder farmers and agriculture in Ethiopia. The study 
used secondary data from journal articles, books and technical reports, and discussed and orga-
nized with desk review. The study explored that climate variability and change has significantly 
affected crop and livestock production, fisheries and aquaculture, and food security. The study 
found that over 38 million people seriously interrupted from their living condition associated to 
climate related crises since 2000s up to 2010s in Ethiopia. Locust upsurge with the pest spreads 
reduces 1,228,352, 1,026,132 and 843,241 quintals of cereal crop productions in Oromia, Somali 
and Tigray regions of Ethiopia, respectively in 2020 production year. Drought declined 26% of 
number of cattle herd sizes in Dire and Yabelo District, Borana zone, southern Ethiopia in 2010/ 
2011year. Although Effect of climate variability and change has become a serious problem on 
crop cultivation, pastoralism, and agro-pastoralism in Ethiopia, pastoralism, and agro-pastoralism 
are more vulnerable comparatively. Small-holder farmers have practiced soil and water conser-
vation, improved crop and livestock variety, tree planting, livestock mobility, crop diversifica-
tion, planting date adjustment, irrigation, agronomic practices, livelihood diversification, 
integrating livestock with crop production to reduce adverse impact of climate variability and 
change in the country. Livestock ownership, farm size, extension service, credit service, distance 
to market, and access to climate information were major factor of adaptation strategies. It 
concluded that farmers have practiced different adaptation strategies to reduce impact of climate 
variability and change in different part of the country. The study suggest that scholars should 
conduct their studies in disaggregate way for impact and adaptation to climate related problem 
and the corresponding factors across agro-ecologies in Ethiopia.   

1. Introduction 

Climate variability and change has an adverse impact on human beings and natural systems [1]. It has affected livelihoods, health 
and well-being, ecosystems and species, infrastructure, and economic, social and cultural assets [1]. Impacts of climate variability and 
change will not be uniform, and that there will be losers and gainers depending on the environment, operating and managing system 
[2]. In general climate variability and change has influenced the whole sectors in the world but the adverse effects have been observed 
on agricultural production and productivity in developing countries [3]. Adverse impacts of climate variability and change were also 
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observed in the case of farmers who planted late and used low plant populations in East Africa [2]. Severely impacted agricultural 
production in the region especially the marginal rain-fed farming and fragile pastoral livelihoods are vulnerable. Because, many 
livelihoods across the region are heavily dependent on agriculture [4]. Evidence suggested that the semi-arid regions of central Kenya 
had been more profoundly impacted by climate changes and variability, including more erratic rainfall patterns and temperature 
regimes [5]. But it affects the farming system in different way across crops in Kenya. For instance, temperature has a negative effect on 
maize production and its revenues [6]. Pastoralists suffered extreme drought and loss of their cattle in Ethiopia, Kenya-Somalia border 
[7]. In Ethiopia all rural livelihood systems: crop cultivation, pastoralism, and agro-pastoralism are highly sensitive to climate and are 
vulnerable to hazards in multiple ways [8]. The empirical evidence revealed that climate variability and change indicator, temperature 
had a significantly negative impact on food availability and accessibility for long run in sub-Saharan African countries [9]. 

Human interruption on natural environment is a driver factor for climate variability and change [1]. For instance, forest 
decreased/destructed from 54.5% to 48.9% and 41.2% while agricultural farm land increased from 21.8% to 29.7% and 39.8% under 
land use change scenarios, respectively [10]. Similar study found that in 2000, 2008, and 2014, agricultural land covered 33.0%, 
69.1%, and 72.2% of River Mpanga Catchment (RMC) area, respectively [11]. This indicated that the natural environment and forest 
coverage were changed through time to time. For example, dense forests and open forests decreased by 10.4% and 9.8% from 2000 to 
2016, respectively [12]. By this implication, climate variability and change issue is serious problem not only in the present but also in 
the future [6]. Based on the projection study, the mean annual temperature exhibited a significant warming trend of 0⋅12–0⋅54 ◦C per 
decade for the coming years and annual rainfall will change by 10% up to 40% in 2080 [13]. Predictions for the future effects of climate 
variability and change show that annual temperature will increase by 1 ◦C in 2020 and 2 ◦C and 2.5 ◦C in 2030 and 2040, respectively 
[6]. In general, studies indicated that there is decreased rainfall and increased temperature [10,14,15]. The western borders of 
Ethiopia have experienced a significant amount of warming since preindustrial times up to the present day [4]. The eastern lowland 
region, highland region and western borders of Ethiopia, will be warmer than the current climate throughout the year resulting in more 
frequent days above 40 ◦C, 30 ◦C and 40 ◦C, respectively in the 2050s [4]. As result the production of teff, maize and sorghum will 
decline by 25.4%, 21.8% and 25.2% by 2050s, respectively [16] and the grain yield will be reduced from 36% to 40% 2050s with effect 
of climate variability and change [17]. 

Adaptation is a fundamental response to the effect of current and future climatic changes in semi-arid farming systems of the Sub- 
Saharan Africa [5]. Climate variability and change needs an appropriate adaptation measures and minimization of the effects at 
national and farm levels through designing policies that prevent destruction of the natural environment [6]. Adaptations to climate 
variability and change must be undertaken within the multifaceted context and addressing climate change complementing overall 
governance for sustainable use [18]. Adaptation responses are also tailored to the specific environmental, socio-economic and cultural 
conditions of a particular areas or community or national since climate change impacts vary between geographic areas [19]. 
Small-holder farmer used different adaptation strategies such as irrigation, agro-chemical application and drought resistant varieties 
with integrating of modern and local knowledge systems and technologies to facilitate in the forest-savanna transitional zone of Ghana 
[20]. The adaptation measures adopted by the farming households include irrigation, crop rotation, and changing crop variety in 
Tyhume Valley communities, Eastern Cape Province, South Africa [21]. Early maturity crop varieties, use of terraces and intercropping 
are the most common adaptation strategies to Climate variability and change in Mbeere South, Meru South, and Maara Sub-Counties in 
Kenya [5]. Among adaptation mechanisms are understanding of current response measures to climate variability and change to inform 
planned adaptation, designing approaches and policies that build the livelihood asset based adaptation, reducing vulnerability to 
multiple stressors, designing adaptive strategies with a multi-sector perspective [22]. Aggressive adoption of integrated pest man-
agement practices and introduction of new inputs countered more virulent/contagious challenges [19]. Similarly, the majority of 
Ethiopian farmers have already exercised different adaptation strategies to climate change and variability, but efforts are still relatively 
a minimal and fragmented [23]. Thus, the objective of the review is assessment of impact and adaptation of climate variability and 
change on small-holders and agriculture in Ethiopia. 

1.1. Review questions 

The study is guided by the following research questions.  

• What are the main impacts of climate variability and change on small-holders and agriculture in Ethiopia?  
• What are the major farmers’ adaptation strategies to climate variability and change in Ethiopia?  
• What are the major factors affecting farmers’ adaptation strategies to climate variability and change in Ethiopia? 

