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			Abstract

			There is an increasing recognition of the role of climate change adaptation among farmers who depend on rain-fed agriculture in Africa. However, due to a range of factors, many farmers particularly in the rural areas have barely adopted sufficient adaptation measures and have continued to suffer losses from the inherent effects of climate variability and extremes. A study based on farming households’ survey was conducted in selected sub-locations in Kitui County to gain insights on the adaptation strategies used by farmers against climate variability and extreme events and factors influencing their adoption. Purposive and cluster sampling methods were applied in identifying the sub-locations of study while proportionate and systematic sampling were used to select the households which formed the units of analysis. A total of 341 households from Yuku, Kaveta, Kauwi and Kasaini sub-locations, located in arid, semi-humid, transition from semi- arid to semi-humid and semi-arid zones respectively constituted the study’s sample size. The results indicated that there was a statistically significant relationship between agro-ecological zones and adoption of building water-harvesting schemes, planting trees for shade, irrigation, use of chemical fertilizer, use of organic manure, improved crop variety, agro-forestry, integrated pest management, moving herd from one place to another, migration to urban areas and use of pesticides (p<0.1). Further, results of the Logistic regression analysis showed that gender, education level, farming experience and age significantly (p<0.05)) influenced adoption of adaptation strategies to climate variability and extremes in the study areas. The study identified the need for intense agricultural extension training and climate change sensitization among farmers to ensure that feasible adaptations are promoted and factors influencing adoption of adaptation strategies addressed.
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			Introduction

			Climate change and variability is expected to adversely affect agriculture in sub-Saharan Africa (SSA) particularly the Arid and Semi-Arid Lands (ASALs). It has been projected that climate variability and extremes will reduce agricultural production by 10-20% by 2050 [1]. The projected reduction will mainly result from the changing rainfall patterns and the increase in the frequency of extreme weather events. This will also increase the prevalence of crop pests and diseases [2]. The effects of these changes are expected to be severe in SSA, where persistent poverty and massive dependence on agriculture makes populations in this region more vulnerable than in other parts of the world. Given this vulnerability, it is necessary to identify and embrace suitable adaptation strategies to climate variability and extremes among rural farming communities in Kenya. Most of agricultural adaptations to climate variability and extremes involves ecological, social and economic systems adjustments as a reaction to actual or expected climatic stimuli,their effects or 

impacts [3,4]. The success of adaptation measures by farmers is determined by the adaptive capacity of the farmers which greatly influence vulnerability of households, communities, groups, sectors, regions, or countries to variations in the climate system [2,5]. Adaptation strategies range from technological, to behavior change at the household and farm level while the types of adaptation range from autonomous, anticipatory to planned adaptations [6]. Studies have reported adaptation strategies in agriculture such as diversification of crops, use of hybrid varieties, use of drought resistant crop varieties, changing of planting dates, water harvesting, irrigation, switching from crop farming to livestock keeping and soil conservation measures [7-9].

			Societies have always adapted to natural climate and environmental changes by altering settlement and agricultural patterns and other aspects of their economies and lifestyles throughout the history of man [10,11]. Thus, most societies are reasonably adaptable to changes in average conditions, particularly if they are gradual [12]. However, farming households particularly in Kitui County are more vulnerable and less adaptable to climate variability and extremes due to low adaptive capacity coupled with biophysical vulnerability. The present study focused on assessment of farmers’ adaptation strategies to climate variability and extremes and factors influencing their adoption at household level in dry Kitui, Kenya.

