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Abstract
Climate change is a major risk for global food production and poses a threat to the sustainability of smallholder dairy production in Nakuru County. Although Nakuru County has a high potential for dairy production, there is a low uptake of climate-smart technologies. Farmers’ perception and acceptance of climate change is still one of the major obstacles on the uptake of climate-smart technology resulting in low milk productivity. The general aim of the paper is to contribute to the development of dairy industry, enhance food security among households, and enhance climate resilience. Specifically, the study focused on assessing the perception of climate change by the smallholder dairy farmers in Njoro Sub-County, Nakuru County. The study used a cross-sectional survey and a multi-stage sampling method to select 110 respondents. Data was gathered through semi-structured questionnaires, focus group discussions, observations and six key informant interviews. Responses were measured on a likert scale and analyzed with descriptive statistics. The analysis revealed that smallholder dairy farmers had a general awareness of climate change and its impacts such as erratic rainfall, rising temperatures, reduced pasture availability, increased livestock diseases and higher feed and water costs. Most farmers also recognized the role of human activities in climate change, and expected its impacts to intensify if no action is taken. Despite this awareness, practical adaptation responses were limited. These findings provide baseline information on the level of knowledge of climate change among smallholder dairy farmers and will serve as a basis for future research, policy formulation, and targeted interventions by the government and other development partners. Moreover, the study will promote farmer to farmer learning, overcome fears of uncertainty, and convert awareness into action by adopting appropriate climate-smart technologies.
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Introduction
Dairy farming is an important economic activity and source of food security, nutrition, and livelihoods across the globe (FAO, 2020). The supply of milk and dairy products globally is inadequate relative to the demand (Lemmer, 2018; Wreford & Topp, 2020), meaning that milk production should be doubled to ensure the protein needs of an increasingly large population are met. Unfavorable weather patterns are threatening the world food security (FAO, 2016). The largest milk producer in the world is India, with 211.7 371 tonnes. The United States has 102.66 million tonnes followed by China with 77.44 million tonnes (FAO, 2023). In 2023, 53.8 million tonnes of total dairy milk were produced in Africa, as it is one of the largest producers of this product, including Kenya and Tanzania (FAO, 2023). Kenya is the only country that yields approximately 4.6 billion litres of milk annually, but the nation has a need of 8 billion litres (ILRI, 2024).
Climate change perception among small holder farmers is a very critical aspect in determining adaptive behaviour, agricultural decision-making, and livelihood resilience. Recent reports highlight the importance of understanding farmers’ perceptions in terms of the lived experience of climatic variability, especially the changes in rainfall levels, temperature extremes, and the rate of droughts and floods (Ahmed et al., 2021; Nalianya, 2023). In sub-Saharan Africa, where rain-fed agriculture is the main activity, farmers tend to perceive climate change more along experience indicators (rain failure or reduction in soil fertility) than scientific data (Abid et al., 2019). These perceptions undergo experience have a strong role in determining how the farmers perceive the climate change as a long term risk or a short term seasonal anomaly and how in turn willing to embrace the strategies of adapting to the changes.
The role of socio-economic and demographic factors in mediating the perception of climate risks is important among the smallholder farmers. Research carried out in East Africa and South Asia shows that the level of education, access to climate information, gender, and farming experience are decisive factors in forming perception (Below et al., 2020; Niles et al., 2020). A good example is that better-educated farmers or those who have access to extension services are more likely to be more aware of anthropogenic climate change and exhibit a higher likelihood of adopting climate-smart agricultural practices. On the other hand, perception and adaptive capacity is often limited by limited access to information and financial resources especially amongst women and resource-poor households. These disparities indicate that perception is cognitive as well as structurally instilled by socio-economic settings.
A literature review of African and Asian settings has shown that when farmers perceive climate change as a high-risk situation, they are more likely to implement adaptation strategies including the diversification of crops, soil, and water conservation, or the planting of drought-resistant crop species (Ali and Erenstein, 2017; Shikuku et al., 2017). However, perceptions do not always translate into action because institutional barriers, land tenure insecurity and lack of financial services often limit the ability of the farmers to act. This disconnect shows why there is a necessity to have environments that are proactive in facilitating adaptation, past just awareness.
