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• Update on NGL GPS data products
• MIDAS velocity field now available online
• GPS Imaging of vertical rate field
• CA/NV/Sierra Nevada uplift and subsidence
• Integration of InSAR/GPS/tide gauges/leveling data in 

Southern California for vertical motion studies
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Plug and Play GPS for Earth Scientists:  
Providing Immediate Access to Low-Latency Geodetic Products for  

Rapid Modeling and Analysis of Natural Hazards 

http://geodesy.unr.edu

• MAGNET plus all continuous networks of which we 
are aware and provide open access to data

• >14,000 stations and growing
• Data processed with GIPSY/OASIS from JPL
• Products include:

• Time series 
• IGS08+NA12 frames
• text+graphic formats
• xyz+enu, 
• station pages

• QA files for trouble shooting
• Solutions from final, rapid and ultra rapid solutions 
• NEW:

• MIDAS velocity field online IGS08, NA12 frames
• Browse with maps, station text lists, GSAC search 

tools, data holdings files updated daily
• Steps database from equipment and earthquake 

steps (127,000 records)
• handy tools, e.g. decimal year date conversion

https://www.unavco.org/



The MIDAS Non-parametric Time Series Trend Estimator

Blewitt, G, C. Kreemer,  W.C. Hammond, J. Gazeaux, 2015, MIDAS robust trend estimator for 
accurate GPS station velocities without step detection,  JGR manuscript in revision.

• Not least squares: Robust median-based estimate of station 
velocity

• Based on Theil-Sen median trend estimator
• Insensitive to steps, outliers, seasonal terms and 

heteroscedasticity
• Tolerant at up to 29% outliers and steps
• Similar results to least squares in “normal cases”
• More stability in odd cases without detailed parameterization
• Fast algorithm, simple form, suitable for automated large N 

analyses
• More accurate than LS methods in DOGEx exercise
• MIDAS rates soon to appear in our data products system

Example: Station RENO  
• Detrended using MIDAS rate. 
• Accurately estimates pre-seismic trend
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GPS Imaging of Vertical GPS Velocity: North America 

Vertical Rates from Thousands of Stations 

MIDAS Vertical Rates
• MIDAS addresses robustness in 

the temporal part, GPS Imaging 
tackles the spatial part

• Weighted median-based 
geographic spatial filtering 
(despeckling) applied

• Suitable for focusing on signals 
with wavelength > station spacing

• “Imaging” step is weighted median, 
Delaunay-based interpolation

• Not smoothing!  Preserves edges 
in field provided they are 
supported by multiple stations

mm/yr

• Uses 5 year time minimum duration for time series
• NA12 reference frame.
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• Uses 5 year time minimum duration for time series
• NA12 reference frame.

MIDAS Rates Despeckled
Weighted-Median Spatial Filtered

GPS Imaging of Vertical GPS Velocity: North America 

Vertical Rates from Thousands of Stations 

• MIDAS addresses robustness in 
the temporal part, GPS Imaging 
tackles the spatial part

• Weighted median-based 
geographic spatial filtering 
(despeckling) applied

• Suitable for focusing on signals 
with wavelength > station spacing

• “Imaging” step is weighted median, 
Delaunay-based interpolation

• Not smoothing!  Preserves edges 
in field provided they are 
supported by multiple stations



GPS Imaging: How it Works 

The GPS Imaging Method
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• Apply weighted median filter on 
Delaunay triangulation of GPS 
station locations with location 
of tide gauge

• Weights determined with 
combination of 

- Rate uncertainty
- Distance from GPS to 
estimation point 
- Empirical spatial structure 
function of vertical rate.

