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[bookmark: _Toc162890623]ABSTRACT
Climate variability is a major threat to the agricultural product of potato. Unpredictable fluctuations in rainfall patterns, temperature, precipitation, and unique storms have had an impact on the profit of potato producers and other stakeholders.Theaimof the study was find out how climate variability affects potato production in Guwagusa Shkudad district, Awi zone, North Western Ethiopia, and how adaption measures are used to deal with itappropriate data were collected from two sample kebele having different agro ecology. A total of 338 household heads wasselected from sample kebele (gusha and Absla)through simple random sampling method.The data was collected through FGD, key informant interview and household survey methods .additionally, monthly rainfall andtemperature fromEthiopia Meteorology Agency datain the year 1992-2022 used to analyses the trends and variability of temperature in the area. Potato yield was collected from 2008 to2022 fromGuwagusa Shkudad agricultural office. Linear regression analysis, correlation, trend analysis, Precipitating concentration index, rainfall anomaly index, and coefficient variance were used to analyze the data.Mann-Kendall test estimate test were applied to identify the existing trend analysis. Decrease in rainfall and an increase in temperature were recorded in the study area. Also the results of Correlation Coefficients indicated that the relationship between, annual, summer rainfall and Temperature with potato yield. Potato yield is nonlinearly affected by variations in rainfall and temperature.72%dependent variable is affected by independent variable (Rainfall and temperature).The result indicates that potato yield is negative relationship with temperature and positively correlate with rainfall.Therefore the farmers have used adaptation mechanisms such as yield diversification, planting trees, soil and water conservation, changing planting dates, andgrowing short-maturing crops, practicing horizontal plowing, application of fertilizer .Thus studies should be investigated on the effect of climate variability on potato production and its adaptation strategies in Guwagusa Shkudad district.
Keywords: Adaptation, Climate variability, climate impact, potato.
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[bookmark: _Toc162890624]CHAPTER.1.INTRODUCTION
[bookmark: _Toc137809204][bookmark: _Toc162890625]1.1   Background of the Study
[bookmark: _Toc137809224]Ethiopia is one of the low-income countries and highly vulnerable states that are extremely affected by the influences of climate change. The country is one of the toptwelve states on the globe with regard to climate change it also has now experienced the influence of climate vulnerability and severe events  ( Zeray and Demie, 2016).Climate variability is a major threat to the agricultural product of potato. Africa is one of the continents that mostly affected by the effects of climate change and variability due to its rising temperatures and shortage of rainfall. In many African countries, climate change has adverse effect on agricultural production and the availability of food( Boko et al., 2012 ;Aniek et al., 2013).
Climate change is a worldwide environmental threat that seriously affects agricultural productivity and it affects mankind in many ways, including its direct influence on food production  ( Lemi and Hailu, 2019).The sector also highly vulnerable to the effects of climate change because it dependent on rain-fed agriculture. Climate extremes have increased in intensity, frequency, and variability (Antwi-Agyei et al., 2014). 
In 2020, crop yields in some countries might drop by up to 50%, with smallholder farmers losing the most ( Boko et al., 2012). Because of their geographic and climatic conditions, greater reliance on agricultural and resource-based activities and low capacity to adapt to the dangers posed by changing climate .Sub-Saharan African countries are particularly vulnerable to the consequences of climate change. Small-scale farmers, who are more vulnerable to the effects of Climate change  ( Lemessa et al., 2019) . 
Ethiopian economy is particularly susceptible to the effects of climate change ranking among the most vulnerable sectors to calamities like drought and food shortage ( Rosen et al., 2013) . Approximately 95% of the agricultural GDP and 85% of the labour force are provided for by the nearly 11.7 million smallholder households. About 66,745 hectares were used for potato production in Ethiopia in 2013/14 with a mean country yield of 117 kg/ha for the primary cropping period ( CSA, 2015) .
As a geographic area's climatic parameter varies from its long-term mean this is referred to as climate variability. Since its agriculture depends on rain and it has a low level of socioeconomic development  it is also significantly impacted and susceptible to the effects of climate change( Fosu et al., 2012). Climate change is a worldwide environmental threat that seriously affects agricultural productivity and it affects mankind in many ways, including its direct influence on food production ( Lemi and Hailu, 2019).
Rainfall might be greater or lesser than average at different times of the year. One of the studies on the effect of climatic variability on potato production and its adaptation techniques focuses on understanding the views of potato growers on climate change. In rural areas climate change has both a direct and indirect effect on the efficiency and output of agriculture. By affecting meteorological elements that are essential inputs for agricultural productivity such as temperature, sun radiation, rainfall, and wind speed, it has an immediate effect on agriculture ( Egata, 2019). In addition to being a great source of food for carbohydrates that provide energy potato tubers are also high in vitamins, minerals, and high-quality protein. Ethiopia has the highest potential for producing potatoes among African nations. 
Potatoes the third most important food crop in the world after rice and wheat have become the main source of food and income in developing countries. According to Kolech, (2019) potato is considered as a food security crop that helps to meet the rising food demands in the tropical highlands of Sub-Saharan Africa. Particularly in many of the Sub-Saharan African (SSA) countries that are poor and depend heavily on agriculture ( Shah et al., 2008; Nellemann et al., 2009) . 
The process of modifying natural or human systems in response to present or anticipated climatic stimuli or their consequences in order to mitigate damage or take advantage of valuable chances is known as adaptation( IPCC,2007). Unpredictable fluctuations in rainfall patterns, temperature, precipitation, and unique storms have had an impact on the output and overall profit of potato producers and other stakeholders (Agegnehu et al.,2014).
[bookmark: _Toc162890626]1.2. Statement of the Problem
[bookmark: _Toc137809205]Ethiopia is particularly vulnerable to climate change and unpredictability. The Amhara region in Ethiopia is one of the most sensitive areas to climatic extremes and climate change, which was likely lead to a number of catastrophes and severe weather events. Increased temperature along with a decrease in precipitation has become a serious problem  in the area that frequently affected the agricultural sector Crop-pest, livestock disease, hailstorms, drought; floods (Birtukan and Abraham, 2020).
The region is characterized by erratic rainfall, high land degradation, high population density, high rate of poverty and malnutrition. Due to natural hazards, irregular distribution of rainfall, land degradation and pest damage which all are related to climate variability. People are chronically food insecure and vulnerable people in the country. Generally the rainfall in the district characterized by irregular fluctuation of rainy and dries years (Ayalew et al., 2012).
The production of potatoes in Ethiopia is greatly impacted by the environmental system(Solomon et al,.2021) .According to Daba,(2018) there is a strong positive correlation between rainfall variability and Ethiopia's agricultural GDP. For accurate climate change and adaptation prediction as well as government-planned adaptation choices, creativity, and policies, farmers existing understanding of climate change and adaptation is insufficient. Potato which is dominantly produced in the locality is highly affected by late blight and rainfall and temperature variability(Chalachew et al ,.2014).
According to information obtained from districts, 2022 also faced with climate variability because most people live in rural areas they work to adapt the possible effect of climate variability through local practices. The gap of the area was farmers haspoor irrigation capacity, has less modern education access and less modern adaptation measures  about climate variability, and  also it has not information for formulation of potato blight, the yield was decreased through time and there is high variability of rainfall and temperature  in the area (Yoseph  et al ,.2014). Which is greatly climate sensitive in its nature .In this regard, there is no research conducted about the effect of climate variability on potato crops and adaptation strategies in the study area. So, this study was intended to fulfill the above information gap to investigate the effect of climate variability on potato crops and adaptation strategies in Guwagusa Shkudad district, Awi Zone, Amhara, North Western Ethiopia.
[bookmark: _Toc162890627]1.3. Objective of the Study
[bookmark: _Toc137809206][bookmark: _Toc162890628]1.3.1. General objective
The general objective of this study was to assess the effect of climate variability on potato production and its adaptation strategies in the study area with the following specific objectives.
· To analyses trend and variability of rainfall and temperature (1992 to 2022) in thearea.
· To assess the effect of temperature and rainfall on potato production.
· To assess farmers’ adaptation strategies on Potato crop in response to climate variability impact.
[bookmark: _Toc162890629]1.4. Research Question
· What is the past trend and variability of rainfall and temperature(1992 to 2022)in the area?
· What is the effect of temperature and rainfall on potato production?
· [bookmark: _Toc137809207]How farmers adapt the effect of climate variability and change on potato production?
[bookmark: _Toc162890630][bookmark: _Toc137809208]1.5. Significance of the Study
This study was encouraging Decision maker, Non Governmental organizations (NGOs) other parties to develop alternative Solutions to address the linked issues by bringing them to their attention. The agent or professionals working in agricultural and rural development will be better able to follow and advocate for adaptation techniques as a result of the knowledge gathered from this study. This study is important because it helps to increase marketable yield of potato by controlling climate effect. Participants predict potential future changes and their effects on potato production and present adaptation strategies by examining the trend and variability of the climate and that adaptation strategies.This is highly significant for those who make decisions and policy.

[bookmark: _Toc162890631]1.6. Scope of the Study
[bookmark: _Toc137809209]Studying the effect of climatic variability on potato production and its adaptation mechanisms was restricted to the Guwagusa Shkudad district. Climate change can have a significant effect on potato output. The study's analysis starts with climatic trends and adaptation strategies and then looks at how climate variability affects potato yield and how this district has adapted. A cross sectional research approach was used for this study.
[bookmark: _Toc162890632]1.7. Limitation of the Study
There were certain difficulties encountered when doing this investigation. One of the main challenges identified throughout the study was that some farmers were unwilling to provide accurate information about their socioeconomic and demographic situations especially peoples cannot open to speak his or her age. Despite these obstacles, the researcher made an effort and was able to obtain the necessary information.
[bookmark: _Toc137809210]
	