			Materials and Methods

			Topography and climate of the study area

			The study area consisted of Yuku, Kaveta, Kauwi and Kasaini sub-locations in Kitui County falling under arid, semi-humid, transitional zone from semi-arid to semi-humid and semi-arid zones respectively. Kitui County is located between longitudes 37º45´ and 39º0´ East and Latitudes 0º3.7´ and 3º0´ South [13]. The county lies between 400m to 1,830m above sea level and generally slopes from west to east. The climate of the area is semi-arid with very erratic and unreliable rainfall. The temperatures range from a minimum of 14-22° centigrade to a maximum of 26-34° centigrade. Rainfall is bimodal distributed within two seasons yearly and varies from 500-1050mm with about 40% reliability. The soil types range from sedimentary rocks, red sandy soils, to clay black cotton soils (Figure 1).
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			Population and economy

			Kasaini sub-location had a household population of 2082, Yuku 571, Kaveta 2429 and Kasaini 1911 households. Mixed crop and livestock production are the mainstay of the County, with the balance between the two production systems being determined by the agro-ecological potential. Subsistence production is the main activity. Food crops grown include maize, sorghum, millet, beans, cowpeas, green grams, and pigeon. Cash crops include cotton, sunflower and some coffee (sold as mbuni); green grams are normally grown for commercial purposes.

			Research design, data collection and data analysis

			This study used a survey design. Purposive sampling was used to select the sub-locations while systematic random sampling was used to select the households. Households were selected as the main units of analysis because major decisions about adaptation to climate induced stresses and livelihood processes are taken at that level. For this study, Yuku sub-location was selected to represent arid agro-ecological zones, Kaveta semi-humid zones, Kauwi transition zones from semi-arid to semi-humid and Kasaini semi-arid zones of Kitui County. The aim of selecting the four sub-locations was to gain insights into differences in perceptions of climate variability and adaptation strategies adopted by farmers in different agro-ecological zones. The sample size for the study was 341 households (Yuku= 39, Kaveta= 104, Kauwi= 160 and Kasaini= 38). Primary data was collected through semi-structured interview schedule and personal observation. Statistical Package for Social Sciences (SPSS version 20) was used for data analysis. Descriptive statistics and chi-square tests were run to provide insights into adaptation strategies adopted by farmers in the study areas. Logit regression was performed to assess factors influencing adoption of adaptation strategies by the farmers.

			Regression model was applied as outlined by Mutunga et al. [14], albeit in reduced form:
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			Where, Yi is a dichotomous dependent variable (adoption or non-adoption of specific adaptation strategies). 0 is the Y- intercept; β1- β10 is a set of coefficients to be estimated; X1-X10 are explanatory variables hypothesized by theory and empirical work to influence adoption of adaptation strategies to climate variability and extremes (Table 1).

			Equation (1) can be expressed as:
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			Where p is probability that Y= 1 i.e. p =probability (Y= 1). 

			In term of probability the equation 2 can be expressed as:
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			Table 1: Description of explanatory variables that predict probability of farmers’ adopting adaptation strategies to climate variability and extremes in the study areas.

			
				
					
					
					
				
				
					
							
							Variables 

						
							
							Description of Variables 

						
							
							Hypothesized Influence on Adaptation

						
					

					
							
							X1

						
							
							Age of the household head

						
							
							+/-

						
					

					
							
							X2

						
							
							Gender of household head

						
							
							+/-

						
					

					
							
							X3

						
							
							Education level of the household head

						
							
							+

						
					

					
							
							X4

						
							
							Farming experience

						
							
							+

						
					

					
							
							X5

						
							
							On-farm income (annual income from farming activities)

						
							
							+

						
					

					
							
							X6

						
							
							Off-farm income (annual income from none farm activities)

						
							
							+

						
					

					
							
							X7

						
							
							 Access to credit

						
							
							+

						
					

					
							
							X8

						
							
							Access to extension services

						
							
							+

						
					

					
							
							X9

						
							
							Access to climate information and weather forecast

						
							
							+/-

						
					

					
							
							X10

						
							
							Agro-ecological zones

						
							
							+/-

						
					

				
			

			Note: ***, and * indicate significance at 1%, and 10% respectively.

