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Abstract:

Temperature increases such as those due to climate change will
alter energy balance and atmospheric moisture content in snow-
dominated mountain regions. These changes are likely to impact
two main drivers of hydrology- snowfall and evapotranspiration-
by reducing the fraction of precipitation falling as snow, as well as
increasing land surface energy. Recent hydrological work has
studied the impacts of these two drivers using statistical analysis of
basins with different average precipitation and climate as proxies
for moisture and energy changes, however, no studies to date have
used modeling to explicitly separate energy budget changes from
snow to rain transitions. Integrated hydrologic models that
simulate lateral flow, water, energy, and, interactions between the
subsurface and land surface provide an opportunity to isolate these
effects of climate change from natural interannual variability, the
latter of which are difficult to tease out in field and statistical
studies. Given that much of the world depends on mountain
snowpack for their water supply, understanding hydrologic
sensitivity to variability in phase of precipitation, temperature and
runoff in complex terrain is imperative.

This study uses an integrated hydrologic model to study response
to energy budget and precipitation phase changes due to warming
in two representative mountain headwaters transects of the central
Rocky Mountains in North America. A complete shift in
precipitation from snow to rain had less than half the impact on
streamflow (reductions between 5-10%) as 4 degrees of warming
during the year (reductions between 23-27%), suggesting that the
energy budget is a more dominant driver of total vearly

streamflow, not the phase of precipitation. Phase changes
demonstrated a strong impact on system memory, with complete
phase shifts reducing memory to less than 1 week, thus altering
expected storage and runoff patterns. This methodology and
modeling framework can be applied in other areas at the watershed
and regional scales to better delineate the impacts from different

drivers of environmental change.



