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Climate Variability, Impacts on Maize (Zea mays L.) Yield, and Smallholder Farmers’ 

Perception and Adaptation Strategies in West Badawacho District of Hadiya Zone, 

Southern Ethiopia 

ABSTRACT 

Climate variability affects crop productivity at both global and local scales, and adaptation of 

agricultural practices against this variability helps to translate perception of the farmers to 

decision-making process. This study was initiated to analyze climate variability, examine its effect 

on maize productivity, and assess perception and adaptation strategies of smallholder farmers to 

climate variability in West Badawacho District. Climate and crop data from 2000-2019 were 

collected from the National Meteorology Agency of Ethiopia (NMA) and agriculture and natural 

resource development office of the district  respectively. Data on farmers’ perception of climate 

variability and adaptation strategies used in the study area were collected from 147 household 

heads using focus group discussion, key informant interview and questionnaire. Inferential statics 

were used to check the relationship between climate variables and maize yield. Meteorological 

analyses of climate variability results, which demonstrated a statistically significant increase in 

temperature and decrease in rainfall in the study area. Also, the results of Correlation Coefficients 

indicated that duration of rainy season rainfall, max. Temperature and min. temperature had strong 

positive, moderate negative and weak positive relationship with maize yield (r = 0.79, - 0.2 and 

0.013) respectively in the study area. It was also observed that 62.3 % of total variance of maize 

yield is explained jointly by rainy season rainfall total (R
2 

= 62.2%). The result shows that annual 

average min and max temperature increased by 0.21°C and 0.13°C per year respectively. Annual 

rainfall decreased by 0.63 mm per year with a coefficient of variation of 16.9%. The CV for Kiremt 

season and Belg season rainfall were 18.31% and 35.5% per decade respectively. Perception 

analysis indicated that most of the respondents perceived long-term variability in pattern of rainfall 

and temperature. Therefore, farmers have been undertaking different adaptation practices in the 

study area including: planting trees, soil and water conservation, mixed cropping, changing crop 

varieties and small scale irrigation. Therefore, farmers have been undertaking different adaptation 

practices in the study area including: planting trees, soil and water conservation, mixed cropping, 

changing crop varieties and small scale irrigation. I recommended that the Crops Research 

Institute of Ethiopia develop that heat resistant maize crop that can withstand the pressures of the 

climatic variations especially high temperatures and low rainfall.   

Key words: Adaptation, Climate variability, Maize, perception, smallholders



 

 
 

 

1. INTRODUCTION 

Today, climate variability is recognized as one of the greatest challenges of our world. It is 

predicted to have adverse consequences on the world‟s ecosystems, economies and 

societies (IPCC, 2007). Climate variability has always been identified as a challenge for 

African farmers. Specifically, the hazards on access climate information relevant to 

agricultural activities that enable the farmers to make prior decision about which crops to 

plant, where and when, will increase the ability of agricultural sector to make informed 

decision (Zermoglio, 2011).  Several studies suggest that Africa is particularly vulnerable to 

climate variability (Boko et al., 2007; Lobell et al., 2008). This vulnerability has been 

attributed to the continent‟s high poverty levels, low adaptive capacity, its dependence on 

rain-fed agriculture as well as its limited economic and institutional capacity.   

Climate variability has historically been found as a major cause of food insecurity and 

famine in the country (Beweket, 2009). This is clearly due to the fact that the agricultural 

sector is facing increased and continued risks of climate change. It is apparent that crop 

yield primarily depends on weather conditions, diseases and pests, planning of harvest 

operation etc. Even if, agricultural yields are extremely sensitive to fluctuations in 

precipitation, and there is a fundamental concern that traditional farming practices may not 

be suited to produce sufficient crop yields under emerging climate contexts.  

According to Gebreegziabher et al. (2012), agriculture is an essential driver of economic 

growth especially in least developed countries. So, the boosting agricultural production at 

the national level therefore, stimulates the overall economic growth and development, 

particularly in those countries with high economic dependence on agriculture. However, 

currently climate change or variability has become a serious threat to sustainable economic 

growth. According to Lobell et al. (2009), changes in the agriculturally-relevant variables 

of climate are likely to reduce yields of maize, rice, wheat and other food crops in semi-arid 

regions of the world. Productivity of crops highly depends on the climatic factors such as 

amount and variability of rainfall and temperature (Yengoh et al., 2010; Lobell 2011). In 
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Ethiopia rainfall variability shown that, unreliable occurrences in sufficient amount and 

delay in onset dates contribute to decline in crop yields with reasonable amount in almost 

all parts of the country (Godswill et al., 2007).  

Agricultural sector is a pillar for the Economy of Ethiopian (MOA, 2010). This sector, 

which is rain-fed by its nature, is highly sensitive to climate change and variability (NMA, 

2007). According to World Bank (2006), close linkage between climate and Ethiopian 

economy is demonstrated by close pattern of rainfall variability and GDP growth. The 

trends in the contribution of agriculture to the countries total GDP clearly explain the 

presence of strong relationship between the performance of agriculture and climatic 

conditions.  

According to Birahanu (2014), the severity of adverse effects varies across countries, 

regions, and socio-demographic groups due to differences in exposures, sensitivities and 

adaptive capacities. Climate variability have direct impact on agricultural productivity and 

indirect impact through by pests on crops, reducing water availability and increasing 

natural resources degradation. Due to this adaptation to climate change has to intend at 

providing adaptation strategies through agro ecology based research (Temesgen et al., 

2009). According to Ababe (2007), the climate of Ethiopia is characterized high variability 

annually, seasonally and geographically. Especially the amount and seasonal distribution of 

rain are varying annually and difficult to predict while the temporal distribution of 

rainfall during the growing season is an important factor influencing crop yield.  However, 

increasing temperature and rainfall variability in different part of Ethiopia adversely 

influence the agricultural production of smallholder farmers. To minimize the shock of 

climate change on smallholdr farmers‟ adaptation strategy is essential instrument 

(Temesgen et al., 2009).  

Adaptive capacity building is increasingly embraced by governments and other institutions 

as a means to improve economic and ecological resilience, sustainable development and 

will require action across multiple sectors at all levels (Bishaw et al., 2013). In the study 

area, which is dependent on rain fed agriculture, climate variability is the main factor 

determining crop types and yields. Peoples must build their resilience, including adopting 
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appropriate technologies while making the most of local knowledge, and diversifying their 

livelihoods to cope the climate stress. These local knowledge and local adaptation strategies 

need to be used in synergy with government and local interventions (UNFCCC, 2007). 

Adaptation to climate change requires that farmers first perceive that the climate is 

changing, and then identify useful adaptation measures to cope with the problems and 

implement them effectively and efficiently (Temesgen, 2007).  

In West Badawacho District, farming patterns are gradually changing and faced with 

perceived climate variability and its negative consequences on the maize productivity in the 

location. Further, rural people are reporting famine and maize crop failures have become a 

recurrent feature of their life. Maize production has been quite variable and declining due to 

the problem of rainfall pattern and variability of temperature in the study area. 

Additionally, due to the lack of information and knowledge of farmers about variation of 

temperature and rainfall, the farmers deforests tree for expansions of agricultural land is the 

major problem in study area again. So knowledge and perception of smallholder farmers 

about climate variability are vital to improve productivity and environmental condition.  

In West Badawacho District the systematic assessment and documentation of adaptation 

strategies on climate variability and information that affect their major crops (especially on 

maize) yield had not been well studied. Crop variability and yield trend as well as farmers 

perception on climate and crop variability had not been well studied in previous research 

undertakings. To fill this information gap, the researcher was interested to assess the 

impacts of climate variability on the maize productivity, perceptions and their adaptation 

strategies of smallholder farmers used in West Badawacho District.  

Taking in to account the severity of climate related problems in the study area, this study 

was conducted with overall objective of assessing the impacts of climate variability on 

maize productivity among smallholder farmer‟s and their perception and adaptation 

strategies in West Badawacho District with the following  specific objectives:  
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 To analysis the variability of the temperature and rainfall in the past twenty years in 

the study area. 

 To assess the relationship between the temperature and rainfall with maize yield in 

study area. 

 To assess smallholder framer‟s perceptions of temperature and rainfall variability 

over the last two decides in the study area. 

 To identify the existing adaptation strategies used by smallholder farmers in 

response to climate variability in study area. 

Significance of the Study: - Climate change and variability has become a serious 

challenging factor for the implementation of the country‟s development strategies. Even 

though climate change is affecting the whole world, the extent differs from region to region 

and from locality to locality. Similarly, the coping mechanism differs from community to 

community. These together indicate the fact that local studies are necessary to understand 

the extent of variability and climate change at different levels and different coping 

mechanisms that may be replicated and used as remedial measures in other similar 

occasions.  As the majority of Ethiopia‟s economy depends on rain fed agriculture, it would 

be imperative to enable farmers better understand and adapt to the changing climate of the 

country. Therefore, this study may contribute little about how to cope up and adapt the 

effects of climate change and variability. Furthermore, it can provide GOs, NGOs, 

researchers and policy makers with climate related information about the district. 

Limitation of the study: - This study had limitation in relation to number of sample size; 

this is mainly because of absence of the HHHs at their home during the survey and 

constraints of money. The other challenge encountered during the survey was shortage of 

secondary data and unwillingness of some officials to be interviewed. Lack of related 

literature in study area was takes as limitation for this study. 
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2. LITERATURE REVIEW 

2.1. Definition and Concepts of Climate Related Terms 

Climate variability refers to the climatic parameter of region varying from its long-term 

mean. Every year in specific time period, the climate of location is different. Some years 

have average rainfall, some have average or above average rainfall (IPCC, 2007). Climate 

variability is the short term shift in weather patterns in specific region or globally.   

Crop production is an integral part of agriculture dealing with the cultivation, protection, 

harvesting and storage of cultivated plants for human use. It is the sum total of all activities 

involved in producing, preparing and processing of agricultural crops (Akanbi et al, 2004). 

Impact is the powerful effects that hinders crop growth due to strong influence by climate 

variability and affect crop production (Kassahun, 2011). A smallholder is farmers who own 

or rent small pieces of land for farming and uses production for subsistence (Woldeamlak, 

2009).  

Perception is the process by which we receive information or stimuli from our 

environment and transform it in to psychological awareness (Ban et al., and Hawkins, 

2000). 

Adaptation is the adjustment in natural or human systems in response to actual or expected 

climate stimuli or their effects, which moderate harm or exploits beneficial opportunities 

(IPCC, 2007). It is the process through which people reduce adverse impacts of climate on 

their well-being and take advantage of opportunities that their climatic environment 

provides. 

Community based adaptation is based Adaptation describes the process of reducing 

negative impacts of climate change on vulnerable populations communities, households 

and individuals from the bottom up (CARE, 2012). Community based adaptation is targeted 

at those most vulnerable to climate change and represents a relatively new approach 

consisting of community based development activities, practices, research and policies 

(Reid et al., 2010).  



6 
  

    
 

2.2. Climate Variability and Agricultural Production 

According to IPCC (2007), climate variability is rapidly emerging as one of the gravest 

global problems affecting many sectors in the world and is considered to be one 

of the major threats to sustainable development with adverse effects on agriculture, 

environment, economic growth and natural resources. So the majority of studies simulating 

the effects of climate variability on agriculture have been carried out in developed 

countries, largely ignoring specific effects on small-scale farmers in the developing world 

(Dixon et al., 2004). 

According to FAO (2012), climate variability may affect agriculture and consequently food 

security, through changes in temperature and precipitation, changes in soil moisture and 

soil fertility, changes in the length of growing season and an increased probability of 

extreme climatic conditions. Global climate models predict that aggregate changes in world 

food production are likely to be small (IPCC, 2007). However, there is general agreement 

that climate variability may lead to significant reductions in agricultural productivity in 

developing countries. 

Climate change today is resulting in increased climate variability (IPCC, 2007). So the 

impacts of increased climate variability are pronounced, especially in least developed 

countries, where most agricultural production systems are rained and where people have 

few resources to cope with and adapt to these changes (Antle, 2009). Climate variability 

and droughts are already important stress factors in Africa, where rural households have 

been adapting to such shocks for decades (Perret, 2006) and in very dry regions they have 

even moved „beyond climate‟ dependence in their adaptation and coping strategies (Nielsen 

and Reenberg, 2010). Nonetheless, rural households are likely to experience greater 

uncertainty in their rural production and the negative shocks and trends from increased 

climate variability will affect rural livelihoods such as agricultural production, thus 

exposing rural household welfare to greater levels of risk. It describes the phenomenon of 

food deficit in the household and the community level (Balcha, 2009) 
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In the review of Antle (2009), have showed that not only the amount, but also the timing of 

rainfall is essential to ensure stable crop development and secure the efficiency of farm 

inputs. Globally, especially in developing countries, climate variability causes yield 

declines for their most important crops. Rainfall and temperature is an important element 

that limits growth of plants and crops. Some level of relationship, therefore, seems to exist 

between rainfall and temperature and yields obtain from cultivation of crops (Boko et al., 

2007). The IPCCs uniform climate scenarios show that, a decrease in rainfall of a place will 

cause a reduction in yield with smallholders losing their entire net revenue from crops if 

rainfall decreases by 14 percent. While an increase in rainfall causes increases in crop yield, 

a reduction in rainfall causes a decline in net yield of crops especially; crops that need 

considerable amount of water to survive (IPCC, 2012). 

Rosenzweig et al. (2009) further noted that, under scenarios of increasingly heavy 

precipitation, production losses due to excessive soil moisture have the potential to double 

by 2030. In scenarios with higher rainfall intensity, projected increased risks of soil erosion 

(Nielsen and Reenberg, 2010), simulated crop productivity in maize for an area in Kenya 

under increased climate variability with an increase in the total amount of rainfall. The 

results showed considerable yield variations, with contrasting patterns of seasonal rainfall 

distribution (Nielsen and Reenberg, 2010).  

Climate change or variability is also expected to increase the frequency and magnitude of 

extreme weather events like droughts and floods. In areas where the temperature is already 

close to the physiological limits for crops, warming will impact yields more immediately 

(IPCC, 2007). So the higher temperatures will inevitably reduce yields of crops both in 

quality and quantity by affecting growth rates, moisture availability, photosynthesis and 

transpiration rates while encouraging weed and pest to spread. In general, climate change is 

expected to reduce cereal production by 1% to 7% by 2060 (Perry, 2007). Even though the 

impact of change in mean climate might occur in the long-run, the year to year production 

is being challenged by climate variability and extreme weather events. The impacts of 

climate change on geophysical systems, including floods, droughts, and sea-level rise, are a 

subset of impacts called physical impacts. Vulnerability encompasses a variety of concepts 

and elements including sensitivity or susceptibility to harm and lack of capacity to cope and 
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adapt (Weld, 2014). Historically, many of the largest falls in crop productivity have been 

attributed to anomalously low precipitation events (Kumar et al., 2004; Amare, 2015).  

However, in recent years, extreme weather events, including untimely heavy rain and 

flooding have also been problems affecting agricultural productivity in countries like 

Ethiopia. The change in climate affects the overall agro-ecological conditions. According to 

Rosegrant et al. (2008), seasonal changes in rainfall and temperature could impact agro-

climatic conditions, altering growing seasons, planting and harvesting calendars, water 

availability, pest, and weed and disease populations.  

2.3. Trends in Climate Variability 

The case in Africa is not unique from the prevailing global state of climate variability 

affects certainty condition. One of investigations undertaken 3 decades before by Hansen 

(2012) shows that, dominantly African precipitation pattern is featured by high spatial 

coherence of rainfall anomalies within continent that were interlinked with ENSO events. 

Similar study undertaken by Conway (2009), sates that on decadal time scales, SSA 

experiences drying across Sahel after early 1970s; relative stability marked by extreme wet 

years in eastern Africa; and periodic behavior underlying high inter annual variability in 

southern Africa.  

