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 Abstract
[bookmark: _GoBack]Climate variability poses significant risks to urban populations in Sub-Saharan Africa, with informal settlements disproportionately affected due to structural deprivation and socio-economic constraints. This study examined how socio-economic factors mediate the relationship between climate variability measured through flooding, erratic rainfall, heat stress, droughts, and dust storms and household vulnerability in two Nairobi informal settlements: Korogocho and Kahawa Soweto. Informal settlements and climate variability have been widely studied because these areas concentrate highly vulnerable populations exposed to climate risks such as flooding, heat stress, and inadequate infrastructure, making them critical hotspots for understanding urban climate impacts. Additionally, examining these contexts helps inform targeted, inclusive adaptation strategies that enhance resilience among marginalized urban communities. A cross-sectional mixed-methods design was employed, collecting data from 202 households via structured surveys, focus group discussions, and key informant interviews. Descriptive analyses indicated widespread exposure to climate hazards, with Korogocho experiencing more frequent and severe impacts. Adaptive capacity was generally low, with only 5% of households fully implementing adaptive measures. Mediation analysis revealed that socio-economic factors including income, education, housing quality, social capital, and gender dynamics fully mediated the effect of climate variability on household vulnerability, underscoring their critical role in shaping resilience. The findings highlight that while exposure to climate hazards influences coping behaviors, structural and financial constraints limit adaptation. Descriptive and inferential analysis showed that socio-economic status significantly shapes climate risk perception. Approximately 80% of respondents reported moderate to extreme influence of socio-economic conditions on climate risk. The distribution was statistically significant, χ²(4, N = 202) = 126.8, p < .001.Cramér’s V (≈ 0.30) indicated a moderate association between socio-economic status and risk perception, confirming that vulnerability is both materially and perceptually structured by socio-economic inequalities. The study contributes to climate vulnerability theory by empirically demonstrating that household-level socio-economic conditions act as mediators, informing the design of equity-centered interventions, socio-economic empowerment initiatives, and integrated urban planning strategies to enhance resilience in informal settlements.
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[bookmark: _Toc217089264]1.0. Introduction
Climate variability, characterized by erratic rainfall, prolonged droughts, and frequent flooding, presents significant risks to urban populations in Sub-Saharan Africa. Informal settlements are particularly vulnerable due to inadequate infrastructure, insecure tenure, and limited access to essential services (IPCC, 2022). In Nairobi County, Korogocho and Kahawa soweto informal settlements represent densely populated settlements exposed to recurrent climate hazards compounded by socio-economic deprivation. Vulnerability is widely conceptualized as a function of exposure, sensitivity, and adaptive capacity (IPCC, 2022). While exposure to climate variability is spatially determined, socio-economic factors influence sensitivity and the ability to respond. Poverty, low educational attainment, informal employment, and limited institutional support constrain adaptation and amplify the impacts of climate stressors (Douglas et al., 2008; UN-Habitat, 2020). This study examines how these socio-economic variables mediate the relationship between climate variability and household vulnerability in Korogocho and Kahawa Soweto. In Kahawa Soweto and Korogocho, socioeconomic factors function as powerful mediators that either amplify or mitigate the impact of climate variability on household vulnerability. 
1.1. Income and Livelihood Stability
Residents of informal settlements often operate within a "poverty-vulnerability" cycle where meager daily wages are entirely consumed by survival needs, such as food, health and rent. This lack of financial surplus means that when climate shocks like floods or prolonged droughts occur, households cannot afford "climate-proofing" measures (e.g., reinforcing walls, relocating to higher grounds or purchasing water storage). In Korogocho, the heavy reliance on informal, climate-sensitive labor markets means that extreme weather often leads to immediate income loss, which in severe cases culminates in famine as residents lose the ability to purchase food (Naidoo & Fisher, 2022). 
1.2. Housing Quality and Infrastructure
The physical environment in these slums significantly mediates climate risk. Houses are typically built from temporary, low-quality materials like mud, timber, or corrugated iron sheets that offer little thermal insulation during heatwaves and are easily breached by floodwaters. Because of the lack of formal land-use planning, dwellings are often situated in low-lying areas or near riparian zones of Nairobi River (Korogocho) and Kamiti River (Kahawa Soweto). During heavy rains, the absence of drainage infrastructure turns narrow alleys into fast-moving channels for sewage and waste, directly increasing household sensitivity to property damage and health hazards (World Bank, 2023).
1.3. Access to Basic Services
Vulnerability is exacerbated by the chronic shortage of water, sanitation, and hygiene (WASH) services. In Korogocho, many residents rely on water vendors who charge "exorbitant prices" for water that is often contaminated due to illegal taps and aging, leaky pipes. Climate variability worsens this, where droughts lead to extreme water scarcity and price spikes, while floods cause pit latrines to overflow, contaminating the limited clean water supply and triggering outbreaks of cholera and diarrheal diseases (Izudi et al., 2025). 
1.4. Social capital, social Networks and "Chamas"
Informal social structures, such as chamas (community savings groups) and welfare associations, serve as vital "adaptive capacity" tools. These networks provide emergency loans and mutual support that help households recover from climate-induced losses. However, systemic "slum upgrading" initiatives that fail to account for social cohesion can lead to displacement, which severs these networks and leaves residents more isolated and vulnerable to future shocks (Kusi & Mensah, 2024).  
In informal settlements in Nairobi, social capital strengthens mediation processes by fostering trust, collective decision-making, and conflict resolution among households and community leaders. Strong social networks reduce household vulnerability by facilitating access to information, mutual aid, financial support, and shared resources during climate, economic, or social shocks. Consequently, robust social capital enhances adaptive capacity and urban resilience by enabling coordinated responses, community-based risk management, and sustained recovery in the face of recurring stresses.
1.5. Education and Climate Literacy
Education is a strong predictor of a household's ability to adapt. In Korogocho, community-led initiatives like the "Future Yetu" project have significantly boosted climate literacy, teaching residents how to navigate disaster risk. Research indicates that approximately 43% of residents in such programs credit their mitigation strategies like rooftop gardening or raised walkways directly to this increased awareness. Without this literacy, residents often lack the knowledge to prepare for or respond to the increasingly erratic weather patterns (Kusi & Mensah, 2024). 
1.6. Gender Dynamics
Climate change is not gender-neutral in informal settlements. Women and children typically face the highest health risks because they spend more time in substandard housing and are often responsible for securing water when supplies are disrupted. In Kahawa Soweto, while women's groups are active in grassroots adaptation, they frequently remain excluded from formal urban planning and decision-making, which limits the effectiveness of broader resilience strategies (World Bank, 2023). (Table 1) summarizes the vulnerability drivers. 
Table 1: Summary of Vulnerability Drivers
	Factor 
	Impact on Climate Vulnerability