• Resolution depends on station 
density (which varies greatly)

• Apply method to grid points to 
get image of vertical motion

Empirical Spatial Structure 
Function

• Example of a benefit from interdisciplinary studies 
• Method designed for robust estimation of vertical land motion at tide gauges from GPS network

Difference in vertical velocities
as a function of station 

separation 
All pairs

connected GPS station i gets:  
wi = ssf(Δi)/σi 

at tide gauge:
v = weighted median(vi, wi)



• Final Step: Apply filtering technique 
to points on grid

Seeing, for example:
• GIA very well
• Location of hinge between uplift 

and subsidence
• Forebulge collapse south of hinge 

driving subsidence along east coast 
1-2 mm/yr

• Gulf coast subsidence, a 
combination of pumping and 
sediment loading

• Technique enhances signals with 
geographic coherence that are 
detected in many stations

• GPS Imaging of surface 
manifestation of mantle flow
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DOWN

MIDAS Rates
with GPS Imaging

mm/yr

• Uses 5 year time minimum duration for time series
• NA12 reference frame.

GPS Imaging of Vertical GPS Velocity: North America 



Fall AGU Meeting, San Francisco, CA,  December15, 2015 

GPS Imaging of Vertical GPS Velocity: Sierra Nevada 
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MIDAS Vertical Rates
MIDAS Rates Despeckled

Weighted-Median Spatial Filtered
CA/NV Vertical GPS 

• Details of intriguing 
geographic clustering of 
vertical rate signals

• Volcanos, up & down
• CNSB and LH Postseismic
• Cascadia interseismic strain 

accumulation
• GroundH2O pumping in CA 

Great Valley
• Elastic rebound around S. 

Great Valley

• Uplift of the Sierra Nevada 
along length of range  
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Central NV Seismic Belt
historic earthquakes 1915, 1954, etc
viscoelastic postseismic relaxation

Landers/Hector Mine
Postseismic

Western
Transverse 

Ranges Uplift

CA Great Valley
Groundwater Pumping

Elastic Rebound from
Groundwater Unloading
Amos et al., 2014 Nature

Sierra Nevada Uplift

Cascadia Interseismic 
Strain Accumulation

Mt. Lassen 
sinking

Long Valley
Caldera

El Mayor-Cucapah? Brawley? Cerro Prieto Geothermal?

Subsidence 
of Great Basin?

?

GPS Imaging of Vertical GPS Velocity: Sierra Nevada 

CA/NV Vertical GPS 

• Details of intriguing geographic 
clustering of vertical rate signals

• Volcanos, up & down
• CNSB and LH Postseismic
• Cascadia interseismic strain 

accumulation
• GroundH2O pumping in CA Great 

Valley
• Elastic rebound around S. Great 

Valley

• Uplift of the Sierra Nevada along 
length of range  
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Sierra Nevada Uplift

mm/yr

Fall AGU Meeting, San Francisco, CA,  December15, 2015 

• Rate of, even existence of contemporary 
uplift is enigmatic

• Normal faults slip 0.1 to 2.0? mm/yr in 
Sierra Nevada/Great Basin Transition, 
driving generation of relief but possibly 
uplift of range to a lesser extent

• Boundary of SN uplift follows eastern 
boundary of Sierra Nevada/Great Valley 
Microplate

• Suggests:
• Background uplift distinct from Great 

Basin
OR
• Lithospheric strength contrast across 

Sierra/Great Basin transition….
• Consistent with horizontal GPS data 

& seismicity.  A rigid response to 
focussed unloading in the San Joaquin 
valley?

Are these abrupt edges in rate field 
well resolved? Checkerboard test says 
yes

Eastern Boundary of Sierra Nevada/
Great Valley microplate

GPS Imaging of Vertical GPS Velocity: Sierra Nevada 

Do These Images Help Us Measure Long Term Tectonic Uplift of the Sierra 
Nevada?  Is there contemporary tectonic uplift?



• Prefer 5 years of data to get reliable rate 
• Network not as strong prior to 2010

Sierra Nevada Uplift Over Time

1996 2006 2015
Time of First Data

PBO

BARGEN
SCIGN

MAGNET

Number of GPS Stations Over Time
in CA/NV area

•  GPS data show uplift accelerating after 2011
•  Related to H2O unloading owing to drought 
in southwest US via loss of ground and 
surface water

• We expect that tectonic uplift of Sierra 
Nevada would be constant over time of 
GPS observation.