A number of studies underline the importance of social learning, local knowledge systems, and climate services in visualizing the perception of farmers towards climate change. The use of participatory methods, peer-to-peer learning, and climate knowledge based on the local context has already been demonstrated to enhance the level of risk awareness and confidence in climate predictions (Nyamekye et al., 2021; Tesfaye et al., 2023). In this connection, perception is now being understood more as a dynamic and socially constructed process that is influenced by institutions, communication channels, and shared experiences; enhancing climate information services and incorporating indigenous knowledge systems are therefore important in increasing the accuracy of perception and enabling sustainable adaptation of smallholder farmers.
Reddy et al. (2022) had results that farmers in India reported increased yearly temperatures, with approximately 30% of those farmers stating that they had longer, warmer summers and shorter, milder winters. Reduced and irregular rainfall was also observed by most. A few (12%) indicated that there was no change in rainfall, which Mekonnen and Kassa (2019) also found. Mokoro et al. (2021) demonstrated that agriculture in Nandi County in Kenya revealed that not many farmers knew about temperature changes over 32 years, yet minor changes can affect agriculture. Odhiambo et al. (2019) reported the increased temperatures during daytime and nighttime and erratic rainfall, which moderately to severely impacted smallholder dairy farms in Southwestern Kenya. These findings indicate that farmers should have a deeper understanding of the change in climate and they should implement measures to protect their lives. Climate information and training will help them to make better choices and become more resilient.
Perceptions toward climate change by smallholder dairy farmers influence their adoption of climate-smart technologies. It is vital to be aware of these perceptions to aid in enhancing dairy production and also to make dairy farms more resilient. A study of these perceptions can guide more effective planning and sustainable adaptation. The results will be used to implement specific measures that will help Kenya transform economically and in line with the Sustainable Development Goals (SDGs) of alleviating poverty, provision of food security, and sustainable agriculture.
2.0 Methodology
2.1 Study Area
The research was carried out in Njoro Sub-County, Nakuru County in Kenya (Figure 1). The region is located 20 kilometers south west of Nakuru town in the Kenyan Rift Valley and measures 1,600 to 2,000 kilometers above sea level. It lies between 35º 45” 0 to 36º 10” 0 East and 0º 15” 0 to 0º 42” 30 South. The 2019 Kenya National Bureau of Statistics census estimates that Njoro Sub-County had 238,773 (KNBS, 2019). The Sub-County is further subdivided into six wards namely: Lare, Njoro, Mau -Narok, Kihingo, Nessuit and Mauche.
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Figure 1: Geographical Location of the Study Area
Source: (Survey of Kenya, 2022)
2.2 Research Design
The research design was cross-sectional survey, which allowed the researcher to collect data of multiple groups simultaneously and hold variables constant (Thompson & Panacek, 2007). The approach was suitable in gathering information among smallholder dairy farmers in Njoro Sub-County because the participants were selected to satisfy the specific study criteria (Mohajan, 2020). 
2.3 Sampling Procedure and Sample Size
The paper adopted a multi-stage design of sampling. All six wards and Njoro Sub-County were selected purposely due to their dairy potential. Proportional sampling was used to determine the number of respondents in each ward, and systematic random sampling was used to select individual farmers within the sampling frame provided by the Department of Crops & Livestock. A total of 110 respondents were selected and a sample was calculated based on the formula of Nassiuma (2000). 
 = 110
n=sample size
N=population (Smallholder dairy farmers accessible population (16,958)
C=coefficients of variation (21% or 0.21 accepted according to (Nassiuma, 2000)
e=standard error (0.02)
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The sample consisted of 110 small-scale dairy farmers, which is more than the minimum of 100 farmers should be used in order to obtain reliable survey findings (Kathuri & Pals, 1993). To obtain more insights, a focus group discussion was used and key informant interviews were carried out to address the expert knowledge and institutional views. The key informants were two Ward Agricultural officers, KALRO Njoro Livestock Research officer, two lead farmers in the Ward, and the Njoro Technological Farm Manager.
2.4 Instruments
The primary data were collected using semi-structured questionnaires, observation, focus group discussions, and key informant interviews. The primary data-gathering instrument was digital questionnaires, which were collected through KoboCollect and traced by secondary data in journals and Sub-County Livestock and crops records. Qualitative data were collected through focus groups and informants and observations of household climate-smart practices. The combination of these sources enhanced the reliability and validity of the results (Song et al., 2022).
2.5 Data Analysis
Each of the survey responses was checked on completeness, and qualitative data were coded with utmost care. The analysis of data was done in STATA. A likert scale was used to measure the perceptions of climate change held by smallholder dairy farmers and descriptive statistics were used in analyzing.

