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Determinants of Smallholder Farmers’ Adoption of Climate Smart 

Agricultural Practices in Laikipia Central Sub-County, Kenya. 

ABSTRACT 

Climate variability and change is increasingly threatening livelihoods and food security and in 

turn, the attainment of national development goals in Kenya. The declining productivity of 

agricultural production systems calls for a transformational change in farming practices to ensure 

sustainable and resilient agriculture. This study assessed smallholder farmers’ perception of 

climate variability and change, climate smart agricultural practices used by farmers to adapt to 

climate change and analyzed factors influencing adoption of climate smart practices in response 

to climate variability and change. Primary data were collected from 204 smallholder farmers 

within Laikipia Central sub-county through interview schedule and checklists for key informant 

interviews while secondary data were obtained from Center of Training and Integrated Research 

in Arid and Semi-Arid Land Development. Descriptive statistics and econometric model were used 

to analyze the data. The study showed that 100% of the respondents had noticed changes in climate 

but with varying perceptions of the extent and direction of change of rainfall and temperature 

parameters. The farmers had adopted a wide range of climate smart agricultural practices and 

those evaluated for this study included crop diversification, manure management, change of crops, 

change of planting dates, high yielding varieties, on-farm water conservation, fodder production 

and crop rotation. Results from the Multivariate Probit Model indicated that membership to an 

agricultural group, farm assets, size of farm, access to weather and climate information, access to 

extension, access to credit, market distance and number of livestock owned influenced adoption of 

climate smart agricultural practices positively. The study recommends building the financial 

capacity of the farmers, enhancing timely delivery of quality weather and climate information, 

looking into ways of conflict resolution, sensitizing farmers on climate adaptation to change their 

concept and encouraging formation of farmer groups and producer organizations. 

Key words: Climate smart agriculture, Practices, Adoption, Climate variability and change, 

Determinants, Adaptation. 



 

 

1. INTRODUCTION 

1.1. Background of the Study 

Livelihoods and food security of millions of smallholder farmers in sub-Saharan Africa are 

affected by climate change impacts. This causes stalled agricultural productivity, declining food 

availability and compromises the economic prosperity of nations whose economies depend on 

agriculture (Ouedraogo et al., 2019). Climate change affects farm productivity through changes in 

the frequency and severity of extreme weather events and alterations in the mean and variability 

of weather conditions such as changes in temperature and rainfall patterns (IPCC, 2014). For 

instance, recurrent droughts in many African countries have validated the effects of climate 

variability on food production resources (Mensah-Brako et al., 2017). The effects of climate 

change and variability however, will depend on the type of farming systems, the region and 

household characteristics. 

Sub-Saharan Africa is particularly vulnerable to climate change due to problems of inequitable 

land distribution, widespread poverty, high dependence on rain-fed agriculture and low adaptive 

capacity (Jiri et al., 2015). Agriculture in Sub-Saharan Africa is still mainly dependent on rainfall 

with about 90% of staple food being produced from rain-fed farming systems (Zougmoré et al., 

2018). In East Africa, small-scale subsistence farmers have been identified as the most vulnerable 

to climate change (Nyasimi et al., 2017). The extent of vulnerability will depend on exposure, 

sensitivity and adaptive capacity of a household (IFAD, 2013). There is a need to develop the 

adaptive capacity of farmers in preparation for future climatic changes as the increasing climate 

uncertainties could result to behavioral changes among farmers compelling them to depend on 

low-risk and low-input agricultural technologies as part of avoiding risks (Nyasimi et al., 2017). 

In Kenya, agriculture is a major driver of economic growth and the dominant source of 

employment. Therefore, agricultural productivity increases could benefit poor households 

potentially reducing poverty levels since agricultural income remains the largest source for both 

poor and non-poor rural households (World Bank, 2018). According to Kenya Climate Smart 

Agriculture Strategy 2017-2026, about 98% of agricultural systems in Kenya are rain-fed thus 

highly susceptible to climate change and variability jeopardizing the realization of the sector’s 

contributions to the economy (GOK, 2017). 
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With Kenya pursuing agriculture as the mainstream opportunity to achieving Sustainable 

Development Goals of no poverty and zero hunger, urgent action to cope with climate change is 

indispensable. This is in light of crop failure, livestock death and fishery collapses induced by 

climate change and variability which undermine food security and result into economic losses 

(IPCC, 2014). Given that impacts of climate change are different from one region to another, 

adaptation measures that are context specific will be necessary to minimize risks and enhance 

adaptive capacity of farmers (Ouedraogo et al., 2019). Transformation of the agricultural sector 

will therefore involve a shift in the management of water, land, genetic resources and soil nutrients 

to ensure these resources are used more efficiently and sustainably hence more productive and 

resilient agriculture (FAO, 2014). This kind of agriculture is Climate Smart Agriculture (CSA) 

which seeks to increase agricultural productivity and incomes, enhance resilience to climate 

change, reduce and/or remove greenhouse gases where possible and contribute to achievement of 

sustainable development goals (FAO, 2013). 

In Kenya, factors influencing adaptation are mainly attributed to socio-economic and 

environmental variables frequently excluding cognitive factors yet it is aspects such as perceptions 

and values within a society that often limit adaptation (Stefanovic et al., 2017). Perception is a 

necessary prerequisite for adaptation because for farmers to make a decision on whether or not to 

adopt a practice, they must first perceive a change in climate (Saguye, 2017). In addition, studies 

have recorded that the adoption and subsequent diffusion of climate smart practices and 

technologies will not be as quick as expected. This is because of reasons that include cost and 

benefits of the technologies, feasibility of technology implementation, uncertainty and access to 

markets, high costs of labor, gender, socio-cultural practices, social capital and credit as well as 

available incentive mechanisms provided to the farming communities by the government as well 

as other agencies (Nordin et al., 2014; Jayne et al., 2018). 

Similarly, in Laikipia County, the uptake of CSA practices such as conservation agriculture was 

found to be generally slow. This is despite farmers perceiving several benefits linked to adopting 

conservation agriculture, efforts made to disseminate the practice and being practiced for over 

twenty years in the county (Achoora and Sseguya, 2015). Only 7.5% of Laikipia lies within semi-

humid to humid areas while the rest 92.5% lies in semi-arid/semi-humid to very arid areas 

(Weismann et al., 2014). In addition, with regards to agriculture 79.5% of the land in Laikipia has 

https://www.sciencedirect.com/science/article/pii/S0308521X18306085#bb0125
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been classified as low potential land while the remaining 20.5% is medium and high potential area 

(Ogega, 2018). Climatic changes identified in Laikipia include changes in rainfall patterns, 

increased drought frequency, decreasing rainfall, increasing temperatures, strong winds, late onset 

of rainfall, earlier cessation of rainy seasons and longer duration of dry periods. The climate change 

impacts include low crop yields, increased incidence of crop and animal diseases, increased 

frequency of drying rivers, increased frequency of hunger, increase in frost due to low night time 

temperatures, increased frequency of dust storms, scarcity of water resources, increased levels of 

poverty, water and pasture resource use conflicts and food insecurity (Macharia et al., 2012; 

Ogalleh et al., 2012; Stefanovic et al., 2017). Coupled with these challenges, the situation of 

Laikipia is characterized by high prevalence of HIV/AIDS, poor leadership, poverty conditions 

and insecurity issues which only worsens the impacts of climate change on its population (Ogega, 

2018). According to the Integrated Food Security Phase Classification (IPC) in 2020, Laikipia 

county was categorized as “Stressed” (IPC Phase 2) signifying that “Stressed Households have 

minimally adequate food consumption but are unable to afford some essential non-food 

expenditures without engaging in stress coping strategies.” 

This highlights a region that requires extra attention to assess the realities of smallholder farmers 

on the ground to develop their capacities towards resilience and food security. Therefore, 

development of concrete measures to enhance adaptation to climate change and variability requires 

examining the determinants of smallholder farmers’ adoption of CSA practices to help link policy 

studies to real local farmers’ contexts, needs and capacities (Asayehegn et al., 2017). 

1.2. Problem Statement 

In Laikipia County, agriculture sector contributes over 75% of household incomes and employs 

more than 60% of the county’s population (GOK, 2014a). Historic climate data in Laikipia shows 

increasing temperatures resulting in an increase in moisture stress days. Also, an increased risk of 

high intensity rainfall and an associated increase in flash flood risk. Projections for the area show 

that mean temperature will continue to increase with a subsequent increase in moisture stress days 

in the March-April-May (MAM) season and an increase in mean rainfall during the October-

November-December (OND) season (MoALF, 2017). Ogega (2018), on the analysis of historic 

rainfall trends in Laikipia established a downward trend in rainfall during the OND season and in 

contrast, projected a decline in the OND rainfall in most parts of the county with some areas 
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expected to experience a slight increase in rainfall. These disparities could be explained by the 

quality and sources of data used given rainfall variability occurs over space. A preference is given 

to rainfall in studies on climatic trends possibly because it has the most perceived influence on 

agricultural productivity through influencing water availability and duration of seasons in the area. 

Several climatic hazards have been observed in the county including moisture stress, drought, and 

uncertainty in the onset and duration of seasons. The climate hazards are a threat to agriculture 

leading to significant crop and livestock losses as well as food insecurity. The impacts of climate 

change in Laikipia comprise of loss of pasture and famine due to decreased productivity of land, 

declining surface and ground water resources, loss of crops and seeds, loss of livelihoods, death 

of livestock, poor health of livestock and increasing resource use conflict including human-human 

and human-wildlife conflict. These impacts ultimately have a direct negative consequence on the 

food security status and social-economic development of the county (Ogalleh et al., 2012; Ogega, 

2018). 

Recent efforts by the Kenyan government have seen greater attention given to climate change 

issues particularly on its impacts on the country’s development. Kenya Vision 2030, the country’s 

long-term development blueprint, acknowledges that transforming smallholder agriculture from 

subsistence to innovative, modern and commercially-oriented sector is crucial in achieving its 

target of 10% GDP growth rate per annum (FAO, 2018). Kenya Climate Smart Agriculture 

Strategy 2017-2026 is in place to guide the transformation but the focus is at national level 

necessitating mainstreaming climate change into county level programs, policies and development 

plans. This is to ensure active participation of local stakeholders in generating locally relevant and 

integrated responses (MoALF, 2017). Even so, agricultural improvements will be more effective 

if smallholders are targeted (Herrero et al., 2010). 

The association between climate variability, farm productivity and food security is widely 

acknowledged and highlights the need to develop the capacity of farmers to take up more 

sustainable adaptation strategies. This is in order to increase yields and promote efficient 

utilization of natural resources to ensure food security and that rural livelihoods are maintained 

under a changing climate (Bryan et al., 2013; Wheeler and von Braun, 2013). The decision to 

adopt is a dynamic process that involves changes in a farmer’s attitudes and perceptions. Before a 

farmer decides to take up a new technology, they must first evaluate economic, social and technical 
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factors associated with it (Njarui et al., 2017).  Kristjanson et al. (2012) documents that smallholder 

farmers in sub-Saharan Africa lean towards application of marginal changes to their farming 

systems as opposed to transformational changes. Therefore, land and water management practices 

such as irrigation systems tend to be underutilized while basic measures such as changes in sowing 

dates are regularly effected (Kristjanson et al., 2012; Bryan et al., 2013). This could be attributed 

to environmental and socio-economic differences for example, sufficient access to water and 

irrigation systems (Claessens et al., 2012). Likewise, farmers in Laikipia use relatively low level 

of agricultural inputs; use local and recycled bean and Irish potato seeds and; farmers harvest 

rainwater but mainly not for irrigation purposes despite the unsustainable irrigation systems that 

draw water directly from the limited river resources (GoK, 2014a). This is due to issues relating 

to access to farm inputs and expensive irrigation infrastructure. Hence, failure of adoption of a 

particular technology could be associated with not targeting it at the suitable production system or 

failure of the technology to meet expectations (Njarui et al., 2017). This depicts a situation that 

requires further investigation on factors that could be limiting CSA adoption and areas where 

support should be boosted to encourage utilization of climate smart practices. 

A couple of studies on adaptation to climate change and variability have been conducted across 

Kenya (Ogalleh et al., 2012; Mutunga et al., 2017; Ochieng et al., 2017; Stefanovic et al., 2017; 

Mutunga et al., 2018;). While this is the case, some of them fail to compare farmers’ perceptions 

to recorded climatic data (Mutunga et al., 2017); do not consider determinants of adoption 

(Ogalleh et al., 2012; Mutunga et al., 2017); utilize univariate modeling while adoption decision 

is known to be inherently multivariate (Mutunga et al., 2018). Land ownership has also not been 

assessed as a determinant of adoption by the mentioned studies despite literature stating that secure 

land rights constitute the enabling environment for investments in sustainable land and water 

management practices that are part of the key elements of CSA (FAO, 2013). At Laikipia county 

level, a couple of studies have addressed historic climatic trends giving future projections for the 

same, analyzed perceptions of climate change and variability among farmers, suggested adaptation 

strategies to help cope with the changing climate and even explored the factors that shape farmers’ 

choice of adaptation strategies (Macharia et al., 2012; Ogalleh et al., 2012; Stefanovic et al., 2017; 

Ogega, 2018; Atsiaya et al., 2019). However, the studies put more focus on pastoralism and agro-

pastoralism production systems, consider crop strategies only or leave out cognitive factors in the 

determinants of adoption. Adaptation strategies are location and context specific meaning that 
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perceptions of climatic changes and CSA practices adopted will vary in different systems of 

production given the differences in determinants and opportunities. Therefore, a gap exists in 

information on determinants of choice of both crop and livestock adaptation strategies among 

smallholder farmers practicing marginal mixed farming in low potential area of Laikipia central 

where the production system is dominant. The range of adaptation practices in Laikipia central 

have also not been identified and documented for other marginal mixed farming farmers to learn 

and take on. This study therefore, seeks to fill the paucity of this information by analyzing the 

social-economic, cognitive and institutional determinants of adoption of CSA practices and local 

perceptions of climate variability and change among marginal mixed farming smallholder farmers. 

In addition, information on determinants of choice will help design policies and interventions that 

enhance adaptive capacity of the smallholder farmers to climate change without which institutional 

support on adaptation may be ineffective. 

1.3. Research Questions 

The study sought to answer the following research questions: 

1. How are climatic changes and variability perceived by smallholder farmers? 

2. What climate smart agriculture practices have farmers adopted to adapt to climate 

variability and change? 

3. What are the determinants of adoption of the climate smart agriculture practices? 

1.4. Objectives of the Study 

The general objective of the study was to assess smallholder farmers’ perception of climate 

variability and change, identify climate smart agricultural practices used to adapt and evaluate the 

determinants of adoption of those practices in Laikipia Central sub-county, Kenya. 

The specific objectives of the study were: 

1. To evaluate smallholder farmers’ perception of climate variability and change in Laikipia 

Central sub-county; 

2. To examine Climate Smart Agriculture (CSA) practices used by farmers to adapt to climate 

variability and change and; 

3. To analyze factors influencing adoption of CSA practices in response to climate variability 

and change. 
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1.5. Significance of the study 

Building the capacity of smallholder farmers to transform their production systems through taking 

up climate smart agricultural practices can contribute to increased adaptive capacity against 

climate change and variability. Consequently, increased agricultural productivity and incomes, 

increased resilience and reduction and/or removal of greenhouse gases can be realized towards the 

achievement of food security and national development goals. This translates to improved 

livelihoods for farm families who constitute a great proportion of the population in Laikipia 

County. To promote adoption of relevant CSA practices in Laikipia, realistic information on how 

farmers perceive climate variability and change, Climate Smart Agricultural Practices effected in 

the area as adaptation measures and factors that determine their decision to adopt is necessary. 

This information will be relevant in designing policies that address challenges of CSA 

development in the face of uncertain and variable environments. In particular, it will contribute to 

Laikipia County Integrated Plan goals of enhancing technology transfer and adoption, promoting 

pasture and fodder establishment, ending drought emergencies by promoting sustainable 

agricultural production through developing the capacity of farmers and ultimately achieving 

innovative and commercially oriented agriculture. 

Findings from this study will contribute to a better understanding of climate variability and climate 

change perceptions of farmers practicing marginal mixed farming and give greater insights into 

the climate smart practices suited to similar production systems. This could assist agricultural 

development practitioners identify potential areas for investment aimed at developing smallholder 

farmers’ capacity to adapt for instance, designing climate information services to aid farmers in 

making informed adjustments to their farm management. Information on factors influencing and/ 

or limiting adoption of CSA practices will be beneficial to governmental and other institutions in 

restructuring their service delivery mechanisms for instance extension services to suit the needs of 

the farming population. In addition, inclusion of cognitive factors in factors influencing adoption 

decisions will provide a better understanding on an area that is still gaining momentum in the field 

of research providing a basis for subsequent research. 

1.6. Scope and Limitations of the Study 

This study was conducted in Laikipia Central Sub-County. Therefore, the investigation was 

spatially limited to one Sub-County among four sub counties within Laikipia county and limited 
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to a cross sectional data. Therefore, the study only focuses on one agricultural production system 

although it captures both crop and livestock practices thus a relatively broader scope of CSA 

practices. It focused only on climate smart agricultural practices adopted by farmers in the study 

area hence the possibility of additional practices that are suitable to similar production systems in 

similar environments. Also, while CSA is broad and inclusive of adaptation and mitigation 

strategies at different scales, this study focused only on farm-level measures implemented by 

smallholder farmers at household level. Therefore, if a farmer had adopted a particular practice by 

virtue of being a member of a group that collectively engaged in the practice but did not practice 

the same on their individual farm, they were considered a non-adopter for that CSA practice. The 

cognitive, socio-economic, environmental and institutional factors considered for this study are 

just a fraction of the expansive factors that could potentially explain adoption decision of the 

various practices leaving room for future research to explore additional influencing factors. 

1.7. Organization of the Thesis 

This thesis is structured in five chapters. Chapter one includes background of the study, problem 

statement, research questions, study objectives, significance of study, and scope and limitations of 

the study. Chapter two entails literature review tackling climate variability and change, adaptation 

to climate variability and change, climate smart agricultural practices and presents a review of 

related empirial studies on determinants of adoption. This chapter also includes theoretical, 

analytical and conceptual frameworks for the study. Chapter three consists of description of the 

study area and research methodologies used. Results and discussions of the study are presented in 

chapter four whereas chapter 5 entails the summary and conclusion of the key findings as well as 

recommendations based on the same. 
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2. LITERATURE REVIEW 

2.1. Definition of Terms and Concepts 

Climate refers to average weather conditions or statistical description of the mean and variability 

of mainly temperature, precipitation and wind over a period of time mostly 30years as 

recommended by the World Meteorological Organization (IPCC, 2018). Climate can be modified 

by external forcings or altered by natural internal processes and when changes in the mean and/or 

variability of climate properties persists for an extended period, usually decades or longer, these 

changes are what is referred to as climate change (IPCC, 2018). Climate variability on the other 

hand refers to variations in the mean state and other statistics of climate on all temporal and spatial 

scales, beyond that of individual weather events (IPCC, 2018). 