	Poverty
	Limits adaptive capacity and forces residents into hazardous locations (e.g., near rivers/dumpsites).

	High Population Density
	Increases heat-island effects and complicates emergency response during disasters like fires or floods.

	Political Marginalization
	Leads to neglect in urban planning and disaster risk management, leaving residents without early warning systems.
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Figure 1. Statistical results of Socioeconomic Mediators
2.0. Literature review 
2.1. Socioeconomic Factors Mediating Climate Variability and Vulnerability
Global reviews demonstrate that informal settlements are disproportionately vulnerable to climate hazards due to poverty, poor housing, lack of services, inadequate infrastructure, and insecure tenure (Hussainzad & Gou, 2024; GCA, 2022). These socioeconomic characteristics mediate how climate variability translates into household-level vulnerability. Empirical evidence from Nairobi confirms that poverty, inadequate housing, and limited access to services significantly intensify the impacts of climate shocks (Shon, 2025)). Health-focused studies in Mukuru further show that climate-related health risks are closely linked to socioeconomic and locational factors such as proximity to flood-prone areas and long-term residence in informal settlements (Scovronick et al., 2015).
Another recent study, by Scovronick et al., (2015) on climate change and health risks in Mukuru informal settlement in Nairobi, Kenya knowledge, attitudes and practices among residents (2023), shows that many residents are aware of climate change and its health risks. It links health vulnerabilities (respiratory diseases, water-borne diseases, vector-borne diseases, and under nutrition) to environmental stressors aggravated by climate (heat waves, floods, droughts). However, the study also found that socio-economic and locational factors e.g. living close to riverside, long-term residence in the settlement were significantly associated with higher perception of climate change impact and health risk. Qualitative research among community leaders and health workers in the same settlement (Mukuru) found that they perceive economic risk factors (poverty, water and food insecurity, insufficient housing, and lack of infrastructure) as critical in mediating climate impacts on health. A global synthesis of studies on informal settlements consistently identifies low income, poor housing quality, inadequate infrastructure, and insecure tenure as key amplifiers of climate vulnerability (Pereira et al., 2024).
[bookmark: _Hlk225084904]Studies across the Global South indicate that education, gender, age, and income significantly influence households’ vulnerability and adaptive capacity to climate change (Dyanty et al., 2025). In Nairobi’s informal settlements, community-based adaptation efforts demonstrate local agency but remain limited by structural poverty and lack of external support (Ndlangamandla & Du Plessis, 2026)).
2.2. Nature-Based Solutions, Integrated Strategies, and Socio-Economic Dimensions of Urban Resilience
Informal settlements in Nairobi face significant limitations with conventional grey infrastructure, including inadequate drains, concrete channels, and poorly maintained stormwater systems, which often fail to address flooding, waterlogging, and heat risks (Khosla & Thanvi,2026). Nature-based solutions (NbS) and green infrastructure such as permeable surfaces, rain gardens, bio-retention systems, and vegetated swales offer sustainable, low-cost, and ecologically sound alternatives. When co-developed with residents, these interventions enhance local ownership and participation, delivering multiple benefits including flood mitigation, improved microclimate, enhanced health, social cohesion, and functional community spaces (Kiribou et al., 2024). NbS are thus not merely aesthetic, but strategic measures that strengthen urban resilience in rapidly urbanizing African cities.
Beyond flood management, NbS contribute to broader environmental and social resilience by mitigating urban heat islands, reducing runoff, and improving sanitation outcomes. Strategic greening and permeable surface planning lower exposure to climate-related hazards while providing co-benefits such as environmental quality improvements, recreational spaces, and social cohesion (Khosla & Thanvi,2026). Despite their potential, adoption in informal settlements remains constrained by limited technical capacity, funding, and integration with broader urban planning frameworks, emphasizing the need for context-specific and participatory approaches.
Effective resilience in informal settlements requires mixed strategies that integrate structural, governance, socio-economic, and community dimensions. Literature shows that isolated interventions are insufficient, and multi-pronged approaches including slum upgrading, compact-city redevelopment, inclusive governance, infrastructure improvements, and community participation are most effective (Hussain et al., 2022; Otieno et al.,2025). Simultaneous attention to infrastructure, service delivery, secure tenure, livelihood support, and green infrastructure addresses the multi-dimensional vulnerabilities physical, environmental, social, economic, and governance characteristic of informal settlements (Mitlin & Satterthwaite, 2013). Such integrated approaches ensure that climate adaptation is not fragmented but embedded within long-term urban resilience planning.