1.2. Objectives of review  

• To identify the main impact of climate variability and change on small-holders and agriculture in Ethiopia  
• To review the major farmers’ adaptation strategies to climate variability and change in Ethiopia  
• To review the major factors affecting farmers’ adaptation strategies to climate variability and change in Ethiopia 

2. Methodology 

The study was involved mainly collection of secondary data from various sources such as peer reviewed journal articles, books and 
technical reports from Google and Google scholar. More specifically the study involved that the desk review of relevant literature on 
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the area of impact and adaptation of climate variability and change on small-holders and agriculture in Ethiopia. The study used 
literatures for topics crop production, livestock production, fisheries and aquaculture, and food security 13, 9, 9 and 10, respectively. 
In general, the study used more than 90 literatures which were reported in period of 2007–2023. The references of literatures are 
organized and arranged using reference management software, mendeley. A review study needs critical assessments of a segment of a 
previous research studies through descriptions, summary, classification, and comparison of those works [23]. Paraphrased relevant 
information were discussed and organized in coherent manners throughout the paper and presented in form of narration (statement), 
tables and figures. The paper gives some basic information and knowledge for conducting scientific study on this thematic area. It 
could be used to conceptualize and update the government and non-government organizations, reviewers, national and international 
development practitioners for intervention and minimization of impact to climate variability and change. In general, it is important to 
update the national and international audiences on that specified thematic area. 

3. Result and discussion 

3.1. Ecological and socio-economic aspects of Ethiopia 

Ethiopia is landlocked country and located in horn of Africa, bordering with Kenya, South Sudan, Sudan, Eritrea, Djibouti and 
Somalia [24]. Geographically, Ethiopia extends from 3◦ 24′ to 14◦ 53′ northern latitude and from 33◦ oo’ to 48◦ oo’ eastern longitude 
[25]. It has approximately 1.1 million km2 landmass [24,25] and its altitude ranges from 125 m below sea level to 4533 m above sea 
level [25] and covering high mountains, flat-topped plateaus, gorges, valley bottoms and aquatic and wetland environments [26]. 
Ethiopia has many different agro-ecological zones and farming systems that vary within short distances [27]. Although Ethiopia has 
highly diverse agro-ecological zone, it is manly divided into Kur (Extreme cold and dry highlands) > 3700; Wurch (Cold and dry 
highland), 3200–3700; Dega (Cool andmoist highlands), 2300–3200; Woina Dega (mid-highlands), 1500–2300; Kola (humid and 
moist lowlands), 500–1500, and Bereha (Hot and dry lowlands) < 500 [28] and has more than 13 major vegetation types and various 
ecosystems [26]. 

Ethiopia is the second most populous country in Africa after Nigeria, with an estimated population of 115 million people in 2021 
and with an annual growth rate of 2.5% [24]. In the past decades Ethiopian population were increased an alarming rate (1980s, 1990s, 
2000s and 2010s), (42.6, 53.5, 73.5 and 83.7 million) based on estimation of national census in Ethiopia, respectively [29]. The 
projection population study also estimated that Ethiopian population gradually increased from 83.7 million in 2012 to 133.5 million in 
2032 and 171.8 million in 2050 [29]. About 80% of Ethiopian population live in rural areas that depend on agriculture for their 
livelihood [24,30]. The primary school net enrolment was increased from 95% in 2017 to 97% in 2020 and the gender parity index for 
grades 1–8 is 0.9, and only about 58% of girls and 54% of children complete the primary cycle in rural areas [24]. Moreover, majority 
of populations of the country are rural residents with low income, getting less than one dollar per day [31] and the income is derived 
from crop and livestock in rural livelihoods [8]. About 74% of farmers are smallholder farmers in Ethiopia and with subsistence 
farming system (hand to mouth) [32]. Similarly, around 98% of rural farmers and 64% of small town households have practiced 
agriculture including both crops and/or livestock production [33]. In the country, the average farm size of smallholder farmers is 0.9 
ha [34]. The employment to population ratio is highest in rural areas compared to urban areas. In rural areas, 71.4% of the persons 
aged 15 years and above are employed but only 46.6% are employed in urban areas [35]. Agricultural sector shares an employment 
opportunities to 66% of the population of the country and contributes to 33% of GDP in 2019 year [36]. Ethiopian economy growth has 
declined from 10.4% in 2005–2019 to 6.1% in 2020 [24] and about 67% of the small family farms in live below the national poverty 
line [32]. The poor farmers are the most vulnerable to climate change and variability. This is due to high human environmental in-
teractions caused by combined effects of high population density and small ratio of land holdings, and high dependency on rain-fed 
cropping system [37]. 

Fig. 1. Effect of climate variability and change (drought) in Ethiopia, Adapted from [48].  
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3.2. Impacts of climate variability and change on farmers’ livelihoods in Ethiopia 

Ethiopian traditional livelihood systems are highly susceptible to climate variability and change due to their close links to the 
natural environment [19]. Climate related hazards in Ethiopia include drought, floods, heavy rains, strong winds, frost, heat waves 
(high temperatures). Frequent occurrence of droughts and floods have deteriorated the livelihoods of rural people [38–40]. Farmers 
are progressively vulnerable to climate change risks in Dembia woreda, Northwest Ethiopia [15]. An increasing in temperature and a 
fluctuating rainfall patterns would like increase some agricultural pests and waterborne pathogens, and these pathogens change and 
affect crop and livestock production [19]. A study found that low rainfall and agricultural pests are the most important factors 
influencing livelihood activities in agro-pastoral systems of Borana Plateau of Ethiopia [41]. Rainfall variability and a rising tem-
perature have affected rural people in Konso district of SNNP regional state, Ethiopia [42]. The serious damage of floods were 
including damage of farm land, loss of harvested and standing crops, loss of houses and house properties, and damage of settlements a 
semi-closed basin in northern Ethiopia [43]. High score of exposure to climate change and variability were related to drought risks and 
long-term impact of climate change [44]. Drought had significant social and economic effects historically in Ethiopia. A recent year, in 
2003 it affected over 12, 600, 000 people in Tigray, Oromiya, Amhara, Somali and Afar Regions (Fig. 1). Similarly, 10, 000, 000 people 
were affected in Somali and Afar Regions in 2015 (Fig. 1). The effects of climate change and variability (frequent occurrence of extreme 
weather events) seriously affected agricultural production and food security [45–47]. The loss of crops and livestock often results in 
severe household food shortages and psychological stress and insecurity among the affected people [45]. 

