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Island Park, MT (p360) 

Niwot Ridge, CO (nwot) 

Station NWOT was installed in late 2009 at an elevation of 3522m. Semi-monthly 
manual measurements are made at Niwot Ridge and show an excellent agreement 
with both the GPS snow depth retrieval and the pole 16 measurements available at 
this site. A more detailed discussion of results at this site can be found in Gutmann et 
al., (2011). 

Snow Depth 
Daily estimates of snow depth are derived at 119 sites. This includes sites with 
ephemeral snow conditions and accumulated snow pack. GPS snow depth retrievals 
have been validated at several locations usng an assortment of methods. This 
includes in situ pole measurements (nwot), camera (p360), as well as ultra-sonic 
sensors (via SNOTEL) and hand measurements. 

A camera was installed in Fall 2011 (red) at p360. This allows for point snow depth 
measurements. Strong agreement is found between GPS snow depth retrievals 
and snow depth measured with the camera. 

Island Park, MT (p360) 

Future work related to snow products 
•  Assess effects of freeze-thaw on GPS retrievals. 
•  Develop snow water equivalent (SWE) product.  
•  Asses accuracy of GPS retrievals as a function of land type (mountain, valley, plains, 
etc).  
•  Use data products to assess accuracy of satellite retrievals.  

Future work related to soil moisture products 
•  Incorporate vegetation filter and vegetation corrections 
•  Add additional sites 
•  Report uncertainty, based on validation and modeling efforts 

Soil Moisture 
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Marena, Oklahoma (OKL2) 

Reid Hill (San Jose), California (p226) 

Soil moisture estimates are produced at 59 sites. These sites span a range of climate and 
vegetative conditions. Ten of these sites have collocated Campbell Scientific 616 Time 
Domain Reflectometer (TDR) sensors available for validation.  

Station p226 near San Jose, CA shows a strong 
response in GPS derived soil moisture to precipitation 
events (blue). Stations in locations with sparse 
vegetation, or vegetation with low water content, show 
high correlation between near surface soil moisture and 
precipitation. 

The Marena Oklahoma In Situ Satellite Testbed  (MOISST) site near Stillwater, OK is 
a rangeland site supported by NASA for satellite calibration and validation activities. It 
is instrumented with a broad collection of soil moisture sensors, including four GPS 
stations installed within a 1 km area. This data from this site are being used to asses 
variability in soil moisture conditions at sub-pixel satellite resolution.  

What is GPS Interferometric Reflectometry 
•  GPS satellites transmit L-band microwave signals (~1.2 and ~1.5 
GHz). 
•  Antennas receive both direct and reflected signals. 
•  The reflected signal varies with soil moisture, snow depth and 
vegetation conditions. 
•  Changes in surface reflections are recorded in signal-to-noise ratio 
(SNR) data 
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A single SNR observation track 
 

De-trended SNR data: 
interference between direct and 
reflected signals. 
 
 
A is amplitude, H0 is antenna 
height, λ is GPS wavelength, θ is 
elevation angle, and ϕ is phase. 

Sampling Footprint 
•  Each ground track is sampled by a 
satellite that is either rising or setting 
with respect to the GPS station. 
•  The total sampled area is ~1000 m2, 
for satellites traversing elevation 
angles from 5-30 degrees. 

Background 
The Plate Boundary Observatory (PBO) 
•  PBO is the geodetic component of Earthscope (earthscope.org).  
•  It is funded and supported by NSF. 
•  PBO includes a network of more than 1000 high precision GPS 
stations.  
•  GPS network is primarily used by geodetic scientists to look at 
deformation of the Earth’s surface.    
•  The PBO-H20 project is an effort to extend the usefulness of this 
large and homogenous instrumentation network into the water 
cycle community.   
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Distribution of PBO GPS stations (blue dots). The red stars 
represent stations that have been created to support PBO-H20. 
These sites have collocated measurements to support validation of 
GPS derived products. 

Vegetation 

A vegetation index has been derived from site psuedorange multipath characteristics for more 
than 300 stations. This metric provides a is similar to the Normalized Difference Vegetation Index 
(NDVI) from MODIS.  

Future work related to vegetation products 
•  Identify start and end of growing season as measured by GPS.  
•  Investigate relationship of GPS vegetative variability as a function of plant weight (total, dry, and 
wet) and plant height. 

PBO H2O Data Portal 
 

Data derived from NSF’s PBO network 
•  59 sites producing volumetric soil moisture (0-5 cm). 
•  333 Sites producing vegetation product.  
•  119 sites producing snow depth product.  
•  Period of record: most are mid-2011 to present 
•  Data is updated daily 
•  PBO-H20 data portal also contains extensive information for 
each site  

PBO-H2O provides estimates of snow depth, surface soil 
moisture and vegetation water content from GPS data collected 
by PBO sites. 
 

http://xenon.colorado.edu/portal 
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