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Water resources infrastructure plays an important role in energy and food security by providing

water storage for hydropower generation and food production. Yet, Water, Energy, and Food

(WEF) often interplay and evolve dynamically over time with social-economic development and

water system expansions. Understanding the WEF Nexus is particularly challenging in

transboundary contexts, where interdependencies also develop across multiple riparian countries.

In this work, we investigate how to address the WEF Nexus in transboundary river basins to

discover innovative solutions mitigating existing tradeoffs and facilitating international

agreements. Our approach is demonstrated on the Nile River basin, where we explore tradeoffs

between power generation and irrigation water supply across Ethiopia, Sudan, and Egypt. In

particular, we analyze innovative portfolios of interventions that combine the coordinated

operation of large water reservoirs (i.e., the Grand Ethiopian Renaissance Dam, Merowe Dam, and

High Aswan Dam) and the main irrigation diversions, with water demand management options

(e.g., aquaponics systems, new desalination plants) for reducing the water demand in the Nile

Delta. Our results show that the Nile River basin features both strong tradeoffs and notable

synergies across the WEF Nexus and across countries. For example, our analysis shows a clear

tradeoff between hydropower generation in Egypt and irrigation water supply in Sudan. In

contrast, the hydropower generation in Sudan and Egypt are positively correlated. Additional

challenges will be generated by the projected decrease in water availability as suggested by most

climate change scenarios. Finally, the potential reduction of the irrigation demands in the Nile

Delta can contribute in mitigating existing tradeoffs and represents an additional option in the

current international negotiations between Ethiopia, Sudan, and Egypt.
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