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[bookmark: _GoBack]Abstract 
Climate change continues to pose a significant global threat to food security, particularly in developing countries where livelihoods depend heavily on agriculture. In Kenya, flood-prone regions such as Baringo County have experienced increasing climate variability, with recurrent flooding severely disrupting agricultural production and household livelihoods. Flood events undermine the four key dimensions of food security availability, access, utilization, and stability thereby increasing vulnerability among affected populations. Despite the growing frequency and intensity of floods, there is limited empirical evidence examining the relationship between flooding and food security in Baringo County. This study focuses on Baringo South Sub-County, an area highly susceptible to flooding due to its proximity to Lakes Baringo and Bogoria. The research aims to assess the frequency, causes, and extent of flooding, examine household vulnerability and adaptive capacity, identify determinants of food security, and evaluate the overall impact of flooding on food security. The study is guided by the hypothesis that there is no significant relationship between flooding and food security.
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1.0. Introduction 
1.1. Flooding and Food Security 
Flooding is a major global environmental hazard that occurs when excess water inundates normally dry land, often due to irregular rainfall, snowmelt, or storm surges (World Health Organization, 2024; Amerasinghe et al., 2020). Water-related disasters account for a large proportion of natural hazards, affecting billions of people and causing significant mortality and livelihood disruption (Food and Agriculture Organization of the United Nations [FAO], 2021b). The frequency of floods has increased over time, reflecting intensifying climate variability and environmental change (FAO, 2021b; Intergovernmental Panel on Climate Change [IPCC], 2022). Flooding leads to destruction of crops, livestock losses, infrastructure damage, and disruption of food systems (IPCC, 2020). Consequently, floods pose a major threat to food security and undermine global efforts to achieve zero hunger targets (Relief Web, 2023; FAO, 2021b).
1.2. Global and Regional Food Insecurity Trends
Food security refers to consistent access to sufficient, safe, and nutritious food, yet climate shocks continue to undermine this goal (Relief Web, 2023; FAO, 2021a). Globally, hundreds of millions of people remain undernourished, while billions experience moderate to severe food insecurity (World Food Programme & UNICEF, 2018; World Health Organization & World Food Programme, 2020). FAOSTAT (2020) further highlights that a significant proportion of the global population faces food insecurity pressures. In Africa, food insecurity remains widespread due to climate variability, conflict, and economic instability (FAO, 2020). Eastern and Central Africa are particularly affected, with high vulnerability levels driven by environmental and socioeconomic pressures (Perez et al., 2019; FAO, 2020).
1.3. Flooding and Food Security in Africa and Kenya
Flooding has significantly affected food security across Africa by displacing populations and destroying agricultural systems (Anabaraonye, 2020). In Nigeria, major flood events have led to widespread displacement and agricultural losses, worsening food insecurity (Anabaraonye, 2020). In Kenya, floods have caused extensive destruction of crops and livestock, undermining rural livelihoods (Kenya Red Cross Society, 2019). The country is highly vulnerable to climate change impacts, including flooding (Notre Dame Global Adaptation Initiative, 2023). Historical flood events have also contributed to economic losses and reduced agricultural productivity (Muia et al., 2020; Opere, 2019).
1.4. Flooding and Food Security in Baringo County
Baringo County experiences recurrent flooding linked to rising lake levels and increased rainfall variability (Opere, 2019). These floods have destroyed farmland, infrastructure, and biodiversity, affecting household livelihoods. The expansion of Lake Baringo has further increased exposure of settlements and agricultural land to flooding risks (Herrnegger et al., 2021). These environmental changes have reduced agricultural productivity and grazing land availability, increasing food insecurity. However, limited empirical research exists on the direct flooding–food security nexus in the region.
[bookmark: _cxbq98gzq72p]1.5. Statement of the Problem
