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Who we are 

UNAVCO 
consortium to promote geoscience 
research and education  

GAGE Facility 
support and data services 
funded by NSF and NASA 

Plate Boundary Observatory 
geodetic networks of EarthScope 
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EarthScope 

• Major research initiative 

• Focus on North America 

• Study earth processes 

• Divide into 3 components 
1. Plate Boundary Observatory 

geodetic data 
2. USArray 

seismic data 
3. San Andreas Fault Observatory at Depth 

borehole data
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Overview 

• UNAVCO web site tour 

• Tectonic plate motion examples and tools 

• GPS velocities and time series 

• Examples of geophysical events:  earthquakes, volcanoes, slow slip 

• LiDAR maps 

• Community products:  Atmospheric applications and local environment 
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Finding/Viewing Data 

UNAVCO web site - http://www.unavco.org

http://www.unavco.org


Click to edit Master slide 
title

Finding/Viewing Data 

Recent  
events

Published 
papers from 
community
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Finding/Viewing Data 

Network  
info & instruments

Data 
files

Visualization tools and 
data processing
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Finding/Viewing Data 

Instrumentation - http://www.unavco.org/instrumentation/instrumentation.html 
Network monitoring - network maps

http://www.unavco.org
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Finding/Viewing Data 

Instrumentation - http://www.unavco.org/instrumentation/instrumentation.html 
Network monitoring - station home pages

http://www.unavco.org
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Finding/Viewing Data 

Data - http://www.unavco.org/data/data.html 
Links to ftp sites, web services, documentation

http://www.unavco.org
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Finding/Viewing Data 

Data - http://www.unavco.org/data/data.html 
Links to ftp sites, web services, documentation - Data Archive Interface

http://www.unavco.org
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Finding/Viewing Data 

Software - http://www.unavco.org/software/software.html 
Visualization tools - GPS velocity viewer

http://www.unavco.org
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Finding/Viewing Data 

Software - http://www.unavco.org/software/software.html 
Visualization tools - Jules Verne Voyager

http://www.unavco.org
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Finding/Viewing Data 

Software - http://www.unavco.org/software/software.html 
Visualization tools - U Plotter

http://www.unavco.org
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Finding/Viewing Data 

Software - http://www.unavco.org/software/software.html 
Visualization tools - DAI Plotter

http://www.unavco.org
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Education Resources 

Education - http://www.unavco.org/education/education.html 
Tools for teachers and students

http://www.unavco.org/education/education.html
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Example: 
Tectonic Plate Motion 

IGS08 Plate Velocities and Reference Stations



Click to edit Master slide 
title

Example: 
Tectonic Plate Motion 

1. Open a browser and go to UNAVCO -> Education -> Map Tools 

2. Select EarthScope Voyager, Jr. 

3. Under “Add feature(s)” 
- choose “Tectonic Plates” 

4. Under “Add Velocities” 
- choose “No Net Rotation” 

5. Click “Make Changes” 

6. Try different velocity options 
- N. America 
- Pacific 
- Caribbean
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Example: 
Tectonic Plate Motion 

What is the difference between options?

N. America Pacific Caribbean
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Example: 
Tectonic Plate Motion 

1. Open a browser and go to UNAVCO -> Education -> Map Tools 

2. Select Jules Verne Voyager: GEM GSRM 
- Strain measures change in deformation over distance 
- Where is strain located?
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Example: 
Tectonic Plate Motion 

Compare strain with earthquake locations in North America plate
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Example: 
GPS Velocities 

GPS velocities, NAM08 reference frame
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Example: 
GPS Velocities 

1. Open a browser and go to UNAVCO -> Software -> GPS Velocity Viewer 

2. Select options 
- Data source: UNAVCO, IGS08: no net rotation 
- Sites displayed: Show one in five 
- Click “Draw Map” to update 

3. Change options 
- Data source: UNAVCO, NAM08: North America 
- Leave other options 
- Draw Map
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Example: 
GPS Velocities 

IGS08 Velocities NAM08 Velocities
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Example: 
GPS Velocities 

Download text velocity file from ftp://data-out.unavco.org/products/velocity/ 
- Multiple versions available 
- NMT, CWU are Analysis Centers processing data 
- PBO = NMT+CWU combined solutions 
- IGS05, IGS08, SNF01, NAM08 are reference frames
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Example: 
GPS Time Series 

• Time series are records of daily position over time 

• Divided into north/east/vertical 
components 

• Slope=velocity (barring events) 