[bookmark: _Toc162828644][bookmark: _Toc162890634]CHAPTER.2.RELETED LITERATURE REVIEW
[bookmark: _Toc137809211][bookmark: _Toc162828645][bookmark: _Toc162890635]2.1. Global Concept and Definition of key terms.
Potato has been considered as a strategic crop by the Ethiopian government aiming at enhancing food security and economic benefits to the country. The population grows rapidly increased productivity of potatoes can improve the livelihood of small holder potato farmers(CSA, 2002; Ayalew, 2015).
Climate variability is caused by a variety of factors, including earthquakes, both natural and periodically cyclical variations in air and water circulation, and others (Oba, 2014). Rising temperatures, altered precipitation patterns, and a rise in extreme weather events like floods, droughts, overly hot weather, and heavy rain. Such occurrences have not only decreased the quantity and quality of agricultural products but have also forced farmers to increase the cost of production and apply new management techniques all of which eventually result in significant economic losses for both households and nations.
Climate variability refers to variations in the mean state and other statistics (Beyond the scale of a single weather event deviations the appearance of extremes etc.) of the climate on all time and space scales Internal variability in the climate system or external variability based on changes in natural or manmade external forcing are two possible causes of variation (IPCC, 2014b) .Due to the global climate change and related weather extremes  both developed and developing nations had to contend with serious problems (Berhanu et al., 2021). Climate variability and change are the most complicated and challenging phenomena influencing the global community. According to scientific research both man-made and natural forces are responsible for the worlds changing climate. Climate variability refers to how variables (such as temperature and precipitation) differ from normal (Tingem et al., 2008)..
The primary efforts to decrease the potentially negative consequences of climate change include improving farmers' capacity to adapt to changes in climate variability and extremes as well as adapting farming systems to climate change. Farmers respond to climate change by expanding the supply of food by changing their climatic opportunities in response to unusual conditions( Ayalew, G. 2015). Potato is a widely farmed commodity that might have a big impact on food security. It can significantly reduce the possibility of serious shortages of food in the globes tropics and subtropics and also contribute to solving world hunger. in north West of Ethiopia this crop is grown, where the majority of the nation’s potato farmers plant their crops (CSA, 2013). 
It is important for food and for creating cash. Lack of late blight-tolerant excessive-yielding crops, insufficient soil fertility, climate boundaries, a lack of seeds that are suited problems with after-harvest handling and storage, high input costs, diseases, and insect pests are some of these difficulties (Gebremedhin, 2013).
Climate variability: refers to a region's climatic parameter that is different from its long-term average. The weather in a particular location varies every year during a particular time period. There years with rainfall that is below or above average (IPCC, 2007) .Internal variability and external variability are the two main categories of climatic variability. Climate variability is a temporary variation in weather patterns in a single location or globally. The internal variability analyses the naturally occurring internal processes inside the climate system as opposed to the external variability which is caused by human-made external influences that affect the climate.Climatic fluctuations are the types of changes (temperature, rainfall, and the development of extremes) as well as the magnitude and pace of climate change that affect the general population, food safety, forest water management, water resources, coastal regions, ecology, construction, the power sector, and financial institutions. Periodic droughts and famine had been brought on by unpredictable precipitation and rising temperatures, which destroyed peoples livelihoods Ethiopia has been historically concerned about how climate change is influencing agricultural output, economic growth, and food supply (Amogne et al., 2018). 
Climate change : refers to a change in the state of the climate that may be characterized by variations in the qualities mean or variability over an extended period of time usually over several decades (IPCC, 2014). The durational difference between climate and weather makes this distinction clear. Climate happens over a longer time span then weather which occurs over a shorter time span. When there are substantial shifts over time the climate is considered to have changed. It is a shift in the condition of the climate that is measured by variations in the mean and variability of specific climate variables that last for several decades such as temperature and precipitation(Berhanu et al., 2021). A technique for reducingexposureraisingstrength, reducing severe climate-induced threats on people and their livelihoods and exploiting the benefits of opportunities carried on by actual or anticipated climate change is the climate change adaptation strategy.
[bookmark: _Toc137809212]Adaptation:Adaptation is defined as the modification of biological, social, and economic systems in response to seen or expected climatic variability via adjustments to existing operations, practices, or structures in order to mitigate harmful consequences and enhance beneficial ones (Tessema & Simane, 2021).Adaptation natural or human systems in response to present or anticipated climatic motivations or their consequences which mitigate harm or takes advantage of opportunities. Adaptation to climate change or variability according to the IPCC, (2014)  is a strategy for adjusting to the effects of the current or predicted climate condition. It continues by outlining how adaptation works to reduce harm or take advantage of favorable opportunities in human systems. Some natural systems may be better able to adapt to the predicted climate and its effects as a result of human activities. On the same frequency stated bySagun (2009), Adjusting is natural or human systems to current or future climatic shocks or their effects in order to prevent harm or take advantageous chances. Evaluating the production environment, understanding hazards, evaluating available responses, establishing situations that facilitate adaptation, organizing resources, putting adaptations into practice, and changing decisions in light of new information are all important aspects of adaptation (FAO, 2015).
[bookmark: _Toc162828646][bookmark: _Toc162890636]2.2. Climate Variability and Potato Production
Due to the regular occurrence of extreme weather events, smallholder farmers in eastern Ethiopia who grow potatoes are frequently in danger of disease outbreaks, pest damage, and post-harvest losses (Sisay et al., 2019) .
Agriculture is seriously affected by changing rainfall patterns because water is essential to plant growth. Estimates of future precipitation changes frequently affect the magnitude and direction of climatic impacts on crop production because over 80% of all agriculture globally is rain-fed (Olesen et al., 2011) .Climate variability has a substantial impact on agriculture in many parts of the world due to factors such as rising temperatures, unpredictable rainfall, loss of soil moisture, and increased evaporation and transpiration (IPCC, 2014).Changes in the cropping period and unfavorable growing conditions brought on by unexpected shifts in rainfall patterns and warming temperatures can vary the growing seasons which can lower production(Manneh et al., 2010) .Ethiopian farmers crop production the process of cultivating and gathering those particular crops for consumption by the farmer and for sale is the main source of income (Kebede et al., 2019) .
Potatoes can be grown and harvested even when other crops fail and grains are not yet suitable for intake  it  mention  as a  hunger-breaking crop in Ethiopia. It is grown all year in various agro-ecological zones. It is a short cycle crop with a three- to four-month cropping cycle that is well suited to double cropping particularly in rain-fed systems ( Gebremedhin, 2013) .Tropical highlands of Sub-Saharan Africa potatoes are regarded as a food security crop that helps fulfill rising food demands. Currently less than 10 metric tonnes of potatoes are produced per hectare on only 2% of Ethiopia's potential agricultural area(Kolech, 2019) . The Amhara National Region state contains the majority of the agricultural region that is suitable for cultivating potatoes. It is noted for its substantial size and well-known for its crop productivity middle of June to September first. In this year of food scarcity some areas particularly the northeast, are vulnerable to low annual precipitation of less than 700 mm despite the fact that over 85 percent of people make a living working in agriculture.
[bookmark: _Toc137809221] In Ethiopia potato ranks first in the category of root and tuber crops (RTCs) in terms of area coverage and total production. Potato accounted for over 3.67 million tonnes (or 51%) of the over 7.21 million tonnes of RTCs (root and tuber crops) produced in 2015/16 with an average national yield of 13.9 t ha-1 (CSA, 2017) .This information was obtained from crop production survey results of private peasant holding for the years 2015/16.
One of the most significant food crops growing in the mid- and high-altitude regions of north-west Ethiopia is the potato (Solanum tuberosum L).A great deal of Ethiopia’s potato farmers cultivate their potatoes in the north-western region of the country where this crop is grown. The main potato-producing areas in this region include South Gondar, North Gondar, East Gojam, West Gojam, and Awi. Furthermore due to a cultural dimension, Belg is a great time of year for farmers to earn good market prices. Beginning in May or June and lasting until October is the Meher season, often known as the rainy season. This season's biggest problem with potato production is late blight, which is said to be the reason why some farmers have Switched to the Belg season (Berake et al,.2014). Through the creation of early-maturing and late-blight-resistant varieties Ethiopian Research Institutes are attempting to increase potato production during the Meher season. Between the Belg and Meher seasons is the Belmehr season. Production of Belmehr potatoes begins in March or April and continues until August. Northwest Ethiopia produces the majority of potatoes during Belmehr. The potato is the only crop growing during this time and fills a crucial need by serving as the highland people  main source of food in July and August(Gebremedhin, 2013).
[bookmark: _Toc137809222][bookmark: _Toc162828647][bookmark: _Toc162890637]2.3. Climate variability Adaptation Strategies   and Adaptive Capacity
[bookmark: _Toc137809223]The major attempts to mitigate the potentially harmful consequences of climate variability include improving farmers' capacity to adapt to changes in climate variability and extremes as well as modifying agricultural practices to adapt to climate change. The ability mechanisms, institutions, people and other animals to adapt to possible harm recognize opportunities or respond to consequences is referred to as adaptive capacity in the WGII. Limiting society's susceptibility to climate change involves both a change in lifestyle or financial structure and the ability to manage immediate issues( IPCC 2014). Adjustments must be made in order to prevent being negatively influenced by climate change which is the process of adaptation. Risk mitigation, opportunity seeking, and reconsidering decisions on investments, planning, and behavior are all aspects of adaptation. Because of the complexity of factors that influence the capacity to adapt. Many proposed adaptation solutions aim in theory to achieve better development by going further in development as typical by tackling the reasons for susceptibility to climate change(Nightingale et al., 2019; Nagoda, 2015).
Reduce the detrimental effects of climate change on crop output by implementing climate change adaptation strategies (Solomon et al., 2014).Technical effectiveness is affected by the flow of information which happens as a result of strategically implementing new techniques or improving existing technologies in order to increase output. Developing proper tolerance and adaptation procedures might allow the industry to benefit from future climate change according to certain studies amid that possibility of a major reduction in productivity in the farming sector as a result of climate change uncertainty(Twumasi, 2021).
Adjustment in systems is either human or natural in response to current or coming climate shocks or their effects which mitigates damage or utilizes advantageous opportunities. There may be individual or farm-level adaptation regional adaptation or international adaptation. Even if certain adjustments are made at the level of the farms  this adaptation will continue to be insufficient and require the involvement of institutions like the government(Yibekal et al., 2013).
Smallholder farmers frequently employ a variety of adaptation techniques includingchanging crop kinds, putting crop wastes into the soil, practicing water conservation, altering planting dates, and irrigation. Common crop types that are more resilient to drought develop earlier. Yet socio-economic and institutional factors influence how smallholder farmers adapt to climate change (Helen et al., 2021).Learning adaptability, the ability to try out and accept new concepts and the development of generalized solutions (both personal and collective) to a wide range of situations are all aspects of adaptation.
 Crop diversification: Crop diversification is the most often employed approach in Ethiopia to fighting climate change. Farmers may save money and have easier access if they use multiple crop categories during the same season. Crop diversification is one of the most cost-effective methods of minimizing income uncertainty for farmers, particularly impoverished smallholder farmers(Feliciano, 2019).Crop diversification was a well-liked method of coping with climate change in Ethiopia as were steps to save water soil and the environment. This method tries to maximize the use of land, water and other resources as well as the overall agricultural growth of the nation, as opposed to maximizing the yields of a single crop. It provides farmers with feasible choices for raising different crops on their land (legesse et al., 2013).
 Planting tree: According to Akinnagbe & Irohibe (2014), tree planting is a technique for transplanting young trees for forestry, land reclamation or aesthetic reasons. It also helps to reduce climate unpredictability. Trees can provide a range of ecological advantages during times of drought, including decreased temperatures, plant matter, extra income (such as fuel wood and charcoal), and less serious temperatures (Douxchamps et al., 2016).
Soil and water conservation:In order to prevent soil deterioration and erosionto assist farmers in restoring their fields soil and water conservation methods are generally used. A tool that motivates people to alter their behavior is soil and water conservation approach, which was used in order to enhance water management and inform people about water efficiency (Abiye, 2022).
Irrigation:Irrigation is one of the smallest-used adaptation strategies across the various adaptation methods discovered in Ethiopia (Temesgen et al., 2014).Irrigation performance will become an important modification strategy especially during the dry season in spite of the fact that dry location irrigation practices require a lot of water. It is one of the key adaptation techniques discovered in Ethiopia that is employed the least (Melese, 2019).
Crop varieties:crop varieties have been improved(drought-tolerant and/or short-cycle) allow for higher productivity even during dry seasons (Douxchamps et al., 2015).Drought resistance relates to a crop plant's ability to produce its financial output with little damage in a water-stressed environmentcompared to water-free management. Drought tolerant or climate-stress-resistant activities, as well as activities that promote optimal use and take full benefit of the current water and temperature circumstances, among other considerations(Gebrehiwot and Veen, 2013).
Fertilizer:Application of mineral fertilizer increases yields, supporting farmers in building up food and savings. Agricultural fertilizers are used in order to increase agricultural yields. Prior to the 1950s, most farming was done on small farms owned by families with little or no consumption of chemicals. Since then, the transition to huge commercial farms has corresponded with the widespread use of chemical fertilizers in modern agricultural practices (Douxchamps et al., 2016).	
[bookmark: _Toc162890638]CHAPTER .3: MATERIAL AND METHEDS
[bookmark: _Toc162828649][bookmark: _Toc162890639][bookmark: _Toc123594019]3.1. Description of Study Area
3.1.1 Location of study area
This study was conducted in the Guwagusa Shkudad district (gusha, Absla), in the Awi Zone of the Amhara Regional State, Ethiopia which is 448 km north-west of Addis Ababa; the capital city of Ethiopia, 137 Km south-west of Bahir Dar; the capital city of Amhara Regional State. The district located between the latitudes 11o 85' N and 12o1'N and longitude 27o6'E and 29o1’E. The elevation above and belowsea level is 2900m and 2040mrespectively. 
The study was chosen to the effects of climate variability on potato production and its adaptation strategies. Despite having low levels of available phosphorous, the area possesses Nitosols or fertile soils which primarily allow agricultural cultivation. The major types of crops grown in this district include potatoes, teff, maize, wheat, barley, peas, and beans. In this area   animal husbandry is dominated by sheep, followed by cows, oxen, and horses, respectively. 
A mixed farming system is largely practiced as the main means of farmers livelihoods. The district 17266 (60.42%/ha) of land is used for agricultural purposes. When we look at the vegetation cover of the district, it is covered by Besana,Eucalyptus, Acacia,Cheba, Koba, Korch, and Shola. Different soils are also presented in the area.	
There are 90455 people living in the Woreda overall 46082 Men and 44373 Women. In the area there are 14 kebele each kebele has their own population and households are counted)  in gusha the population is 1501women and1496is man totally 2997 people is found and also the household are 600 exists. The total population of Absla  is 6931 from these 3323 is man and 3608 is women and the household is 1600.99%(88645.9)of people spoke Amharic as their mother tongue only 1% is spoke  Agewu  and 99.8% of  people identified as Ethiopian Orthodox Christians the rest is protestant and Muslim and others (Guwagusa Shkudad agricultural office, 2023).