Baringo County is increasingly affected by climate variability characterized by alternating droughts and floods (Herrnegger et al., 2021). Rising rainfall patterns have contributed to increased flooding frequency and lake expansion. This has led to land degradation, water quality challenges, and displacement of communities. Irrigation schemes supporting thousands of households have also been affected (Herrnegger et al., 2021). Additionally, large-scale crop destruction has threatened food security and livelihoods in the region (Muia, 2021).
1.6. Research Questions
The study seeks to examine the frequency and extent of flooding in Baringo County and its implications for livelihoods. It explores how household vulnerability and adaptive capacity differ across the region in response to climate shocks. The research also investigates the key determinants influencing food security among households. Furthermore, it examines the relationship between flooding and food insecurity in the county. These questions aim to generate evidence for understanding the complex interaction between environmental hazards and food systems.
1.7. Objectives of the Study
The general objective of the study is to assess the impact of flooding on food security in Baringo County, Kenya. Specifically, the study aims to determine the frequency, causes, and extent of flooding in the region. It also seeks to examine variations in household vulnerability and adaptive capacity to flooding. Additionally, the study identifies key factors influencing food security status among households. Finally, it evaluates the direct effects of flooding on food security outcomes in the county.
1.8. Research Hypothesis
The study is guided by the null hypothesis that there is no significant relationship between flooding and food security in Baringo County. This hypothesis provides a basis for statistical testing and empirical analysis. It assumes that flooding does not significantly influence food availability, access, or utilization. However, existing literature suggests a likely relationship between climate hazards and food insecurity (IPCC, 2020). Testing this hypothesis will help validate or refute these assumptions within the local context.
1.9. Significance of the Study
This study contributes to a better understanding of how flooding affects food security in Baringo County, where limited empirical data currently exists. The findings support the development of effective mitigation and adaptation strategies to enhance community resilience. The research also raises awareness among local populations on sustainable coping mechanisms and disaster preparedness. Additionally, it provides valuable insights for policymakers, NGOs, and government agencies such as the Ministries of Agriculture and Environment. Ultimately, the study adds to the broader body of knowledge on climate change, flooding, and food security.
2.0. Literature Review 
2.1. Theoretical framework 
The study is anchored on a conceptual framework that links flooding to food insecurity through its impacts on agricultural production, livelihoods, infrastructure, and health conditions. Flooding leads to crop destruction, livestock losses, and displacement, which in turn affect food availability and access, while poor sanitation and water contamination compromise food utilization and stability. Review of literature highlights that flooding is driven by both natural and human-induced factors, including excessive rainfall, poor land use practices, and environmental degradation. Vulnerability to flooding is influenced by socioeconomic and institutional factors such as income, education, gender, and access to resources. Adaptation strategies range from structural measures like dykes to ecosystem-based approaches such as watershed restoration. However, existing studies have largely focused on socioeconomic determinants of food security, with limited attention to environmental shocks like flooding, particularly in the Kenyan context.
2.2. Causes, Occurrence, and Magnitude of Floods in Baringo County
Flooding is caused by heavy rainfall, river overflow, and environmental degradation (FAO, 2021b). Its impacts include crop destruction, land degradation, and loss of human and animal life (IPCC, 2020). Human activities such as deforestation and poor land use intensify flood severity (United Nations Environment Programme, 2021). Vulnerability is higher in low-lying and riparian areas (Perez et al., 2019). In Kenya, flooding significantly disrupts agriculture and food systems (Muia et al., 2020).