The impacts of climate change and variability have varying magnitude depending on adaptive 

capacity which is the ability of systems, institutions, humans, and other organisms to adjust to 

potential damage, to take advantage of opportunities, or to respond to consequences (IPCC, 2014). 

Small-scale farmers operating up to 2ha of cropland practicing a mix of subsistence and 

commercial production where the family provides majority of the labour, otherwise referred to as 

smallholder farmers, are particularly at a greater risk due to their relatively lower adaptive capacity. 

This calls for adoption of more sustainable farming that is resilient to climate change and 

variability such as climate smart agriculture. Climate Smart Agriculture (CSA) is agriculture that 

sustainably increases agricultural productivity and incomes, enhances resilience to climate change, 

reduces and/or removes greenhouse gases where possible and contributes to the achievement of 

national development goals and food security (FAO, 2013). It entails making adjustments to actual 

or expected climate and its effects in order to moderate harm or exploit beneficial opportunities, a 

concept known as adaptation (IPCC, 2018).  

According to Njabulo et al. (2018), adoption is the extent to which farmers put into practice a new 

innovation in the future given adequate information about the technology and potential benefits.  

Adoption of climate smart agricultural practices helps increase the ability of an affected 

community to withstand against disasters caused by climate change and have the potential to 

recover from it which is referred to as resilience to climate change (FAO, 2015). 
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2.2. Climate Change and Variability in Africa and Impact on Agriculture 

Projections for climate change in Sub-Saharan Africa depict a warming trend mainly in the inland 

subtropics; increasing aridity; frequent occurrence of extreme heat events; and changes in rainfall 

with a pronounced decline in southern Africa and an increase in East Africa (Serdeczny et al., 

2016). However, different models have varying projections with global models projecting an 

increase in total amount of annual precipitation (total wet-day precipitation) by 5-7% in tropical 

eastern Africa with highest increase being in the horn of Africa (Sillmann et al., 2013). Regional 

climate models on the other hand, have contrasting projections that there will be no change or a 

drying for East Africa particularly during the long rains (Laprise et al., 2013). 

Some past studies have identified a connection between rainfall extremes and decreased GDP as a 

result of decreased agricultural yields. For instance, during the El Niño of 1997-1998 and La Niña 

drought, 1998-2000 Kenya incurred 10-16% annual damages of GDP direct losses (Serdeczny et 

al., 2016). Serdeczny also documents that in developing countries, a 1°C increase in temperature 

has been linked to 2.66% lower agricultural output growth which corresponds to reductions in 

economic growth of 1.3% points on average for each degree of warming. Similarly, an assessment 

by Kenya Post Disaster National Assessment indicated the impact of the 2008-2011 drought in 

Kenya was estimated at US$12.1 billion calling for US$1.7billion for recovery and reconstruction 

and an additional US$2.1billion for disaster risk reduction (Ouma, 2015). This scenario brings into 

perspective the potential impact of climate change in Kenya not only in affecting agricultural 

productivity but also the consequential effect on economic growth. 

In addition, there are projections of yield reduction of 8% in Southern Africa by 2050 as a result 

of climate change with more impact on wheat, maize and sorghum in comparison to cassava, rice 

and sugarcane. This will be through effects on the development, survival and output of crops as 

well as indirect effects on pests, weeds and diseases which then affect productivity of crops 

(Abegunde et al., 2019). 

2.3. Climate Change and Variability in Kenya and its Impacts on Smallholder 

Farmers 

Temperatures have increased by 1°C since 1960 in Kenya and mean annual temperatures are 

expected to increase by 1°-2.8°C by 2060s and 1.3°-4.5°C by 2090s (Ojwang et al., 2010). An 
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analysis of temporal and spatial rainfall distribution patterns in Kenya for the period 1971-2010, 

indicates different states across the four decades with most precipitation having been experienced 

in the 1990s followed by a decrease in the period 2000-2010. A noticeable decrease in March-

April-May (MAM) rains (95.5mm) and an increase in October-November-December (OND) rains 

(65.3mm) was the trend in Kenya (Ayugi et al., 2016). Kenya’s population is particularly 

vulnerable to climate change and variability given Arid and Semi-Arid Lands (ASALs) comprise 

about 80% of Kenya’s total landmass. Since 1993 Kenya has declared five national disasters 

following drought events and two related to flood events. Since the early 1990’s droughts in Kenya 

have occurred in 1991-’92, 1992-’93, 1995-’96, 1999-2001, 2004, 2008-2009 and floods in 1997-

’98 and 2003 (Huho and Mugalavai, 2010; Ochieng et al., 2016). Climate projections for ASALs 

include longer and more frequent dry periods intermingled with intense, shorter and unpredictable 

rainfall periods (Ojwang' et al., 2010). However, rainfall projections are inconsistent with a range 

of models suggesting both increases and decreases in total precipitation. ASALs are also prone to 

floods because often, drought events are followed by periods of intensive rainfall which translates 

to increased stream flow in permanent and intermittent rivers across the country hence seasonal 

flooding (Herrero et al., 2010). 

The impacts of climate change have a significant potential to inhibit sustainable development of 

Kenya in priority areas including Agriculture, livestock and fisheries. The impacts of climate 

change on agriculture in Kenya result from seasonal weather variations, change in precipitation 

patterns, increased temperature and extreme weather events causing floods, drought, strong winds 

and landslides (GoK, 2013). Unpredictable rainfall, increased evapotranspiration and declining 

soil productivity due to soil erosion impact negatively on agricultural production. Increased 

frequency of droughts in ASALs increases livestock morbidity and mortality resulting from higher 

disease incidences, heat stress, reduced forage availability and breakdown of marketing 

infrastructure. With increased temperatures in aquatic environments, diminishing biomass 

abundance and species has become evident as the changes affect breeding and feeding behavior of 

fish. Cold-water aquaculture is increasingly becoming unsustainable as well as increasing risk of 

alien invasive species with reports of catches of non-resident species (National Climate Change 

Framework Policy, 2016). These effects have a negative impact on the socio-economic status and 

livelihoods of agricultural households across Kenya.  
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Increasing temperatures are expected to expand production of maize and beans into higher 

elevations. Similarly, areas suitable for tea production are shifting to higher elevations due to 

higher incidence of pest and diseases and risks from heat extremes. Farming in lower elevations 

on the other hand, is likely to experience up to 20% yield losses as a result of shifting rainfall 

patterns and heat stress. Maize can be damaged by temperatures above 35°C which are 

progressively common in lowland regions. The significance of these impacts of climate change on 

Kenyan Agriculture is highlighted by the importance of maize which accounts for about a third of 

caloric intake in Kenya and tea which is Kenya’s leading export crop (Thornton et. al., 2009; 

CIAT, 2011). 

Impacts of climate change also cut across other aspects of society, environment and the economy 

including water, forestry, trade, physical infrastructure, energy and health creating an increasingly 

worrying situation if efforts are not put into place to make agriculture climate smart. Subsistence 

and smallholder farmers are more disadvantaged by impacts of climate change and variability due 

to their socioeconomic position; over-dependency on natural resources; factors such as policy 

situation for instance limited capacity to produce, unstable commodity prices, poor land tenure 

setting, poor access to information and low access to technology all of which lessen their adaptive 

capacity (Morton, 2007; Willliams et al., 2018). The impacts of climate change and variability 

therefore erode livelihood opportunities and community resilience of smallholder farmers leading 

to undesirable coping strategies that damage the environment and impair household nutritional 

status, further undermining long-term food security (GOK, 2017). 

2.4. Adaptation to Climate Change and Variability 

In agricultural production, adaptation to climate change refers to adjustments in farming activities 

or methods to suit the changes in climatic conditions in order to lessen the resultant potential 

damages (Mabe et al., 2012). Following IPCC (2007) adaptation can be implemented by different 

actors: by smallholder farmers themselves in what is known as autonomous adaptation; or planned 

adaptation by government policies aimed at promoting suitable and operational adaptation 

measures. Adaptation can also be at different levels: farm/ individual level, national or 

international level. Appropriate interventions by various institutions are usually required to 

strengthen the inadequate autonomous adaptation at farm-level (Maddison, 2007; Simane et al., 

2016). This requires an understanding of location specific challenges, opportunities and key 
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drivers of adaptation whereas national and international level adaptation involves understanding 

the process of location-specific autonomous adaptation at farm level (Brayan et al., 2009). 

Previous research on adaptation demonstrates that policy makers can support adaptation efforts 

through provision of training, farm input and extension services, credit, and market information 

among other institutional services (Kabubo-Mariara, 2008; Gbetibouo, 2009; Tambo and 

Abdoulaye, 2013). However, for effectiveness of the services offered, an understanding of the 

location-specific impacts of climate change as told by farmers is necessary to avoid blanket 

solutions that may not address challenges experienced everywhere. 

Adaptation to climate change and variability is different across production systems due to varying 

determinants and opportunities. For instance, practices such as intercropping and adopting drought 

resistant varieties are suitable for rain-fed crop production systems. In mixed production systems, 

alternative feeding strategies and changing number and breeds of livestock are also appropriate 

(Gebreeyesus et al., 2017). In some instances, farmers, through years of experience, come up with 

innovative technologies that help cope with the climate change impacts they experience. Other 

adaptation strategies include crop diversification, changing plant dates, planting different crop 

varieties, use of irrigation, complementing farm activities with non-farm activities and using water 

and soil conservation techniques (Nhemachena and Hassan, 2007; Wolka and Zeleke, 2017). 

Different strategies can have persisting or temporal benefits that could either be direct or indirect. 

For instance, agroforestry provides an array of benefits that include erosion control, shading, water 

flow regulation, provision of a microclimate and improvement of soil health (Wolka and Zeleke, 

2017). 

Amare and Simane (2017) also notes that existing support systems determine the differences in 

adaptation options among households and across regions. Therefore, adaptation is influenced by 

other factors such as geographical, ecological, socio-economic, cultural, political and institutional 

that shape human-environment interactions. Other studies add that behavioral response to natural 

hazards is a function of perceptions, beliefs and characteristics of the hazard (Arbuckle et al., 

2015). Thus, the degree of sustainable adaptation is dependent on knowledge, skills, adaptive 

capacity, robustness of livelihoods and alternatives, institutions and resources available for 

effective adaptation (IPCC, 2007). 
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2.5. Climate Smart Agriculture 

Adaptation will call for more resource allocations from different actors: farmers, governments, 

development practitioners and researchers. To achieve this, a transformation in agricultural 

production systems from conventional practices to more climate resilient practices is indispensable 

with Climate Smart Agriculture (CSA) offering an opportunity for such changes. Climate Smart 

Agriculture is an approach that helps to guide actions needed to transform and reorient agricultural 

systems to effectively support development and ensure food security in a changing climate. CSA 

constitutes of adaptation strategies that result in a sustainable increase in productivity and aims at 

not only assisting farmers adjust to climate change but also minimize likely undesirable effects on 

their agricultural enterprise and livelihoods (FAO, 2013). 

CSA practices are context and location specific with regards to social, environmental and 

economic situations thus their nature is influenced by knowledge and skills of individual farmers, 

types of crops grown, livestock reared and climate (FAO, 2010). Makate et al. (2018) outlines 

some key principles to consider in identifying and choosing farm level climate smart management 

practices: should address weather or climate related risks and concurrently improve productivity; 

assist in achieving at least two benefits- increase productivity and improve food security; and the 

technologies should be culturally and socially appropriate to the regions they are going to be 

practiced. The latter is particularly important because adoption relies greatly on farmers’ 

willingness and capacity to make adjustments. There are several productivity enhancing adaptation 

strategies taken up by Sub-Saharan farmers that fit within CSA framework. For instance, 

substituting crops that require a high level of water for cultivation with those that need less water 

in areas that receive lower rainfall, shifting to short-cycle crops in areas prone to frequent flooding, 

adjusting planting dates, crop diversification, mixed cropping, mulching, agroforestry(fruit 

orchards, woodlots, boundary and multipurpose trees), crop rotation, conservation agriculture, 

integrated pest and disease management, early warning systems, improved weather forecasting, 

improved crop varieties, changing types and number of livestock retained, improved feeding 

strategies, production of energy plants and livelihood diversification (World Bank, 2011; Saguye, 

2017; Wolka and Zeleke, 2017; Abegunde et al., 2019). 

The practices applied by smallholder farmers at farm-level in Kenya include using drought-tolerant 

varieties, intercropping, crop diversification, changing planting dates, irrigation and water 
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harvesting techniques, in-field water conservation, adopting crop insurance, diversifying in and 

out of agriculture, using social networks and safety nets, selling assets and livelihood strategies 

such as temporary or permanent migration and mixed farming (Kabubo-Mariara, 2008; Bryan et 

al., 2013; Stefanovic et al., 2017). In Laikipia, some of the on-farm adaptation strategies include 

conservation agriculture/tillage, rainwater harvesting, fodder conservation, planting early 

maturing and drought tolerant crops, drought resistant livestock and hybrid breeds, change in 

planting dates, improved irrigation systems, inter/mixed cropping, use of manure, crop rotation 

and changes in livestock feed management (Achoora and Sseguya, 2015; Stefanovic et al., 2017). 

While smart practices have been well established, factors such as insecurity in a region could 

hinder their efficiency and effectiveness. For instance, theft of irrigation infrastructure could be a 

demotivating factor and water access issues could see household use of harvested rainwater 

prioritized over agricultural purposes. 

2.6. Theoretical Framework 

A farmer’s decision to use a climate smart agriculture adaptation option falls under the framework 

of random utility theory.  According to the framework, a farmer will choose what they prefer, and 

where they do not is influenced by random factors (McFadden, 1973). Therefore, the utility of a 

choice is comprised of deterministic and an error component whereby the error component is 

independent of the deterministic part and follows a predetermined distribution. This shows that it 

is not usually possible to predict with certainty the alternative that the farmer will select. It is 

however possible to express probability that the perceived utility associated with a particular 

climate smart agriculture practice is greater than other available alternatives (Cascetta, 2009). 

The utility U that farmer i gains from adopting a certain CSA practice  j is made up of an observable 

deterministic component V (the utility function) and a random component  , and can therefore be 

defined as follows: 

ij ij ijU V                                                                                                                            (2.1) 

According to Cascetta (2009), we assume that utility U depends on choices made from some set 

of j climate smart agriculture practices. The individual is assumed to have a utility function of the 

form: 
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( , )ij j iU V X Z                                                                                                                      (2.2) 

A rational farmer who seeks to maximize the present value of benefits of agricultural production 

over a specified period of time must choose among a set of j adaptation options. The farmer i will 

use j CSA practice if the perceived benefit from that practice is greater than the utility from other 

option k if Uj > Uk. Utility derived from any CSA practice is assumed to depend on the attributes 

of the practice itself Xj and the socio-economic characteristics of the farmer Zi (Cascetta, 2009). 

However, a farmer may not choose what seems to be the preferred adaptation option in the specific 

location. To explain such variations in choice, a random element,   is included as a component 

of utility function. Equation 2.2 can then be re-written as: 

j i( , ) X ,Z )ij j iU V X Z                                                                                                      (2.3) 

The probability that farmer i will choose CSA practice j among the set of CSA practices k could 

be defined as follows: 

Pr[ | ] Pr ,j ki CS U U j CS                                                                                                                (2.4) 

                     Pr j j k kV V      
   

                   Pr j kV V    
   

Where CS is the complete choice set of available CSA practices. In order to estimate equation 2.4, 

assumptions must be made over the distributions of the error terms. A typical assumption is that 

the errors are Gumbel-distributed and independently and identically distributed (McFadden, 1973). 

2.7. Analytical Framework 

2.7.1. Likert scale measurement of perception of climate change and variability 

Smallholder farmers’ adaptation to climate change and variability requires that they first notice 

that climate has changed and then identify and implement appropriate adaptation strategies making 

their ability to perceive climate change a pre-requisite for their choice to adapt (Jiri et al., 2015). 

This is because at farm-level, adaptation involves two stages: perceiving a change in climate and 
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making a decision whether to adopt or not including the strategy one will use (Asrat and Simane, 

2017a). Farmers’ decisions are influenced by their perception of climate change, variability and 

climate risks and therefore their adaptation strategies will depend on their perception knowledge 

level and available sources of information about climate change (Bello et al., 2013). Ricart et al. 

(2019) asserts that farmers’ perception of climate change and associated uncertainties, impacts and 

risks is important because their awareness of the same with regards to agricultural systems is the 

first step to adaptation. In addition, sharing and comparing local experience through members of 

a community can help identify repeated patterns and individual strategies. 

The most widely used tool to measure attitudes is the Likert Scale (1932). Originally, Rensis 

Likert, developed the likert scale with a five-point score: Strongly approve, Approve, Undecided, 

Disapprove, Strongly disapprove that involved analyzing scores from several questions to come 

up with the attitudinal scale. Over time, likert scales have been used to measure other variations 

such as quality, frequency, intensity and applied in perception studies. Variations of the same 

include different number of alternative responses like in the case of 4-point likert scale that 

excludes the neutral response with the aim to avoid the tendency of a respondent making the neutral 

choice for questions they lack confidence with (Boone and Boone, 2012; Rinker, 2014). Other 

variations could include seven or even nine pre-coded responses (McLeod, 2008). For instance, 

Stefanovic et al. (2017) used a 10-point likert scale in measurement of perception of climate 

change while Ogalleh et al. (2012) used a 4-point likert scale. 

Variations from the original likert scale brought about the Likert-type items which refers to 

individual questions that utilize some aspect of the original likert response alternatives. Likert-type 

scales use fixed choice response formats and are designed to measure attitudes or opinions 

(McLeod, 2008). In contrast, likert scale entails responses from different multiple questions being 

combined into a composite score and thus comprises of several combined likert items (Boone and 

Boone, 2012). Both are applied in social science related fields of study and have advanced to show 

different number of points and responses while still maintaining the principle of the original likert 

scale. For perception studies, analysis of Likert scale and Likert-type data varies and is mainly 

dependent on the scale of measurement as stated by Stevens (1946). 

For this particular study, the likert-type scale is used to measure smallholder farmers’ perception 

of climate change and variability as well as intensity of climate change impacts given the responses 
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from the several questions were different and would be analyzed separately. Taking an example 

of perception of rainfall, the likert-type scale 1 Greatly decreased, 2 Decreased, 3 No change, 4 

Increased, 5 Greatly increased, the farmers’ responses are ordinal scale observations and the 

numbers 1-5 assigned to the responses express “more than” relationship but how much more than 

is not inferred and they only indicate order. Although responses in an ordinal scale can be ranked 

or rated, the distance between them cannot be measured therefore the difference between “greatly 

decreased” and “decreased” or “increased” and “greatly increased” on the likert scale in our 

example is not necessarily equal even though the difference in the numbers assigned to the 

responses are (Sullivan an Artino, 2013). For ordinal measurement scale items, frequencies for 

variability is the recommended descriptive statistic for analysis (Boone and Boone, 2012). The 

same was deemed most appropriate for analysis of perceptions in this study. The term Likert scale 

has however been used in place of Likert-type scale for this study. 