• Station velocities based on daily 
position solutions, accounting for 
events

North

South

East

West

Up

Down
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Example: 
GPS Time Series 

1. Open a browser and go to UNAVCO -> Software -> Data Archive Plotter 

2. Enter station name(s) in field and hit Return 
- P100, HWUT 

3. Change options 
- Turn off “Maintain Vertical Symmetry” 
- Drag sliders to adjust Y-axis 

4. Mouseover plots 
- Get position info at points 
- Vertical bars represent maintenance 
- Drag horizontally to zoom in time 

5. Click CSV tab for text data 
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Example: 
GPS Time Series 

Download station time series from  
ftp://data-out.unavco.org/pub/products/position/$STA/ 

-Multiple versions available 
-pos files include position, errors, correlations, time series (in meters) 
-csv files contain date, time series (in mm) 
-rapid files have solutions using rapid orbits (last 2-3 weeks) 
-final files use final orbits
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Example: 
Earthquakes 

Earthquakes M>5, 2004-2014
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Example: 
Earthquakes 

El Mayor-Cucapah earthquake 
M7.2  
April 4, 2010

1 Year of Earthquakes after 4/4/2010
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Example: 
Earthquakes 

1. Open a browser and go to UNAVCO -> Instrumentation -> core GPS 

2. Pick a station between the Salton Sea and California-Mexico border 
- Click on circle to get popup with summary 
- Click on station name to go to station home page 

3. What does the earthquake look like? 
- Which direction had the greatest motion? 
- Is the velocity (slope) the same before and after the earthquake?
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Example: 
Earthquakes 

Static time series from southern California
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Example: 
Earthquakes 

Map view of coseismic offsets from recent earthquakes

Offset text files and ps files can be obtained from 
ftp://data-out.unavco.org/pub/products/event/
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Example: 
Volcanoes 

North America has numerous active and potentially active volcanoes

USGS Volcano Hazards Program
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Example: 
Volcanoes 

Subduction zone volcanoes 
- Cascades arc  

Cascades Volcano Observatory 
- Aleutian arc 

Alaska Volcano Observatory 
USGS+Geophysical Inst. Univ. Alaska Fairbanks
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Example: 
Volcanoes 

Westdahl Volcano on Unimak Island, Aleutians 
- Last eruption in 1991 
- Radial displacement

Unimak Island Earthquakes & GPS

Westdahl Fisher 
Caldera

Shishaldin

Westdahl Cross-Section
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Example: 
Volcanoes 

1. Open a browser and go to UNAVCO -> Software -> U-Plotter 

2. Choose “GPS Position Time Series” (no Std Dev) 
- Select available stations: AV24, AV25, AV26, AV27, AC10 
- Click “>” to move stations to “Selected Items” window 
- Create plot

Leave at 
defaults

All processed 
stations

Stations to plot
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Example: 
Volcanoes 

What do the horizontal components look like? The vertical components?
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Example: 
Volcanoes 

Radial displacement can be modeled by Mogi source 
- Spherical source at depth 
- Source radius << source depth  
- Analytical solutions for surface displacements
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Example: 
Volcanoes 

Radial displacement can be modeled by Mogi source 
- Vary source depth, location, pressurization to best fit GPS 
- Or rearrange terms: 

Normalized Model GPS Velocities vs. Distance from Summit
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Example: 
Volcanoes 

Radial displacement can be modeled by Mogi source 
- Vary source depth, location, pressurization to best fit GPS 
- Or rearrange terms: 

Normalized Model GPS Velocities vs. Distance from Summit

uz = ur somewhere around here...
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Example: 
Volcanoes 

Hotspot Volcano - Yellowstone Volcanic Field 
- Driven by mantle heat source/upper mantle plume  
- Yellowstone Volcano Observatory 

USGS+University of Utah+Yellowstone National Park

Smith and Siegel, 2000 DeNosaquo et al., 2009

Hotspot Track and Regional Seismicity Model of Volcano-Tectonic Processes
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Example: 
Volcanoes 

Yellowstone is a restless caldera 
- Lots of earthquakes and earthquake swarms  
- Large-scale, non-linear deformation 
- Active hydrothermal field 
- Historic activity not leading to large eruption

1973-2013 M>1 Earthquakes + PBO GPS

Shallow Earthquakes within Yellowstone Caldera
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Example: 
Volcanoes 

Yellowstone earthquake activity associated with changes in deformation 
- Caldera uplift episode followed by large swarms  
- Change to subsidence

