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Abstract
Human behavior is responsible for climate change as manifested in temperature increment and alteration of rainfall regime unprecedented in history. The impact of climate change is worse in poor countries like Ethiopia whose agriculture heavily relies on rainfall. This research was conducted to assess farmers’ perceptions and their collective and individual response mechanisms to climate variability and extremes. In this research, sequential mixed research design was applied. In the first phase, 22 key informants and 32 FGD participants were purposely selected for the qualitative data. Three decades of areal grid temperature and rainfall data were collected from the National Meteorological Agency. During the second phase, quantitative data were collected from 124 randomly selected farmers through questionnaire. Appropriate qualitative and quantitative data analysis techniques were employed. Accordingly, the study revealed that the district has been experiencing a declining rainfall and increasing temperature. Persistent drought, limited surface and underground water, recurrent crop pests, and animal diseases were found to be the main impacts of climate change that harmed agricultural productivity. The traditional causal attribution of climate change to God’s wrath by farmers is decreasing. However, farmers’ collective efficacy to reverse the impact of drought was found to be low. Social loan services, borrowing seeds from relatives, working through joint collaboration (Jegie) have been major indigenous responses. Planting drought resistant crop varieties, rainwater harvesting, destocking, cut and carry livestock feeding, and soil and water conservation measures were the common planned adaptation responses to with stand the impacts of climate variability.
Key Words: climate variability, psychology, vulnerability, farmers’ responses, collective efficacy
1. Introduction 

Climate variability is a serious challenge to development in the 21st century and its actual and potential impacts are being felt globally (Pahl et al., 2014; IPCC, 2007). The hazard of climate change is catastrophic in Ethiopia as agriculture constitutes the mainstay of its economy. Frequent and severe droughts in many parts of Ethiopia have brought havoc to livestock and crop production (Ayal & Filho, 2017; Ayal et al., 2018) and Amhara region is not an exception (Woldeamlak, 2007). 

High population pressure, extensive traditional farming, lack of appropriate land use policy, poverty, and massive deforestation collectively aggravated the impacts of climate variability in Ethiopia (Assefa, Berhanu & Abebe, 2008). However, like the physical and socio-economic profiles, the psychological dimension of climate change is crucial to make sense of farmers’ adaptation to climate variability (Gifford, Kormos, & McIntyre, 2011). Understanding responses to climate variability necessitates an integrative social sciences perspective by fusing disciplinary, theoretical, and methodological tenets (Pahl et al., 2014; Rusi, Brigitte & Marco, 2014). It is from this underlying view point that the researchers sought to uncover the major psychological dimensions of climate variability among people of Berehet district, North Shoa Zone, Amhara Region, Ethiopia. 
The study determined the study area’s rainfall and temperature trend and variability. It examined the nature and magnitude of farmers’ vulnerability to climate variability. It assessed farmers’ perception and attributions about climate change and the efficacy of their collective efforts to mitigate the impacts of climate variability. The study identified the socio-demographic and psychological factors that prefigured farmers’ climate variability responses, both indigenous and planned. 
2. Theoretical Framework
A well-known theoretical framework, within the realm of environmental psychology, to handle the human dimensions of climate change is Stern’s model of the “psychological dimensions of climate change” (Stern, 1992), as clearly depicted in figure below.  According to the model, people affect climate through activities such as burning fossil fuels and clearing forests that directly alter environmental conditions. These activities are a result of a full range of cultural, economic, political, and social conditions and processes, depicted as “human systems”, and of psychological considerations which include human understanding of climate change, affective responses to climate change, and psychological motivations.
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Figure 1: The Psychological Dimensions of Climate Change (adapted from Stern, 1992: pp. 273).
Adaptation to climate change includes addressing the psychological and social impacts of both the threat and the unfolding consequences of climate change. The direct and indirect impacts of these psychological processes on many of the elements illustrate that human dimensions of climate change are inherently psychological and that psychology can offer knowledge and concepts that can help explain the human understanding of the causes, and consequences of climate variability as well as inform responses to it and help make them more effective (Swim et al., 2011). 
2. Materials and Methods

2.1 Description of the Study Area 
Berehet district  is located in North Shoa Zone, Amhara National Regional State, between 090  02’00’’ N and  390  30’ 00’’ E. It is bordered by Hagere Mariam district  and Kesem River in the West, Assagirt district  in the North, Germama River in the South and Afar region in the East. Metiteh Billa, Gordo-Solomon, Mafude, Mequagna, Shega, Aakeremete, Seade, Mentmere, Demeko and Wossil are PAs in the Breheret district .  Metiteh Bila is the capital of the district . It is located 388 km from Debre Birhan and 128 km from Addis Ababa.  The district covers a total area of 1,420 km2. The study site is characterized by rugged topographic features (see Fig. 2). 
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Figure 2. Topography of the study site (left) and Ethiopia (right) 

