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Recent advances in GPS receiver technology and 

increased data storage capabilities enable sampling and 

archiving of GPS data at higher rates than the traditional 

30 second or lower rates; 1-Hz data are increasingly 

available through institutions such as UNAVCO and 

the EarthScope Plate Boundary Observatory. Th ese new 

GPS data rates are sensitive to short-period motions 

such as the passage of seismic waves (e.g. Larson et al. 

2003), serving as a natural complement to traditional 

seismometry where instruments may clip during strong 

accelerations.

Noise reduction via sidereal and spatial fi ltering has been 

shown to eff ectively increase the signal to noise ratio of 

GPS positioning by reducing repeating errors. Sidereal 

fi ltering [Choi et al., 2004] removes site-specifi c errors 

by capitalizing upon the day-to-day repeatability of 

multipath geometry and satellite orbit distribution. Posi-

tion solutions for time periods without displacements 

are used to model these errors, which are then subtracted 

from the date of interest. Recent work by Larson et al. 

[2006a, 2006b] has established the theory behind and 

improved the eff ectiveness of modifi ed sidereal fi ltering. 

Similarly, spatial fi ltering models errors common to all 

stations in a network [Wdowinski et al., 1997]; these 

common-mode errors include reference station errors 

from the least-squares solution.

Applying these high-rate GPS analysis techniques to 

recent datasets has enabled accurate determination of 

displacements due to seismic waves. As an example, the 

3 November 2002 Denali Fault earthquake, a large-

magnitude (M=7.9) shallow strike-slip event, generated 

large-amplitude surface waves observable by GPS to a 

distance of thousands of kilometers [Larson et al, 2003]. 

A network of 26 1-Hz GPS stations that observed sur-

face wave displacements due to the Denali Fault event 

was assembled [Bilich et al., 2004; Bilich, 2006]. Imple-

menting sidereal and spatial fi ltering on this dataset re-

sulted in a 30-50% reduction in noise, depending on the 

component, and revealed low-noise GPS seismograms 

with clear waveforms at stations experiencing several 

centimeters of displacement and greater (Figure 1).

Observing Seismic Waves Using High-Rate GPS:
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Figure 1. Examples of seismic waveforms derived from 1-Hz GPS positions. 

Th e raw positions (red) are contrasted with the positions after sidereal (green) 

and sidereal plus spatial fi ltering (blue). Stations are ordered by increasing 

distance from the epicenter, where time zero equals the origin time of the 

Denali Fault event.
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