2.3. Vulnerability and Adaptation
Vulnerability refers to the susceptibility of systems to climate hazards, influenced by exposure, sensitivity, and adaptive capacity (IPCC, 2020). It varies across socioeconomic and environmental contexts (United Nations Environment Programme, 2021). Adaptation strategies include early warning systems, land-use planning, and ecosystem restoration (UNEP, 2021). Nature-based solutions improve resilience to flooding (UNEP, 2021). However, social inequality continues to limit adaptive capacity in many communities (IPCC, 2022).
2.4. Factors Affecting Food Security Status in Baringo County
Food security is determined by four key pillars: availability, access, utilization, and stability (FAO, 2021). Availability refers to sufficient food supply from production, markets, or aid, while access depends on household income and purchasing power. Utilization involves proper nutrition, food quality, and health conditions necessary for effective food consumption. Stability ensures consistent access to food over time despite shocks such as climate variability or market disruptions. These interconnected factors collectively determine the food security status of households in Baringo County.
2.5. Factors Affecting Food Security
Food security is influenced by socioeconomic factors such as household size, age, gender, education, and income levels (Adeyanju et al., 2023). Large households tend to experience higher food insecurity due to increased consumption pressure and limited resources. Gender plays a critical role, as women significantly contribute to food production but often face limited access to land and resources (FAO, 2021). Education improves food security by enhancing income opportunities and adoption of improved agricultural practices (Muluken, 2021). Additionally, high food prices disproportionately affect low-income households, increasing vulnerability to food insecurity (IMF, 2022; Oluoko-Odingo, 2006).
2.6. Effects of Floods on Food Security
Flooding reduces food availability by destroying crops and livestock (IPCC, 2020). It disrupts transport and market systems, limiting food access (FAO, 2021a). Repeated flood exposure weakens household resilience and increases vulnerability to hunger (World Food Programme, 2020). Flooding also reduces long-term agricultural productivity (FAO, 2021b). Overall, it significantly undermines food security systems.
2.7. Literature Gap
Existing studies highlight the importance of education and socioeconomic factors in influencing food security outcomes (Muluken, 2021). However, limited research has examined the direct relationship between flooding and food security, particularly in Kenya. Many studies focus on either physical or social vulnerability, without integrating both dimensions. There is also a lack of consensus on the most appropriate indicators for measuring food security. Furthermore, little research has explored how floods affect households with different socioeconomic characteristics within the same region, creating a significant knowledge gap.
3.0. Methodology 
3.1. Location 
Baringo County is located in Kenya and is bordered by Turkana and West Pokot to the north, Samburu and Laikipia to the east, Nakuru and Kericho to the south, Uasin Gishu to the southwest, and Elgeyo Marakwet to the west. It covers approximately 8,655 km² and lies between latitudes 0°13′ South and 1°40′ North, and longitudes 35°36′ and 36°30′ East. The study focuses on selected areas within the county, namely Salaam, Gumbo, Loruk, and Kambiyasamaki, which represent diverse geographical zones. The county is largely dry and semi-arid, with livestock keeping as the dominant livelihood, although droughts frequently threaten pastoral production. Agriculture also plays a key economic role, with crops such as maize, beans, sorghum, and cassava grown alongside cash crops and livestock products, though limited value addition reduces their economic returns.
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Figure 1. Study area Map (Field research, 2025)
3.2. Study design 
The study adopts a descriptive survey design incorporating both qualitative and quantitative approaches to provide a comprehensive understanding of the research problem. The target population consists of households in selected flood-prone areas of Baringo South Sub-County, including Salabani, Ngambo, Loruk, and Kambi ya Samaki. Using stratified random sampling, a sample size of 389 respondents (384 household heads and key informants) was selected to ensure representativeness across different locations.
 3.3. Population
According to the 2019 national census, Baringo South Sub-County has a population of 90,955, while Baringo County has a total population of 666,763. The study focused on approximately 20,000 residents from Salabani, Ngambo, Loruk, and Kambi ya Samaki. These locations were selected due to their proximity to Lakes Baringo and Bogoria and their vulnerability to flooding. The research aimed to examine how this proximity influences household food security. It specifically assessed food security conditions during and after flood events.
