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1. Introduction: CMM 3 Release

The Southern California Earthquake Center has supported the development of a number of
community models, one of which is the Crustal Motion Map, or CMM (formerly known as the
Horizontal Deformation Velocity Map). Version 1.0 of this was released in October 1996, and
version 2.0 in July 1998. Release of a third version was delayed by the need to respond to the
Hector Mine earthquake, by the inclusion of considerably more data than had been used in the
previous versions, and by our desire to organize the analysis in such a way that further
upgrades and improvements would be relatively straightforward.

Figure 1

As often happens, the finishing details took longer than expected; in the first 4 months of
2003 we spent considerable time in various analysis tasks (described in more detail in the next
section). An ‘‘alpha version’’ was available for internal review at the start of May 2003, with



the formal announcement to the SCEC Board for approval made later that month. Because of
delays in subsequent review, in setting up an email system for reporting problems, and in a few
additional processing steps, the final release was made on August 1, 2003; see http://epicen-
ter.usc.edu/cmm3. It is of course too early to count uses of these data, though we are aware of
two block-model inversions that have been made using them: one by Meade, and another by
Becker and others. We can however report that the CMM3 announcements and Web page
occupy the first page of a Google search for ‘‘Crustal Motion Map’’, so clearly there is recog-
nition of these results.

The Web pages devoted to the CMM include documentation of the files made available,
which include a list of monuments for non-continuous stations (700 points), velocities for all
points (840 velocities at 769 points, because of different velocities before and after earth-
quakes), and the covariance matrix of the velocities. Figure 1 shows these velocities, with half
the plate motion subtracted from each one for clarity. The release also includes a table show-
ing when each point was observed, and coseismic offsets from the Landers, Northridge, and
Hector Mine earthquakes (336, 97, and 229 offsets respectively).

We are currently preparing a paper describing the analysis that went into the CMM, and
providing a summary of the results. This will serve to document the procedures followed in
some detail—a complicated matter because of the need to work over long time spans because
of the several large earthquakes that have occurred in the region. The paper will also provide a
description of the various quality checks used, including the comparisons between different
analyses and the spatial consistency checks, along with the basis for the errors given for the
estimated velocities. We expect to submit this for publication in early 2004.

2. CMM Analysis Activities

The summary above mentioned final analysis tasks that had to be performed to complete
the CMM; for reference we give these here.

• Setting the reference frame (MIT/UCLA). For interpretive purposes, it makes sense to give
the CMM velocities referred to North America; but in practice this means choosing a set of
stations that have long time histories, are well-behaved, and are clearly tied to this plate.
The final release describes our choices, which were aided by parallel research at MIT on
the definition of the North-America/Eurasia boundary.

• Adjustment of the EDM/GPS ties to improve the velocity combination (UCLA/UCSD),
including renaming the sites to have a convention that would mesh well with the use of
SINEX, and checking the compatibilities of different EDM/GPS ties (an iterative process).

• Data outlier checking (UCLA/MIT/UCSD), using different codes to examine the spatial
coherence of each point with the ones around it. This found a number of points, some of
which were omitted when a subsequent examination of their time series showed that the
velocity estimates were not robust.

• Production of a SINEX file (UCLA), using a new QOCA code revised by Danan Dong.

• Inclusion of early data (UCLA). We were able to reprocess data from a 1988 GPS survey
to improve the early velocity estimates of a few sites located in the Mojave Desert and Los
Angeles basin. Similar reprocessing of data from 1990 surveys is currently in progress;
because of severe SA condition, mixing of receiver type, and unsynchronized sampling
epoches for certain type of receivers, this is difficult, but can help define the pre-Landers



deformation field; we are concentrating on key data sets with stations within 75 km of the
Landers epicenter.
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Data WIDC_GHT NorthWRMS:    1.10 mm NRMS:  2.68 #:  2063 data  Rate:    13.58 +    0.23 mm/yr  
Av   30.0 days, # 74, WRMS   9.23 mm NRMS   23.0
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Data WIDC_GHT East WRMS:    1.03 mm NRMS:  2.02 #:  2053 data  Rate:     9.49 +    0.18 mm/yr  
Av   30.0 days, # 74, WRMS   1.51 mm NRMS    3.6
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Data WIDC_GHT Up   WRMS:    3.53 mm NRMS:  1.54 #:  2049 data  Rate:     0.55 +    0.49 mm/yr  
Av   30.0 days, # 74, WRMS   6.93 mm NRMS    4.7

