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Abstract

An effort has been made to understand the impact of climate change on hydro-climatology, yield,
hydropower, and reservoir performance in the upper Blue Nile basin, Ethiopia. The projected
change of the climate variables was assessed by using four CORDEX-AFRICA regional climate
models for two climate change scenarios (RCP 4.5 and RCP 8.5). The bias inside the RCM models
was corrected with the observed climate data. The spatial pattern of mean Blue-water-flow (which
is the sum of the basin water yield and aquifer recharge, mm/year) for the baseline (1982 — 2005)
was simulated using observed historical climate data. The future Blue-water-flow availability was
simulated using an ensemble of the four bias-corrected RCMs; the outputs averaged for the period
(2027 — 2050). The projected change of blue water flow is primarily due to the variation in

temperature and rainfall under both RCP scenarios.

The impact of the changing climate on irrigation water demand and yield of sugarcane was also
evaluated for the baseline and the two future RCP scenarios at 19 sites in the existing and proposed
reservoir command areas. The projections of gross irrigation water demand (GID) for the dry
season (November to May) are predicted to increase for almost all command areas compared to
demand in the baseline period. Though minor drops in demands on the monthly scale were
witnessed, the overall annual irrigation water demands for sugarcane are projected to grow in all
command areas. The contribution of improved irrigation efficiency as an adaptation tool to save
water was also assessed. The changes in yield, biomass, and water productivity are evident under
the two RCP scenarios relative to the baseline period, and the result shows a difference in the
impact of each scenario and the range of spatial variability in the command area. The most
substantial projected change in sugarcane yield for RCP 8.5 and RCP 4.5 climate scenarios is

estimated at the Lower Guder command area; the yield is expected to increase by 32.8% and



27.1%, respectively. The projected biomass and yield are generally higher under RCP 8.5; this
could be due to the CO, effects on the crop that may, to some extent, compensate for the stress
that the RCP 8.5 climate conditions impose on the crop, resulting in the small biomass and yield

Increases.

The impact of the changing climate on the performance of the Lake-Tana-multipurpose-reservoir
system was also investigated, and adaptive strategies for likely future scenarios were developed.
The projected change in the mean monthly inflow during the main rainy season (June to
September) generally decreases for RCP 4.5 and RCP 8.5 scenarios in the range of -1% to -15%
and -0.3% to -11%, respectively. The mean monthly evaporation loss is projected to increase in
every month. In the main rainy season (June to September), the projected increase in evaporation
loss ranges from 3% to 4% for RCP 4.5 and 4% to 5% for RCP 8.5; this rise is primarily attributable
to the projected increase of the mean monthly temperature throughout the basin. The performance
assessment was conducted for two different reservoir operation policies viz. standard-operating-
policy (SOP) and optimal-operating-policy (OOP). The monthly scale optimal operating policy
was formulated using Linear Programming (LP) optimization technique to maximize reliabilities
with respect to the multiple reservoir purposes. Under SOP, the reservoir could be unable to keep
the storage above the buffer level for almost three successive months, starting from mid-March to
the end of May. When the reservoir is operated under OOP, the storage level remains above the
buffer level to satisfy all the demands. The three performance indices (reliability, vulnerability,
and resiliency) of the reservoir operation were calculated for both policies under the baseline and
two RCP scenarios. Under SOP, reliability and resiliency in reference to hydropower show a

decline for both RCP scenarios, while vulnerability increases for the two scenarios. The effect of



applying OOP in improving the performance indices shows that OOP achieves higher hydropower

reliability and resiliency for historical and future climate scenarios.
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