3.4. Sampling Procedure
The study used a stratified random sampling technique to ensure representative population coverage. Households were grouped based on geographic location and randomly selected from each stratum. This method ensured equal and independent chances of selection for all households. It was suitable due to variations in flood exposure and socioeconomic characteristics across the study area. The approach enhanced the reliability and inclusiveness of the data collected.
3.5. Sample Size
The study sample consisted of 389 respondents, including 384 household heads and 3 key informants. The sample size was determined using a standard formula with a 5% margin of error, resulting in 384 households. Stratified proportional allocation was used to distribute respondents evenly across the four study locations. This ensured fair representation of each area in the research. The inclusion of key informants enriched the overall dataset.
3.6. Instruments
3.6.1. Questionnaire
Data were collected using structured questionnaires to gather both qualitative and quantitative information. The tool captured demographic data and experiences related to flooding and food security. Both open-ended and closed-ended questions were included for comprehensive responses. Household heads were selected through stratified random sampling to ensure representation. Questionnaires were effective for collecting data from a large population.
3.6.2. Key Informant Interviews
Key informant interviews were conducted to obtain in-depth insights beyond questionnaire data. Participants included individuals with expertise in flooding and food security issues. A structured interview guide was used to maintain consistency. The interviews provided contextual and historical perspectives on the study area. This enriched the overall quality and depth of the findings.
3.6.3. Photographic Evidence
Photographs were taken during fieldwork to document flooding and food security conditions. These visual records supported and validated the data collected from respondents. They provided tangible evidence of observed events and environmental conditions. Photographic documentation enhanced the credibility of the study. It also helped illustrate key findings for better interpretation.
3.7. Data collection 
Data collection was conducted using structured questionnaires, key informant interviews, and photographic documentation. Questionnaires captured demographic characteristics and household experiences related to flooding and food security, while interviews provided in-depth insights into local conditions and adaptive strategies.
3.8. Data analysis 
Data analysis employed both qualitative and quantitative techniques. Qualitative data were analyzed thematically to identify key patterns related to flood impacts and coping mechanisms. Quantitative data were analyzed using descriptive statistics (frequencies, percentages, and means) and inferential statistics to examine relationships between flooding and food security indicators. The findings were presented using tables, graphs, and charts to facilitate interpretation and comparison. Overall, the study provides an integrated assessment of how flooding influences food security in Baringo County, combining statistical evidence with contextual insights to address existing research gaps and inform policy and intervention strategies.
4.0. Results 
4.1. Response Rate and Demographic Characteristics
The study achieved a response rate of 71.4% (274 out of 384 respondents), which is considered acceptable in social science research for generating reliable and representative findings (Sataloff and Vontela, 2021). The demographic analysis revealed a relatively young population (mean age = 35.23 years), with males constituting 66.8% and females 33.2% of respondents. Gender differences reflected local socio-economic roles, where men were primarily involved in decision-making on land use and production, while women played a central role in household food management. Educational attainment was relatively high, with most respondents having at least secondary education, although disparities existed, particularly among men with lower formal education levels.
Marital status patterns showed that the majority of respondents were married, particularly within the 25–34 age group, indicating active household formation and economic responsibility. These demographic characteristics are important in understanding vulnerability and resilience, as household structure and socio-economic status significantly influence coping capacity during environmental shocks (IPCC, 2022).
4.2. Flood Occurrence, Causes, and Trends
[bookmark: _7tnzuig8tlme]Table 1. Flood experience