2.7.2. Choice model 

Research has been conducted across various Sub-Saharan countries on farmers’ perceptions of 

climate change and variability and determinants of adoption of adaptation strategies. Different 

studies have utilized different econometric models to analyze the determinants of adoption of the 

various climate smart practices. They include Logistic regression (Saguye, 2017; Stefanovic et al., 

2017; Mutunga et al., 2018), Ordered Logit (Zamasiya et al., 2017), Ordered Probit (Maguza-

Tembo et al., 2017), Multinomial Logit regression (Jiri et al., 2015) and Multivariate Probit model 

(Ochieng et al., 2017). Crop rotation, irrigation, application of agro-chemicals, artificial fertilizer 

and manure, mixed- and inter-cropping, planting early-maturing crop varieties, early planting, 

changing crop varieties, planting drought and disease tolerant varieties, planting trees within crops, 

soil and water conservation practices, irrigation, livestock diversification and livelihood 

diversification to off-farm activities are some of the main practices identified by studies on 

adaptation to climate change. 

Saguye (2017) analyzed the implication of farmers’ perception of climate change and variability 

on implementation of CSA practices in Geze Gofa District, Southern Ethiopia. The study found 

that most of the farmers perceived a decrease in the amount of rainfall and a majority had observed 

shorter rainy seasons. Similarly, a majority of the respondents perceived an increase in heat 

intensity. The study used Logit regression model to analyze determinants of farmers’ adoption of 
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adaptation strategies. It revealed that education, farming experience, extension contact, exposure 

to information on climate change; membership in Community Based Organizations (CBOs), farm 

size; gender, credit service, annual farm income, and agro-ecology significantly influenced 

farmers’ adaptation to climate change. The study identified lack of microfinance and/or insurance 

services and abject poverty, lack of knowledge concerning appropriate adaptation strategies, and 

lack of irrigation schemes and access to water as the major adoption barriers. This study however 

did not compare the farmer’s perceptions to the actual recorded climatic trends. 

Mutunga et al. (2018) used the Logit regression model to assess the factors influencing smallholder 

farmer’s adaptation to climate variability in Kitui, Kenya. The study showed that education level, 

farming experience, off- farm income, access to credit facilities, access to climate information and 

weather forecasts significantly influenced farmers’ adaptation to climate variability in the villages 

where the study was conducted. Lack of access to irrigation water, lack of labour, high cost of 

adaptation, inadequate technology capacity, lack of access to credit facilities and unreliable 

weather forecasts were identified as the main constraints to adaptation. However, the study used 

unvariate modeling hence excluding useful economic information about interdependent and 

simultaneous adoption decisions among farmers since farmers sometimes adopt several strategies 

simultaneously to deal with a multitude of agricultural production constraints. 

Stefanovic et al., (2017) found that factors influencing adaptation among smallholder farmer’s 

from Laikipia county, Kenya included access to irrigation technologies, financial resources, 

extension services and risk perception among horticultural farmers hence more focus on 

intensifying crop production and in turn applying crop rotation, irrigation and application of agro-

chemicals, artificial fertilizer and manure as coping strategies to climatic changes. The study 

established that adaptation measures employed by food crop farmers were mainly risk-reducing, 

such as mixed- and inter-cropping, planting early-maturing crop varieties and early planting 

attributed to availability of early maturing and drought-resistant maize varieties, access to work 

force and farmer’s groups. The authors states that the use of closed ended questionnaire consisting 

of a limited number of technologies/practices, limits farmers to add other practices they have 

adopted to cope. However, the study applied logistic regression thus modelled the influence of a 

set of independent variables on each of the practices separately therefore ignoring any 

interdependence between the various practices. The study also excluded livestock practices in the 
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analysis as it focused on crop and not livestock production and did not evaluate land tenure 

arrangements as a factor influencing adaptation. 

Zamasiya et al. (2017) on factors influencing smallholder farmers’ behavioral intention towards 

adaptation to climate change in Hwedza District Zimbabwe using ordered logit model showed that 

gender of the household head, access to extension, access to climate information, membership to 

social group and experiencing drought significantly influenced farmers’ attitude towards 

adaptation to climate change and variability. The study included cognitive factors by considering 

drought risk experience which not many empirical studies in developing countries evaluate. 

Jiri et al. (2015) on their study in Chiredzi District in Masvingo Province, Zimbabwe reported that 

most of the farmers perceived an increase in average temperatures and declining precipitation over 

the years which was in line with measured annual rainfall and temperatures for the area. These 

perceptions influenced adoption of agronomic practices, livestock practices or socio-cultural 

practices to cope and adapt to climate change and variability. Using multinomial logit regression 

model, they found that farmer socioeconomic attributes and farmer perception to climate change 

and variability significantly influenced the type of agricultural adaptation chosen by the farmer in 

response to a changing climate. The study however, did not assess the influence of institutional 

factors on adaptation strategies and by use of the multinomial logit, failed to capture 

complementarities and trade-offs associated with the implementation of individual technologies 

among the farmers. 

Maguza-Tembo et al. (2017) identified diversification, soil and water conservation, soil fertility 

improvement, and irrigation and water harvesting as the CSA strategies adopted by farmers in 

Nsanje and Balaka districts in Southern Malawi. The study used ordered probit model to assess 

determinants of adoption of multiple climate change adaptation strategies. The results indicated 

that age of household head, farm size and ownership, farmer type (lead farmer), petty trading and 

formal employment involvement, polygamous marriage, and flood risk and moisture stress 

perceptions influenced adoption of multiple CSA practices either positively or negatively. The 

study assessed influence of land size and ownership as a factor influencing choice of a CSA 

practice which many empirical studies have not evaluated. Interestingly, the study results showed 

that household income does not significantly affect the adoption of multiple CSA strategies, 

contrary to expectation. 
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Ochieng et al., (2017) study on adoption to climate variability and change in rural Kenya found 

that a significant number of farmers perceive climate change as real, and that they are particularly 

concerned about changes in rainfall and temperature. The study revealed that changing of crop 

varieties as a coping strategy was the most preferred. Using a multivariate probit model, they found 

that better education, access to extension messages, farm size and credit facilities are influential in 

adopting a specific strategy against climate change. Lack of finances and information on climate 

change were identified as barriers to the adoption. The study correlated their findings on farmers’ 

perception with meteorological data which is very key in knowing the actual climate trends. Use 

of multivariate probit model allowed for modelling of the influence of the set of independent 

variables on several practices simultaneously thus allowing for error terms to correlate freely. 

In deciding the econometric model to use for adoption analysis, three options are traditionally used 

to evaluate qualitative dependent variables with the more appropriate techniques being the probit 

and logit models. Choice between logit and probit models is up to a researcher as both models 

produce almost identical results with similar marginal effects but different coefficients. However, 

univariate modelling as in the case of probit or logit models, ignores the relationships between 

adoption of different CSA practices and the potential correlation among unobserved disturbances 

in adoption equations. The univariate technique models each of the adaptation measures 

individually as functions of the common set of independent variables. Since farmers may consider 

a combination of CSA options as complementary and others as competing, failure to capture 

unobserved household specific factors and the relationships between adoption of different 

practices would lead to bias and inefficient estimates (Kassie et al., 2012). 

In addition, farmers’ choice decision is inherently a multivariate decision (Dorfman, 1996). 

Considering farmers’ decision to adopt an adaptation option entails multiple response whereby the 

dependent variable is discrete, it is appropriate that the determinants of adoption are treated as 

multiple choice decision (Amare and Simane, 2017). In studies where several CSA practices are 

going to be assessed, the appropriate models would be either Multinomial logit or Multivariate 

probit regression models as they both model effect of explanatory variables on a dependent 

variable with multiple choices consisting of unordered multiple categories (Gbetibouo, 2009). 

However, for multinomial logit model the choice set consists of all combinations of adaptation 

strategies (grouping similar responses) making it difficult to interpret the influence of independent 
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variables on the original separate adaptation measures and an individual may have selected only 

one alternative (Ochieng et al., 2017). 

The multivariate probit model addresses the weaknesses of the logit, probit and multinomial logit 

models to simultaneously model the influence of a set of explanatory variables on selected CSA 

practices while allowing unobserved or unmeasured factors (error terms) to be freely correlated 

and also the correlation between adoption of the different CSA practices. Therefore, the study 

would be based on the assumption that the likelihood of a household using a certain strategy is 

dependent on other alternative options used by the same household with regards to 

complementarities and substitutabilities between the different practices (Belderbos et al., 2004). 

Taking these arguments into consideration, Multivariate probit model would be the best fit for this 

study. 

2.8. Review of Empirical Studies 

Farmers are able to realize more benefits when they take up several strategies in order to exploit 

the synergies resulting from complementarities between the strategies. This helps develop an 

agricultural system that is sustainable and resilient to climate shocks and other production 

challenges (Abegunde et al., 2019). The decision to adopt one or more climate smart practices is 

influenced by an array of factors.  

Literature identifies a scope of factors that provide insights into CSA adoption which include 

institutional, socioeconomic, environmental, climatic and demographic factors. This provides 

variables that include farm size and other characteristics, property rights (land tenure), gender 

constraints, farming experience, group membership, agro-ecological setting, education level, 

credit constraints, risk, human capital, labor availability, interaction with extension and input 

supply, livestock assets, institutional constraints, agricultural training and local climatic conditions 

as some of the determinants of adoption (Maddison, 2006; Gbetibouo, 2009; Njarui et al., 2017; 

Mwungu et al., 2018; Njabulo et al., 2018). Kiratu et al. (2016) adds that another factor that affects 

the uptake and use of a method, technology or practice is the farmers’ perception because a farmer 

having access to agricultural inputs does not always translate to adoption and use of the inputs. 

Zamasiya et al. (2017) maintains that farmers are more perceptive of climate change when they 

have experienced a climate risk or hazard making their attitude towards action to reduce impacts 

of the same positive. The adoption of CSA therefore requires that the interventions are best suited 
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to the target users’ willingness, knowledge, their ability to practice and investment capacity 

(Gwambene et al., 2015) 

Access to agricultural extension, whether formal or farmer-to-farmer extension and climate 

information makes it more likely for households to adjust their practices in response to climate 

change. Mass media sources of information are more important in the early awareness stage 

whereas interpersonal sources like extension workers and other farmers are more important in 

disseminating adoption-promoting and more technical information. Therefore, access to extension 

and climate information services influences adoption positively since farmers have information 

about weather and climate changes as well as different practices they could adopt to adapt to 

climate change. In addition, farmers are an important source of information and act as agents of 

technology transfer highlighting the positive influence of social networks with regards to diffusion 

of CSA practices and in providing a platform for farmers to share ideas (Maddison, 2006; 

Gbetibouo, 2009; Amare and Simane, 2017). Extension workers however, should be equipped with 

updated adaptation information to promote practices that will actually help farmers be more 

resilient to climate changes. Promotion of outdated or unsuitable technologies in an area could 

worsen the impacts resulting into a lack of trust by farmers and consequently, unwillingness on 

their part to adopt any future climate smart practices hence an ineffective extension system. 

Weather and climate information ought to be relevant to the specific area, disseminated in a timely 

manner and in a comprehendible form to guide adjustments in agricultural management failure to 

which, farmers will reject its use in their operations resulting into serious impacts when disaster 

strikes. 

Agricultural training enables farmers to acquire information on proper agricultural practices, 

productive inputs, credit opportunities and provides a platform for different stakeholders to 

exchange ideas hence improving the capacity of farmers to adopt new practices (Amare and 

Simane, 2017). Nevertheless, training should be backed up by building the financial capacity of 

farmers to put into practice the knowledge gained. Case in point, taking up irrigation and 

agroforestry requires heavy upfront investments making borrowing capacity an important aspect 

to consider. Therefore, household access to formal or informal credit avails financial capital that 

can be used to purchase inputs and technologies thus influencing adoption positively. Additionally, 

secure land tenure influences positively the uptake of long-term and land specific practices such 
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as irrigation and soil conservation practices (Shiferaw, 2007; Oremo, 2013). A higher livestock 

holding provides animal excrement, a primary input for preparation of compost hence positive 

influence on composting but would influence negatively livelihood diversification into off- and 

non-farm activities (Amare and Simane, 2017). In rural communities, livestock assets are 

associated with wealth, implying more resources and better access to adaptation information hence 

promoting adoption of agronomic and livestock practices (Obayelu et al., 2014).  

Farm characteristics consist of farm size and soil fertility while institutional factors include access 

to information provision, credit, off-farm employment and land tenure. More crop acreage is 

associated with better access to information on crop management technologies due to a higher 

likelihood of such information being marketed to larger farms. Thus, larger farms are more likely 

to adopt adaptation technologies compared to smaller farms factoring in less exposure to and cost 

of information associated with innovation (Oremo, 2013). With regards to fertility, poor soil 

fertility status increases the probability of a farmer adopting fertility enhancing practices in order 

to adapt to climate change impacts (Teklewold et al., 2013a). 

The household characteristics that influence adoption include age, education level and gender of 

household head, size of family, wealth and years of farming experience. Female farmers have a 

higher intrinsic value on the environment linked to the feminine attributes of care, empathy and 

attachment which ideally makes them more positive towards adaptation. However, land, credit, 

input and information resource constraints hinder their ability to do so thus their male counterparts 

are better placed to adopt new agricultural practices. Farmers with more years of farming 

experience have a better understanding of climatic patterns and more perceptive about climate 

change hence more willing to adapt. Similarly, older farmers are expected to have experienced 

climatic changes over a longer time period thus more enlightened about actions to reduce climate 

impacts on food security. However, older farmers are also more likely to be risk-averse and less 

flexible than younger farmers thus less likely to adopt new practices. Wealth implies less capital 

constraints therefore farmers with greater assets and higher income are less risk-averse thus more 

likely to make improvements in agricultural production systems. Larger family size indicates 

labour availability which influences adoption of adaptation practices positively by reducing labour 

constraints. Alternatively, a large family could divert part of the available labour to non-farm 

activities in order to generate more income to reduce consumption burden making less labour 
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available for farm work. The higher the level of education of the household head, the more likely 

a farmer is able to obtain and understand climate change information as well as the potential 

outcomes of adaptation on food security hence positively influencing adoption (Shiferaw et al., 

2007; Oremo, 2013; Amare and Simane, 2017; Zamasiya et al., 2017). 

Different factors could potentially influence adoption either positively or negatively. The 

relationship between these factors is complex and the outcome of their influence is dependent on 

the infinite combinations of the same and, the practices and region in question. An analysis of 

determinants of adoption could yield different results based on the characteristics of the farmers 

for the study and characteristics of the study area in totality. Identifying the opportunities available 

for promotion of sustainable practices is crucial for enhancement of adoption. 

2.9. Conceptual Framework 

Farmers who are aware of climate change are more likely to believe in climate change and motivate 

adaptation actions. Awareness could be through social interactions, personal experience or 

information dissemination by climate experts. While there is a willingness to adopt appropriate 

practices to reduce vulnerability to climate change and variability, household and farm 

characteristics, institutional factors and climate perception variables come at play to influence 

farmers’ decision making on choice of CSA practices. 

The sustainable livelihoods framework depicts farmers as operating in a context of vulnerability 

with regards to climate change and variability. Smallholder farmers are vulnerable to the impacts 

of climate change as a result of external shocks such as droughts, unpredictable rainfall, moisture 

stress, seasonal flood risk and shorter seasons. These climatic risks affect the socio-economic 

status of farmers with regards to the livelihood assets at their disposal as well as influences their 

perception of climate change and variability for instance through risk experience. Climate Smart 

Agriculture provides a viable livelihood strategy in the context of climate change and variability. 

While CSA practices are broad, they are also location and context specific. What works for a 

particular region, agro-ecology and agricultural production system may not be best suited for 

different ones. Some of the practices adopted by smallholder farmers in Laikipia include rainwater 

harvesting, conservation tillage, drought tolerant crops, early maturing crop varieties, fodder 

conservation, crop rotation, drought resistant livestock and hybrid breeds, in-field water 

conservation, crop rotation, intercropping, use of manure and change in planting dates just to 
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mention a few. These practices provide an opportunity to cope with climate change impacts and 

improve productivity and consequently agricultural incomes. 

In order for farmers to transform their agricultural production systems from conventional practices 

to climate smart practices, institutional support to the smallholder farmers is paramount. This 

potentially ensures that farmers have access to the CSA technologies, obtain extension services to 

assist in effective implementation, obtain secure tenure over their land resources, access reliable 

climate and market information and access formal or informal credit to invest in agriculture. For 

instance, extension systems by either the government or private institutions support farmers 

through dissemination of information, developing their skills, availing farm inputs and agricultural 

production technologies that farmers could potentially take up. Similarly, presence of lending 

institutions can support farmers through provision of credit so that they can implement CSA 

practices that require high initial capital such as smart irrigation techniques. In addition, 

institutional factors such as weather and climate information services influences farmers’ 

perceptions of climate change and variability shaping their attitudes towards adoption of CSA 

practices. 

Cognitive factors influence farmers’ decision to adopt CSA practices in that, if a farmer perceives 

climatic changes and experiences the associated risks on their farm productivity, they are likely to 

be motivated to adopt. The adaptation practices they pursue are influenced by the livelihood assets 

available to a household which determines the capacity of the household to adapt to climate change 

and variability. The livelihood assets as dictated by the socio-economic situation of a household, 

include: income from farm, on-farm or even non-farm enterprises, total livestock units owned by 

the household, farm assets, size of farm, property rights dependent on land tenure, farming 

experience, membership to agricultural or social group which constitutes of connections and 

networks, distance to market which indicates access to agricultural inputs and produce market and, 

gender of decision maker over land use. These constitute of the socio-economic factors that 

influence adoption of different CSA practices either positively or negatively. 

Additionally, environmental factors also influence the CSA practices that a household takes up. A 

factor like soil fertility which is dependent on geology of an area, climatic conditions through 

impacts such as erosion and agricultural practices currently in use can either support adoption of 

CSA practices or be a limiting factor. In situations where a farmer perceives degraded fertility and 
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lacks the capacity to purchase fertility enhancing agricultural products, adoption of smart practices 

can be hindered. Socio-economic, institutional, environmental and cognitive factors are also 

interdependent to some extent. Socio economic factors of a population influence the institutional 

support that should be prioritized in a bid to develop the capacity of farmers to take up CSA 

practices. On the other hand, a factor such as credit access determines the financial capacity of the 

population to take up practices that require heavy initial investment. Information access and 

environmental conditions shape perceptions of climate change and attitudes towards adaptation 

which in turn influence adoption behavior. Climate change impacts guide extension and climate 

information services to respond to the context specific needs while also influencing the range of 

CSA practices suitable to the location. 
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Figure 1: Conceptual Framework based on the Sustainable Livelihoods Framework 

Source: Serrat, 2008 (Modified to have CSA as the livelihood strategy of interest). 
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3. METHODOLOGY 

3.1. Description of the Study Area 

The study was conducted in Laikipia Central Sub-County which is part of the larger Laikipia 

County consisting of fours sub-counties namely: Laikipia West, Laikipia Central, Laikipia East 

and Laikipia North. The county lies between latitude 0°18” South and 0°51” North and between 

longitudes 26°11” and 37°24” East. It is the 15th largest county in Kenya covering an area of 9462 

km2. Laikipia central lies to the South-east and has three administrative wards: Tigithi, Thingithu 

and Ngobit with a population of 95,594 (2019 Kenya Population and Housing Census). The 

County’s altitude varies between 1,500 m above sea level at Ewaso Nyiro basin in the north to a 

maximum of 2,611 m above sea level around Marmanet forest (GoK, 2013). The Eastern part of 

the county is dry and low owing to its leeward position unlike the Western part which is largely 

mountainous. Apart from forest zones and slopes, the dry areas are mostly used as pasture land 

whereas highland areas are suitable for crop and dairy farming and the lowland areas good for 

grain and livestock rearing. 