Source: Constructed by co-author

Climate of Berehet District 

The study site is endowed with bimodal rainfall regime. Summer (June, July, August and September) is the main rainy season while spring (February, March, April, May) is small rainy season. Figure 3 depicts the monthly, seasonal, and annual rainfall. In summer, the rainfall starts on June and picks in August. Berehet district receives 67% of the rainfall during this season followed by a 26 % of the annual rainfall during spring. The maximum rainfall was observed in April during spring season. The central part of the district receives much of its precipitation from the spring rainfall while the intensity and distribution summer rainfall increases from north east to the southwest direction. 
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(a) Spring (ONDJ) (b) Summer (JJAS), and (c) winter seasons. (d) Monthly mean rainfall and (e) Monthly contribution of rainfall during 1981-2014 (left panel). (a)spring (b) summer and (c) Winter seasons.  Mean maximum temperature for (d) spring (e) summer and (f) winter seasons; Mean minimum temperature for spring (g) summer (h) and (i) winter seasons; (j)Monthly mean of Tmax,Tmin (right panel).
Figure 3. Climate of the study area 
Source: Constructed by Authors
Monthly and seasonal temperature assessment of the study area is shown in Figure 3 (Right      Panel). The temperature increases towards the northeastern part of the district. The maximum      temperature ranges from 240c to 280c while the minimum temperature ranges from 50c to 12 0c. Spring season is hottest of all seasons.
2.2 Research Design

This study employed sequential mixed research design. The study began by investigating spatial and temporal distribution of rainfall and temperature in the district, followed by a qualitative and quantitative methods involving detailed explorations of the psychological dimensions of climate variability. The qualitative method focuses on in-depth data collection on behaviors (pattern) of temperature and rainfall distribution and its effect on agricultural sector while the quantitative method deals mainly with farmers’ perceptions on climate situation, collective efficacy, adaptations and responses to adverse situations. 
2.3 Sampling, Procedures and Instruments

The study district  was selected purposely due to its frequent exposure to drought for the last eight consecutive years. Meteorological record analysis was followed by the selection of four peasant associations (PA) purposefully, based on their degree of exposure to climate variability and extremes in consultation with the  district agricultural office experts and community key informants.  Hence, Demeko, Wosil, Gordo Solomon and Mintamir PAs were considered in the study.  A total of twenty two key informants i.e. one knowledgeable farmer in each PA, two development agents in each PA, one PA chairman in each PA, district  agricultural office head,  and five district  experts were selected purposefully. One heterogeneous (by sex, age, responsibility) focus group discussion (FGD) session was organized in each PA having an average of eight participant. Hence, a total of about thirty-two FGD participants participated in the study. Then multi-stage proportional random sampling technique was employed to select respondent samples from each PA for the questionnaire survey. Accordingly, the questionnaire survey was distributed to 146 farmer respondents. Finally, 124 completely filled questionnaires were brought and processed for analysis.
2.4 Data Analysis Techniques

Analysis of temperature and rainfall data involved characterizing long-term mean values, and calculations of indices of variability and trend at monthly, seasonal and annual time scales. Standard anomaly was calculated to assess rainfall and temperature variability. Mann-Kendall test, as described by Sneyers (1990), was used to detect trends. Agnew and Chappel’s (1999) drought severity assessment method was applied. Accordingly, drought severity is classified into four scales: extreme drought, severe drought, moderate drought and no drought (SPI<-1.65), (-1.28 > SPI > -1.65), (-0.84 > SPI > -1.28) and (SPI> -0.84) respectively.  As suggested by  McKee (1993), in this study SPI-3, SPI-12, SPI-24 and SPI-48 were computed to apprecate immidate and long term impact of drought on soil misture and surface and underground water resources. The data from the interview, FGD, observation and survey questionnaire were analyzed both qualitatively and quantitatively. For the qualitative part, a thematic content analysis was employed. The quantitative data were encoded and screened for missing and extreme values. Then, different descriptive and inferential statistical data analysis methods  were employed.
3. Results and Discussions

