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GPS Atmosphere Estimates
Estimates of GPS satellite to receiver signal delay owing to tro-
pospheric effects are obtained from GIPSY/OASIS II every 5 min-
utes assuming a random walk model.   The magnitude of these 
effects are 50-250 mm (left and below left),  and they can vary by 
up to 100 mm on any given day (below).  Thus these signals are 
large compared to the expected vertical motions from tectonics.  

However, when large changes in the troposphere occur, these 
singnals are not propagated into the vertical position, suggest-
ing that GIPSY is doing a good job compensating for these 
effects.   Thus GPS can serve as a referece to which InSAR results 
can be conformed.

Effects of the Troposphere on GPS and InSAR point target analysis for Measurement of
Crustal Deformation and Vertical Motion near Yucca Mountain, Nevada

W.C. Hammond1, G. Blewitt1, H.-P. Plag1, C. Kreemer1, Z. Li2
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Figures left and right show the rate of 
motion along the radar line of sight 
(LOS) from the stack (black dots) and 
from the LOS component of the nearest 
GPS sites (red triangles).  These are 
taken along the NE-SW profile shown 
on the maps above.   A best-fitting qua-
dratic ramp is estimated to best con-
form the radar LOS rates to the GPS 
velocites.  Applying this ramp compen-
sates for long wavelength errors in the 
interferometry owing to e.g. satellite 
orbit uncertainty, but does not address 
shorter wavelength errors (e.g. associ-
ated with the atmosphere).
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We find that after adjustment the RMS 
difference between the radar and GPS 
rates is ~0.5 mm/yr.  This measure of 
similarity between the two rates places 
limits on how precise crustal deforma-
tion estimates using integrated 
InSAR+GPS motion maps can be.   Here 
we compare the GPS LOS rate to the 
InSAR LOS rate before adjustment (left) 
and after adjustment (right).  15 of the 24 
sites in the frame have differences that 
are smaller than the uncertainties in the 
GPS line of site rates.

RMS=2.3 mm/yr RMS=0.5 mm/yr

−120 −119.5 −119 −118.5 −118 −117.5 −117 −116.5 −116 −115.5 −115 −114.5
35

35.5

36

36.5

37

37.5

38

38.5

2 mm/yr

# Blocks=19, RMS East=0.94777,   RMS North=0.68044

−120 −119.5 −119 −118.5 −118 −117.5 −117 −116.5 −116 −115. −115 −114.5
35

35.5

36

36.5

37

37.5

38

38.5

Longitude

La
tit

ud
e

Red=Data, Green=Model, Black=Residual

−121 −120 −119 −118 −117 −116 −115 −114
34.5

35

35.5

36

36.5

37

37.5

38

38.5

39

RMS East=0.86251,   RMS North=0.73811

GPS Data and
Block Modelling

Below) results of constraining a block model of the southern Walker 
Lane with horiztonal GPS velocities.  See Jha et al., 2009 (oral presenta-
tion G23D-07 this meeting) for our most recent results.  This modeling 
will be extended to incorporate line of sight constraints from InSAR, 
and vertical rates from GPS.    

Introduction

We are in the process of developing a data processing strategy for the systematic integration of InSAR and GPS motion prod-
ucts along the Walker Lane and western Great Basin.  This area accommodates ~25% of the relative plate boundary motion 
between the Pacific and North American Plates, and exhibits complex strain patterns, faulting and seismicity.  Thus it is desir-
able to complement GPS measurements with the high spatial density potentially afforded through InSAR to improve strain 
maps and block models of crustal deformation.

In preparation for this analysis we have begun a study of the degree of agreement that is possible between deformation sig-
nals observed through GPS and InSAR.   As a first case study we have selected the Yucca Mountain region of southern Nevada 
because of  1) availability of numerous ERS and Envisat radar scenes 2) presence of the long running and relatively dense GPS 
network, 3) usually favorable conditions for GPS and InSAR space geodesy.   An important part of this process is the develop-
ment of metrics that compare the quality of agreement between GPS and InSAR as a function of different data processing 
strategies.  

Currently we are achieving an agreement of ~0.5 mm/yr RMS residual between line of sight rate measurements made using 
the two separate methods.  This is precise enough to possibly improve slip rate estimates in the southern Walker Lane, where 
slip rates on faults may be an order of magnitude larger than this noise level. 

One of the most important contributors to misfit between GPS and InSAR deformation maps is the effects of path delay het-
erogeneity from the atmosphere.  This effect is present in both GPS and InSAR measurements, however, GPS processing soft-
ware (GIPSY/OASIS in our case) specifically estimates and removes the effects of wet and dry troposphere delays.   Thus GPS 
positions can be provisionally used as a ground truth to which the InSAR-derived line of site maps can be conformed (see 
figure to right).

Once  the scenes covering the Walker Lane are processed, three-component GPS rates and InSAR rates can be simultaneously 
included as constraints on crustal block models.  This requires enhanced block modeling algorithms to model the vertical 
component of motion.  Our formulation (far right) includes vertical and  line-of-sight motion, and allows GPS and InSAR con-
straints can be combined to estimate long term motion of blocks in all three dimensions.
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A Beginning - Yucca Mountain...

Left) The InSAR data are ERS and Envisat 
scenes from track 399, frame 2871 (shown in 
red).  For this frame we have 40 ERS and 36 
Envisat scenes obtained from the WinSAR and 
GeoEarthScope archives.   Many more scenes 
are available from nearby tracks in the Walker 
Lane (far left).  

GPS studies have revealed that there is ap-
proximately 1 mm/yr of crustal deformation 
across the Yucca Mountain network of 16 
continuous sites [Wernicke et al., 2004; Hill 
and Blewitt ,2006].  Inside this area are 16 
stable GPS sites that have been in operation 
continuously since late 1999, plus more re-
cently installed stations in the BARGEN and 
PBO networks.  

Above) Preliminary identification of point scat-
tering pixels has been made using Gamma 
IPTA.  These points have both the spectral char-
acteristics of a point scatterer and are stable 
across the ERS and Envisat scenes.    
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Stack - Line of Site Rate Stack - Conformed to GPS Line of Sight Rates

Above) The interferogram stack has been 
sampled at the point scatterers for comparison 
to the stack (above left).  The same pattern and 
amplitude of LOS velocity signals persists.    We 
hope that as we improve our analysis the misfit 
between GPS and InSAR will become even 
better than 0.5 mm/yr found above.   