The natural landscape drainage of the county is dominated by the Ewaso Nyiro North basin whose 

tributaries flow from South to North with their catchments being Mt. Kenya and slopes of the 

Aberdares. The rivers are a source of water for livestock consumption, human use and irrigation 

thus largely influencing the settlement patterns of the area. The county receives relief or orographic 

rain due to its altitude and location with average annual rainfall varying between 400mm and 

750mm and annual mean temperature ranging between 16°C and 26°C. Short rains are usually in 

October and November while long rains are from March to May with variations of two to three 

weeks with some areas receiving conventional rainfall between June and August. This seasonal 

rainfall distribution is influenced by Northeast and South trade winds, Inter-Tropical Convergence 

Zone and Western winds (Laikipia CIDP, 2018). 

The region experiences poor rainfall distribution and frequent dry spells irrespective of which 

agriculture is the main source of livelihood. Production systems include mixed farming, 

pastoralism, agro-pastoralism and ranching (Kimithi and Kibanya, 2015). Settlement patterns are 

influenced by livelihood zones, land use system, infrastructural development, availability of social 

amenities and differences in land potential. As a result of high population, increasing pressure on 

resource use and available infrastructure has often resulted into conflicts between pastoral 
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communities, smallholder farmers, large-scale ranching enterprises and wildlife leading to 

diminishing resources aggravated further by the effect of recurrent drought (Bond, 2014). Over the 

years, a greater portion of Laikipia County has been converted to smallholder agricultural activities 

through subdivision of large-scale ranches into smaller parcels. They typically range between 1-

10ha and utilized for crop, cash crop and livestock production (Ojwang' et al., 2010). According 

to the Laikipia County Integrated Development Plan, the average farmland size in the county is 

0.81ha and 8.09ha for small-scale holders and large-scale holders respectively. Farmers engage in 

cultivation of crops such as maize, beans, Irish potatoes, cabbages, tomatoes, wheat and rearing of 

cattle, sheep, goats, poultry, pigs, donkeys and camels (Gok, 2014a). Laikipia Central sub-county 

received an average of 661.66 mm within the period 2013-2017. The main source of livelihood is 

marginal mixed farming accounting for the highest (43%) population proportion by livelihood. 

Farmers mainly produce maize, potatoes and beans (Kimithi and Kibanya, 2015). Poor rainfall 

distribution and frequent dry spells constitute the limiting factors to production. 
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Figure 2: Map of Laikipia Central sub-county 

Source: County Government of Laikipia and Kenya Climate Smart Agriculture Project-Laikipia 

County (KCSAP).



32 
 

 

3.2. Data Type, Sources and Collection Methods 

Primary and secondary data were used. Interview schedule was used to collect primary data on 

farming systems, farmers’ perception of climate change and variability, adaptation strategies 

adopted and the determinants of adoption of those strategies. Secondary data on rainfall and 

temperature trends was obtained from the Center of Training and Integrated Research in ASAL 

Development (CETRAD), a research institution in the county. Additional data was collected 

through Key informant interviews guided by checklists containing questions. 

3.2.1. Interview schedule 

The interview schedule consisted of both open and closed-ended questions and used to collect data 

from a sample of 204 households. The questions addressed how farmers perceive climate change 

and variability, assessed the CSA practices adopted as an adaptation strategy and collected 

information on demographic, farming, socio-economic and institutional characteristics. 

Adaptation practices included on-farm changes made in the past 10years. 

To address Objective 1 on farmers’ perception of climate variability and climate change, primary 

data was generated using closed-questions administered through in-person interviews. General 

climate change was based on a Yes or No question whereas changes in climatic parameters 

including rainfall, temperature, rainfall distribution, rainfall intensity, onset and end dates and 

frequency of droughts as well as intensity of climate change impacts were based on 5 point likert 

scale questions. The latter was narrowed down to three scales for analysis purposes. 

For objective 2, a list of CSA practices identified during pre-test were listed with allowance for 

additional practices a farmer could be practicing to capture the wide range of practices already in 

use in the study area. Multiple responses for this question was allowed since farmers apply 

different combinations of various CSA practices and additional information on the same noted 

down to elaborate further and ascertain that indeed a farmer was an adopter for a particular 

practice. For instance, if a farmer mentioned they had adopted early maturing varieties the 

interviewer would request the farmer to mention the specific varieties they used. 

To address objective 3, the interview schedule was divided into sections: Household 

characteristics, farm characteristics and institutional factors to collect primary data on factors that 

potentially influence adoption of CSA practices. 
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The interview schedule was pre-tested on farmers in a neighboring area with similar agro-

ecological characteristics and changes made based on feedback. This was done to allow all 

households in the study area to have an equal chance of being selected for the study since doing a 

pretest in study area excludes households from being randomly selected. Trained enumerators with 

prior experience in data collection in the region were engaged for the exercise under supervision 

of main researcher. The enumerators were given a refresher training on interviewing techniques 

and how to approach respondents by the researcher. The training involved introduction to the 

interview schedule, translation of the questions and a pretest with fifteen farmers. The interview 

schedules were checked on consistency at the end of each day after data collection and any 

difficulties or issues discussed. 

3.2.2. Key Informant Interviews 

Key informant interviews targeted knowledgeable officials from the County departments of 

Agriculture, livestock, fisheries and forestry, staff at the Laikipia Meteorological Department, 

private and religious institutions engaging in community development and livelihood 

improvement projects, staff from the Kenya Climate Smart Agriculture Project (KCSAP) in 

Laikipia County and research institution engaged as service providers by the county seeing that 

there is no agricultural based research institution in the study area. The interviews were 

instrumental in providing a clear understanding of the support they are continually offering farmers 

develop their capacity to cope with climate change and variability and transform their agricultural 

enterprises into profitable ventures. Challenges encountered in their quest to do so were also 

highlighted. 

3.3. Sampling Technique and Size 

The target households were identified using multi-stage sampling. At the first stage, Laikipia 

central sub-county was selected as the study area due to the vulnerability of the livelihoods of 

communities inhabiting the ecologically fragile dry land and semi-arid area exacerbated by the 

effects of recurrent drought coupled with low productivity of small, uneconomical land holdings. 

At stage two, two administrative wards (Tigithi and Thingithu) were purposively selected to be 

representative of the three wards in the sub-county based on their food security situation and 

marginal mixed farming systems. It was also important for comparison purposes since two out of 

the three wards in Laikipia central including Tigithi are project wards for the Kenya climate smart 
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agriculture project running for the third year now while Thingithu is not. Finally, households were 

sampled randomly based on probability proportion to size. 

Sample size was determined using Yamane (1967) proportion sample formula at 95% confidence 

interval and p=0.5 are assumed: 

𝑛 =
𝑁

1 + 𝑁(𝑒)2
 

Where n is the sample size, N the population size of the study area (95,594) and e is the level of 

precision (7%). 

𝑛 =
95594

1 + 95594(0.07)2
=

95594

469.4106
= 203.6 ≅ 204 

Table 1: Sample size distribution for each ward 

Ward Total Population Number of households  Number of sample 

households 

Thingithu 26,484 8,515 88 

    

Tigithi 35,201 11,208 116 

 

TOTAL 61,685 19,723 204 

 

Source: Own computation based on 2019 Kenya Population and Housing Census 

3.4. Methods of Data Analysis 

Analysis was carried out using descriptive statistics and econometric model. 

3.4.1. Descriptive statistics 

Descriptive analysis was carried out using SPSS version 22. Statistics such as percentages, 

frequencies, mean and standard deviation were used to present perceptions, demographic, farming, 

socio-economic and institutional characteristics as well as the CSA practices adopted. Climate data 

was illustrated in line graphs, coefficient of variation calculated and then correlated with farmers’ 

perception. 
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3.4.2. Econometric model 

The study adopted the Multivariate probit model to analyze the influence of the set of explanatory 

variables on adoption of eight CSA practices. The CSA practices identified for modelling from the 

study area were crop diversification, manure management, change of crops, changing planting 

dates, high yielding varieties, on-farm water conservation, fodder production and crop rotation. 

The practices were modelled following random utility formulation. Consider the ith farm household 

(i=1, 2…..N), facing a decision problem on whether or not to take up a given CSA practice. Take 

U0 to represent the benefits to the households who select let’s say crop diversification, and Uk to 

represent the benefit to household who choose the Kth CSA practice: where K denotes choice crop 

diversification (P1), manure management (P2), change of crops (P3), change of planting dates (P4), 

high yielding varieties (P5), on-farm water conservation (P6), fodder production (P7) and crop 

rotation (P8). The farmer decides to choose the Kth climate smart agriculture practice if Y *ik  U 

*k U 0  0.  The net benefit (Y*ik) that the farmer derives from a climate smart practice is a latent 

variable, determined by observed explanatory variable (Xi) and the error term (i): 

ik i k iY X                                            (𝑘 = 𝑃1, 𝑃2, 𝑃3, 𝑃4, 𝑃5, 𝑃6, 𝑃7, 𝑃8)                                                                 (3.1) 

Using the indicator function, the unobserved preferences in equation (3.1) translates into the 

observed binary outcome equation for each choice as follows: 

𝑌𝑖𝑘 {
1 𝑖𝑓 𝑌𝑖𝑘

∗ > 0

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
                       (𝐾 = 𝑃1, 𝑃2, 𝑃3, 𝑃4, 𝑃5, 𝑃6, 𝑃7, 𝑃8)                                                              (3.2)                 

In multivariate model, where the choice of several CSA practices is possible, the error terms jointly 

follow a multivariate normal distribution (MVN) with zero conditional mean and variance 

normalized to unity (for identification of the parameters) where (p1, p2, p3, p4, p5, p6, p7, p8) 

~ MVN (0,) and the symmetric covariance matrix  is given by:- 
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                                                                        (3.3)                                                                                             

The off-diagonal elements in the covariance matrix, represent the unobserved correlation between 

different types of climate smart agricultural practices. This assumption means that equation (3.3) 

generates a MVP model that jointly represents decision to choose a particular CSA practice. This 

specification with non-zero off-diagonal elements allows for correlation across error terms of 

several latent equations, which represents unobserved characteristics that affect the choice of 

alternative CSA practice (Teklewold, 2019). 

3.5. Definition of Variables and Measurement 

3.5.1. Dependent variable 

MVP was used to simultaneously model the influence of the set of independent variables on each 

of the eight CSA practices namely: 1-crop diversification, 2-manure management, 3-change of 

crops, 4-changing planting dates, 5-high yielding varieties, 6-on-farm water conservation, 7-fodder 

production and 8-crop rotation. The dependent variables are a dummy taking the value 1 if a farmer 

has adopted the climate smart practice and 0 if not adopted. 

3.5.2. Independent variables 

The dependent variables are potentially influenced by the following independent variables based 

on reviewed literature and empirical studies. 

Gender of household decision maker 

It is a dummy variable that takes 1 if the household decision maker is female, 0 otherwise. Male-

headed households are considered to be more likely to get information about new technologies and 

undertake risky businesses than female-headed households (Amare and Simane, 2017). 

Additionally, female-headed households have less access to resources, information, and other 

socioeconomic opportunities and bear more burdens of household (Asrat and Simane, 2018). 

Although this hinders women’s ability to take up labour-intensive innovations, female-headed 
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households are more likely to adopt new practices considering more women live in rural areas as 

compared to men where much of the agricultural work is carried out hence more experience and 

information on management practices as well as how to change them guided by climate 

information, household food needs and market needs (Oremo, 2013). In this study, female decision 

maker is hypothesized to have a positive influence on adoption. 

Farm assets 

It is a continuous variable measured in Kenyan Shillings of the monetary value of farm assets and 

equipment owned by a household. Households having adequate assets are better placed to adopt 

new farming practices since they can afford new technologies and improved varieties (Saguye, 

2017). Households owning or having access to resources have the ability and better chances to 

adopt new technologies therefore farm assets and additional equipment can influence adoption of 

agricultural technologies at household level (Makate et al., 2018). In this study, it is hypothesized 

to have a positive influence on adoption. 

Non-farm income 

It is a continuous variable measured in Kenyan Shillings of the annual income of the household 

from non-farm activities (other non-agricultural income generating activities). Farmers engaging 

more in non-farm activities are less dependent on agriculture thus less motivated to invest in new 

agricultural practices (Simane et al., 2016). Also, full time farmers are more likely to adopt new 

agronomic and livestock practices as they are able to allocate optimum time for farm activities (Jiri 

et al., 2015). However, additional income from other activities adds to the overall household 

income whereby households with better income are better placed to adopt new technologies 

(Maguza-Tembo et al., 2017). It is hypothesized to have a positive or negative influence on 

adoption. 

Farming experience 

It is a continuous variable measured as the total number of years the farmer has spent making 

farming decisions. The more experienced a farmer is, the more aware he/ she is of potential benefits 

of improved farm management practices, better informed he/she is about rainfall and temperature 

changes in the study areas and the more he/she is likely to employ adaptation measures that reduce 
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the impact of climate change on his/her agricultural activities (Zamasiya et al., 2017; Mutunga et 

al., 2018). It is hypothesized to positively influence adoption in this study. 

 

Farm size 

It is a continuous variable measured in Acres of certified farmland that the household operates. 

Larger cultivated land enables flexibility regarding changes in farming practices 

(Tongruksawattana, 2014). Households with small land holding on the other hand, are less likely 

to adopt improved crop varieties because of the associated costs preferring traditional varieties just 

for home consumption (Phillipo et al., 2015). In this study, it is hypothesized to either positively 

or negatively influence adoption of CSA practices. 

Soil fertility 

It is a dummy variable taking 1 if farmer perceives the soil to be fertile, 0 otherwise and measured 

as farmer’s perception of the status of their soil fertility. Poor soil fertility, based on a farmer’s 

perception of the fertility status of their land, is likely to increase the probability of a farmer 

adopting fertility enhancing practices in order to adapt to climate change impacts (Teklewold et 

al., 2013a). Given the risk-averse nature of smallholder farmers, perception of poor soil fertility 

may also influence negatively adoption of smart practices due to associated costs of production to 

improve soil quality. Fertile soil is hypothesized to have a positive influence on adoption in this 

study. 

Land Ownership 

It is a dummy variable taking 1 if farmer owns the land with title deed, 0 otherwise. It dictates the 

property rights a farmer enjoys with regard to ownership status of the parcel of land. Households 

that own land are expected to adopt modern agricultural technologies more easily as they do not 

run the risk of ending land rental. Tenancy motivates farmers to invest more in technologies and 

practices with the potential to improve farm output including climate adaptation practices (Saguye, 

2017). Ownership of the land parcel increases the assurance of future access to the returns of 

investments thus likely to impact adoption decisions positively (Teklewold et al., 2013a). It is 

hypothesized to positively influence decision on choice of CSA practices. 
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Access to credit 

It is a dummy variable taking 1 if a farmer has access, 0 otherwise. Refers to financial access by 

farmers at the time of need from banks, cooperatives, microfinance, local money lenders and any 

other lending institutions. When farmers access credit, they try to adopt strategies that require 

capital inputs to increase their resilience against climate change by implementing practices such 

as irrigation (Mutunga et al., 2018; Deressa, 2009). Household access to credit signifies 

availability of funds and this relates positively to level of adoption of adaptive strategies such as 

irrigation (Ochieng et al., 2017). It is hypothesized to have a positive influence on adoption of 

CSA practices in this study. 

Access to weather and climate information 

It is a dummy variable assuming the value 1 if a farmer has access, 0 otherwise. Refers to farmers’ 

access to weather/climate information and early warning systems (daily forecasts of temperature 

and rainfall, early warning of unseasonal rain and on/off setting of the rainy season). Improved 

access to early warning systems increases likelihood of using different crop varieties and better 

access to information on climate warning empowers smallholder farmers to make more 

knowledgeable and informed farm decisions (Phillipo et al., 2015; Mutunga et al., 2018). It is 

hypothesized to have a positive influence on adoption of CSA practices in this study. 

Agricultural group membership 

It is a dummy variable taking 1 if farmer belongs to an agricultural group, 0 otherwise. Refers to 

farmers’ participation in any formal and/or informal group. Networks increase awareness and use 

of climate change adaptation options thus membership to a cooperative increases the likelihood to 

adopt CSA practices (Deressa et al., 2009; Amare and Simane, 2017; Saguye, 2017). It also gives 

farmers a chance to develop trust and therefore rely on information provided by their peers hence 

a good channel for relaying information on adaptation technologies (Zamasiya et al., 2017). It is 

hypothesized to positively influence adoption of CSA practices. 

Access to extension services 

This is a dummy variable taking 1 if a farmer has access to extension services, 0 otherwise. It refers 

to farmers’ access to extension services by either government, private or research institutions as 

well as other farmers. Farmers with access to extension are able to acquire new knowledge and 

skills improving their technical know-how needed for implementing adaptation measures while 
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also enabling them to take up more sustainable measures with longer term benefits (Maddison, 

2006; Guteta and Abegaz, 2015). For this study, it is hypothesized to influence farmers’ adaptation 

through adoption of CSA practices positively. 

Distance from market 

A continuous variable measured in terms of walking time in minutes to the nearest market. 

Proximity to market could serve as a means of sharing and exchanging information with farmers 

and other service providers (Maddison, 2007). Farmers closer to market have better access to 

information, can dispose of their products more easily and access improved agricultural inputs 

increasing their ability to adopt relevant practices (Hassan and Nhemachena, 2008). Proximity to 

nearest market is hypothesized to have a positive influence on adoption. 

Number of livestock 

It is a continuous variable measured in terms of equivalent tropical livestock unit (TLU) of the 

number of livestock that a household owns. Livestock such as cattle are seen as a sign of wealth 

in rural communities therefore, farmers with more cattle are expected to have more resources and 

better access to adaptation information hence more likely to adopt agronomic and livestock 

practices (Obayelu et al., 2014; Jiri et al., 2015). On the contrary, livestock holding influences 

diversification of livelihoods into off- and non-farm activities such that a farmer with lower TLU 

would be more likely to diversify into off- and non-farm activities (Eshete, 2007). It is 

hypothesized to have a positive or negative influence on adoption. 

