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http://sepwww.stanford.edu/sep/prof/iei/omk/paper_html/node13.html 

Spatially aliased seismic reflection data 
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Precise, inaccurate 

Imprecise, inaccurate 

Precise, accurate 

Imprecise, accurate 

Taylor, 1997 

Precision vs accuracy 
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Taylor, 1997 

Precision vs accuracy 
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Waldhauser F. 
and W.L. 
Ellsworth, BSSA, 
2000. 

Relocated Catalog 

1984-1989 

location of Hayward Fault 
earthquakes 
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Some of the (generally small) 
discrepancies between plate motion rates 

found from space geodesy & from 
magnetic anomalies result from errors in 

the paleomagnetic timescale 

Robbins et al., 1993 
Uyeda, 1978 76 

 
Systematic 
errors often 

exceed 
measurement 

errors 
 
 

Uncertainties 
are hard to 
assess and 
generally 

underestimated

Underestimated 
uncertainty and 

bias 
(bandwagon 

effect) in 
measured speed 

of light

1875-1960
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Stein &Wysession, 
2003 

Gaussian distribution 

78 

MISSING CARBON SINK? 

http://www.whrc.org/carbon/missingc.htm 79 



PRECISION OF GEODETIC VELOCITY ESTIMATES 
 

Depend on precision of each position and the time span of measurements 
 
Rate v of motion of a monument that started at position x1 and reaches x2 
in time T 

v = (x1 - x 2 )/T  
 
If  position uncertainty is given by standard deviation  σ 
 
Rate uncertainty is 

σ v  = 2 1/2  σ / T  
 
Thus rate precision improves, even if the data do not become more precise 

TIME 

P
O

S
IT

IO
N

 Older geodetic data, for 
example that taken shortly 
after the 1906 San 
Francisco earthquake, can 
be of great value even if 
their errors are larger than 
those of more modern data. 

RATE = SLOPE 

GPS VELOCITY ESTIMATES Precision of 
velocity 
estimates 
depends on 
precision of 
site position & 
length of time 
 
Velocity from a 
weighted least 
squares line fit 
to positions 
 
Precision 
increases over 
time 
 
Horizontal 
precision is 
better 

Sella et al., 
2002 



GPS 

Calais et al, 2006 

Expect error 

proportional 
to 

  1/
Timespan 

GPS velocity estimate uncertainty vs measurement 
timespan 

82 

0.5 +- 1.4 mm/yr 0.0 +- 0.2 mm/yr 0.8 +- 0.9 mm/yr 

New Madrid: 
 

•  Residual velocities < 0.2 mm/yr 
•  Strain rate < 1.3x10-9 yr-1 

•  uncertainties and residual 
velocities have decreased by at 
least a factor of 2 at all sites as 
time series lengthens 

•  Sites with the worse quality 
position time series such as RLAP 
also have the largest residuals 

(more details in Calais and Stein, Science, 2009) 



As New Madrid GPS data improve, primarily due to 
longer span of measurements,  maximum possible 

motion keeps decreasing 

E. Calais 
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NORMAL MODES OF 
SPHERICAL EARTH

Displacement (traveling 
seismic waves) 

represented by 3-D sum in 
spherical coordinates of 

normal modes 
Stein & Wysession

Surface 
eigenfunctions 
are vector 
spherical 
harmonics: 
derivatives of 
Ylm(θ, φ ) 
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Okal & Stein, 2009 
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Wiechert horizontal seismometer, 
an entirely mechanical, 
seismometer, made in Gottingen 
(Germany) in 1904, and was in use 
in the Strasbourg seismic 
observatory between 1904 and 
1968. 
 
It is essentially an inverted 
pendulum, which records both 
components of horizontal motion on 
rolls of smoked paper. It weighs 
1000 kg, and has a natural period 
of 8 seconds. Damping is provided 
by two air-pistons on the top of the 
instrument. The pendulum is 
centered by placing a series of 
small weights on top of the main 
mass.  

http://sismordia.blogspot.com/2007/07/historical-seismometers-1-wiechert.html 



Response of 
damped 

harmonic 
oscillator to 

harmonic wave 
peaked around 

natural frequency

Peak width 
proportional 
to 1/Q
Peak 
amplitude 
reduced

Normal modes, 
seismometers, 
buildings 
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Spectrum of 
analog signal 
 
 
Oversample 
 
 
 
Analog filter 
 
 
 
Digital filter 

http://www.mstarlabs.com/dsp/antialiasing/antial.html 
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