3.2.1. Impacts of climate variability and change on crop production in Ethiopia 
The result of the study confirmed that there is a long-run relationship between crop productions and climate variability and change 

in Ethiopia [3]. For instance, productivity of sorghum was challenged by recurrent droughts, insects, diseases [49]. Crop yields such as 
teff (Eragrostis teff) and sorghum were affected by climate variability and change indicators such as recurrent drought, occurrence of 
flooding and variable rainfall in Northern Ethiopia [47]. A typical study analyzed economic impact of climate variability and change 
on crop production in Ethiopia by considering temperature and precipitation variability for terms of four seasons (winter, spring, 
summer and fall) [50]. An increasing temperature reduces the net revenue per hectare by US$997.85 and US$1277.28 during winter 
and summer, respectively. Whereas an increasing temperature increases the net revenue per hectare by US$375.83 and US$1877.69 
during spring and fall, respectively [50]. In same way, the study showed that marginally increasing precipitation increases the net 
revenue per hectare by US$225.08 during spring. In addition, marginally increasing precipitation reduces the net revenue per hectare 
by US$464.76, US$18.88 and US$64.19 during winter, summer and the fall, respectively [50]. Due to climate variability and change 
crop damaging, farmers lost 22,728$ and 30,772$ money to purchase crop for their household consumption in Woina-Dega and Kolla 
agro-ecological zones, respectively [42] and an estimated of 3230 and 5181quintal of crops were damaged by climate variability and 
change in Kolla and Woyina Dega agro-ecological zones with in Konso district, SNNP regional state, Ethiopia, respectively [42]. On 
other hand locust upsurge with the pest spreads reduces 1,228,352, 1,026,132 and 843,241 quintals of cereal crop productions in 
Oromia, Somali and Tigray regions of Ethiopia, respectively (Table 1). Desert locust has damaged different crops but the worst affected 
cereal crops were sorghum (112,476), maize (41,041) and wheat (24,419) quintals in some regions of Ethiopia [51]. 

3.2.2. Impacts of climate variability and change on livestock production in Ethiopia 
In Ethiopia climate variability and change poses particular risks to poor farmers and pastoralists who have an immediate daily 

dependence on climate sensitive livelihoods and natural resources. An increased climate variability and change has physiological 
effects of higher temperatures on livestock production and productivity, and loss of livestock number as a result of droughts, floods and 
disease epidemics [52]. The potential effects of climate variability and change on livestock production are changing of livestock feed 
availability, reducing rainfall/water accessibility, affecting animals’ health, growth and reproduction, reducing number of cattle 
herds, changing of forage crop quality and quantity, spreading of diseases, reducing livestock performance and maturity, changing of 
income and prices in many parts of Ethiopia [38,53,54]. For instance, pastoralists and agro-pastoralist regions are highly disposed to 
adverse impacts of climate variability and change in East Guji and Borana Zone, southeastern of Ethiopia [54,55]. Similarly, a study 
indicated that pasture and water availability were became scarce, and livestock assets and productivity were highly reduced, due to 
adverse impacts of climate variability and change in Fentale District of Oromia Region, Ethiopia [56]. Severity of the drought affected 
livestock in Borana zone. The livestock are very weak and emaciated body conditions due to searching for food and water and finally 
leading to death (Fig. 2). Drought declined the number of cattle herd sizes substantially by 26% in Dire and Yabelo District, Borana 
zone, Oromia Regional State, southern Ethiopia in 2010/2011 [57]. A study found that about 483,400 and 572,350 Ethiopian Birr 

Table 1 
Crops loss per quintal due to desert locust in some regions of Ethiopia, Adapted from [51].  

Regions of Ethiopia Total cereal loss Maize Sorghum Wheat Barely Vegetable Total 

Afar 202,882 3633 175 614 – 453 4875 
Amhara 96,780 – 15,430 – – – 15,430 
Oromia 1,228,352 3813 32,234 5000 – – 41,047 
SNNP 134,420 1748 2410 – – – 4158 
Somali 1,026,132 30,000 41,271 18,805 – – 90,076 
Tigray 843,241 1847 20,956 – 6005 – 28,808 
Grand total 3,531,807 41,041 112,476 24,419 6005 453 184,394  
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(ETB) of valued livestock forage was damaged by climate variability and change, and consequently, about 939,280 and 1,003,800 ETB 
could be obtained from livestock production, was lost by climate variability and change in Kolla and Woyina Dega agro-ecological 
zones in Konso district, SNNP region, Ethiopia, respectively [42]. 

3.2.3. Impacts of climate variability and change on fisheries and aquaculture in Ethiopia 
In coastal regions, fisheries, aquaculture and related activities provide livelihoods for millions of people and contribute signifi-

cantly to the food security and economic well-being [59]. Fishery is an important economic activity in the coastal zones [60]. Climate 
variable indicators such as rainfall, temperature and sea level have a relationship with local communities and their livelihood ac-
tivities, namely fishing, farming and seaweed farming [61]. There was fluctuation of rainfall, temperature, and humidity over the years 
in coastal regions [62,63]. Environmental impact and climate change contributed to low production in aquaculture practice [64,65] 
and climate variability and change affected fish production and aquaculture sector directly by influencing fish stocks and compre-
hensive supply of fish for consumption in Ethiopia [62,66]. The life expectancy of the lake will relatively decrease under effect of 
climate variability and change on sediment yield in the Central Rift Valley Basin of the country [67]. 

3.2.4. Impacts of climate variability and change on food security in Ethiopia 
According to the FAO food security can be defined as a situation that exists when all people, at all times, have physical, social and 

economic access to sufficient, safe and nutritious food that meets their dietary needs and food preferences for an active and healthy life 
while food insecurity exists when people do not have adequate physical, social or economic access to food as defined above [68]. It is 
composed of availability (enough food produced), access (affordable or getting food), utilization (nutritional uptake from food), and 
stability (supply, access and utilization ensured) [69]. Food availability could be threatened through direct climate impacts on crops 
and livestock production from increased flooding, drought, shifts in timing and amount of rainfall, and high temperatures, or indirectly 
through increased soil erosion from more frequent heavy storms or through increased pest and disease pressure on crops and livestock 
caused by warmer temperatures [69]. Food access could be affected by climate change impacts on productivity in important cereal 
producing regions of the world, which, along with other factors, could raise food prices and erode the ability of the poor to afford 
purchased food. It is also threatened by extreme events that impair food transport and other food system infrastructure [69]. An 
increasing atmospheric CO2 has an impact on nutrition by reducing the nutrient content of crops, creating nutritional challenges [19]. 
It could also impact food utilization through increased disease burden that reduces the ability of the human body to absorb nutrients 
from food [69]. Warmer and more humid conditions caused by climate change could impact food availability and utilization through 
increased risk of spoilage of fresh food and pest and pathogen damage to stored foods (cereals, pulses, tubers) that reduces both food 
availability and quality [69]. 