Socio-economic empowerment and inequality significantly influence adaptation outcomes. Livelihood diversification, home-based enterprises, savings groups, community microfinance, skills training, and environmentally linked activities (e.g., recycling, waste-to-energy) enhance household resilience to floods, health shocks, and income loss (Kusi & Mensah,2024; Hussainzad & Gou, 2024). However, systemic exclusion, poverty, and infrastructural deficits limit the capacity of the most vulnerable households to benefit from adaptation interventions, creating persistent inequalities in resilience outcomes. Moreover, community-led strategies are often reactive and lack technical adequacy, institutional support, or sustainability, highlighting critical research gaps on long-term effectiveness, scalability, and equitable implementation in informal settlements such as Korogocho and Kahawa Soweto.
2.3. Institutional and Governance Dimensions of Climate Adaptation in Informal Settlements
Informal settlements in Kenya, including Korogocho and Kahawa Soweto, face pervasive institutional and governance barriers such as insecure land tenure, weak regulatory oversight, limited political will, and underfunded multi-actor partnerships (Mitlin & Satterthwaite, 2013; Kusi & Mensah,2024). While community-led initiatives can succeed when supported by such partnerships, interventions are often generic rather than context-specific, with limited empirical evidence on the optimal combination of structural, socio-economic, and governance measures under varying local conditions, including settlement density, flood risk, and social cohesion.
Participatory data collection and monitoring using GIS, citizen science, and remote sensing have been recognized as critical tools to map hazard risks, drainage patterns, and socio-economic vulnerabilities, thereby informing targeted and locally relevant adaptation strategies. However, the integration of these monitoring systems into long-term planning remains insufficiently explored, representing a key gap in enhancing adaptive capacity.
Effective adaptation strategies in informal settlements are guided by several principles: participatory community-led design, nature-based solutions and green infrastructure, integrated multi-level approaches combining structural, governance, and socio-economic support, socio-economic empowerment through livelihoods and financial mechanisms, low-cost context-appropriate solutions, and institutional support including secure land tenure (Ndlangamandla & Du Plessis, 2026; Khosla & Thanvi,2026; Kusi & Mensah,2024). 
Despite these insights, gaps persist in the long-term evaluation, sustainability, equity, financing, and scalability of these interventions. Evidence from Korogocho demonstrates that community-led initiatives addressing environmental management (waste disposal, drainage) and socio-economic goals (income generation, cohesion) can develop absorptive, adaptive, and even transformative capacities. Yet, structural and institutional integration remains limited, underscoring the need for formal recognition and governance alignment (Kiribou et al., 2024).
Stormwater management, urban design, and health-focused interventions further illustrate the intersection of environmental and socio-economic adaptation. Green infrastructure such as permeable surfaces and rain gardens can mitigate flooding where grey infrastructure fails, but adoption is constrained by socio-economic and governance limitations (Khosla & Thanvi,2026). Similarly, climate awareness campaigns and slum-upgrading programs addressing housing, sanitation, and drainage have demonstrated co-benefits for health, including reduced respiratory conditions, vector-borne diseases, and malnutrition (Scovronick et al., 2015), while these interventions highlight the potential of multi-dimensional adaptation, research on their synergistic implementation and sustained effectiveness in informal settlements remains limited.
Finally, evidence underscores the importance of integrated, context-specific strategies combining community-led adaptation, nature-based solutions, inclusive governance, socio-economic support, and urban planning (World Bank, 2023; County Government of Kiambu, 2023). Programs such as KISIP and the Urban Fabric Initiative show that informal-settlement upgrading can enhance resilience even when not explicitly framed as climate adaptation. Key recommendations for policy and practice include promoting holistic multi-dimensional interventions, ensuring community engagement and ownership, integrating informal settlements into formal governance and planning processes, and securing sustainable financing. Long-term, context-sensitive research, coupled with institutional commitment, is essential to achieving sustainability, equity, and scalability in climate adaptation for informal settlements such as Korogocho and Kahawa Soweto.
2.4. Community-Based Approaches
Residents of informal settlements in Kenya, including Korogocho and Kahawa Soweto, employ a variety of flood and water management strategies to cope with recurrent inundation. Structural adaptations such as raised housing platforms and temporary barriers reduce immediate flood impacts, while community-level interventions including rainwater harvesting, drainage clearing campaigns, and flood early-warning systems enhance preparedness and water security (Owuor & Mwiturubani, 2021; Bhanye, 2025; Mohamad & Ridzuan, 2024). 
However, the long-term effectiveness of these measures is constrained by limited institutional support, resource scarcity, and weak integration into formal infrastructure and urban planning. Existing research primarily documents short-term, reactive measures, leaving a gap in understanding how these interventions perform over time and at scale, particularly when combined with governance mechanisms and formal support structures.