3.1 Rainfall Trend and Variability 

As depicted in Figure 3 below, spring, summer and annual rainfall have been decreasing by 0.046, 0.015 and 0.043 mm per year respectively. The trend of spring season and annual rainfall reduction was found to be significant (p< 0.05). However, the summer season  rainfall reduction was not statistically significant. The study site rainfall trend across different time interval lacks regular pattern. Our finding is also consistent with previous finings (e.g. Ayal & Muluneh, 2014; Woldeamlak, 2007) which states the absence of notable rainfall trend in different part of Ethiopia. 
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 Figure 3. Seasonal Trends and anomalies of Rainfall (1981-2016)              
Source: Constructed by authors using NMA data 
Table 1: Monthly and seasonal statistics of rainfall (1981-2016)
	Mon
	Mean
	Median
	Variance
	Std
	CV
	R2
	MAD
	IQR
	Range
	skewers
	kurtosis

	Feb
	30.6
	9.38
	2193
	47.5
	1.55
	55.9
	32.58
	46
	243.4
	2.735
	12.23

	Mar
	69.94
	57.05
	2245
	48.1
	0.69
	84.5
	39.9
	70.97
	164.4
	0.505
	2.107

	Apr
	99.25
	91.32
	4019
	64.3
	0.65
	118
	50.95
	84.01
	263.2
	0.7451
	3.101

	May
	75.51
	62.51
	2727
	53
	0.7
	91.8
	41.9
	71.52
	234.8
	1.054
	3.979

	Jun
	93.53
	85.49
	2237
	48
	0.51
	105
	37.26
	56.13
	190.7
	0.7896
	3.231

	Jul
	245.7
	258.1
	3073
	56.2
	0.23
	252
	42.59
	69.78
	247
	-1.127
	4.123

	Aug
	257.1
	264.2
	2820
	53.9
	0.21
	263
	44.73
	83.16
	212.4
	-0.4792
	2.4

	Sep
	120.3
	114.2
	1945
	44.7
	0.37
	128
	33.38
	55.65
	203.6
	0.8585
	3.855

	spring
	68.83
	66.44
	832.6
	29.3
	0.43
	74.6
	24.34
	49.04
	103
	0.2637
	1.947

	summer
	179.2
	181.3
	1028
	32.5
	0.18
	182
	24.5
	37.06
	151.2
	-0.3147
	3.186


* CV=Coefficent of Varation, MAD=Mean Absolute Devation, IQR=Interquatile Range, R2=Root Mean Square,  STD=Standard deviation
Source: Authors constructed 

Figure 3 and Table 1 illustrates monthly, annual and seasonal rainfall distribution behavior. Accordingly, the mean annual, mean summer and mean spring rainfall were 1071.24, 716 and 275.31mm with standard deviation of  181.61, 130.09 and 117.06 and 0.17, 0.18 and 0.43 respectively. The highest (CV=43%) rainfall distribution fluctuation was observed during spring season. In Table 1 the kewness and kurtosis value exhibits that monthly and seasonal rainfall distributions of the district were not normally distributed. The inter monthly rainfall distribution were highly variable for the last 36 years. The spring and summer months’ intra rainfall distribution CV ranges between 65-155 and 21-51 respectively.  Relatively, the annual and summer season rainfall distributions were less variable. As depicted in Fig. 3 annual rainfall of the recent decade (2006-2015) was below long-term mean average rainfall. In the study site 2002, 2009, 2014 and 2015 were very dry years. Likewise, spring season and summer season rainfall distribution behavior also reveal that the study site was suffered from moisture stress in the recent decade: 2010-2015 

3.2 Temperatures Trend and Variability

Agricultural activities and farming decisions are performed at monthly and seasonal level. Hence, understanding the temperatures pattern of the study area is important to suggest practicable recommendations. Figure 5 illustrates the increasing trend of maximum spring, summer, and annual temperature of the study site by 0.065, 0.058, and 0.0790 C (sign 0.01) per year respectively. The maximum temperature increment of spring was faster than summer maximum temperature. 
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Figure 4. Trends and anomaly of annual and seasonal maximum temperature (1981-2016)     

Source: constructed by authors using 
Figure 6 shows spring, summer, and annual minimum temperatures of Berehet district have been increasing by 0.0110 C (sign 0.01), 0.0150 C (sign 0.01) and 0.0210 C (sign 0.01) per year from 1981-2016 respectively.  In Figure 7 shows that the annual, summer, and spring mean temperature increased by 0.0630 C (sign 0.05), 0.0540 C (sign 0.05), and 0.0530 C (sign 0.05) per year for the last 36 years.
In Berehet district the minimum and maximum temperature distributions were not smooth. Relatively, the distribution of maximum temperature was highly variable. As illustrated in Fig. 5 about 19 and 16 years of spring and summer maximum temperatures were above the normal. About 21, 11, and 16 years of spring, summer and annual minimum temperature were above the normal years (see Fig. 6). Similarly, 16, 13 and 17 years of spring, summer and annual mean temperature were above the normal year (see Fig. 7). Annual maximum temperature distribution was above normal from 1998 to 2016 except 2001 and 2010.The highest maximum and minimum temperature were observed in 2002 and 1998 while the lowest maximum and minimum temperature were recorded in 1990 and 1985 respectively