In Ethiopia, climate change and variability has a serious impact on food security status of the rural people [16]. One of the major 
adverse impacts of climate variability and change is food insecurity, arising from occurrences of droughts and floods, outbreak of 
diseases such as malaria, water borne diseases associated with floods, respiratory diseases associated with droughts, and land 
degradation due to heavy rainfall in the country [38,70]. With inadequate sources of food and income as a result of the drought, 
vulnerable rural households face widespread hunger and malnutrition [39]. Recent trends show that rainfall has decreased signifi-
cantly in the period March–September since the 1990s across most of the country [8]. In late 2015, a Government-led multi-agency 
meher assessment found that10.2 million people were food insecure, while 2 million required agricultural input support to resume 
food production [39]. About 2.5 million people were at risk of food insecurity because of damaging of crop productions by desert locust 
[71]. In addition, estimated of 976,381 farmers were affected by desert locust and have required humanitarian food assistance. More 

Fig. 2. The severity of the drought affected livestock of Borana zone in 2023 [58].  
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humanitarian food assistance needs are in Somali and Oromia regions that experienced larger crop loss [51]. 

3.3. Farmers’ adaptation strategies to climate variability and change in Ethiopia 

Climate change adaptation method takes place at international level (cooperation between industrialized and developing coun-
tries), national level (emphasis on poverty reduction, development policy geared more toward vulnerable sectors, support adaptation 
at local or community levels) and local level (establishment of social institutions, prevent marginalization of sections of population, 
encouragement of diversification of income sources, provision of knowledge, technology and financial support) [1]. Adaptation 
measure requires involvement of multiple stakeholders including government organizations and institutions (policymakers and 
extension agents), none government organizations, researchers, communities, and individual farmers [53]. The strong dependence of 
the country on agriculture which is very sensitive to climate variability and change, the government of Ethiopia has given top priority 
or consideration to the agricultural sector and has designed policies and programs [72]. The policies and programs include the plan for 
accelerated and sustainable development to end poverty, the environmental policy, the agriculture and rural development policy and 
strategy, Ethiopian climate-resilient green economy policy, Ethiopian climate smart agriculture policy (integrated soil fertility man-
agement, water harvesting, and agroforestry) and strategic investment framework for sustainable land management [38,46]. Some 
actions were taken to improve the adaptive capacity of smallholder farmers and reduce the vulnerability of the country to current and 
projected climate change and variability and increase production and productivity [38]. The responses are promoting drought in-
surance programs; strengthening drought and flood early warning systems; water harvesting schemes in arid, semi-arid, and dry sub 
humid areas; improving rangeland resource management practices in pastoral areas; realizing food security through a multi-purpose 
large-scale water development project in the Genale-Sawa Basin; establishing a community-based Carbon Sequestration Project in the 
Rift Valley System [38]. 

The local community have developed and implemented widespread adaptation strategies to reduce vulnerability to climatic 
variability and change using their indigenous knowledge [73]. Individual farmers have used different adaptation strategies to mitigate 
the adverse impacts of climate variability and change at local level [40]. For instance a study explored that Impact of climate vari-
ability and change and farmer’s response strategies are diverse in different rural setting [74]. It needs suited adaptation strategies for 
different contexts and agro-ecological settings [75]. Adaptation measures were identified and recommended specifically to cope up the 
effect of climate variability and change [75]. In Ethiopia, a study was conducted on 50 districts of different agro-ecologies with 1000 
sample household farmers and identified the main adaptation strategies to climate variability and change including irrigation, planting 
drought tolerant and early maturing crop varieties, strengthening institutional set-ups working in research, educating farmers and 
encouraging ownership of livestock [50]. Purchasing grass and feeding enset (Ensete ventricosum) leaf are the most commonly 
adaptation mechanisms to alleviate feed shortages during the dry season (serous drought) in the Damot Gale District of Wolaita Zone 
[76] and temporary migration to areas with better pasture is alos the most commonly coping strategy to climate-related problems so as 
to address feed and water shortage in pastoralists/agro-pastoralists area of Ethiopia [54]. 

However, farmers have used different adaptation strategies to climate variability and change in different part of Ethiopia (Table 2), 
majority of farmers have used at least one adaptation strategy to climate variability and change in the local areas [23]. According to 
studies undertaken by Hirpha et al. (2020) and Belay et al. (2017) showed that 82.9% and 85% of farmers implement various 
adaptation options to climate variability and change in their localities, but the remaining 17.1% and 15% of farmers have not carried 
out any adaptation measures, respectively in the Central Rift Valley of Ethiopia. Similarly, scholars reported that about 81.2% (359) 
respondent farmers have used at least one adaptation strategy to climate variability and change aggregately, while the remains 18.8% 

Table 2 
Farmers’ adaptation strategies to climate variability and change in different part of Ethiopia.  

Study areas in different part of the country Farmers’ adaptation strategies to climate change and variability in Ethiopia References 

Nile Basin of Ethiopia Using of crop varieties, Tree planting, Soil conservation, Early and late planting, and Irrigation [80] 
Borana, Southern, Ethiopia Livestock mobility, Drought-tolerant species (Camel), Cultivation of cereals and fodder, Asset 

diversification 
[81] 

Dera Woreda, South Gondar Zone Crop-diversification, Soil and water conservation and Seasonal migration [79] 
Central Rift Valley of Ethiopia Crop diversification, Planting date adjustment, Soil and water conservation and management, 

Integrating crop with livestock, and Tree planting 
[53] 

Muger Sub-Basin of Upper Blue-Nile Basin of 
Ethiopia 

Small-scale irrigation, Agronomic practices, Livelihood diversification, and Soil and water 
conservation measures 

[77] 

Abeshege District, Gurage zone, Ethiopia Soil and water conservation, Small scale irrigation, Changing planting date, and Using improved 
crop and livestock variety 

[82] 

Nile Basin of Ethiopia Agro-forestry, Soil conservation, Improved variety, Manure, Minimum tillage, and Crop 
diversification 

[83] 

Agro-pastoral dry lands of Northeastern 
Amhara, Ethiopia 

Portfolio diversification, Enhancing livestock productivity, Agro-ecological practice and 
Diversification of non-agricultural income 

[84] 

Central Rift Valley Adama District Using improved crop varieties, Planting trees, Watershed management, Adjusting planting date, 
and Terracing 

[23] 

Fentale District of Oromia Region, Ethiopia Integrating livestock with crop production, Livestock mobility and diversification, Cash for work, 
and Food aid 

[56] 

Central Gondar Zone, Amhara Regional 
State, Northwest Ethiopia 

Use of improved crop varieties, Early and late planting, Soil and water conservation, Mixed 
cropping, Use of irrigation, and Income source diversification 

[85]  
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(83) of sample households not used any adaptation measures in Muger Sub-Basin of the Blue-Nile basin, Ethiopia [77]. The proportion 
of adopter farmers have used small-scale irrigation, agronomic practices, livelihood diversification, and soil and water conservation 
measures and the percentage 28.7%, 27.4%, 11.5%, 13.6%, respectively in disaggregate way [77]. The result of the study showed that 
significant number of respondents (86.4%) frequently participate in soil and water conservation (SWC) for improving production and 
reducing climate variability and change, while the remain 14.6% of the respondents do not practices this technology [78]. Among 
adopter categories of SWC practices, 55.6%, 18.85% and 42.8% were highly involved in terracing, vegetation cover, and compost 
preparation respectively [78]. In the same way, a study showed that (89.1%) of sampled households employed at least one adaptation 
strategy but the remaining 10.9% are none adopter of any climate variability and change adaptation strategies [79]. Based on the 
importance of each strategy to their livelihood and agricultural activities, crop-diversification (38.2%), soil and water conservation 
(31.8%) and seasonal migration (19.1%) were identified as the major adaptation strategies both in the dega and woina dega 
agro-ecological zones of the study area [79]. This implied that still small numbers of farmers have used adaptation strategies to climate 
variability and change and also their perception and implementation varies from region to region in Ethiopia. 