	
[image: ]
[bookmark: _Toc138455657]Figure 3. 1: Location Map of study area.
[bookmark: _Toc162890640]3.1.2 Climate and Topography
[bookmark: _Toc138486943]Guwagusa Shkudad district has dominated two agro ecological zone of dega (high latitude) are 30 % covered and Woinadega (mid latitude) are also covered by 70% and also annualminimum rainfall in (mm) the rainfall 1750(mm) and temperature in degree Celsius maximum28% and minimum 10% temperature of study area the rainfall pattern is unimodal/summer, stretching from end of May to September.In terms of topography 14% has covered by mountainous region and 4% also water body the rest 82% are covered by different part ( Chalachew et al,.2014).



Table 3. 1:The number of population and household in each kebele.
	[bookmark: _Toc137809229]District	
	[bookmark: _Toc137809230]Kebele
	[bookmark: _Toc137809231]Agro ecological zone
	[bookmark: _Toc137809232]Household
	[bookmark: _Toc137809233]Male
	[bookmark: _Toc137809234]Female
	[bookmark: _Toc137809235]Sample

	[bookmark: _Toc137809236]Guwagusa Shkudad
	[bookmark: _Toc137809237]Gusha
	[bookmark: _Toc137809238]Woinadega
	[bookmark: _Toc137809239]600
	80
	12
	92

	
	[bookmark: _Toc137809240]Absela
	[bookmark: _Toc137809241]Dega
	[bookmark: _Toc137809242]1600
	188
	58
	246

	[bookmark: _Toc137809243]Total
	
	
	
	268
	70
	338


[bookmark: _Toc162828651][bookmark: _Toc162890641]3.2. Research design		
The study was designed as cross sectional research design to assess the overall effect of climate variability on potato yield and adaptation strategies in Guwagusa Shkudad district with various population characteristics at one specific idea in time and also make ideas about a society based on the result of the sample.
[bookmark: _Toc162828652][bookmark: _Toc162890642]3.3. Sampling technique and sampling size
Guwagusa Shkudad district was selected purposively because it is one of the districts of north western Awi zone where potato yield is produced. The district has 14 kebele and stratified in to two agro ecological zone namely dega and Woina dega in these kebele is selected randomly. Agro climatic zone two kebele was selected by using random samples method Gusha from Woina dega   agro climate zone and Absla from dega agro climate zone.
 Finally 338 sample household were selected randomly from 2200 total household using the formula adapted from Yamane (1967) at a 95 % confidence level and 5 % level of precision. The formula is as follows.
                                                                              Equ (1)	
Where: N is the population size (number of households total), e is the level of precision, and
 n= is the sample size. 5% is the minimum level of precision acceptable at 5%.	
In order to establish the sample size for each kebele, Tare Yamane's statistical formula was used in.
It was Israel (1992). The following formula was used to determine the total sample size for the two kebele using the probability proportional to size method:
                                                                                  Equ (2)
Where;-
 ni =the overall sample for the ith stratum.
Ni=Total households for each kebele 
S= refers to the overall sample size for the study area's households.
∑N= denotes the sum of all the households in the study area.
The list of households registered was obtained from the Woreda Land and Administrations Office.
n==338
[bookmark: _Toc162828653][bookmark: _Toc162890643]3.4. Data sources
Household surveys, key informant interviews, and focused group discussions of respondents was implemented to gather the study's primary data from smallholder farmers ensuring the accuracy and consistency of the data gathered through questioning. To close the knowledge gap secondary data was needed. The secondary data was provided by the Ethiopian Meteorological Agency (NMA) maximum and minimum temperatures for the previous 31 years from 1992 to 2022temperature (oc) daily and monthly rainfall (mm) and annual potato production from 2008 to 2022 in Guwagusa Shkudad station.
[bookmark: _Toc162828654][bookmark: _Toc162890644]3.5. Method of Data Collection
[bookmark: _Toc162828655][bookmark: _Toc162890645]3.5.1. Household survey
Closed ended survey questions were created and given to the identified households. The survey was carried out door to door and, when appropriate on the farms of the respondents. The study covered a wide range of topics including the socioeconomic state of the area climate variability how it affects potato production and existing adaptation measures. The respondents had received the questionnaire, which had been written in English and translated into Amharic. It also includes checking in with the respondent based on the pre-test experience. The closed-ended format questions allowed the participants to choose one option that best met their reviews while open ended question was included to give the participants the chance to express their attitudes, emotions, and concerns associated with the problem under study. Often, these are the only practical ways to reach a sufficient number of reviews to encourage statistical analysis.
[bookmark: _Toc162828656][bookmark: _Toc162890646]3.5.2. Key informant interview (KII)
 Elders from the community and specialists from the Woreda Agriculture Office participated with in key informant interviews to learn more about how the study area's environment varies, how it affects people there, and how they adapt to it.was select the respondents in different occupations like local elders can be select Four respondent and from agricultural office also was select three (3) respondents totally to be select 7 respondents for the purpose of key informant interviewers.
[bookmark: _Toc162828657][bookmark: _Toc162890647]3.5.3. Focused group discussion (FGD)
A small group of respondents can focus on a major issue of the research topic while being guided by a skillfulfacilitator during a focused group discussion, which helps to gather data on teamwork .Each kebele held one FGD with five participants who were chosen based on their social position (diverse in age, sex, etc) and their status for having superior understanding of the historical environment, social, conditions of the research area. The major goal of the focus group talks was to learn more about and understand people's perspectives on climate variability its impact and their responses to adapt. 
[bookmark: _Toc162828658][bookmark: _Toc162890648]3.6. Method of data analysis	
Various data sources were investigated using descriptive and narrative statistical data analysis approaches. While the quantitative data produced by the questionnaire and meteorological had been examined using descriptive statistics like frequency, percentage, graph with the help of SPSS Statistics Software Version 26 ,R_ Software and Excel, Descriptive statistics such as mean, standard deviation, frequency, and percentage are used to explain and describe the final result of the study. The processed results of the study are summarized and presented by various tables, graphs, and charts. Z, p-value, and sen‟s slopes test has been computed and used. Coefficient of variability (CV), rainfall anomaly index (RAI), and precipitation concentration index (PCI) were analyzed variability. The qualitative information gathered using; focus group discussion and key informant interviews were analyzed and interpreted.
Analysis of rainfall variability 
Precipitation concentration index: is presented to be used in measuring the relative distribution of rainfall patterns. The concentration of rainfall in a year is an important aspect of the climate. An unbalanced distribution of rainfall suggests periods of rainfall excess and periods of drought which make plant and crop growth difficult. Rainfall concentration needs to be considered in the assessment and the prediction of soil losses by water erosion. Precipitation concentration index was used to evaluate the distribution of the seasonal and annual distribution of rainfall. Precipitation concentration index is used to indicate the hydrological risks of floods and drought occasions in the study area. The distribution of annual and seasonal rainfall was evaluated by using a (Oliver’s, 1980; De Lui et al., 2000; Asfaw et al., 2017) described as follows:
                                                                      Equ (3)
Seasonal PCI=25*                                                                     Equ (4)	
Where: Pi = the rainfall amount of the ith month; Σ = summation over the 12 months for annual and four months for seasonal rainfall. The precipitation concentration index was also calculated on a seasonal scale for the dry season (Oct–Jan), the small rain season (Feb–May), and the main rain season June–Sep (Ademe et al., 2020). According to Oliver (1980), precipitation concentration index values of less than 10 indicate uniform precipitation distribution of rainfall, values between 11-15 moderate precipitation distribution of 16 and 20 indicate irregular precipitation distribution, and values of 21 and above indicate strong irregularity of precipitation distribution.
Rainfall anomaly index (RAI): was used as a descriptor of rainfall variability (Daniel et al., 2017). Rainfall anomaly index was used to evaluate the variability pattern and drought level in this district. The rainfall anomaly index was used to calculate the negative and positive anomalies of rainfall fluctuations in a certain region. It helps to identify the drought period by determining the dry and wet years of the recording period (Agnew and Chappel 1999; Asfaw et al., 2017; Haji and Solomon, 2016; Kushabo et al., 2019).
Z=                                                                                                 Equ (5)
Where: Z is standardized rainfall anomaly; Xi is the annual rainfall for the historical record; is the mean of annual rainfall and S is the standard deviation of the annual rainfall for the historical observation (31) year. The drought severity classes are; extreme drought Z>-1.65), 
Table 3.2: The classification of the index used by van Rooy (1965) is as follows
	NO
	RAI
	Description
	NO
	RAI
	Description

	1
	≥3.00
	Extremely wet
	6
	-0.50 to -0.99
	Slightly dray	

	2
	2.00 to 2.99
	Very wet	
	7
	-1.0 to -1.99
	Moderately Dray

	3
	1.00 to 1.99
	Moderately
	8
	-2.0 to -2.99
	Very dray

	4
	0.50 to 0.99
	Slightly wet
	9
	≤-3.00
	Extremely dry

	5
	0.49 to -0.49
	Near Normal
	
	
	