According to Hansen (2012), observed significant trends were not result of variations in the 

ENSO connections but rather study suspected case to whether natural variability of climate 

and/or may be a result of human activity. Moreover, analysis of Manyatsi (2010), carried 

out by utilization of different climate variability scenarios, has reported an outstanding 

surface heating and declining pattern in hydrological cycle over most of tropical Africa, 

resulting in enhanced heat stress and extended dry spells.  

According to Hadgu et al. (2013), declining trend in annual and seasonal rainfall amounts 

in northern Ethiopia, but the trends were non-significant at most of the stations he studied.  

Again, as indicate by Hadgu et al. (2013), start date of growing season showed increasing 

trend whereas, end date and length of growing season declining trend in the northern 

Ethiopia. In Ethiopia annual and Kiremt rainfall displayed statistically insignificant 
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increasing trends while Belg rainfall depicted significant decreasing trends (Arragaw and 

Woldeamlak, 2017). In the study of Rosell and Holmer (2007), in the eastern part of 

Ethiopia had found a slight decrease in rainfall during the short Belg season while the long 

rainy season (Kiremt) had shown an increasing trend through time.  Both the short and the 

long rainy seasons have become shorter and rainfall variability had increased.  

In the data of National Meteorological Agency, average country wide annual rainfall trends 

remained more or less constant between 1951 and 2006. However, both seasonal and 

annual rainfall has exhibited high variability (NAPA, 2007). However, some studies have 

indicated that rainfalls have been declining over some parts of the country. In regions of 

high or complex topography such as the Ethiopian Highlands; downscaled projections 

indicate likely increases in rainfall and extreme rainfall by the end of the 21st Century 

(IPCC, 2013). 

2.4. Impacts of Climate Variability in Ethiopia 

The overall impacts of climate variability on agriculture had negative. However agriculture 

plays a dominant role in the economy of Ethiopia. Even though its contribution to overall 

economy, this sector is challenged by many factors, of which climate related disasters like 

drought and flood are major ones (Temesgen, 2009). It has also a fragile high land 

ecosystem, which is currently under stress due to population pressure (Alemneh, 2010). He 

argued that, climate variability affects agriculture and its effect pronounced on subsistence 

farmers, which have low adaptive capacity. Total failure or shortage of rainfall is often 

cited as the major cause for the recurring droughts and harvest failures. Such a problem or 

situation is further exacerbated by the social, economic and ecological situations (Dawit 

and Habtamu, 2011). So that currently climate change and variability is already impose 

significant challenge to Ethiopia by affecting food security, water and energy supply, 

health, poverty reduction and sustainable development efforts (Abebe, 2007).   

Likewise Deressa et al. (2008), also argued that factors such as land tenure insecurity, weak 

agricultural research and extension services, lack of agricultural marketing, poor transport 
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network, limited use of fertilizers, improved seeds and pesticide as well as the use of old 

traditional farm implements contribute to the low productivity of crop production.  

However, Ethiopia is especially vulnerable to climate variability and change because large 

segments of the population are poor and depend on agricultural income, which is highly 

sensitive to rainfall variability. This variability of rainfall and the recurrent droughts in 

Ethiopia affects the lives of millions of people as livelihood depends on rainfall (Viste et 

al., 2012). Most have low access to education, information, technology and basic social and 

support services and as a result, have low adaptive capacity to deal with the consequences 

of climate variability and change (Bishaw et al., 2013). 

2.5. Impact of Climate Variability on Crop Production 

Climate variability can affect agricultural production in a variety of ways. Temperature and 

precipitation patterns, extreme climate conditions, surface water runoff, soil moisture and 

CO2 concentration are some of the variables which can considerably affect agricultural 

development (IPCC, 2007; Zhai and Zhuang, 2009). However, Ethiopian agriculture is 

heavily dependent on rainfall with irrigation agriculture accounting for less than 1% of the 

country‟s total cultivated land. Thus, the amount and temporal distribution of rainfall and 

other climatic factors during the growing season are critical to crop yields and can induce 

food shortages and famine (CSA, 2008). During drought and delay in the onset of rain land 

becomes dry and difficult to plough, forage deficit leads to weakness and oxen mortality 

and lack of precipitation hinders seed cultivation and germination of cultivated seeds. Even 

weeks delay in the onset of rain was found to have significant difference on the harvest and 

has deprivation of households‟ livelihood (Abate, 2009).  

2.5.1. Impact of Climate Variability on Maize Productivity 

The world is experiencing rising demand for crops such as maize. It has been estimated 

that; global agricultural production may needed to increase by 60 percent or more by 2050 

(World Bank, 2010). The IPCC projections suggest a particularly high demand for maize 

over other cereal crops. To meet this increasing demand will require around a 2.4 percent 

per year increase in yield. However, based on current performance, estimates suggest 
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annual global yield increases for maize as low as 1.6 percent, well below the rate required. 

This average also conceals significant variations between regions. Whilst maize yield 

increases in Asia are generally high, in South America they vary between 1.7 and 4 percent 

(IFRPI, 2013). Variations in maize yield increases are most dramatic in Africa where some 

countries are facing decreases in annual yields of over 7 percent. Currently yields in SSA 

can be as low as 1.5 tons per hectare, a fifth of what achieved by leading maize producers. 

A recent foresight report suggests a gap between potential and actual maize yields of over 

60 percent for SSA (EC, 2008). Therefore, a need to improve yields by making agriculture 

more efficient, profitable and sustainable, particularly for smallholders in SSA, which 

combine a high reliance on maize for food with low levels of production and vulnerable 

agricultural system (NAAS, 2013).  

According to Kim et al. (2007), leaves of maize grown at 23 °C photosynthesized faster 

than the leaves of maize grown at 13 °C and 28 °C so that most maize cultivation in 

developing world is dependent on temperature. This makes crop particularly vulnerable to 

drought, heat and pests. Current estimates suggest that 25 percent of maize production 

affected, and threaten by frequent drought (FAO, 2010). It is widely accepted that these 

stresses would be more serious because of climate change, resulting in a potential loss of up 

to 10 percent in maize production in Africa by 2055 (IFRPI, 2009). The lack of access to 

improved varieties and good quality seed, limited access to often-expensive fertilizers or 

low fertilizer rates, decreasing size of farms and pesticides, poor dissemination of good 

agricultural strategies, need for affordable, small-scale mechanization to replace manual 

labor and significant post-harvest losses due to poor storage, pest attack and spoilage 

affects smallholders (NAAS, 2013). The other important thing in area is the presence of 

opportunity for better agricultural production. One of such opportunities is current better 

emphasis of government to Climate-Resilient Green Economy Strategy (Ayelach, 2015). 

This strategy gives emphasis to more agricultural production through environmentally and 

friendly techniques and wise use of natural resources. As a result, currently one can observe 

larger public movement to protect environment through reforestation, soil protection, 

rehabilitation of water bodies, and integrated watershed management. 
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Studies have been conducted on impacts of climate variability in the area of crops yield in 

different parts of the world (Woldeamlak, 2009; Awotoye and Matthew, 2010); some of 

these studies have shown significant impacts of climate variability on agricultural activities, 

especially during last 40 years period. According to Traore (2013), climate has a strong 

influence on agricultural production. So subsistent agriculture considered as one of most 

weather-dependent sectors of all human activities, which bring socio-economic impacts 

whose severity varies from one region to another. These impacts are particularly strong in 

developing countries found in tropics, which in many cases, exposed to high variability in 

climate risks. 

2.5.1. Temperature variability and crop production 

In the view of Temesgen (2014), marginal increase in temperature in summer and winter 

caused a reduction in crop yield and revenue per hectare. The reduction in the yield and 

income of smallholders has significant impact on the livelihoods of the smallholders as well 

as some of socio-economic roles they play in the family. In addition, high temperatures and 

extreme events are predicted to increase in SSA with a resultant effect on growth and yield 

of most agricultural crops in these regions, which activate serious concerns about food 

security (Datta, 2013).  

According to Welch (2010), higher minimum temperatures reduce yields, while higher 

maximum temperature increases yields. However, it is important to note that impact of high 

and low temperatures on crops depend on the type of crop under consideration. Similarly 

Datta (2013), emphasized that high temperature can influence significantly on crops and 

cause a reduction in yield. Temperature is significant climate variables effecting the plant 

environment. Photosynthesis, respiration, organ initiation and their relative growth, and dry 

matter production and its distribution are dependent on temperature and solar radiation 

(Cosmulescu et al., 2010; Şenyiğit and Akbolat, 2010). 

Generally, temperature determines the length of growing season of crops by determining 

the crops germination, vegetative and reproductive stages (FAO, 2009). Increased 

temperatures lead to increased evapotranspiration (Holmen, 2003) thus affecting water 
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availability which is very important in the process of photosynthesis (Dawyer et al., 2006). 

Generally, high temperature affects the chloroplasts where photosynthesis takes place 

through generation of reactive oxygen species (Kreslavski et al., 2007). Low temperatures 

also affect crops by reducing their metabolic reactions (Sage and Kubien, 2007). Different 

crops have different optimum temperature. 

2.5.2. Rainfall variability and crop production 

According to Bewket (2009), crop production is significantly associated with rainfall 

distribution in its onset, cessation and amount during rainy season. Hence changes in timing 

of onset disrupt farmers‟ practices of land preparation and sowing while its distribution and 

cessation greatly affects crop growth, yield formation and harvesting. In Ethiopia, Lemi 

(2005), found that crops are negatively affected by rain, based on the yield and rainfall data 

he analyzed for four provinces of Ethiopia. As indicated by Hadgu et al. (2013), analysis of 

trends in rainfall events such as onset, cessation, dry spell, wet spell and number of rainy 

days is more important than annual and seasonal totals in the dry lands where seasonal 

rainfall variability is high. Rainfall can considerably vary uneven within a few kilometers 

and on different time scales. It implies that crop yield exceedingly relies on space and time. 

It has a major effect in determining crops that can grow, farming system, sequence and 

timing of farming operations (Ayanlade, 2010). 

 Rainfall also been seen as the supplier of soil moisture for crops. Therefore, having 

knowledge on sequences of rainfall variability, events can assist acquiring specific 

information for agricultural planning (Reddy et al., 2008; Mandal et al., 2013). Within 

variable seasonal rain fall patterns, understanding the events of the occurrence of rain 

features like; onset and end date of rainy season, dry spells are crucial to decrease the 

adverse effects and exploit opportunities (Yemenu et al., 2013).  

According to Sun et al. (2006), understanding how climate variability influences the yields 

can be helpful in designing policies that aim at reducing climate vulnerability and 

improving food security. According to the study of past and future intra seasonal rainfall 

variability in terms of onset, end date and length of rainy season, number of rainy days, 



14 
  

    
 

length of dry spell with in the growing period and its trend is important for agricultural 

purposes in the dry land area than annual and seasonal totals (Hadgu et al., 2013).  

2.6. Smallholder Farmers’ Perception on Climate Variability  

Perception is the way of smallholder farmers think and behave in relation to climate 

variability and change (Wehbe et al., 2006). Then an assessment of the farmers‟ perception 

of climate variability induced hazards can help to uncover the nature of the risk and its 

underlying factors and associated socio-economic consequences. Perception of local 

farmers to climatic variation is crucial to designing appropriate adaptation strategies to 

climate variability for many poor countries that are highly vulnerable to the impacts of 

climate variability (Demeke, 2010). Therefore, it is important to have an insight of local 

people‟s view on temperature and rainfall trends of change to dig out locally available 

climate variability adaptation options.  

Farmers‟ perceptions about climate are based primarily on their sense of the reliability or 

variability of weather patterns especially rainfall, temperature and drought in their own 

regions and this perception is an important determinant for adaptation decision (Piya, 

Maharjan and Joshi, 2013; Osbahr et al., 2011; Patt and Schro¨ter, 2008). However; as 

diclosed by Amogne et al. (2018), focusing on annual or seasonal trend alone might 

mislead and should be supported by variability analysis and perception of the farmers. 

Moreover, incorporating the experiences of farmers in trend analysis discourse which could 

offer important insights on the nature of meteorological processes that could not capture by 

the analysis of recorded data alone is very important. So farmers‟ perceptions of climate 

change governance and adaptation is pivotal for future plans aiming to deal with challenges 

arising as a result of climate variability. Farmers who perceive potential consequences from 

climate change are more likely to support policies and programs that aim to address it 

(Niles, Lubell and Haden, 2013; Arbuckle et al., 2013). 

Farmers‟ perception of climate change governance and adaptation is pivotal for future plans 

aiming to deal with challenges arising as result of climate variability. However, in many 

parts of the world climate change awareness, mitigation and adaptation mechanisms are 
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marginally known. The spatial behavior and behavioral responses of individuals and 

communities are often shaped around their perceptions of problems (Getis et al., 2000; 

Nzeadibe and Ajaero, 2010) and this urges scholars to investigate the problem of climate 

change in the context of particular socioeconomic settings. Generally, studies on farmers‟ 

perception and adaptation to climate change have elicited significant research interest in 

Africa. In this regard (Maddison, 2006), notes that perception of climate change appears to 

hinge on farmers‟ accumulated experience and the provision of free extension service 

specifically related to climate change.  

Perception of climate variability among rural communities is driven by multiple forces. 

Different household and farm factors influence whether and to what extent farmers perceive 

climate change and its impact on local agriculture (Deressa et al., 2011). The age of a 

subsistence farmer is closely related to farming experience and their accumulated 

knowledge of the environment including changes in climatic conditions (Patt and Schröter, 

2008; Deressa et al., 2011; Juana et al., 2013) that may go back many decades. Related 

studies by Maddison (2006) and Nhemachena and Hassan (2007), indicate that farming 

experience, just like farmers‟ education level, increases the probability of uptake of 

adaptation measures to climate change. 

According to Gbetibouo (2009), farmers with access to extension services are likely to 

perceive changes in the climate because the extension support provides information about 

climate and the current weather. Consequently, awareness and perceptions of a problem 

shape motivation to act or not to act on the problem related to climate change (Speranza, et 

al., 2009). It is noted that perceptions of risks by rural communities are also important in 

configuring the climate risk as it can shape the variety of adaptive actions taken. Adaptation 

to climate change refers to adjustment in natural or human systems in response to real or 

predictable climatic inducements or their effects, which moderates harmful effects or make 

use of beneficial opportunities (IPCC, 2001).  
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2.7. Smallholder Farmers’ Adaptation Strategies to Climate Variability 

Sustainable land management measures are among the important approaches that rural 

households can use to adapt to climate vulnerability and change.  Ethiopia considers soil 

and water conservation techniques a key strategy to adapt to global warming (Deressa et 

al., 2008). Sustainable land management measures can also help to mitigate GHG 

emissions and climate change by sequestering carbon in the soil and vegetation, or by 

reducing emissions of carbon dioxide, nitrous oxide or methane caused by poor land 

management practices. However, climate change adaptation strategies that do not involve 

sustainable land management approaches, such as farm and grazing land expansion into 

forest areas or disproportionate agricultural input applications, including pesticides, might 

worsen land degradation and contribute to GHG emissions. For instance, in the Morogoro 

region of Tanzania, environmental degradation has increased as a result of farmers‟ 

responses to droughts and other environmental stresses, which had involved agricultural 

intensification and intensification, livelihood diversification and migration (Paavola, 2004, 

2008). According to Negatu (2014), in developed and developing countries all over the 

world, farmers and indigenous and local communities have traditional knowledge, 

expertise, skills, and practices related to food security, agricultural production, diversity 

and adaptation. Adaptation strategies are methods that local people used to adjust 

themselves with the existing change to minimize and adapt the impact of climate change.  

While these strategies were instrumental for farmers‟ survival, they had also contributed to 

increased deforestation, soil nutrient depletion, soil erosion and reduced water retention. 

