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May 31, 2008 – San Juan Mountains 
NASA MODIS Image 



May 18, 2009 – San Juan Mountains 
NASA MODIS Image 



From Senator Beck Basin - May 12, 2009 



D8 – WY2009 
April 3, 2009 



Silverton 
April 3, 2009 



D4 – WY2010 
April 5, 2010 

http://sgst.wr.usgs.gov/dust_monitoring/files/2010/04/USA6.2010095.aqua_.250m_4c.jpg


Silverton  
April 5, 2010 



Dust-on-Snow  Events Documented per Month, by Winter 
Senator Beck Basin Study Area at Red Mountain Pass – San Juan Mountains 

Oct Nov Dec Jan Feb Mar Apr May 

 
 
 

Jun Total 

2002/2003 2 1 3 

2003/2004 2 1 3 

2004/2005 0 0 0 0 0 1 2 1 0 4 

2005/2006 0 0 1 0 1 1 3 2 0 8 

2006/2007 0 0 1 0 1 1 3 1 1 8 

2007/2008 0 0 0 0 0 3 3 1 0 7 

2008/2009 1 0 1 0 1 4 5 0 0 12  

2009/2010 1 0 0 0 0 1 4 3 0 9 

Dust-on-Snow Deposition Log  
Senator Beck Basin Study Area – Red Mountain Pass 



Paleo History of  Dust Deposition 

Neff, J.C., A.P. Ballantyne, G.L. Farmer, N.M. Mahowald, J.L. Conroy, C.C. Landry, J.T. Overpeck, T.H. 
Painter, C.R. Lawrence and R.L. Reynolds. 2008.  Increasing eolian dust deposition in the western 
United States linked to human activity, Nature Geoscience, Vol. 1, No. 3, pp. 189-195, March 2008, 
doi: 10.1038/ngeo136  
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Snow Albedo Measurement 
Senator Beck Study Plot  12,200’ 



Dust decreases snow albedo 
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Courtesy Jeff  Deems 



Accelerated Melt Rates 



Snowmelt Energy Budget 

W/m2 

Dusty Snow Surface, Clear Skies – Senator Beck Study Plot, May 2005 

Max Air T              57 F                   57 F                  56 F                    53 F                  56 F   



Accelerated Snowmelt 

15.0 inches SWE May 20, 2003 

Swamp Angel Study Plot 

Senator Beck Basin 

0.0 inches SWE May 28, 2003 
1.7 inch loss/day 



Below Treeline – April 22, 2009 Above Treeline – April 24, 2009 

Senator Beck Basin: March 22, March 29, April 3, April 8, April 15 2009 layers 



Gravimetric Sampling 



Bulk Sampling 
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Spring Creek Pass CODOS Site 

April 10, 2009 



Spring Creek Pass CODOS site – May 4, 2010 



Spring Creek Pass CODOS Site 

May 25, 2010 



Wolf  Creek Pass CODOS Site 

April 16, 2009 



Wolf  Creek Pass CODOS Site    
May 4, 2010 



Wolf  Creek Pass CODOS Site 

May 25, 2010 



Wolf  Creek Pass CODOS site    
May 25, 2010 



Beartown – Rio Grande Headwater 
WY 2008             

7 dust events 

WY 2009  

12 events 

Earliest Ever SAG 

Fastest Ever Ablation 



WY 2009  

12 events 

WY 2010  

9 events 





May 13, 2009 –Senator Beck Stream Gauge at 16 cfs 



Senator Beck Basin Hourly Discharge - 2006, 2007, 2008, 2009
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Senator Beck Basin Discharge – WY 2006, 2007, 2008 & 2009 

May 16 

May 26 

Apr 30 

Apr 24 

Jun 26 (rain on snow) 



May 11, 2009 – east of Wolf Creek Pass 



June 5, 2010 – Senator Beck Stream Gauge at 26 cfs 



Senator Beck Basin Hourly Discharge - 2006, 2007, 2008, 2009, 2010
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Senator Beck Basin Discharge – WY 2006, 2007, 2008 & 2009, 2010 









Beartown – Rio Grande Headwater 
WY 2008             

7 dust events 

WY 2009  

12 events 

Earliest Ever SAG 

Fastest Ever Ablation 





WY 2009  

12 events 

WY 2010  

9 events 



5% Reduction in Snowmelt Runoff at Lees Ferry, AZ 
1916-2003 

 Painter et al., www.pnas.org/content/107/40/17125 

Upper Rio Grande Basin effects on yield … ? 





• Reduced albedo = 2x to 3x more melt energy available (vs. air temp only) 

• Snowpack ripening and snowmelt onset are advanced (vs. air temp only) 

• Melt rates accelerate, advancing SAG up to 50 days (vs. air temp only) 

• Dust effects already exceed climate forcing (warming) effects 

• Dust-on-snow has reduced Upper CRB flows at Lees Ferry by 3-7%  

What we have learned since 2003/2004 …  

What we do not yet know …  

Dust effects vary year-to-year … 

• Exactly why the winters of 2008/2009 and 2009/2010 were so dusty 

• Whether 2008/2009 and 2009/2010 are a new normal 

• Shares of dust attributable to the variety of agents disturbing CP soils 

• Dust-on-snow is extensive, affecting all Colorado mountain watersheds 

• Dust deposition rates are about 5X higher than pre-settlement rates 

• The Colorado Plateau is the dominant source of dust on Colorado snow 



http://en.wikipedia.org/wiki/File:Riogranderivermap.png


CODOS Operational Monitoring, Consulting 



Center for Snow & Avalanche Studies 
PO Box 190, Silverton, CO 81433 
Phone: (970) 387-5080     Email: clandry@snowstudies.org     
Web: www.snowstudies.org 
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