
 

Guest Lecture 
 

Chris Landry, Executive Director 
Center for Snow and Avalanche Studies 

 

Wednesday, April 18, 2:30 p.m. 
Building 1400 (Green Building), Conference Room 246 

 
 

 
Topics: 

 The Colorado Dust-on-Snow Program: an applied science effort that monitors the 
presence/absence of dust layers at mountain passes throughout Colorado.  CODOS 
provides a series of “Update” analyses of how dust-on-snow is likely to influence 
snowmelt timing and rates during the snowmelt runoff season. 
 
 

 Other Center Activities  

 

 

The Center for Snow and Avalanche Studies is an independent Colorado not-for-profit 

corporation founded in 2003 and located in Silverton, CO.  The Center serves the mountain 

science community and regional resource managers by hosting & conducting interdisciplinary 

research and monitoring that captures weather, snowpack, radiation, soils, plant community, and 

hydrologic signals of regional climate trends.  Programs include Mountain System Monitoring, 

Colorado Dust-on-snow, Interdisciplinary Research, and Field and Education Workshops.  

 

 

Chris Landry began skiing at the age four at Big Mountain, Montana. His skiing career 

progressed from fledgling jumps to a junior and college racing career. Ski racing eventually 

turned into a passion for climbing, ski mountaineering, and even a few pioneering ski descents in 

North America.  Along the way, Chris pursued instruction in avalanche safety, became an 

instructor for the American Avalanche Institute, published a field workbook for backcountry skiers 

and guides, and established a practice as a private avalanche consultant/forecaster. Most 

recently, Chris earned a MS in the Department of Earth Sciences at Montana State University - 

Bozeman, where he researched the spatial variability of snow stability on uniform slopes.  

 

 

 Center for Snow & Avalanche Studies 
 http://www.snowstudies.org 
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Senator Beck Basin Study Area – Red Mountain Pass  
from Putney Study Plot – 12,325’ 



Senator Beck Basin Study Area – Sentry Site for Upper CRB 

SBBSA 

CRB Water Supply & Demand Study: Tech Report B – pg’s B7 & B13  



CRB Water Supply & Demand Study: Tech Report B - pg B14  

Senator Beck Basin Study Area  



CRB Water Supply & Demand 
Study: Tech Report B - pg B18  





SBBSA 
Sentry Site for change in 
Upper CRB … 

• Snowmelt Runoff  

• Mountain Precip  

• Mountain Temps 

• Mountain Winds 

• Mountain Radiation 

• Mountain Vegetation 

• Mountain Soil 



290 ha 

SBSP SASP 

SBSG 

Operated by 
CSAS under 

USFS Special 
Use Permit with 
Uncompahgre 
National Forest 

 

PTSP 



Swamp Angel Study Plot  
11,050’ (3368 m) 

SASP Instrumentation 
6 m Mast 

CR10X Dataloggers (2), Multiplexer (1) 

ETI Precipitation Gauge 

Wind Speed & Direction (2) 

Air Temp and RH (2) 

Barometric Pressure 

Height of  Snow 

Broadband SW (2 up, 1 down, shadow array) 

NIR SW (1 up, 1 down) 

Pyrgeometer (1 up) 

Infrared Snow Surface Temp 

Snow Temperature (5) 

Soil Temperature (4) 

Soil Volumetric Water Content 

Soil Heat Flux 



Height of Snow - Swamp Angel Study Plot
as of 2400 hours
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http://snowstudies.org/data/analyses/CumulativePrecipGraph.png


Annual Precipitation Quantity, Timing, and Phase  
Senator Beck Basin Study Area - Swamp Angel Study Plot 



Senator Beck Study Plot  
12,200’ – 3,719m 

SBSP Instrumentation 
10 m Mast 

Campbell CR10X Dataloggers (2), Multiplexer (1) 

Wind Speed & Direction (2) 

Air Temp and RH (2) 

Height of  Snow 

Broadband SW (2 up, 1 down, shadow array) 

NIR SW (1 up, 1 down) 

Pyrgeometer (1 up) 

Infrared Snow Surface Temp 

Snow Temperature (5) 

