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Jet Propulsion Laboratory 
California Ins5tute of Technology  Relevance / Impacts / Objectives 

Society: 

•  Water resources and Hydropower 

•  Natural disasters 

•  Tourism 

Science: 

•  Climate: Energy balance, precipitation, validation of models, etc. 

•  Hydrology: improvement of run off models 

•  Remote sensing: improvement and validation of algorithms, towards orbital appl. 

 

Agency: 

•  Programs: cryospheric science, terrestrial hydrology, climate change/variability, 

and applied sciences 

•  Missions: decadal survey mission HyspIRI, other (to-be) proposed missions 
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From: Orange County Register, May 31 2013 

Airborne Observations 
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LiDAR Scanner: 

1.  Snow Depth 

2.  Snow Water 

Equivalent 

 

 

Hyperspectral Imager: 

1.  Snow Cover 

2.  Snow Albedo 

3.  Grain Size 

4.  Radiative Forcing 

Airborne Observations 
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California Ins5tute of Technology  Study Site: Tuolumne River Basin, CA 
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Jet Propulsion Laboratory 
California Ins5tute of Technology  Main Part: Overview 

Snow Cover Area 

•  Product 

 

Albedo 

•  Method & Theory 

•  Product 

•  Analysis 

Snow Grain Size 

•  Method & Theory 

•  Product 

•  Analysis 

Radiative Forcing 

•  Method & Theory 

•  Product 

Snow Depth 

•  Product 

Snow Water Equivalent 

•  Product 

Details on the retrieval methods:  
Painter, T. H., Seidel, F. C., Bryant, A. C., Skiles, S. M., Rittger, K.: 

Imaging spectroscopy of albedo and radiative forcing by light 

absorbing impurities in mountain snow,  

Journal of Geophysical Research: Atmospheres,  

doi: 10.1002/jgrd.50520, 2013. 



Jet Propulsion Laboratory 
California Ins5tute of Technology  Main Part: Snow Cover Area 

Snow Cover Area 

•  Product 

 

Albedo 

•  Method & Theory 

•  Product 

•  Analysis 

Snow Grain Size 

•  Method & Theory 

•  Product 

•  Analysis 

Radiative Forcing 

•  Method & Theory 

•  Product 

Snow Depth 

•  Product 

Snow Water Equivalent 

•  Product 
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3. May is biased (missing flight line)
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May 20 2013 
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May 25 2013 
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June 01 2013 
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Jet Propulsion Laboratory 
California Ins5tute of Technology  Main Part: Albedo 

Snow Cover Area 

•  Product 

 

Albedo 

•  Method & Theory 

•  Product 

•  Analysis 

Snow Grain Size 

•  Method & Theory 

•  Product 

•  Analysis 

Radiative Forcing 

•  Method & Theory 

•  Product 

Snow Depth 

•  Product 

Snow Water Equivalent 

•  Product 

Details on the retrieval methods:  
Painter, T. H., Seidel, F. C., Bryant, A. C., Skiles, S. M., Rittger, K.: 

Imaging spectroscopy of albedo and radiative forcing by light 

absorbing impurities in mountain snow,  

Journal of Geophysical Research: Atmospheres,  

doi: 10.1002/jgrd.50520, 2013. 



Jet Propulsion Laboratory 
California Ins5tute of Technology  Radiance vs. Directional Reflectance 
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HDRF = Hemispherical Directional Reflectance Function 

Data: AVIRIS June 2011, Rocky Mountains. 



Jet Propulsion Laboratory 
California Ins5tute of Technology Radiance => Directional Surface Reflectance 

Atmospheric Correction using ATCOR4 (MODTRAN5)  

=> Hemispheric Directional Reflectance Factor 



Jet Propulsion Laboratory 
California Ins5tute of Technology  Directional R. vs. Albedo (Anisotropy Factor) 

Painter, 2011 

HDRF = Hemispherical Directional Reflectance Function 

Difference between 

reflectance in fwd. 

vs. nadir direction for 

the spectral range of 

the CASI1500 

instrument. 



