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Objective 
 

• Develop more accurate spatial snow estimates 
using satellite data. 

 
•  Reconstruct SWE distribution using MODIS snow cover data 

and an energy balance model. 
 
•  Use multi-variate regression to interpolate SNOTEL SWE 

based on topography. 

•  Add historical SWE reconstructions as independent variable 
in multi-variate regressions. 

•  Reanalysis and real time daily SWE products at 500-m 
resolution from 2000 – 2015. 



Study	
  Areas	
  &	
  Data	
  

Snowpack	
  Metrics	
  
•  350+	
  SNOTEL	
  SWE	
  sites	
  
	
  
•  MODIS-­‐based	
  SWE	
  
ReconstrucIon	
  (Guan	
  et	
  al.,	
  
2013;	
  Molotch	
  et	
  al.,	
  2009)	
  

	
  
Independent	
  Variables	
  
•  ElevaIon,	
  slope,	
  aspect,	
  
distance	
  to	
  ocean,	
  barrier	
  
height,	
  others.	
  

•  MODIS-­‐based	
  SWE	
  
ReconstrucIon	
  



SWE	
  ReconstrucIon	
  model	
  

daily snowmelt, cm 

snow covered area 

0         1.6        3.2 
 Cline et al., 1998a,b; Liston, 1999; Molotch et al., 
2004b; Molotch & Bales, 2005;2006; Durand et al., 
2007; Molotch, 2008. 

-­‐  Model	
  uses	
  energy	
  balance	
  to	
  
recover	
  amount	
  of	
  snow	
  prior	
  to	
  
melt.	
  

-­‐  Requires	
  adequate	
  esImate	
  of	
  
snowpack	
  energy	
  balance	
  and	
  
satellite	
  observed	
  snow	
  covered	
  
area.	
  



Snow	
  Water	
  Equivalent	
  Anomalies	
  

Guan et al., 2013 - WRR  

45% 23% 18%  3% 



Model Validation 
snow depth snow density 

   400+ measurements 

 6 people 
 8 days 

Interpolation model 
(Molotch et al., 2004a) 
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Jepsen et al., 2012 - WRR 

Model Evaluation: Sierra and Rockies 

Green Lakes Valley, CO Rockies   Tokopah, Sierra Nevada, CA 



Model Validation: Airborne Snow 
Observatory (ASO) 

ASO data courtesy of T. Painter 
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Colorado River Basin Snowpack 



SNOTEL SWE Interpolation 

Gridded	
  SWE	
  

SNOTEL	
  SWE	
  
Measurements	
  

Independent	
  Variables	
  

Gridded	
  SWE	
  Predic=on	
  

DEM:	
  slope,	
  aspect,	
  
elevaIon,	
  NW	
  barrier	
  
difference,	
  distance	
  to	
  
ocean,	
  others.	
  

Dependent	
  Variable	
  



Correlation of SWE & Independent 
Variables: With and Without 
Reconstruction 

•  67%	
  increase	
  
in	
  R2	
  when	
  
reconstrucIon	
  
is	
  added	
  to	
  
regression.	
  



SWE for the Rio Grande Headwaters,  
Early April 2001 & 2002 

• Range	
  of	
  SWE	
  
esImates	
  
increases	
  with	
  
reconstrucIon.	
  

• Higher	
  elevaIon	
  
SWE	
  increases	
  
with	
  
reconstrucIon.	
  

•  Lower	
  elevaIons	
  
decrease	
  SWE.	
  

2001	
   2001	
  

2002	
   2002	
  

y	
  w/	
  out	
  reconstrucIon	
  	
   w/	
  reconstrucIon	
  	
  



Utility of our approach: 
	
  
•  SWE	
  increases	
  in	
  
highest	
  elevaIons	
  

•  SWE	
  decreases	
  in	
  
lowest	
  elevaIons	
  

•  RMSE	
  decreases	
  (for	
  
a	
  large	
  majority	
  of	
  
staIons)	
  

•  R2	
  Increases	
  



Real-time SWE for the Southern Rockies 
April	
  1,	
  2011	
   April	
  8,	
  2011	
  



Real-time SWE Anomalies: 
Southern Rockies, April 8, 2011 



Real-time SWE Anomalies by 
watershed: 
Southern Rockies, April 8, 2011 



Real-time SWE for the Southern 
Rockies 

April	
  1,	
  2012	
   April	
  8,	
  2012	
  



Real-time SWE Anomalies 
Southern Rockies, April 8, 2012 



Real-time SWE Anomalies by 
watershed: 
Southern Rockies, April 8, 2012 



Real-time SWE Anomalies by 
watershed: 
Southern Rockies, April 8, 2012 



Conclusions & Future Work 
• SpaIal	
  SWE	
  esImates	
  provide	
  valuable	
  
informaIon	
  for	
  augmenIng	
  SNOTEL	
  data.	
  

• Products	
  are	
  used	
  by	
  CA	
  Department	
  of	
  
Water	
  Resources	
  to	
  adjust	
  staIsIcal	
  
forecasts.	
  

• Approach	
  can	
  be	
  applied	
  in	
  conjuncIon	
  
with	
  airborne	
  snow	
  measurements	
  in	
  
context	
  of	
  validaIon	
  and	
  /	
  or	
  temporal	
  
change	
  analysis.	
  



Contact Us 
We	
  are	
  looking	
  for	
  new	
  partners	
  to	
  tailor	
  SWE	
  reports	
  for	
  
local	
  needs.	
  
	
  
We	
  can	
  map	
  SWE	
  in	
  real-­‐Ime	
  for	
  your	
  region	
  of	
  interest.	
  	
  
Costs	
  are	
  typically	
  on	
  the	
  order	
  of	
  $1000	
  -­‐	
  $1500	
  /	
  report.	
  
	
  
Noah	
  Molotch:	
  noah.molotch@colorado.edu	
  
	
  
University	
  of	
  Colorado	
  at	
  Boulder	
  
WWA	
  &	
  Center	
  for	
  Water,	
  Earth	
  Science	
  and	
  Technology	
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Correlation of SWE with Streamflow 

Guan et al., 2013 - WRR  



Jepsen et al., 2012 - WRR 

Model Validation 

SWE error, stdev.’s 



Correlation between SNOTEL SWE & 
Single Variables 

April	
  1,	
  2010	
  -­‐	
  2015	
  



Correlation of SWE & Independent Variables: 
With and Without  Reconstruction 

Upper	
  Colorado	
  River	
  Basin	
  Domain,	
  2000	
  –	
  2011.	
  