Coefficient of variation (CV) is a statistical measure of the dispersion of data points in a data series around the mean. The coefficient of variation represents the ratio of the standard deviation to the mean, and it is a useful statistic for comparing the degree of variation from one data series to another, even if the means are drastically different from one another. The coefficient of variation shows the extent of variability of data in a sample about the mean of the population (Abdi, 2011). Coefficient variations (CV) were used as a better indication of the level of variability of both the yearly total and monthly rainfall amount of the study district (Kushabo et al., 2019). Rainfall variability is classified as less variable (CV < 20), high (CV > 30), moderate (20 < CV > 30), severe (CV > 40%), and CV > 70% indicating extremely high inter-annual variability of rainfall. Hence the higher the value of coefficient of variation (CV) the higher the variability of rainfall in the study region and the reverse is also true. The value of CV can be computed (Kushabo et al., 2019; Ademe et al., 2020; Belay et al., 2021; Getahun et al., 2021) using an equation.
CV (%) =*100Equ (6)
Where: where CV is the coefficient of variation, σ is the standard deviation and ̅x is the mean precipitation of the recording period.
Correlation between the climate variable with potato yield 
The statistical correlation coefficients between potato yield and climatic variables namely rainfall and temperature were used to assess the strength and the direction of the relationship, and significance of the relationship between 31 year variables and meteorological data. Focus was made on annual data 1992-2022 to understand how the events impact on major crops.
Correlation Analysis: A correlation is a measure of the linear relationship between two variables. It is used to describe the strength and direction of the relationship between two normally continuous variables. This method provides the degree of relationship between two variables. Pearson Correlation coefficient (r) analyses were used to analyze the relationship between potato yields expressed in Q/ha with temperature (maximum and minimum). Annual rainfall, seasonal rainfall. The value of r always lies between –1 and +1, a value of the correlation coefficient close to +1 indicates a strong positive linear relationship, a value close to –1 indicates a strong negative linear relationship. A value close to 0 indicates no linear relationship. For this study, the value of r was calculated using the Pearson correlation coefficient equation (Robertset al., 2012).
r=………………………………Equ (7)
· rthe correlation coefficient
· n       number in the given data set
· x       first variable in the context
· y       second variable
Multivariate Regressions Analysis; - Regression hasone dependent variables and more than two independent variables was analyzed by usingSPSS software (climate variable and potato yield). Regression is particularly useful to understand the predictive power of the independent variables on the dependent variable once a contributing relationship has been confirmed. To be particular, regression helps a researcher understand to what extent theindependent variables affect thedependentvariables.
Y=+………………………………Equ (8)
Where Y, α, and ꬲ remain to be the dependent variable, a constant amount, and the error respectively. But the number of independent variables is now more than one (Brien and Scott, 2012).
 Trend test: Trend analysis has been carried out on seasonal and annual base for climate variables such as temperature (seasonal and annual temperature) and precipitation (seasonal and annual). Similarly, annual trends of the potato yield in this district. The Mann–Kendall test and Sen‟s slope method was used to assess the statistical significance of the trend (Daniel et al., 2017). The non-parametric trend is widely used in many subjects and is useful for detecting significant trends. This method is predominantly useful in studying the trend of rainfall and temperature (Getahun et al., 2021)
 Sen‟s slope developed by Sen (1968) has been widely used to calculate the magnitude of trends in the long terms rainfall and temperature data. In this test, a score of +1 is awarded if the value in a time series is larger, or a score of -1 is awarded if it is smaller. 
Which is then compared to a critical value, to test whether the trend in rainfall is increasing, decreasing or no trend rainfall can be determined. A positive value is an indicator of an increasing (upward) trend and a negative value is an indicator of decreasing (downward) trend. 
The trend obtained by the Mann-kendall trend test was tested for significance and normalized test statistics (z-score) were used to check the statistical significance of the increasing or decreasing trend of temperature and rainfall values and tested using the Mann Kendall trend significance test with the significance level of 0.05 (Zα/2 =± 1.96). Hypothesis testing: H0: μ= μo (there is no significant trend/stable trend in the data). 
HA: μ ≠ μo (there is a significant trend/ unstable trend in the data) If–Z 1-α/2 ≤ Z ≤Z 1-α/2 accepts the hypothesis or else rejects H0. The absence or presence of a statistically significant trend was evaluated using the Z value. In a two-tailed test for trend, the null hypothesis H0 should be accepted if |Z|< Z1-α/2 at a given level of significance. Generally, the Mann Kendall test (Mann, 1945) was applied.
Z=Equ (9)
The positive value indicates an upward trend and the negative value indicates a downward trend. For trend, the null hypothesis, H0 (no trend) is considered if Z < Zα/2, whereas rejected (H1) is if Z > Zα/2, where α is the significance level and Zα/2 the standard normal distribution for α/2 (Daniel et al., 2017; Getahun et al., 2021). Similarly, the trend was quantified using Sen‟s slope method (Sen, 1968). A positive value of β indicates an „upward trend‟ (increasing values with time), while a negative value of β indicates a „downward trend. Here, the slope (Ti) of all data pairs is computed as (Sen, 1968).
Ti=Equ (10)
The slope Ti between any two values of a time series x can be estimated from:
Where, xj and xi are considered as data values at time j and i (j > i) correspondingly. 
The median of these N values of Ti is represented as Sen,’s estimator of slope which is computed as:
Qmed=T(N+1)/2Equ(11)
QmedEqu (12)	
A positive value of Qi indicates an increasing trend and a negative value of Qi shows a downward or decreasing trend in the time series.



[bookmark: _Toc162890649]CHAPTER 4: RESULTS AND DISCUSSION
[bookmark: _Toc162890650]4.1 Demographic and Socio-Economic Characteristics of the Respondents
According to information on the socioeconomic makeup of the respondents, 79.3% of them were male and the remaining 20.7% were female (Table 4.1). This suggests that in the chosen Kebele in Guwagusa Shkudad District, men were more engaged in rural agriculture than women. 15.7 percent of the household heads fall under the age group of 25-40 years, 34.9% of the household were in age group  is between41- 56 years and the remaining 49.4% were in age group is above 56 years. Farmers with more experience are more likely to be knowledgeable about changes in climatic conditions and crop management techniques. 
About (30.2%) of respondents can read and write, while (20.1%) of the total respondent is learn modern education. This implies, more than fifty percent of the respondents know read and write (Table 4.1). The remaining of (49.7%) of the society is can’t read and write. 
Out of the total 338 households 248 (72.8%) household heads were from Absla which is situated in dega (highland) agro-ecological zone, 92 (27.1%) household head was from gusha which is situated in Woinadega (midland) agro-ecological zone. Education enhances farm productivity in the case of adopters of modern technology. Illiteracy has its own influence on adaptability, especially to accept new adaptation mechanisms. 
Considering education is an essential tool for acquiring the capacity to adapt to and rapidly understand climate information, According to the survey data showed that the marital status of respondents, 63.6% of respondents were married, 16.6% were single, and 7.1% were divorced and 12.6% were widowed. This showed that most of the total household heads in this study area were married.





[bookmark: _Toc160502165]  Table 4. 1: Characteristics of the Sample Household Variables.
	Continuous variable
	
	
	Mean

	Family size
	
	
	6

	Dummy variable
	
	Frequency
	Percent

	Sex	
	Female
	70
	20.7

	
	Male
	268
	79.3

	Categorical variable
	
	
	

	Educational status
	Can’t read and write
	168
	49.7

	
	Can read and write
	102
	30.2

	
	Learn modern education
	68
	20.1

	Marital status
	
	
	

	
	Married
	215
	63.6

	
	Single
	56
	16.6

	
	Widowed
	43
	12.7

	
	Divorced
	24
	7.1

	Age status
	
	25-40
	15.7

	
	
	41-56
	34.9

	
	
	Above 56
	49.4

	Total
	
	338
	100.0


	
[bookmark: _Toc162890651]4.2.Trend and Climate Variability in GuwagusaShkudad (Tilili)station.
4.2.1 Trend and Variability of rainfall in Guwagusa Shkudad District.
The annual rainfall of Guwagusa Shkudad Districts from 1992-2022 showed that decreased trends. The highest rainfall was 2998.1mm and the lowest were 1714.4mm and the mean annual rainfall over the past 31 years is about 2199.4mm with a standard deviation of 397.9mm and Coefficients of variation of 18.1% in (Table4.2). This outcome is consistent with Getahun et al., (2021) finding that the region's coefficient of variance is 10.4%. This result shows the annual rainfall has to be moderate rainfall variation between the years.
[bookmark: _Toc160502166]Table 4. 2: Annual rainfall variability of Guwagusa Shkudad district.
	Station	
	N
	Maximum
	Minimum
	Mean
	Std.Deviation
	CV (%)

	Guwagusa Shkudad
	31
	2998.1
	1714.4
	2199.4
	397.9
	18.1


	
Figure.4.1: show that Guwagusa Shkudad district is characterized by Uni-modal rainfall distribution with long kiremt rainy season. The major rainy season rangesfrom the month of June to September. The highest rainfall was recorded in the month of July.

[bookmark: _Toc151641810]Figure 4. 1: Mean monthly rainfall of Guwagusa Shkudad district.
Figure 4.2 showed thatthe annual rainfall over Guwagusa Shkudaddistrict is decreased by about 9.12every year between 1992 and 2022 The results in line with Gemeda et al., (2021), reported that the annual rainfall has decreasing trend in parts of southwest Ethiopia.In the graph below shows the highest rainfall year was 1994, 1997, 2003, 2015and 2020, while the low rainfall was registeredin the year 1993,1998,2006,2016, 2019 and 2022almost the rest year has moderate rainfall are exist. As we say respondents because of low rainfall and increasing of temperature in this year, most crops are damaged. This might have a negative impact on potato production, availability of animal feed and overall on agro biodiversity of the study area. According to Hadgu et al., (2013), also stated that declining trend in annual and seasonal rainfall amounts in northern Ethiopia, but the trends were non-significant at most of the stations he studied. Onlybega rainfall is significant decrease trend in the study area at the, P-value of 0.02.


[bookmark: _Toc151641811]Figure 4. 2: Annual rainfall trend
[bookmark: _Toc162890652]4.2.1. Variability of seasonal rainfall
As shown in Table 4.3 Kiremtand belg rainfall shows coefficient of variation, 20.3% and31.8% respectively. This indicates that there was high belgseason rainfall variability in the study area from the analysis, inBelg season the variability was higher than that of variation inKiremt season rainfall. The finding in line with Samy et al. (2019).According to Samy et al. (2019), CV>30% indicates high variability in rainfall amount causing extreme events like flooding or drought.
Generally observed seasonal rainfall coefficient of variation (CV %) indicates high variation the result in the line with the findings of (Rosell and Holmer, 2007; Arragaw and Woldeamlak, 2017; Hadgu et al.,2013), who discovered that rainfall variability was higher during the Belg season than during the Kiremt season. Rainfall during the major rainy season is substantially higher than during the shorter rainy season. Bega has significantly reduced the region's coefficient of rainfall variation. 
	