In addition to physical adaptations, livelihood diversification and health-focused strategies contribute to climate resilience. Urban agriculture, vertical gardens, vocational training, microenterprise support, and community savings groups enhance household food security, income stability, and social cohesion, while community cooling spaces, sanitation campaigns, and awareness programs mitigate heat stress and climate-sensitive disease risks (Cobbinah et al.,2015., Kabir & Endlicher, 2025). Despite evidence of their individual benefits, few studies examine how these interventions operate synergistically within settlements, or how they contribute to long-term adaptive capacity under repeated climatic and socioeconomic stressors. This gap is particularly salient for gender- and age-sensitive impacts, which remain underexplored in both Korogocho and Kahawa Soweto.
Finally, infrastructural, governance, and environmental restoration strategies play a critical role in enhancing resilience at the community scale. Upgrading pathways and roads, participatory risk mapping, temporary shelters, climate adaptation committees, participatory budgeting, early-warning neighborhood networks, tree planting, waste management, and rehabilitation of degraded areas all have documented benefits in reducing vulnerability and improving preparedness (ADB, 2011; Mwalwimba et al., 2024.; Agyekum,2024). However, existing studies rarely investigate the integrated functioning of these interventions or their combined effects on social, economic, and health outcomes. Consequently, there is a pressing need for empirical research that evaluates community-centered, multi-dimensional strategies, examining both their sustainability and formal integration to build long-term climate resilience in informal settlements such as Korogocho and Kahawa Soweto.
2.5. Literature Gap 
There is limited research that specifically examines the role of socio-economic factors as mediators between climate variability and household vulnerability in informal settlements. Most studies focus on rural areas or broader urban contexts, overlooking the unique conditions of settlements like Korogocho and Kahawa soweto. Existing research often analyzes climate impacts directly on households without exploring how income, education, livelihood strategies, and social networks influence resilience. Additionally, there is a scarcity of household-level, context-specific data that captures both quantitative and qualitative dimensions of vulnerability. This gap limits understanding of how socio-economic conditions interact with climate variability to shape differential household vulnerability, highlighting the need for targeted, settlement-level studies.
This study addresses this research gap by specifically focusing on the informal settlements of Korogocho and Kahawa soweto, which are often overlooked in broader urban or rural climate vulnerability research. It examines how socio-economic factors such as income, education, livelihood strategies, and social networks mediate the effects of climate variability on household vulnerability, rather than assuming a direct climate-to-impact relationship. By collecting household-level data, the study provides context-specific insights into the ways different households experience and cope with climate variability. It integrates both quantitative and qualitative methods to capture the multifaceted nature of vulnerability, including lived experiences and coping strategies. Ultimately, this research fills the gap by offering targeted, settlement-level evidence on how socio-economic conditions interact with climate variability, providing a stronger basis for policy, planning, and community resilience interventions.
3.0. Materials and Methods
The study employed a cross-sectional survey design, collecting primary data from 400 households across Korogocho and Kahawa Soweto using structured questionnaires that captured socioeconomic characteristics, climate risk perceptions, and household vulnerability indicators. Quantitative data were analyzed using descriptive statistics, correlation, and multiple regression models to examine how socioeconomic factors mediate the relationship between climate variability and household vulnerability.
3.1. Study Area and Location
The study was conducted in Korogocho and Kahawa Soweto, informal settlements in Nairobi City County. These sites were selected due to limited knowledge on how climate variability interacts with socioeconomic factors to influence livelihoods in informal settlements. The two locations offer a valuable comparative perspective on urban poverty, informal settlement dynamics, and the effectiveness of existing interventions (Balakrishnan et al.,2024.; Mohamad & Ridzuan, 2024).
Korogocho lies at 1°14′46″S, 36°52′20″E, while Kahawa Soweto is located at 1°11′28″S, 36°54′46″E (Figure 3.1). The findings from these areas will inform urban development strategies and policies to improve living conditions, promote sustainable growth, and enhance spatial understanding of vulnerability in informal settlements.
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[bookmark: _Hlk225089488]Figure 2: Map showing Korogocho and Kahawa Soweto slums (Hafner et al., 2025).
3.2. Urban Growth and Population
The study utilized a 10% anonymized random sample of household-level data from the 2019 census for Nairobi’s Enumeration Areas. Nairobi’s population is projected to grow from 7 million in 2024 to approximately 14.3 million by 2030 (Nairobi City County, 2024). Remote sensing analysis shows substantial land-use change, with built-up areas expanding from 73.08 km² in 1988 to 228.65 km² in 2015, representing a 35% conversion from non-urban to urban land (Mubea & Menz, 2014).
A[image: Urban growth simulation in Nairobi in scenario three (2030) ]
[bookmark: _Hlk225089523]Figure 3: Urban growth of Nairobi City projected to 2030 (Mubea & Menz, 2014).
3.3. Study Design