			Results and Discussion

			Adaptation strategies used by farmers in response to climate variability and extremes in the study area

			Results in Table 2 indicated that there was a statistically significant relationship between agro-ecological zones and adoption of building water-harvesting schemes, planting trees for shade, irrigation, use of chemical fertilizer, use of organic manure, improved crop variety, agro-forestry, integrated pest management, moving herd from one place to another, migration to urban areas and use of pesticides (p<0.1). Adoption of these adaptation strategies was highest in Kaveta and lowest in Yuku. This could be attributed to the intense resource investment needed for installation and maintenance of the strategies. Kaveta was better endowed with financial, human and technological resources compared to the Kauwi, Kasaini Yuku and thus better placed to take up the adaptation strategies that required high resource investment. Moreover, unlike Yuku sub-location, Kaveta sub-location was characterized by intense agriculture which features smart agriculture practices including agro-forestry, integrated pest management, use of chemical fertilizers and use of improved crop varieties. More often, these agricultural practices are also autonomous adaptation strategies to cope with climate variability and extreme events. The results are in agreement with the findings of Mutunga et al. [9] who established a significant difference in the adaptation measures used by farmers in Mikuyuni and Kaveta sub-locations in Kitui County.

			Table 2: Adaptation strategies (%) used by farmers in response to climate variability and extremes.

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							Adaptations

						
							
							Yuku (n=39) %

						
							
							Kaveta (n=104) %

						
							
							Kauwi (n=160) %

						
							
							Kasaini (n=38) %

						
							
							Total (n=341) %

						
							
							X2 Value 

						
							
							P-Value

						
					

					
							
							Shift from livestock keeping to crops farming

						
							
							10.3

						
							
							17.3

						
							
							8.8

						
							
							10.5

						
							
							11.7

						
							
							4.63

						
							
							0.2

						
					

					
							
							Mixed crop livestock system

						
							
							87.2

						
							
							61.5

						
							
							78.1

						
							
							71.1

						
							
							73.3

						
							
							13.2

						
							
							0.00***

						
					

					
							
							Crop diversification

						
							
							71.8

						
							
							69.2

						
							
							70

						
							
							68.4

						
							
							69.8

						
							
							0.13

						
							
							0.99

						
					

					
							
							Plant drought resilient crops

						
							
							76.9

						
							
							60.6

						
							
							66.2

						
							
							68.4

						
							
							66

						
							
							3.54

						
							
							0.32

						
					

					
							
							Build a water-harvesting scheme

						
							
							30.8

						
							
							47.1

						
							
							34.4

						
							
							23.7

						
							
							36.7

						
							
							8.6

						
							
							0.04**

						
					

					
							
							Practice reuse of water

						
							
							28.2

						
							
							49

						
							
							41.9

						
							
							39.5

						
							
							42.2

						
							
							5.25

						
							
							0.16

						
					

					
							
							Changing planting time

						
							
							82.1

						
							
							73.1

						
							
							72.5

						
							
							71.1

						
							
							73.6

						
							
							1.68

						
							
							0.64

						
					

					
							
							Soil conservation techniques

						
							
							69.2

						
							
							78.8

						
							
							67.5

						
							
							78.9

						
							
							72.4

						
							
							5.1

						
							
							0.17

						
					

					
							
							Buy insurance

						
							
							7.7

						
							
							9.6

						
							
							4.4

						
							
							13.2

						
							
							7.3

						
							
							4.76

						
							
							0.19

						
					

					
							
							Put trees for shading

						
							
							25.6

						
							
							75

						
							
							58.1

						
							
							73.7

						
							
							61.3

						
							
							32.27

						
							
							0.00***

						
					

					
							
							Irrigation

						
							
							2.6

						
							
							18.3

						
							
							4.4

						
							
							10.5

						
							
							9.1

						
							
							17.01

						
							
							0.00***

						
					

					
							
							Reduce the number of livestock

						
							
							53.8

						
							
							39.4

						
							
							35.6

						
							
							34.2

						
							
							38.7

						
							
							4.75

						
							
							0.19

						
					

					
							
							Increase livestock diversity

						
							
							5.1

						
							
							3.8

						
							
							7.5

						
							
							10.5

						
							
							6.5

						
							