3.0 Results and Discussion
[bookmark: _Toc218047436]3.1: Demographic Characteristics
[bookmark: _Toc218053043]Table  1: Socio-Economic Characteristics
	Variable
	Description
	Frequency
	Percentages % 

	Gender
	Female
	40
	36.36

	
	Male
	70
	63.64

	Age of Household Head
	18-35
	19
	17.27

	
	36-45
	24
	21.82

	
	46-60
	36
	32.73

	
	61 and above
	31
	28.18

	Marital Status
	Divorced
	2
	1.82

	
	Married
	84
	76.36

	
	Single
	11
	10.00

	
	Widow/er
	13
	11.82

	Education Background
	None
	3
	2.73

	
	Primary
	39
	35.45

	
	Secondary
	48
	43.64

	
	Tertiary
	20
	18.18

	Land Size
	Below 3 acres
	61
	55.45

	
	4-6 acres
	27
	24.55

	
	7-9 acres
	13
	11.82

	
	9 acres and above
	9
	8.18

	Years of Dairy Farming Experience
	10 years and above
	59
	53.64

	
	5-10 years
	19
	17.27

	
	Less than 5 years
	32
	29.09

	Variable
	Mean
	Std. Dev.
	

	Household Size
	4.418
	2.223
	

	Dairy Herd Size
	3.245
	2.121
	



Table 1 indicates that there were 70 respondents (63.64%) males and 40 respondents (36.36%) females meaning that dairy farming in the study area is predominantly male dominated. The imbalance in gender could be attributed to the fact that men have a stronger access to land, credit, and other productive factors that are needed in the dairy sector as opposed to women who have limited ownership rights, the triple burden of housework, and lack of access to formal extension services. All these factors probably justify the increased degree of the roles of men in the dairy value chain of production in the study region.
Household heads between ages 46–60 was 36 individuals (32.73%). Individuals aged above 61 constituted 31 participants (28.18%). Individuals between the age category of 36–45 years contributed 24 persons (21.82%), and individuals between the age category of 18–35 years contributed 19 persons (17.27%). This distribution indicates that middle-aged and older people are the largest dairy farmers. This trend may be attributed to their enhanced capacity to take advantage of the labor force available in the household, extended exposure to resources including land and financing and also more knowledge on livestock management. Participation among youths on the other hand is less due to perceived risk, low start-up capital and seeking formal jobs. This disparity highlights why there is a necessity to motivate young people to participate in the dairy value chain to make climate-smart technologies sustainable.
Married household heads were 84 (76.36%), widows or widowers were 13 (11.82%), single people were 11 (10.00%), and divorced people were 2 (1.82%). This implies that married couples could be more engaged due to family requirements and the necessity to support the families. Married families will be able to pool labor and resources hence dairy farming will be easily managed compared to those who are single, divorced, or widowed. In the area of education, 48 (43.64%) respondents were of secondary education, 39 (35.45%) were of primary education, 20 (18.18%) were of tertiary education, and 3 (2.73%) had no formal education. This shows that basic education is central to the implementation of climate-smart technologies, because educated farmers are better placed to grasp the applicable concepts, get access to information, and implement the technologies efficiently in their dairy farming activities.
The landholding pattern indicated that majority of the respondents possessed less than three acres 61 (55.45%) respondents. The following categories were 4–6 acres 27 (24.55%) respondents, 7–9 acres 13 (11.82%) respondents, and 9 acres and more 9 (8.18%) respondents. These statistics show that small pieces of land are typical in the area under study, probably because of the massive population growth, the division of the land among family members, and the high price of land. Small farms can restrain the development of dairy businesses and render the process of farmers using labor-intensive CSTs more challenging. Regarding the years of experience in dairy farming, 59 (53.64%) respondents had ten years or more, 32 (29.09%) respondents had less than five years, and 19 (17.27%) respondents had between 5-10 years. Therefore, the majority of the respondents possess long-term experience in dairy farming and can be used to enhance their dairy-management skills, make more appropriate decisions, and probably accept climate-smart technologies. 
The sizes of households were moderate with the mean of 4.418 (= 0.2119) which implies the family had sufficient labor to run a dairy farming enterprise though the household size may also affect the availability of resources to manage the farm and adoption of climate-smart technologies. The mean size of dairy herd was 3.245 (standard error = 0.2022) indicating that households had few dairy cattle that might restrict the potential milk production and the potential household income. The reduced number of livestock may also influence the ability of farmers to adopt labor-intensive climate-sensitive technologies because they reduce economies of scale and investment opportunities.
3.2: Perception of Climate Change among Smallholder Dairy Farmers
[bookmark: _Toc218108721]Table 2: Perception of Climate Change among Smallholder Dairy Farmers
	Statements
	1
	2
	3
	4
	5
	Mean

