Smallholder Farmers’ Resilience to Climate Change in Ethiopia’s Upper Blue Nile Basin
Abstract 
Climate change poses significant threats to food security and nutrition, particularly for smallholder farmers in Sub-Saharan Africa, including Ethiopia. Despite their heightened vulnerability, limited research addresses how climate change impacts these farmers across agroecological zones, gender, and vulnerable groups. This study explores the vulnerability, responses, and resilience of smallholder farmers to climate change and variability in Ethiopia's Upper Blue Nile Basin using a pragmatic mixed-methods approach. A cross-sectional survey of 646 households was conducted, alongside eight focus group discussions and 20 key informant interviews. Monthly temperature and daily rainfall data were obtained from the Idaho EPSCoR/Terraclimate and UCSB-CHG/CHIRPS/DAILY databases, respectively. GIS data from Landsat (4–5, 7, 8–9) and GPS-based geolocation supported spatio-temporal trend analysis. Analytical methods included descriptive statistics, IPCC-LVI, chi-square and t-tests, MLI, PCA, MVP, FCA, fractional regression, and ESR models. Findings reveal agroecological disparities: highland farmers are most sensitive to climate stress, while lowland households are most vulnerable due to limited adaptive capacity. Gender disparities were also pronounced—female-headed households faced greater vulnerability despite adopting climate-smart practices, whereas male-headed households demonstrated stronger adaptive capacities. Key drivers of adaptation included land size, education, training, and access to financial resources and markets. Farmers employed both ex-ante (e.g., early planting, diversification) and ex-post (e.g., use of savings) strategies, but adaptation was constrained by poor access to climate information, weak institutions, and poverty. Resilience was conceptualized across three pillars: Fixed Assets, Daily Needs, and Capability, with transformative capacity scoring highest. Crop-related CSAPs increased resilience by 37.7%, livestock by 28.4%, and soil management by 40.6%. The study recommends promoting sustainable land use, afforestation, equitable resource access, and gender-responsive, agroecology-specific interventions to enhance resilience among smallholder farmers confronting climate change.
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