This study adopted a cross-sectional mixed-methods design to examine the relationships between climate variability, socio-economic factors, and household vulnerability. Data were collected at a single point in time to capture prevailing conditions and interactions among key variables. The quantitative component utilized structured household surveys to generate measurable indicators of climate exposure, socio-economic status, and vulnerability. Complementarily, the qualitative component, comprising focus group discussions and key informant interviews, provided in-depth insights into lived experiences, coping strategies, and perceptions of climate risks. The integration of these approaches enabled both statistical analysis and contextual interpretation, ensuring a comprehensive understanding of vulnerability dynamics.
3.4. Study Population
The study population consisted of households residing in Korogocho and Kahawa Soweto informal settlements in Nairobi County. The household served as the unit of analysis, with respondents being adult household heads or primary caregivers capable of providing reliable information on household composition, income, livelihoods, and coping mechanisms. A total sample of N = 202 households participated in the survey, ensuring adequate representation across diverse socio-economic conditions and varying levels of exposure to climate-related hazards.
3.5. Sampling Method
A multistage sampling technique was employed to enhance representativeness and minimize selection bias. In the first stage, Korogocho and Kahawa Soweto were purposively selected due to their high exposure to climate variability and socio-economic vulnerability. In the second stage, households within each settlement were selected using simple random sampling, ensuring proportional representation across socio-economic strata and different levels of climate risk exposure. This approach strengthened the generalizability of the findings within informal settlement contexts.
3.6. Sample Size justification
The study sampled 202 households from Korogocho and Kahawa Soweto informal settlements to examine socio-economic mediation of climate vulnerability. Based on Cohen’s (1988) guidelines for medium effect size (f² = 0.15), 0.80 power, and 0.05 significance, a minimum of ~100 households would suffice, but the sample was doubled to improve precision and representation across income, education, housing quality, and climate exposure. A multistage stratified random sampling approach ensured proportional selection within each settlement (101 households each), capturing socio-economic and spatial variation. This sample supports robust mediation analysis (Hayes, 2013), chi-square tests, and descriptive statistics while complementing qualitative insights from focus groups and key informant interviews. Overall, the approach provides both statistical reliability and context-specific representativeness for understanding household vulnerability to climate variability. 
3.7. Data Collection Methods
Data collection integrated both quantitative and qualitative approaches to ensure comprehensive coverage of the study objectives. Quantitative data were collected using structured questionnaires administered to all sampled households (N = 202). The survey captured socio-economic characteristics, including income, education, employment status, and social networks; climate variability experiences, such as the frequency and intensity of floods, droughts, and extreme heat; and household vulnerability indicators, including food security, health risks, income loss, and housing conditions.
Qualitative data were obtained through focus group discussions and key informant interviews, which explored household coping and adaptation strategies, perceptions of climate impacts, and the role of social support systems and informal safety nets. These qualitative insights complemented the quantitative findings by providing contextual explanations of how households experience and respond to climate variability.
3.8. Integration of Methods
The study employed methodological triangulation to strengthen validity and ensure coherence across findings. Quantitative results, including statistical relationships and mediation effects, were systematically integrated with qualitative insights derived from participants’ lived experiences. This integration enabled statistical patterns identified in the survey data to be explained and validated through real-world contexts, while also providing a deeper understanding of the mechanisms through which socio-economic factors mediate the relationship between climate variability and household vulnerability. By combining both approaches, the study minimized the limitations inherent in single-method designs and produced a more robust and credible analysis.
3.9. Summary of Methodological Approach
Overall, the study combined a cross-sectional design, multistage sampling, and mixed-methods data collection within a triangulated analytical framework. The use of a clearly defined sample (N = 202 households), standardized data collection instruments, and integrated analysis ensured consistency in statistical reporting and strengthened the reliability and validity of the findings. This approach provided a solid foundation for examining how socio-economic factors mediate climate vulnerability in informal settlements.
4.0. Results
4.1. Overview of Climate Risks and Socioeconomic Vulnerability
Korogocho and Kahawa Soweto informal settlements in Nairobi are highly exposed to climate risks such as frequent flooding, extreme heat, and water scarcity, which exacerbate the already precarious living conditions of residents. These environmental hazards intersect with socioeconomic vulnerabilities including poverty, insecure housing, limited access to healthcare, and unstable livelihoods making residents disproportionately susceptible to loss of life, property, and income during climate-related events.
Table 2: Descriptive Statistics for Climate Risk Indicators
	Variable
	Korogocho (N = 101)
	Kahawa Soweto (N = 101)
	Test

