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EXTENDED ABSTRACT 

 

 Under anthropogenic climate change, warming temperatures and altered precipitation regimes are expected 

to alter snow hydrology in the western United States. In catchments with wind-driven snow redistribution, the 

transition from snow to rain may be either moderated or exacerbated in parts of the watershed that currently receive 

snow subsidies. The hydrological sensitivity may depend on the seasonal variability of changing precipitation and 

temperature, and magnitude or the effect may vary inter-annually. To test these dynamics, we applied the 

Simultaneous Heat and Water (SHAW) model to a 30-year hourly meteorological record from the Upper Sheep 

Creek catchment in the Reynolds Creek Experimental Watershed. The model was applied to three hydrologic 

response units: a drift-subsidized site with quaking aspen stands, and two landscape units with mountain big and low 

sage, respectively, with low sage particularly susceptible to scour.  

 

 Under the temperature changes approximated by representative concentration pathway (RCP) 8.5 in the late 

21st century, decreases in maximum snow water equivalent (SWEmax) in drift sites were slightly mitigated by 

projected seasonally variable temperature increases, with decreases of 65.6% under seasonally constant temperature 

increase of 3.45oC and 63.8% when the same temperature increase was seasonally variable. Precipitation changes 

similarly suggested a very slight effect of seasonal variability, with a 22.2% increase in maximum SWE under 

seasonally constant 20% increase in precipitation, and a slightly larger 23.9% increase in maximum SWE under 

seasonally variable change.  

 

 We also assessed the interannual variability of changes in SWEmax, date of SWEmax (DOMS), SWE/P ratio, 

and SWE residence time (SWETres), which was calculated as the difference between center of timing of SWE 

accumulation and melt. In drift-subsidized aspen stands, a water year with SWEmax historically in the 25th percentile 

of the 30-year distribution became a 90th percentile year under the 3.45oC warming scenario estimated under the 

RCP8.5 projection for the late 21st century. In summary, what historically would have been a relatively low snow 

year is projected to become one of the wettest snow years in this scenario. In contrast, in the low sage landscape unit 

that is subject to snow scour, the shift was slightly less; a 25th percentile year becomes a 74th percentile year under 

the same warming scenario. SWETres dynamics varied across sites; a historical 25th percentile year (with relatively 

short residence time) became an 87th percentile year in the drift-subsidized area, but was a 94th percentile year in the 

low sage unit.  

 

 In addition to variability in the relative magnitude of the shift between hydrological response units, the 

range of interannual variability changed in ways that were dependent on the variable of interest and hydrological 

response unit (Figure 1). In the drift-subsidized aspen and sage units, interannual variability of SWEmax decreased as 

temperatures warmed. In contrast, interannual variability of DOMS increased with temperature in both the drift-

subsidized and big sage units, but remained constant in the low sage site. In the drift site, interannual variability of 

SWETres increased, then decreased as it approached zero in many water years. At the watershed scale, warming 

yielded an increase in spatial homogeneity of SWE timing.  (KEYWORDS: Snow drift, climate change, semi-arid, 

snow residence time, SHAW) 
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Figure 1.  Changes in interannual variability of SWEmax, SWETres, DOMS, and SWE/P in aspen, mountain big sage, 

and low sage landscape units under warming temperatures.  
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