	Has Flooding ever happened in you Farm
	Mean Age (Years)
	N
	Std. Deviation
	Skewness
	% of Total N

	No
	28.96
	24
	8.513
	1.599
	12.9%

	Yes
	35.03
	162
	11.824
	1.119
	87.1%

	Total
	34.25
	186
	11.612
	1.179
	100.0%


Flooding in the study area was highly prevalent, with most respondents reporting exposure to floods. This aligns with evidence that climate change is increasing flood frequency and intensity globally (IPCC, 2022). Rising lake levels and rainfall variability have contributed significantly to flood expansion (Kimtai et al., 2024). These findings are consistent with regional climate change trends reported by FAO (2021b). Environmental and structural factors remain major drivers of flood risk.
Flooding was predominantly severe (80.3%), with peak occurrences in April and August, corresponding to Kenya’s bimodal rainfall pattern. This aligns with broader climate evidence indicating increasing flood frequency and intensity due to changing precipitation patterns (Intergovernmental Panel on Climate Change, 2022). Trend analysis (2012–2024) revealed a steady increase in flood occurrences, with peaks in 2020, 2022, and 2024. The regression model (R² = 0.3789) confirmed a rising trend, although other factors such as land use and environmental degradation also contribute.
Satellite-based observations further showed that Lake Baringo expanded significantly between 2010 and 2024, nearly doubling in size at its peak. This expansion is consistent with studies linking Rift Valley lake level increases to climate variability and catchment degradation (Kimtai et al., 2024).
4.3. Household Vulnerability and Adaptive Capacity
Household resilience varied significantly across demographic groups. Female-headed households, younger individuals (<25 years), and older adults (>55 years) experienced longer recovery periods, reflecting limited access to resources and reduced adaptive capacity. On average, households required 4.68 months to recover from flooding, with longer durations associated with structural housing types such as brick buildings.
These findings support the broader understanding that vulnerability is shaped by socio-economic and demographic factors, including gender, age, and asset ownership (United Nations Environment Programme, 2021). Government interventions such as early warning systems, drainage construction, and relief services were reported, with early warning systems being the most common. However, their effectiveness appeared uneven, highlighting gaps in implementation and coverage.
4.4. Factors Affecting Food Security
Food security in the region is heavily dependent on subsistence agriculture, particularly maize production (FAO, 2023). Flooding significantly reduces agricultural productivity through crop destruction and soil degradation (IPCC, 2022). Repeated climate shocks further reduce household resilience and food availability (World Food Programme, 2020). These findings align with evidence that agricultural dependency increases vulnerability to climate risks (FAO, 2021a). Structural poverty further worsens food insecurity outcomes
Flooding had a profound impact on agricultural productivity. Approximately 96.34% of respondents reported declining crop yields, with severe flooding responsible for the majority of losses. Only 3.66% reported yield increases, primarily under moderate flooding conditions, suggesting limited beneficial effects through soil moisture replenishment. Over a five-year period, 96.4% of respondents observed declining yields, particularly for maize, tomatoes, and kales.
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Table 2. Binary Logistic Regression on Determinants of Flood Occurrence in Farms and Homes around Lake Baringo

	Has Flooding ever happened in you Farma
	B
	Std. Error
	Wald
	df
	Sig.
	Exp(B)
	95% Confidence Interval for Exp(B)

	
	
	
	
	
	
	
	Lower Bound
	Upper Bound

	Yes
	Intercept
	1.887
	.240
	61.850
	1
	.000
	
	
	

	
	Climate Change
	.821
	.569
	2.079
	1
	.149
	2.273
	.744
	6.938

	
	Flat Terrane
	.697
	.571
	1.488
	1
	.223
	2.008
	.655
	6.152

	
	Overflow of Lake Baringo
	0b
	.
	.
	0
	.
	.
	.
	.

	Has flooding ever happened in your Homea

	
	Intercept
	1.946
	.245
	62.952
	1
	.000
	
	
	

	
	Climate Change
	.762
	.572
	1.777
	1
	.182
	2.143
	.699
	6.571

	
	Flat Terrane
	.638
	.574
	1.237
	1
	.266
	1.893
	.615
	5.826

	
	Overflow of Lake Baringo
	0b
	.
	.
	0
	.
	.
	.
	.

	a. The reference category is: No.

	b. This parameter is set to zero because it is redundant.


Regression analysis confirmed a strong association between flooding and declining yields, consistent with findings that extreme climate events reduce agricultural productivity through waterlogging, soil degradation, and crop damage (IPCC, 2022; FAO, 2021). However, the presence of extreme coefficients suggests possible model instability, a known issue in environmental regression analyses (Gujarati & Porter, 2009).
4.5. Flooding and Food Security Outcomes
[bookmark: _hem8v1sl7pcg]Table 3.  Crop yield and frequency of flooding 
	