Short-term adaptation strategies adopted to cope with current climate changes may increase 

the vulnerability of the population to future impacts of climate variability. One of the 

components of livelihoods is livelihood strategies. It refers to the range and combination of 

activities and choices that people undertake in order to achieve their livelihood goals 

(Solomon, 2013). 

Agro forestry 

Agro forestry is land use management system that involves the integration of trees and 

shrubs into farmland either through planting or natural regeneration. Agro forestry has a 
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high potential for climate change mitigation, adaptation and crop productivity. Agro 

forestry enhances soil organic matter, agriculture productivity, carbon sequestration, water 

retention, agro-biodiversity and farmers‟ income (Zomer et al., 2016; Singh, 2017). Trees 

provide cover for soil that prevents erosion which is one of the main causes of soil 

degradation. Agro forestry improves agricultural yield by enhancing soil fertility through 

nutrient cycling, improved soil organic matter and creation of favorable microclimate for 

certain crops. Trees are also well known carbon sinks. They fix carbon through the process 

of photosynthesis and store excess carbon as biomass (Nowak and Crane, 2002; Singh, 

2017). 

Crop rotation and Intercropping 

Intercropping is the simultaneous cultivation of more than one crop species on the same 

field while crop rotation is the practice of growing a sequence of plant species on the same 

land. Intercropping reduces the climate driven crop failure as variety of crops have different 

climatic adaptability (Shava et al., 2009). Intercropping of cereals with leguminous crops 

facilitates nitrogen fixation and improves yield. Inter-cropping with legumes reduce the 

amount of nitrogen fertilizer used. Crop rotation diversifies soil nutrient utilization as 

different crops have different nutrient uptake. Crop rotation is a sustainable approach that 

increases yield and water use efficiency while reducing soil erosion (Huang et al., 2003; 

Singh, 2017). Changing crop types helps controls weeds and reduces pest damage by 

interrupting their habits and lifecycles. Crop rotation is also an effective approach for 

carbon sequestration as compared to growing same type of crop continuously (Triberti et 

al., 2016). 

Soil and water conservation 

Soil water conservation is the combinations of the appropriate land use and management 

practices that promotes the productivity and reduce erosion and other forms of land 

degradation (Senders, 2004). Soil water conservation practice reduces soil erosion, 

enhances soil fertility, improves soil moisture and ultimately improves system productivity. 

There are different types of soil water conservation measures ranging from physical 

structures to agricultural conservation measures including strip cropping and cover 
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cropping. Physical soil conservation structures are permanent features made of earth, stones 

or masonry, designed to protect the soil from uncontrolled runoff and erosion and retain 

water where needed (EA, 2010). Benefits can be significantly improved when physical 

measures are integrated with biological options. Biological measures such as grass on soil 

water conservation structures stabilize the physical soil water conservation structure. It also 

increases nutrient retention and water infiltration that improve soil moisture. Covering soil 

water conservation structures with palatable vegetative measure provides the opportunity to 

grow fodder for livestock. 

Irrigation 

Rain fed agriculture in sub Saharan Africa will remain vital for food security (Cooper et al., 

2008). At the same time, irrigation can be a valuable strategy for making agriculture more 

stable and safe. Types of irrigation are for example dams and ponds, hand dug wells and 

other types of wells, flood irrigation, sprinkler irrigation, lifting water using a petrol-fueled 

pump engine, and irrigation by gravity. Use of irrigation is one of the least practiced 

adaptation strategies among the major adaptation methods identified in Ethiopia (Temesgen 

et al., 2009). 

Mixed farming 

In the drier areas of Ethiopia, cropping is largely difficult and certainly risk full both with 

regards to production and environmental degradation (Cooper et al., 2008). In these areas 

pastoralist dominates. In other areas of the country, crop production can be mixed with 

pastorals and risk can be reduced this way. CEEPA (2006) stated that, owning livestock 

may buffer the farmers against the effect of crop failure or low yields during harsh climatic 

conditions. If the farmers have these types of resources it may function as an important 

safety net and also contribute to extra income, because animal products can be sold, and 

livestock can also be sold during difficult periods. Selling of livestock is identified as a 

coping mechanism to climate variability and extremes in Ethiopia (Abebe, 2007).   
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3. MATERIALS AND METHODS 

3.1. Description of the Study Area 

3.1.1 Location of the study area 

The study was conducted at West Badawacho District, Hadiya zone of SNNPR, Ethiopia. It 

is part of a triangle-shaped exclave of the Hadiya Zone. The district comprises 22 kebele 

administrations and the district is located between 7
0
06‟27”North and 37

0
 53‟48‟‟ East. The 

altitude of the area ranges between 1750-2100 m.a.s.l. The district is located at 88 km from 

the zonal capital town Hosanna and is found 352 km south west of the Addis Ababa. West 

Badawacho is bordered on the south by the Bolos Sore District, on the north by the Kedida 

Gamela District, on the west by Kachebira District and on the east by East Badawacho 

District (WBDANRDO, 2019). 

  

 Figure .1 Location Map of the Study Area 
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3.1.2. Population 

The District consists of 18 rural Kebeles and four rural towns and has a total human 

population of 112,301 of which 60,891(54%) are males and 51,410(46%) are females. Out 

of the total population, 8.1 % are urban dwellers and the remaining 91.9% are rural 

inhabitants whose life is based on agriculture (CSA, 2007). The District has a total area of 

19,900 hectares (199 km2) with a population density of 564 people per square kilometer  

3.1.3. Geology and soil type  

The dominant soil type of the district is Lithosols. Lithosols are shallow, well-drained, red, 

tropical soils. The common types of soil that are found in the district are red-brown basaltic 

(Nithosols), black (Vertisols) and some parts of district alluvial soil are common ones. 

Generally, they are considered as fertile soils but know fertility loosed due to different 

problem.  As district report thus, they are the most productive soils to produce commonly 

grown food and plantation crops (WBDANRDO, 2019)                               

3.1.4. Climate and Drainage 

The District is the typical two agro-ecological zones (67 percent moist woina  Degas and 

33 percent dry Wayne Dega). The maximum, minimum and average of temperature were 

31.1 
0
C, 13.1 

0
C and 22.1 

0
C respectively over the study area while the average annual 

rainfall in West Badawacho District ranges from 531.3mm to 1212mm. Rainfall is 

characterized by fluctuation in amount and periodicity from year to year in study area. 

Accordingly, it has two rainy seasons, Belg and Kiremt.  Belg is the short rainy season and 

lasts between March and May. The Kiremt season, which is the longest rainy season, lasts 

between June and September.  

3.1.5. Land use system and socio economic activities of the study area 

In the study area, the land use patterns are mixed farming system which includes crop 

production and livestock rearing. Furthermore, crop production is the dominant agricultural 

activity. Farmers are growing trees and /or shrubs in the agricultural landscape and also 

dominant crop production like maize, wheat and teff are commonly grown, although some 
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leguminous crops like haricot bean, faba bean, and chickpea are also grown in the area. 

Crop production is mainly rain-fed; practically all annual crops are produced by this way 

for household consumption as well as for the sales in the markets. The staple food crop of 

the area is Enset (Ensete ventricosum) and the main cash crop is coffee (Coffea arabica). 

3.2. Research Approach 

Mixed research approach design was used for this study because the method is believed to 

be more appropriate to investigate the topic under discussion and to assess 

farmers‟ knowledge towards climate variability and its impact on maize productivity and    

existing adaptation strategies. Under this design Qualitative methodology allows human 

values to be present and open to scientific investigations that are usually explored only with 

quantitative methodology.  Making uses of this method enable extraction of relevant and 

adequate data on the effect of climate variability, smallholder farmers‟ perception of 

climate variability and consequently reach at mechanisms of adaptation measures.  

3.3. Types and Sources of Data 

Primary data were collected from field observation, focus group discussion and interviews 

with selected farmers and key informants. Secondary data were obtained from district 

agricultural office, Hadiya Zone Agricultural Office, CSA and National Meteorological 

Agency of Ethiopia. The temperature and rainfall data of West Badawacho District was 

obtained from NMA for the previous 20(2000-2019) years were used to analysis climate 

variability. In generally the rainfall and temperature data for  the study area on monthly 

rainfall, monthly mean maximum temperatures (calculated from the maximum 

temperatures observed each day) and monthly mean minimum temperatures (calculated 

from the minimum temperatures observed each day) was collected from meteorological 

archives of the National Meteorological Services Agency of Ethiopia (NMSA), Hawassa 

branch. From the raw monthly data at the station, total annual rainfall, seasonal average 

rainfall, Kiremt rain fall total, Belg rain fall total and mean maximum temperatures and 

mean minimum temperatures was calculated to check climate variability in the study area. 
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3.4. Sampling Procedure and Techniques 

In order to select the respondents a three-stage sampling approach were employed. First, 

four Kebeles were selected out of 22 Kebeles in the district purposively for being main 

producers of maize in study area (dependent on rain fed maize production) and the intensity 

of the impact of the climate variability as well as potentials of different adaptation 

strategies. Accordingly, the four kebeles were Elifata, Denema Gabaremayiber, second 

Kotto and Wadaa gabaremayiber. The total farmer‟s house hold of four Kebeles were 2514 

from these samples of 147 households were selected based on Yamane (1967) simplified 

formula. Secondly, using stratified sampling method households were selected from each of 

the four Kebeles proportionally. Therefore the total farmers‟ of selected Kebeles were 2514 

then arranged in four strata such as N1, N2, N3, N4 are 679, 622, 653, and 560 respectively. 

So ni=sample size (Ni/total house hold of selected Kebele) that means ni=1479(Ni/2514) 

where ni is sample size of house hold in each Kebele, Ni is the strata number of each 

Kebeles. Finally, systematic sampling methods used to select farmers from each Kebeles. 

The use of this particular sampling method involved three steps. In first step, sample 

interval (k
th

) was determined by dividing farming population of various Kebeles by their 

respective sample sizes. The second step involved a random sampling of respondents from 

various Kebeles. To begin random process, first number was picked between 1 and k
th

 

number using simple random sampling technique through lottery method. Here, first 

number to k
th

 number were written on pieces of papers and folded in a bowl. Afterwards, a 

blindfolded person asked to pick first number from bowl, which served as basis for 

selecting rest of respondents using sample interval. Finally, k
th

 term selected successively 

from list until total number of sample obtained (Kothari, 2004).  Formula used for 

calculating a sample size is described as follows:- 

   
 

       
 

Where N is population size, n is the sample size and e is the level of precision (Belay, 2012; 

Getachew et al., 2014; Yemane, 1967). For the selected Kebeles, N=2514 at ±8% precision 

levels the sample size was computed as with confidence level of 95% and p=0.05.    
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Table: 1 Sample size of respondents 

No  List of Kebele 
Household 

size  

Sample 

size 

Percent

age 

1  Elifata 679 40   27 

2  Denema Gabaremayber 643 36    25 

3 Second kotto 667 38   26 

4 Wada Gabaremayiber 525 33   22 

5  Total 2514 147   100 

3.5. Data Collection Tools 

3.5.1. Household questionnaire 

The household questionnaire was designed in line with stated objectives and research 

question, and includes diverse issues that could provide an understanding of the socio 

economic attributes of the study households and their perception of climate variability, 

impact of climate variability on their maize productivity and strategies adapted to climate 

variability in the area (Appendix I). The questionnaire was prepared in English and 

translated in to Hadiyisa language before interview to households. This is because some 

respondents unable to read and write. In order to maintain the validity and reliability of the 

data, the questions were carefully reviewed by experts working in offices of agriculture, 

food security, natural resource and disaster management. 

As part of validity and reliability check pre-test of questions were made by interview was 

made on 10 farmers who were not involved in the actual survey of each site. The pilot 

survey helped to evaluate whether the instruments were appropriate and suited to the study. 

Necessary amendments were made through deleting and modifying questions those having 

confusing and sensitive ideas identified by experts and households. Pre-testing of the 

questions also helped to determine the mean interview length needed for covering the 

samples and to plan the time, days and number of data collectors required for the survey.  
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3.5.2. Key informant interview 

The researcher used semi structured interview method because of its flexibility and makes 

clear any time when there is ambiguity. Then, key informant interview as one of data 

collection methods was carried out with knowledgeable farmers‟ on climatic information of 

study area, its possible impacts on maize production of the smallholder farmers and the 

adaptation methods in the study area (Appendix II). For this study one agronomist and one 

natural resource experts were selected from development agent that work in each Kebele 

and again two experts from WBDARDO and two experts from WBEPO. Models farmers 

who are familiar with the study area and knowledgeable about the research issues were 

selected purposively (one model farmers) were selected in each Kebeles. This was made to 

have an overall picture of the Kebeles and district as well as generate general information 

on the main research problem.   

3.5.3. Focus group discussions 

Focus group discussion (FGD) helps to generate data on group dynamics, and allows a 

small group of respondents to guide by a skilled moderator, to focus on key issue of the 

research topic (Mwanje, 2001). Two FGDs were held each FGD was composed of 6 

individuals who were selected based on socially status within the society and are known to 

have better knowledge on the present and past environmental, social and economic status of 

the study area. The main purpose of FGD is to get insights and understand of smallholders 

about climate variability. During the focus group discussion, the perception of farmers 

about climate variability in the area, indicators of climate variability particularly rainfall 

and temperature variability and occurrence of extreme events were given an emphasis and 

also participants of FGDs have also discussed on adaptation strategies (Appendix III). 

3.5.4. Participatory rural appraisal  

Participatory rural appraisal including transect walks, was fundamentally an extractive, 

external driven process that helped the researcher get information about the area under 

study based upon the knowledge of the communities about their own life conditions 

(Chambers, 1992). The use of these kinds of tools enable researchers to get useful 
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information about the sites, and also help to get closer to the people in the village and gain 

some confidence for the future work. Rapid rural appraisal was important in making a 

correlation of the questionnaire response by the farmer to the actual remarkable activities in 

the farm field. Visits were made at different farming sites in the Kebele where different 

farming and adaptation practices were applied with the help of Kebele leaders who knows 

village environment. This method was used to assess various farming practices performed 

by smallholder farmers in relation to climate variability adaptation to counter-check the 

responses given by the respondents using a checklist guide (Appendix III). The rapid rural 

appraisal included activities of a reconnaissance assessment of the land use land cover, land 

management practices, local institutional setups from environment and social issues 

management perspectives, etc. Preliminary information was also collected on incidences of 

climatic variability and adaptation mechanisms attempted by the community. 

3.6. Data Analysis 

3.6.1. Descriptive data analysis 

Data obtained from various sources were analyzed using qualitative and quantitative data 

analysis techniques. The qualitative information gathered using direct observation, focus 

group discussion and interview of respondents was analyzed and transcribed using 

qualitative techniques, whereas the quantitative data generated by questionnaire, crop yield 

data and meteorological data were analyzed using descriptive statistics and Inferential 

statistics such as correlation and regression analyses were employed with the help of 

Microsoft Excel and Statistical Package for Social Sciences (SPSS) version 20 to assess the 

effect of meteorological variables on maize crop yield. The relationship between climate 

variability and maize production were analyzed through regressing of climate variables 

(rainfall and temperature) with maize crop yields. Finally mean, SD, CV, standard anomaly 

index and Precipitation Concentration Index (PCI) were employed with the help of 

Microsoft Excel to analyze climate variability in study area.  

 Data quality control: Missing data was estimated using the simple arithmetic mean ratio. 

This involves replacing the missing data record with the average value for a given station. 
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There are several methods of estimating missing climatic data record. Type of method 

depends on whether the missing data are temporal or spatial data. Temporal resolution is 

good for annual, monthly; daily depends on the length or amount of missing records (Stige 

et al., 2006). The arithmetic mean ratio formula is given by  

                                

Where, yi = is the month with the missing value, mean of y = is a long term monthly mean 

at the station with missing data, mean of x = is a long term monthly mean of the nearby 

station and xi= is a corresponding record of the nearby station.  