							2.62

						
							
							0.45

						
					

					
							
							Use animal feeds supplements

						
							
							7.7

						
							
							17.3

						
							
							15

						
							
							10.5

						
							
							14.4

						
							
							2.65

						
							
							0.45

						
					

					
							
							Migrate to urban area

						
							
							10.3

						
							
							2.9

						
							
							1.9

						
							
							5.3

						
							
							3.5

						
							
							6.95

						
							
							0.07*

						
					

					
							
							Find off-farm job

						
							
							51.3

						
							
							40.4

						
							
							41.9

						
							
							31.6

						
							
							41.3

						
							
							3.14

						
							
							0.37

						
					

					
							
							Lease your land

						
							
							2.6

						
							
							6.7

						
							
							1.9

						
							
							0

						
							
							3.2

						
							
							6.34

						
							
							0.09*

						
					

					
							
							Use of chemical fertilizer

						
							
							2.6

						
							
							55.8

						
							
							8.8

						
							
							50

						
							
							27

						
							
							92.77

						
							
							0.00***

						
					

					
							
							Use of organic fertilizer (manure)

						
							
							48.7

						
							
							79.8

						
							
							88.8

						
							
							81.6

						
							
							80.6

						
							
							32.27

						
							
							0.00***

						
					

					
							
							Use minimum tillage

						
							
							41

						
							
							48.1

						
							
							35.6

						
							
							28.9

						
							
							39.3

						
							
							6.02

						
							
							0.11

						
					

					
							
							Use improved crop varieties

						
							
							30.8

						
							
							65.4

						
							
							63.8

						
							
							55.3

						
							
							59.5

						
							
							16.34

						
							
							0.00***

						
					

					
							
							Use of pesticides

						
							
							59

						
							
							75

						
							
							69.4

						
							
							84.2

						
							
							71.6

						
							
							7

						
							
							0.07*

						
					

					
							
							Agro-forestry

						
							
							17.9

						
							
							75

						
							
							35.6

						
							
							50

						
							
							47.2

						
							
							54.36

						
							
							0.00***

						
					

					
							
							Integrated pest management

						
							
							28.2

						
							
							55.8

						
							
							43.8

						
							
							39.5

						
							
							45.2

						
							
							9.88

						
							
							0.02**

						
					

					
							
							Seeking support from veterinary officers

						
							
							53.8

						
							
							43.3

						
							
							34.4

						
							
							42.1

						
							
							40.2

						
							
							5.75

						
							
							0.13

						
					

					
							
							Move herd from one place to another

						
							
							17.9

						
							
							2.9

						
							
							5

						
							
							10.5

						
							
							6.5

						
							
							12.34

						
							
							0.01***

						
					

					
							
							Aquaculture

						
							
							0

						
							
							1

						
							
							1.2

						
							
							0

						
							
							0.9

						
							
							0.94

						
							
							0.82

						
					

				
			

			The study revealed that very few respondents had adopted irrigation, aquaculture and buying of insurance. However, adoption of these adaptation strategies was highest in Kaveta sub-location and lowest in Yuku sub-county. This could be attributed to scarcity of water to support irrigation and aquaculture, inadequate financial and technological capacity among the farmers in Yuku sub-location. The high levels of adoption of these strategies in Kaveta sub-location could be explained by the fact that farmers in the area had adequate water to support irrigation and aqua-culture. Moreover, Kaveta sub-location was highly endowed with human, financial and technical capacity required to take up these adaptation strategies.

			Further, the results revealed that most households employed multiple adaptation strategies to cope with climate variability and extreme events. For instance most households employed use of organic manure (80.6%), change of planting time (73.6%), mixed crop and livestock system (73.3%), use of pesticides (71.6%), crop diversification (69.8%), planting drought resistant crops (66.0%), putting trees for shading (61.3%) and use of improved crop variety at 59.5%. This could be attributed to autonomous adaptations where farmers adopted unplanned adaptations to climate variability and extremes unconsciously. Interestingly, farmers detailed that most of the adaptations were learnt from fellow farmers and not from agricultural extension officers. The current trend of results is in agreement with findings of Fagariba et al. [15] who found that farmers in Sissala West District in Northern Ghana had employed multiple adaptation measures in response to climate variability. This is also in line with findings of Ogallo [16] who found that farmers in Soroti District, Eastern Uganda had employed quite a number of adaptation measures in response to the changing climate and variability.