Perceived Changes in rainfall 

It is a dummy variable taking 1 if farmer perceives a decrease in rainfall, 0 otherwise. It is measured 

on a five point likert scale (1=greatly decreased, 2=decreased, 3= No change, 4=Increased, 

5=greatly decreased) and narrowed down to taking value 1, decreased (likert scale 1-2) and 0 

Otherwise (likert scale 3-5) for econometric analysis. Farmers who perceive a declining trend and 

poor distribution of rainfall, increasing temperatures and higher incidence of extreme events 

(drought and floods) are more likely to be motivated to take up adaptation strategies. Farmers who 

notice changes in climate are more likely to take up and implement measures to respond to the 

changing climate (Nhemachena and Hassan, 2007). Perception of rainfall decrease is hypothesized 

to have a positive influence on adoption for this study. 
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Conflict and theft Risk experience 

It is a categorical variable measured based on a five point likert scale and takes 1 if farmer 

perceives high impact (likert scale 4-5) as the category whose influence on adoption is being 

analyzed, 0 no impact as the reference category. Refers to self-assessed impacts of inter-ethnic 

conflict, resource use conflict, cattle rustling and thef t of crops and livestock as the forms of 

conflict identified by Bond (2014). The concerns of farmers about potential or actual disputes 

undermine optimal use of land with regards to agricultural practices utilized such as use of manure 

and types of crops planted (Birch, 2018). It is hypothesized to have a negative influence on CSA 

practices adoption. 

 

3.6. Ethical Considerations 

A research license was obtained from the National Commission for Science, Technology and 

Innovation (NACOSTI) before commencement of field research activities under the permit 

number NACOSTI/P/20/3246 and later a permit from the Department of Agriculture, Livestock 

and Fisheries, Laikipia County. The permission to interview key informants and household 

respondents was consensual. If the respondents demonstrated discontent, the interviews were 

cancelled or re-scheduled as appropriate. The respondents were requested for consent and the 

purpose of the interview explained clearly. They were assured beforehand that should part of their 

interview be used in a publication, their name will not be on record and any details related to their 

privacy kept confidential. 
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4. RESULTS AND DISCUSSIONS 

4.1 Characteristics of the Sample Smallholder Farmers 

4.1.1. Demographic Characteristics 

During this study, a total of 204 respondents were interviewed from Tigithi and Thingithu wards 

of which 77.9% were male-headed households while 22.1% were female headed households. In 

spite of this, decision making over land use was mainly done by either the females (37.3%) in the 

household or jointly by both males and females (37.3%), while 24% of the respondents stated 

decision making was done by male and 1.4% by the entire family. More women taking up the role 

of decision making can partly be attributed to their spouses engaging in other activities to generate 

more income as only 76.5% of the households had farming as their primary source of income. 

Most of the farmers (74.5%) in the study area were married, 14.2% widowed, while only 6.9% and 

4.4% were divorced/separated from their spouses and single respectively.  Most of the respondents 

were older with the average age of the household head being 58.28 years with a standard deviation 

of 14.12. The sampled respondents were found to have an average of 26.5 years of farming 

experience with a standard deviation of 11.6. Farmers in Thingithu ward had relatively more 

farming experience with a mean of 28 years against 25 years for farmers in Tigithi ward. 

4.1.2. Socio-Economic Characteristics 

The average value of farm assets owned by the respondents was 50,576KES with a standard 

deviation of 138,329. The main assets included farm equipment (e.g. jembes, machete, hoes and 

ox-plough), spades, rakes, wheelbarrows, chaff cutters, water tanks and pumps. Respondent 

farmers from Tigithi had an average value of assets of 57,197 KES which was higher compared to 

41,849 KES for respondents in Thingithu ward. Out of the samples households, 76.5% depended 

on farming as the primary source of income, 9.3% on casual labour, 5.9% employment, 4.4% on 

remittances from the government and/or relatives and 3.9% on business. Average annual income 

from non-farm ventures was 55,080KES with a standard deviation of 104,419 with average income 

for farmers in Thingithu being higher at 55,952KES against 54,419KES for those in Tigithi ward. 

Out of the total sampled households 87.7% of the respondents belonged to a social group whereas 

only 26.5% belonged to an agricultural group. The social groups are organized in Self Help 

Groups, Savings and Credit Co-operatives (SACCOS), Welfare, Women and Church groups. On 

the other hand, agricultural groups are organized into Cooperatives, Water Resource Users 
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Associations, Professional agricultural bodies, Farmer Groups, Pastoral Field Schools and 

Community Based Organizations. Out of the 54 respondents that were members of an agricultural 

group, 46.3% were from Thingithu ward whereas the remaining 53.7% were from Tigithi. 

Table 2: Summary of socio-economic characteristics of the sampled households 

Variable Percentage 

respondents (n=204) 

By ward  

Tigithi                    Thingithu 

Membership to agricultural group  NO             YES 

 73.5            26.5 

For those with group membership 

53.7 %                        46.3% 

Average value of farm assets 

(KES) 

 50,576  57,197                        41,849 

Average annual non-farm income 

(KES) 

 55,080  54,419                        55,952 

 

4.1.3. Institutional Factors 

The 32.8% respondents who reported that they had access to extension services had an annual 

average number of contacts of 6.16 days with a standard deviation of 14.81. The difference in 

number of contacts is due to 4.5% of the respondents having over 48 contact days per year and 

mainly engaged in contract farming. Farmers received extension services from different sources. 

Out of the 67 households that had access, 55.2% received extension services from Government 

extension workers, 25.4% NGOs, 25.4% from Private institutions and 4.5% from other farmers. 

The respondents in Thingithu ward had more access to extension services (56.72%) compared to 

Tigithi ward, 43.28% which is the case due to close proximity to Nanyuki town where county 

agricultural offices are situated. 

Half of the sampled households had access to credit with 39.2% of those with access having 

obtained it from self-help groups, 18.6% SACCO, 13.7% bank as the top three money lenders. A 

good fraction (44.1%) of the households with access to credit channeled these resources to on-

farm adjustments to climate change and purchasing livestock, 11.8 utilized resources for both 

agricultural activities and additional needs such as household consumption, paying school fees, 

settling medical bills and as business capital while the remaining 44.1% used the resources for 

purely non-agricultural activities. The respondents in Tigithi ward had more access to credit 
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(59.8%) compared to Thingithu ward, 40.2%. More respondents (57.4%) in Tigithi ward were 

members of a social group compared to 42.46% in Thingithu ward which explains the better access 

to credit resources. 

Table 3: Institutional characteristics of sampled households 

Characteristic % Respondents 

(n=204) 

Source for those with 

access 

Percentage respondents 

with access by ward 

 NO            YES    % Respondents Tigithi             Thingithu 

Extension 

access 

67.2          32.8 Government                 55.2 

NGOs                           25.4 

Private Institutions       25.4 

Other Farmers                4.5 

   43.28                   56.72 

Credit access 50              50 Self Help Group           39.2 

SACCOs                       18.6 

Bank                             13.7 

Microfinance                  8.8 

Mobile money                8.8 

Local money lenders      5.9 

Cooperative                    2.9 

County government       2 

   59.8                        40.2 

Weather and 

Climate 

Information 

access 

3.9             96.1 Radio                             89.3 

TV                                 34.7 

Other Farmers                 5.6 

SMS                                4.1 

Relatives                        1 

Government                   1 

Internet                           0.5 

NGOs                             0.5 

   57.7                        42.3 

Distance to market (minutes)                    58.29     42.3min                 79.3min                         

Weather and climate information was found to be accessible to 96.1% of the total respondents and 

obtained from different sources. However, only 39.3% of those with access confirmed utilizing 



45 
 

 

this information to plan and readjust their farm management activities while others mentioned 

unreliability of the information received on many occasions thus expressing their lack of trust in 

it. ICT tools precisely radio and television were the common means through which farmers 

obtained weather and climate information with 175 and 68 respondents respectively. 

The respondents reside within an average of 58.29 minutes of walking time from the nearest market 

with a standard deviation of 45.68 minutes. Despite this, 75.5% of the total respondents sold their 

farm produce to brokers who collect the produce from their farms while an additional 4.9% sold 

to multiple markets including brokers. Some of the locations in the study areas are remote with 

poor transport networks thus cut off from the main town, Nanyuki from where better services can 

be accessed. Some of the markets to which respondents have closer proximity to are basically less 

developed shopping centers where access to farm inputs remains a challenge.  In addition, among 

the respondents with membership to an agricultural group, only 9.3% benefit from market access 

for their farm produce. 

4.1.4. Farm and Farming Characteristics 

The mean farmland size operated by the sampled households was 2.43acres with a standard 

deviation of 1.38. This value is considerably greater than the county average which can be 

explained by the inclusion, in analysis, of other plots of land acquired by renting or otherwise that 

farmers are utilizing for all farming activities and not just the land owned by the household or that 

only used for crop production. Land ownership status of the main plot for agricultural production 

differed with 77.5% of the sampled households owning their land with title deeds. This accounted 

for the largest share of land ownership category while 16.2% depended on inherited land for 

agricultural activities, 4.9% rented out land, 1% did not have a title deed for their private land and 

0.5% relied on land owned by their children. 

The main system of production was mixed farming with food crops only (70.1%) followed by 

mixed farming with both food and horticultural crops 21.6%, mixed farming with cash crop 3.4%, 

crop farming 2.9%, mixed farming with horticulture only 1% and livestock farming 1%. The main 

food crops were maize, beans and potatoes; horticultural crops were mainly cabbages, tomatoes, 

onions, snow peas and french beans and; cash crops included tea tree, khat, tobacco and sorghum. 

Kitchen gardens consisted of additional food crops such as sweet potatoes, spinach, kales and 

pumpkins while fruits were mainly tree tomato and passion fruits. The average livestock owned 
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for the sampled households was 3.24TLU with a standard deviation of 2.47 with the common 

livestock being dairy cows, goats, sheep and chicken. A relatively high proportion of the 

respondents (82.4%) had access to certified seeds. Out of the households with access to these 

seeds, 64.9%, 0.6%, 1.2% used certified maize, beans and horticultural crops respectively while 

33.3% had access to at least two or more certified seed including potatoes. 

Table 4: Farm and farming characteristics of sampled households 

Characteristic                                          Percentage Respondents (n=204) 

Size of farmland (Acres) 2.43                                          Tigithi                   Thingithu 

                                                  2.38 Acres            2.48Acres 

Land ownership status Private with title deed                                    77.5 

Private without title deed                                 1 

Inherited                                                         16.2 

Rented                                                              4.9 

Owned by their children                                  0.5 

                                                 Tigithi                   Thingithu 

Private with title deed              41.18                      36.27 

Tropical Livestock Units (TLU) 3.24                                          2.85TLU                 3.76TLU 

                                                     

 

4.2. Perception of Climate Change and Variability 

Farmers ability to perceive climate change is a pre-requisite for their choice to adapt and in turn 

adopt smart agricultural practices, techniques and technologies. To identify the various strategies 

that farmers in the study area have taken up, their perception of climate change and variability was 

evaluated first. Farmers were requested to compare the current weather conditions to those of 

previous decades and to state their perception of other climatic parameters like rainfall intensity, 

distribution, onset and end dates, temperature and frequency of drought events in the past 10years. 

Perception was measured on a five-point Likert scale and frequencies of the responses analyzed 

using Microsoft Excel. Figures 4 present farmers’ perceptions on climate change and variability.  

The findings indicate 100% of the respondents had noticed changes in climate in the past 20-

30years. Figure 4 shows that majority of the respondents were found to perceive a decrease in 
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rainfall amounts in comparison to those that perceived an increase. Less than half of the sampled 

population (41.7%) had perceived a decrease while 10.8% perceived a great decrease in rainfall 

amounts in the period 2000-2009 while for the period 2010-2019, 39.2% and 11.8% perceived a 

decrease and great decrease respectively for the period. A good number of respondents were keen 

to note that although the year 2019 had received better rainfall, the rest of the time period was 

characterized by low rainfall amounts in comparison to the previous decade. The increase in 

rainfall for the years 2018-2019 could explain the 36.8% who perceived an increase and 6.9% who 

noted a great increase in rainfall. 

A larger percentage of the farmers (44.6%) perceived a decrease and great decrease (1.5%) in 

rainfall intensity during March-April-May (MAM) rainfall season whereas 36.8% had perceived 

an increase and 10.8% great increase in intensity during October-November-December (OND) 

season. Rainfall distribution was reported to be poor (68.1%) and very poor (11.3%) for MAM 

and poor (52%) and very poor (14.2%) for OND. Poor distribution of rainfall went hand in hand 

with reported changes in the cropping seasons as a result of delayed onset (63.2% and 62.3% of 

total respondents) for both MAM and OND. The respondents had also perceived extremely 

delayed onset of MAM (14.7%) and OND (10.3%). Rainfall season was perceived to be short as 

indicated by 50% of the respondents who responded to early and 9.3% extremely early for MAM 

end dates and 46.1% early and 12.3% extremely early for OND end dates. The farmers mentioned 

having to plant a second time, low yields and crop failure as some of the challenges they face as a 

result of unpredictable rainfall patterns, poor rainfall distribution and shorter seasons.  

Temperature was perceived to have increased over the years by 48.5% and 32.8% and greatly 

increased by 10.3% and 27% for the periods 2000-2009 and 2010-2019 respectively. Only 11.8% 

and 12.3% maintained that there had been no changes in temperature over the years respectively 

stating that the region, being a semi-arid area, has always experienced hot temperatures. However, 

the farmers claimed that mornings were particularly cold resulting into crop damage due to frost 

with 26.5% of the sample population having perceived a decrease in temperatures. 

Some of the drought years mentioned were 1984, 1994, 2000, 2008, 2014, 2016 and 2017 while 

2018 and 2019 were said to have received relatively higher amounts of rainfall. Other respondents 

could not clearly identify the years they had experienced drought but mentioned it occurred every 

5years while others stated every 3years followed by 1-2years of good rainfall. A majority (61.3%) 
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of the respondents perceived a high intensity of drought events while 10.8% had noticed an 

extremely high intensity.
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Figure 3: Farmers perception of climate variability 

An analysis of rainfall trends based on climate data obtained from the Center of Training and 

Integrated Research in ASAL Development (CETRAD) from their weather station situated within 

the study area, showed a declining trend in the total annual rainfall for the last 31years. The climate 

data obtained from CETRAD’s Matanya station which is located within the study area had gaps. 

The gaps for rainfall data were between September 2006- January 2009. However, the quality of 

available data was deemed adequate for analysis in this study. As shown in Figure 5, the average 

decrease was 1.04mm of rainfall per year (y=-1.0437x+2844.1) with a coefficient of variation(CV) 

of 11.68%. The low CV indicates low annual rainfall variability within the period. A further 

analysis on the decadal rainfall variability show a slightly higher CV of 14.14% still signifying 

low variability of rainfall within the two decades. These results agree with the larger percentage 

of farmers who had perceived a decrease in rainfall amounts. 

 

Figure 4: Trend of total annual rainfall amounts received in Laikipia Central Sub-County 

Source: Center of Training and Integrated Research in ASAL Development 

For further verification of farmers’ responses on rainfall intensity, patterns of heavy precipitation 

days for both MAM and OND was established as displayed in Figure 6. Changes during the OND 

season were more distinct in comparison to changes during MAM season. Number of days with 

precipitation greater than 10mm were decreasing while those with greater than 20mm were 

increasing during OND season. This corresponds with 47.6% of the respondents who perceived 

increased intensity of rainfall during OND.  
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Figure 5: Number of days with precipitation >20mm and >10mm respectively during the 

cropping seasons 

Source: Center of Training and Integrated Research in ASAL Development 

Analysis of drought events indicated that the years that recorded low total annual rainfall, 

significantly less than the long term average, were 1991, 1992, 1999, 2000, 2004, 2009, 2014 and 

2017. This was in line with farmers’ perception that drought occurred every five or three years 

particularly in the most recent events. 

There was a positive correlation between farmers’ perception of increased temperatures with the 

recorded climatic data on temperature. There were gaps between August 2006- January 2009 for 

data on temperature but the available data was regarded as ample for analysis and plotting of the 

trend lines. Analysis of the data indicated an increase in average annual, maximum and minimum 

temperatures with the trend line showing an increase by a factor of 0.069, 0.035 and 0.1009 

respectively as presented in Figure 7. CV for minimum temperature was 15.73% and maximum 

temperature 7.65% signifying low variability over the years. 
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Figure 6: Average annual, maximum and minimum temperature trends in Laikipia Central sub-

county 

Source: Center of Training and Integrated Research in ASAL Development 

The findings on overall climate change are consistent with previous works by Asayehegn et al. 

(2017) and Wolka and Zeleke (2017) who reported that 84% and 100% of the farmers respectively 

had perceived the overall climate change in their areas. The findings of this study on rainfall and 

temperature changes are in line with other studies by Jiri et al. (2015) in Zimbabwe; Asayehegn et 

al. (2017) in Central Kenya; Saguye (2017) in Southern Ethiopia; Wolka and Zeleke (2017) in 

Ethiopia; Asrat and Simane (2018) in North-West Ethiopia; who reported that farmers had 

perceived an increase in temperature and a decrease in rainfall. Saguye (2017) also reported that 

farmers had perceived longer periods of drought and shorter rainy seasons characterized by late 

onset and early termination while Jiri et al. (2015) indicated that farmers perceived a noticeable 

change in the onset and duration of rains. 

4.2.1. Climate Change and variability Impacts 

Farmers experienced different effects of climate change and variability and at different intensities 

given their different economic situations and adaptive capacity. Perceptions of intensity of the 

impacts was measured on a five point likert scale (1=very little, 2=Little, 3=Moderate, 4=Severe, 

5=Very severe). This was narrowed down to three scales for analysis purposes and in order to 

y = 0.069x - 119.68
R² = 0.1643

y = 0.035x - 44.336
R² = 0.0279

y = 0.1009x - 190.86
R² = 0.285

0.00

5.00

10.00

15.00

20.00

25.00

30.00

1985 1990 1995 2000 2005 2010 2015 2020 2025

A
ve

ra
ge

 T
em

p
er

at
u

re

Years

ANNUAL AVERAGE MAXIMUM

MINIMUM Linear (ANNUAL AVERAGE)

Linear (MAXIMUM) Linear (MINIMUM)



52 
 

 

incorporate responses of No impact. The three scales included: No Impact, High impact (likert 

scale 4-5) and low/medium impact (likert scale 1-3). Reduction of crop yield was experienced at 

high impact by 62.3% of the total sampled households; incidence of crop/livestock pests, parasites 

and diseases 62.2%; reduction in yield quality 48% and; reduction in milk yield 42.6%. 

As a result of climate change impacts on productivity of agricultural activities, 70.6% of the 

samples households reported experiencing food shortage while 47.1% sold household assets to 

meet either food needs or other responsibilities since income from their enterprises was not 

sufficient to meet all their household needs. Conflict experience in the area was found to be 

encountered in the form of resource use conflict, human-wildlife, theft of both livestock and 

produce on the farm as well as cattle rustling. Over half of the sampled households (55.9%) 

reported having experienced at least one of the conflicts although farmers noted that the security 

situation had improved in the area over time. 