	I have noticed some changes in climate patterns over the years
	-
	-
	-
	49
	61
	4.55

	I have noticed a rise in temperatures
	6
	21
	9
	45
	29
	3.64

	I have experienced more erratic or unpredictable rainfall
	-
	-
	2
	29
	79
	4.70

	I have observed longer periods of drought
	4
	40
	41
	20
	5
	2.84

	I have observed frequent floods
	3
	41
	39
	20
	7
	2.88

	Climate change has affected dairy farming in my area
	-
	-
	1
	60
	47
	4.39

	Climate change has reduced pasture availability
	-
	-
	1
	60
	48
	4.41

	Climate change has increased livestock diseases
	-
	-
	12
	54
	44
	4.25

	Climate change has reduced milk production
	-
	-
	6
	58
	46
	4.36

	Climate change has increased cost of livestock feeds
	-
	-
	1
	67
	42
	4.37

	Climate change has led to water shortages
	-
	-
	6
	58
	46
	4.35

	Human activities are the main cause of climate change
	-
	-
	3
	69
	37
	4.31

	I believe climate change will worsen in future if no action is taken
	-
	-
	4
	61
	45
	4.38


1= Strongly Disagree, 2= Disagree, 3= Neutral 4= Agree and 5= Strongly Agree
Table 2 shows that respondents had a high agreement that they had over the years noticed some change in the climate patterns with the mean being 4.55. This observation is consistent with the research by Musafiri et al. (2022b) in Western Kenya and Mairura et al. (2021) in the Central Highlands, who also observed that smallholder farmers had observed the change in climatic patterns over time. Further, Sorvali et al. (2021) noted that almost all smallholder farmers in Finland recognized the existence and occurrence of climate change. 
The findings from the study revealed that the mean score of respondents who perceived high temperatures was 3.64. This could mean that while farmers are aware of temperature increases, the perceived changes are moderate and not yet strongly felt by all respondents. This is in line with Agesa et al. (2019) who found out that farmers experience high temperatures as a result of climate change. The results were equally consistent with Nyang’au et al. (2021) who noted that respondents had perceived temperatures to have increased over the years.
The findings revealed that farmers were significantly unpredictable and erratic in their rainfall with a mean score of 4.7 among respondents. This is in line with Teshome et al. (2021), who observed that farmers were seeing unpredictable rainfall caused by climate change. Alvar-Beltran et al. (2020) mentioned that farmers in Burkina Faso had also experienced irregular precipitation in the last few years. Moreover, Aniye et al. (2024a) noted that unpredictable rains caused havoc in the farming calendar and community livelihoods were shaken up.
The average of the respondents was 2.84 in the longer drought periods meaning that although some of them might have noticed a minor difference, the general perception is on the disagree side. It is consistent with the results of Arora and Feng (2024), who discovered that significant proportions of farmers did not experience drought in their region. Furthermore, Gemeda et al. (2023) found out that the majority of the households in certain locations did not feel the droughts, even though climatic data showed that extremes were occurring. This finding however, is in contrast with Shrestha et al. (2022); Wola (2023) who have reported that the majority of farmers believed that longer duration of drought was a consequence of climate change. 
An average of 2.88 indicated that the majority of the respondents did not report having floods, which may indicate that it is not a common issue yet or one that is always evident within the study region. A survey undertaken by Tei and Waswa (2024) found that farmers were fairly correct in stating that they had had minimal floods because of climate change. Furthermore, the farmers themselves noted that the changing climate over the years resulted in no floods and cold spells discussed by (Agesa et al., 2019). These findings contrast with Amare and Simane (2017) who found that farmers had perceived climate change, in the Upper Nile, to have caused floods.
The respondents had a mean score of 4.39 indicating that most people felt that climate change is a serious issue that affects dairy farming in the study region. These findings are consistent with those of Abbas et al. (2022), who discovered that climate change was a significant factor influencing dairy farming to the dairy farmers of India. The results are also consistent with the report by Sorvali et al. (2021), who stated that farmers perceive climate change as a significant danger to agriculture and an adversarial factor to dairy farming.
The average score by the respondents was 4.41, indicating that a majority of the farmers observe a drastic decline in the availability of pastures due to climate change. Such a reduction may have an impact on the feed and general productivity of livestock. This results is in line with Mamo et al. (2025), who indicated that pastoralists have experienced degradation of their pastures due to climate change, which contributes to the death of livestock. Griffin et al. (2023) also reported that climate change causes a shortage of pasture in small-holder dairy farmers, thereby lowering their productivity.
