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Accurate classification of the phase of precipitation has important implications for understanding the
vulnerability of future water resources in warming cold regions, where a substantial shift from snow to
rain fraction is expected to occur over this century. In hydrological models, precipitation is typically
partitioned into rainfall and snowfall using empirical near-surface air temperature thresholds methods.
Surface air temperature methods require site-specific calibration and lack the physical basis to simulate
this partitioning realistically and confidently for future climates. Advanced algorithms using the
psychrometric energy balance of falling hydrometeors have demonstrated a solid physical basis and
appear scalable across time and space but have only been applied in small basin studies.

This study evaluated the impact of the choice of precipitation phase prediction technique on the
historical and future hydrology of the 406,000 km2 Saskatchewan River Basin (SRB), from its headwaters
in the Canadian Rockies to its lower reaches in the Canadian Prairies and boreal forest. It did so using
meteorological data (1971-2100) to force a continental scale hydrological land surface scheme with
water management, MESH. Using the psychrometric energy balance phase partitioning method, the
changing characteristics of snowfall and rainfall were shown to cause substantial changes in runoff
generation mechanisms and streamflow over time that depended on elevation and ecozone. The
historical period results using the energy balance-based phase partitioning approach resulted in high
snow fractions, particularly at high elevations, that are consistent with observations. To evaluate the
uncertainty introduced by using air temperature phase methods, the MESH model of the SRB was
falsified and run with different versions of these methods with various parameters. Only one of the
surface-temperature-based methods showed adequate partitioning results at high elevations. The
uncertainty introduced by temperature-based phase partitioning methods was substantial for the
historical period and became even more pronounced in the future, suggesting that empirical phase
partitioning methods are a large and unnecessary contributor of uncertainty for large scale hydrological
predictions of climate change impacts.