3.4. Factors of adaptation strategies to climate variability and change in Ethiopia 

There are different factors of adaptation strategies to climate variability and change at international, national and local level. At the 
international level, the Paris Agreement (PA) enhances the implementation of the United Nations Framework Convention on Climate 
Change (UNFCCC) and aims to strengthen the global response to the threat of climate variability and change through an integrated 
approach [86]. This effort to apply appropriate adaptations deficit caused by poor countries are less able to take effective adaptation 
action to climate variability and change [87]. There is an evidence indicated that there is inequality between least developed and 
developed countries in terms of affecting global climate [88]. For instance, developed countries contribute 53–61%, and developing 
countries 39–47%, for increasing in global air temperature approximately [89]. The major influences in that, farmers are mainly 
depend on agriculture for their livelihoods, which is very sensitive to climate variability and change at the national level [33,72]. In 
addition, smallholder farmers’ landholdings are fragmented into small plots and on the average less than 1 ha of land [32]. There is no 
significant proportional use of mechanizing farming in Ethiopia [90]. Some of the major barriers for climate variability and change 
adaptation gains from the on-going national initiatives include lack of strong coordination mechanism both at the federal and regional 
levels, lack of efficient outreach mechanism on environment to local communities, economic challenge, i.e., limited finance for 
environment etc. [38]. Determinates of adaptation strategies to climate variability and change are varying from place to place in 
different part of Ethiopia at local level (Table 3). The techniques of adaptation are also differing depending on capacities, knowledge 
and wealth status of individual farmers. A study indicated that, wealth status, social capital, temperature, lack of information on 
adaptation methods and financial constraints have influenced farmers’ choices of adaptation strategies to climate variability and 
change [80]. 

Furthermore sex, age, literacy status, family size, land holding, livestock number, access to climate information, farmers’ 
perception to climate change, extension services, on-farm income, off/non-farm income, access to credit, agro-ecological setting and 
market distance are significant factors of CCAS in Ethiopia [23,82]. Determinants of adaptation strategies have significantly affected 
farmers’ adaptation strategies to climate change and variability either positively or negatively. A study showed that sex of household 
head has a positive relationship with soil conservation, crop varieties and planting trees at 1% significant level. A researcher described 
that male-headed households are more likely to adopt climate variability and change adaptation strategies and agricultural tech-
nologies [80,79]. Age of household head affected adaptation to climate change and variability positively and significantly. A unit 
increases in age of the household head, probability of planting trees and irrigation increase by 0.5% and 0.06%, respectively [80]. On 
other hand a study showed that age of household head has a negative correlation with soil and water conservation and seasonal 

Table 3 
Factors of adaptation strategies to climate variability and change in different part of Ethiopia.  

Study areas in different part of Ethiopia Factors of adaptation strategies to climate change and variability References 

Coffee-based farming system of Southwest 
Ethiopia 

Age of household head, Access to climate information, Access extension services, Education level, 
farm size, income from coffee, and agro-ecological setting 

[91] 

North-central Ethiopia (Woleka sub-basin) Financial constraints, Lack of affordable technologies, Lack of knowledge, Limited access to early 
warning, Uncertainty about the future, Shortage of land and Scarcity of water 

[92] 

Yabello District, Borana Zone, Oromia 
National Regional State, Ethiopia 

Sex of household head, Education status of household head, Size of livestock holding, Market 
distance from homestead, Access to credit, Access to early warning information, Access to training, 
and Pastoral/agro-pastoral income 

[93] 

Dabus watershed, North-West Ethiopia Household size, Gender of household head, Size of cultivated land, Education, Farm experience, 
Non-farm income, Income from livestock, Climate information, Extension advice, Farm-home 
distance, and Number of parcels. 

[94] 

Abobo and Itang District, Gambella, Ethiopia Age, education, Farm income, Extension contact, Access to credit service, and Land holding size [95] 
Central highlands of Ethiopia Formal education, Lacked information Shortage of water for irrigation, and Shortage of money to 

buy necessary inputs, 
[40] 

Eastern Tigray Regional State of Ethiopia Age, Education, Livestock holding, Cooperatives membership, Extension services, Farmers income, 
Households perception, Distance to market, and agro-ecological setting 

[96] 

Eastern Hararghe zone of Oromia of Ethiopia. Gender of household head, Household size, Farm size, Distance from market, and Number of farm 
plots 

[97]  
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migration at p < 1% and p < 10% respectively. A unit increase in age of the household, probability of using soil and water conservation 
and seasonal migration is decreased by 0.7 and 0.8 times, respectively [79]. The author also explained that older farmers are less likely 
to take such climate change adaptation strategies than younger farmers. Because, younger households are active and energized than 
older households in the application of soil and water conservation and seasonal migration which require more labor force [79]. 
Furthermore, a study stated that a unit increase in the age of a household head would, decrease likelihood of practicing climate change 
adaptation activities. The author argued that younger farmers are flexible in decision-making process, and seeking support and in-
formation from government and non-governmental institutions and they are risk taking as compared to older farmers [23]. Education 
had a positive and strong relationship with climate change adaptation strategies. The level of education increases, probability of 
adapting to climate change increases [53]. 