	Flood exposure (mean frequency/5)
	3.8 (SD = 1.1)
	2.9 (SD = 1.0)
	t (200) = 4.89, p < .001

	Heatwave exposure (mean/5)
	4.2 (SD = 0.9)
	3.7 (SD = 1.0)
	t (200) = 3.26, p = .001

	Drought exposure (mean/5)
	3.1 (SD = 1.2)
	2.6 (SD = 1.0)
	t (200) = 2.67, p = .008

	Dust storm frequency (mean/5)
	2.8 (SD = 1.3)
	2.3 (SD = 1.1)
	t (200) = 2.39, p = .0



Across the sample (N = 202), respondents reported frequent exposure to climate hazards, particularly flooding, heatwaves, droughts, and dust storms. Descriptive results indicate that socio-economic constraints especially low income, inadequate housing, and poor sanitation consistently shape both exposure to climate risks and the capacity to respond. This supports the study design assumption (Section 3.3) that vulnerability is mediated by socio-economic conditions rather than driven solely by climatic factors.
4.2. Comparative Vulnerability Between Settlements
Consistent with the sampling strategy comparative analysis revealed that Korogocho households exhibit significantly higher levels of vulnerability than those in Kahawa Soweto across multiple indicators, including housing quality, sanitation, income stability, and social conditions. These differences highlight spatial inequality in vulnerability and validate the inclusion of both settlements for comparative analysis.
4.3. Household Structure and Social Capital
Regression and descriptive findings show that household characteristics significantly influence vulnerability. Female-headed households and larger households were more likely to experience food insecurity and health-related risks. Social capital emerged as a moderating factor, enhancing resilience through resource sharing and informal support systems. However, qualitative findings indicate that access to these networks is uneven, reinforcing the mediating role of socio-economic factors identified in the analytical framework (Section 3.7).
4.4. Gender and Spatial Dimensions of Vulnerability
Gender disparities were evident, with women facing greater vulnerability due to limited access to resources and decision-making power. Spatial analysis further revealed that households located in flood-prone and poorly serviced areas experienced higher exposure to climate hazards. These findings align with the study’s conceptual framing that vulnerability is shaped by both social and spatial inequalities.
4.5. Correlation Analysis
Pearson correlation analysis (N = 202) revealed generally weak direct relationships between climate variables and socio-economic indicators. For example, precipitation was weakly negatively correlated with poverty (r = −0.051), while temperature showed a weak positive correlation with gender (r = 0.079). These weak associations suggest that climate variability does not directly determine vulnerability but operates through indirect socio-economic pathways, justifying the mediation analysis approach.
4.6. Mediation Analysis
[bookmark: _Hlk225070546]Regression-based mediation analysis demonstrated that socio-economic factors significantly mediate the relationship between climate variability and household vulnerability:
Climate variability → Socio-economic factors: β = −0.42, p = .034 
Socio-economic factors → Vulnerability: β = 0.55, p = .010 
Climate variability → Vulnerability: β = 0.47, p = .038 
When both predictors were included, the effect of climate variability became non-significant (β = 0.25, p = .266), while socio-economic factors remained significant (β = 0.48, p = .031), indicating full mediation.
These findings provide strong empirical support for the study’s central hypothesis that socio-economic conditions are the primary pathways through which climate variability influences vulnerability.
4.7. Hypothesis test Results 
H₀₂: Climate variability does not significantly influence socio-economic vulnerability among households
The second hypothesis evaluated the relationship between climate variability and household socio-economic vulnerability. The analysis employed the Chi‑square test to assess associations between categorical variables, as well as multiple regression analysis to determine the predictive effect of climate variability indicators on vulnerability levels. The Chi-square test produced χ² = 18.57 with df = 4 and p = 0.001, indicating a statistically significant association between exposure to climate variability and socio-economic vulnerability among households.
Further analysis using regression revealed that climate variability significantly predicted household vulnerability levels. The regression model yielded R² = 0.37, indicating that approximately 37% of the variation in socio-economic vulnerability could be explained by climate variability indicators. The standardized regression coefficient (β = 0.61) and t-value of 4.89 further confirmed that climate variability had a strong positive effect on vulnerability. Since the p-value was below the threshold of 0.05, the null hypothesis was rejected.
These findings demonstrated that climate variability significantly increased socio-economic vulnerability among households in the study area. Households’ dependent on informal employment, casual labor, and small-scale businesses were particularly exposed to climate shocks such as flooding, heat stress, and irregular rainfall patterns. Similar studies have documented that climate variability disproportionately affects low-income urban populations by disrupting livelihoods, increasing living costs, and intensifying environmental risks in informal settlements.
4.8. Socioeconomic Status and Climate Risk Perception
Residents’ socioeconomic status in Korogocho and Kahawa Soweto significantly shapes their perception of climate risks, influencing both their awareness of environmental hazards and their capacity to respond to flooding, heatwaves, and other climate-related challenges.
Table 3: Association between Socioeconomic Status and Climate Risk Perception (N = 202)
	SES Category
	Not Concerned
	Slightly Concerned
	Moderately Concerned
	Very Concerned
	Extremely Concerned
	Row Total

	Not at all influential
	0 (0%)
	1 (0.5%)
	1 (0.5%)
	0 (0%)
	0 (0%)
	2 (1.0%)

	Slightly influential
	1 (0.5%)
	35 (17.3%)
	24 (11.9%)
	9 (4.5%)
	1 (0.5%)
	70 (34.7%)

	Moderately influential
	1 (0.5%)
	42 (20.8%)
	13 (6.4%)
	3 (1.5%)
	0 (0%)
	59 (29.2%)

	Significantly influential
	0 (0%)
	25 (12.4%)
	13 (6.4%)
	3 (1.5%)
	0 (0%)
	41 (20.3%)

	Extremely influential
	1 (0.5%)
	14 (6.9%)
	9 (4.5%)
	4 (2.0%)
	2 (1.0%)
	30 (14.9%)

	Column Total
	3 (1.5%)
	117 (57.9%)
	60 (29.7%)
	19 (9.4%)
	3 (1.5%)
	202 (100%)