Homogeneity test: - Data reliability was checked by applying homogeneity test which 

involved comparison of data from study station to its surrounding stations. Single mass 

curve and moving average plots was used in this research to test for homogeneity. The plots 

with a straight line imply that data were homogeneous (Ramasubramanian, 2007).  

3.6.2. Analysis of rainfall variability 

Standardized anomaly index, precipitation concentration index and coefficient of variation 

were used as descriptors of rainfall variability (Bewket and Conway, 2007; Ayalew et al., 

2012). Standard anomaly index was calculated for rainfall and temperature by: 

                                                                                                            

Where Pt is annual (rainfall or temperature) in year t, Pm is long-term mean annual (rainfall 

or temperature) over the period of observation and σ is standard deviation of rainfall. 

McKee et al., (1993) used the classification system shown in the SAI value as: extremely 

wet if,      very wet if             , moderately wet if           , near 

normal if,               moderately dry if            , and severely dry if 

               and extremely dry if   . This index is used to examine the nature 

of the variability and enables the determination of the dry and wet years in the record. 

Coefficient of variation (CV) was calculated to evaluate variability of rainfall and its 

characteristics by dividing the standard deviation of the event to its long term mean, as 

described in equation below. This is used to compare the variability of any two 
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distributions which may be measured in different units. According to Hare (1983), CV (%) 

values are classified as follows: < 20% as less variable, 20- 30% as moderately variable, 

and > 30% as highly variable. Coefficient of variation was calculated by the formula: 

                                                                                                               

Where CV is the coefficient of variation, σ is standard deviation and N long-term mean 

annual (rainfall or temperature) over the period of observation.  

On the other hand, standard deviation is computed as the square root of variance. Using the 

classification of Reddy (1990), the stability of rainfall is examined as follows: when 

standard deviation <10 as very high stability, 10-20 as high stability, and 20-40 as moderate 

stability and >40 as less stability. Where SD can be computed as 

   √⌊∑  ⌌   ̅⌍  
   ⌋                                                                                       

Precipitation Concentration Index (PCI) was analyzed using De Luı´s et al. (1999), which 

are the modified version of Oliver‟s (1980), Woldamlak (2009), PCI values below 10 

indicate uniform monthly rainfall distribution; values between 11 and 20 indicate high 

concentrations of monthly rainfall distribution; and values of 21 and above indicate very 

high concentration of monthly rainfall distribution. It was computed as follows: 

    
   

  
              =    

∑     
   

 

 ∑      
   

                                                         

Seasonal rainy and dry day‟s variability: Even though the smallest recorded amount of 

rainfall is 0.1 mm, a threshold value of 1mm was used to define days as wet or dry because 

0.1mm of rainfall value almost has no effect on growth of crops ( Robel et al.,2013). Thus, 

in the others study, number of rainy and dry days were determined by counting all days 

with rainfall ≥1.0mm as rainy and those days with < 1.0mm as dry days respectively as 

outlined by (NMSA, 2001). Different researchers used the same definition (Segele and 

Lamb, 2005; Mesay, 2006; Hadgu et al., 2013). 
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3.6.3. Analysis of the perception of farmers towards climate variability 

In order to understand farmers‟ perception towards climate variability in West Badawacho 

District, farmers were asked to indicate what they used to observe regarding year-to-year 

fluctuation in temperature and rainfall around the normal. They were asked to specify 

whether or not they have noted: (i) temperature condition (increase, decrease, no change) 

(ii) rainfall condition (increase, decrease, no change, do not know (iii) change in the timing 

(duration) of the rain (comes early and goes late, comes late and goes early, comes late and 

goes early, comes early and goes early. Additionally the perceptions of farmers of various 

climatic variables for the last 20 years were collected using a 5- point Likert scaled attitude 

items: strongly agree, agree, unsure, disagree and strongly disagree. In the case of 

adaptation strategies, the respondents were asked about their range of practices.  

Descriptive statistic and Likert scale measurement were used to characterize farmers‟ 

perception on changes in long-term temperature, rainfall and other aspects.  

Index of trend of yield: The study also analyzed the stability of crop yield trend by 

constructing indices of trend of yield (ITY) based on farmers‟ responses to a question 

related to detecting productivity trend since the past 20 years using the following 

formula(Teshome , 2017). 

                      ⌊ ⌋                                                                        

Where, ITY = index of the trend of yield  

fi = frequency of responses indicating increasing (high) yield  

fd = frequency of responses indicating decreasing (low) yield  

fc = frequency of responses indicating constant 

 N = total number of responses 

3.6.4 Analysis of the relationship between the seasonal temperature and rainfall with 

maize yield 

The statistical correlation coefficients between maize yield and climatic variables namely 

rainfall and temperature was used to assess the strength and the direction of the 

relationship, and significance of the relationship between maize yield production and the 
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climate variables. Focus was made on annual data (2000-2019) to understand how the 

events impact on maize yields. 

Correlation Analysis: This method provides the degree of relationship between two 

variables. Pearson Correlation coefficient (r) analyses were used to analyze the correlation 

between crop yields (Maize yield expressed in qt/ha) with maximum temperature, 

minimum temperature, mean annual temperature and rainfall characteristics, value of r 

ranges between -1 to +1, a correlation coefficient close to +1 indicates a strong positive 

correlation, a correlation coefficient close to -1 indicates a strong negative correlation 

similarly a correlation coefficient of 0 indicates no correlation (Armi Collins, et al.,1994; 

Agrawal et al., 1986; Odekunle et al., 2007). For this study, the value of r was calculated 

using the Pearson correlation coefficient equation 

  
 ∑   ∑ ∑ 

√ ∑    ∑    √∑    ∑   
………………………………………………………….. (8) 

Where r = Pearson Correlation Coefficient between X (climate variables) and Y (maize 

yields); ∑X = Sum of the data in X distribution; ∑Y = Sum of the data in Y distribution; 

∑XY = Sum of the product of X and Y; ∑X
2
 = Sum of the squared X; ∑Y

2
 = Sum of the 

squared Y; (∑X)
 2

 = Squared of sum of X; (∑Y)
 2

 = Squared of sum of Y; n = Number of 

pairs of the measurement. 

 Regression Analysis: The simple linear regressions of the random variable Y on time X. 

The regression coefficient of the interpolated regression line slope coefficient was 

computed from the climate data based on (Mongi et al., 2010). This type of trend line used 

the following linear equations to calculate the least square fit for a line using MS Excel                                            

       

Where Y is physical factor (annual maize yield) β is slope of the regression equation, X is 

climatic variable of years from 2000- 2019 (20 years), C is regression constant.  

Multiple regressions are an extension of simple linear regression in which is more than one 

independent variables (X) are used to predict single dependent variables (Y). The predicted 

value of Y is a linear transformation of the X variables such that the sum of squared 
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deviations of the observed and predicted Y is a minimum. With n independent variables, 

the prediction of Yn is expressed by the following Equation  

                         

Where Y is the dependent variable b0 is an intercept, b is coefficient of independent 

variables X and n refers to the n
th

 observation.  

The coefficient of determination (R
2
) indicates the variation of the climate variable with 

time in the linear regression model which is defined as:  

   
   

   
   

   

   
  

Where SSE is the sum of squared error, SSR is the sum of squared regression; SST is the 

sum of squared total. In general, R
2
 measures how successful the fit is in explaining the 

variation of the data. Coefficients of multiple determinations (R
2
) were used to determine 

the percentage of variation explained jointly by the climate variability. If P-value of F 

exceeds 0.05 (confidence level) the explanatory variable does not predict response variable.  

(Wilks, 2006).  
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4. RESULTS AND DISCUSSION 

4.1. Demographic Characteristics of Households 

Information on the socio-economic characteristics of respondents showed that 85% of the 

respondents were male and the remaining 15% are females (Table 2). This implies that 

males were more involved in rural agriculture than their female counterpart in the selected 

kebele of West Badawacho District. These indicate that male-headed households adapt 

more readily to climate variability and implement high labor and capital-intensive 

adaptation strategy than female headed households. This result is consistence with the 

findings of Temesgen (2008), and Birtukan and Abraham (2016).  

As indicated in the Table below, Forty eight percent of the household heads fall under the 

age group of 36-45 years, 30% of the household were in age group greater than 46 years 

and the remaining 22% were in age group between 20-35 years. Experienced farmers are 

more likely to have more information and knowledge on changes in climatic conditions and 

crop and livestock management practices. This result is also consistent with the findings of 

Temesgen et al. (2009), Aemro et al. (2012) Ajewole (2013) and Taruvinga et al. (2016). 

More than half (51.5%) of the respondents had family size between 5 to 7 and 25% of them 

had family size of greater than 8 while the remaining 23.5% of the respondents had family 

size between  1 to 4. This implies that the study area is among those that represent highest 

family size. It shows that, the differentiation of social status and family size affects their 

livelihood bases and adaptation to climate variability. This finding is consistent with the 

findings of Temesgen et al. (2008), Ajewole (2013), Fatuase and Ajibefun (2013) and 

Menberu and Yohannes (2014) who argued that large family size is associated with higher 

labor endowment which would enable a household to accomplish various agricultural tasks 

especially at peak seasons.  

About one fifth (20%) of the responds had no formal education, while 78% of the 

respondents completed primary and secondary education and only 2% completed 

higher education. This implies, more than fifty percent of the respondents know read and 
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write (Table 2). However, the educational level of farmers has a direct link with the 

perception to climate variability.  Result in line with the finding of Temesgen et al. (2008) 

an education level of respondents increases the probability of adapting to climate change. 

This is because education is an indispensable tool to easily understand climate information 

to adjust and develop adaptive capacity to the changing climate. This result is consistent 

with the findings of Temesgen et al. (2008), Mohammed et al. (2014) and Fatuase et al. 

(2015). 

Over 90% of the households owned land size between 0.1ha to 1ha. Additionally, 10% of 

households owned between 1ha to 2ha (Table 2). Land holding status is one of the most 

decisive determinants of their livelihood behaviors. Among other things, access to farm and 

pasture lands play the most decisive role behind farmers‟ action to take part in adaptation 

activities and/or stick on environmentally fragile areas. The probable reason could be 

households who have large land size will have opportunity to access both formal and non-

formal credit, which can be used to buy improved variety. Furthermore, household with 

better land size to accept risk to try new variety and diversify his/her crops. This result is 

consistent with the findings of Negash (2011).  

The majority (86%) of the respondents are engaged in mixed farming (crop production and 

livestock production), with rest (14%) earn their living from off farm activities. Therefore, 

the livelihood of the study area farmers is highly dependent on crop production which is 

sensitive to climate variability. 
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Table 2. Characteristics of the sample respondents 

 
Characteristics of the respondents   Frequency Percent 

    

Sex of sample respondents Male 125 85 

Female 22 15 

Age of sample respondents 20-35 32 22 

36-45 71 48 

>46 44 30 

Marital status Single 1 1 

Married 135 91.5 

Divorced 6 4 

Widowed 5 3.5 

Family size 1-4 35 23.5 

5-7 76 51.5 

>8 37 25 

Educational status Cannot 

read and 

write 

29 20 

Primary level 105 72 

Secondary 

level 

9 6 

>12 4 2 

Landholding size 0-1 132 90 

1-2 15 10 

>2 - - 

Means of livelihood The mixed 

farming 

system 

126 86 

Off farm 

activity 

21 14 

 Total 147 100 
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4.2. Rainfall and Temperature Variability of West Badawacho District 

4.2.1. Temperature variability and pattern 

Annual temperature variability in the study area was characterized by a general trend of 

increased. Annual maximum, minimum and average temperatures are presented in the table 

below and it shows the warmest year was 2015, while the coldest year was 2001 in study 

area. Average temperature of the West Badawacho District from 2000 to 2019 showed an 

increasing trend with the lowest temperature of 20.5
0
C while highest temperature 25.3

0
C. 

Also, the mean value of annual temperature and its standard deviation over the period were 

21.9 
0
C and 1.42 

0
C respectively. It implies that there was a slight year to year variation in 

temperature. The trend coefficient was 0.2 and was statistically significant variability. This 

is show irregular variability of temperature in study area over the period of 2000-2019. This 

result in line with the finding of Solomon (2015), the pattern of temperature variability was 

irregular in different part of Ethiopia. 

Table 3.Variability of annual temperature from 2000-2019 in West Badawacho District. 

Temperature 

parameters 

Annual mean 

temperature 

Mean 

maximum 

temperature 

Mean minimum 

temperature 

Mean (
0
C) 21.9 32.3 12.5 

Standard 

deviation (
0
C) 

1.42 1.08 2.17 

Highest 

temperature (
0
C) 

25.3 34.6 17.9 

lowest 

temperature (
0
C) 

20.5 30.4 10.2 

Trend (
0
C/year) 0.2 0.13 0.21 

Coefficient of  

Determination(R
2
) 

0.707 0.52 0.33 

 

In according to figure below, an overall increase in temperature was observed in the study 

area over the period of 2000-2019. However, the pattern of temperature trend was irregular. 

Figure 2 revealed that the annual average temperature of the district was rising and the rate 

of trend was 0.2 
o
C/yr with R

2
 = 0.707. 
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Figure 2: Trend in annual mean, max and min temperature from 2000-2019 in West  

Badawacho District 

Seasonal Belg average temperature from 2000-2019 showed an increasing trend with the 

lowest temperature 21.4
0
C while highest temperature 28.3 

0
C. The mean value of seasonal 

Belg temperature and its standard deviation over the period were 23.5 
0
C and 1.75 

0
C 

respectively.  This implying that there was a slight year to year variation in temperature of 

West Badawacho District. Also the trend coefficient was 0.237 and it was statistically 

significant temperature variability in West Badawacho District.  

Table 4.Variability of Belg season temperature from 2000-2019 in  

West Badawacho District 

Temperature 

parameters 

Belg mean  

Temperature 

Belg mean max 

temperature 

Belg mean min 

temperature 

Mean (
0
C) 23.5 30 15.8 

Standard dv (
0
C) 1.75 1.2 2.31 

Highest 

temperature (
0
C) 

28.3 32.6 22.7 

Lowest 

 temperature (
0
C) 

21.4 27.7 13.5 

Coefficient of  

determination(R
2
) 

0.53 0.609 0.5 

Trend (
0
C/year) 0.237 0.15 0.28 

 

y = 0.1359x - 240.75 
R² = 0.5207 
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Figure 3 Trend in Belg season mean, max and min temperature from 2000-2019 in West 

Badawacho District 

Seasonal Kiremt average temperature from 2000-2019 showed an increasing trend with the 

lowest temperature 19.4
0
C while highest temperature 24.9

0
C. Then, the mean value of 

seasonal Kiremt temperature and its standard deviation over the period were 21.2 
0
C and 

1.37 
0
C respectively. It implies that there was a slight year to year variation in temperature 

in West Badawacho district. So the trend coefficient was 0.19 and it was again statistically 

significant variability.  

Table 5.Variability of Kiremt season temperature from 2000-2019 in study District. 

Temperature 

parameters 

Kiremt  

mean 

temperature 

Kiremt mean  

max temperature 

Kiremt mean  

min temperature 

Mean (
0
C) 21.2 26.2 15.7 

Standard deviation(
0
C) 

1.37 1 2.19 

Highest 

temperature (
0
C) 

24.9 28.7 20.6 

Lowest 

temperature (
0
C) 

19.4 24.9 13.7 

Trend (
0
C/year) 0.19 0.12 0.3 

Coefficient of  

Determination(R
2
) 

0.65 0.52 0.64 

 

y = 0.2371x - 453.06 
R² = 0.6094 

y = 0.1531x - 277.7 
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Figure 4.  Trend in Kiremt season mean, max and min temperature from 2000-2019 in  

West Badawacho District 

Generally, in the study area, the temperature pattern of two seasons was also showing 

positive trend (Figures 3 and 4). The average annual temperatures of Belg (MAM) and 

Kirmet (JJAS) revealed positive trends and the trend values were 0.237 
0
C/yr and 0.19 

0
C/yr, respectively with R

2
 values of 0.53 and 0.65, in that order. Figures 3 and 4 also 

showed the general trend of annual and seasonal average maximum temperatures in West 

Badawacho District over a period 2000-2019. The average annual and average seasonal 

maximum temperatures showed a consistent increasing trend in the study area over the 

studied period. It also revealed that the recent years are getting warmer as compared to the 

earlier years. These increasing average maximum temperatures were reduced yield of maize 

as result of reduced growing duration for radiation capture. 