A study showed that education of household head increases, likelihood of adapting to climate change increases significantly. A unit 
increase in number of years of schooling would result in a 1% increase in the probability of soil conservation and a 0.6% increase in 
change in planting dates to adapt to climate change [80]. Family size has a positive effect on climate change adaptation techniques at p 
< 0.01 significant level. The marginal effect result showed that a unit increases in productive family members, likelihood of adopting 
planting food and fodder trees, integrating crop with livestock, and soil and water conservation measures increases by 1.3%, 2.35% 
and 4%, respectively [53]. Farm land has a positive and significant association with most of adjustment methodologies. The size of 
farmland increases, chance of planting diverse feed trees and integrating crop with livestock production increases [53]. Similarly, a 
study revealed that farm land of household affected farmers’ decision to take climate variability adaptation strategies positively [82]. 
A researcher found that livestock holding have influenced stallholders’ choice of livelihood diversification strategies negatively at 1% 
significant level. The study reveals that a unit increase in a number of livestock would result in 15.7% decrease probability of creating 
another source of livelihoods like petty trading and small business as an alternative means of income [77]. Farmers who have access to 
professional advice from extension workers are more likely to practice climate change adaptation strategies compared to those who do 
not get access to professional advice. Hence, researcher revealed that access to expertise of agricultural extension workers has 
determined the level of adaptation climate change and variability significantly [23]. Access to extension service has positive and 
significant correlation with likelihood of choosing adaptation strategies such as crop-diversification, soil and water conservation and 
seasonal migration at p < 0.01, p < 0.1 and p < 0.05, respectively. A unit increase in the extension contact is likely to increase the 
probability of the farmer to adapt the three adaptation measures by 51, 13 and 19% respectively [79]. Access to information is an 
important intuitional factor to make decision on adaptation strategies to climate change and variability through TV, radio, magazine, 
newspaper, and personal observation and development agents. An individual exposed to climate information is more likely to take an 
immediate action to cope with risks related to climate change. The result shows that access to information has positive and significant 
impact on home feeding, use of crossbred animals, and marketing during shock [98]. Similarly, another a study reported that access to 
climate information has strong positive relationship with climate change adaptation strategies [80]. In addition, farmers’ perception to 
climate change is affecting adaptation options of farmers positively at significant level. While the results of linear regression model 
presented that the amount of rainfall received and temperature affected coffee production significantly in the study area [82]. A study 
showed that distance from market center is negatively related to adaptation strategies to climate change and variability. Greater 
distance to marketplace and size of farmland affected the use of agronomic practices negatively. The author explained that farmers in 
the remote area have less opportunity cost to adapt labor-intensive adaptation practices [77]. 

4. Conclusion and future direction 

The adverse impact of climate variability and change has wide-ranging effects on small-farmers’ livelihoods in Ethiopia. Especially, 
it affects agricultural production in the country. Climate variability and change has affected over 12, 600, 000 people in Tigray, 
Oromiya, Amhara, Somali and Afar Regions, and over 10, 000, 000 people were also affected in Somali and Afar Regions in 2003 and 
2015, respectively. It reduces 1,228,352, 1,026,132 and 843,241 quintals of cereal crop productions in Oromia, Somali and Tigray 
regions of Ethiopia, respectively in 2020 production year. An increasing temperature reduces the net revenue per hectare by US 
$997.85, US$1277.28, US$375.83 and US$1877.69 during winter, summer, spring and fall, respectively in Ethiopia. The potential 
effects of climate variability and change on livestock production are changing of livestock feed availability, reducing rainfall/water 
accessibility, affecting animals’ health, growth and reproduction, reducing number of cattle herds, changing of forage crop quality and 
quantity, spreading of diseases, reducing livestock performance and maturity, changing of income and prices in many parts of Ethiopia. 
Effect of climate variability and change, drought declined the number of cattle herd sizes substantially by 26% in Dire and Yabelo 
District, Borana zone, southern Ethiopia in 2010/2011 production year. The study concluded that even though Effect of climate 
variability and change has become a serious problem on crop cultivation, pastoralism, and agro-pastoralism in Ethiopia, pastoralism, 
and agro-pastoralism are more vulnerable comparatively. The major adaptation methods to climate variability and change are using 
improved crop and livestock variety, tree planting, soil conservation, livestock mobility, drought-tolerant species (camel), crop 
diversification, planting date adjustment, small-scale irrigation, agronomic practices, livelihood diversification, integrating livestock 
with crop production. In general, farmers have practiced different adaptation strategies to reduce the adverse impact of climate change 
and variability. The major determinants of adaptation strategies to climate variability and change were sex and age of household, 
education level, family size, livestock ownership, farm size, access to extension service, access to credit service, distance to market, and 
access to climate information. Adaptation strategies should be designed and targeted to base on agro-ecological zone instead of 
recommending and implementing uniform interventions. Woreda agricultural office should give an attention for small-scale irrigation, 
technology dissemination, soil and water conservations, agronomic practices, livelihood and crop-diversification in appropriate way. 
Institutional factors such as extension service, credit service, and market access should be given consideration and implementing at 
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grass root level. Finally, the study may help small-holder farmers in decision-making when perceiving the challenges of climate 
variability and change on agricultural production, and their adaptation strategies and corresponding variables. 
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[57] B. Megersa, A. Markemann, A. Angassa, J.O. Ogutu, H.-P. Piepho, A.V. Zaráte, Impacts of climate change and variability on cattle production in Southern 

Ethiopia: perceptions and empirical evidence, Agric. Syst. 130 (2014) 23–34, https://doi.org/10.1016/j.agsy.2014.06.002. 
[58] A. Sintayehu, W. Sintayehu, Borana Pastoralist Struggling to Survive under the Recurrent Drought in Ethiopia, Alliance of Bioversity International and CIAT, 

2023. 
[59] A.A. Tefera, Review article: climate change impact on farming components, Int. J. Res. Agric. Sci. 8 (2021) 1–10. 
[60] X. Li, R.J. Rowley, J.C. Kostelnick, D. Braaten, J. Meisel, K. Hulbutta, S. Koukoulas, R.J. Nicholls, M.E. Dickson, M. Walkden, J.W. Hall, S.G. Pearson, 

M. Mokrech, J. Richard, H.M. Cooper, Q. Chen, C.H. Fletcher, M.M. Barbee, M.S. Boori, H. Fairbank, J. Jakeways, G. Sem, G. Hart, T. Yanli, The Impact of 
Climate Change on the Development Prospects of the Least Developed Countries and Small Island Developing States, 2009. 

[61] M.O. Makame, S. Shackleton, Perceptions of climate variability and change in relation to observed data among two east coast communities in Zanzibar, East 
Africa, Clim. Dev. 12 (2020) 801–813, https://doi.org/10.1080/17565529.2019.1697633. 

[62] E.A. Beyene, Impact of climate change and anthropogenic activities on livelihood of fishing community around Lake Tana, Ethiopia, Ec Agric 3 (2016) 548–557. 
[63] M. Mewded, A. Abebe, S. Tilahun, Z. Agide, Climate variability and trends in the Endorheic Lake Hayk basin: implications for Lake Hayk water level changes in 

the lake basin, Ethiopia, Environ. Syst. Res. 11 (2022) 1–17, https://doi.org/10.1186/s40068-022-00256-6. 
[64] A. Kebede, T. Meko, A. Hussein, Y. Tamiru, Review on opportunities and constraints of fishery in Ethiopia, Int. J. Poult. Fish. Sci. 1 (2017) 1–4, https://doi.org/ 

10.15226/2578-1898/1/1/00104. 
[65] A. Chimdo, Review on potential and challenges of aquaculture practice in Ethiopia, Appl. Water Sci. 12 (2022) 1–3, https://doi.org/10.1007/s13201-022- 

01740-1. 