Earthquake History vs. Vertical Ground Motion

Farrell and Smith, 2013
Chang et al., 2007

2004-2006 Rapid Upllift 
Yellowstone Caldera



Click to edit Master slide 
title

Example: 
Volcanoes 

1. Open a browser and go to UNAVCO -> Software -> U-Plotter 

2. Choose “GPS Position Time Series” (no Std Dev) 
- Select, plot available stations: HVWY, LKWY, NRWY, OFW2, WLWY 
- Slide time window to start ~2003-2004 

3. Mouseover time series for dates 
- NRWY = purple time series 
- Note date of sudden change in direction 

in 2014
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Example: 
Volcanoes 

M4.8 2014-03-30 earthquake north of NRWY 
- NRWY changed direction of motion 

South to North  
East to West 
Up to Down

Other stations 
not so clearly 
correlated...
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Example: 
Slow Slip and Tremor 

Subduction zone phenomenon 
- Transient deformation episodes (2-5 mm) - slow slip 
- Seismic tremor at 30-40 km depth

PBO GPS Velocities
Displacements from 

2013 ETS Event

Tremor Locations 
2013 ETS Event

PNSN

Last Month’s Tremor 
http://pnsn.org/tremor

http://pnsn.org/tremor
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Example: 
Slow Slip and Tremor 

1. Open a browser and go to UNAVCO -> Instrumentation -> core GPS 

2. Search for P439 
- Click on static plots to get popup 
- Click arrows until detrended plot appears 

3.  Sawtooth pattern in East component typical of ETS cycle 

Notes: 
Static time series may contain outliers 
that affect scaling 

Not all processed stations have home 
pages

P439
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Example: 
Slow Slip and Tremor 

Sample detrended time series showing slip events 
- These time series from Vancouver Island, NW Washington 
- ETS occurs along entire Cascadia subduction zone
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Example: 
Mapping Landforms 

LiDAR data sets 
- Detailed shaded topography 
- Available in selected parts of the US

Lake Placid, FL, Unfiltered Lake Placid, FL, Filtered
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Example: 
Mapping Landforms 

1. Open a browser and go to http://www.opentopography.org 

2. Select “Find Data” or “Data” tabs 

3. Select “Google Earth Files” 
- Download kml/kmz files from list
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Example: 
Mapping Landforms 

Use LiDAR Google Earth files to study landforms of interest 

Fault Scarp & Offset Drainage, 
Dragon’s Back Ridge, San 

Andreas Fault

Fault Scarp & Moraines, 
Glacier Gulch 

Grand Teton National Park

Fault Scarps,  
Mirror Plateau 

Yellowstone National Park
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Example: 
Precipitable Water 
Vapor

• GPS data processed to derive precipitable water vapor in troposphere 
- GPS signals refracted by troposphere 

• Processed by UCAR (University Corporation for Atmospheric Research) 
- PWV used for weather forecasting and atmospheric research
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Example: 
Precipitable Water 
Vapor 

1. Open a browser and go to UNAVCO -> Data -> Integrated Precipitable 
Water Vapor (PWV) -> Integrated Precipitable Water Vapor (PWV) 

- Last link will go to UCAR Suominet page 

2. Select “Conus Map” from tab bar
PWV from 1-Hr Solution
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Example: 
GPS Spotlight 

• Examples of GPS applications 
- Tectonics, atmosphere, water cycle, animal tracking 

• Contributed by GPS Reflections Research Group 
University of Colorado - Boulder

http://xenon.colorado.edu/spotlight/index.php

http://xenon.colorado.edu/spotlight/index.php
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Example: 
PBO H2O 

• Study reflected GPS signals (multipath) 
- Vegetation height, snow depth, soil moisture 

• Contributed by GPS Reflections Research Group 
University of Colorado - Boulder

http://xenon.colorado.edu/portal

http://xenon.colorado.edu/spotlight/index.php
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Example: 
PBO H2O 

• Reflected GPS signal interferes with direct signal when satellite is low 
on the horizon 

• Interference pattern depends on reflector properties 
- Cause variations in signal-to-noise ratio, 
multipath parameter

Satellite Signals and GPS Antenna
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Where to get data 

Website: 
http://www.unavco.org  

FTP: 
ftp://data-out.unavco.org/pub/products 
subdir event - earthquake offsets 
           position - station time series 
           velocity - velocity files 

Contact UNAVCO for questions regarding data 
puskas@unavco.org 
olds@unavco.org

http://ww
mailto:puskas@unavco.org
mailto:puskas@unavco.org
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Questions? 


