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Standfirst 20 

High uncertainty exists in the projected climate change impacts on the Nile’s economies 21 

and water-dependent sectors. Under these uncertainties, managing the Grand Ethiopian 22 

Renaissance Dam (GERD) cooperatively and adaptively can produce economic and water 23 

management benefits for Ethiopia, Sudan, and Egypt. 24 

The policy problem 25 

Designing management strategies for large dams requires adopting a multi-dimensional 26 

approach to foster synergies, identify efficient tradeoffs, and optimize economic performance. 27 

Dam negotiations between the Nile riparian countries have traditionally used biophysical 28 
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metrics only, such as irrigation water supplies and hydropower generation, even though 29 

governments often build dams to achieve wider economic goals. The implications of climate 30 

change uncertainty for the Nile hydrology (e.g., streamflow and irrigation demands) and the 31 

economies of its riparian countries (e.g., economic development pathways, population 32 

growth, and climate policies) mean non-adaptive dam management can perform poorly. The 33 

construction of the GERD on the Nile triggered political tensions between Ethiopia, Sudan, 34 

and Egypt, with negotiations between the countries yet to reach an agreement. While 35 

negotiations over the GERD have been ongoing since 2011, economy-wide metrics alongside 36 

climate change uncertainties have not been considered in developing and evaluating dam 37 

operation proposals for the Nile. 38 

The findings 39 

Based on 29 climate projections, we find that both the sign and magnitude of potential 40 

changes in naturalized streamflow of the Nile in 2021-2050 are highly uncertain. These 41 

uncertainties spark the need for an adaptive and cooperative approach. We show that 42 

cooperative adaptive management of the GERD yields compromise solutions with economy-43 

wide benefits to Ethiopia, Sudan, and Egypt compared to a proposal discussed in Washington 44 

D.C. in 2020 (Fig. 1). Under an example compromise solution (Fig. 1), the mean (based on 29 45 

projections) discounted (at 3%) real GDP increases by 0.77, 0.67, and 0.18 billion USD in 46 

2020-2045 for Ethiopia, Sudan, and Egypt, respectively, relative to the Washington Draft 47 

Proposal. These benefits are more pronounced under extreme climate scenarios, with rises in 48 

discounted real GDP of up to 15.8, 6.3, and 3.0 billion USD over 2020-2045 for Ethiopia, 49 

Sudan, and Egypt, respectively. Our results should be complemented by evaluating the 50 

impacts on ecology, groundwater, and riparian populations. 51 



 52 

Fig. 1 Ethiopian, Sudanese, and Egyptian economic and river system performance under 53 

the best performing designs of an adaptive Grand Ethiopian Rennaissance Dam 54 
(GERD) operating approach considering 29 climate change projections for 2020-2045. 55 

Each line of the parallel coordinates plot shows the performance achieved by one of the 56 

Pareto-efficient adaptive designs or policies, i.e., a policy which, if further improved for one 57 

performance metric, would imply a reduction in one or more other performance metrics. All 58 

change values are calculated from a baseline in which the GERD is operated based on the 59 

Washington draft proposal. The upward direction on each axis indicates better performance 60 

(i.e., a ‘perfect adaptive plan’ would be a straight line across the top); diagonal lines between 61 

neighboring axes imply tradeoffs, whereas horizontal ones show synergies. The firm power 62 

values are calculated based on a 90% reliability, and the real GDP values are discounted at a 63 

3% rate. 64 

The study 65 

We developed a planning framework for Nile infrastructure management considering 66 

the socio-economic and hydrological uncertainties of climate change. The framework 67 

integrates hydrological, economy-wide, and river system simulators driven by climate and 68 

socio-economic data from the Coupled Model Intercomparison Project (CMIP) 6. This 69 

framework enables the estimation of multiple economy-wide and engineering performance 70 

metrics under various infrastructure management plans and climate change projections. The 71 

simulators were calibrated and validated, and the climate change data were bias-corrected and 72 



downscaled before being used. The climate scenario ensemble includes members synthesized 73 

to address the wetting tendency of climate models known as the “East Africa climate 74 

paradox.” The most efficient operational designs for a cooperative and adaptive GERD 75 

management formulation were identified by linking the integrated simulators with an artificial 76 

intelligence search algorithm over thousands of iterations. We then compared the performance 77 

under the identified efficient, optimized plans with that of the Washington Draft Proposal. 78 

Messages for Policy 79 

 There are deep uncertainties around the impacts of climate change on the Nile 80 

streamflow, reservoir evaporation rates, crop evapotranspiration, and socio-economic 81 

development. 82 

 Adaptive management plans for Nile infrastructure are vital for coping with climate 83 

change uncertainty; such plans involve short-term actions and adaptation mechanisms as 84 

climate change unfolds. 85 

 Cooperative adaptive management of the Grand Ethiopian Renaissance Dam provides 86 

economy-wide and water management benefits to Ethiopia, Sudan, and Egypt compared 87 

to the Washington Draft Proposal. 88 

 Adaptive management plans of the Grand Ethiopian Renaissance Dam that maximize the 89 

economy-wide gains of one country result in losses for at least one of the other two 90 

countries compared to the Washington Draft Proposal; however, adaptive solutions exist 91 

that improve performance for all countries. 92 
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