			Crop diversification was identified as an agricultural adaptation to climate variability and extremes in the four sub-locations (69.8%). To a large extent, crop diversification was found to guarantee good harvests. The cultivation of both short and long cycle crop varieties enabled the households to take advantage of the different maturing times of crops, to strengthen their resilience to impacts associated with variable unpredictable rainfalls and drier conditions, in order to increase chances of having good harvest during the drier and wetter seasons. Other farm level adaptation that were common within the four sub-locations included mixed crop-livestock systems, planting drought resilient crops, implementing soil conservation techniques, changing planting time, using organic manure, improved crop variety, use of pesticides and agro-forestry. The result is in agreement with the findings of Paavola [17] who found that farmers altered their mix of crops, switched between crops and changed planting dates as ways of adapting to the evidenced climatic variations. Similarly, findings of Kasirye [18] revealed that farmers in Uganda used mixed cropping and diversification of crops as a form of insurance against rainfall variability and pests attack. The risk of complete harvest failure due to a climatic event such as drought, intense rainfall or high temperature spells, was reduced by having different crops in the same field or various plots with differing crops since not all crops and fields are affected the same way by such climate events [18]. 

			Factors influencing farmers’ adaptation to climate variability and extremes in Yuku, Kaveta, Kauwi and Kasaini sub-locations

			Results of the Logistic regression analysis showed that gender, education level, farming experience and age significantly (p<0.05)) influenced adoption of adaptation strategies to climate variability and extremes in the study areas (Table 3).

			Table 3: Odd ratios for factors influencing adoption of adaptation strategies to climate variability and extreme.

			
				
					
					
					
					
					
				
				
					
							
							Factors

						
							
							Coefficient

						
							
							Wald Statistic

						
							
							P-value

						
							
							Odds Ratio

						
					

					
							
							Agro-ecological zone

						
							
							0.06

						
							
							0.046

						
							
							0.77

						
							
							1.06

						
					

					
							
							Gender

						
							
							0.656

						
							
							5.965

						
							
							0.07*

						
							
							1.93

						
					

					
							
							Access to credit facilities

						
							
							0.398

						
							
							2.495

						
							
							0.158

						
							
							1.49

						
					

					
							
							Education level

						
							
							0.351

						
							
							0.763

						
							
							0.00***

						
							
							1.42

						
					

					
							
							Access to extension services

						
							
							-0.038

						
							
							0.23

						
							
							0.63

						
							
							0.96

						
					

					
							
							Access to early warning weather information

						
							
							0.005

						
							
							0.002

						
							
							0.68

						
							
							1.01

						
					

					
							
							Farming experience

						
							
							0.015

						
							
							2.259

						
							
							0.01***

						
							
							1.02

						
					

					
							
							On- farm income

						
							
							0

						
							
							0.985

						
							
							0.44

						
							
							1

						
					

					
							
							Off-farm income

						
							
							0

						
							
							1.522

						
							
							0.77

						
							
							1

						
					

					
							
							Age

						
							
							0.016

						
							
							2.483

						
							
							0.00***

						
							
							1.02

						
					

					
							
							Constant

						
							
							-1.357

						
							
							6.094

						
							
							0.01***

						
							
							0.26

						
					

				
			

			The results established that education level of the household head had a significant and positive influence on farmers’ adoption of adaptation strategies to climate variability (coefficient=0.35, p= 0.00; odds ratio=1.24). Results indicated that farmers with high education level were more likely to adapt as compared to farmers with low education levels. This could be ascribed to the ability of household heads with high education levels to access and conceptualize information relevant in making innovative decisions. Additionally, households with high levels of education were flexible thus able to take up new adaptation strategies. In similar studies, Gbegeh et al. [19] and Mutunga et al. [14] also established that higher level of education leads to an increase in the adoption of adaptation measure and new technologies.