The results show that farmers view climate change as a cause of more diseases in livestock based on mean score of 4.25. The implication of this is that there should be proactive disease management as one of the strategies of climate adaptation. In her study, Megersa et al. (2022) specified that farmers pointed out that pests and diseases have arose because of climate change, thus reducing the productivity. Mamo et al. (2025) also contended that farmers in Marsabit complained on the occurrence of pests and diseases caused by dry seasons.
The findings concluded that climate change has diminished milk production, an average of 4.36. This highlights the extreme necessity of developing adaptive dairy management practices that would ensure that milk yields are not lost due to changing climatic conditions. These findings were in line with Wetende et al. (2018) in Siaya Sub-County and Kibue et al. (2016) in China, who both concluded that climate change is adversely affecting animal productivity. Similarly, in West Africa Bojang et al. (2020) reported a decline in production as a result of climate change among respondents. This observation however is different compared to that of Aniye et al. (2024 b) who did not find any significant impact of climate change on agricultural productivity. 
Those respondents who believed that climate change has raised the cost of livestock feeds had an average of 4.37. Their remarks indicate that the prices of the feeds have increased due to variation in climate. This increase may strain the profitability of the farms and jeopardize the viability of dairy business. This finding is consistent with Neethiridjan (2023) who observed that dairy farmers complained of increased feed costs because of the changing weather patterns. Equally, Liu et al. (2019) noted that increased temperatures increased the cost of livestock feed, which posed a huge burden to farmers.  
When it comes to water scarcity, the respondents provided an average of 4.35, indicating that the majority of sampled participants are aware that climate variability has affected water resources negatively in the region. This finding is corroborated by Imran et al. (2020), who concluded that water scarcity was experienced by farmers because of the extended dry periods occasioned by climate change, which adversely impacted agriculture. On similar note, Cuni-Sanchez et al. (2019) have found that respondents reported that climate change caused water to become unavailable, wells and boreholes dried up.
The study found that farmers had significantly perceived human activities to as the main cause of climate change with respondents reporting a mean score of 4.31. These results were in agreement with those of Doggart et al. (2020) who conducted a study in Tanzania and found out that deforestation was among the leading causes of climate change. Additionally, the study corresponds with Macharia et al. (2020) who reported a similar trend on climate change reception on in East Africa. A study conducted by Njeru et al. (2022) further revealed that most farmers in Eastern Kenya perceived that most of the human activities like deforestation, urbanization and mining might be the leading causes of climate change. 
The average score of farmers who thought that climate change would increase in future in case no action is taken was determined as 4.38. This means that the respondents gave a very strong agreement that they thought that inaction might be among the factors that would increase the effects of climate change. This observation aligns with the one made by Guzmán-Luna et al. (2022) who established that small holder farmers believe that consequences of climate change will be exacerbated and will cause greater harm unless a cause of action is initiated. In a similar manner, another study by Njeru et al. (2022) also noted that the small holder farmers in Tharika Nithi thought that climate change would continue to grow in the future unless mitigation or adaptation is put in place.
4.0 Conclusion 
The study concluded that smallholder dairy farmers in Njoro Sub County were highly aware of climate change and its impacts. Additionally, majority of farmers were equally aware of the impact of human activity on climate change and they expected that the impact would continue to increase in the future unless something is done. Notwithstanding, their practical responses on uptake of climate-smart technologies were limited. This general awareness highlights the need to incorporate climate-smart interventions in dairy farming operations to develop resilience and remain productive. 
5.0 Recommendation
The government and other development partners should conduct more field demonstrations and encourage farmer to farmer learning to enhance understanding, address fears of uncertainty, and translate awareness into action through uptake of appropriate climate-smart dairy technologies to minimize the risks and maximize sustainability.
Disclosure of conflict of interest
There is no conflict of interest declared by the authors in regard to the findings of this research.