Soil Temperature (4) 

Soil Volumetric Water Content 

Soil Heat Flux 

Snow Profile Plot 



Putney  Study Plot   
12,325’ 

PTSP Instrumentation 
 

10 m Mast 
Campbell CR10X Datalogger 

Wind Speed & Direction 
Air Temp and RH 

Putney Study Plot  
12,325’ – 3,757 m 



Total Miles of Wind at PTSP by Season
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Putney Study Plot 24-Hour Mean Air Temperatures
Elevation 12,325'
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Senator Beck Stream 
Gauge   

11,030’ – 3,362 m 

SBSG Instrumentation 
Broad-crested, notched weir 

0.1 – 30 cfs capacity 

Campbell CR10 Datalogger 

Stage – Druck transducer 

Stage – staff  gauge 

Water Temp and Conductivity 



Senator Beck Basin Hourly Discharge - 2006, 2007, 2008, 2009, 2010, 2011, 2012
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Senator Beck Basin Hourly Discharge  
WY 2006, 2007, 2008 & 2009, 2010, 2011, 2012 



Senator Beck Basin Cumulative Discharge - 2006 to 2012
as measured at Senator Beck Stream Gauge (SBSG) 
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Vegetation Change =  
• Change in Snowcover, 

• Change in ET,     

• Change in Albedo,               

• Change in Runoff 

August 2009 

Mountain System 
Monitoring 
Monitoring the plant community as a 
bellwether for regional climate ‘state’ 
in 5-year repeat studies 





CRB Water Supply & Demand Study: Tech Report B - pg B58  



CRB Water Supply & Demand Study: Tech Report B - pg B59  





May 12, 2009 – from Peak 13,510’ at top of Senator Beck Basin Study Area 
looking southwest 

Senator Beck Basin Study Area, CSAS, and dust-on-snow science 



D8 – WY2009 
Little Colorado River 

April 3, 2009 



D8 – WY2009 
Silverton  

April 3, 2009 

 
 



D8 – WY2009 – Senator Beck Basin 



SASP – April 22, 2009 SBSP – April 24, 2009 

Senator Beck Basin: March  and April 2009 Dust Layers 

D6 

D7 

D8 

D9, D10 



May 13, 2009 – Swamp Angel Study Plot 

May 28, 2010 – Swamp Angel 
Study Plot 

D1-D12 Merged – Swamp Angel Study Plot 



Snow Profile #25 - June 21, 2011 
Senator Beck Study Plot 

Dust Layers #11-4, merged 
Storm #34 – June 20, 2011 



May 31, 2008 – San Juan Mountains 
NASA MODIS Image 

Large-Scale Albedo Reductions 

SASP from 1200-1300 hrs 
HS = 1.06 m 
Albedo ~ 0.44 



May 18, 2009 – San Juan Mountains 
NASA MODIS Image 

Large-Scale Albedo Reductions 

SASP from 1200-1300 hrs 
HS = 0.18 m 
Albedo ~ 0.30 



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   

2010/2011 0 0 0 0 1 3 3 4 0  11   

2011/2012 0 2 1 0 0 3  2 8 to-date   



Dust 
decreases 

snow 
albedo 



Enhanced Snowmelt Energy Input 

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   



Radiative Forcing by Dust 

Actual SAG 
SASP – 11,050’ 

2006 

Modeled         
Dust-Free SAG 

Weather 



Beartown – Rio Grande Headwater 
WY 2008             

7 dust events 

WY 2009  

12 events 



D11 

Atmospheric 
River    
Event 



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



Senator Beck Basin Hourly Discharge - 2006, 2007, 2008, 2009, 2010, 2011, 2012

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

20.0

22.0

24.0

26.0

28.0

63 70 77 84 91 98 10
5

11
2

11
9

12
6

13
3

14
0

14
7

15
4

16
1

16
8

17
4

18
1

18
8

19
5

20
2

20
9

21
6

22
3

23
0

23
7

24
4

25
1

25
8

26
5

27
2

27
9

28
6

29
3

30
0

30
7

31
4

32
1

32
8

Day of Year

C
ub

ic
 F

ee
t p

er
 S

ec
on

d

2006 2007 2008 2009 2010 2011 2012

c

Senator Beck Basin Hourly Discharge  
WY 2006, 2007, 2008 & 2009, 2010, 2011, 2012 