[bookmark: _Toc160502167]Table 4. 3: Coefficient variation of rainfall for belg, kiremet and bega.
	Season	
	N
	Maximum
	Minimum
	Mean
	SD
	CV (%)

	Kiremt
	31
	2283.8
	1139.1
	298.3
	336.5
	18.3

	Belg
Bega	
	31
31
	494.2
531.8
	127.1
99.7
	276.8
116.9
	86.9
123.9
	33.9
39.8



[bookmark: _Toc162890653]4.2.2.Trend of seasonal rainfall
The impacts of rainfall on potato production can be related to its total seasonal amount or its intra-seasonal distribution. Hence, for a better understanding into the impacts on yield production, analysis of seasonal variation is very significant since variation in all seasons of the year is not equally important from a production point of view. Most parts of Ethiopia has two cropping seasons and experiences a bimodal rainfall pattern receiving small spring rains from February/March to May known as belg a short rainy season, and The main rains from June to September; known as kiremet; the main rainy season (Aynalem, 2020).Kiremt is generally the main cropping season that accounts for the overpowering proportion of the total area cultivated and annual crop production in Guwagusa Shkudad District.
The seasonal variability of rainfall is strongly associated with early-onset and early cessation of the rainy season.The significance value is P value is Annual (0.12),kiremt (0.1), bega 0.02
Belg (0.89), insignificantly deceasing trend, insignificantly increasing trend, significantly decreasing trend and insignificantly decrease respectively. The trend of belg, kiremt and bega rainfall showed a decreasing trend by 1.46mm/year,4.5mm/year and 3.14mm/year respectively during the past over three decades (Figure 4.2). This result is in line with Amogne et al.,(2018) reported that annual, Belg and Kiremt rainfall have decreased trends in Woleka sub-basin. This reduction in the amount and variability of seasonal rainfall makes predicts the situation difficult which in turn affects the farming activities of farmers especially those whose livelihoods depend on rain-fed agriculture. This result is in line with Yimer et al., (2018) reported that summer rainfall in the central highlands of Ethiopia declined in the second half of the 20th century, while they found a decline in annual and summer rainfall in eastern, southern, and south western Ethiopia since 1982.in these  result bega rainfall is  not positively affect  potato yield, the reason is when rainfall is lessthe potato yield also less, but other authors contradicts, the result bega rainfall is positive relation with potato yield Dhakal et al., (2016).	

[bookmark: _Toc151641812]Figure 4. 3: Trend of seasonal rainfall
[bookmark: _Toc162890654]4.2.3. Rainfall anomaly index.
Rainfall anomalies are deviations of rainfall from long-run averages. They are useful for identifying wet and dry periods which can be linked to climatically influenced patterns such as flooding, river flows, and agricultural production. Rainfall anomaly is the difference from the long year’s average of study area. Accordinglythe year1993, 1998, 2006, 2012, 2016, 2019, and 2022were recorded as a moderate drayclass and only the year in 1994, 1997 and 2015recorded as very wet class. Also in the year 2009, 2010, 2011, 2013, 2021 recorded as slightly dray class. Howeverthe remaining years arenormal,slightly and moderately wet classaccording to the classification of Rooy (1965).
Rainfall anomaly index (RAI) calculated for a period of 31 years (1992 -2022)  indicated that the annual rainfall  anomalies in Guwagusa Shkudad district indicates  positive anomalies for 38.7% means during these year it have been rainfall  in the time and negative anomalies for 61.3% during Recent years. On the other way there is less rainfall or it has been close to the driest year in the time of the year.In the year 1997 stands out as very wet year with standardized rainfall anomaly 2.7. In contrast 1998 was moderately dray year with standard rainfall anomaly of -1.2.

[bookmark: _Toc151641813]Figure 4. 4: Trends of rainfall anomalies (1992-2022)
[bookmark: _Toc162890655]4.2.4. Seasonal precipitation concentration index.
The seasonal precipitation concentration index showed that Kiremt,season precipitation concentration was uniformly distributed because the value of PCI was less than 10 and belgand bega season whereas show moderate precipitation distribution (Figure 4.5).This indicated that seasonal precipitation concentration index was variability in this district. This result is line with Belay et al., (2021) reported that precipitation concentration index of rainfall showed that variability in that area. According to Ademe et al., (2020), highlands of Ethiopiarainfall variability confirmed that the precipitation concentration index values range from moderate to strong irregular or significantly irregular precipitation and also concluded that rainfall in Ethiopia is heterogeneous. 
Potato production could be adversely affected,particularly scarcity of rainfall occurs with the serious growth stage of the crop especially during tuber origination and tuber large growth period. This suggestion is consistent with the fact that  potato plant is most sensitive to water stress during tuber initiation and bulking (Blom Zandstra et al., 2015).As we shows annual PCI value is 15.4 these indicate that it was moderate precipitation concentration.According to Oliver (1980), Precipitation concentration index value classification, precipitation concentration index value between 11- 15, the rainfall distribution is classified as moderate precipitation distribution.

[bookmark: _Toc151641814]Figure 4. 5: Seasonal precipitation concentration index.
[bookmark: _Toc162890656]4.2.5. Trend and variability of temperature in Guwagusa Shkudaddistrict.
Annual maximum temperature of this district was observed from 1992 to 2022 showed that annual maximum temperature was between 28.7oc and25.0ocduring the last 31 years in (Figure 4.6).The annual maximum temperatures have shown an increase of 0.03oc and its standard deviation over the period was 0.87oc.Only annual maximum temperature is significantly increasing trend at the (p-value of 0.03).This is show irregular variability of temperature in study area over the period of 1992-2022 .This result similar with the finding of Gemeda et al.,(2021), reported that the maximum temperature has increasing trends in the wettest parts of southwest Ethiopia. The finding of other authorSolomon, (2015), says that the pattern of temperature variability was irregular in different part of Ethiopia.

[bookmark: _Toc151641815]Figure 4. 6 : Trend of annual maximum temperature
Figure 4.7.Showed that the annual minimum temperature of the study area observed for years 1992 to 2022.Minimum temperature is increasing trend in kiremt season at the significant value of 0.05 but other season is not significant. It is observed that annual minimum temperature of Guwagusa Shkudad district was between 11.7o c and 9.0o c during the last 31 years. The annual minimum temperature had shown increase trends by 0.02oc. It implies that there was a year-to-year variation in temperature in this district. This result is in line with the finding of (Asfaw, 2020), that temperature was a slightly variable from year to year. any of various alternatives Gemeda et al.,(2021), reported that the minimum temperature has increasing trends in the wettest parts of southwest Ethiopia.



[bookmark: _Toc151641816]Figure 4. 7: Trend in annual minimum temperature
Table 4.4:Showed that the maximum temperature, minimum temperature, and mean temperature value of Guwagusa Shkudad district was 26.2oc, 9.8oc, and 18oc, respectively.
[bookmark: _Toc160502168]Table 4.4: Variability value of Temperature (maximum, minimum, and mean).
	Station
	Temperature
	N
	Max
	Min
	Mean
	SD

	Guwagusa Shkudad
	T max
	31
	28.7
	24.9
	26.2
	0.9

	
	T min
	31
	11.7
	9.0
	9.8
	0.6

	
	T mean
	31
	20.2
	17.2
	18.0
	0.7



The mean values of the annual temperature of Guwagusa Shkudad district trend were 0.02oc and its standard deviation over the period was 0.7oc (Figure 4.8).Other studies conducted by Jury and Funk, (2013) stated that upward trends temperature of 0.03°c per year have been observed over Ethiopia’s southwestern region in the period 1948-2006 close with annual mean temperature trend result.
Average minimum and maximum temperatures indicate have been increasing by about 0.25 °c and 0·1 °c, respectively (Deressa et al., 2011). Farmers participating in focus group discussion and key informant interview also explained that temperature becomes increase every year, which is consistent with the statistical result.


[bookmark: _Toc151641817]Figure 4. 8: Trend of annual mean temperature
[bookmark: _Toc162890657]4.2.6. Trend Test of (Mann-Kendall)
The annual, seasonal rainfall and temperature trends analysis for the period of 1992-2022 exhibited different trends is showed significant increasing and decreasing trends (Table 4.6). Mann-Kendall (Z) and Sen‟s slope (Q) test showed that the decreasing insignificantly trend in rainfall during the annual and seasonal rainfall, so, we can say that the data is not satisfy trend because the calculated p-value is greater than critical value of pat 5%significance level.
The sen's slope rate of decreased by--15.3/year and-8.08mm/year-2.37mm/year and -1.12   in annual rainfall, kiremtbega and belg respectively. Maximum and minimum temperature had showed significantly/insignificantly decrease or increasing trend at 5% P-statistical value (Table 4.5). Allmaximum temperature has increase trendsignificantlyand also minimum temperature in kiremet is increasing trend significantly. Sen‟s slope (Q) rate in the maximum temperatureon annual, kiremt,bega and belg increased by 0.01oc, 0.02oc, and 0.02 ocand 0.01oC respectively, minimum temperature also had showed significantly increasing trendexcept in kiremt season.Sen’s slop rate, 0.0oc, 0.01 oc, 0.0 oc, 0.01 oc, Minimum Temperature in annual, kiremt, bega, belg,respectively. Finally,all seasonalrainfallis decreasing trend insignificantly.Belg season rainfall was insignificantly decline trend similarly, with Amogne et al., (2018) reported a non-significant decreasing trend in Belg season rainfall.
[bookmark: _Toc160502169]Table 4. 5: Annual and seasonal rainfall and temperature of Mann–kendall and sen‟s slope.
	Station
	Rainfall
	
	
	Tmax
	
	
	Tmin
	
	

	
	Zs
	Q
	P-value
	Zs
	Q
	P-value
	Zs
	Q
	P-value

	Annual
	-1.56
	-15.3
	0.12
	 0.97    
	0.01
	0.03
	0.43   
	0.00
	0.67    

	Kiremt
	-0.88
	-8.08
	0.38
	0.63
	0.02   
	0.1
	1.99    
	0.01 
	0.05

	Bega
	-1.12   
	-2.37
	0.26
	1.16
	0.02   
	0.25
	-0.07  
	0.00 
	0.95  

	Belg
	-1.12   
	-0.18   
	0.89
	0.43
	0.01
	0.67   
	0.66   
	0.01  
	0.50   


** (Statistically significant at (α = 0.05) at 5% significance level. Bold value indicates significance trend (p< 0.05).
Mann -Kendall (P -value) and Sen‟s slope (Q) showed the increasing and decreasing trend in monthly rainfall (Table 4.6). The monthly rainfall showed significantly increase trend in Oct, Nov, and Dec, whereas monthly rainfall in Mar,Apr, May, Jul, and Aug showed that non-significantly increase trend. Finally only the Jun month is decreasing trend insignificantly. This result showed that were not satisfied the trend value in month rainfall because calculated P-values greater than P-value of the critical at 5% significance level. Mann -Kendall (Z -test) and Sen‟s slope (Q) showed the increasing and decreasing trend in monthly maximum and minimum temperature (Table 4.6).While both monthly maximum and minimum temperature decrease trend insignificantly in MayandAug, Whereas February, March, July, September  has both maximum and minimum temperature is non-significantly increased trend.
[bookmark: _Toc160502170]







Table 46: Monthly Mann–Kendall (Z) and Sen‟s Slope test for rainfall, maximum and minimum temperature.
	