3.3 Drought episodes

[image: image6.png]SPI

SPI

SPI

a) Berehet Woreda monthly SPI values during 1981-2016
T — T T

I I I
1985 1990 1995 2000 2005 2010 2015
P b) Berehet Woreda seasonal mean SPI values during 1981-2016

T T T T T T T T T T T

_ Sprmg _ Summer _ Wmter

-2
1981 1984 1987 1990 1993 1996 1999 2002 2005 2008 2011 2014
<) Berehet Woreda seasonal months SPI values durmg 1981-201

2 T

-2 L
1981 1984 1987 1990 1993 1996 1999 2002 2005 2008 2011 2014
Year





Figure 5. SPI values computed using Gamma method (right panels)  and Pearson method (left panels) (1981-2016)     

Source: Constructed by authors using NMA

Figure 5 illustrate SPI classifications in four catagories, SPI-3, SPI-12 , SPI 24 and SPI 48. We have used both gamma and Pearson methods to compute SPI as can be seen in the right and left panels respectivelly. Both panels of Figure 8a, drought indexes SPI-3 for 1981, 198, 1987, 1994, 1997, 1999, 2000, 2008, 2009, 2012, 2014 and 2015 show extreme drought to severe drought years. SPI-12 for 1989, 2003, 2011, and 2015 revealed extreme drought to moderate drought events. SPI-24 for 1989, 2003, 2010, 2011, 2012, 2013, 2014, and 2015 showed severe drought, moderate drought years. SPI-48 drought indexes indicates 2003, 2010-2016 moderate to extreme drought events. This illustrates Berehet woreda is drought prone area. 
Over all in the study site temperatures have been increasing steadily for the last 35 years. The impact of temperature and rainfall could be seen in soil moisture stress. Key informants reported that the reduction of spring rainfall amount, its erratic distribution, and the rise of temperature are constraints of farming. It is evident that the fast spring temperature increment coupled with the declining amount of the main rainfall which is erratic and variable adversely affected agricultural activities and production.
The rise of temperature and the reduction of rainfall in the study site is attested by community key informants and FGD participants. It seems clear that the steady increment of maximum temperature trend allied with reduction of annual and spring rainfall jeopardized agricultural activity and farming decisions in the district. 

3.4 Vulnerability to Climate Extremes

3.4.1 Rainfall and Temperature Distribution 

The district, being in the leeward side of the Mugerie Mountain, experiences very low and irregular rainfall. FGD participants and key informants reported that late onset and early secession were the main features of rainfall variability. Rainfall distribution varies from PA to PA. The onset and secession of rainfall, for the past 10 years was not predictable. Most specifically, beginning from 2014, the rain has been very irregular and insufficient. Thus, the climate is not conducive either to the germination, growth, and harvesting of crops. Cereal crop (Yebe’er sebloch) were easily subjected to drought. The main victim cereal crops are Masho and Sorghum (Mashela); since they are shallow rooted their water absorption capacity is inhibited. 
Key informants noted that the maximum temperature of the district has been increasing from time to time. Their observation is also supported by meteorological data (see Fig.5). The progressive rise of temperature facilitates evapotranspiration and reduces the rivers water volume, cattle pasture availability, and pasture palatability. Similar findings were reported by Ayal and Filho, (2017) Coppock et al., (2008), Coppock, (1995), Huho et al., (2011), and Coppock, (1995). Key informants and FGD participants observed that high temperature creates a conducive condition for the prevalence of crop pests. For instance, the African Migratory Locust invaded the area due to the high temperature prevalence in the district. Afforestation efforts are not successful due to the prevailing high temperature which precludes seedling germination and survival. 
3.4.2. Drought

Key informants and FGD participants underlined that all PAs of Berehet district have experienced severe drought for five consecutive years. In 2015, 98% of the district population (i.e., 37, 819 out of the total 41, 114 people) was receiving government food aid because of crop failure caused by drought. A 90% agricultural production reduction was witnessed in 2016 which was totally attributed to drought. Cattle were also facing serious problems of drought during 2015-2016. Accordingly, cattle forage was imported from other districts of the North Shoa Zone. In 2015, early cessation and late onset of rainfall was observed. Small rivers in different localities have dried up. Even major rivers like Menso were depleted in size and were drying during winter season. Major rivers like Kesem and Menso are also in danger of drying, not to mention smaller ones. Both cattle and people were facing severe problem of accessing drinking water. Especially, the effect of drought in Wosil PA near the Afar region was worst. 

