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UVU snowpack field monitoring program
(Sundance Mountain Resort)

Snowpack model development 
(Science to Operations)

Glacier debris cover and monsoonal 
snow cover feedbacks 
(High Mountain Asia glaciers)

Mapping the last ice of Utah 
(Alpine rock glaciers)



The Cryosphere
Unmistakable indicators of climate change

Mountain glaciers, seasonal snow, 
ice sheets, permafrost, sea ice

Global ice feedback loops

Consequences of sea-level rise

Freshwater resource availability



Critical Water Towers
Mountain glaciers and snow

2+ billion people depend on 
mountain water runoff

55–60% of global freshwater is 
derived in mountains

Changes in alpine snowpacks and 
glaciers worldwide

Mountain regions warming 2-3x 
global rate



Mountain Snowpacks
Global patterns

Seasonal snow covers more than 30% 
of Northern Hemisphere

Snow changes impact arctic and 
alpine amplification

Earlier snowmelt and shorter season 
across mountain regions worldwide

More precipitation falling as rain 
rather than snow



Regional and Local Snowpacks
Beyond recreation and economics

70% of surface water in 
mountainous areas of western US

Snowmelt 1-3 weeks earlier 
across the western US

Low-to-no-snow conditions 
possible in 30-60 years

80-95% of Utah’s water originates 
as mountain snowpack



Mountain glaciers
Flowing rivers of ice

More than 200,000 alpine glaciers 
worldwide

Global retreat of mountain glaciers

Accelerated ice loss 

Retreat rates exceed natural 
variability, and many glaciers have 
lost 30–70% of their mass



Mountain glaciers
The state and fate

High Mountain Asia – regions have lost 
>21% in past 20 years alone

Alps – 80–95% volume loss by 2100

Andes – lost 30-50% area since 1970s

North America – GNP has lost >80% and 
Alaska accounts for >25% global loss

Significant loss is unavoidable even with 
aggressive emissions reductions



Related impacts
Beyond freshwater and sea-level changes

Increased frequency in mountain 
hazards

Agriculture and economic 
decline

Potential political conflicts

Public health concerns

Federal Office of Topography swisstopo



Conclusions

Mountain regions are changing 

Earlier snowmelt and 
disappearing glaciers will impact 
water storage in regions

Mitigation vs. adaptation

The future depends on the 
present



Questions?
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