4.2.2. Rainfall variability and pattern 

The average annual rainfall of West Badawacho District ranges between 531.3mm as the 

minimum and 1211.9mm as maximum for the past 20 years respectively. The amount of 

rainfall showed yearly fluctuation between 2000 and 2019. Rainfall pattern is the major 
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source of risk for farmers who depend on crop production in study area. The correlation 

coefficient also revealed that rainfall has decreased slightly with time. The annual rainfall 

patterns in the area appeared to decrease at a non-significant rate. This might have a 

negative impact on maize production, availability of animal feed and overall on agro 

biodiversity of the study area. This result in line with the finding of Orindi and Murray, 

(2005), stated that both temporal variability and decreasing rainfall pattern pose effects on 

the environment and affect negatively the agro biodiversity of the area.  

Table 6.  Variability of annual rainfall from 2000-2019 in West Badawacho District 

Rainfall  parameters Annual RF Belg  RF Kiremt RF 

Mean (mm) 918.5 326.1 432.9 

Standard deviation (mm) 155.2 115.6 79.3 

Maximum rainfall (mm) 1211.9 630.2 615.7 

Minimum rainfall (mm) 531.3 148 338.2 

Trend (mm/year) -1 2.45 0.29 

CV (%) 16.9 35.5 18.31 

The seasonal total rainfall ranged from 148 to 630.2 mm in MAM and 338.2 to 615.7 mm 

in JJAS, respectively. Rainfall is much higher variable for MAM season than JJAS season, 

which indicated higher inter-annual variability of the MAM season rainfall total. The 

annual total rainfall also showed high inter-annual variability, which ranged from 531.3 to 

1211.9 mm. The result further indicated that Kiremt rainfall has contributed more that the 

Belg rainfall to the annual totals. Mean Belg rainfall is 326.1mm and mean Kiremt rainfall 

is 432.9mm. The standard deviation of Belg rain was 115.6 and Kiremt rain was 79.3. The 

observed SD values showed that in both past Kiremt and Belg rainfall was less stability 

(SD= 79.3mm and 115.6mm). This less stability shows that the seasonal Kiremt and Belg 

rainfall totals were not easily predictable and resulted in difficulty to take decision 

regarding to rain fed crop production during the study period. Due this climate variability is 

major determinant factor in study area. This study aggress with the study of Welde (2014), 

the variability of seasonal rainfall is a main determinant of crop production. 

Therefore, the coefficient of variation (CV) of the Belg and Kiremt rain in the West 

Badawacho District shows that 35.5% and 18.3 % respectively. The Belg rain shows a high 

seasonal variability between the years 2000-2019 than Kiremt in West Badawacho district.  
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That means the Belg rain shows relatively high seasonal variability in the same years and 

decreasing trend. The result in the line with the findings of Rosell and Holmer (2007) and 

Arragaw and Woldeamlak (2017) that showed more variability in Belg rainfall than the 

Kiremt rainfall in most parts of Ethiopia. Therefore, the variable and reduced Belg and 

Kiremt rainfall has a critical implication on rural livelihoods. 

 

 

 

 

 

 

 

Figure 5. Annual rainfall distributions in West Badawacho District 

 

Figure 6.  Trend in belg and kiremt rainfall variability from 2000-2019 in  

West Badawacho District 

Variability in year to year variation of annual rainfall for West Badawacho is expressed in 

terms of standardized rainfall anomaly (Figure 7). West Badawacho and the surrounding 

region is a show both dry and wet years on the climatic conditions between 2000 and 2019. 

The results of the linear trend lines for the study period clearly demonstrate that there was a 
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slightly decreasing rainfall trend. This result is in line with the findings of Tigist (2011), 

whose study revealed a general decreasing rainfall in Ethiopia. 

Standardized rainfall anomaly index (SAI) calculated for a period of 20 years (2000-2019) 

indicated that the annual rainfall of West Badawacho shows positive anomalies for 50% 

and extremely dry conditions with negative anomalies for 50% during recent years. The 

year 2015 stands out as the driest year, with a standardized rainfall anomaly of -2.5.  In 

contrast, 2016 was the moderately wettest year, with a standardized rainfall anomaly of 

1.89.  

 

Figure 7. Variability of standardized annual rainfall anomaly from 2000-2019 in West 

Badawacho District  

The mean annual precipitation concentration index (PCI) value was 13.1 for the district, 

which indicates high concentrations of annual rainfall distribution precipitation concentrati

on index (PCI). The value of PCI in the year of 2002, 2003, 2006 and 2009 were below 8 so 

they indicate uniform monthly rainfall distribution; while remain years were lies between 

11 and 20 indicate high concentrations of monthly rainfall distribution (Table 7). Therefore, 

decrease in annual rainfall may be due to fact that, some years recorded very less rainfall, 

which might have generally influenced overall trend. This means that even though annual 

rainfall decreased over period, rate of decrease was uneven. The less recordings of rainfall 

in some periods of years may be harmful to crop production especially maize, which need 

excessive rainfall during fruit development stages.  
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This result is consistent, with the finding of Woldamlak (2009), value of PCI less than 10 

indicate uniform monthly distribution while values between 11 and 20 signify high rainfall 

concentration and value greater than 20 represents very high concentration of seasonal 

rainfall distribution.  

Table. 7  Mean annual precipitation concentration index (PCI)  

Average PCI=13.1 

Kiremt rainfall variability  

Variability in year to year variation of Kiremt rainfall for West Badawacho is expressed in 

terms of standardized rainfall anomaly (Figure 8). As it can be depicted in the figure, West 

Badawacho and the surrounding region display both wet and dry condition between 2000 

and 2019 years. From the trend lines of the Kiremt rainfall, there was a clear indication of a 

slightly increasing in rainfall trend. This result resembled with the study conducted by 

NAPA (2007) and IPCC (2013) concluded that the study for Kiremt rainfall is likely to 

increase over Ethiopian.  

Standardized rainfall anomaly index (SAI) calculated for a period of 20 years (2000-2019) 

indicated that the Kiremt rainfall of West Badawacho shows positive anomalies for 35% 

and moderately dry conditions with negative anomalies for 65% during recent years. The 

year 2005 stands out dry year, with a standardized Kiremt rainfall anomaly of -1.19. In 

contrast, 2013 was the extremely wettest year, with a standardized Kiremt rainfall anomaly 

of 2.31. 

Years PCI Year PCI Year PCI Year PCI 

2000 13.52 2005 14.06 2010 16.98 2015 14.38 

2001 13.19 2006 9.57 2011 14.52 2016 14.65 

2002 9.74 2007 13.56 2012 16.25 2017 12.17 

2003 9.81 2008 13.84 2013 14.47 2018 14.24 

2004 10.85 2009 9.19 2014 15.06 2019 12.01 



42 
  

    
 

 

Figure 8. Variability of standardized Kiremt rainfall anomaly from 2000-2019 in West 

Badawacho District  

Belg rainfall variability  

Year to year climatic variation of Belg rainfall for West Badawacho is expressed in terms 

of standardized rainfall anomaly as shown in (Figure 9). West Badawacho and the 

surrounding region experienced wet and dry years from 2000 and 2019.  The variability 

analysis of Belg season shows that rainfall trend was slightly increased. Standardized 

rainfall anomaly index (SAI) calculated for a period of 20 years (2000-2019) indicated that 

the Belg rainfall of West Badawacho exhibits cyclic extremely wet conditions with positive 

anomalies for 55% and severely dry conditions with negative anomalies for 45% during 

recent years. The year 2015 stands out as the extremely driest year, with a standardized 

Belg rainfall anomaly of -1.54. In contrast, 2016 was the wettest year, with a standardized 

Belg rainfall anomaly of 2.6 in West Badawacho District. 
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Figure 9. Variability of standardized Belg rainfall anomaly from 2000-2019 in West 

Badawacho District 

Number of rainy days  

The observed number of seasonal Kiremt rainy days varied from 28 days to 69 days in 

study area. The observed CV values also showed that there was more variability in the 

NRD and conversely, less at (NDD) in studied during 2000-2019. The observed number of 

Kiremt dry days varied from 51 days to 92 days in study area. On the other hand, the 

observed Belg rainy days varied from 17 days to 47 days at District during 2000-2019. 

There were, on average, less Belg season NRD in a year than the NDD in studied. The 

observed CV of Belg season NRD also showed that there was high inter annual variability 

in the NRD (28%) than NDD (15%) in study area. This indicates that the NDD in the past 

Belg season was less dependable in the study area.  

Table 8. Number of rainy days and dry days during kiremt and belg season from 2000-2019 

in West Badawacho District. 

Parameters NRD of belg  NDD of  

belg  

NRD of  

kiremt  

NDD of

 Kiremt 

Maximum (days) 47 73 69 92 

Mean (days) 32 58 49 66 

Minimum (days) 17 43 28 51 

CV % 28 15 19 14 

SD (days) 8.8 8.8 9.2 9.2 

NB: NRD is Number of Rainy Days, NDD is Number of dry days, CV is Coefficient of Variation and SD is 

Standard Deviation. 
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From agricultural point of view, high inter annual variability in the number of rainy days 

shows less dependability of the rains for planning activities which may lead to crop 

failures. Particularly, the high variability of rainy days for the Belg season could be a great 

problem for farmers who lack instruments to quantify rainfall amount but rather depend on 

number of rainy days to plan cropping calendar. 

4.3. Variability of Maize Productivity in West Badawacho District 

The District agriculture office reported the twenty years maize yield from 2000-2019 

respectively as 18, 20.5, 25.25, 19, 22, 15.5, 17, 24.75, 20.75, 15.25, 28.25,21, 13, 41, 24.5, 

14, 39.25, 14.25, 18.25, 16.25 quintals/hectares.  

Table 9:- Twenty years maize productivity with SD and CV in West Badawacho District. 

Years Mean annual maize  

yield/quintals 

SD Coefficient of 

variation 

2000-2019 21.4 7.45 34.8 

2000-2004 20.9 2.54 12.13 

2005-2009 18.65 3.6 19.4 

2010-2014 25.6 9.23 34 

2015-2019 20.4 9.54 46.8 

Production of maize crops in West Badawacho District appeared inconsistent as shown 

with coefficient of variation 34.8 % with an average of 21.4 quintals (Table 9). This implies 

the maize productivity in West Badawacho District for last two decades is highly variable. 

The first five year (2000-2004) production of maize crops fluctuated listed by the 

coefficient of variation 12.3% with an average of 20.9 quintals. The second five year 

(2005-2009) production of maize crops shows 19.4 % with an average of 18.65quintals. 

The third five year (2010-2014) production of maize crops shows 34 % with an average of 

25.6 quintals. The fourth five year (2015-2019) production of maize crops shows 46.8 % 

with an average of 20.4 quintals. I can conclude that the amount of maize production has 

highly variable in the last five years. The possible reasons might be due to climate 

variability and may be poor fertilizer access, miss management of farm land, land 
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fragmentation etc. Here all the combined effects are responsible to yield decreasing but the 

most decisive cause in the study area was climate related hazards. The results were in line 

with the findings of Balcha (2009); crop production capacity can be weaken because of 

climatic variability. 

4.4. Correlation Analysis of the Climatic Variables and Maize Yield 

Rainy season rainfall had showed a strong a positive correlation with maize yield (0.79). 

This implies an increase in rainfall enhances maize production; while its decrease results in 

poor maize yield. So that less Rainy season rainfall can affect yield of maize. As observed 

from the results obtained on the relationship between the climatic factors and maize yield, 

Rainy season rainfall is one of the most essential determinate factors in the production of 

maize in West Badawacho area. This result in line with the finding of Dejene (2011), who 

found that less rainfall could be harmful to crops and affect its yield. Furthermore, the 

present results are congruent with (IPCC, 2012) that increase in rainfall causes increases in 

crop yield, a reduction in rainfall causes a decline in net yield of crops especially crops that 

need considerable amount of water to survive. Average Rainy season minimum temperature 

had weak positive relationship with maize yield (0.136).  

On the other hand Rainy season mean maximum temperature showed a negative 

relationship with correlation coefficients of -0.2 with maize. This implies that an increase in 

temperature beyond the optimum level it reduce maize yield and vice versa. this result in 

line with the finding of Kim et al.( 2007), high temperature of about 23-30°C and low 

temperature of about 10-13°C results in a decline in maize production and vice versa.  That 

means temperature crop damage increase through delayed maturity and cool temperature 

results in longer duration of factors and maize yield. Similarly, Datta (2013) emphasized 

fact that high temperature can influence significantly on crops and cause a reduction in 

yield. In general, years 2000, 2003, 2005, 2006, 2009, 2012, 2015, 2017, 2018 and 2019, 

the growth and yield of maize were favored which coincided with the slight decrease in 

Rainy season mean temperature, mean minimum and maximum temperatures.  

The test statistic was then used to test the significance of the correlation coefficient at 95%. 

It was significant variation between the two values of t for temperature and rainfall was 
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observed and showed the significant influence. This may be because those Climatic 

parameters used such as Rainfall, mean minimum and maximum temperatures were   

limiting factors.  This is evident through the calculated t value being greater than the 

tabulated value. It is, therefore, concluded that rainfall, maximum and minimum 

temperatures are crucial in maize production over the study area according to those results 

was carried out. 

Table 10 Correlation of Rainy season rainfall, temperature and maize yield of Badawacho 

District 

 

4.5. Regression Analysis of the Climatic Variables and Maize Yield 

The impact of Rainy season total rainfall on maize yield was determined for the period of 

2000 to 2019 in West Badawacho District. In this study, rainfall variability due to current 

climatic variability would impact the maize production and to actually infer the impacts of 

rainfall on the annual output of maize crop grown in West Bawacho District. With regards 

to Rainy season total rainfall and annual maize for West badawacho district (2000-2019), 

the correlation coefficient of 0.79 was interpreted as strong positive relationship between 

the two variables. The significance 2-tailed gives p value of 0.032 which was less than 

0.05, hence, it was statistically significant correlation between rainfall and maize yield. In 

terms of regression, it was that there is significant relationship between Rainy season 

rainfall and maize yield (b=0.049). Then the results gave R value of 0.79 and R square of 

Climate 

variable 

Maize yield           Test statistic Remarks 

t-computed t-tabulated 

Rainy season 

total rainfall 

0.79 5.4 2.1 Significant 

Rainy season 

mean max 

temperature 

-0.2 2.85 2.1 Significant 

Rainy season 

mean min 

temperature 

0.136 -3.4 2.1 Significant 
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0.624 meaning rainfall explains 62% of maize yield. That is, more than fifty percent of total 

variance of maize yield is explained jointly by Rainy season rainfall total. This result in line 

with the finding of Lemi (2005), Yield variability in Ethiopia agriculture can be partly 

explained by seasonal rainfall. However, the simple regression equation is:  

Annual Maize = -11.7 + 0.049* Rainy season total rainfall.  

 

Figure 10. Variation of annual maize yield with respect to rainy season total rainfall during 

2000 - 2019 in study area. 

Rainy season mean maximum temperature and annual maize yields showed correlation 

coefficient of -0.2 representing negative relationship. The regression model gave R value of 

-0.2 and R square of 0.042 implying that Rainy season mean maximum temperature was 

responsible for only 4.2% of variation in yield of maize.  