3.4.3  Availability of Surface and Underground water

In the past, Berehet district was endowed with many rivers. Now, this is becoming history. No river at all is found in Wosil PA. It is a must to travel on foot for eight hours to reach the Kesem River. Kesem River is the only river that drains across Demeko PA. Gordo Solomon can benefit from Miti River. Menso River is also a potential to this PA. However, the amount of water of Menso River is getting depleted. Joroha, Kesem and Wodadu are the three major rivers drained across the Mintamir PA. Joroha River is more convenient for irrigation activities to the farmers. The amount of Wodadu River decreases very much during winter due to a number of irrigation activities conducted in the upper stream farmlands. The dwindling of underground and surface water hampers the expansion of irrigation activities. It only is only around Kesem River, 17 km far from Meteh Billa town, in Demeko PA, that a single location is found to have underground water. The district has vast irrigable land and enormous agricultural potential which can be harnessed only through building a dam at Kesem River as irrigation through a generator not plausible.  
3.4.4. Crop pests and Animal Diseases 

Key informants and FGD participants explained that crop pests are common across the entire four sample PAs. Ye’ageda korkur, Fenta and Keshekesh are the major crop pests. Yekey Teff Til is also a serious pest on Teff. It has been very dangerous. It destructs crops within two days. Yemashela Tenziza (Sorghum Locust) was seen before three years and, now, it is exterminated along with the three-year drought period. The district experiences a new locust like pest, called African Migratory Locust. This pest especially affects Teff crops. For instance in 2016 it invaded 210 hectors of teff crop. Drought creates favorable condition for the proliferation and expansion of the Locust to cooler parts of the district.  

The adverse impact of climate change and extremes is not limited to the crop sector. Aba Gorba (Black leg) and Aba Senga (Anthrax) livestock diseases were common observed in all PAs.  For instance is 2015 anthrax  severely affected five PAs of the district, especially in Gordo Solomon PA. Similarly, Yefeyel Fentata (Goat pox) had infested Gordo Solomon. Pests and diseases are very unpredictable and difficult to manage.

3.5 Perception, Attribution and, Collective Efficacy of Farmers

3.5.1. Farmers’ Perceptions

Relying on a multidimensional method, investigators have found a better knowledge and perceptions of farmers regarding climate variability and extreme events adverse effect. FGD participants and key informant farming households reported the rise of temperature and the decline of rainfall in amount and reliability. Recently the district has been exposed to drought for five consecutive years. They underlined farming communities are well aware about the situation of climate variability and extremes and associated direct and indirect impacts. The common sources of climate information are traditional sources, agricultural experts, development agents, Debre Berhan FM radio, newspapers, leaflets, and official statements. Agriculture experts reported that thought farmers are aware of climate change and extremes great majorities were reluctant to take measures to respond to the adverse impact of climate change. This might be the result of farmers experience of failures with improved seeds and imprecise weather forecast in different times. Beside, some of the forecast information dissemination platforms are not location and context specific.
3.5.2. Farmers’ Attributions and Collective Efficacy

There are farmers who believe that drought is due to God’s annoyance over the people. According to the natural resource coordinator of the district, many farmers believed that God has “reduced his blessings”. Key informants and FGD participants confirmed that the number of people who attribute climate change to “God’s annoyance” is decreasing. Evidence from Mintamir PA Agricultural office offers a fascinating case as to how farmers grasp the cause of climate variability. It reads as: 

There was a long serving spring under a big tree, in the midst of our community. The spring has been serving as a source of drinking water. …When the tree was cut, due to road construction, the spring dried automatically. This had been a good lesson to the community as to how deforestation is the cause for the loss of rivers and soil moisture. They also realize that plantation could help the soil to revive its moisture.  
Stern, (1992) indicated that socioeconomic and political context of the community could alter the ecosystem. Individual and community climate change adaptation emotion, motivation and responsibility could be influenced by their causal attribution and understanding of the situation and its impact (Gifford, 2007). Majority (68%) farmers are realizing that the impact of climate variability and drought is worsened by human behavior and activities. This attribution of farmers to climate variability and drought, undoubtedly, affects their reaction to drought and climate variability. If farmers believe that it is due to annoyance of God, they could not be initiated to act against climate variability and extreme events. They could lose the motivation to reverse the situation. However, if farmers are changing their perception that climate variability is the result of natural resource degradation, they could be collectively triggered to act against it. Seol-A, Seoyong .and Jae (2019) also indicated that unlike personal norms and environmentalism; religion ideology decreased individuals climate change response action. All categories of respondents also believed that desertification and drought can be reduced with the combined effort of farmers. This collective efficacy of farmers could be a good source of energy to manage their environment. In fact, our observations have also revealed the combined effort of the community to conserve natural resources. For instance, enclosure has been widely practiced in rugged and farming off areas. 