			With reference to age, the current study established that age had a significant and positive influence on adoption of adaptation strategies in the study area (coefficient=1.02; p=0.00; odds ratio=1.02). The odds ratio for age implies that a unit increase in age of the household heads increased the probability of farmers to adapt to climate change by a factor of 1.02. This could be attributed to the ability of older farmers to critically assess and weigh adaptation strategies based on their vast farming experience thus making profound decisions on adopting particular strategies. The current trend of results is in consonance with findings of Mutunga et al. [14] who found that older farmers had more experience in farming than younger farmers, hence a higher probability of adopting the adaptation measures. However, the results are contrary to Adesina et al. [20] who found older farmers to be more risk-averse and less likely to be flexible than younger farmers and thus have a lesser likelihood of adopting new technologies.

			The farming experience of household heads was also found to have a significant and positive influence of farmers’ adoption of adaptation strategies to climate variability and extremes in the study areas (coefficient=0.01; p=0.01; odds ratio=1.02). This indicated that farmers with more farming experience were 1.02 times more likely to adopt adaptation strategies compared to those with less farming experience. Farmers who had been in their agricultural holdings for longer year had better knowledge and information on changes in climatic conditions, crop and livestock management practices compared to those who had just started farming. The results are in agreement with findings of Ndungu & Bhardwaj [8], Deressa et al. [21], and Mutunga et al. [14] who found that increase in farming experience increases the probability of adoption of climate change adaptation measures.

			Gender had a positive and statistically significant influence on adoption of adaptation strategies (coefficient=0.66; p=0.07; odds ratio=1.93). Households headed by males were 1.93 times more likely to adapt to climate variability and extremes as compared to female-headed households. Interestingly, women in the study areas had more farming experience and information on various management practices and how to change them based on available information, climatic conditions and other factors such as markets and food needs of the households compared to their male counterparts. However, the capacity of women to embrace labour-intensive climate adaptations and innovations was undermined as men were the household decision makers and property owners. The results are in consonance with findings of Gbegeh et al. [19] who indicated that in many parts of Africa, women are often deprived of property rights due to social barriers. Consequently, they have fewer capabilities and resources than men (OECD, 2009) [19]. The current result contradicts the findings of Gbetibouo [22] who found that female-headed households were more likely to take up climate change adaptation measures. They reasoned that in most rural smallholder farming communities in Africa, more women than men live in rural areas where much of the agricultural work is done.

			Further scrutiny of the results revealed that, agro-ecological zone, access to credit facilities, access to extension services and access to early warning weather information, did not have a statistically significant influence on adoption of adaptation strategies to climate variability and extremes. Nevertheless, the study established that farmers with access to credit facilities were 1.49 times more likely to adopt adaptation strategies compared to those that did not have access to credit (Table 3). Lack of access to credit facilities and borrowing capacity hampered any efforts by farmers to embrace adaptation strategies that required heavy investment such as irrigation buying of insurance, chemical fertilizers and aquaculture. This is in agreement with findings of Gbetibouo [22] and Shiferaw et al. [23] who found that under conditions of flawed credit, farmers will not adopt certain adaptation measures as adoption of new technologies required borrowed or owned capital.

			Pertaining access to early warning weather information, the current study indicated that a unit increase in the number of sources of early warning weather information increased the probability of farmers adopting the adaptation strategies by a factor of 1.01 (coefficient=0.005; p=0.68; odds ratio=1.01). This implied that farmers with more sources of early warning weather information were more likely to adopt adaptation measures against climate variability and extremes. Access to climate information increased farmers’ awareness and knowledge on the changing rainfall and temperature patterns as well as the possible climate variability response strategies making it easier for farmers to decide on viable adaptation strategies. A study by Gbeheh et al. [19] revealed that certain information sources can be more effective change agents than others and various information sources can influence the probability of adoption differently. Similarly, different sources of information become influential during different stages of adoption process. The present results are in line with findings of Mutunga et al. [14] who indicated that farmers with access to climate information were more likely to adopt climate variability adaptation measures as compared to farmers without access to climate information.