Annual Maize Yields = 67.6 - 1.67 * Rainy season mean maximum temperature. 

y(maize yield) = - 11.7+0.049*belg-kiremt season 

R² = 0.6263 
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Figure 11.Variation of annual maize yield with respect to rainy season mean maximum 

temperatures during 2000 to 2019 in study area. 

The Rainy season mean minimum temperature and annual maize yields correlation gave 

coefficient of 0.136 denoting also weak positive relationship. The simple regression results 

showed R value of 0.136 and R square of 0.0186 meaning Rainy season mean minimum 

temperature explained only 1.86% of yield variation in maize.  

Annual Maize Yields = 14.3 + 0.48 * Rainy season mean minimum temperature. 

 

Figure 12.Variation of annual maize yield with respect to rainy season mean minimum 

temperatures during 2000 to 2019 in West Badawacho district.  

Maize yield = 67.677-1.677* rainy season mean max temperature 

R² = 0.0422 
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Table 11. Multiple regression analysis of annual maize yields (YM) with rainy season of 

rainfall and temperature from 2000-2019 in West Badawacho district 

YM= 50.74+0.06x1+1.63x2 - 0.6x3 

The above regression model represents that given a unit change in any of the rainfall and 

temperature variability included in the study above while holding either of them constant, 

the highest variation in yield of maize in the area was by Rainy season total rainfall (0.06 

qt/ha) and Rainy season maximum temperature (1.63qt/ha), followed by the least change in 

yield were from Rainy season minimum temperature (-0.63 qt/ha). This result shows that 

among the climatic characteristics included in the study, Rainy season rainfall total (x1) and 

Rainy season maximum temperature(x2) is the most important variable that has significant 

impact on maize yield in the study area indicating that the yield of maize is higher when 

Rainy season rainfall total is getting higher and Rainy season temperature is optimum. In 

contrast, Rainy season minimum temperature has a negative impact on yield of maize. The 

computed value for coefficient of multiple determinations (R
2
) is 0.64 (Table 11). This 

means that 64% of the variations on maize yield per hectare for the past 20 years in West 

Badawacho district. That is, more than fifty percent of total variance of maize yield is 

explained jointly by Rainy season rainfall total and temperature. The remaining 36% of the 

variation in maize yield, however, could be explained by other climatic and non-climatic 

factors.  Finally, the test statistic was then used to test the significance of the correlation 

coefficient at 95%. It was noted that rainy season total rainfall and rainy season mean 

maximum and minimum temperature over the study was significant for Maize yields at P-

value of 0.0018 which is less than 0.05 

Parameters Estimate *SE t-value Prob>|t| 

Rainy season total 

Rainfall (X1)  

0.06 0.012 4.6 0.03 

Rainy season max. 

Temp (X2) 

1.63 2 0.78 0.44 

Rainy season min. 

Temp (X3) 

-0.6 0.86 -0.7 0.49 
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4.6. Smallholder Farmers
,
 Perception of Climate Variability 

4.6.1. Smallholder farmers perception on temperature variability 

The survey result revealed that all of them perceived a long-term variability in temperature 

in West Badawacho District over the past 20 years. Majority of respondents perceived 

changes in annual mean temperature in the last twenty-year period (2000 – 2019). In this 

regard, 85% (125) of the respondents strongly agreed that temperature increased while 13 

% (19) of the respondents agreed about an increase in temperature and the rest 2 % (3) were 

unsure about the issue as compared to previous decades. Therefore, results might confirm 

the farmer‟s perceptions that the temperature was becoming hot and hot in recent days 

which affects their agriculture a lot and is very likely an indication that the climate is 

changing. This implies that agricultural activities are highly vulnerable to such changes in 

study area.  

Table 12.  Smallholder farmers‟ perceptions of temperature variability in the study area 

Temperature   

Variability 

                            Farmers‟ response N (%) 

 

 

Strongly 

Agree 

Agree Unsure Disagree Strongly 

Disagree 

Temperature 

increase 

85% 13% 2% - - 

Temperature 

decrease 

- - - - - 

No change - - - - - 

As depicted in Table 13 shows that  prevalence of newly introduced human and animal 

diseases (65%) from one hundred , crop productivity (88.5%), drying up of rivers and 

streams (76%), and damage of crops caused by pests (82.3%), were some of indicators in 

the environment reported by the respondents as a result of variability of temperature over 

time. FGD and key informant interview participants also showed increasing water 

consumption, loss of biodiversity and land degradation as indicators of increasing 

temperature in the area. The perception of smallholder farmers was therefore consistent 
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with meteorological data, which showed an increasing temperature trend over past two 

decades.  

One member of FGDs discounts from district environment and protection office said that:  

The result of unwisely cutting of in this area is high temperature we are experiencing these 

days. This is one of the indicators of temperature variability in West Badawacho District.  

If we keep cutting down trees, the temperature were increase more than what we are 

experiencing today.”  

Table 13. Indicators of temperature variability as stated by the respondents 

 

On the line of this as the one Key informant from Danema g/mayiber Kebele explained 

that: In Belg season rain fall is scanty. The quality of crop yield and animals was 

decreasing. On the regarding of animal quantity it is highly decreasing so  this is due to the 

lack of forage and the scarcity of water and the prevalence of animal diseases resulted 

from high temperature variability. They are indicators of temperature variability in our 

environment.  

Indicators of temperature variability Farmer‟s response N (%) 

 Frequency Percent 

New human and animal 

disease 

Increased 96 65 

Decreased 51 35 

Total 147 100 

Drying up of river and 

stream 

Increased 112 76 

Decreased 35 24 

Total 147 100 

reduce crop productivity Increased 130 88.5 

Decreased 17 11.5 

Total 147 100 

Damage of crop by pests Increased 121 82.3 

Decreased 26 17.7 

Total 147 100 



52 
  

    
 

4.6.2. Smallholder farmers perception on rainfall variability 

In the survey, the respondents were asked to reflect on what indicators they have been using 

to perceive variability in rainfall over the last two decades in Table 14 below. Their 

responses revealed loss of livestock and plant species 82.5%, increased frequency of 

occurrence of rain fall variability 85% and spread of human population and animal disease 

73.4%, shortening of growing period 78.5%, rainfall comes lately and goes early 82.3%, 

decline of agricultural yields 78.7% and decreased available water 76.6% were reported as 

indicators of variability in rainfall in the area over the past 20 years.  

Generally most of key informant interviewers and participants of FGDs recognized: there 

were variability in rainfall amount, its timing and distribution in the study area over the past 

20 years. This was substantiated by household respondents. Most of the household heads 

indicated that rainfall amount in West Badawacho District in the last 20 years showed a 

decreasing trend and variability whereas only few of the respondents reported that it has 

increased.  

One key informant said that:  To my understanding and with my little experience, the cause 

of the recent unpredictable rainfall pattern is mainly attributable to the way and manner we 

fell trees for both domestic and commercial use. A friend and a colleague farmer from the 

south indicated to me the difference in rainfall pattern is dependent on vegetation due to 

the problem of tree cutting  rainfall amount is reduced. And also others key informant from 

district forest and environmental office said that: As far as I can remember, almost two 

decades ago, we used to get enough rainfall but since then rainfall has been reducing due 

to high rate of the forests destruction locally which has affected the weather pattern e.g. 

reduced rainfall has been experienced during the long rains season. This is one indicators 

of rainfall variability. 

 

 

 

 

 



53 
  

    
 

Table 14.  Indicators of rainfall variability as stated by respondents 

 

Three participants of FGD explained: “We lived here in West Badawacho District for about 

25, 30 and 35 years respectively. We can tell you that’ rainfall and temperature’ of West 

Badawacho District before 20 year was different from that of today. For example, before 20 

year the Belg rainfall was starting from March but at this time starting from May. This 

shows climate variability in our district. It shows Rainfall comes lately and goes early. 

Indicators of rainfall variability Farmer‟s response N (%) 

 Frequency Percent 

Loss of livestock and plant 

species 

Increased 121 82.5 

Decreased 26 17.5 

Total 147 100 

Rainfall variability in amount Increased 125 85 

Decreased 22 15 

Total 147 100 

Shortening of growing period Increased 115 78.5 

Decreased 32 21.5 

Total 147 100 

Rainfall comes lately and 

goes early 

Increased 121 82.3 

Decreased 26 17.7 

Total 147 100 

Decline of agricultural 

production 

Increased 116 78.7 

Decreased 31 21.3 

Total 147 100 

Lack of water availability Increased 113 76.6 

Decreased 34 23.4 

Total 147 100 

Expansions of human and 

animal disease 

 

Increased 108 73.4 

Decreased 39 26.6 

Total 147 100 
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4.6.3. Farmers’ perception toward the impact of climate variability on crop yield 

As shown in Table 15, 84.5% of the respondents consider climate variability as a major 

factor for declining crop production. They state that late onset and early cessation of 

rainfall, drought and changes in rainfall pattern and temperature are among the factors that 

affect crop yield. While 86.35% of them responded strongly disagree on maize yield is 

same as before 20 years with current time. The result implies that, large number of 

smallholders perceived that climate variability could have some impact on maize yield with 

overall effect on its sustainable supply.  

One of the KI from district agriculture office explained that: Prolonged drought affects our 

yield to an extent that, it not worth to go to farm. Sometimes, we may not even harvest a 

quintal of maize from farm. 

In the line this one focuses group discussant shares: Rain comes late and ends early, which 

mostly affects crop productions especially on maize productivity. Since most of farmers 

depend on crop for their livelihoods, a reduction in yield affects them a lot especially in 

taking up social responsibilities like sending their children to school and food security. The 

study finding are consist with the study of  Mahmud (2008) and Assefa (2006), that showed  

climate variability affects crop production in Ethiopia through increases pests and crop 

disease, delays onset of rainy season and drought, early cessation and frequent floods. 

 One of the focus group discussant said: The temperature has increased the situation which 

was not common in our region; there are fewer rains for 4-5 years now. No enough water 

in streams for more than 10 years and ponds has dried out. Our local natural forests have 

dried due to lack of natural water. Rains are so variable nowadays, and are very difficult to 

predict, this affect our planting dates because we have to wait for rains, and when it rains it 

is too late to grow anything as the growing cycle is shortened. Pests and diseases have 

increased for example American Tamchi destroys maize, yellow leaf disease for maize”. 

 

 



55 
  

    
 

Table 15. Farmers` perception of climate variability impact on maize productivity  

Impact of climatic variables 

on crop productivity 

                                  Farmer‟s response (%) 

 1 2 3 4 5 

Crop destruction by 

floods, pest, insects $ weeds. 

64.75 35.25 - - - 

Maize production failures due

 to late/early cessation of        

rainfall. 

84.5 13.5 - - - 

Maize yield is same as before 

20 years. 

- - - 13.65 86.35 

Severity of food shortage in 

drought is high. 

42.65 57.35 - - - 

 1= strongly agree, 2= agree 3= unsure, 4= disagree, 5= strongly disagree 

Also another KI explained from district agriculture office: When less rain amounts come at 

time maize need water especially during flowering stage, pest affect maize. This pest 

attacks maize stems and fruit: as a result, did not get much yield and recouping what has 

invested in farm become a serious problems.   

One of the focus group discussant said:  In my opinion the warming condition of this area 

keeps increasing year by year with comparing today’s weather so this is making it difficult 

for us. If it happens so, maize crops that do not need excessive heat are negatively affected.  

For instance, model farmers as a key informant explained:  I have 25 years work experience 

here in West Badawacho District in second Kotto and Elifata kebeles. I can tell you that 

temperature’ of West Badawacho District before 20 year was different from that of today. 

For example, before 20 year the Belg rainfall starts during March but at this time start 

begins to fall during May. So due to these it highly affects maize productivity. 
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Table 16.  Performance of maize production over the past 20 years and trend of maize yield 

in study area 

How do you see crop  

production in time 

Frequency Percentage Trend of 

maize yield 

index  

Performance of 

maize production 

before 20 years 

ago 

High 101 68.54 2.35 

Constant 31 20.96  

Low 15 10.5  

Total 147 100  

Performance of  

maize production 

in 2019 

High 6 4.03 -1.89 

Constant 53 36.29  

Low 88 59.67  

Total 147 100  

According to Table 16, 68.5% of the respondents Said that there was better maize 

productivity before the last two decades. Beside this, 20.9% considered as medium while 

10.5% told crop productivity was indicated as poor. The respondents indicated that in the 

year 2019, (4.03%), (59.7%) and (36.3%) of the respondents characterized the productivity 

as good, poor and medium respectively. As researcher noted earlier, climate variability 

early cessation, late onset, heavy and unseasoned rain and pests were the major reasons for 

the reduction of maize production in study area. The result is in line with the funding of 

Rosegrant et al. (2008), seasonal changes in rainfall and temperature could impact agro-

climatic conditions, altering growing seasons, planting and harvesting calendars, water 

availability, pest, and weed and disease populations.  

It is clear from Table 16 that larger proportion of the respondents 68.54% reported that 

increasing crop production pattern for the last two decades. Therefore, 10.5% of surveyed 

respondents said decreasing trend. The rest 20.96% of them perceived no change in crop 

production pattern over the same period. But from total households 59.67% reported 

decreasing crop production pattern in recent year. Only 4% of surveyed households 

observed increasing trend. The rest 36.29% of them perceived no change in crop production 

pattern today. Compering index results presented in Table 16 above reveals the negative 
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trend of crop yield in the district with an index value today indicating greater crop yield 

decline than last two decades.  

One focuses group discussant from Wada g/mayber Kebele development agent shared:  

Some years before, the Belg rainy season used to start in March, but now it starts late in 

April, and even some years with no Belg rain ( as the example during millennium i.e. 2000 

E.C). It has no longer been reliable. The main rainy season (Kiremt) used to end late 

September and sometimes extends to first week of October, but now it stops in pagume or 

first week of September, and it becomes difficult to live with our in existing crop types and 

varieties. 

4.7. Adaptation Strategies to Climate Variability 

According to respondents, they are using different adaptation options to reduce the negative 

effect of climate change. So adaptation strategies used in the study area include planting 

trees, soil and water conservation, mixed cropping, changing crop varieties and small scale 

irrigation by using rain water harvesting (Table 17). These adaptation strategies are 

methods that local people used to adjust themselves to the existing change and minimize 

the impact of climate variability. About (88.5%) of the respondents prefer and used soil and 

water conservation as adaptation option. Soil and water conservation practice includes soil 

erosion preservation, management and care of soil in order to make it suitable for their 

crops, conservation of rainwater for watering the crops in times too little rain, ground water 

harvesting and agro-forestry to reduce soil loss from farm plots, preserving critical nutrients 

and increasing crop yields.  

In line with this, a key informant from the district agriculture office stated that: In the 

district, various strategies are already taking place to increase the smallholder farmer’s 

adaptive capacity and resilience of their agriculture to climate change. Some of the 

activities that are already taking place currently include, rain water harvesting and soil 

and water conservation structures on both private and communal land, rehabilitation of 

degraded land in the study area.  



58 
  

    
 

Focused Group discussants identified:  In rural community level some strategies to adapt to 

effects of climate variability in the area. These includes soil conservation measures 

(digging farm trenches) in Eliffata Kebele, planting of tree nurseries in Denema g/mayiber 

kebele, emerging village group saving rounds initiative in the area, digging and protection 

of shallow wells in 2
nd 

Kotto Kebele.  In addition to that as the key informant from kebele 

Das put:  Having worked for about 16 years with the farmers around this area, I have 

realized that most of them are using various adaptation methods include water harvesting 

methods to conserve water to be used during drought, off-farm livelihood activities as 

source of income to  support their family. During drought, most farmers also practice 

irrigation using water from the shallow well and existing rivers. 