About 32% of respondents believe that climate change and drought is the result of the annoyance of God. FGD participants and key informants asserts as “Everyone is expecting rain during July. They don’t doubt this. It is because they are not convinced of the impacts of deforestation. We cannot say that most know about it”. Hence, it needs a safe conclusion. Knowing and believing are two different things. From the finding, it seems convincing to say that farmers are aware but their belief and attribution is not going concomitant with their awareness. As indicated by Seo-A, Seoyong, Jae (2019), Grothmanna, and Patt (2005) proper individual and community climate change response could be deployed if and only if objective adaptive and subjective capacity is balanced. Cognitive bias of respondents undermines their readiness to act and could worsen the impact of climate change and extremes.   
Leiserowitz (2006) highlighted risk perception motivates individuals for active engagement of environmental management intervention activities. However, being perceptive alone couldn’t determent farmers’ efficacy in the face of climate change. Based on the findings of this study, the problem is not lack of awareness or attributing to God in determining their fate. The problem lies on the rugged topographic nature of the district. Even if farmers are trying their best to change the situation, it becomes beyond their capacity. Biophysical condition of their locality coupled with increasing frequency and magnitude of drought erode farmers’ capacity and hope in coping with it. A good indicator is that farmers are losing interest to take fertilizer with loan and produce their crops. They fear that they might not have money to return their debit due to the recurrent drought. Our observation failed crops, diminished surface water, emaciated cattle etc support farmers frustration. Many farmers are migrating to the Afar region which can be considered a real sign of losing hope in working and getting benefit from their specific locality. Individuals’ intention and motivation is linked with their adaptive capacity. Charles et al. (2019) high adaptive capacity and low adaptive capacity are linked with positive and negative emotions in prompting personal action to mitigate climate change respectively. 

Key informants underlined farmers have time tested skill of natural resource management and understanding the importance of managing their land and water resources. However, they are not motivated to practice without government involvement and incentives. Farmers have developed a sense of dependency syndrome. Key informants argued that it is difficult to say that farmers have the efficacy to cope with the impact of drought. They build the spirit of dependency on government aids. They are losing hopes of cope with the drought by themselves. The finding illustrates that planned climate change adaptation interventions should focus on strengthening the adaptive capacity of farmers through income diversification and awareness creation. As suggest by Ayal and Filho (2017) the intervention should consider pertinent stakeholders link religious leaders and influential community members.     
3.5.3 Inter-correlations among Farmers’ Demographics and Collective Efficacy

Table 2. Inter-Correlations among Demographic Variables and Collective Efficacy of Farmers

	Variables
	Inter-correlations

	
	1
	2
	3
	4
	5

	1. PA
	-
	
	
	
	

	2. Age 
	.051
	-
	
	
	

	3. Sex
	-.012
	.126
	-
	
	

	4. Educational Status
	.061
	-.100
	.200*
	-
	

	5. Collective Efficacy
	.168
	-.201*
	.287**
	.284**
	-


* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed). 
The correlation results showed that farmers’ age was significantly correlated with collective efficacy (r = -.201, p < .05). Thus, the more a farmer is older, the lesser he/she would be efficacious to cope with climate variability adverse impacts. As age increases farmers become reluctant in their climate change adaptation efficacy. The result is supported by Lawrence et al., (2019) as farmers grow older, they are more likely to perceive negative outcomes of adaptation strategies. In other words, younger farmers are relatively endowed with better competency belief of winning the challenges of climate variability. 
Sex was also significantly correlated with collective efficacy (r = .287, p < .01), implying that males are more efficacious than female farmers to cope with the adverse effect of climate variability and extreme events. This finding is corroborated by key informants’ observation that female headed households’ participation in community level natural resource management was low. We argue that low level of female farmers’ collective efficacy to avert the impact of climate change could be due to the fact that females’ participation in various community decision making activities, access to information and technology is limited. However, Ayal and Filho, (2017) indicated that female farmers are more perceptive than male farmers. Whereas, Lawrence et al., (2019) reported that male farmers understand the side effect of agrochemical application in tomato production.  
Besides, educational status (r = .284, p < .01) was found to be significantly associated with collective efficacy. This is to mean that the higher the educational status of the farmers, the better the competency belief they have in their community to reverse the adverse impacts of climate variability. There also appeared a statistically significant mean difference between female and male farmers (t = -3.307, df = 122, p > .01) in their level of collective efficacy. 
Table 3. T-test Result for Mean Difference between Male and Female farmers in their Collective Efficacy