	Frequency of flooding 
	 Total


	
	Mild
	Moderate
	Severe
	

	Decreasing
 
 
	Count
	22
	73
	168
	263

	
	 % of Row
	8.37
	27.76
	63.88
	100

	
	% of Total
	8.06
	26.74
	61.54
	96.34

	Increasing 
 
 
	Count
	0
	10
	0
	10

	
	% of Row
	0
	100
	0
	100

	
	% of Total
	0
	3.66
	0
	3.66


Flood intensity is strongly associated with declining crop yields, with severe flooding causing the greatest losses (IPCC, 2022). Floods damage soil structure and reduce agricultural productivity (FAO, 2021b). Although moderate flooding may temporarily improve soil moisture, severe events lead to long-term degradation (World Food Programme, 2020). These patterns reflect broader global findings on climate impacts on agriculture (FAO, 2021a). Overall, flooding negatively affects food security outcomes.
From the results, majority of respondents (96.34%) reported a decrease in crop yields, with the severity of flooding directly influencing the extent of this decline. Among those experiencing yield decreases, 63.88% attributed it to severe flooding, 27.76% to moderate flooding, and only 8.37% to mild flooding. This indicates a strong correlation between the intensity of flooding and its detrimental effects on crop productivity. Severe flooding, which likely causes extensive damage to crops, soil erosion, and waterlogging, has the most pronounced impact on yields. Moderate and mild flooding also contribute to reduced productivity, albeit to a lesser extent.

A small subset of respondents (3.66%) reported increased crop yields, which were exclusively linked to moderate flooding. This suggests that moderate flooding, under certain conditions, might have a positive impact on crop growth, such as by replenishing soil moisture or depositing nutrient-rich sediments. However, no instances of increasing yields were reported under mild or severe flooding, emphasizing that while moderate flooding may occasionally be beneficial, excessive or insufficient flooding is detrimental to productivity.
Flooding significantly disrupted all dimensions of food security. During flood periods, households experienced severe food shortages (mean = 1.05), reduced access to resources (mean = 1.61), and increased reliance on coping strategies such as skipping meals (mean = 2.78). Although conditions improved after flooding, food security indicators remained below optimal levels, indicating prolonged recovery challenges.
These findings are consistent with regional evidence showing that climate shocks exacerbate food insecurity by disrupting production, income, and market access (World Food Programme, 2020). The persistence of food insecurity even under normal conditions highlights underlying structural poverty and limited resilience.
5.6. Flood Mitigation and Hypothesis Testing
Government interventions were primarily focused on early warning systems (42.5%), followed by drainage construction (34.4%) and relief services (23.1%). While these measures were more prevalent in flood-affected areas, their overall reach was limited. 
Hypothesis testing revealed a statistically significant relationship between flooding and food security. Households exposed to lower flooding were significantly less likely to report sufficient food production compared to those experiencing severe flooding (OR = 0.326, p = 0.006). This led to the rejection of the null hypothesis and confirmed that flooding is a key driver of food insecurity in the study area.

5.0. Summary and Conclusions
The study established that flooding in Baringo South Sub-County is frequent and increasing over time (IPCC, 2022). It significantly affects agricultural productivity and household livelihoods (FAO, 2021b). Vulnerability varies across demographic groups due to differences in adaptive capacity (UNEP, 2021). Flooding was identified as a major determinant of food insecurity in the study area (World Food Programme, 2020). Overall, there is a strong and significant relationship between flooding and food security.
5.1. Recommendations
1. Strengthen flood management and early warning systems: Implement community-based early warning systems, improve drainage infrastructure, and enforce land-use regulations to prevent settlement in high-risk floodplains. 
2. Promote climate-smart agriculture (CSA): Encourage adoption of drought- and flood-resistant crop varieties, improved irrigation methods, and sustainable soil management practices to enhance resilience and productivity. 
3. Enhance livelihood diversification: Support households to diversify income sources beyond agriculture and livestock, such as small-scale enterprises and value addition, to reduce vulnerability to climate shocks. 
4. Improve policy support and community capacity building: Strengthen institutional frameworks, increase funding for adaptation programs, and provide training on disaster preparedness, resource management, and food security strategies.
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