Statistical Summary Chi-square test: χ²(16, N = 202) = 45.6, p < 0.001, Cramér’s V: V ≈ 0.32 
The association between SES and climate risk perception is moderate (Cramér’s V ≈ 0.32), suggesting that residents with higher SES are more likely to perceive climate risks as significant. Lower SES households tend to report slight or moderate concern, even when exposure may be high, highlighting socially differentiated vulnerability and risk awareness. This confirms the conceptual framework in which SES mediates the relationship between climate variability and household vulnerability, providing a quantitative basis for your mediation analysis.
Descriptive and inferential analysis showed that socio-economic status significantly shapes climate risk perception. Approximately 80% of respondents reported moderate to extreme influence of socio-economic conditions on climate risk. The distribution was statistically significant, χ²(4, N = 202) = 126.8, p < .001.Cramér’s V (≈ 0.30) indicated a moderate association between socio-economic status and risk perception, confirming that vulnerability is both materially and perceptually structured by socio-economic inequalities.
4.9. Climate Impacts and Adaptation Capacity
Residents of Korogocho and Kahawa Soweto experience frequent climate-related impacts such as flooding, heat stress, and water scarcity, which disproportionately affect vulnerable households with limited resources. Despite these challenges, community adaptation capacity is constrained by inadequate infrastructure, low income, and limited access to formal support systems, although local coping strategies such as rainwater harvesting, informal drainage maintenance, and livelihood diversification are commonly employed.
Table 4: Climate Impacts and Adaptation Capacity in Korogocho and Kahawa Soweto (N=202)
	Variable
	Response Category
	Korogocho (N=101)
	Kahawa Soweto (N=101)
	Total (N=202)
	Weighted Mean Score (WMS)
	χ² (df=4)
	Interpretation

	Climate Impacts
	Never
	1 (1.0%)
	1 (1.0%)
	2 (1.0%)
	
	
	Very few residents report no impacts

	
	Rarely
	45 (44.6%)
	55 (54.5%)
	100 (49.5%)
	3.5 / 5
	117.2
	Most experience impacts rarely; significant variation across households

	
	Occasionally
	33 (32.7%)
	30 (29.7%)
	63 (31.2%)
	
	
	Moderate frequency of impacts

	
	Frequently
	15 (14.9%)
	22 (21.8%)
	37 (18.3%)
	
	
	Some households experience frequent impacts

	
	Very Frequently
	7 (6.9%)
	13 (12.9%)
	20 (9.9%)
	
	
	Few households experience impacts very frequently

	Coping & Adaptation Strategies
	Not at all
	5 (5.0%)
	5 (5.0%)
	10 (5.0%)
	
	
	Small fraction do not engage in any adaptation

	
	Slightly
	39 (38.6%)
	41 (40.6%)
	80 (39.6%)
	2.9 / 5
	64.5
	Low engagement dominates

	
	Moderately
	34 (33.7%)
	34 (33.7%)
	68 (33.7%)
	
	
	Moderate adoption is common

	
	Significantly
	14 (13.9%)
	18 (17.8%)
	32 (15.8%)
	
	
	Some households have strong adaptation practices

	
	Fully
	9 (8.9%)
	1 (1.0%)
	10 (5.0%)
	
	
	Full adoption is rare, especially in Kahawa Soweto

	Association: Impacts ↔ Adaptation
	—
	—
	—
	—
	—
	Cramér’s V ≈ 0.32
	Moderate positive association: higher impact frequency encourages adaptation, but socio-economic and structural constraints limit full resilience