 

Figure 7: Farmers’ perception of climate change impacts on households 

Some of the institutions and organizations identified by the respondents to have offered support to 

the communities to address the above impacts of climate change included CARITAS, Ol Pejeta 

Conservancy, Sustainable Agriculture Community Development Programme (SACDEP), 

Syngenta, Tushibe Kenya, GROOTS Kenya, Nanyuki Earth Oil and agricultural officers from the 

County Department of Agriculture. Their support had been offered in form of agricultural training, 

relief food, provision of seeds, tracing stolen livestock, construction of man-made dams, provision 
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of dam liners, tanks, drip kits and fruit tree seedlings. Only 38.7% of the respondents stated they 

had received support to address the impacts while 36.3% received agricultural training from these 

institutions. 

4.3. Adoption of Climate Smart Agriculture 

Following the decline in crop yield, milk yield and crop yield quality as well as an increase in 

pests, parasites and diseases as reported by the sampled households, farmers have taken up various 

strategies to increase productivity and resilience to climatic changes. These declines were 

attributed to unpredictable rainfall patterns and drought periods experienced in the area while 

increased disease incidence was also identified as an indicator of a changing climate during the 

interviews. The choice of strategies to use in overcoming climate change and variability impacts 

at the household level is influenced by opportunities that are shaped by the existing support 

systems such as geographical, ecological, socio-economic, cultural, political and institutional 

systems that shape human-environment interactions (Amare and Simane, 2017). In the study area, 

a total of thirty practices were identified to have been adopted by the smallholder farmers as shown 

in Table 5 below.  

The crop production practices identified in the study area included use of manure, early maturing 

varieties, integrated nutrient management, changes in crops cultivated, high yielding varieties, 

drought resistant varieties, crop diversification, organic farming, pest control using ashes and 

integrated pest management. The results indicate that 96.1% of the respondents use manure which 

was the most adopted practice in the area. The high adoption among the respondents could be 

attributed to 89.2% of them perceiving their soil to be moderately fertile to fertile thus only see the 

need to add manure as opposed to a combination of manure and fertilizer. The two types of manure 

found to be commonly used among the sampled households were farmyard and compost manure 

which is easily available in their homesteads. Some of the early maturing maize varieties included 

DH4, Katumani, H516, H520, Deca, H513, H517, DK8031 which mature within 90-120days; High 

yielding varieties included Duma, H614D, DH04, H627, H628 and Pioneer while; Drought 

tolerant varieties included DH04 and DK8031 as well as mwitemania bean variety. Sorghum 

varieties have also been adopted as part of drought escaping crops. 
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Table 5: Households’ Adoption of climate smart agricultural practices. 

Climate Smart Agriculture Practice % Adopters 

  N=204 

%Non-Adopters 

     N=204 

Use of manure 96.1 3.9 

Water harvesting techniques 86.8 13.2 

Intercropping 82.4 17.6 

Fodder production 79.9 20.1 

Manure management 76.5 23.5 

Early maturing varieties 67.6 32.4 

On-farm water conservation 59.8 40.2 

Agroforestry 55.9 44.1 

Crop rotation 53.9 46.1 

Change in planting dates 51.5 48.5 

Improved feed management 40.7 59.3 

Crop diversification 39.2 60.8 

Improved irrigation techniques 29.9 70.1 

Integrated nutrient management 26.5 73.5 

Changes in crops cultivated 25.5 74.5 

High yielding varieties         24          76 

Drought resistant varieties 21.6 78.4 

Conservation tillage 17.2 82.8 

Switch to high yielding livestock breeds 13.7 86.3 

Switch to indigenous livestock breeds and/or species         13.7          86.3 

Pasture management 13.7 86.3 

Reduce land under crop cultivation 12.3 87.7 

Destocking 6.4 93.6 

Organic farming 5.9 94.1 

Zero grazing 5.4 94.6 

Livelihood diversification 3.9 96.1 

Pest control using ashes 1.5 98.5 

Aquaculture 1.5 98.5 

Integrated Pest Management 1 99 

Apiculture 1 99 

 

A larger percentage (67.6%) of the respondents adopted the early maturing varieties which is in 

line with the perception of shorter seasons. Besides adoption of different varieties, farmers have 

also diversified the crops they produce to shield themselves against total crop failure and provide 

improved nutrition for the household. 

Some of the farmers (25.5%) reported having changed the crops planted due to different reasons 

that include: water issues, increased incidence of diseases, attack by birds, increased temperatures 
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and declining crop yields. The abandoned crops included cabbages, tomatoes, wheat, green peas, 

onions, spinach in favour of sorghum, sweet potatoes, pumpkin, tea tree, tree tomato farming, 

fodder production and establishment of kitchen gardens for household nutrition. 

 In pest control, a combination of integrated management and innovative cultural methods have 

been adopted. For instance, the use of pesticides/insecticides to control maize stalk borer and use 

of ash to control nematodes for integrated pest management. The innovative cultural method 

identified was pest control using ashes. The low adoption of these practices following the 

perception of high impact of pest and diseases is indicative of a lack of awareness among farmers 

on how to effectively control pests. Only 26.5% of the sampled households used fertilizers in 

addition to manure application while 5.9% had converted their farming system to be entirely 

organic. In addition, farmers are engaging in participatory plant selection to identify the suitable 

varieties in the particular areas as well as those preferred varieties by farmers through 

establishment of experiment plots on individual farms although it is carried out as a group practice. 

A practice that is also currently being promoted by the Kenya climate smart agriculture project for 

beans and sorghum which constitute the value chains of interest to promote better adoption of the 

two crops. 

Fodder production, manure management, improved feed management, switch to high yielding 

livestock breeds, switch to indigenous livestock breeds and/or species, pasture management, 

destocking, zero grazing, aquaculture and apiculture were the livestock production practices 

adopted in the study area. Boma Rhodes grass and nappier were the commonly produced fodder 

adopted by 79.9% of the sampled households. Boma Rhodes grass has been promoted in the study 

area by various institutions and organizations as established from key informant interviews 

through offering support in form of seeds or links to affordable seed, training on fodder production 

and proper storage and value addition for instance making silage. In line with that, farmers have 

adopted improved feed management whereby they have improved grass species, forage 

legumes(hay), practice fodder conservation and diet supplementation. The farmers therefore feed 

their livestock on a combination of feeds consisting of some or all of the following: crop residues, 

nappier grass, hay, commercial supplements (e.g. cow salt and dairy meal) and grazing. 

Paddocking has been adopted as a pasture management strategy although adoption is low (13.7%) 
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while zero grazing has been adopted by 5.4% of the respondents. A good number of the 

respondents noted that they graze their livestock on the neighbouring uninhabited land. 

The relatively high rate of adoption of manure management (76.5%) could be explained by the 

fact that 99% of the respondents practiced mixed farming and can therefore produce manure from 

their livestock to use on their own farms. The two common methods of preparing manure were 

stockpiling whereby the manure heaps were covered or put under a shed and composting in pits. 

Local/ improved chicken breeds, rabbit farming, sheep and goats including dairy goats are some 

of the livestock species adopted as they are better adapted to the climatic environment as well as 

indigenous cattle breeds. 13.7% of the respondents had high yielding cattle breeds or improved 

breeds through artificial insemination for increased productivity. The high yielding breeds 

included friesian and ayrshire.

Aquaculture and apiculture were the other two practices adopted in the area though with low 

adoption 1.5% and 1% of total respondents respectively. Aquaculture, though it has good returns, 

is particularly capital intensive which makes it a challenge for farmers to take it up coupled by 

cold morning and night temperatures which extends maturity of fish up to one year thus a long 

period before a farmer can start reaping the benefits, according to a fisheries extension officer 

working in the area. On-farm water conservation techniques included terraces, trenches, planting 

pits, furrows and grass strips. This was done to enhance infiltration while reducing run-off thus 

taking advantage of the rains received to achieve moisture retention. The grass strips also serve to 

produce fodder for livestock. Water harvesting constituted of man-made dams/ponds and storage 

tanks for roof harvesting. Mostly, the harvested water was for household use, supplemental 

irrigation during dry periods and to irrigate vegetables in the kitchen gardens. 

Intercropping, agroforestry, crop rotation, conservation tillage and reduction of land under crop 

cultivation constituted the land use strategies taken up by the sampled households. Intercropping 

was the most adopted at 82.4% with some farmers practicing it due to land constraints. Also, 

intercropping allowed farmers to minimize chances of complete crop failure while increasing 

productivity. Crop rotation was practiced by 53.9% of sampled households helping improve soil 

health and break pest and disease cycles. In intercropping, the main food crop was identified as 

maize often intercropped with beans and potatoes. 
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Conservation tillage was utilized by 17.2% who observed minimum soil disturbance to enhance 

soil moisture retention and improve soil health. Following consistent low yields of food crops 

12.3% of total respondents had opted to reduce land under crop cultivation venturing into more 

productive ventures such as fodder production. Different types of agroforestry had been taken up 

including boundary planting, fruit-based (tree tomato, pawpaw, mangoes, avocado, oranges) and 

woodlots. Purposes for these agroforestry trees was fuel production, source of income through sale 

of fruits, improved nutrition when fruits are consumed in the household, source of timber and wind 

breaking. 

Despite a majority of the sampled respondents undertaking water harvesting, irrigation was 

adopted by only 29.9%. Out of the sampled households that practiced irrigation, only 14.8% 

utilized drip irrigation while 62.3% used surface irrigation, 21.3 sprinkler irrigation and 1.6% a 

combination of surface and sprinkler irrigation. Surface irrigation, precisely basin and furrow, 

were mainly used in the production of onions, tomatoes and beans as pure stand. Among the 

farmers practicing irrigation, 68.9% were from Tigithi ward and 31.1% from Thingithu ward. 

Irrigation farming is more common in Tigithi due to presence of river Nyariginu hence availability

of water for irrigation in addition to other ground water sources such as wells and boreholes. 

Changing timing of farm operations to address the changing duration of growing seasons and 

associated changes in temperature and moisture for instance practices like late or early planting 

were also adopted in the study area. Out of the total sample population, 51.5% reported having 

changed their planting dates due to changes in rainfall adopting either late or early planting. Early 

planting was to take advantage if rains came on time while also allowing second planting in case 

they delayed and late planting was dictated by the late onset of rains when there would be enough 

moisture to support growth. From the farmer interviews, farmers would plant by 15th of March 

during the MAM rains and around mid-October during OND but that has since changed due to 

unpredictability of rainfall patterns. 

Climate change and variability has had varying impacts on agricultural activities of the farmers in 

the study area forcing some of the sampled households diversify their income due to the 

unreliability of farm produce. 3.9% of the respondents had diversified into off/on farm activities 

to increase their income streams. The activities included casual labour on other farms, non-

agricultural business for example brick making and motorbike transport services, and 
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establishment of tree nurseries for sale of tree seedlings. While all respondents reported to have 

adopted at least one of the CSA practices, 15.7% of them stated that the practices had not helped 

them cope with climate change and variability against 84.3% who reported seeing the benefits of 

the practices. 

Out of the thirty CSA practices identified in the study area, only eight were used for the 

econometric analysis of determinants of adoption. Considering the goal is to promote adoption of 

these practices by more farmers, analysis of only the most adopted practices, as indicated by 

percentage of adopters, in the area would not provide the best outlook into factors that encourage 

adoption as well as those limiting the same.  Therefore, a combination of both crop and livestock 

practices that have relatively lower adoption rates were selected for the analysis to provide better 

insights.

Key informant interviews revealed that a lot of support has been offered to the farming 

communities through several projects in the past as well as current ones. Support to cope with 

climate change cuts across all the aspects of their livelihoods. One major project whose presence 

in several households was felt was the Integrated Adaptive Livelihood and Agriculture Project 

with a focus on climate change, livelihoods and Agriculture. The religious based organization 

distributed water tanks, provided dam liners, tree seedlings, drip kits, promoted drought escaping 

crops, helped establish tree nurseries for the communities, gave dorper sheep and chicken to farmer 

groups, provided boma rhodes grass seeds and built aggregation centers to support better 

marketing and most importantly, address conflict resolution and change the communities’ mindset 

for them to embrace adaptation and adopt new agricultural technologies. 

Various departments in livestock, agriculture, fisheries and forestry continually offer extension 

services to farmers promoting smart practices such as conservation agriculture, timeliness of all 

farm operations, soil and water conservation techniques, drip irrigation, crop rotation, nursery 

enterprises, agroforestry, bee keeping, rabbit and local poultry farming, energy saving jikos and 

alternative energy sources, pasture and fodder establishment and conservation, fish farming, 

livestock breed improvement, feed formulation among others. Other services include soil testing, 

timely weather advisories, linkages to funding, climate change awareness and adaptation options, 

forest conservation training, construction of ponds, stocking rate, training on record keeping, value 

addition and marketing. 
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Scarcity of water resources puts the available river resources at a risk of overexploitation and is 

also a source of conflict for upstream and downstream users. Water Resources Management 

Authority engages water resource users’ associations (WRUAs) in the conversation of water 

resources and has a permit system in place to regulate irrigation practices. They train farmers on 

proper methods that reduce wastage and control pollution of these resources. They also monitor 

the river systems, have early warning systems in place and undertake rationing during the dry 

periods. The Kenya Meteorological Department office in the county obtains data from their Mt. 

Kenya baseline Global Atmospheric Watch Station and provide seasonal and weekly weather 

forecasts distributed to various offices in the county after which the department of agriculture 

provides agro-advisory to farmers. Additionally, extension services and capacity building of 

WRUAs alongside other farmer groups is provided by private institutions. Ol Pejeta Conservancy 

in particular plays a crucial role in addressing human-wildlife conflict through sensitization on 

wildlife conservation and promoting livelihood improvement to solve conflicts between farming 

and pastoralist groups which in turn has a positive ripple effect on the communities’ participation 

in wildlife conservation. 

Currently, Kenya Climate Smart Agriculture Project (KCSAP) is running in Laikipia county with 

one ward (Tigithi) of this study being one of the project sites. Support is being offered to various 

farmer groups focusing on five value chains identified to have the greatest capacity to transform 

production in the county into productive ventures. Sorghum, bean, dairy, sheep and poultry value 

chains are of interest thus already addressing an existing gap as illustrated by the findings of this 

study precisely on adoption rates of smart practices. KCSAP is promoting adoption of 

technologies, innovations and management practices across the above mentioned value chains 

from production to marketing of the produce. Research and learning institutions such as KARLO-

Naivasha and Egerton University Seed Unit have partnered with the County in provision of seeds 

and livestock including poultry. Some of the bean varieties include Chelalang, Nyota, Ciankui, 

KAT B1 and KAT X56. 

The common challenges identified by support institutions and organizations in working with 

farming communities were insufficient funds and inadequate man power to reach out to farmers 

in remote areas given the infrastructural challenges. Slow adoption of practices citing that the 

larger percentage of farmers are older hence requiring a bit more persuasion for them to make 
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adjustments to their practices; overreliance on donor funding such that after a project ends only a 

few of the beneficiaries continue practicing the promoted technologies; power struggles in the 

groups or selfish interests that undermine the capacity of groups to bring about positive impact and 

poor monitoring and evaluation. 

4.4. Determinants of Adoption of Climate Smart Agricultural Practices 

This study applied a multivariate probit model to study the determinants of adopting multiple CSA 

practices namely: crop diversification, manure management, change of crops, change of planting 

dates, high yielding varieties, on-farm water conservation, fodder production and crop rotation. 

An alternative approach would have been to use simple univariate limited dependent variable 

models such as the univariate logit or probit models, however applying such models would not 

carefully cater for the potential correlation among the different choices of CSA practices farmers 

could adopt (Deressa et al., 2009; Wainaina et al., 2016). A multinomial logit model was also an 

option however, the assumption of independence of irrelevant alternatives did not hold. The MVP 

model overcomes the limitations of the univariate probit or logit models and that of the 

multinomial logit models (Cappellari and Jenkins, 2003) highlighted prior. Hence, the MVP was 

the appropriate approach for the study. The MVP is a limited dependent variable (binary response) 

model used to assess the influence on multiple dependent variables of several independent 

variables simultaneously, which permits errors terms to correlate freely (Kariuki and Loy, 2016; 

Wainaina et al., 2016).  

To assess whether multicollinearity was a problem in the group of selected explanatory variables 

included to explain adoption of CSA practices, variance inflation factors (VIFs) of all explanatory 

variables was checked. All VIFs were less than 10 and way lower with average VIF found to be 

around 1(1.23) therefore multicollinearity was not a problem at all. In addition, the choice of MVP 

model is supported by the numerous significant correlation coefficients between error terms of 

adoption equations that imply the decision to adopt one practice affects the decision to adopt other 

practices. Several correlation coefficients between the eight technologies are significant at 1%, 5% 

and 10% significance level as shown in table 6 below. 
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Table 6: Correlation Matrix from the MVP Model 

 Crop 

diversifi

cation 

Manure 

manage

ment 

Change 

of 

crops 

Change 

of 

plantin

g dates 

High 

yieldin

g 

varietie

s 

On-

farm 

water 

conserv

ation 

Fodder 

product

ion 

Cro

p 

rota

tion 

Crop 

diversification 

1        

Manure 

management 

-0.162 

(0.134) 

1       

Change of 

crops 

-0.053 

(0.128) 

0.256 

(0.159) 

1      

Change of 

planting dates 

-0.221* 

(0.107) 

-0.465** 

(0.165) 

-0.154 

(0.143) 

1     

High yielding 

varieties 

0.083 

(0.136) 

-0.450*** 

(0.130) 

0.011 

(0.155) 

-0.036 

(0.123) 

1    

On-farm 

water 

conservation 

0.158 

(0.107) 

0.150 

(0.121) 

-0.029 

(0.135) 

-0.276* 

(0.120) 

-0.043 

(0.131) 

1   

Fodder 

production 

0.085 

(0.130) 

0.389*** 

(0.115) 

-0.058 

(0.146) 

-0.249 

(0.131) 

-0.088 

(0.133) 

0.082 

(0.130) 

1  

Crop rotation 0.609*** 

(0.163) 

-0.459*** 

(0.127) 

0.259 

(0.149) 

-0.177 

(0.123) 

0.184 

(0.121) 

0.054 

(0.120) 

-0.065 

(0.131) 

1 

Notes: *** significant at 1%, **significant at 5%, and * significant at 10%. 95 % confidence intervals in 

parentheses. Estimates are based on robust standard errors that account for clustering at the ward level. 
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Table 7: Descriptive statistics of variables 

VARIABLE MEAN STD DEV 

Crop diversification 0.392 0.489 

Manure management 0.765 0.425 

Change of crops 0.255 0.437 

Change of planting dates 0.515 0.501 

High yielding varieties 0.240 0.428 

On-farm water conservation 0.598 0.492 

Fodder production 0.799 0.402 

Crop rotation 0.539 0.500 

Farming experience 26.495 11.596 

Gender of Decision maker_Female 0.373 0.485 

Assets 50576.471 138329.828 

Non-farm income 55080.882 104419.478 

Farm size 2.425 1.382 

Soil fertility_Fertile 0.588 0.493 

Land_privately owned with title deed 0.784 0.412 

Access to Weather Climate Information 0.961 0.195 

Access to extension 0.328 0.471 

Access to Credit 0.500 0.501 

Agricultural group membership 0.265 0.442 

Market distance 58.294 45.685 

TLU 3.243 2.470 

Conflict Experience_high 0.250 0.434 

Rainfall_decrease 0.510 0.501 

CSA_Ward 0.431 0.496 

 

It was established that farm, socio-economic, cognitive and institutional factors significantly 

influenced adoption of climate smart agricultural practices positively and/or negatively to enhance 

agricultural productivity and increase resilience of the farmers. A detailed analysis of those 

variables is under table 8 and would be instrumental in formulation of strategic interventions by 

various institutions and organizations involved in addressing climate change impact on agriculture. 
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Table 8: Multivariate probit results for determinants of adoption of CSA practices 

Number of observations(n=204); log pseudolikelihood= -694.44899; Prob>chi2= 0.0000; Wald chi2 (112) =538.78. Notes: *** significant at 

1%, **significant at 5%, and * significant at 10%. 95 % confidence intervals in parentheses.