	
	
	
	
	
	RF
	
	
	
	
	
	

	Test
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	Zs
	-1.3
	-3.4
	0.67
	0.27    
	0.12
	-0.17
	0.63
	1.66
	-0.05
	1.63
	2.16
	1.95

	Q
	0.00
	0.00
	0.14
	0.17   
	0.01
	-0.01
	0.02
	0.03
	0.00
	0.02
	0.02
	0.02

	P-value
	0.18
	0.18
	0.50
	0.78    
	0.9
	0.86
	0.53
	0.09
	0.95
	0.03
	 0.03
	0.05


Tmax
	Test
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	Zs
	0.61
	0.42
	0.88
	0.12
	-0.17   
	0.63    
	1.67    
	-0.05   
	1.63    
	2.16    
	1.96    
	0.37    

	Q
	0.02   
	0.01   
	0.01
	0.01
	-0.01  
	0.02   
	0.03   
	-0.00   
	0.02   
	0.02  
	0.03  
	0.01   

	P-value
	0.38
	0.67
	0.38
	0.91
	 0.87   
	0.53    
	0.09    
	 0.96   
	0.10    
	0.03    
	0.05    
	0.71    


Tmin
	Test
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	Zs
	-0.29   
	0.22   
	1.33      
	-0.19  
	-0.17 
	-0.15  
	0.88    
	-0.22  
	1.59   
	1.72    
	1.05
	-1.05

	Q
	-0.01
	0.01 
	0.03  
	-0.01
	-0.00
	-0.00
	0.01   
	-0.00 
	0.02  
	0.03
	0.03   
	-0.02

	P-value
	0.77  
	0.83  
	0.17
	0.85
	0.87  
	 0.88
	0.39    
	 0.83  
	0.11   
	0.09   
	0.29   
	-0.14


**statistically significant at (α = 0.05) at 5% significance level. Bold value indicates significance value of trend at (P< 0.05).
[bookmark: _Toc162890658]4.2.7. Effect of Climate Variability on PotatoProduction
In figure, 4.9 showed that potato yields were decreased trends. The results were in line with the findings of Ermias (2020), crop production capacity can be weaken because of climatic variability. According to the sample of respondents, the trend on the potato production on the scenarios of decrease in potato yield per hectare, increase the yield, the rest of respondent say that the yield of potato production has not changed.78.1% of respondent say that decrease the yield production and 18.3% of the society said that there is increment of the yield, finally only 3.6% of respondent is no change of production potato yield.

[bookmark: _Toc151641818]Figure 4. 9: Trends of potato yield.
[bookmark: _Toc162890659]4.2.8. Annual potato crop production of Guwagusa Shkudad district.
As shown in table (4.7)climate variability of rainfall directly effects on potato crop production. Due to erratic rainfall and temperature extremes in the district, there was variation of potato crops from year to year(Getachew et,.al 2014). There was highly decrease of crop production during 2013/05, the amount of yield is 39.9 in quintals per hectare, 32.5 quintal per hectare during 2019/11 crop production, and the rest of time when potato yield to be decreased in 2022/14 it was 39.5 quintal per hectare to be reduced .The reason for decreasing crop production based on the information obtained from Woreda is that wurch, early goes rain based on these green plants are already affected in the flowering time it cannot produce the final fruit. As established in table (4.7), the fluctuations in the production crops in the woreda were mainly attributed to climate events such as drought, late onset, and irregular rain.The minimum and maximum potato yields were 32.5 qt/ha and 59.9 qt/ha respectively.The recorded mean was 47.3 qt/ha and CV (15.9%). This implies the potato productivity in the district for last decades is less variable.

[bookmark: _Toc160502171]


Table 4.7:Annual Potato Crop production of Guwagusa Shkudad district (2008-2022).
	
Years
	Potato yield in Q/ ha
	
Years
	Potato yield in Q/ ha

	2008/2000
	48.2
	2016/08
	51.9

	2009/01
	45.6
	2017/09
	56.5

	2010/02
	46.7
	2018/10
	58.2

	2011/03
	43.4
	2019/11
	32.5

	2012/04
	44.0
	2020/12
	46.5

	2013/05
	39.9
	2021/13
	43.9

	2014/06
	52.4
	2022/14
	39.5

	2015/07
	59.9
	
	


Source: Guwagusa Shkudad agricultural office, 2015
[bookmark: _Toc162890660]4.3: Regression analysis for the climate variables and potato.
The findings of the multivariate linear regression analysis used to determine how much a crop's performance was be affected by rainfall and the highest and lowest temperatures are displayed. The results show that the adjusted R2 of this model is 61% with coefficient of determination (R2) is 0.72.the results also showed that the climatic variable explained about 72 percent of potato yield is explained by independent variable (temperature and rainfall) and the remaining 38.5% is explained by another factors in the study area (Table 4.8). Climatic variables have an impact on potatoyield over the years under study.The P-value, which determines the overall significance of regression, is statistically significant at the 5% level as the P-calculated values (0.008) for potato yield is less than significance level of P value at 0.05significance level. Therefore, it can be stated that the production of potato yield is greatly affected by climate change. The results of the linear regression analysis indicated that a decrease in potato yield is related to rising maximum and minimum temperatures. However, increased rainfall also caused an increase in potato yield in the study area.
The results of multivariate linear regression research show that temperature and rainfall changes have nonlinear effects on potato yield. Rainfall and temperature fluctuations lower potato production. The findings alsoshowed that rainfall and temperature variations have a major impact on potato production in the study area.
[bookmark: _Toc160502172]Table 4.8: Regression analysis.		
	Climate variable
	Kiremt RF
	 Annual RF
	Tmax
	Tmin

	Beta Coefficient variable
	0.507
	-0.073
	-0.578
	0.070

	Unstandardized Coefficients B
	0.012
	-0.001
	-0.569
	0.696

	Standard error
	0.013
	0.011
	2.836
	3.443

	R2
	
	Adjusted R2
	F-statistic
	P-value

	0.726
	
	0.615
	6.6
	0.007



[bookmark: _Toc162890661]4.3.1. Correlation analysis for the Climatic elements and potato crops.
The Pearson correlation analysis on the potato yields of and climate variability indicated that Annual and kiremt rainfall positive significantly correlated with potato(r=0.73**) and (r=0.74**) respectively. According to Adem,(2021),states that rainfall is positive correlation with potato yield in Haramayameans that rainfall it will be increase potato yield also increase and the reverse is true. Whereas yield of potato had a negative significant correlation with minimum and maximumTemperature at the value of(r=-0.57*) and(r=-0.76**) correspondingly. This means that increase in minimum and maximum temperature was lead to reduction in the production of potato yield. The production of potato yield is not need extreme temperature value it requires minimum temperaturethe negative sign in temperature with potato yield, indicated that temperature highly affects yield ofpotato. The result line with Eliot (2007) stated that minimumtemperature positively correlates with potato production. Potato yield is strongly positive correlation with Annual and kiremt rainfall. As temperatures rise, potato production was decrease.Eliot (2007) alsosays that rainfall is significant and positively correlated with yield production. The potato plants require more frequent supply of rainfall than many other tuber crops.
[bookmark: _Toc160502173]

Table 4. 9: Correlation Analysis potato yield with independent variables.
	Weather element
	Annual RF
	Kiremt RF
	Tmax
	Tmin

	Correlation
	0.73**
	0.74**
	-0.76**
	-0.57*


** = Significant correlation at 0.01 level (2- tailed); * = Significant correlation at 0.05 level (2- tailed).
Key informants and group discussions have shown that there is a shift in both the overall amount of precipitation and temperature as well as the timing of the rain arriving either earlier or later than anticipated and with the rain extractingbefore the usual period. Around 73.7% of those surveyed observed the rain. It arrives early, goes early, and stops within a short period of time from the scheduled date, and 26.3% respondents says the rain comes early and goes late  of respondents approved the rainfall and the rest rainfall comes after a normal date and goes after a normal date, according to different responders in (2015).
[bookmark: _Toc162890662]4.3.2. FarmersAdaptation Strategies toClimate Variability.
The study site, there were some local adaptation strategies adopted in response to the observed climate effects. Most of the adaptation strategies adopted by the farmers in the study area were change in crop type, crop diversification, changing planting date’s application of agrochemicals, practicing horizontal plowing and mixed cropping/planting.Farmers adapt variability of climate to reduce potential risk. Adaptation to climate change/variability according to the IPCC (2014) is a strategy for adjusting to the effects of the current or predicted climate condition. It continues by outlining how adaptation works to reduce harm or take advantage of favorable opportunities in human systems. Some natural systems may be better able to adapt to the predicted climate and its effects as a result of human activities
[bookmark: _Toc160502174]Adjusting is natural or human systems to current or future climatic shocks or their effects in order to prevent harm or take advantageous chances. Evaluating the production environment understanding hazards, evaluating available responses, establishing situations that facilitate adaptation, organizing resources  putting adaptations into practice, and changing decisions in light of new information are all important aspects of adaptation (FAO, 2015).

Table 4. 10: Local adaptation strategies of the study area.
	Frequency of respondent in each agro ecological zone