	Groups
	N
	Mean
	SD
	df
	t
	Sig. (2 tailed)

	Female
	38
	1.76
	.4128
	122
	-3.307**
	.001

	Male
	86
	2.03
	.4244
	
	
	


* Significant at the 0.05 level (2-tailed).
**Significant at the 0.01 level (2-tailes).
Similarly, one way ANOVA was employed in order to examine differences among groups of different PA and educational status. As a result, there was no significant difference in collective efficacy among the four different PAs of the district (F = 1.185, p=.318). However, an inspection of the mean values of each PA indicates that the collective efficacy of Mintamir PA is better than others, which was also backed by the qualitative findings. Perhaps the climate, being Woina Dega (moderate climatic) and less prone to drought as compare to others, might encourage people to exert effort and to believe in their effort of changing the situation. In line with our argument, Gezie (2019) indicated that agro-ecological setting and resource potential could influence farmers’ efficacy. 
Table 4. ANOVA Result for Mean Difference among Groups in their Collective Efficacy
	Factors
	Groups
	N
	Mean
	SD
	F
	Sig.

	PA
	Wosil
	31
	1.85
	.3914
	1.185
	.318

	
	Demeko
	26
	1.91
	.4196
	
	

	
	Gurdo Solomon
	37
	2.00
	.4843
	
	

	
	Mintamir
	30
	2.04
	.4331
	
	

	Educational Level
	Illiterate
	67
	1.86
	.4386
	2.942*
	.023

	
	Basic education
	16
	1.91
	.3388
	
	

	
	Primary
	22
	2.04
	.4278
	
	

	
	Junior
	16
	2.13
	.4312
	
	

	
	High school
	3
	2.50
	.4409
	
	


* Significant at the 0.05 level (2-tailed).
**Significant at the 0.01 level (2-tailes).
On the other hand, the difference in collective efficacy among farmers’ of different educational level was found to be statistically significant (F = 2.942, p=.023). With the objective of detecting the pair wise differences between groups of educational status on farmers’ collective efficacy score, Post Hoc analysis was examined. However, no significant pair wise difference was observed among different educational levels of farmers regarding their collective efficacy. But, an inspection of the mean score could inform us that increase in educational level lends a constructive hand to boost farmers’ collective efficacy. 
Another objective of the study was to examine the predictive power of major demographic variables in collective efficacy measures. Accordingly, the regression model including demographic variables of sex, age and educational level witnessed a significant variance, as indicated by the ANOVA result (F = 8.811, p < .01). Collectively, sex, age and educational level of farmers account about 18.1% of the variance in collective efficacy (R2 = .181). 
Table 5. Regression Coefficients (β) for Age, Sex, & Educational status in Predicting Collective efficacy
	Predictor Variables
	β 
	t
	R
	R2 
	Adjusted R2
	F

	Sex
	.272
	3.193**
	.425
	.181
	.160
	8.811**

	Age
	-.215
	-2.559*
	
	
	
	

	Educational level
	.208
	2.446*
	
	
	
	


* Significant at the 0.05 level (2-tailed).
**Significant at the 0.01 level (2-tailes).
Independently, as revealed in table 5, collective efficacy was significantly predicted by sex (β = .272, p < .01). In brief, this result suggests that a one unit change in the sex variable results in an increase by .272 unit values change in collective efficacy. Besides, age ((β = -.215, p < .05) and educational level (β = .208, p < .05) were also significant predictors of farmers’ collective efficacy.
3.6 Adaptation Responses to Climate variability and Extreme 
3.6.1. Indigenous Adaptation Responses 

The farmers have been implementing different indigenous as well as socio-cultural adaptation mechanisms to climate variability. In the past, farmers had been burying sorghum in burrows in case a drought happens in the meantime. They could use it during difficult times. These times, however, it is difficult to think as there has been drought for five consecutive years. One unique asset of the community is the culture of helping each other. There is a deep risk sharing habit and practice among community members. The community share resources to one another. The community has also developed the habit of working together with Afar pastoralists and agro-pastoralists, harmoniously. More than four hundred farmers are working on Afar irrigation farm lands, found on the water sheds of Kesem dam. 
Social loan services also plays vital role during times of hardships. On one hand, relatives and friends borrow to each other. On the other hand, there are pawnbroker services (Arata) given by relatively rich households of the community. When things become out of control, farmers used to borrow money from Amhara Credit and Saving Institution (ACSI). With the money, farmers either buy their consumption or made business with it. Digging communal ponds have been another indigenous adaptation mechanism employed by the community to cope up with drought. People dig water wells through Jegie (debo) [collectively].
3.6.2. Planned Adaptation Responses 

