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Abstract

Due to the increasing greenhouse gas emissions, the global mean temperature has risen by 1.1°C compared to pre-industrial levels, and
significant changes are expected in functioning of water supply systems. In this study, we assessed impacts of climate change and
instreamflow management on water supply reliability in the Geum River basin, Korea. We proposed univariate climate response
functions, where mean precipitation and potential evaporation were coupled as an explanatory variable, to assess impacts of climate
stress on multiple water supply reliabilities. To this end, natural streamflows were generated in the 19 sub-basins with the conceptual
GR6J model. Then, the simulated streamflows were input into the Water Evaluation And Planning (WEAP) model. The dynamic
optimization by WEAP allowed us to assess water supply reliability against the 2020 water demand projections. Results showed that
when minimizing the water shortage of the entire river basin under the 1991-2020 climate, water supply reliability was lowest in the
Bocheongcheon among the sub-basins. In a scenario where the priority of instreamflow maintenance is adjusted to be the same as
municipal and industrial water use, water supply reliability in the Bocheongcheon, Chogang, and Nonsancheon sub-basins significantly
decreased. The stress tests with 325 sets of climate perturbations showed that water supply reliability in the three sub-basins considerably
decreased under all the climate stresses, while the sub-basins connected to large infrastructures did not change significantly. When using
the 2021-2050 climate projections with the stress test results, water supply reliability in the Geum River basin was expected to generally
improve, but if the priority of instreamflow maintenance is increased, water shortage is expected to worsen in geographically isolated
sub-basins. Here, we suggest that the climate response function can be established by a single explanatory variable to assess climate
change impacts of many sub-basin’s performance simultaneously.
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Fig. 1. The Geum River system represented by a node-and-link network of the Water Evaluation And Planning (WEAP) model (left), and an
approximate description of the sub-basin linkages (right). Each sub-basin was signified by numerical identifiers in the right panel
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