Consent and Ethical Approvals
[bookmark: _GoBack]Participation was voluntary, and informed consent was obtained by all respondents .All the required approvals were received prior to collection of the data which consisted of authorization by the National Commission of Science, Technology and Innovation (NACOSTI/P/25/4181550), Kenyatta University Graduate School permits, and research clearance by the Nakuru County Secretary and Head of Public Service.. The research was carried out in a way that adhered to ethics, and was also confidential as all the data were used exclusively to conduct the research.


[bookmark: _Hlk219284361][bookmark: _Hlk198031404]Disclaimer (Artificial intelligence)

Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 

References
Abid, M., Scheffran, J., Schneider, U. A., & Elahi, E. (2019). Farmer perceptions of climate change, observed trends and adaptation of agriculture in Pakistan. Environmental Management, 63(1), 110–123. https://doi.org/10.1007/s00267-018-1113-7
Ahmed, A., Ahmad, N., & Shahbaz, M. (2021). Farmers’ perceptions of climate change and adaptation strategies in rural Africa. Climate and Development, 13(6), 489–502. https://doi.org/10.1080/17565529.2020.1815922
Ali, A., & Erenstein, O. (2017). Assessing farmer use of climate change adaptation practices and impacts on food security and poverty in Pakistan. Climate Risk Management, 16, 183-194. https://doi.org/10.1016/j.crm.2016.12.001
Aniye, H. W., Bekele, T., & Worku, W. (2024b). Perception of smallholder farmers about climate change and its impacts on crop production across agroecological zones of the Gassera District, Southeastern Ethiopia. Scientific Reports, 14(1), 27632. https://doi.org/10.1038/s41598-024-75778-3
Below, T. B., Schmid, J. C., & Sieber, S. (2020). Farmers’ knowledge and perception of climatic risks and options for adaptation: A case study from rural Kenya. Climate and Development, 12(5), 411–423. https://doi.org/10.1080/17565529.2019.1602156
Bojang, F., Traore, S., Togola, A., & Diallo, Y. (2020). Farmers Perceptions about Climate Change, Management Practice and Their On-Farm Adoption Strategies at Rice Fields in Sapu and Kuntaur of the Gambia, West Africa. American Journal of Climate Change, 09(01), 1–10. https://doi.org/10.4236/ajcc.2020.91001
Cuni-Sanchez, A., Omeny, P., Pfeifer, M., Olaka, L., Mamo, M. B., Marchant, R., & Burgess, N. D. (2019). Climate change and pastoralists: Perceptions and adaptation in montane Kenya. Climate and Development, 11(6), 513–524. https://doi.org/10.1080/17565529.2018.1454880
Doggart, N., Morgan-Brown, T., Lyimo, E., Mbilinyi, B., Meshack, C.K., Sallu, S.M., Spracklen, D.V., (2020). Agriculture is the main driver of deforestation in Tanzania. Environmental Research Letters 15. https://iopscience.iop.org/article/10.1088/1748-9326/ab6b35
FAO (2016). Climate change and food security: Risks and responses food and agriculture of the United Nations, Rome. https://www.fao.org/publications (accessed 10 December 2025).
FAO. (2020). The State of Food and Agriculture 2020: Overcoming water challenges in agriculture. https://www.fao.org/3/cb1447en/cb1447en.pdf (accessed 10 December 2025).
FAO. (2023). FAOSTAT: Milk production by country. Retrieved from https://www.fao.org (accessed 11 November 2025).
Griffin, C., Wreford, A., & Cradock-Henry, N. A. (2023). ‘As a farmer you've just got to learn to cope’: Understanding dairy farmers' perceptions of climate change and adaptation decisions in the lower South Island of Aotearoa-New Zealand. Journal of Rural Studies, 98, 147-158. https://doi.org/10.1016/j.jrurstud.2023.02.001