Senator Beck Basin Cumulative Discharge - 2006 to 2012
as measured at Senator Beck Stream Gauge (SBSG) 
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Rain On Snow 





WY 2010  

9 events 

October 27 

48 hrs 



Rio Grande at Del Norte 
WY 2010 



Dust-on-Snow Shifts Upper CRB Hydrograph*           
*not including 2009, 2010 dust seasons 
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Runoff at Lee’s Ferry, AZ 

Painter, Deems, et al., PNAS (2010) 



At the scale of the Upper CRB, modeling 
shows: 

 

DOS = Earlier SAG = Increased ET = Reduced Runoff 

• Mean Δ Runoff:  
-4.9% 
-811,000 acre-ft 
 

• Range:  
-2.3 to -7.6% 
-243k to -1,460k AF 

Painter, Deems, et al., PNAS (2010) 

*based on pre-2009 dust loading 



CSAS Colorado Dust-on-Snow (CODOS) Program 
Timely, iterative monitoring and analysis of dust effects on snowmelt timing and rates 

throughout the Colorado mountains … supplemental to CBRFC forecasts. 

Spring 2009 – From Senator Beck Basin Study Area 



CODOS Program Funders WY 2007 WY 2008 WY 2009 WY 2010 WY 2011 
Actual     

WY 2012 

Colorado River Water Conservation District 8,000 8,000 8,000 10,000 10,000 10,000 

Southwestern Water Conservation District 5,000 5,000 4,000 5,000 5,000 5,000 

Rio Grande Water Conservation District 3,000 4,000 5,000 5,000 5,000 

Upper Gunnison River Water Conservancy Dist. 5,000 7,500 7,500 7,500 7,500 

Northern Colorado Water Conservancy District 1,500 2,500 2,000 

Tri-County Water Conservancy District 1,000 1,000 1,500 2,500 2,500 2,500 

Animas-La Plata Water Conservancy District 500 600 600 750 

Dolores Water Conservancy District 600 600 750 

Denver Water 2,500 2,500 2,500 5,000 5,000 5,000 

Bureau of Reclamation – Western Colorado 
Area 5,000 7,500 7,500 

Bureau of Reclamation – Lower Colorado 
Region 7,500 10,000 10,000 

Bureau of Reclamation – Eastern Colorado Area 2,500 

Bureau of Reclamation – Albuquerque Area 

Western Water Assessment – Univ of Colorado 20,072 

Colorado Water Conservation Board 28,034  15,000 25,000 

City of Grand Junction 2,500 2,500 

TOTAL 16,500 24,500 54,572 81,734 75,700 74,000 

CSAS Colorado Dust-on-Snow Program 



CODOS Monitoring Sites 



May 26, 2010 – Grizzly Peak Snotel, A-Basin 



April 18, 2009 – Willow Creek Pass 















Senator Beck 
Basin research has 
broad application  





Snow Hydrology Research Currently Supported by CSAS 

Hans-Peter Marshall – Boise State: FMCW radar 

Eli Deeb – Army CRREL: Lidar and Microstructure 

Martyn Clark – NCAR: CHPS development 

Michael Follum – ACE Vicksburg: snowmelt model 

Marty Ralph – NOAA ESRL: atmospheric rivers 

Painter & Deems – JPL and WWA: radiative forcing 



Hans Peter Marshall - FMCW Radar Development 



Army Cold Regions Research & Engineering Lab – Lidar & Microstructure 



Climate Change in Mountains 



Opportunity for Multi-Agency … 
 

Alpine to Arid Observatory 
Upper Uncompahgre River 
Watershed to Ridgway Reservoir  

Elevations 14,150’ to ~6,850’ (pool) 

264 sq. mi. drainage area 

Senator Beck Basin  
13,510’ 

USGS 
7,600’ 

USGS 
6,878’ 

SBSG 
11,030’ 





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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