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Evaluation of the impacts of climate change on water availability, crop water productivity, and
n A a agroclimatic zones in the Tana River Basin, Kenya: a focus on the Bura irrigation scheme
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This thesis comprises seven chapters. Chapter one introduces the research problem, highlighting the impacts of
climate change and variability on water resources. It emphasizes the importance of modeling for understanding weather
and water resource dynamics to inform adaptation and mitigation strategies. Chapter two reviews the models and
methods used, including the Soil and Water Assessment Tool (SWAT), AquaCrop, and general circulation models
(GCMs), alongside data processing techniques such as downscaling and disaggregation. The concept of integrated
aquaculture agriculture (IAA) is also briefly discussed. Chapter three addresses the selection of five CMIP6 GCMs for
analyzing current and future water resources in the Tana River Basin. Using Kenya Meteorological Department data on
a ten-day timescale, the study bridged data gaps through rigorous downscaling and disaggregation, validating GCM
performance using Kling Gupta Efficiency (KGE) and Taylor statistics and finally selection of a set of best performing
GCMs for further studies. Chapter four evaluates past, present, and future water availability, crop water requirements
(CWR), yields, and water productivity (WPet) using SWAT and AquaCrop. Results showed that total available flow
(TAF) remains low during early crop development stages, and maize performs better than rice under elevated CO; and
temperature conditions due to lower CWR and greater resilience. Chapter five examines climate variability, agroclimatic
zones (ACZs) shifts, and their impacts using indices such as standardized precipitation evapotranspiration index (SPEI)
and growing degree days (GDD). Minimal shifts in ACZs were observed, with a 6.7% expansion of arid zones,
potentially affecting livestock production in dry semi-arid and arid zones. Tea and coffee production in wet sub-humid
regions may have been affected by the reduction in moisture index by 1 %. Chapter six develops a dynamic IAA model
integrating hydrological, thermal, nutrient, and biological dynamics. The model aims for improved water and nutrient
use/recycling under climate change. The model showed promising calibration results for variables like water evaporation
and fish weight. Chapter seven concludes the study, emphasizing the need for rainwater harvesting, stress-tolerant crops,
and sustainable water resource utilization. The findings of this study provide valuable insights for policymakers in Kenya

and sub-Saharan Africa to design effective climate adaptation and mitigation strategies.
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