Figure 2

3. Postseismic Analysis: New Methods

For all of the recent southern California earthquakes, GPS estimates of post-seismic
motions have been compromised by a poor distribution of the continuously or frequently
observed stations; these are necessary to define a reference frame large enough not to be dis-
torted by non-linear motion, while still being small enough to filter out spatially correlated



errors. Even for the Hector Mine earthquake, which occurred when the SCIGN array com-
prised ∼200 stations, a reference frame defined by regional stations with constant velocities
fails to produce a frame stable at the 1 mm level. In part this is because of poor spatial distri-
bution (most of the stations are west of the rupture), and in part because significant departures
from constant velocities occur as far as 350 km away. We hav e done an analysis in which we
simultaneously estimate site velocities, coseismic offsets. and logarithmic terms in displace-
ment (d(t) = alog(1 + ∆t/τ ), where ∆t is time since the earthquake and τ is a time constant to
be solved for. Once this analysis is done, the combined estimates of the velocity and logarith-
mic variations are then used to define the reference frame for time series analysis.

In Figure 2, we show as vectors the amplitudes a of the estimated horizontal postseismic
(logarithmic) motions for Hector Mine. Analysis of the SCIGN data shows that τ equal to 10
days provides a good match to the data. The red vectors are from the MIT combination of
SCIGN analyses, and the blue vectors are from the SCEC analysis of campaign data; error
ellipses are 95% confidence. The thick green line shows the Hector Mine rupture; light grey
lines are mapped Quaternary faults. The inset shows the time series for a station (WIDC) 80
km south of the rupture. The coseismic offsets (51 mm N, 1 mm E, 3.6 mm up) have been
removed to allow the postseismic signal to be seen. The light symbols in each of the frames
for north, east, and up components are the daily position estimates. The dark squares are
30-day averages of the daily values, and the solid line is the model fit to the data.

Since the reference frame imposed at each epoch can differ from that at other epochs by
only a translation and rotation, the time series is not biased by including logarithmic terms in
the a priori representation of the station’s motion. For the post-Hector interval, we used
between 100 and 180 sites to determine the translation and rotation. In the example shown, the
rms of the residuals is 1.1 mm for the (large) north component. Representing the post-seismic
decay with an exponential function produces a poorer fit: 1.2 mm rms if a change in velocity is
allowed, 1.4 mm if it is not. Similar results are seen at all stations with large postseismic sig-
nals, although for some close to the rupture different logarithmic decay times may be needed.
Since fewer SCIGN stations were operating at the time of the Landers and Northridge earth-
quakes, it will be even more important to model the motions of the near-field stations, some-
thing we propose to do in the coming year.

4. Data Collection and Archiving

A major task during the past year was to modify the archiving software to work around
(needed) security upgrades at the SCEC Data Center. During the past year 600 logsheets were
entered, 800 files archived, and 800 files (some archived in previous years) ‘‘associated’’ with
a monument, thus making them available for processing and putting them into the GPS Seam-
less Archive system. These files included data collected with SCEC support by UCSD and
USC; surveys in the Hector area by UCLA; surveys in Southern California by the US Geologi-
cal Survey; and data collected by CICESE in Baja California. Pending (but to be done under
this year’s support) are surveys by Caltech, the University of Miami, and the US Navy in the
Eastern California Shear Zone; data contributed by Greg Lyzenga from the Harvey Mudd net-
work around Pomona; data from CSU San Bernardino, collected by Sally McGill as part of an
undergraduate program; and data from Baja California collected by the University of Miami.