Variables Crop 

Diversification 

Manure 

Management 

Change of 

Crops 

Change of 

Planting Dates 

High Yielding 

Varieties 

On-farm Water 

Conservation 

Fodder 

Production 

Crop Rotation 

 Coefficie

nt 

Std. 

error 

Coefficie

nt 

Std. 

error 

Coeffici

ent 

Std. 

error 

Coeffic

ient 

Std. 

error 

Coefficie

nt 

Std. 

error 

Coeffic

ient 

Std. 

error 

Coeffici

ent 

Std. 

error 

Coeffici

ent 

Std. 

error 

Decision 

maker_female 

-0.285 0.219 -0.224 0.250 -0.029 0.237 0.365 0.221 -0.094 0.225 -0.205 0.213 -0.108 0.215 -0.091 0.213  

Farming 

experience 

-0.000 0.010 0.000 0.010 0.015 0.009 -0.016 0.009 0.002 0.009 0.007 0.009 -0.001 0.010 -0.006 0.010 

logAssets 0.274* 0.112 -0.197 0.122 0.085 0.108 0.046 0.102 0.185 0.111 0.135 0.102 0.139 0.107 0.232* 0.098 

logNon-farm 

income 

0.006 0.019 -0.006 0.020 0.028 0.021 -0.004 0.018 -0.035 0.020 -0.003 0.019 0.013 0.022 0.010 0.019 

Farm size 0.095 0.081 -0.092 0.097 0.159 0.084 -0.092 0.077 0.064 0.081 -0.024 0.080 0.183 0.095 0.232** 0.080 

Soil 

fertility_fertile 

-0.041 0.217 -0.132 0.218 -0.230 0.214 -0.308 0.203 0.651** 0.226 -

0.474* 

0.205 -0.310 0.227 -0.043 0.204 

Land_title deed -0.788** 0.252 0.565* 0.258 -0.583* 0.229 0.292 0.227 -0.425 0.253 -0.323 0.257 0.200 0.249 -0.193 0.264 

AccessWeatherCl

imateInfor 

1.890** 0.670 0.757 0.502 -0.566 0.667 -0.360 0.469 -0.223 0.479 0.098 0.424 0.318 0.536 1.169* 0.544 

AccessExtension 0.473* 0.229 -0.304 0.236 -0.366 0.236 -0.296 0.205 0.288 0.211 -0.418 0.221 -0.030 0.235 0.419* 0.205 

AccessCredit 0.118 0.203 0.034 0.211 0.650** 0.221 0.483* 0.194 0.250 0.210 0.164 0.199 0.047 0.223 0.262 0.196 

Agricultural Grp. 

Membership 

0.714** 0.263 -0.062 0.263 0.604* 0.247 0.214 0.227 -0.159 0.264 0.581* 0.257 0.057 0.273 0.456* 0.229 

logMarketDistanc

e 

0.023 0.146 0.035 0.152 0.138 0.143 0.243 0.125 -0.136 0.134 -0.158 0.135 0.286* 0.144 -0.223 0.133 

TLU 0.018 0.041 0.439*** 0.133 -0.047 0.050 -0.051 0.049 0.010 0.047 0.005 0.048 0.092 0.060 -0.011 0.048 

ConflictExperien

ce_High 

-0.110 0.256 -0.460 0.263 -0.593* 0.273 -0.044 0.233 0.225 0.242 -0.287 0.239 -0.459 0.288 -0.145 0.228 

PerRain_Decrease 0.360 0.201 -0.074 0.222 0.044 0.217 -0.389 0.200 -0.583** 0.219 0.307 0.199 0.441 0.226 -0.425* 0.198 

CSA_Ward -0.494* 0.230 0.507* 0.230 -0.472* 0.238 0.411* 0.197 0.196 0.219 0.035 0.218 0.307 0.233 0.136 0.219 

Constant -4.928*** 1.298 0.768 1.312 -1.933 1.297 -0.483 1.171 -1.982 1.238 -0.264 1.145 -2.819* 1.244 -2.833* 1.159 
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The MVP pseudolikelihood ratio test (-694.44899), Prob>chi2= 0.0000, shows a significant p-

value indicating that the overall model including the dependent and independent variables was 

significant and thus appropriate and a good fit. The results in table 8 show that farm assets 

positively influenced adoption of crop diversification and crop rotation at 10% significance level.  

It was more likely for households with more farm assets, signifying availability of farm equipment 

and wealth, to diversify their crops and practices crop rotation. Results confirm the findings of 

Makate et al. (2018) which indicated that cluster groups of households with ownership of the most 

farm assets recorded higher rates of use of crop diversification and integrated soil fertility 

management which is inclusive of crop rotation. 

Farm size influenced adoption of crop rotation positively at 1% significance level. Farmers with 

larger parcels of land were more likely to take up crop rotation as opposed to those with smaller 

parcels. This could be because more land allows for changing the location of crops as well as 

growing crops as pure stands unlike smaller parcels of land where a farmer does not have much 

flexibility hence settling for a practice like intercropping instead. These results contradict the 

findings of Amare and Simane (2017) who argued that farmers with more cultivated land are less 

risk averse and therefore do not bother about agronomic practices to reduce impacts of climate 

change and variability. Results indicated a significant and negative influence on adoption of 

agronomic practices. However, Atsiaya et al. (2019) found that there was a significant positive 

relationship between land size and several CSA practices arguing that large size of farm enables 

farmers expand farm enterprises to lessen agricultural and climatic risks. 

Perception soil fertility influenced positively adoption of high yielding varieties at 5% significance 

level. Farmers who perceived their soil to be fertile, were more likely to plant high yielding 

varieties to maximize their yields unlike those who perceived their soil as infertile. However, it 

had a negative influence on adoption of on-farm water conservation at 10% significance. Thus, the 

same farmers were less likely to utilize on-farm water conservation techniques such as man-made 

dams, grass strips or even furrows. The probable reason is that constructing water conservation 

methods would decrease the farm size available for production like in the case of constructing a 

man-made dam. These results are in line with the findings of Wekesa et al. (2018) who reported 

that farmers who regarded their soil to be more fertile were likely to use crop management practices 
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such as improved crop varieties. However, it was contradictory in that the same farmers were more 

likely to implement field management practices like use of terraces.  

Although private land ownership with title deed had a positive influence on manure management 

adoption at 10% significance, it had a negative influence on adoption of crop diversification at 5% 

significance and change of crops at 10% significance level. The results suggest that households 

with secure land tenure were more likely to practice manure management but less likely to 

diversify or change crops that they cultivate than households with unsecure land rights. Farmers 

that enjoy all property rights with regards to land ownership, can easily invest in livestock and in 

turn manure management since they will still have access to future returns on their investment. 

Whereas households that do not enjoy all property rights could be more inclined to venture into 

profitable farm activities that will ensure the best returns with minimized risk while they still have 

access to the land resources. This validates previous work by Njarui et al. (2017) that secure land 

tenure significantly enhanced adoption of forages. 

As hypothesized, access to weather and climate information positively influenced adoption of crop 

diversification and crop rotation at 5% and 10% significance level respectively. Households with 

access to weather forecast information, were more likely to practice crop rotation and diversify the 

crops they cultivate as opposed to those without access to such information. Access to this 

information provides farmers with information on climatic changes as well as timely information 

on expected weather conditions and advice on changes they can make in their practices and farm 

operations. Crop diversification helps farmers spread out their risks in case of crop failure while 

crop rotation maintains soil health and controls pest and diseases. These results confirm the 

findings of other researchers on smallholders’ decision to adopt. Amare and Simane (2017) 

revealed that access to climate warning systems significantly and positively influenced adoption 

of soil and water conservation practices and agronomic practices. Similarly, Njabulo et al. (2018) 

found out that access to weather information improved the chances of using intensification and 

livelihood diversification practices since it assisted farmers make knowledgeable agronomic 

decisions. 

Access to extension services positively influenced adoption of crop diversification and crop 

rotation at 10% significance level. It was more probable for farmers with access to extension 

services to diversify their crops and practice crop rotation in comparison to those without access. 
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Farmers with frequent access to extension gain knowledge and technical know-how to implement 

practices promoted by extension workers. Consistent extension services increased the chances of 

a farmer to adopt conservation agriculture, use of terraces and intensification practices (Njabulo et 

al., 2018; Atsiaya et al., 2019). Atsiaya et al. (2019) also noted that extension workers provide 

training to farmers and act as a link between developers of a technology and its users therefore 

transferring these agricultural technologies to farmers to assist them offset the negative effects of 

climate variability and change. 

Access to credit influenced change of crops and change of planting dates adoption positively at 

5% and 10% respectively. Households with access to credit were more likely to adjust planting 

dates and change the crops they cultivate unlike those without access. Access to credit signifies 

availability of funds which in this study, positively related to change of crops and planting dates. 

Availability of credit minimizes constraints enabling farmers purchase seeds of crops they may 

not have previously planted and also, adjust planting times to reduce risk of loss for their 

investment. Similar results were reported by Amare and Simane (2017) whereby credit access 

positively influenced adoption of small-scale irrigation through easing cash constraints thus 

enabling farmers purchase irrigation equipment. Atsiaya et al. (2019) maintains that with finances, 

farmers are able to adopt practices that require significant investments for instance water 

harvesting and irrigation. He reported that access to credit was found to increase the likelihood of 

adopting cultural practices such as early planting, crop rotation and terrace construction. 

Membership to an agricultural group had a positive influence on adoption of four climate smart 

practices. Crop diversification at 5%, change of crops, on-farm water conservation and crop 

rotation all at 10% significance level. Being a member of an agricultural good increased the 

likelihood of a farmer diversifying crops, changing crops, using crop rotation and utilizing on-farm 

water conservation techniques. Belonging to an agricultural group for instance farmer group, 

cooperative, farmer field school or WRUA increase access to information on adaptation options 

and in some cases practical farm demonstrations hence enabling farmers take up the practices. 

Farmers engaged in cooperatives share and discuss innovative ideas, knowledge and challenges 

among themselves and engage in joint decision making (Saguye, 2016). In addition, group 

membership enhances access to credit thus enhanced capacity to invest in adaptation strategies. 

Also, when farmers see positive effects of strategies on their peers, they are likely to be influenced 
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to adopt the strategies (Atsiaya et al., 2019). Extension workers and other service providers use 

farmer groups as a channel to access farmers while mobilized labour in these groups could help 

achieve implementation of field management practices (Wekesa et al., 2018). 

Distance to the nearest market had a positive influence on adoption of fodder production at 10% 

significance level. Households further from the market were more likely to produce fodder 

contrary to what was hypothesized. While proximity to market increases the incentive of farmers 

to produce for the market, in this case, production of fodder makes more economic sense on bigger 

farm sizes which are available further away from market centers. Typical of the study area, land 

closer to markets is sub-divided into relatively smaller parcels whereas larger parcels of land where 

fodder production would be more profitable are further away. Additionally, livestock for which 

fodder is being produced require relatively more land space which may not be available close to 

market areas. Wekesa et al. (2018) contradicts these findings whereby distance to the input and 

output market influenced usage of CSA practices negatively. 

Number of livestock positively influenced adoption of manure management at 1% significance 

level. The more livestock a household had, the more likely they were to engage in manure 

management due to consistent availability of materials for preparation of the same. The findings 

corroborate those of Mwungu et al. (2018) that livestock ownership (TLU) significantly correlated 

with the adoption of minimum tillage. Number of cattle owned increases the chances of 

smallholder farmers adopting livestock practices, agronomic practices or a combination of both 

(Jiri et al., 2015).  

Conflict experience had a significant and negative influence on adoption of change of crops at 

10% significance level. It was less probable for farmers who had perceived high impact of conflict 

on their household to change the crops they cultivated. Crop theft and resource use conflict could 

discourage adoption of new crops which require cash and time investment in purchasing seeds and 

learning the proper agronomic practices for the production of the new crop respectively. 

Perception of a decrease in rainfall had a negative influence on adoption of high yielding varieties 

and crop rotation at 5% and 10% significance level. Farmers who perceived a decrease in rainfall, 

were less likely to practice crop rotation and plant high yielding varieties. This best portrays the 

risk averse nature of smallholder farmers where they may choose to forego benefits of practices 
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that pose a high risk. These findings validate those of Mwungu et al. (2018) who accounted that 

farmers perceiving higher rainfall, were more inclined to use improved varieties. 

It was more likely for a farmer in Tigithi ward to adopt manure management, change of planting 

dates at 10% significance and less likely for farmers in the same region to adopt crop 

diversification and change of crops at 10% significance. Households in Tigithi ward were more 

likely to adjust the planting dates and practice manure management but less likely to diversify their 

crops and change the crops they cultivated. A greater percentage of households in Tigithi ward 

with access to climate and weather information utilized it in their farm management which is a 

probable cause for their adjustments in planting times. A combination of less access to extension 

services and relatively smaller farm sizes for households in Tigithi ward could potentially explain 

the less likelihood for change of crops and crop diversification. Although contrary to expectations 

considering Tigithi is a CSA project site, these findings are in line with the influence of secure 

land rights on manure management, crop diversification and change of crops in that a greater 

percentage of households in Tigithi enjoy secure property rights in comparison to households in 

Thingithu ward. In addition, while crop diversification is a viable CSA practice to shield against 

total crop loss considering climate variability, the small land holding present the farmers with 

limited opportunity for diversifying crops. 
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5. SUMMARY, CONCLUSION AND RECOMMENDATIONS 

5.1. Summary and Conclusion 

This study aimed at evaluating the determinants of smallholder farmers’ adoption of climate smart 

agricultural practices in Laikipia Central sub-county, Kenya. The specific objectives of the study 

were to assess smallholder farmers’ perception of climate variability and change; examine Climate 

Smart Agriculture (CSA) practices used by farmers to adapt to climate variability and change and; 

analyze factors influencing adoption of CSA practices in response to climate variability and 

change. To achieve these objectives, primary data was collected from 204 smallholder farmers 

through interview schedule, eight key informant interviews and secondary climate data from 

Center of Training and Integrated Research in ASAL Development (CETRAD). Descriptive 

statistics and econometrics model were used in the analysis of data obtained from smallholder 

farmers and the determinants of CSA practices adoption identified and analyzed using Multivariate 

probit model. 

The findings of the study showed that all the farmers had noticed changes in climate over the years 

but with varying perceptions about the changes. Over half of the respondents (52.5%, 51%) 

perceived a decrease in rainfall over time for the periods 2000-2009 and 2010-2019 respectively. 

Most farmers (46.1%) perceived a decrease in intensity of rains during MAM season while a 

greater percentage (47.6%) noted an increase in intensity during OND. The respondents noted 

shorter cropping seasons characterized by late onset and early end-dates with poor distribution of 

rain that greatly affected their cropping calendar and in worst case scenarios led to crop failure 

respectively. Temperature was perceived to have not changed by 11.8% and 12.8% of the 

respondents for the periods 2000-2009 and 2010-2019 respectively arguing that the semi-arid 

region has always experienced high temperatures while 58.8% and 59.8% perceived an increase 

for the same time period respectively. The 26.5% of respondents who perceived a decrease 

explained that mornings were particularly cold causing frost damage to crops. Drought intensity 

was perceived to be high by 71.1% of the respondents indicating that drought occurred every 

3years followed by 1-2years of good rainfall. 

A wide array of climate smart agricultural practices was found to be implemented in the study area 

among the farmer respondents. The CSA practices constituted of both crop and livestock practices 

as well as livelihood diversification into other income generating activities. Out of the thirty 
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practices identified, only eight were evaluated for this study. The evaluation revealed that 39.2% 

had diversified the crops they grow while 25.5% had changed the crops they grow due to water 

issues, increased incidence of pests and diseases, increased temperatures and declining yields. 

51.5% had changed planting dates in response to the varying rainfall onset and 24% had taken up 

high yielding varieties for improved productivity. On-farm water conservation to ensure moisture 

retention and availability of water for supplemental irrigation during dry periods was practiced by 

59.8% and 53.9% did crop rotation particularly those with a relatively bigger farm or cropland 

size. In livestock production 76.5% of the respondents practiced manure management where they 

produced compost and farmyard manure while 79.9% produced fodder for improved feeds and/or 

as a source of additional income. 

In the econometrics analysis of determinants of adoption, only eight of the CSA practices identified 

were evaluated. Multivariate probit model results indicated that membership to an agricultural 

group, farm assets, size of farm, access to weather and climate information, access to extension, 

access to credit, market distance and number of livestock owned influenced adoption of CSA 

practices positively and therefore the major determinants of adoption. Land tenure and perception 

of soil fertility influenced adoption both negatively and positively while conflict experience and 

perception of a decrease in rainfall hindered adoption of change of crops, high yielding varieties 

and crop rotation. It is therefore necessary to build the capacity of the farmers to enable them 

implement CSA practices and particularly look into ways of conflict resolution to continually 

improve security, sensitize the farmers on climate adaptation to change their concept and create an 

environment that allows them take risks for instance through crop insurance. 

Climate is constantly changing and calls for adaptation strategies that evolve with the changing 

conditions. The evaluation of CSA practices adopted by farmers, assessment of factors supporting 

their uptake and documentation of the same can help improve effectiveness of the adaptation 

process by identifying gaps that present opportunities for better adoption of the practices. These 

gaps include sensitization of farmers on adaptation with an aim of changing the detrimental 

concepts they may have for instance, as a means to promote self-reliance and positive attitude 

towards adaptation, support to counteract the risk averse nature of smallholder farmers for example 

through crop/ livestock insurance, improve access to agricultural inputs and market information, 

and conflict resolution to promote fair use of the scarce water resources and peaceful co-existence 
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through improved security that in turn encourages adoption of smart practices. The findings of this 

study can assist relevant stakeholders address adaptation problems among smallholder farmers in 

the region through improved coordination of their respective activities. 

