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Science Questions 
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What are the controls 
on the global snow-
albedo feedback? 
 
What is the response of 
global snow and ice 
albedo and melt to 
temperature increases 
and dust/BC radiative 
forcing? 
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Aren’t we already dealing with these with ICESat, ICEBridge, 
and ICESat-2?! 
 
Nope – those are just the changes in mass – no attribution to 
forcing of changes in mass. 



Background 
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•  The snow albedo feedback amplifies changes in global radiative 
forcing, particularly in high latitude regions which are highly sensitive 
to changes in climate  

•  Snow/ice albedo and melt are highly sensitive to trace amounts of 
light absorbing impurities (e.g. black carbon) 

•  Roughly one-fifth of Earth’s population uses melted snow or glacial ice 
in some capacity for water resources 

•  Glacier and ice sheet runoff accounts for a large fraction of sea level 
rise 

•  The timing and magnitude of snowmelt runoff modulate regional 
climate and hydroclimate, dominates ecosystem function in vast 
regions, and contribute to most major flooding events 

 
Uncertainties in our understanding of the processes that control snow 
albedo feedbacks result in large uncertainties in projected changes in 

climate and sea level 



Global Cryosphere 
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UN Environment Programme Global 
Outlook for Ice and Snow 



Elk Range, Colorado River Basin, April 2009 

Senator Beck Basin, CO; Tmax 13-15 
°C 

Morteratschgletscher (Oerlemans, 2000) 
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What controls 
snowmelt? 



Greenland Melt 
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Greenland Albedo 

West Greenland, 2013 
Image: S.M. Skiles 
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BC in Arctic 



Hindu Kush-Himalaya 
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MODIS Dust Radiative Forcing in Snow 
Painter et al 2012 
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BC ends LIA in Alps 



6/13/13 12 

Dust RF in Colorado River Basin 
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How fast rivers come up 



Uncertainties in Glacier Mass 
Balance contributions to SLR 

14 

Gardner et al 2013 



Why a spectrometer? 
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Robust retrievals that come from imaging spectrometer and 
provide critical understanding of cryosphere forcings 
 
v  Spectral albedo 
v  Snow grain size 
v Dust/BC radiative forcing in snow and ice 
v  Snow surface liquid water content 

All retrievals are demonstrated with AVIRIS or ASO 
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Spectral resolution drivers 

•  To understand changes in 
snow depth/ice height to 
within 0.25 m 

•  With enthalpy of fusion, a 
0.25 m snowpack with 
density 80 kg/m3 is 
equivalent to 6 W/m2 or 
instantaneous 15 W/m2 

è < 40 nm spectral resolution 
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We need a spaceborne imaging spectrometer to answer 
these critical questions. 
 
The rest of the water cycle has or will soon have missions. 
 
Such a mission directly addresses the fundamental 
questions in Climate Change and Variability, Water and 
Energy Cycle, Carbon Cycles and Ecosystems through 
understanding the cryosphere  

Again, the Science Questions 
What are the controls on the global snow-albedo feedback? 

What is the response of global snow and ice albedo and melt to 
temperature increases and dust/BC radiative forcing? 

 
 



Airborne Snow Observatory 
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Setting the stage  



Imaging Spectrometer 
0.35-1.05 μm 

2 m spatial resolution from 4000 AGL  

3D Scanning LiDAR 
1064 nm 

1 m spatial resolution 

Albedo 

Snow Water 
Equivalent 



ASO Spectral Albedo 



ASO-DM1 Results 



ASO-DM1 Results 



ASO-DM1 Results 



ASO SWE and albedo 2014 



April 10 2013 
870 km2 

May 11 2013 
520 km2 

June 01 2013 
320 km2 
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3. May has a missing flight line

X 

ASO Tuolumne snowmelt 2013 



Why is it urgent 
•  Relative contributions by forcings of 

mass loss from glaciers and ice sheets 
remain unknown due insufficient 
measurements and constraints on 
regional climate and hydroclimate 
modeling 

•  Mountain glaciers and ice sheets 
have ongoing retreat and 
downwasting 

•  A strong mitigation opportunity 
against warming impacts on the 
cryosphere may rest in reducing 
particulate loading – unlike reducing 
CO2 a “regional solution to a regional 
problem” 

•  The World Bank is calling for these 
mitigation efforts already, but 
measurements are needed now to be 
able to understand efficacy of 
mitigation effort. 
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