M.S. Demem                                                                                                                                                                                                            

https://doi.org/10.1016/j.envc.2022.100654
https://doi.org/10.1108/IJCCSM-06-2020-0057
https://doi.org/10.1016/j.marpol.2009.08.007
https://doi.org/10.1108/IJCCSM-01-2019-0002
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref24
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref25
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref26
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref26
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref27
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref27
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref28
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref28
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref29
https://doi.org/10.1596/34805
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref31
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref32
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref33
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref33
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref34
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref34
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref35
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref36
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref37
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref38
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref38
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref39
https://doi.org/10.1080/13549839.2017.1290058
https://doi.org/10.1186/s13570-016-0074-9
https://doi.org/10.1007/s41748-019-00134-9
https://doi.org/10.1002/geo2.100
https://doi.org/10.3390/su13179764
https://doi.org/10.1016/j.wace.2018.10.002
https://doi.org/10.3390/agriculture11030192
https://doi.org/10.1007/s40003-021-00573-9
https://doi.org/10.1007/s40003-021-00573-9
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref48
https://doi.org/10.1080/09064710.2017.1418018
https://doi.org/10.1093/jae/ejp002
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref51
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref51
https://doi.org/10.21839/jaar.2018.v3i3.150
https://doi.org/10.1186/s40066-017-0100-1
https://doi.org/10.1016/j.vas.2022.100240
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref55
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref55
https://doi.org/10.1186/s40068-020-00212-2
https://doi.org/10.1016/j.agsy.2014.06.002
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref58
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref58
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref59
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref60
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref60
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref60
https://doi.org/10.1080/17565529.2019.1697633
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref62
https://doi.org/10.1186/s40068-022-00256-6
https://doi.org/10.15226/2578-1898/1/1/00104
https://doi.org/10.15226/2578-1898/1/1/00104
https://doi.org/10.1007/s13201-022-01740-1
https://doi.org/10.1007/s13201-022-01740-1


Heliyon 9 (2023) e18972

11

[66] H.B. Dagnaw, Implications of environmental pollution and climate changes on Ethiopian fisheries: review study, Front. Environ. Microbiol. 7 (2021) 85. 
[67] F. Behulu, B.M. Mutua, T. Gadissa, M. Nyadawa, The effect of climate change on loss of lake volume: case of sedimentation in central rift valley basin, Ethiopia, 

Hydrology 5 (2018) 1–18, https://doi.org/10.3390/hydrology5040067. 
[68] FAO, State of Food Insecurity in the World, Food and Agriculture Organization of the United Nations Rome, Itally, 2010. 
[69] V.R. Barros, C.B. Field, D.J. Dokken, M.D. Mastrandrea, K.J. Mach, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, Climate change 2014: impacts, 

adaptation, and vulnerability Part B: regional aspects, in: Working Group II Contribution to the Fifth Assessment Report of the Intergovernmental Panel on 
Climate Change, Cambridge University Press, 2014, pp. 1–1820. 

[70] M. Gezie, Farmer’s response to climate change and variability in Ethiopia: a review, Cogent Food Agric. 5 (2019), 1613770, https://doi.org/10.1080/ 
23311932.2019.1613770. 

[71] FAO, Greater Horn of Africa and Yemen–Desert Locust Crisis Appeal, January 2020–June 2021, Revised appeal for sustaining control efforts and protecting 
livelihoods (six-month extension), Rome, 2020. 

[72] FAO, Ethiopia Climate-Smart Agriculture Scoping Study, Food and Agriculture Organization of the United Nations Addis Ababa, 2016. 
[73] A.H. Reda, Community-based adaptation to climate change: interconnections between environment, livelihoods and development in Abrha We Atsbha, Eastern 

Tigray, Ethiopia, African Study Monogr. Suppl. Issue 48 (2014) 113–123, https://doi.org/10.14989/185107. 
[74] K. Hermans, L. Garbe, Droughts, livelihoods, and human migration in northern Ethiopia, Reg. Environ. Change 19 (2019) 1101–1111, https://doi.org/10.1007/ 

s10113-019-01473-z. 
[75] T. Ginbo, Heterogeneous impacts of climate change on crop yields across altitudes in Ethiopia, Clim. Change 170 (2022) 1–12, https://doi.org/10.1007/s10584- 

022-03306-1. 
[76] S. Mengistu, A. Nurfeta, A. Tolera, M. Bezabih, A. Adie, E. Wolde-meskel, M. Zenebe, Livestock production challenges and improved forage production efforts in 

the Damot Gale District of Wolaita Zone, Ethiopia, Adv. Agric. 2021 (2021) 1–10, https://doi.org/10.1155/2021/5553659. 
[77] A. Amare, B. Simane, Determinants of smallholder farmers’ decision to adopt adaptation options to climate change and variability in the Muger Sub basin of the 

Upper Blue Nile basin of Ethiopia, Agric. Food Secur. 6 (2017) 1–20, https://doi.org/10.1186/s40066-017-0144-2. 
[78] E.K. Bayu, Determinant variables for women’s participation in soil and water conservation practices in north western Ethiopia: the case of shebel berenta district 

(woreda), east gojjam zone, Amhara national regional state, Air Soil. Water Res. 13 (2020) 1–16, https://doi.org/10.1177/1178622120942199. 
[79] B. Atinkut, A. Mebrat, Determinants of farmers choice of adaptation to climate variability in Dera woreda, south Gondar zone, Ethiopia, Environ. Syst. Res. 5 

(2016) 1–8, https://doi.org/10.1186/s40068-015-0046-x. 
[80] T.T. Deressa, R.M. Hassan, C. Ringler, T. Alemu, M. Yesuf, Determinants of farmers’ choice of adaptation methods to climate change in the Nile Basin of 

Ethiopia, Global Environ. Change 19 (2009) 248–255, https://doi.org/10.1016/j.gloenvcha.2009.01.002. 
[81] W. Berhanu, F. Beyene, Climate variability and household adaptation strategies in southern Ethiopia, Sustainability 7 (2015) 6353–6375, https://doi.org/ 

10.3390/su7066353. 
[82] T. Dula, Climate variability and determinants of its adaptation strategies; the case of coffee (coffea arabica) producer farmers at abeshege woreda, Ethiopia, 

Agric. Res. Technol. 7 (2018), 556028, https://doi.org/10.19080/ARTOAJ.2018.17.556028. 
[83] H. Teklewold, A. Mekonnen, G. Kohlin, Climate change adaptation: a study of multiple climate-smart practices in the Nile Basin of Ethiopia, Clim. Dev. 11 

(2019) 180–192, https://doi.org/10.1080/17565529.2018.1442801. 
[84] A. Mihiretu, E.N. Okoyo, T. Lemma, Determinants of adaptation choices to climate change in agro-pastoral dry lands of Northeastern Amhara, Ethiopia, Cogent 

Environ. Sci. 5 (2019), https://doi.org/10.1080/23311843.2019.1636548, 1 23. 
[85] M. Marie, F. Yirga, M. Haile, F. Tquabo, Farmers’ choices and factors affecting adoption of climate change adaptation strategies: evidence from northwestern 

