
Remote Sensing of Snow���
�

Thomas H. Painter, NASA JPL/Caltech, Pasadena, CA 



Outline	  

•  Energy	  and	  mass	  balance	  
•  Frac4onal	  snow	  covered	  area	  
•  Dust/black	  carbon	  radia4ve	  forcing	  in	  snow	  
•  Airborne	  Snow	  Observatory	  

– SWE	  
– Albedo	  

•  Implementa4ons	  with	  CBRFC	  and	  BOR	  



Energy	  and	  Mass	  Balance	  
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MODSCAG	  



Spectral	  libraries	  

 



MODSCAG	  vs	  MOD10A1	  

MODIS
image

snow from
ETM+

MOD10A1 binary MOD10A1 fractional MODSCAG

(all at 500 m resolution)
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RiTger	  et	  al,	  2012	  



MODSCAG	  
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Growing	  EB	  
and	  Radia4on	  

Network	  

At	  these,	  we	  find	  that	  dust	  
radia4ve	  forcing	  accelerates	  
melt	  by	  27-‐51	  days	  



What’s Normal? 
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Hydrograph	  rising	  limb	  

!



Rising	  Limb	  
Steepness	  

!

!

Painter	  et	  al	  in	  prepara4on	  



!!

Steepness	  of	  rising	  limb	  

Painter	  et	  al	  (in	  prepara4on)	  

TEMPERATURE	  2005-‐2010	   ALBEDO	  2005-‐2010	  



MODIS	  Dust	  Radia4ve	  Forcing	  in	  SNow	  



MODDRFS retrievals < 30° sensor zenith vs.  energy-
balance tower retrievals at time of MODIS overpass.  "
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The regression yields coefficients: "
β1 = 0.75 ± 0.11 and β0 = 31.2 ± 14.4"
MAE = 28 W m-2, RMSE = 33 W m-2"
"
After Bias Correction:  "
MAE = 25 W m-2, RMSE = 32 W m-2  "
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Negative = Observed earlier than Simulated"
Positive = Simulated earlier than Observed"
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As dust forcing increases observed 
streamflow is earlier relative to 
simulated streamflow. "



Negative = Overforecast"
Positive = Underforecast"

 
As dust forcing increases, so does 
the likelihood of underforecast."

Percent Bias"
2003, 2009, 2010"
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MODDRFS	  

snow.jpl.nasa.gov	  



Jet Propulsion Laboratory 
California Institute of Technology 
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Knowing	  the	  magnitude	  and	  4ming	  
of	  snowmelt	  runoff	  requires	  

knowing	  
SNOW	  WATER	  EQUIVALENT	  and	  

SNOW	  ALBEDO	  



The way we’ve measured snow in 
the West since 1910 



The way we 
see SWE now 
in the 
Tuolumne 
(3600x expanded) 

The way we 
want to see it 

The way we 
see SWE now 
in the 
Tuolumne 
(3600x expanded) 

see SWE now 

The way we 
want to see it 
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CASI-1500 Imaging Spectrometer 
0.35-1.05 �m 

2 m spatial resolution from 4000 AGL  

Riegl Q1560 3D Scanning lidar 
1064 nm, canopy penetration 
1 m spatial resolution 

Albedo 

Snow Water 
Equivalent 

•  Retrieve topography snow-free and 
snow-on 

•  Difference gives snow depth 
•  SWE comes from assimilation of 

modeled density field constrained 
by observations 

•  SWE variation primarily from depth  
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Data to Customer

LiDAR
Path

Spectrometer 
Path

RAW
Flight Disk Data

CASI_radiance_cal
(MCS - Linux)

CASI 
Calibrated 
Radiance

RAW
Flight Disk Data

ATCOR 4
(MCS - Either)

CASI 
Surface 

Reflectance

(ISSP)
Imaging Spectrometer 

Snow Processing
(MCS - Either)

Rad Force

Grain Size

RAW
Base Station Data

(?)

Applanix PosPac
(MCS - Windows)

Optech Orion-H Range
Applanix Data

Optech LMS
(MCS - Windows)

SBET

LAS Files
(filtered discrete returns)
1 File per Flight Line

demo_lidar
(MCS - Either)

Auxilary Files

DEM First Return
(topography for radiation 

calculations)

MCC & Joe's Code
(MCS - Either)

Determine Snow
Depth

(MCS - Either)

Snow DepthSnow Density 
(source?)

SWE Determination
(MCS - Either)

SWE & ∆SWE ALBEDO

aso_aig_casi_ortho_full_demo
(MCS - Either)

Result of Ray-Tracing
Result of Rendering

Background
DEM

Site Grid
Parameters

Ancillary Files
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� O� � � � � aeE4 � �i i� n �r �Snowfall 
24 March to 7 April 2014 
Lyell Fork, Tuolumne 

-0.2                 0                0.2 
 Δ SWE (m) 



/NO! 
 

Ground measurements 
are critical. 



Tuolumne	  Basin	  above	  Hetch	  Hetchy	  Reservoir	  
SWE/Met	  Sta/ons	  &	  PRMS	  Model	  Units	  

ASO	  SWE	  &	  Albedo	  
aggregated	  to	  PRMS	  
model	  units	  

May	  3,	  2013	  
SWE	  (m)	  
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Uncompahgre	  River	  Basin	  (above	  
Ridgway	  Reservoir)	  

19	  April	  2013	  
Colorado	  River	  Basin	  



Uncompahgre	  River	  Basin	  (above	  
Ridgway	  Reservoir)	  

17	  May	  2013	  
Colorado	  River	  Basin	  



Uncompahgre	  River	  Basin	  (above	  
Ridgway	  Reservoir)	  

17	  May	  2013	  
Colorado	  River	  Basin	  



Uncompahgre	  River	  Basin	  (above	  
Ridgway	  Reservoir)	  

17	  May	  2013	  
Colorado	  River	  Basin	  



17	  May	  2013	  

Uncompahgre	  River	  Basin	  (above	  
Ridgway	  Reservoir)	  

Colorado	  River	  Basin	  



ASO	  in	  California	  	  
Present	  +	  Near	  Future	  
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ASO	  in	  Colorado	  River	  Basin	  
Present	  +	  Near	  Future	  



ASO	  in	  Colorado	  River	  Basin	  
Present	  +	  Near	  Future	  



ASO	  in	  Colorado:	  
Envisioned	  
program	  





Valida4on	  



� � r dO� �� � cy�� u� a�

pvp� z � 3� � n �
�
3� � n � z � pvp� z � ; 9� � n �

� ue	   i� hy� dcye� � u� � y� e� � a� � yEn � aeE4 h� y� � �

Tuolumne Meadows 



� �i u� �m Ee� h� � � eaudw�
� � eaudw� � � i� a� � yEn � u� � � � � � k�
� Eeady�u e� � � � w� r uiiE4 a�

� 	 �  � � � � � 	 � � � ; GG° �

� u� i� � n � �a cy� n � eda�



MODSCAG	  

•  There	  has	  been	  frequent	  
comments	  that	  
MODSCAG	  is	  tuned	  only	  
to	  the	  Sierra	  Nevada	  

•  Given	  that	  MODSCAG	  is	  
physically-‐based	  and	  not	  
empirical,	  this	  is	  not	  a	  
valid	  statement	  

•  Spectral	  libraries	  are	  
dense	  for	  vegeta4on	  and	  
rock/soils	  