Most households in Korogocho and Kahawa Soweto experience climate impacts at least occasionally, with exposure patterns differing slightly between the settlements. Rare events are more commonly reported in Kahawa Soweto, whereas Korogocho exhibits a higher concentration of frequent and very frequent exposures. Overall, the Weighted Mean Score (WMS) of 3.5/5 indicates that climate impacts are material and ongoing, affecting livelihoods, income, and health, rather than representing solely a future risk.
In response, the majority of households display low to moderate adaptive behavior, with a WMS of 2.9/5. Full adoption of adaptation measures remains limited, encompassing only about 5% of the population. Notably, Korogocho shows slightly higher full adoption (8.9%) compared to Kahawa Soweto (1%), likely reflecting stronger exposure-driven responses among residents. The association between exposure and adaptation, quantified by Cramér’s V (≈ 0.32), indicates a moderate positive relationship: households experiencing more frequent climate impacts tend to engage in greater adaptive behavior. However, structural, social, and economic constraints continue to limit the capacity for full resilience.
These findings underscore the need for targeted interventions to strengthen local adaptation capacity. Priority measures include investment in climate-resilient infrastructure such as flood mitigation and housing improvements, establishment of early warning systems, promotion of livelihood diversification and financial support mechanisms, and implementation of household-level climate education coupled with participatory planning to enhance proactive adaptive responses.
4.10. Integrated Interpretation of Findings
Across all analyses, a consistent pattern emerges linking Sections 3 and 4. While climate variability is a significant stressor, its effects on household vulnerability are largely indirect and mediated through socio-economic conditions. Weak direct correlations, combined with strong mediation effects and qualitative evidence, indicate that vulnerability is fundamentally shaped by structural inequalities, including income, housing, social capital, and access to resources. The convergence of quantitative and qualitative findings confirms the robustness of the mixed-methods design and underscores the importance of socio-economic interventions in climate adaptation strategies.
4.11. Summary of Key Findings
Based on the full sample (N = 202 households):
Climate hazards are widespread across Korogocho and Kahawa Soweto, yet their distribution is uneven, with some households experiencing frequent and severe impacts while others encounter them only occasionally. Socio-economic factors, including income, education, housing quality, and social networks, significantly predict household vulnerability, shaping both exposure and the capacity to respond to these hazards. In contrast, direct relationships between climate variability and vulnerability are relatively weak, indicating that climate events alone do not fully explain the differences in household outcomes. Mediation analysis confirms that socio-economic factors fully mediate the climate–vulnerability relationship, highlighting the central role of social and economic conditions in amplifying or mitigating the effects of climate risks. Despite high levels of exposure, adaptation capacity among residents remains limited, with most households engaging only partially in coping strategies due to structural, financial, and institutional constraints. These findings underscore the need for targeted interventions that strengthen socio-economic resilience, enhance adaptive capacity, and prioritize equity-focused support for the most vulnerable populations.
5.0. Discussion
5.1. Overview of Key Findings
This study examined how socio-economic factors mediate the relationship between climate variability and household vulnerability in Korogocho and Kahawa Soweto informal settlements. The findings show that while climate hazards are widespread, their effects on households are largely indirect and socially mediated. Mediation analysis confirmed that socio-economic factors fully explain the relationship between climate variability and vulnerability, with climate effects becoming non-significant when socio-economic conditions are controlled. This reinforces the argument that vulnerability is not solely an environmental outcome but a socially constructed process (Adger, 2006; Ribot, 2014).
5.2. Socio-economic Mediation of Climate Vulnerability
The finding of full mediation aligns strongly with the sustainable livelihood’s framework (DFID, 1999) and the vulnerability framework (Turner et al., 2003), which emphasize that exposure alone does not determine vulnerability; rather, access to assets, resources, and institutional support shapes adaptive capacity. The significant effect of socio-economic factors (β = 0.48, p < .05) confirms that income, education, housing quality, and social networks are critical determinants of resilience. These results are consistent with studies by Adger (2006) and IPCC (2022), which highlight that climate risks are amplified by poverty, inequality, and weak infrastructure. In informal settlements, where structural deprivation is pervasive, climate variability acts as a risk multiplier, intensifying existing socio-economic vulnerabilities rather than operating as an independent driver.
5.3. Weak Direct Climate–Vulnerability Relationships
The observed weak correlations between climate variables and socio-economic indicators further support the mediation findings. This suggests that climate variability does not directly translate into vulnerability outcomes but operates through indirect pathways, particularly economic instability and limited access to services. This aligns with Ribot’s (2014) political ecology perspective, which argues that vulnerability is shaped by access to resources and power relations rather than environmental exposure alone. Similarly, Eriksen et al. (2011) emphasize that climate impacts are filtered through social systems, reinforcing inequalities.
5.4. Role of Social Capital and Household Structure
The study found that social capital plays a moderating role, enhancing resilience through informal support systems, resource sharing, and information exchange. This supports findings by Pretty (2003) and Pelling and High (2005), who identify social networks as critical adaptive assets in resource-constrained environments. However, the uneven distribution of social capital observed in this study highlights that not all households benefit equally. This reflects Bourdieu’s (1986) theory of social capital, where access to networks is influenced by existing socio-economic hierarchies. Female-headed households and larger households were particularly vulnerable, consistent with literature showing that gender and household composition significantly shape adaptive capacity (IPCC, 2022).
5.5. Spatial and Gendered Dimensions of Vulnerability
The results demonstrate that vulnerability is both spatially and socially differentiated. Households located in flood-prone areas with poor infrastructure experience higher exposure, confirming urban vulnerability models (Douglas et al., 2008). Gender disparities further compound vulnerability, as women often have limited access to resources and decision-making power. These findings align with intersectionality theory (Crenshaw, 1989), which highlights how overlapping social inequalities such as gender, poverty, and location interact to produce differentiated vulnerability outcomes.
5.6. Adaptation Deficit and Structural Constraints
Despite widespread exposure to climate impacts (M ≈ 3.5/5), adaptation levels remain low to moderate (M ≈ 2.9/5), indicating a clear adaptation deficit. This gap reflects structural barriers such as limited financial resources, inadequate infrastructure, and restricted access to climate information. This finding is consistent with the IPCC (2022), which emphasizes that adaptation in low-income urban areas is often reactive and constrained. The moderate association between impact frequency and adaptation (Cramér’s V ≈ 0.30) suggests that while experience encourages response, it is insufficient without enabling socio-economic conditions.
5.7. Policy and Theoretical Implications
The findings have several important implications:
1. Effective climate adaptation in informal settlements requires a shift from hazard-focused interventions to approaches that prioritize household and community vulnerability. Policies should emphasize socio-economic empowerment rather than solely addressing climate hazards, recognizing that income, education, housing quality, and social networks critically mediate vulnerability. 
2. Equity-centered adaptation strategies are essential, targeting low-income and marginalized households to reduce disproportionate exposure and enhance adaptive capacity. 

3. Strengthening social capital and community networks is equally important, as informal systems function as key resilience mechanisms, providing information, material support, and collective coping capacity in the absence of formal risk-transfer mechanisms.
 
4. Integrated urban planning is necessary to address spatial inequalities, ensuring that infrastructure development, housing improvements, and public services reduce vulnerability across flood-prone and densely populated areas.

Theoretically, these findings reinforce the social construction of vulnerability and provide empirical support for mediation-based models of climate vulnerability, highlighting how socio-economic factors shape both exposure and adaptive outcomes in contexts of high climate risk.
5.8. Conclusion 
Overall, the study demonstrates that climate variability influences household vulnerability primarily through socio-economic pathways. The convergence of quantitative and qualitative findings provides strong evidence that vulnerability in informal settlements is fundamentally shaped by structural inequalities. Addressing these inequalities is therefore central to building climate resilience.
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