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Outline
•  Multipath
•  Ground-based reflectometry

–  Snow
–  Soil Moisture
–  Vegetation Water Content
–  Water Levels
–  (Cryosphere)

•  Volcanic Plume Sensing



frequency of signal strength 
data depends on H, the 

GPS transmit frequency, 
and the reflecting medium 

and 1.2 GHz 

Multipath



EarthScope Plate Boundary Observatory (PBO)

A network of 1100 
continuously-operating GPS 

receivers - deployed to 
measure ground motions from 
plate tectonics, earthquakes, 

and volcanos. 
 

Data are freely available (often 
in real-time) and are used by 
geoscientists and surveyors. 



 http://xenon.colorado.edu/portal 



Measuring Snow 
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Installed a camera 
to take a picture of 
this stick every day 
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Snow Climatology 
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Snow Climatology 

Note: we also provide a SWE product 
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Barrow, Alaska 



Monitoring Vegetation Water Content 
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Soil Moisture Monitoring Soil Moisture 
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What else can you do with 
reflected GPS signals?

Kachemak Bay, Alaska 
 

GPS site installed by Jeff Freymueller  
University of Alaska at Fairbanks 
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Comparison between GPS and ‘Real’ Tide Gauge 

Larson et al., The Accidental Tide Gauge, IEEE GRSL, 2013 



Friday Harbor, Washington, USA 

Fit to tidal coefficients: 7.5 cm for NOAA, 8.4 cm for GPS 



Steenbras	
  Dam,	
  Republic	
  of	
  South	
  Africa	
  

SBAS 

GPS Data courtesy of Trignet 



water storage
(outline 
added)

water storage data: 
https://www.dwa.gov.za/Hydrology/Weekly/percentile.aspx?station=%20G4R001

water level derived 
from reflected 

GPS signals 

 
 
 
 

GPS derived 
water level 
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Cryosphere applications 

Data from the GLISN network 

Seismologist not drawn to scale. 



On an ice sheet, you can infer firn density 

Larson, Wahr, Kuipers Munneke, 2015. 



GPS Antenna 

4 meters deep 

Active Layer Thickness ~50 cm at Barrow 

On permafrost, you are sensitive to 
changes in the active layer 



Plume Sensing: Mt Redoubt, Alaska 



March 24 

March 25 

March 26 

March 27 

March 28 

SNR Data for Mt. Redoubt, Alaska 

Larson, A new way to detect volcanic plumes, GRL, 2013 GPS site installed by Jeff Freymueller, UAF 



Why are these data valuable? 
 
Any information about the timing, ascent rate, and height of a 
volcanic plume is useful for volcano ash dispersion models,  
which are used to make decisions about global airline routes 
and closure of airports. 
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Ash Detection 

Sea Level &  
Water Management 

Vegetation Water Content 

Soil Moisture 

New Applications for GNSS:  Validation of satellite sensors, in situ data for 
climate and sea level studies; water management, drought/flooding 
mitigation; permafrost monitoring; hazards assessments for airports.  

Cryosphere 

Snow 

>>>Increases stakeholders in 
GNSS networks<<< 
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•  The environmental products shown here were derived 
entirely from GPS data - no ancillary instrumentation 
was needed; existing instrumentation was used.

•  There is no reason this could not be done with 
GLONASS, Beidou, and Galileo.

•  New GNSS sites could be installed to take advantage 
of GNSS reflectometry.

Take Home Messages 
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