5.2. Recommendations 

Several farmers demonstrated a strong self-will in adapting but voiced constraints that render 

various options not implementable. Several initiatives can be undertaken to create a favourable 

environment for households to take up CSA practices. The following recommendations, based on 

the findings of this study, are proposed to various government and non-governmental institutions 

and organizations to enhance effectiveness of climate adaptation efforts undertaken among the 

smallholder farmers. 

Enhance the availability, quality and delivery of weather and climate information. There is a 

need to improve agro-met information services packaged in a way that farmers can easily 

understand and observing timely dissemination to enhance their use of this information in planning 

their farming activities to minimize crop losses. 

Encourage formation of farmer groups and producer organizations. Membership to an 

agricultural group was found to have the most influence on CSA adoption and also one of the 

preferred modes of delivery of extension services. Better organization into groups would enhance 

extension service delivery and offer a chance to a wider range of farmers for selection in 

agricultural development projects with possible funding. Producer organizations on the other hand, 

will provide better market with stable prices of their produce minimizing the influence of brokers 

while also ensuring better access to agricultural inputs at relatively better prices. 

Improve access to credit. On-farm adjustments to climate change and variability require financial 

investments without which farmers will opt to continue with their old ways of farming. Building 

their financial literacy skills could help improve their borrowing capacity and subsequently, more 

investment in their agricultural enterprises. 

Conflict resolution to enhance community cohesion. This will in turn support cooperation where 

farmers can easily organize themselves into groups, learn from one another and have trust in each 

other. Improved security will also allow farmers to have trust in the security of the benefits of their 

investments since there will be less risk of loss through theft and minimized resource use conflict. 
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7. APPENDICES 

7.1. Household questionnaire 

Title: Determinants of Adoption of Climate Smart Agricultural Practices in Laikipia Central 

Sub-County, Kenya. 

Declaration 

My name is Betty Wanjiku Mahinda a master of science in Climate Smart Agriculture student at 

Africa Centre of Excellence in Climate Smart Agriculture and Biodiversity Conservation hosted 

at Haramaya University, Ethiopia. I am conducting a research on what determines adoption of 

Climate Smart practices among smallholder farmers with an interest on how they perceive climate 

change, how they have adapted to the changes with regards to Climate Smart strategies and the 

factors that influence the decision to adopt the Climate Smart Strategies. Your household has been 

selected by chance from all households in this area. I would like to ask you some questions related 

to climate variability and change, changes in farm practices to adapt to the climatic changes and 

institutional support with regards to your farming activities. 

Kindly note that answers you give will be treated as strictly confidential. Data gathered by this 

tool shall be used solely for the purpose of this intended evaluation and nothing else. Personal 

details and socio-economic details of respondents shall be kept confidential and no mention of 

names shall be made in the final report that shall be compiled. 

GENERAL IDENTIFICATION INFORMATION 

Date:                                      Time:                                    Questionnaire No.:  

Name of enumerator: 

Ward Name: 1=Thingithu 2=Tigithi                  

Sub-Location: 

Village:  

Coordinates: 

BASIC INFORMATION OF RESPONDENT 

1. Name: 

2. Phone Number: 

3. Marital Status [   ] 1=Single  2=Married 3=Divorced/ Separated 4=Widowed 
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HOUSEHOLD CHARACTERISTICS 

4. What is the age of the household head (Years) 

5. Gender of household head: 1=Male 0=Female [    ] 

6. For how long have you lived in the area? Years:                                    

7. Level of education of household head [   ] and Years of school attended (Specify) [    ]  

1=None 2=Primary school 3=Secondary School 4=College/ Technical School 5=University 

6=Adult Education 7=Vocational Training 

8. How many members live in the household?  

Male                                                               Female 

No. Age Sex Relation to Head Years of 

schooling 

Actively engaged in household 

farming activities (past 12 

months) 

1      

2      

9. For how long have you been farming (Years)? 

9.1 How many of the following livestock do you have? (Quantity recorded will be converted to 

Tropical Livestock Unit) 

 How many? 

I. Cow  

II. Heifer  

III. Ox  

IV. Bull  

V. Calves  

VI. Goat  

VII. Sheep  

VIII. Poultry (specify)  

IX. Pigs  

X. Other (Specify)  

9.2 Which of the following farm equipment do you own? 

 Number Unit Cost Total Value 

I. Water tank    

II. Wheelbarrow    

III. Pangas    

IV. Jembes    

V. Tractor    

VI. Ox-plough    

VII. Chaff cutter    

VIII. Other (Specify)    



86 
 

 

10. How many people were actively engaged in the household’s farming activities in the past 

12months (paid workers)? 

FARM CHARACTERISTICS 

11. Size of Farm in Acres (main plot) 

11.1 Land ownership type for main plot [   ] 

1=Private property with title deed 2=Private property without title deed 3=Rented 4=Leased 

5=Inherited 6=Communal 7=Other (Specify)  

Tenure arrangement for OTHER 

plots 

Tick where 

appropriate 

Size in Acres 

1=Private property with title 

deed 

  

2= Private property without title 

deed  

  

3= Rented    

4= Leased    

5= Inherited    

6= Communal    

7= Other (Specify)   

11.2 Farm utilization 

 Size in Acres 

Crop production  

Livestock rearing (zero 

grazing) 

 

Grazing land  

Fodder production  

Homestead  

11.2.1 What is the status of your land fertility in your opinion? [   ] 

1= Degraded 2=Moderately Fertile 3= Fertile  

11.3 Who makes decisions over land use? [   ]  1=Male 2=Female 3=Joint 4=Entire family  

11.4 What is your primary source of income? [   ] 

1=Farming 2=Business 3=Employment 4=Casual Labour 5=Remittances (GOK/ Family 

member 6=Other (Specify)  

11.4.1 Annual Farm Income  

Crop Kgs harvested in last 

2 cropping seasons 

Unit price Amount in Kshs. 

Maize    

Beans    

Potatoes    
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Cabbages    

Tomatoes    

Wheat    

Onions    

Carrots    

Other (Specify)    

11.4.2 Annual Income from Livestock 

Livestock type Milk in litres/ No. of eggs/ 

No. of livestock 

Unit Price Amount in Kshs. 

Cattle    

Goats    

Chicken    

Sale of livestock    

Other (Specify)    

11.5 Where do you sell your farm produce? [   ] 1=Local market (indicate name) 2=Nanyuki 

town Market 3=Broker 4=Cooperative 5= Other(Specify)  

11.5.1 How far is the nearest market from your farm? (In walking minutes) 

12. Apart from farm income, does your household receive income from these sources?  

Type of Income 1=Yes 0=No Average annual income in KShs. 

Employment   

Business   

Casual Labour (paid farm labour)   

Other casual labour   

Income from land rented out   

Transfer earnings from relatives   

Government remittances    

Other (Specify)   

 

CLIMATE PERCEPTION 

13. Have you noticed any changes in climate in the past 20-30years? [   ] 1=Yes 0=No 

13.1 What is your observation regarding the following climatic parameters for the last 20years 

1=Greatly Decreased, 2=Decreased, 3=No change, 4=Increased, 5=Greatly Increased 

Parameter 2000-2009 2010-2019 

Rainfall           

Temperature           

13.2 What is your observation regarding rainfall intensity in the past 10yrs? 

1=Greatly Decreased, 2=Decreased, 3=No change, 4=Increased, 5=Greatly Increased 

Season Intensity 
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Long rains (MAM)  

Short rains (OND)  

13.3 What is your observation regarding the distribution of rainfall in the past 10yrs? 

1=Very poor, 2=Poor, 3=No change, 4=Good, 5=Very good 

Distribution of rain during long rains (MAM)  

Distribution of rain during short rains (OND)  

13.4 What is your observation regarding the onset and end date of rains in the past 10years? 

Extremely Early=1, Early=2, No change=3, Delayed=4, Extremely Delayed=5 

 Onset/End date 

Onset of long rains (MAM)  

End date of long rains 

(MAM) 

 

Onset of short rains (OND)  

End date of short rains (OND)  

13.5 What is your observation with regards to frequency of drought events in the past 10years? 

[     ] Codes for frequency (1=Extremely low, 2=Low, 3=Moderate, 4=High, 5=Extremely High)  

14. Does your household experience any of the following impacts as a result of climate change 

and variability? Codes for impact (1=very little, 2=Little, 3=Moderate, 4=Severe, 5=Very 

severe) 

FACTOR 1=Yes 0=No Impact 

Crop yield reduction   

Reduction of crop yield quality   

Milk yield reduction   

Increased incidence of Crop/ 

Livestock Pests, parasites and 

diseases 

  

Food shortage   

Incidence of Human diseases   

Loss of household assets/ savings   

Price volatility (of produce)   

Conflict, theft, rustling   

Other (Specify)   

14.1 Are there institutions/Organizations in your community that has worked with you to address 

the effects of these changes? [   ] 1=Yes 0=No 

14.1.1 If Yes, List the institutions 

a) 

14.1.2 Name the kind of intervention if any, provided by the institutions/organization 

1=Training,2=Food relief,3=Credit,4=Seeds,5=Fertilizer,6=Other(specify) 
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CLIMATE SMART AGRICULTURAL PRACTICES 

15. Have you made any adjustments in your farming practices in response to climate change and 

variability in the past 10years? [   ] 1=Yes 0=No 

15.1 If yes, what practices have you adopted? Ask farmer to list the practices adopted then 

counter check with those listed in the table (Multiple responses allowed)  

 PRACTICE 1=Yes,0=No Additional notes 

1 Crop rotation   

2 Changes in crops cultivated   

 If Yes, which crop varieties 

have you changed to (from 

what to what) 

  

3 Conservation tillage   

4 Crop diversification (farming 

additional crops) 

  

5 Intercropping   

6 Change in planting dates   

7 Drought resistant varieties   

8 Early maturing varieties   

9 Improved high yielding 

varieties 

  

10 Water-harvesting techniques 

(e.g. man-made dams, roof 

harvesting) 

  

11 On-farm water conservation 

(e.g. terraces, trenches, planting 

pits) 

  

12 Improved irrigation systems 

(e.g. drip  irrigation) 

  

13 Agroforestry   

14 Integrated nutrient management 

(Composting, Manure and 

efficient use of fertilizers) 

  

15 Switch to indigenous livestock 

breeds or species 

  

16 Improved feed management 

(storing animal feeds, 

combining feed types) 

  

17 Switch to high yielding 

livestock breeds 

  

18 Fodder production e.g. growing 

grass varieties suited to the 

environment 

  

19 Zero grazing   
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20 Manure management   

21 Pasture management (rotational 

grazing, setting paddocks aside) 

  

22 Aquaculture   

23 Use of manure   

24 Other (Specify)   

    

 15.2 Would you say that the above strategies have helped you cope with climate change and 

variability? [   ] 1= Yes   0 = No   

15.3 What are your main challenges in adoption of the strategies above (Rank them)?  

[             ] (Tick against the challenges mentioned but rank the top 3) 

1 =Lack of capital 2 = Lack of information 3=Shortage of labor 4=Lack of access to water 5= 

Lack of access to seedlings 6= Lack of product market 7= High initial cost of production 

8=Poor soils 9=Lack of land 10=Resource use conflicts 11. Other (Specify) 

INSTITUTIONAL FACTORS 

16. Do you receive extension services? [   ] 1= Yes   0 = No    

16.1 If yes, how many times do you meet with extension agents (in a year)? 

16.1.1 On what topics do you get support from extension service? 

16.1.2 Which institution provides you the extension service? [     ] (Multiple response allowed)  

1=Government extension workers 2=Private extension providers 3=NGOs 4=Research 

institutions 5=Other farmers 6=Others (specify)  

16.2 Do you have access to and use improved production inputs and technologies i.e. certified 

seeds? [   ]1= Yes 0 = No 

16.2.1 For which crops do you use certified seeds?  

17. Do you have regular access to information on climate change and weather forecasting? [   ] 

1= Yes 0 = No  

17.1 Which among the following are your sources of information on climate change and 

weather? [     ] (Multiple response allowed) 

1=Government extension workers 2=NGOs 3=Radio 4=Television 5=Other farmers 6=SMS 

7=Other (specify)  

17.2 Do you utilize the information in 17 above in your farm activities? [   ] 1= Yes 0 = No 

18. Is the household head/ spouse a member of any agricultural group? [   ]1= Yes 0 = No 

18.1 What kind? (multiple choices allowed) [        ] 
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1=Cooperative 2=Water resource users association 3=Professional membership to an 

Agricultural body 4=Other (Specify)  

18.1.1 What benefits do you derive from membership in the group? [   ]  

1=Information on climate change 2=General farming advice 3=Farm inputs 4=Agricultural 

Training 5=Animal feeds 6=Other (specify) 

18.1.2 How frequent do you get in touch with each of the social groups? [   ] 

1=every day, 2=more than once a week, 3=once a week, 4=more than once a month, 5=once a 

month, 6=irregularly 

18.2. Is the household head/ spouse a member of any social group? [   ]1= Yes 0 = No  

18.2.1 What kind? (multiple choices allowed) [         ] 

1=Self-help group 2=SACCO 3=Other (specify) 

18.2.2 What benefits do you derive from membership in the group? [   ]  

1=General farming advice 2=Information on credit 3=Credit access 4=Other (specify) 

18.2.3 How frequent do you get in touch with each of the social groups? [   ] 

1=every day, 2=more than once a week, 3=once a week, 4=more than once a month, 5=once a 

month, 6=irregularly 

19. Have you had an opportunity to access credit? [   ]1= Yes 0 = No 

19.1 If yes, fill the table below: 

Credit Source 

(See codes 

below) 

 

Granted? 

1= Yes 

0 = No 

Credit type? 

1=money 

0=in kind 

What was the 

purpose of the credit? 

(See codes below)  

If not granted, 

state reasons 

(See codes below)  

     

Source codes:  1= Bank, 2=Cooperative, 3=Microfinance, 4=SACCO, 5= Local money lender, 

6= others (Specify) 

Purpose of credit codes: 1=on-farm adjustments to climate change, 2=business capital, 

3=household consumption, 4=school fees, 5=buy livestock, 6= medication, 7=other(specify) 

Not granted reasons codes:  1= lack of collateral, 2= risk averseness, 3=lack of enough savings, 

4=defaulted previously, 5= other (Specify)  
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7.2. Guide Questions for Key Informant Interview 

Take note of the interviewee’s name, institution affiliated to, their position in the institution and 

years of experience working in the study area. 

1. What is the work they do with regards to agricultural related activities and their level of 

involvement with farmers on the ground? 

2. What are some of the climatic changes in the study area; when did they start noticing the 

changes; and the impacts of these changes on the livelihood of farming communities? 

3. What is their role in awareness creation to the communities with regards to climate change 

and ways in which they can adapt to the changes? (Any prior knowledge that farmers have 

and their sources) 

4. How is the awareness of Climate Smart Agriculture in the study region amongst the 

communities? 

5. What are some of the CSA practices used in the area and how would they rate the uptake 

of those practices? What are some of the problems farmers face in implementing CSA 

practices?  

6. What interventions have they taken to contribute towards promoting the capacity of 

farmers to take up the mentioned CSA practices and any additional ones in the study area? 

7. How receptive are farmers to making changes in their agricultural systems initiated by the 

institution? 

8. What are some of the challenges they encounter in the process? 

9. What other external help do farming communities receive in improving their livelihood 

activities from partner organizations or any other body they are aware of? 

10. How does agricultural research in the region attempt to address the need for crop varieties 

tolerant to drought and diseases; animal breeds adapted to semi-arid environment; and 

other supporting technologies to alleviate the impacts of climate change? 

11. What are the future plans with regards to CSA development in the area? 
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7.3. Multivariate Probit Model Correlation Coefficients and VIF Factors 

Table 1: Correlation Coefficients of CSA Practices from the Multivariate Probit Model 

 Coefficient  Std Error 

atrho21_cons -0.162 (0.134) 

atrho31_cons -0.053 (0.128) 

atrho41_cons -0.221* (0.107) 

atrho51_cons 0.083 (0.136) 

atrho61_cons 0.158 (0.107) 

atrho71_cons 0.085 (0.130) 

atrho81_cons 0.609*** (0.163) 

atrho32_cons 0.256 (0.159) 

atrho42_cons -0.465** (0.165) 

atrho52_cons -0.450*** (0.130) 

atrho62_cons 0.150 (0.121) 

atrho72_cons 0.389*** (0.115) 

atrho82_cons -0.459*** (0.127) 

atrho43_cons -0.154 (0.143) 

atrho53_cons 0.011 (0.155) 

atrho63_cons -0.029 (0.135) 

atrho73_cons -0.058 (0.146) 

atrho83_cons 0.259 (0.149) 

atrho54_cons -0.036 (0.123) 

atrho64_cons -0.276* (0.120) 

atrho74_cons -0.249 (0.131) 

atrho84_cons -0.177 (0.123) 

atrho65_cons -0.043 (0.131) 

atrho75_cons -0.088 (0.133) 

atrho85_cons 0.184 (0.121) 

atrho76_cons 0.082 (0.130) 

atrho86_cons 0.054 (0.120) 

atrho87_cons -0.065 (0.131) 

N 204  
Notes: *** significant at 1%, **significant at 5%, and * significant at 10%. 95 % confidence intervals in 

parentheses. Estimates are based on robust standard errors that account for clustering at the ward level. 
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Table 2: Variance Inflation Factors of Independent Variables in the Mulivariate Probit Model 

Variable VIF 1/VIF 

logAssets 1.41 0.707962 

TLU 1.40 0.714160 

logMRKTDis~e 1.39 0.720932 

FarmSize 1.35 0.740208 

CSA_Ward 1.26 0.795011 

AgricGRP_dum 1.25 0.797383 

FarmingExp 1.23 0.814412 

DecisionMa~e 1.22 0.821578 

land_titledeed 1.18 0.844153 

ConflictEX~h 1.18 0.846057 

fertile 1.16 0.860217 

AccessEXTN 1.14 0.879988 

WeatherCli~r 1.14 0.880735 

AccessCRDT 1.14 0.880919 

rainfall_d~e 1.13 0.882339 

logNonFarm~e 1.12 0.896599 

Mean VIF 1.23  
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Table 3: Contingency coefficient test results for categorical/dummy explanatory variables 

 Land_title 

deed 

Fertility Decision 

maker 

Rainfall 

decrease 

Conflict 

Experience 

Extension 

Access 

Weather

Climate 

Infor 

Agricultural 

Group 

Credit 

Access 

Land_title deed 1         

Fertility -0.018 1        

Decision maker 0.195** -0.015 1       

Rainfall decrease -0.018 -0.203** 0.066 1      

Conflict Experience 0.014 0.092 0.023 0.068 1     

Extension Access -0.003 -0.051 0.066 0.038 0.030 1    

WeatherClimate Infor 0.104 0.036 -0.053 -0.047 0.058 0.034 1   

Agricultural Group 0.117 -0.017 -0.095 0.099 0.115 0.243** -0.051 1  

Credit Access -0.106 -0.100 -0.101 0.020 -0.034 0.052 0.101 0.178* 1 

**. Correlation is significant at the 0.01 level. *. Correlation is significant at the 0.05 level. 

 