As indicated in Table 17 below, from total respondents, (86.6%) of the respondents use 

mixed farming to reduce the negative effect of climate change in this study. The livelihood 

of the major residents in the district depends on subsistence agricultural system. The 

farmers are practicing mixed farming that is crop and animal husbandry.  Afforestation was 

used as adaptation practice by (92.5%) of the respondents to reduce the negative effect of 

climate variability. In the study area, farmers strongly associate planting trees with rain and 

they believe that planting trees can increase rainfall in addition to its high contribution in 

soil conservation and at the same time about (85%) of the respondents used reforestation as 

adaptation option to reduce the negative effect of climate variability. They explained that 

soil erosion by flood; rainfall variability and increased temperature are serious problems. 

Therefore, the only solution for this problem is reforesting the deforested area.  

Participants of FGDs and key informant in the interview also confirmed that: Soil erosion 

by running water and increased temperature forced them to reforest hilly areas so that they 

protect their farm land from soil erosion by flash flood. Such method is viable in increasing 

agricultural productivity and assists to control increasing temperature. 

A small percentage of the respondents (47.7%) practiced rainwater harvesting to grow 

vegetables in homesteads during water scarcity. The result is consistent with the findings of 

Temesgen et al. (2009) that showed irrigation as the least practiced adaptation strategies 

among the major adaptation methods identified in Ethiopia. Finally, About 58.7% of the 

respondents used change of crop varieties as adaptation option (Table 17).  
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Key informants from the district agriculture office suggested that:  The government is 

supplying new varieties of crop seeds and inorganic fertilizer. Nevertheless, the high price 

of seeds and fertilizer coupled with low awareness of farmers in the use of agricultural 

technologies is impeding the expected high yield per a plot in some parts of the district. 

Table 17:- Existing adaptation strategies that used by smallholder farmers to reduce the 

impacts of climate variability in the study area 

 

In general, the views of farmers and observations made in the field showed that many of the 

adaptation options were not implemented in a well-coordinated and organized manner. This 

is therefore weakening farmers' endeavors for adaptations to climate variability and in some 

Adaptation strategies Farmer‟s response N (%) 

 Frequency Percent 

Afforestation (planting trees) Used 136 92.5 

Not used 11 7.5 

Total 147 100 

Reforestation Used 125 85 

Not used 22 15 

Total 147 100 

Soil and water conservation Used 130 88.5 

Not used 17 11.5 

Total 147 100 

Small scale irrigation by 

Rainwater harvesting 

Used 70 47.7 

Not used 77 52.3 

Total 147 100 

Crop varieties  change Used 86 58.7 

Not used 61 41.3 

Total 147 100 

Mixed cropping Used 127 86.6 

Not used 20 13.4 

Total 147 100 
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study kebeles (second Koto and Danema g/mayber) there is a tendency of dependency 

syndrome, and expecting the government to provide them essential commodities for their 

livelihoods. This implies that the existence of institutional gap that hinders farmer‟s 

motivation to pursue climate change adaptation practices. Particularly failure to 

complement the efforts of innovative farmers with the required technological and other 

supports is likely to hamper adaptation efforts and may also induce tendency of dependency 

syndrome in the farming community.  
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5. SUMMARY, CONCLUSION AND RECOMMENDATIONS 

5.1. Summary and Conclusion 

Climate variability is causing the greatest environmental, social and economic threats to all 

of mankind and across borders in many nations.  Climate change or variability highly 

affects smallholder farmers‟ agriculture as the consequence of climate variability; higher 

temperature; drought and increased rainfall variability reduce crop yield and quality. The 

high exposure of the country is because high dependence of the economy on rained 

agriculture, which had failed to meet the growing food demands of the population. 

Moreover, the past trends of climate variability reduces agricultural production will be 

probable to continue in the future. This indicates that the country agriculture must adapt 

further warming, low rainfall patterns and frequent climate extremes such as drought and 

flood. As a result, understanding smallholder farmer response to climatic change at 

grassroots level is important in designing suitable supportive policy to adaptation strategies 

of climate variability for smallholder farmers who are highly vulnerable to the adverse 

effects of climate variability.  

In view of this fact therefore, this study was undertaken to examine the variability of 

observed rainfall and temperature, as well as the impacts of climate variability (temperature 

and rainfall variation) on maize productivity. It also assessed smallholder farmers‟ 

perception and adaptation strategies in response to climate variability in West Badawacho 

District. Climate data for this study was obtained from National Meteorological Agency 

(NMA) of Ethiopia. Maize yield data was obtained from West Badawacho District 

Agriculture and Natural Resource Development office and CSA. On the other hand, 

questionnaires and interviews from four kebeles in West Badawacho District were designed 

to determine the perception of farmers towards climate variability and adaptation strategies. 

Furthermore, observation was made to get first-hand information on the ground. During 

data analysis, statistical tools such as descriptive statistics, correlation and regression 

analyses were used to analyze quantitative data with help of SPSS version 20 and Microsoft 

excel.   
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The results of variability analysis show that the maximum temperature and minimum 

temperature have significant trend (increasing trend) over the study area, implying that the 

temperature was been increasing over study area during the last two decades. While the 

rainfall has an insignificant trend (decreasing trend) over the study area, indicating there 

was significant change in rainfall during the last two decade over the study area. I line with 

farmers‟ observation meteorological data, indicated that temperature has significantly 

increased over years and that rainfall has significantly decreased. 

 The correlation analysis revealed that the relationship between annual rainfall and maize 

yield as significant, positive and strong (r= 0.79, p = 0.032). This means that there is a 

positive relationship between the amount of rainfall and maize yield, thus an increase in 

rainfall amount leads to increase in maize yield or vice versa. The correlation analysis also 

revealed that the relationship between maximum temperature and maize yield as 

significant, negative (r= -0.2, p= 0.013). This means that there is a negative relationship 

between maximum temperature and maize yield, thus an increase in maximum temperature 

leads to a decrease in maize yield or vice versa. On the other hand, the combined effect of 

climate variables (rainfall and temperature) on maize explained 62% and 4.2% respectively. 

Based on these results, rainfall explained more than temperature in maize yields variation in 

west badawacho district. The result of analysis of multiple regressions showed a significant 

(64%) relationship between maize and the set of climatic factors used in study. It was 

observed that 64% of the variability in maize yield could be explained by these climatic 

factors (rainfall, maximum temperature and minimum temperature) and was significant at 

(p=0.0018).  

The result of the study shows that, climate variability is occurring in the study district and 

drives susceptibility of livelihood in the district. The study also assessed farmers‟ 

perceptions towards climate variability and the extent to which these perceptions have 

influenced their current practices with respect to adapting with changes in rainfall and 

temperature. Majority of the smallholder farmers perceived that there was climate 

variability, which was reflected by decrease in rainfall and an increase in temperature. This 

resulted in loss of maize yield. In addition, smallholder farmers‟ perceptions indicate that 

farmers are aware that the study area is getting hotter and the rains decrease, less 
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predictable and shorter in duration. These have resulted in maize crop failure, increased 

problem of frost, livestock health problems, seasonal floods and droughts. These 

perceptions show that smallholder farmers have good level of understanding of the majority 

on climate variability occurrence and such understanding is the main reason for smallholder 

farmers to initiate adaptation strategies.  

Farmer‟s perceptions demonstrate the negative impacts of climate trends on maize yields at 

local scale. Very low maize yield, particularly in the flood-prone areas were reported due to 

geographic exposure to recurrent flooding and deposition. In fact, the maize yield indices 

reveal the negative trend with and index value of (−1.89), indicating that maize yield is 

going down in the past years to know. Farmers of district have been applying various 

adaptation strategies to reduce the impact of climate variability but most of the households 

are unable to adapt and their livelihoods are adversely affected. 
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5.2. Recommendations 

Based on findings and conclusion of this study the following recommendations are 

forwarded:  

 Improve the quality of meteorological data, weather forecasting and increase the 

number and their spatial distribution.  Meteorological stations in Ethiopia are few in 

number; hence density of networks of stations is very sparse. Data for most of the 

stations is very scant and incomplete. Climate data is necessary to enhance the 

understanding, analysis and prediction of climate variability and its impacts and for 

improved preparedness and adaptation. It is therefore necessary to improve the 

coverage and quality of climate data in the study area in particular and in the country at 

large.  

 Allocating high yielding improved maize crop varieties to user farmers and Promoting 

use of early maturing seeds that can resist the impact of climate change or variability. 

However, the rural people who live in west badawacho district are facing declining 

trend of maize productivity because of variability of rainfall, intensified occurrence of 

pest and diseases, weed, insect, environmental degradation and temperature variability. 

The problem shall continue in the future unless appropriate measures are taken. Hence, 

selecting appropriate variety of crops i.e. diseases resistant, early maturing and high 

yielding, improving the method of cultivation and agricultural technologies and 

promote traditional pest management are areas of critical concern.  

 Support the smallholders to improve their adaptation capacity and also enforce the use 

adaptation technologies whenever needed  

 More focus should be made in restoring degraded ecosystem in which the local farmers 

depend for their livelihoods, by applying various rehabilitation mechanisms.    

 An extension agent could be contact farmers individually and in the group. Because, 

Farmers with access to extension services are likely to perceive changes in the climate. 

Even, extension services provide information about climate variability.  

 



65 
  

    
 

 District leaders should enforce green laws by encouraging peoples‟ tree plantation that 

enable to regulate the local climate through carbon sequestration and reducing flood 

risks of heavy rainfall events. 

 Future studies on the effects of climate variability on the production of crops should 

consider both the intra and inter seasonal variations of climate variables in the study 

area. This will enable determination of individual contribution of climate variables to 

crop production process. 

 More parameters should be used to develop a regression analysis to predict crop 

production such as wind speed and direction, evapotranspiration and radiation. This 

could increase reliability of the analysis.  
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7. APPENDICES 

A. Questionnaires for household Respondents 

My name is Asfaw Ermias Lechamo. I am a postgraduate student at Haramaya University, 

in Environmental Science and Management. Currently I am conducting a research on the 

“Climate Variability, Impacts on Maize (Zea mays L.) Yield, and Smallholder Farmers’ 

Perception and Adaptation Strategies in West Badawacho District of Hadiya Zone, 

Southern Ethiopia” You selected randomly from the respondents to provide proper 

information that would hold at most confidentiality, and would use only for the analysis of 

this study. You are free to refuse to respond to any questions you do not feel comfortable 

answering or to withdraw from the research all together. 

General characteristics of respondents  

1. General  

1.1. Name of the Kebele ---------------------------------Date of interview ---------------- 

1.2. Enumerator‟s name ------------------------------------------signature-------------------- 

Checked by ----------------------------------------------------signature --------------------  

2. Socio-economic and demographic characteristics  

2.1. Age of household:  A .20-35 B. 36-45 C. >46 

2.1. Sex of household: Male-----------------Female---------------------  

2.2. Family size---------------------------------------  

2.3. Marital status: Single------------ married----------- Divorced---------------- widowed------ 

2.4. What is your educational level?  

A. Primary school B. Secondary School C. not read and write D. above grade 12  

2.5. What is your Farming Experiences? 

 A. 0 – 15 yrs B. 16 - 30 yrs C. >30 yrs 

3. What is your means of livelihoods or how do you get your livelihoods?  

A. Livestock rearing   B. Renting outland C. Crop production 

 D. working as daily laborer   E. petty trade F. Others  
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4. Do you hold land? A. Yes B. No 

5. If your answer for question, NO. 4, is „yes‟, how much is the total size of your land?  

Hectare/------------------/Timed, ----------  

6. How do you perceive the productivity of your land?  

A. Increasing B. Decreasing Constant D. Do not know  

6.1. If the yield from your farm land is decreasing, what could be the reason behind?  

(More than one answer is allowed)  

A. Absence of fallowing B. Poor access to chemical fertilizers C. Unreliable rainfall  

D. Erosion/runoff E. Over cultivation F. Pests H. Moisture stress  

G. Other reasons_________________________________________________  

3.  Perception of variability in Rainfall and Temperature between 2000 and 2019 

7.  For the last 20 years (2000-2019) have you experienced any of the following?  

(Multiple answers are accepted)   A. Heavy rains and hails; B. 

Problems with frost; C. Drought; D. crop diseases outbreak; E. invasive (alien) plant  

Species; F. landslide; G. food shortage; H. water scarcity  

8.  From your own experience, how have rainfall and temperature changed between  2000 

and 2019?  

1. Rainfall: A. Increased B. Decreased C. No change   

2. Temperature: A. Increased   B. Decreased C. No change   

9. for the last 20 years (2000-2019) which years did you experience severe; 

A .Heavy rains…………………………………………………………. 

B. Drought……………………………………………………………… 

10. In the above situation of severity, did you experience loss of crops?  A. Yes B. No  

Kindly explain your answer………………………………………………………. 

11. Does the rainfall coming on time? 

A.  On time    B. Too early C. Too late  

12.  Is there enough rain on your fields at the beginning of the rainy seasons?  

A.  Enough B. Too little C. Too much 

13.  Is there enough rain on your fields during the growing seasons?  

A.  Enough B. Too little C. Too much 
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14.  Does the rains stopping on time on your fields?  

A.  On time B. Too early    C. Too late 

15.  Is it raining during the harvest time? 

A.  Yes B. No 

16. To what extent would you agree or disagree that the options indicated in the table below 

apply as possible reasons to responses by your household to the climate trend or variability? 

(Mark the appropriate box) 

Options 

 

Strongly 

disagree 

Disagree Unsure Agree Strongly 

Agree 

Increased 

temperature 

     

Decreased 

temperature 

     

No change 

temperature 

 

 

 

 

 

 

 

 

 

 

 

 

4. People’s Perception of Climate Variability and its impacts on maize yield 

17. What is your perception about climate variability after twenty (20) years? 

A.  The temperature is decreased B. The temperature is increased  

C. The temperature is no change   

18.  If your answer to question number 19 is the temperature show variability, what kind of   

Indicators do you use to evaluate the temperature trends in the area? 

A. Dry up of river and streams 

B. Decrease crops and livestock production 

C. Prevalence of newly introduced human and animal disease 

D. Decrease in rainfall amount 

E. Change in wearing style (dressing light close) 

F. Extinction of indigenous habitat 
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G. Deteriorated vegetation cover 

19. Are you heard about climate variability before? 

A. Yes B.  No 

20.  Do you know what the term “climate variability” is meant? 

A.  Yes B.  No 

21.  What do you say the main cause of climate variability? 

A.  Natural factors C. Human and natural factors 

B. Human factors   D. Other (specify) ----------------------------------------------- 

22. If your answer on question number 22 is “Human factors” which of the following do 

you think is the major causes of climate variability? 

A.  Over Cultivation C.  Deforestation 

B.   Population pressure D. Air pollution 

23. What is the trend of maize productivity in your district? 

A. Decreasing B. The same C. Increasing  

24. How was/is the amount of maize yield productivity before a decade compared with this 

time?  A. Has no change B. Decreased in crop yield C. Increased in crop yield  

D. Standard crop growth. 

25. Is there any possible relationship between climate variability and maize production? If 

yes, which types of relationship exist? A. Yes B. No C. Positive D. Negative E. No idea 

26 .Does rainfall/temperature variability affect maize yield? A. Yes B. No 

27. If yes, what is the level impact? A. high  B. constant    C. low 

28. Have you heard about the issue of climate variability?  

A. Yes B. No  

28.1. If yes, what problems you have faced due to the change of climate?  

(More than one choice is possible).  

A. Fluctuation of rainfall B. Disease incidence like malaria  

C. Increased temperature D. Deforestation E. Cold temperature  

G. More flooding H. Hail storm I. Drought  

29. Did you notice changes in the amount of rain fall in your area in last 20yrs?  

A. Yes B. No  

30. Did you notice changes in the amount of temperature in the last 20 yrs.?  
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A. Yes B. No 

31. What happened to pattern of rainfall on set and cessation in your area in the last 20 

years?  