Jet Propulsion Laboratory 
California Ins5tute of Technology Directional Reflectance & Atmospheric Scattering 



Jet Propulsion Laboratory 
California Ins5tute of Technology Directional Reflectance 



Jet Propulsion Laboratory 
California Ins5tute of Technology Reflectance => Spectral Albedo 

Correction for dir. Effects => Spectral Albedo DISORT – RT model 

Atmos Corr. using ATCOR4 (MODTRAN5) 



Jet Propulsion Laboratory 
California Ins5tute of Technology Spectral Albedo => (Broadband) Albedo 

Atmos Corr. using ATCOR4 (MODTRAN5) 

Correction for dir. effects DISORT – RT model 

Irradiance at each terrain cell 

Broadband Albedo 
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California Ins5tute of Technology  Main Part: Albedo 

Snow Cover Area 

•  Product 
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•  Method & Theory 

•  Product 

•  Analysis 
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•  Method & Theory 
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Jet Propulsion Laboratory 
California Ins5tute of Technology Albedo: April 10 2013 
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Jet Propulsion Laboratory 
California Ins5tute of Technology Albedo: May 11 2013 
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California Ins5tute of Technology Albedo: June 01 2013 
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Jet Propulsion Laboratory 
California Ins5tute of Technology  Main Part: Albedo 

Snow Cover Area 

•  Product 

 

Albedo 

•  Method & Theory 

•  Product 

•  Analysis 

Snow Grain Size 

•  Method & Theory 

•  Product 

•  Analysis 

Radiative Forcing 

•  Method & Theory 

•  Product 

Snow Depth 

•  Product 

Snow Water Equivalent 

•  Product 



Jet Propulsion Laboratory 
California Ins5tute of Technology  Time Series (preliminary results) 
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3. May is biased (missing flight line)

April 10 2013 
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Note: biased by data coverage outside of study area. 



Jet Propulsion Laboratory 
California Ins5tute of Technology  Albedo Profile 



Jet Propulsion Laboratory 
California Ins5tute of Technology  Albedo Profile 

16’700 pixels ! 



Jet Propulsion Laboratory 
California Ins5tute of Technology  Main Part: Snow Grain Size 

Snow Cover Area 

•  Product 

 

Albedo 

•  Method & Theory 

•  Product 

•  Analysis 

Snow Grain Size 

•  Method & Theory 

•  Product 

•  Analysis 

Radiative Forcing 

•  Method & Theory 

•  Product 

Snow Depth 

•  Product 

Snow Water Equivalent 

•  Product 

Details on the retrieval methods:  
Painter, T. H., Seidel, F. C., Bryant, A. C., Skiles, S. M., Rittger, K.: 

Imaging spectroscopy of albedo and radiative forcing by light 

absorbing impurities in mountain snow,  

Journal of Geophysical Research: Atmospheres,  

doi: 10.1002/jgrd.50520, 2013. 



Jet Propulsion Laboratory 
California Ins5tute of Technology  Snow Grain Size 

CASI1500  

spectral range 

Dozier, 2009 



Jet Propulsion Laboratory 
California Ins5tute of Technology  Snow Grain Size 

Painter, 2009 



Jet Propulsion Laboratory 
California Ins5tute of Technology Snow Grain Size 

Inverse Procedure with Least Absolute Deviation (cost funct. to find best fit) 



Jet Propulsion Laboratory 
California Ins5tute of Technology  Main Part: Snow Grain Size 

Snow Cover Area 

•  Product 
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•  Method & Theory 
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•  Method & Theory 

•  Product 

•  Analysis 

Radiative Forcing 

•  Method & Theory 

•  Product 

Snow Depth 

•  Product 

Snow Water Equivalent 

•  Product 



Jet Propulsion Laboratory 
California Ins5tute of Technology Snow Grain Size: April 10 2013 
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Jet Propulsion Laboratory 
California Ins5tute of Technology Snow Grain Size: May 11 2013 
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Jet Propulsion Laboratory 
California Ins5tute of Technology Snow Grain Size: June 01 2013 
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California Ins5tute of Technology  Main Part: Snow Grain Size 

