Unabated Global Warming Threatens West's Snowpack, Water Supply
by Bob Berwyn
June 7, 2016 – Low-elevation snowpack across the Rocky Mountains, the Sierra Nevada, and the Cascades will disappear in the coming decades, if global warming continues unabated, according to a new study.  The changes will cause water shortages in the region, while it dries out forests and grasslands, the study's authors say.
According to the research, the snow line—the altitude above which it snows, and below which it rains—will climb as much as 800 feet in the Colorado Rockies, and 1,400 feet in the Rockies of Idaho and Wyoming, by 2100, if greenhouse gas emissions continue at the current rate.  The snow line will rise by an average of 950 feet across 6 Western mountain regions by century's end.  The study, by a team of University of Utah scientists, was published online in the journal Geophysical Research Letters last month.
A shift of that magnitude means less spring runoff for a million square miles of watersheds in the lower elevations of the West.  The melting of the spring snowpack determines how much water feeds critical reservoirs in 11 Western states.  That water helps sustain Phoenix, Los Angeles, Las Vegas, Denver and other cities, as well as farms and mountain ecosystems, through hot, dry summers.
Less spring snowpack means water managers will have to capture runoff earlier in the season, while dried up forests, brush and grasslands will increase early season wildfires.  Western ski resorts will also be affected, because the snow line will rise above the base elevation of many of them, according to the study.
"We identified an elevation threshold, above which precipitation is the main driver of springtime snowpack," said University of Utah climate researcher Court Strong, who led the study.  Right now, that line is at about 6,500 feet.  But it will rapidly march up the mountain during the coming decades, if global warming continues unchecked, Strong said.
Along with melting Arctic ice and vanishing glaciers worldwide, declining snow cover is a powerful gauge of global warming impacts, researchers say.
"Snowpack is one of the most pure forms of a climate indicator," said John Abatzoglou.  He is a University of Idaho geography professor who studies climate impacts, but was not involved in the study.  "We can see our snowpack, we can see when it decreases, or moves up and down the mountain….  It's one [of] the best independent measures, when it comes to climate change."
Climate change has already reduced snow cover in the Rockies by 20% since 1980.  It has pushed up the peak of spring runoff by as much as 2 weeks in parts of the mountain West, recent studies have shown.  All global climate models have projected steadily increasing temperatures.  Some suggest a slight increase in precipitation for the region.
But until now, those models have not been able to project changes for individual mountain ranges or valleys.  For this study, the authors downscaled global models, to account for extreme variations in altitude and other local conditions, like winds and regional moisture sources.  Their goal was to find out how climate change will affect precipitation and temperature, and how those changes will alter snowpack.   It is one of the 1st studies to show specific, elevation-based snowpack projections.
The study used data from the Wasatch Mountains of Utah, California's Sierra Nevada, the Cascades in Washington and Oregon, and the Rocky Mountains of Colorado, Idaho and Wyoming.
The team embedded a local weather forecasting system - which included 26 years of observed temperature, precipitation and snowpack data - in the global climate model.  They telescoped the grid into smaller and smaller cells, to capture fine-scale atmospheric processes affecting local climate.  These include future temperature changes in the Great Salt Lake in Utah and evaporation from urban irrigation, both of which contribute moisture to the air.
That enabled the researchers to look at areas as small as 1.5 square miles and make detailed projections about how global warming will affect the snowpack.  Existing global climate models measure the Earth's surface in segments of more than 38.6 square miles, bigger than some of the mountain ranges covered by the new study.
"You can't even see the Wasatch Range [in Utah] at that resolution,"  said Strong.  Those models work well for flat areas like the Great Plains, but they don't capture climate change impacts in the complex terrain of the mountain West, he said.
The researchers also wanted to know how the changing snow line would affect winter recreation.  So they looked at 14 ski resorts in Utah.
4 of them have base areas that sit above 7,300 feet, the elevation identified in the study as the snow line in 2100.  That means they will still get snow, rather than rain, for most of the winter.  But the rest, including venues from the 2002 Winter Olympics, sit at base elevations between 5,500 and 7,200 feet.  The base areas of those resorts will often see mid-winter rains, and little or no snow, by the end of the century.
The findings challenge conventional thinking that the amount of winter precipitation is the main predictor of summer water supplies in the West.  Instead, warming temperatures will have a bigger impact on how much water is stored as snow, and how fast it will melt and run down into rivers and streams in the water-strapped region.
Already, the Colorado River, which is fed by mountain streams and supplies water to more than 33 million people, has more claims on its water than it can deliver.  Mountain snowmelt - feeding streams in Utah, Wyoming and Colorado - replenishes the Colorado River and its reservoirs.  It also gives local towns and ranchers water for seasonal irrigation.  The system for allocating water was designed based on the climate of the 1920s.
The study adds more detail to a large body of science that has already documented big changes to the snow and water cycle in the West, according to U.S. Geological Survey researcher Greg McCabe.  He has been publishing papers on the topic since the 1980s.
"Since the 1980s, we noticed that these declines in spring snowpack measured on April 1 are unprecedented," said McCabe.  He referred to the day each year when water managers measure the moisture in the snowpack, to plan summer dam operations.  McCabe was not involved in the recent study.  "When you start to look at the details, you see that things are really happening.  And it's pretty clear that it's related to winter temperatures warming," he said.
The Rutgers Global Snow Lab has tracked dwindling spring snow at a larger scale.  Satellite data shows that the average Northern Hemisphere spring snow cover dropped from about 32 million square miles in 1969 to less than 29 million square miles in 2015.
In addition to the impacts on water resources, less snow cover and earlier snowmelt also means that the darker colored ground will absorb more solar radiation, in turn warming the atmosphere above.
"All the measurements tell us spring snowpack has declined over the last half century, that's a fact.  And that it's declined at lower elevation is a sign that increasing temperatures are what's driving it," Abatzoglou said.
Strong, the study's lead author, said the new findings are also important because the modeling approach will enable more accurate projections of global warming impacts in other mountain regions.  "Now that we have this system configured for this region, it can be transplanted, with some calibration for other local conditions, to project winter precipitation accurately," he said.
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