	Adaptation strategies
	Dega
	Woina dega
	Total
	Percentage

	Change in crop type
	218
	92
	310
	91.7

	Crop diversification
	221
	88
	309
	91.4

	Changing planting det use
	225
	78
	303
	89.6

	Mixed cropping or planting
	227
	75
	302
	89.3

	Application agrochemical
	208
	92
	300
	88.7

	Planting tree
	217
	75
	292
	86.3

	Practicing horizontal plowing
	182
	59
	241
	71.3

	Improve new crop varieties
	147
	82
	229
	67.7

	Irrigation
	8
	39
	47
	13.9



The table above demonstrates that farmers have some practical options for managing with the effects of climatic unpredictability by using their own local expertise. Each farmer employed multiple adaptation techniques to deal with the effects of climate variability. Adjustment in natural or human systems in response to actual or anticipated climatic factors or their consequences which moderates harm or exploits advantageous opportunities is referred to as adaptation to climate change or variability (Yibekal et al., 2013). Adapting to climate change involves modifications and alterations at all scales from the local to the global. To adapt to future and present climate stress, communities must increase their capacity for adaptation, which includes adopting appropriate technology while maximizing traditional knowledge and diversifying their livelihoods.Adjusting planting dates, varying crop kinds or using better seed varieties, intercropping, using suggested mineral fertilizers, using irrigation, taking measures to protect soil and water, planting trees, and crop rotation were all major adaptation techniques that were discovered(Abid et al., 2014; Mekonnen, 2018; Helen et al., 2021).Crop diversification, water collection techniques, and soil and water conservation were all popular climate change adaptation tactics in Ethiopia, Legesse et al., 2013. According to household survey methods, the researcher exposed that different adaptation strategies such as improving seed varieties, crop diversification, planting trees, soil and water conservation, changing planting dates, irrigation, application of chemical, mixed croppingand horizontal training are the local adaptation strategies in the study area.
Crop diversification: Majority of the farmers from the total respondent of 338 is310(91.7%)practice these adaptation in(218)respondent is interviewed in dega agro ecological zone and the rest of (92) is Woinadega  are used change in crop type and 309(91.4%) crop diversification used as adaptive strategies. The reason why majority of the farmers diversified to other crops was that it provided them the opportunity to absorb the destruction of the climatic variation and to control risk that comes from unsafe use of strategies. Thereare different crop or potato type like Demie(keyverity), godeny varieties, ayto varieties,gohasavarieties, samuni (white varieties), belete varieties this are a type of potato crops that produce in the study area but the quantity that can be produced is different from each other’s .
Change crop type is the most important adaptation strategiesor preferable to resist climate variability. Red variety of potato is the major one to adapt or resist the variability of climate.it sets longer period of time in the earth, because of the performance to resist variability. Belete and godeny are improved new varieties not performance to set longer time period in the earth by these reason the growing time is goes from end of May up to half of June mostly farmers use  mostly for cash purpose not eating . This finding supports the view of (Uddin et al., 2014) who pointed out that farmers choose to diversify their crops to lower overall farm risk and improve prospects for farm profit, which typically results in an increase in average farm income. Greater use of different crop varieties in the same season could be associated with lower expenses and facility of access by farmers. Crop diversification also an important adaptation strategies.
In the context of climate adaptation the use of crop varieties/type , crop diversification, and planting tree, are identified as the most common adaptation .The role of farm diversification on the viability and vitality of agriculture is well documented (Barnes et al., 2015; Hansoonet al., 2013.
Application of agrochemicals: Application of agrochemicals was found to be as adaptive measure that was common used 300 (88.7%) farmers in the study areafrom those 208 and 92 respondents are interviewed from dega and Woinadega agro ecological zone respectively. The respondents applied agro-chemicals (fertilizer) as an adaptive strategy to improve the fertility of the soil for the time and to increase the productivity of potato. Not only add as fertility it also add chemicals to protect potato from late blight and potato worm. Late blight happens in the growth time periods but potato worm is happening both the growing and the final product time. Late blightremains the most devastating disease in potato and worldwide losses each year.it is conservatively estimated at more than 6 billion (Haas et al., 2009). Late blight is generally the most important disease wherever potatoes are grown in the study area.it is caused by a fungus-like microorganism (oomycete) with the scientific name Phytophthora infestans.
Mixed cropping or planting: Farmers in the study area chose mixed cropping over the adoption of enhanced new crop varieties and irrigation as an adaptive technique. It was observed that the farmers mix potatoes with crops such as maize, beans and wheat, potato withgibto .They explained that mixing such crops with the potato was one of the adaptive means able to absorb the risk of the climatic variation. Mixed cropping systems are better able to cope with changes in climate and other stresses. They can reduce risk of crop failure, reduce incidence and losses from pests and diseases, and can make efficient use of labor mixing of potato with beans and with maize and gibtois the most major in the study area. According to the household survey 302(89.7) are used these adaptation measure. The reasons for the farmers to practice these strategies were cheap practice relative to others. The crop is also simply get from your house not from outside the area. According to Degebasa, (2019) intercropping of potato with maize in 2:1 and 1:1 (potato: maize) row spatial arrangement are found superior in their order and recommended for potato production at Adet and its surrounding.
Change of planting dates:This adaptation strategy includes early and late planting options as a strategy for the changing climate. This strategy helps to protect sensitive growth stages by managing the potato yield to ensure that these critical stages do not coincide with very harsh climatic conditions such as mid-season droughts (Gebrehiwot and Veen, 2013). From the sample household survey result, only 303 (89.6) % in those of 225 and 78 respondent are dega and Woinadega agro ecological zone correspondingly. The rest of respondents indicate that change in cropping pattern is dominantly practiced.10.4% of the community are not use changing planting date adaptation strategies. Farmers to shift the planting date of potato or other crop to control climate risk. When theseason is having a climate variation the planting time of crop is already change in to another season. A short time ago rainfall in the study area has shown variability. Focus group discussion (FGD) reported that changing the sowing of potato time, the reason was due to hot climate and shortage of rain it occurs pest and disease.
Irrigation: Irrigation as an adaptive strategy was not popular among the farmers in the study area. Out of the total of 338 respondents, majority of them 53(86.1%) did not practice irrigation with the minority 47 (13.9%) use irrigation as a strategy. Most of the farmers who did not practice irrigation explained that, irrigation involves a lot of cost, especially with respect to purchasing irrigation pipes and pumping machine. This result was supported by (Temesgen et al., 2014) among the important adaptation techniques found in Ethiopia; irrigation is one of the least popular. Our result is contradicted by other authors, According to Kihupi et al., (2015).The samples of the household that use irrigation at Almichieriver produce vegetables like tomato, onion, and cabbage for household consumption and to sell at the market.
Practicing horizontal plowing (tillage): Practicing horizontal plowingis another adaptation strategies of climate about 338of total respondent 241(71.3%) are use horizontalplowingthe rest of 97(28.7%) are do not use this adaptation strategies. Horizontal tillage implies farmers tilling style to be horizontal it is important to protect loss of soil fertility in study area.in the soil different nutrients are presenttherefor cropproductivity setin a suitablecondition because of suitable soil performance. In addition to this information majority of elders respondent also explained that, most crop pest is used in Woinadega agro ecological zone of gusha kebele the reason is Woinadega agro ecological zone it ishotter climate zone than Absla (dega) by these reason the environment is comfortable to produce potato worm. The worm is to cut the trunk of potato in the growing time. The planting seasonpotato is small difference between two kebele and also the final product is not start in the same time Woinadegafaster than dega the moisture content is high in dega but the Woina dega has hotter when as we compare to dega .hot climate condition is important to facilitate growth time of the crop in the study area. Practicing horizontal drilling is mostly use in (dega agro climate zone) environment mostly affected by flood than gusha kebele by these reason horizontal drilling mostly practiced in the study area of dega. The other adaptation strategies almost are relatedly practiced in both kebele but not exactly equal.
[bookmark: _Toc162890663]CHAPTER .5.CONCLUSIONS AND RECOMMENDATIONS
[bookmark: _Toc162890664]5.1. Conclusions
· The results indicated that the yearly rainfall was declining, while average mean, maximum, and minimum temperatures in the study area were increasing. Increase in temperature and decrease in amount of rainfall may have a negative impact on potato production.
· Potato yields have both a negative and positive relationship with climate variables. In general these research findings indicate that rainfall as well as maximum and minimum temperature variability has both a positive and negative impact on potato yields in this district.
· The rainfall anomaly index and precipitation concentration index revealed that rainfall distribution in Guwagusa Shkudad station is highly variable between seasons to season.
· Rainfall anomaly index  in the years (1992 -2022)  indicated that the annual rainfall  anomalies in the station  indicates  positive anomalies for 38.7 % means during these year it have been rainfall  in the time and negative anomalies for 61.3% during Recent years.
· They have used different adaptation mechanisms to overcome the effect of climate variability. The most frequently adopted response mechanisms are growing early mature crops, soil and water conservation, changing planting dates, crop diversification, tree planting, irrigation and improve seed. 








5.2: Recommendation
Based on these results of the study, the following recommendations have been made: 
· The government should provide new agricultural technologies, such as drought-resistant crops, opening up markets, creating crop insurance institutes, and developing education (farmers training centers, formal education), with the objective to increasing farmers' adaptive strategies.
· The potato productivity in the Guwagusa Shkudad District is declining, which is a problem for people who live there. Farmers cannot stop the effect of climate because it has existed or continue from year to year period of time. Later, you should carefully choose or change agricultural system such as grows early maturing potato verity, and totally improves the cultivation process using modern agricultural technologies.
· Reduce the effects of climate change and variability by educating and informing the public, assisting farmers with input application training, using environmentally friendly agricultural production methods, bringing together adaptation and mitigation strategies, resolving obstacles, and promoting effective adaptation strategies.
· Farmers that inhabit various agro ecological locations may use various adaptation strategies. Government policy for the coming time should be providing adaptation technologies through its own agro ecological zone.
· The local government administration and non-governmental organizations should support, increase, and resolve the constraints associated with community adaptation strategies and perform information exchanges among farmers who employ efficient adaptation strategies, such as growing short-maturity crops, and should be create chance to farmers using irrigation by helping necessary tools that applicable to irrigation, to bring sustainable development to the area. To guarantee that accurate information is available and widely distributed, communication between policymakers, nongovernmental organizations, research institutions, universities, and the media, among other actors, should be enhanced.
· Further studies should be investigated on the effect of climate variability impacts on potato production and adaptation strategies.
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APPENDICES
[bookmark: _Toc151818428]Appendex Table 1: Correlation Analysis of potato yield with climate elements.
	Climate element
	Annual RF
	Kiremt RF
	Tmax
	Tmin

	Correlation
	0.73**
	0.74**
	-0.76**
	-0.57*


	
[bookmark: _Toc151818429]Appendex Table 2: Yearly potato yield production in (Q/h).
	Year
	Yield
	Year
	Yield

	2008/2000
	48.2
	2016/08
	51.9

	2009/01
	45.6
	2017/09
	56.5

	2010/02
	46.7
	2018/10
	58.2

	2011/03
	43.4
	2019/11
	32.5

	2012/04
	44.0
	2020/12
	46.5

	2013/05
	39.9
	2021/13
	43.9

	2014/06
	52.4
	2022/14
	39.5

	2015/07
	59.9
	
	



[bookmark: _Toc151818430]Appendex Table 3: Regression Analysis of the Climatic Variables and potato yield.
	Climate variable
	Kiremt RF
	 Annual RF
	Tmax
	Tmin

	Beta Coefficient variable
	0.507
	-0.073
	-0.578
	0.07

	Unstandardized Coefficients B
	0.012
	-0.001
	-4.236
	0.696

	Standard error
	0.013
	0.011
	2.836
	3.443

	R2
	
	Adjusted R2
	F-statistic
	P-value

	 0.726
	
	0.615
	6.6
	0.007


R2=0.72Adjusted R2=0.61F-statistic=6.5P-value=0.008 the regression is   significant.	





[bookmark: _Toc151818431]Appendex Table 4: Minimum, maximum and average temperature.
	Year
	Tmax
	Tmin
	Tmean
	Year
	Tmax
	Tmin
	Tmean

	1992
	25.47
	9.44
	17.45
	2008
	25.89
	9.48
	17.68

	1993
	25.31
	9.06
	17.19
	2009
	26.74
	9.65
	18.19

	1994
	26.05
	9.44
	17.74
	2010
	25.70
	9.77
	17.74

	1995
	26.06
	9.79
	17.92
	2011
	26.35
	9.19
	17.77

	1996
	25.25
	9.87
	17.56
	2012
	26.63
	9.94
	18.28

	1997
	25.76
	9.94
	17.85
	2013
	26.01
	9.86
	17.93

	1998
	25.81
	9.79
	17.80
	2014
	25.67
	9.79
	17.73

	1999
	25.43
	9.33
	17.38
	2015
	24.97
	10.06
	17.51

	2000
	25.52
	9.87
	17.70
	2016
	25.81
	9.72
	17.77

	2001
	26.33
	9.72
	18.03
	2017
	25.73
	9.52
	17.62

	2002
	27.40
	9.78
	18.59
	2018
	25.80
	9.13
	17.46

	2003
	27.78
	10.16
	18.97
	2019
	28.66
	11.70
	20.18

	2004
	27.08
	9.65
	18.36
	2020
	25.89
	9.50
	17.69

	2005
	26.88
	9.66
	18.27
	2021
	25.61
	9.31
	17.46

	2006
	26.29
	9.82
	18.05
	2022
	28.43
	11.53
	19.98

	2007
	25.57
	9.02
	17.30
	
	
	
	


	