Snow Cover Area 

•  Product 

 

Albedo 

•  Method & Theory 

•  Product 

•  Analysis 

Snow Grain Size 

•  Method & Theory 

•  Product 

•  Analysis 

Radiative Forcing 

•  Method & Theory 

•  Product 

Snow Depth 

•  Product 

Snow Water Equivalent 

•  Product 



Jet Propulsion Laboratory 
California Ins5tute of Technology  Time Series (preliminary results) 
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3. May is biased (missing flight line)

April 10 2013 

800 km2 
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Mean Snow Albedo

Mean Snow Grain Size

Snow Cover Area

Note: biased by data coverage outside of study area. 
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California Ins5tute of Technology  Main Part: Radiative Forcing 

Snow Cover Area 

•  Product 

 

Albedo 

•  Method & Theory 

•  Product 

•  Analysis 

Snow Grain Size 

•  Method & Theory 

•  Product 

•  Analysis 

Radiative Forcing 

•  Method & Theory 

•  Product 

Snow Depth 

•  Product 

Snow Water Equivalent 

•  Product 

Details on the retrieval methods:  
Painter, T. H., Seidel, F. C., Bryant, A. C., Skiles, S. M., Rittger, K.: 

Imaging spectroscopy of albedo and radiative forcing by light 

absorbing impurities in mountain snow,  

Journal of Geophysical Research: Atmospheres,  

doi: 10.1002/jgrd.50520, 2013. 
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California Ins5tute of Technology Radiative Forcing 

Irradiance at each terrain cell 

Broadband Albedo 

Radiative Forcing of Snow Impurities 



Jet Propulsion Laboratory 
California Ins5tute of Technology  Main Part: Radiative Forcing 
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California Ins5tute of Technology Radiative Forcing: April 10 2013 
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Jet Propulsion Laboratory 
California Ins5tute of Technology Radiative Forcing: May 11 2013 
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Jet Propulsion Laboratory 
California Ins5tute of Technology Radiative Forcing: June 01 2013 
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California Ins5tute of Technology  Main Part: Snow Depth 

Snow Cover Area 

•  Product 
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•  Method & Theory 
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•  Analysis 
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•  Product 



Jet Propulsion Laboratory 
California Ins5tute of Technology Snow Depth: April 02 2013 
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Jet Propulsion Laboratory 
California Ins5tute of Technology Snow Depth: May 05 2013 
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California Ins5tute of Technology Snow Water Equivalent: April 02 2013 
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California Ins5tute of Technology Snow Water Equivalent: May 05 2013 
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Jet Propulsion Laboratory 
California Ins5tute of Technology  Snow Water Equivalent 



Jet Propulsion Laboratory 
California Ins5tute of Technology  Outreach 



Jet Propulsion Laboratory 
California Ins5tute of Technology  Outlook 



Jet Propulsion Laboratory 
California Ins5tute of Technology  To Do 

2013 

•  Masking 

•  Validation against in-situ data 

•  Re-calibration of CASI NIR radiances 

•  Updating products 

2014+ 

•  Improve atmospheric correction and retrievals 

•  Upscale to much larger areas worldwide 

•  New instruments 

•  Add observations for atmospheric retrievals (aerosols) 

 



Jet Propulsion Laboratory 
California Ins5tute of Technology First Public AirMSPI data 
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California Ins5tute of Technology 

Thank you for your attention! 

Felix Seidel,  

Thomas Painter, 

ASO Team 

Felix.Seidel@jpl.nasa.gov 

 

More in:  

Painter, T. H., Seidel, F. C., Bryant, A. C., Skiles, S. M., and Rittger, K.: 

Imaging spectroscopy of albedo and radiative forcing by light absorbing 
impurities in mountain snow, Journal of Geophysical Research: Atmospheres, 

doi: 10.1002/jgrd.50520, 2013. 