• So we ask the data how do the signals 
change with time?  Is the Sierra Nevada 
part constant?

drought begins
in CA



Before 2010 After 2010 All Data

mm/yr

Sierra Nevada Uplift Over Time

Bottom Line: 
• Uplift rates increase after 2011
• After 2010 the GPS network gets much better for vertical imaging 
• East boundary of uplift seems constant when networks is good 

• Looking for the time invariant of signal of tectonics
•Dots show GPS locations
•Use any time series 4 years or longer 
•Network not good enough before 2010 to constrain shapes



Before 2011 After 2011 All Data

Sierra Nevada Uplift Over Time

mm/yr

Bottom Line: 
• Uplift rates increase after 2011
• After 2010 the GPS network gets much better for vertical imaging 
• East boundary of uplift seems constant when networks is good 

• Looking for the time invariant of signal of tectonics
•Dots show GPS locations
•Use any time series 4 years or longer 
•Network not good enough before 2010 to constrain shapes



Southern California Vertical Velocity
Ventura Area Vertical Tectonic Uplift: A Four-Technique Geodetic Study Combining GPS, 
InSAR, Leveling and Tide Gauges 

William C. Hammond, R. Burgette, K. Johnson, Geoffrey Blewitt

• Integration of GPS vertical rates with InSAR
• SBAS Time series of ERS/ENVISAT data from WinSAR
• Remove horizontal from LOS using crustal strain rate map of Kreemer et al., 2012
• Align InSAR, Tide Gauges, Leveling lines to GPS vertical rate field

• Generate mask that excludes areas with non-tectonic motion
• Based on vertical rate from InSAR, annual term amplitude from GPS
• Mask out if: 

• Annual amplitude >2.0 mm or 
• Vertical rate from InSAR less than -2.5 mm/yr

• Agreement between techniques near ~1 mm/yr RMS
• Suggest long term signal
• Seams across track/frames apparent, but error is 

minimized by applying quadratic ramp to align InSAR to 
GPS+InSAR field

• Apply GPS Imaging to the amplitude of the
annual terms in the GPS time series.  

Leveling
GPS

Tide gauge

up down
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Southern California Vertical Velocity
Ventura Area Vertical Tectonic Uplift: A Four-Technique Geodetic Study Combining GPS, 
InSAR, Leveling and Tide Gauges 

William C. Hammond, R. Burgette, K. Johnson, Geoffrey Blewitt

• After alignments techniques agree well (to ~1 mm/yr RMS)
• Compared to individual techniques alone, improvement in isolating signal of long term vertical motion 
• Using these data to constrain tectonic models/fault slip rates
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Misfit between InSAR and GPS Vertical Rate
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• Alignment better when using only ENVISAT
• ENVISAT date ranges more similar to time of GPS data acquisition
Suggests:
1) Misfit is driven by time-variable motion of fastest dropping stations
2) Subsidence in rapidly dropping areas is accelerating
3) Other areas (near stable GPS stations) have relatively stable constant rates





Questions?

The End

Some Things to Work On



Checkerboard Tests 
• Assess network’s ability to 

resolve structure in the 
vertical rate field

• +/- 3 mm/yr blocks 
smoothed

• Sample field at stations
• Add noise consistent with  

• MIDAS uncertainty now
• Expected uncertainty in 

near future
• Returning input structure 

well except where GPS 
network is sparse
• East Nevada
• Western Arizona
• Sierra Nevada
• Latest network 

development addressing 
northwest Nevada

Recommend future GPS 
locations.
• Sierra Nevada/Great 

Valley middle latitudes 
• East Nevada

Resolution Tests 

Input Structure Sampled at 
Stations

Inferred Structure
No Noise Added

mm/yr

Inferred Structure
Real Noise Added

Inferred Structure
1 mm/yr Noise Added

Inferred Structure
Smoothed


