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Approximately 600 

are snow courses 

  
Automated sites 

support 

estimations of 

macro scale snow 

pack trends   

Standard SWE Measurement Systems 

1700 SWE measurement points 

in the western US  

 

Majority operated under NRCS 

ïSNOTEL system  

(Boyle 09)

  



Research Goals 
ÅResearch Objective:  This research evaluated the utility 

of the prototype Snowcloud platform for snow pack 

research. 

 

ÅHypothesis:  Snow depth measurements from distributed 

sensors can provide real time estimates of variation in 

snow depth and snow water equivalent coupled with 

SNOTEL sites and snow courses 

 

ÅHypothesis: Spatial and temporal trends in snow depth 

measurements and snow water equivalence estimates 

from distributed sensors can be modeled with site 

characteristics as predictors using numerical techniques.   

  



An array of nodes that control and 

transmit data from ultrasonic sensors 

to measure snow depth (SD).   

Å Self organizing,  

Å No preferred direction of 

information flow  

ÅMulti hop, node to node, to base 

station. 

Wireless Sensor Network 



Snowcloud Prototype 

Sensors (2): 
       

Brain Box (1):  
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  Low-power microprocessor 
 1MB non-volatile flash storage 

      

Sonar emitter and receiver  
 Temperature sensor 
  Per-node in-field calibration 
     

Total materials cost per 
sensor node: ~$500 
      



Snowcloud Prototype 

multi-hop networking 
Omni-directional antenna 
          

Lightweight, highly portable design 
 Quick backcountry set-up  
  Site specific set-up  

Power System (3): 
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 Reliable 12W, 12Ah, -40C lead acid battery 

    12W solar panel for recharging 
      3-D solar panel adjustment  
   Low-cost, abundant energy for application 

Wireless mesh networking (4): 

Modular support structure (5): 

Design Team (6): 

University of Vermont 
collaborative effort 



Sagehen Creek Field Station 



Sagehen Creek Experimental Field Station 

 
 
 
 
 
 
 
 

Snowcloud operational  1/18/2010 

Existing hydrologic 

infrastructure 

Snow-dominated 

hydrologic system 

Year round road access 

Field area: 

 ~0.8 ha 



SWE and SD measurements 

Snow Water Equivalence 

  Mount Rose (Federal)  

Snow Sampler 

  

Measurements taken weekly 

  1/18ð4/26, 2010  

Snow Depth 

  Avalanche probe 

  

1.Validation and verification of SWE models 

2. Test accuracy of the sonar 

3. Test accuracy of the snow pillow  

  



Sagehen Creek sampling grid 

  

P1 

Transect Three 

Transect Four 

Transect Two 

Transect One 

P2 
P3 

P4 
P5 

P6 

P7 

P8 
P9 

P10 

P11 
P12 4 transects,  

12 points on each  

  
Measurement points 

  48 sample grid points  

  Snowcloud  nodes 

  4 points around snow pillow  

  SD 

  SWE 

  Canopy Closure  

  

Transects 

Estimated SD  
Manual SD  
Manual SWE  
Canopy closure  
 

  

Snowcloud nodes - 6 points 