A. Rain fall amount decreased C. Time of onset became late  

B. Rain fall amount increased D. Time of cessation became earlier or late  

E. Rarely season become shorter 

31.1. In the past 20 years, how would you describe the climate variability in terms?  

A. Rainfall on-set and Cessation      B. Rainfall amount  

C. Rainfall seasonal distribution      D. Temperature E. Extreme climatic condition 

32. How do you perceive the effect of climate variability on agriculture? 

A. Shortage of food supply          B. Poor crop yields 

C. Incidence of crop pests         D. Impacts on livelihoods 

33. Does rainfall and temperature variability affect maize yield? 

A. Yes               B. No 

34. What extent it affect maize? 

A. high        B. moderate     C. low 

35. To what extent would you agree or disagree that the options indicated in the table below 

apply as possible reasons to responses by your household to the climate trend or variability 

impact on maize yield? (Mark the appropriate box 

Options Strongly 

disagree 

Disagree unsure Agree Strongly 

Agree 

Maize production 

failures due to late/early 

cessation of rainfall. 

     

Crop destruction by 

floods, pest, insects $ 

weeds. 

     

. 

Maize yield is same as 

before 20 years. 

 

 

 

 

 

 

 

 

 

 

Severity of food shortage 

in drought is high. 
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5. To identify existing climate variability adaptation strategies by smallholder farmers 

in West Badawacho District. 

1. Do you practice any climate variability adaptation? A. Yes       B.  No 

1.1. If no adaptation method used why? ____________________ 

1.2. If your response is yes, which of the following is the most important adaptation 

mechanism? And often used?   A.  Soil and water conservation          B. Use of crop 

varieties /early or late planting C. Use of afforestation         D. Use of improving crops and 

livestock         E. Irrigation         F. Mixing Farming         G. other specifies 

______________________ 

1.3 Which adaptation practice you can use with related to improve crop productivity 

A. use new variety of seed B. intercropping C. use of irrigation D. SWC 

2. Have you heard about climate variability or change adaptation options? 

A. Yes       B.  No 

3. If yes, how did you know about climate variability adaptation? Through:   

A. Development agent B. Local leader C. Radio D. Woreda Expert others (specify) 

____________________________________________________________ 

4. What major changes in weather have you observed in your community over the last 20? 

Years? A. Unpredictable rains B. prolonged drought    C. Very hot seasons D. Very wet 

Seasons E. don‟t know F, others (specify) ______________________________________ 

5.  What  is  the  main  impact  of  these  variability  on  the  local  community?  A. Crop 

failure       

B. Flooding    C. Human disease outbreaks     D. Livestock disease outbreak   E. Famine    

Others (specify) ________________________________________________ 

6. What changes would you associate with climate variability on each of the following?  

A. Crop production__________________________________________________________ 

B. Livestock production___________________________________________________ 

C. Human health _____________________________________________ 

D. Water sources___________________________________________________________ 

8. Are you interested in using adaptation mechanism?  A. Yes   B. No  

9. If yes, why? 

_______________________________________________________________ 
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10. Do you have planned to use adaptation practice in the future?  A. Yes B.  No  

11.  If no, why? 

12. Adaptation strategies, you used to overcome climate variability effects related with crop 

production?  

A. Receiving aid from safety net B. Using new varieties of crops  

C. Inter-cropping system D. wise storage of crops (saving) E. Intensive irrigation F. Others  

13. How do you manage to adapt with some of your problems related with climate 

variability? A. Reducing number of meals B. By getting remittance from relatives C. 

Through loan D. sells of livestock E. Renting of land F. By membership social institutions 

G. by getting aid H. Others (multiple responses are possible)  
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7. APPENDIX - II  

B. Interview Guide to be answered by Key Informant Interview 

My name is Asfaw Ermias Lechamo I am a postgraduate student at Haramaya University, 

in Environmental Science and Management. Currently I am conducting a research on: 

“Climate Variability, Impacts on Maize (Zea mays L.) Yield, and Smallholder Farmers’ 

Perception and Adaptation Strategies in West Badawacho District of Hadiya Zone, 

Southern Ethiopia”. You have selected purposively from different experts in West 

Badawacho District. The responses you give are valuable will be held in ultimate 

confidentiality and will be used only for the analysis of this study. You are free to refuse to 

respond to any questions you do not feel comfortable answering or to withdraw from the 

research all together. 

Name_____________________           Position/occupation__________________ 

Organization____________________ Code of interviews ______________________ 

2. BACKGROUND OF KEY INFORMANT INTERVIEW 

2.1. Sex___________  

2.2. Age___________ 

2.3. Marital Status___________ 

2.4. How many years are you living in this area? ___________ 

2.5. What is your level of education? ___________ 

Part I 

1. Is there any form of climate variability in your region or district?  A. Yes    B.  No  

2. If yes, please give details the extent of climate variability effects on crop yield of your 

District/Kebele_____________________________________________________________

_________________________________________________________________________

_________________________________________________________________________

___________________________________________ 
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3. What is the impact s of climate variability on livelihood in terms of crop production 

especially on maize productivity in your area? ____________________________________

__________________________________________________________________ 

4.  What is the local adaptation mechanisms used to reduce the negative effects of climate 

variability? ________________________________________________________________ 

5. What are the main challenges and how do you think they can be enhanced? 

_____________________________________________________________________ 

6. How do you know (understand) the impacts of climate variability on your livelihood? 

_____________________________________________________________________ 

7. Did you take any community based measure to overcome the observed climate 

variability effects?  A. Yes   B. No.   

8. If yes, what is that measure you have taken to overcome climate variability problem? A. 

planting trees (afforestation) B. protecting water reservoirs C. constructing roads D. 

Building flood protection features (ditches) E. Others (multiple responses are possible)  

Part II Interview over Climate Variability and Its Impact on maize 

1. What is your view on climate variability in the Woreda over the past 20 years? 

_____________________________________________________________________ 

2. In your own opinion, what has been the variation of temperature and rainfall pattern over 

the past 20 years? __________________________________________________________ 

 

 

3. Is the amount of rainfall increasing or decreasing over 20 years? What do you think the 

reason for this? ___________________________________________________________ 

4. In your own opinion, how does temperature and rainfall variability affect crop 

production? ______________________________________________________________ 

5. In your opinion, how have extreme climatic events (e.g. drought, high temperature, 

floods, etc) affected maize productivity in the district? 

_____________________________________________________________________ 
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6. Based on your experience, what look like its implication and trend on maize yield output 

in the district for last 20 years? ________________________________________________

_________________________________________________________________________ 

7. What concerns do you have about adopting and implementing climate variability options 

in this area? Identify any challenges. ___________________________________________

_________________________________________________________________________ 

8. is there a change in the cropping calendar (sowing and harvesting time) compared to the 

past 20 years? What methods the smallholders use to cope with the existing changes of 

cropping calendar? _________________________________________________________

_________________________________________________________________________ 

9. How does your office help smallholders in their attempt to responding to the variability 

in climate? ________________________________________________________________

________________________________________________________________________ 

10. Does your office provide any training programmers to smallholders to enhance their 

adaptive capacity in response to climate variability?  A. Yes    B. No. If yes how? 

_____________________________________________________________________ 

11. What are the major factors affecting the crop production in West Badawacho District in 

terms of climate variability? __________________________________________________

________________________________________________________________________ 

 

 

 

 

 

 

 

 



91 
  

    
 

7. APPENDIX – III 

C. Question for Focus Group Discussion 

My name is Asfaw Ermias Lechamo. I am a postgraduate student at Haramaya University, 

in Environmental Science and Management. Currently I am conducting a research on 

“Climate Variability, Impacts on Maize (Zea mays L.) Yield, and Smallholder Farmers’ 

Perception and Adaptation Strategies in West Badawacho District of Hadiya Zone, 

Southern Ethiopia”. You have selected purposively from many smallholders for FGD. The 

responses you give are valuable will be held in ultimate confidentiality and will be used 

only for the analysis of this study. You are free to refuse to respond to any questions you do 

not feel comfortable answering or to withdraw from the research all together. 

1. GENERAL INFORMATION  

1. Zone: _____________ 3.District ___________ 4. kebeles______________  

2. Date of FGD: __________ 5. Code of FGD ___________ 

2. BACKGROUND OF FOCUS GROUP DISCUTIONS 

2.1. Sex___________ 

2.2. Age___________ 

2.3. Marital Status___________ 

2.4. How many years are you living in this area? ___________ 

2.5. What is your level of education? ___________ 

2.6. What is your responsibility in this Kebele? ___________ 

3. FGD OVER CLIMATE VARABILITY AND ITS IMPACTS 

1. Is it maize crops cultivated in the district? __________________________ 

2. Do you think there is climate variability in your area? _________________ 

3. What do you think the local indicators of climate variability?  

 ________________________________________________________________ 

4.  In the past 20 years, how would you describe the climate variability in terms?  

A. Rainfall on-set and Cessation    B. Rainfall amount  
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C. Rainfall seasonal distribution D. Temperature E. Extreme climatic condition 

5. What are the major impacts of climate variability induced-hazards up on crop 

production? ______________________________________________________________ 

6.  How do you perceive your crop production?     A. Increasing B.  Decreasing 

7.  How  do  you  cope  up  or  adopt  the  impacts  of  impacts  of  climate Variability on 

your livelihood? ____________________________________________________________ 

8. Is there any change on maize yield productivity the past 20 years in your kebele?   

9. Do you think any measure to avert climate variability? Who should have the main 

responsibilities to do this? ____________________________________________________ 

10.  Have there been climate extremes in the last 20 years? _________________________ 

11. Have you ever been participated in community based environmental participation in 

your Kebele? ______________________________________________________________ 

12.  To adapt what is the response of peoples, government and non-governmental 

organization? ______________________________________________________________ 

13. What is the best adaptation strategies employed by government, peoples and non-

governmental organization? __________________________________________________  

14. What do you think the possible ways to minimize the impacts of climate variability? 

________________________________________________________________________ 
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7. APPENDIX- IV 

D. Checklist for Observation 

1. Indicators of climate variability in study area 

2. Crop productivity in the study area 

3. Government and Non-government activities on environmental conservation 

4. Tracing and small-scale irrigation 

5. Major smallholder farmer‟s economic activities in their environment 

6. Water shed Activity in the study area 

7. Rainwater harvesting 

8. Climatic variability related shocks in the area 

9. Adaptation strategies to climate change  
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APPENDIX TABLE 1 

Annual temperature and rainfall distribution and maize production in study area 

 

Years Annual  

Average 

max.  

Temp 

Annual 

 Average 

Minimum 

Temp 

Annual 

Mean 

Temp 

Annual 

Total  

RF 

Maize 

Yield 

(q/hec) 

2000 27.7 13.5 20.6 879 18 

2001 27.4 13.6 20.5 944.2 20.5 

2002 28.1 14.1 21.1 796.0 25.25 

2003 28.2 13.8 21.0 941.1 25.25 

2004 28.1 13.3 20.7 1002.7 19 

2005 28.1 13.4 20.8 856.1 22 

2006 27.9 13.9 20.9 873.8 17 

2007 28.2 13.4 20.8 1051.6 24.75 

2008 28.8 13.1 21.0 950.3 20.75 

2009 29.7 13.5 21.6 850.3 15.25 

2010 26.8 14.1 21.3 1105.8 28.5 

2011 29.0 13.9 21.4 956.0 41 

2012 29.3 13.6 21.4 710.2 13 

2013 28.9 15.6 22.3 1177.9 38.5 

2014 28.8 17.7 23.3 1036.8 24.5 

2015 31.1 19.6 25.3 531.3 14 

2016 29.4 19.3 24.3 1211.9 39.25 

2017 29.3 15.9 22.6 762.6 14.25 

2018 29.6 18.1 23.9 885.4 18.25 

2019 29.9 18.2 24.0 847.8 16.25 
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APPENDIX TABLE 2 

Seasonal temperature and rainfall distribution and maize production in study area 

years Seasonal 

mean max 

Temp 

Seasonal 

mean 

minimum 

Temperature 

Seasonal 

mean 

Temperature 

Total 

seasonal  

RF 

2000 26.1 14.0 21.9 696.5 

2001 25.9 14.2 20.9 682.4 

2002 27.0 14.5 21.5 489.9 

2003 27.0 14.7 21.8 623.7 

2004 26.5 13.9 21.1 701 

2005 26.2 14.5 21.7 658.3 

2006 26.0 14.3 20.9 571.6 

2007 26.4 14.2 21.4 790.9 

2008 27.0 14.1 22.5 698.3 

2009 28.6 14.1 22.2 509.8 

2010 27.6 15.1 21.9 794.2 

2011 27.5 14.7 23.2 792.7 

2012 27.3 14.7 22.5 630.6 

2013 27.0 16.1 22.3 871.1 

2014 27.7 18.6 23.9 777.1 

2015 29.7 20.0 25.8 479.5 

2016 27.2 20.4 23.6 969 

2017 28.1 16.7 22.5 545.7 

2018 28.2 18.9 24.5 692.8 

2019 28.3 19.0 24.4 675.7 
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APPENDIX TABLE 3 

Belg and kiremt season distribution of temperature and rainfall in study area 

A. Belg and kiremt season distribution of rainfall in study area 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Years Total belg  

Rainfall 

mean 

annual belg 

RF 

Total 

kiremt RF 

Mean 

annual 

kiremt RF 

2000 330.7 110.2 374.8 93.7 

2001 378.7 126.2 493.9 123.5 

2002 224.6 74.9 346.4 86.6 

2003 525.7 108.6 408.7 102.2 

2004 299.3 99.8 441.1 110.3 

2005 385.8 128.6 338.2 84.6 

2006 308.8 102.9 400.1 100.0 

2007 355.9 118.6 520.1 130 

2008 192.2 64.1 532.7 133.2 

2009 210 70 347.7 86.9 

2010 502 167.3 423.7 105.9 

2011 250.7 83.6 590.4 147.6 

2012 197.1 65.7 491.5 122.9 

2013 366.4 122.1 615.7 153.9 

2014 483.6 161.2 401.9 100.5 

2015 148 49.3 349.4 87.4 

2016 630.2 210.1 412.7 103.2 

2017 220.4 73.5 393.8 98.4 

2018 370.6 123.5 389.4 97.4 

2019 342.3 114.1 386.3 96.7 
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A. Belg and kiremt season of temperature in study area 

years belg 

mean 

max 

Temp 

Belg 

 mean 

min 

Temp 

belg 

 mean 

Temp 

kiremt 

mean max 

Temp 

 

Kiremt 

 mean min 

Temp 

Kiremt 

 mean Temp 

 

2000 29.6 14.1 21.9 24.9 13.4 19.1 

2001 27.7 14.4 21.0 24.9 13.6 19.3 

2002 28.7 14.8 21.8 26.2 14.4 20.3 

2003 29.3 15.2 22.3 26.0 13.8 19.9 

2004 29.2 14.1 21.7 25.7 13.5 19.6 

2005 28.7 15.0 21.9 25.4 13.2 19.3 

2006 28.1 14.3 21.2 25.3 14.4 19.8 

2007 29.8 13.6 21.7 25.2 13.4 19.3 

2008 30.9 13.5 22.2 25.7 13.3 19.5 

2009 31.4 14.0 22.7 27.6 14.4 21.0 

2010 29.0 15.2 22.1 26.2 14.1 20.1 

2011 30.6 14.9 22.8 26.1 13.6 19.9 

2012 30.7 14.7 22.7 26.1 13.9 20.0 

2013 29.9 15.1 22.5 26.0 16.6 21.3 

2014 30.5 17.5 24.0 26.7 18.7 22.7 

2015 32.6 18.6 25.6 28.7 20.7 24.7 

2016 30.8 22.7 26.7 26.4 16.5 21.4 

2017 30.6 16.3 23.4 27.2 17.0 22.1 

2018 31.1 18.8 25.0 27.2 18.2 22.7 

2019 31.3 19.1 25.2 27.4 18.1 22.7 

 