[bookmark: _Toc151818432]Appendex Table 5: Annual and monthly rainfall distribution
	year
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Agu
	Sep
	Oct
	Nov
	Annual

	1992
	0
	10
	19.96
	78
	96.7
	498.9
	504.7
	457.8
	420.7
	200.2
	103.2
	2390.2

	1993
	78.4
	10.9
	54.1
	70.2
	192.5
	216.6
	268.9
	603.5
	107.5
	90.3
	102
	1794.9

	1994
	122
	5.9
	59.5
	76.7
	331.3
	640.6
	421.2
	501
	422.3
	210.5
	119.4
	2910

	1995
	0
	11.5
	36.7
	47.8
	202.7
	497.9
	503.8
	531.6
	341.3
	78.9
	63.2
	2315.4

	1996
	0
	12.3
	121.5
	123
	222.1
	273.5
	299.8
	249.8
	607.6
	85.1
	82.4
	2077.2

	1997
	0
	15.4
	67.8
	167
	243.6
	552.6
	389.6
	520.5
	489.5
	215.7
	109.3
	2771.4

	1998
	0
	0
	24.9
	43.6
	89.5
	362.1
	418.6
	347.9
	190.6
	92.5
	89.4
	1659.1

	1999
	0
	0
	0
	53.2
	120.2
	406.7
	552.3
	296.9
	389.9
	195.7
	79.2
	2094.1

	2000
	0
	0
	0
	86.7
	211.3
	286.5
	487.5
	452.1
	216.7
	221.4
	105.3
	2067.5

	2001
	0
	0
	79.7
	45.9
	216.4
	500.8
	377.8
	358.5
	514.5
	325.7
	99.5
	2518.8

	2002
	0
	0
	0
	94.3
	215.7
	303.2
	467.9
	534.8
	345.7
	103.7
	65.2
	2130.5

	2003
	0
	0
	0
	23.4
	186.9
	531.5
	621.3
	599.5
	531.5
	313.5
	45.1
	2852.7

	2004
	78.9
	0
	24.5
	69.8
	121.6
	345.7
	394.6
	607.6
	364.7
	299.7
	79.7
	2386.8

	2005
	31.5
	0
	24.5
	84.9
	111.2
	623.3
	490.7
	508.9
	222.5
	89.5
	62
	2249

	2006
	0
	0
	0
	27.3
	99.8
	294.6
	365.4
	342.5
	452.8
	96.3
	76.9
	1755.6

	2007
	0
	0
	0
	78.7
	113.5
	453.7
	534.5
	561.5
	210.7
	126.3
	30.1
	2109

	2008
	0
	0
	0
	78.4
	202.5
	506.7
	495.8
	324.1
	174.6
	96.5
	145.2
	2023.8

	2009
	0
	0
	39.5
	34.6
	109.6
	453.2
	524.8
	295.8
	201.3
	99.5
	64.9
	1823.2

	2010
	45.9
	0
	40.5
	70.6
	186.7
	367.4
	245.6
	355.6
	245.3
	206.3
	121.6
	1885.5

	2011
	0
	0
	36.3
	85.9
	172.6
	372.6
	387.9
	391.8
	206.6
	131.3
	96.4
	1881.4

	2012
	0
	0
	32.6
	108
	102.3
	371.6
	323.7
	345.8
	260.2
	98.7
	78.5
	1721.2

	2013
	8
	0
	31.5
	0
	105.7
	398.7
	437.6
	472.8
	286
	152
	47.8
	1940.1

	2014
	0
	0
	34.6
	79.4
	169.6
	467.3
	465.7
	403.7
	209.8
	190.6
	34.2
	2054.9

	2015
	0
	0
	80.8
	103
	202.5
	570.1
	583.4
	540.7
	487.5
	273.2
	93.5
	2935.1

	2016
	0
	0
	28.6
	106
	221.5
	427.5
	360.2
	321.5
	201.1
	99.7
	0
	1765.8

	2017
	0
	0
	34.6
	99.4
	204.8
	548.7
	543.9
	610.6
	321.4
	187.6
	99.5
	2650.5

	2018
	0
	0
	39.7
	57.3
	174.8
	472.5
	545.7
	463.7
	419.3
	106.4
	58.9
	2338.3

	2019
	0
	0
	40.1
	99.5
	103.6
	303.7
	314.6
	318.9
	201.9
	208.6
	123.6
	1714.5

	2020
	0
	0
	29.4
	101
	208.2
	480.6
	548.3
	497.5
	341.3
	241.2
	151.6
	2599.1

	2021
	0
	0
	35.6
	74.6
	139.2
	389.9
	451.2
	427.7
	223.6
	112.1
	103.2
	1957.1

	2022
	0
	0
	40.6
	59.7
	121.3
	245.2
	482.3
	429.9
	232.4
	98.5
	46.7
	1756.6

	 Max
	122
	15.4
	121.5
	167
	331.3
	640.6
	621.3
	610.6
	607.6
	325.7
	151.6
	2935.1

	Min
	0
	0
	0
	0
	89.5
	216.6
	245.6
	249.8
	107.5
	78.9
	0
	1659.1

	Mean
	11.8
	2.13
	34.11
	75.1
	167.7
	424.64
	445.5
	441.1
	317.4
	162.8
	83.15
	2165.5
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[bookmark: _Toc158379394]Appendex Figure 1: Photo during focus group discussion.
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[bookmark: _Toc158379395]Appendex Figure 2: Potato affected by late blight.
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[bookmark: _Toc158379396]Appendex Figure 3:  Photo during the time of final product and growing stage of potato.










BAHIR DAR UNIVERSITY 
COLLEGE OF AGRICULTURE AND ENVIRONMENTAL SCIENCES
 DEPARTMENT OF NATURAL RESOURCE MANAGEMENT
 PROGRAM IN ENVIRONMENT AND CLIMATE CHANGE 
Appendix II. Questionnaire Dear Respondents: My name is Amarech Gashu. I am graduate student of Bahir Dar University. I am conducting a research for the partial fulfillment of master degree (MSc) in environment and climate change. The main objective of this questionnaire is to assess the effect of climate variability on potato production and its adaptation strategies among Guwagusa Shkudad district households. Therefore, the information that you give is used for the concerned bodies to analyses household’s knowledge on climate variability potato yield and adaptation strategies.
Instruction: - 
1. Do not write your name. 
2. Your hand writing would be clear and readable.
 Thank you! 
Amarech Gashu Alamirew
I. Background information of household head.
Name of Kebele __________________village (Gotte) ___________
Name of Enumerator ______________________
Household code__________
1. Sex            male___________   female__________
2. Age   
A.18-28   B. 29-39,C.40-50,D.above 50, 
3. Marital Status 1= Married 2 =Single 3= Divorced 4= Widowed
4. Educational Status 0= Illiterate 1 = literate 
5. Family size ___________
6. Do you have your own farm land? If yes, what is the size of your farmland in kada (1 kada =0.25 hectare)
1=0.5ha         2=0.6-1ha     3=1-2ha       4=above2ha
Part II. Climate Variability (Temperature and Rainfall)
1. Are there any changes in temperature and rainfall rates in recent years?

A. Yes           B.No

2. If yes, what observation did you make? Tick mark.

	
	Parameter
	
	

	Change/variability
	Increasing
	Decreasing
	No  change

	Rainfall
	
	
	

	Temperature
	
	
	



3. What Type of agriculture you are practicing? A. Rain fed B. Irrigated C. Both
4. Do you have access to credit from any sources? A. Yes B. No
If your answer is yes where did you get the credit? ______________
5. Do you have extra income other than farming? A. Yes B. No
If yes please specify___________________________________________

6. Are you heard about climate change/variability before? A. Yes B. No
7. From which source of information you heard about climate change? A. Radio C. School
B. Television D. Government Organization E. Non-government Organization
8. What do you say about the main cause of climate change?
A. Natural factors B. Human factors
C. Human and natural factors 
9. If your answer on question number 9 is “Human factors” which of the following are the major causes of climate change?
A. over Cultivation B. Population pressure C. Deforestation D. over cultivation
10. Is there any change in duration of rain? .A yes B. No
11. If your answer to question number 11 is “Yes” how do you characterize it?
A. Comes early and goes late C. Comes late and goes early
B. Comes late and goes late D. Seasonal disturbance
12. Do you get weather information? A. yes          B. no
Part III. Impacts of climate variability on dairy production
1. In the recent past years, have you observed any changes in milk production of your dairy cattle?
      A. Yes               B. No
2. Is there any relationship between the changes to dairy production of your cattle and the climatic variability?
A. Yes                                B .No
Part IV.  The major adaptation practice.
1. Who is responsible to adaptation practice? (Multiple answers is possible)
A. Government Organization C. Local community
B. Non-government Organization D. Local Community and GOs
2. Have you employed any of the following climate change impact adaptation strategies in your farm activity in past decades? (Multiple answers are possible).
  Climate change adaptation  response  If no, please specify the reason why not?
    Yes / No  	
1. Drought tolerant crop varieties       2. Adjusting planting dates       	
3 .Agro-forestry/Planting trees          4. Use of soil and water conservation practices      
5. Inter cropping practices       
3. Have you observed any change in the amount of rainfall? A) Yes   B) No
4. If your response for Q5 is yes, how do you see it? A) Increased B) Decreased   C) remaining the same 
5. Do you observe any impact of climate change on potato production? A .Yes    B. No
If your answer for question 6 is yes, what impacts did you observe?
A.potatoes are sometimes failing B.potatoes are totally failing  
C. Production per hectare is decreasing D .different disease occurs on Potato’s
6. How did you judge the trend of potato’s productivity in your life time?
A. Increased B. Decreased C. No change.
A. Distance from market B. Lack of infrastructure
C. Poor communication with DAs D. Lack of information E. Lack of technical knowledge
F. If any other specify___________
Part VI.For focus group discussion.
1. Explain the condition of environment in your locality. Do you feel the pattern of weather is generally changing?
2. What is your observation on the climatic (temperature and rainfall) condition in your area?
3. What are the impacts of climate change on agriculture and livelihood of rural people?
4. Do you think that the change in climate will continue in the future?
5. What are the adaptation strategies employed by farmers to minimize the adverse impact climate change?
6. Identify any newly appeared Potato infestation and diseases in your locality?
7. Do you sow your potatoes at different times or different places to avert risks of potato loss?
8. What factors affect the choice of adaptation strategies by smallholder farmers?
9. What agricultural technology and Meteorological information system do you access regularly and during climatic extremes?
10. Do you have sufficient knowledge about adaptation options?
11. Do you receive early warning information on short term variations and/or long-term climate change from any sources?
12. What do you recommend to be done to enhance the fight towards climate change?
Part VII.Key informant interview
1. What do you think the causes of climate change?
2. What are the observed indicators of climate change? 
3 How do you understand the impacts of climate change on your livelihood?
4. What are the main impacts of climate change/ variability on the community, on the livestock and the environment? List down
 5. Who are the more vulnerable livelihood sectors in climate change/ variability?  
6. Who is responsible to give response to the variability of climate? 
7. What are the impacts of climate change/ variability on people’s health? 
 8. What are the responsibilities of the peoplesabout climate change?  
9. What is the responsibility of government organization?  
10. What are the local peoples coping mechanisms used to reduce the impacts?  
11. What are the main challenges and how do you think they can be improved?
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