Guzmán-Luna, P., Mauricio-Iglesias, M., Flysjö, A., & Hospido, A. (2022). Analysing the interaction between the dairy sector and climate change from a life cycle perspective: A review. Trends in Food Science & Technology, 126, 168–179. https://doi.org/10.1016/j.tifs.2021.09.001
Imran, M., Shrestha, R. P., & Datta, A. (2020). Comparing farmers’ perceptions of climate change with meteorological data in three irrigated cropping zones of Punjab, Pakistan. Environment, Development and Sustainability, 22(3), 2121–2140. https://doi.org/10.1007/s10668-018-0280-2
Kathuri, N. J., & Pals, D. A. (1993). Introduction to Educational Research. Egerton University.
Kibue, G. W., Liu, X., Zheng, J., Zhang, X., Pan, G., Li, L., & Han, X. (2016). Farmers’ Perceptions of Climate Variability and Factors Influencing Adaptation: Evidence from Anhui and Jiangsu, China. Environmental Management, 57(5), 976–986. https://doi.org/10.1007/s00267-016-0661-y
KNBS. (2019). Kenya Population and Housing Census. Kenya National Bureau of Statistics. https://www.knbs.or.ke. (Accessed 15 December 2025)
Lemmer, W. (2018). Spring Outlook: Absa Agribusiness Report, available at: https://cfuzim.org/wp-content/uploads/2018/11/agritrendsspring18.pdf (accessed 11 January 2026).
Liu, J., Li, L., Chen, X., Lu, Y., & Wang, D. (2019). Effects of heat stress on body temperature, milk production, and reproduction in dairy cows: A novel idea for monitoring and evaluation of heat stress — A review. Asian-Australasian Journal of Animal Sciences, 32(9), 1332–1339. https://doi.org/10.5713/ajas.18.0743
Macharia, J. M., Pelster, D. E., Ngetich, F. K., Shisanya, C. A., Mucheru‐Muna, M., & Mugendi, D. N. (2020). Soil Greenhouse Gas Fluxes From Maize Production Under Different Soil Fertility Management Practices in East Africa. Journal of Geophysical Research: Biogeosciences, 125(7), e2019JG005427. https://doi.org/10.1029/2019JG005427
Mairura, F. S., Musafiri, C. M., Kiboi, M. N., Macharia, J. M., Ng’etich, O. K., Shisanya, C. A., Okeyo, J. M., Mugendi, D. N., Okwuosa, E. A., & Ngetich, F. K. (2021). Determinants of farmers’ perceptions of climate variability, mitigation, and adaptation strategies in the central highlands of Kenya. Weather and Climate Extremes, 34, 100374. https://doi.org/10.1016/j.wace.2021.100374
Mamo, M. B., Muriuki, J., & Ndunda, E. (2025). Perceptions, Impacts, and Adaptation to Climate Change among Gabbra Pastoralists in Marsabit County, Kenya. International Journal of Ecology and Environmental Sciences, 51(2), 235–249. https://doi.org/10.55863/ijees.2025.0523
Megersa, G. G., Jaleta, M., Tesfaye, K., Getnet, M., Tana, T., & Lakew, B. (2022). Perceived Climate Change and Determinants of Adaptation Responses by Smallholder Farmers in Central Ethiopia. Sustainability, 14(11), 6590. https://doi.org/10.3390/su14116590
Mekonnen, A., & Kassa, W. (2019). Farmers’ perceptions of climate variability in Ethiopia. Climate and Development, 11(5), 423–432. https://doi.org/10.1080/17565529.2018.1451367
Mohajan, H. K. (2020). Sampling methods in research methodology: How to choose a sampling technique for research. Journal of Health Management, 12(1), 1‑12. https://doi.org/10.1177/0972063420906739
Mokoro, Nyasimi, A., Adede, O. W., Kemboi, O., & Evans, B. A. (2021). Factors affecting adoption of climate-smart agricultural technologies: Evidence from Nandi County, Kenya. International Journal of Research in Social Science and Humanities, 02(09), 01-16. https://doi.org/10.47505/ijrss.2021.9207