			The number of times of accessing extension services negatively influenced adoption of the adaptation strategies (coefficient=-0.038; p=0.63; odds ratio=0.96). This implied that, farmers with little or no access to extension services were more likely to adopt adaptation strategies than farmers with adequate access to the services. Personal observations and interactions with farmers suggested that farmers in the study area did not rely on extension service providers for information and implementation of adaptation strategies. Majority of farmers adopted planned or autonomous adaptation strategies once they perceived changes in precipitation trends and temperature regimes regardless of whether the county government provided extension services or not. The results contrast the findings of Gbetibouo [22] who found that farmers with access to extension services are likely to have information about climate and weather changes thus more knowledge on how to carry out adaptation strategies.

			Both on-farm income and off-farm income did not have a significant influence adoption of adaptation strategies (coefficient=-0.00; p= 0.44; odds ratio=1.00; (coefficient=-0.00; p= 0.77; odds ratio=1.00 respectively). However, the odds ratios implied that, unit increase in on-farm and off-farm income increased the probability of farmers to adopt adaptation strategies by a factor of 1. As expected, households with higher income had the ability to take up adaptation strategies that needed capital investment unlike households that had low income endowments. On-farm income was nonetheless less reliable in influencing adoption of adaptation strategies as it is affected by climate variability thus enhancing risk bearing capacity by farmers. Other studies have established that asset endowments and wealth have a significant influence on the ability of smallholder farmers to adopt certain technological practices [22,24]. The current results also agree with findings of Shiferaw et al. [23]; Ndung’u & Bhardwaj [8] and Mutunga et al. [14] who found that households with higher income and greater assets are less risk averse than lower income households, and therefore in better position to adopt new farming technologies.

			Pertaining agro-ecological zone background, the results revealed that the zones did not have a statistically significant influence on adoption of adaptation strategies (coefficient=-0.060; p= 0.77; odds ratio=1.06). However, the probability to adopt adaptation strategies increased by a factor of 1.06 in semi-humid areas (Kaveta and Kauwi sub-locations) compared to the arid areas (Kasaini and Yuku sub-locations). This could be attributed to proximity to town and County head offices thus more opportunities; improved socio-economic characteristics such as education level, monthly income, savings and trainings attended by family members in the semi-humid areas compared to the arid areas. The findings contradict studies by Mutunga et al. [14] who found that farmers in semi-arid areas had a higher probability of adopting adaptation measures to climate variability compared to those in semi-humid areas.

			Conclusion and Recommendation

			Farmers in the study areas had embraced multiple adaptation strategies to climate variability and extremes. The common adaptation strategies adopted by the farmers included use of organic manure, change of planting time, mixed crop and livestock system, use of pesticides, crop diversification, planting drought resistant crops, agro-forestry and use of improved crop variety at. The study results showed that gender, education level, farming experience and age significantly influenced farmers’ adoption of adaptation strategies to climate variability and extremes in the study areas. However, the fact that most farmers had taken up multiple adaptation strategies to climate variability and extreme events does not mean that those adaptations were appropriate and effective in building resilience at the local contexts. While farmers in the study area had for a long time developed local adaptation strategies to cope with erratic environmental shocks, increased variability and extreme weather events had exceeded the present coping range and adaptive capacity particularly in the arid areas. Therefore, policies on adaptation that target farmers in vulnerable agro-ecological zones should be worked out by the County Government of Kitui through agricultural extension officers consultatively with farmers and other relevant stakeholders to ensure that feasible farmer adaptation strategies to climate variability and extremes are promoted and supported.
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Figure 1: Map of the Study Area.
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