As the viability of rain fed cereal and pulse crop productions declined, farmers are shifting to produce vegetables, fruits and other cash crops. Irrigation is considered the best mechanism employed to adapt to drought. Onion is the main vegetable produced via the small irrigation schemes. Farmers are also producing drought resistant crops. Especially, the farmers were widely involved in producing a cash crop called masho which can be harvested within a short period, i.e., within 40 days. Next to masho, the widly cultivated  drought resisting cereal is chickpea (shinbira). Farmers were also trying different improved seed variety of sorghum which can withstand aridity. Aburti is an example species of sorghum with large seed and short and tin stalk. It is drought resistant and can be harvested in a month, during August. However, it is not distributed across the wider community.
Geo-membrane has been also used as a mechanism of water harvesting to crop and livestock production. Till 2016, about 1170 geo-membranes were distributed and made functional. However, today, people are not using geo-membrane for harvesting water. Many reasons were traced to this. First, the geo-membrane quality is very poor. As it cannot resist the hot temperature it cracks sooner and cannot log water as expected. Second, the new geo-membrane is expensive which increased from 300 birr in 2000s to 7900 birr by in 2016. Third, the water harvested with the geo-membrane could dry sooner without achieving its goal. This is due to the higher level of evaporation persisting in the area. 
To solve shortage of water, the farmers have been implementing various biophysical soil and water harvesting technologies at farmland and communal level. Trenches, terracing, water cannels, flood diversion, moisture trapping, gully treatment were major soil and water conservation technologies. Relatively, terracing is better practiced than trenches and moisture trapping. However, not everyone was convinced of the role of new technologies applied to conserve soil and water resources. Especially, farmers were not willing to implement line cropping. Farmers are reluctant to borrow improved seed varieties for fear for drought occurrence. PA chairs explain this further as follows. 

... They [farmers] are telling us that they are not effective on crops such as Teff, Barley and Wheat. They believe sawing much amount of seeds on a line reduces its productivity. Secondly, it takes them additional man power to saw. In addition, experts do not clearly know how to saw barely in line. All agricultural experts are not similar in having the practical knowledge. Some are good while others lack the skill. Otherwise, no one plants an onion without implementing the line technology. Everyone is well aware in implementing line sawing/ planting in irrigations (FGD_E). 
Enclosure and planting new trees were another methods employed to conserve natural resources. Especially, area enclosure is well implemented in Woina Dega and Dega (moderate climatic) PAs. For this purpose, lands with slops of 30% and more are not allowed for crop production, though farmers are resisting obeying the instruction. Their resistance is connected with scarcity of farmland and increasing landlessness. 
Regarding adaptation mechanisms related to livestock production, the community is implementing three major techniques. First, destocking, deliberate reduction of cattle is employed for protecting the land from overgrazing. However, because most of them are cattle herders, it had been very difficult to implement destocking. Second, farmers start keeping and feeding the remaining cattle at home, called the cut and carry method. They rear cattle at home for both dairy and meat purpose. Third, farmers are shifting to rear animals which are more resistive to the drought situation, such as goats and camel. But, the topography is not conducive to Camels. The area is not wider to satisfy their need. In addition, camels need dense trees and vegetables to survive. 
4 Conclusion

The study area experiences serious climate variability and extremes. Within two decades, the district is becoming a peculiar desert. The area is characterized by a declining and variable rainfall and increasing temperature. The degree of RF decrement is higher than the increment in temperature. The current variability and shortages of rainfall, rising temperature, persistent drought, low potential of surface and underground water, and the recurrent crop pests and animal diseases have adversely affected farmers’ agricultural activities, eroded their asset background, and exposed them to be dependent on government relief aids. 
Most farmers are well informed of climate variability and its adverse impact. But, because it varies year to year, predicting the amount and timing of rainfall has been difficult for them. Attributing rainfall shortages and variability to the “annoyance of God” is decreasing from time to time. Most farmers, especially the youth, realize that climate variability is caused by natural resource degradation. However, farmers’ collective efficacy level of reversing the impact of climate change and drought was found to be low. As a result, farmers lose hope in their productivity and are victims of dependency syndrome to government’s aid.  Despite this fact, the farmers have been implementing different indigenous as well as planned adaptation mechanisms to the adverse impacts of climate variability. With all the effort, however, the community is leading life stark drought, food insecurity and associated helplessness. 
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