Musafiri, C. M., Kiboi, M., Macharia, J., Ng’etich, O. K., Kosgei, D. K., Mulianga, B., Okoti, M., & Ngetich, F. K. (2022b). Smallholders’ adaptation to climate change in Western Kenya: Considering socioeconomic, institutional and biophysical determinants. Environmental Challenges, 7, 100489. https://doi.org/10.1016/j.envc.2022.100489
Nalianya, G. (2023). Adaptation strategies for enhancing sustainable smallholder dairy cattle productivity under the regime of climate change in Bungoma County, Kenya. International Journal of Environment and Climate Change, 13(11), 300-309. https://doi.org/10.9734/ijecc/2023/v13i113173https://doi.org/10.1515/opag-2022-0099 
Nassiuma, D. (2000). Survey Sampling Theory and Methods. Nairobi University Press.
Neethirajan, S. (2023). Innovative Strategies for Sustainable Dairy Farming in Canada amidst Climate Change. Sustainability, 16(1), 265. https://doi.org/10.3390/su16010265
Niles, M. T., Lubell, M., & Brown, M. (2020). How limiting factors drive agricultural adaptation to climate change. Agriculture, Ecosystems & Environment, 304, 107141. https://doi.org/10.1016/j.agee.2020.107141
Njeru, E. M., Awino, R. O., Kirui, K. C., Koech, K., Jalloh, A. A., & Muthini, M. (2022). Agrobiodiversity and perceived climatic change effect on family farming systems in semiarid tropics of Kenya. Open Agriculture, 7(1), 360–372. 
Nyamekye, A. B., Nyadzi, E., Dewulf, A., & Van Slobbe, E. (2021). Climate change perception and adaptive capacity of smallholder farmers in sub-Saharan Africa. Climate Risk Management, 34, 100373. https://doi.org/10.1016/j.crm.2021.100373
Odhiambo, M. O., Omondi, P., & Maritim, F. (2019). Climate variability and dairy farming in southwestern Kenya. Journal of Agricultural Meteorology, 20(3), 220–232. https://doi.org/10.1016/j.jagmet.2019.09.003
Reddy, B. V., Sharma, P., & Singh, S. (2022). Perceived climate change impacts by Indian farmers. Indian Journal of Environmental Science, 17(2), 75–88. https://doi.org/10.1080/09732470.2022.00075
Shikuku, K. M., Winowiecki, L., Twyman, J., Eitzinger, A., & Perez, J. G. (2017). Smallholder farmers’ attitudes and determinants of adaptation to climate risks in East Africa. Climate Risk Management, 16, 234–245. https://doi.org/10.1016/j.crm.2017.03.001
Song, Y., Liu, S., & Liu, Y. (2022). Family-of-origin triangulation and marital stability: A multiple mediation model. Social Behavior and Personality: An International Journal, 50(5), e11420. https://doi.org/10.2224/sbp.11420
Sorvali, J., Kaseva, J., & Peltonen-Sainio, P. (2021). Farmer views on climate change—a longitudinal study of threats, opportunities and action. Climatic Change, 164(3–4), 50. https://doi.org/10.1007/s10584-021-03020-4
Tesfaye, W., Seifu, L., & Zeleke, G. (2023). Climate information services and farmers’ adaptive decision-making in Ethiopia. Weather, Climate, and Society, 15(2), 345–360. https://doi.org/10.1175/WCAS-D-22-0041.1
Thompson, C. B., & Panacek, E. A. (2007). Sampling methods: Selecting your subjects. Air Medical Journal, 26(2), 75–78. https://doi.org/10.1016/j.amj.2006.10.003
Wetende, E., Olago, D., & Ogara, W. (2018). Perceptions of climate change variability and adaptation strategies on smallholder dairy farming systems: Insights from Siaya Sub-County of Western Kenya. Environmental Development, 27, 14–25. https://doi.org/10.1016/j.envdev.2018.08.001
Wreford, A., & Topp, C. F. (2020). Impacts of climate change on livestock and possible adaptations: A case study of the United Kingdom. Agricultural Systems, 178, 102-737. https://doi.org/10.1016/j.agsy.2019.102737










image1.png
0°24'0"S

0°32'0"s

0°40'0"s

35°55'0"E 38”0"0"E

T T
35°55'0"E 36°0'0"E




image2.png