Ethiopia, Heliyon 6 (2020), https://doi.org/10.1016/j.heliyon.2020.e03867, 1 10. 
[86] M. Barange, T. Bahri, M.C.M. Beveridge, K.L. Cochrane, S. Funge-Smith, F. Poulain, Impacts of climate change on fisheries and aquaculture, United Nations’ 

Food and Agriculture Organization 12 (2018) 628–635. 
[87] S. Fankhauser, T.K.J. McDermott, Understanding the adaptation deficit: why are poor countries more vulnerable to climate events than rich countries? Global 

Environ. Change 27 (2014) 9–18, https://doi.org/10.1016/j.gloenvcha.2014.04.014. 
[88] United Nations Conference on Trade and Development (UNCTAD), The Least Developed Countries Report, Daunting implications, 2022. 
[89] T. Wei, W. Dong, Q. Yan, J. Chou, Z. Yang, D. Tian, Developed and developing world contributions to climate system change based on Carbon dioxide , methane 

and nitrous oxide emissions, Adv. Atmos. Sci. 33 (2016) 632–643, https://doi.org/10.1007/s00376-015-5141-4.1. 
[90] Y. Deribe, B. Getnet, Agricultural Mechanization in Ethiopia: Enabling Policy, Suppliers and Inter-regional Heterogeneity, 2021, https://doi.org/10.21203/rs.3. 

rs-478878/v1. 
[91] G. Eshetu, T. Johansson, W. Garedew, T. Yisahak, Determinants of smallholder farmers’ adaptation options to climate change in a coffee-based farming system 

of Southwest Ethiopia, Clim. Dev. 13 (2021) 318–325, https://doi.org/10.1080/17565529.2020.1772706. 
[92] A. Asfaw, B. Simane, A. Bantider, A. Hassen, Determinants in the adoption of climate change adaptation strategies: evidence from rainfed-dependent 

smallholder farmers in north-central Ethiopia (Woleka sub-basin), Environ. Dev. Sustain. 21 (2019) 2535–2565, https://doi.org/10.1007/s10668-018-0150-y. 
[93] D. Mengistu, M. Haji, Factors affecting the choices of coping strategies for climate extremes: the case of Yabello District, Borana zone, Oromia National Regional 

State, Ethiopia, Sci. Res. 3 (2015) 129–136, https://doi.org/10.11648/j.sr.20150304.11. 
[94] P. Asrat, B. Simane, Farmers’ perception of climate change and adaptation strategies in the Dabus watershed, North-West Ethiopia, Ecol. Process 7 (2018) 1–13, 

https://doi.org/10.1186/s13717-018-0118-8. 
[95] M. Dangia, P.K. Dara, Analysis of climate variability and adaptive strategies of rural household: the case of Abobo district and Itang special districts, Gambella 

Region State, Ethiopia, Asian J. Agric. Extension, Econ. Sociol. 38 (2020) 82–93, https://doi.org/10.9734/AJAEES/2020/v38i430340. 
[96] G.W. Gebru, H.E. Ichoku, P.O. Phil-Eze, Determinants of smallholder farmers’ adoption of adaptation strategies to climate change in Eastern Tigray National 

Regional State of Ethiopia, Heliyon 6 (2020), e04356, https://doi.org/10.1016/j.heliyon.2020.e04356. 
[97] W. Tesfaye, L. Seifu, Climate change perception and choice of adaptation strategies: empirical evidence from smallholder farmers in east Ethiopia, Int. J. Clim. 

Chang. Strateg. Manag. 8 (2016) 154–174, https://doi.org/10.1108/IJCCSM-01-2014-0017. 
[98] F.B. Feleke, M. Berhe, G. Gebru, D. Hoag, Determinants of adaptation choices to climate change by sheep and goat farmers in Northern Ethiopia: the case of 

Southern and Central Tigray, Ethiopia, SpringerPlus 5 (2016) 1–15, https://doi.org/10.1186/s40064-016-3042-3. 

M.S. Demem                                                                                                                                                                                                            

http://refhub.elsevier.com/S2405-8440(23)06180-7/sref66
https://doi.org/10.3390/hydrology5040067
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref68
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref69
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref69
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref69
https://doi.org/10.1080/23311932.2019.1613770
https://doi.org/10.1080/23311932.2019.1613770
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref71
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref71
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref72
https://doi.org/10.14989/185107
https://doi.org/10.1007/s10113-019-01473-z
https://doi.org/10.1007/s10113-019-01473-z
https://doi.org/10.1007/s10584-022-03306-1
https://doi.org/10.1007/s10584-022-03306-1
https://doi.org/10.1155/2021/5553659
https://doi.org/10.1186/s40066-017-0144-2
https://doi.org/10.1177/1178622120942199
https://doi.org/10.1186/s40068-015-0046-x
https://doi.org/10.1016/j.gloenvcha.2009.01.002
https://doi.org/10.3390/su7066353
https://doi.org/10.3390/su7066353
https://doi.org/10.19080/ARTOAJ.2018.17.556028
https://doi.org/10.1080/17565529.2018.1442801
https://doi.org/10.1080/23311843.2019.1636548
https://doi.org/10.1016/j.heliyon.2020.e03867
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref86
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref86
https://doi.org/10.1016/j.gloenvcha.2014.04.014
http://refhub.elsevier.com/S2405-8440(23)06180-7/sref88
https://doi.org/10.1007/s00376-015-5141-4.1
https://doi.org/10.21203/rs.3.rs-478878/v1
https://doi.org/10.21203/rs.3.rs-478878/v1
https://doi.org/10.1080/17565529.2020.1772706
https://doi.org/10.1007/s10668-018-0150-y
https://doi.org/10.11648/j.sr.20150304.11
https://doi.org/10.1186/s13717-018-0118-8
https://doi.org/10.9734/AJAEES/2020/v38i430340
https://doi.org/10.1016/j.heliyon.2020.e04356
https://doi.org/10.1108/IJCCSM-01-2014-0017
https://doi.org/10.1186/s40064-016-3042-3

	Impact and adaptation of climate variability and change on small-holders and agriculture in Ethiopia: A review
	1 Introduction
	1.1 Review questions
	1.2 Objectives of review

	2 Methodology
	3 Result and discussion
	3.1 Ecological and socio-economic aspects of Ethiopia
	3.2 Impacts of climate variability and change on farmers’ livelihoods in Ethiopia
	3.2.1 Impacts of climate variability and change on crop production in Ethiopia
	3.2.2 Impacts of climate variability and change on livestock production in Ethiopia
	3.2.3 Impacts of climate variability and change on fisheries and aquaculture in Ethiopia
	3.2.4 Impacts of climate variability and change on food security in Ethiopia

	3.3 Farmers’ adaptation strategies to climate variability and change in Ethiopia
	3.4 Factors of adaptation strategies to climate variability and change in Ethiopia

	4 Conclusion and future direction
	Funding statement
	Author contribution statement
	Data availability statement
	Additional information
	Declaration of competing interest
	Acknowledgements
	References


