















































































































































































































































































































































































































































8. Northern California Earthquake Monitoring

8.1 Introduction

Routine analysis of the data produced by BSL net-
works begins as the waveforms are acquired by computers
at UC Berkeley, and ranges from automatic processing
for earthquake response to analyst review for earthquake
catalogs and quality control.

Starting in the mid 1990s, the BSL invested in the
development of the hardware and software necessary for
an automated earthquake notification system (Gee et al.,
1996; 2003a) called the Rapid Earthquake Data Integra-
tion (REDI) project. This system provides rapid deter-
mination of earthquake parameters: near real-time loca-
tions and magnitudes of Northern and Central California
earthquakes, estimates of the rupture characteristics and
the distribution of ground shaking following significant
earthquakes, and tools for the rapid assessment of dam-
age and estimation of loss. In 1996, the BSL and the
USGS began collaborating on a joint notification system
for Northern and Central California earthquakes. This
system merges the programs in Menlo Park and Berkeley
into a single earthquake notification system, combining
data from the NCSN and the BDSN. Today, the joint
BSL and USGS system forms the Northern California
Earthquake Management Center (NCEMC) of the Cali-
fornia Integrated Seismic Network (Section 2.), and de-
velopment is proceeding on the next generation of earth-
quake reporting software based on Southern California’s
Trinet system.

With partial support from the USGS, the BSL has also
embarked on the development and assessment of a system
to warn of imminent ground shaking in the seconds af-
ter an earthquake has initiated but before strong motion
begins at sites that may be damaged (Research Study
26.).

8.2 Northern California
Management Center

Earthquake

Details of the Northern California processing system
and the REDI project have been described in previous
annual reports. In this section, we describe how the
Northern California Earthquake Management Center fits
within the CISN system.

Figure 3.8 in Section 2. illustrates the NCEMC as part
of the the CISN communications ring. The NCEMC
is a distributed center, with elements in Berkeley and
in Menlo Park. The 35 mile separation between these
two centers is in sharp contrast to the Southern Califor-
nia Earthquake Management Center, where the USGS
Pasadena is located across the street from the Caltech
Seismological Laboratory. As described in Section 2., the
CISN partners are connected by a dedicated T1 commu-

nications link, with the capability of falling back to the
Internet. In addition to the CISN ring, the BSL and the
USGS Menlo Park have a second dedicated communica-
tions link to provide bandwidth for shipping waveform
data and other information between their processing sys-
tems.

Figure 3.26 provides more detail on the current system
at the NCEMC. At present, two Earthworm-Earlybird
systems in Menlo Park feed two “standard” REDI pro-
cessing systems at UC Berkeley. One of these systems is
the production or paging system; the other is set up as
a hot backup. The second system is frequently used to
test new software developments before migrating them to
the production environment. The Earthworm-Earlybird-
REDI systems perform standard detection and location
and estimate My, My, and M, as well as processing
ground motion data. The computation of ShakeMaps is
also performed on two systems, one in Menlo Park and
one in Berkeley. An additional system at the BSL per-
forms finite-fault processing and computes higher level
ShakeMaps.

Northern California Management Center
Current Implementation

USGS Menlo Park UC Berkeley
Production
e BDSN (via frame relay,
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Figure 3.26: Detailed view of the current Northern Cali-
fornia processing system, showing the two Earthworm-
Earlybird-REDI systems, the two ShakeMap systems,
and the finite-fault system.

The dense network and Earthworm-Earlybird pro-
cessing environment of the NCSN provides rapid and
accurate earthquake locations, low magnitude detec-



tion thresholds, and first-motion mechanisms for small
quakes. The high dynamic range data loggers, digital
telemetry, and broadband and strong-motion sensors of
the BDSN along with the REDI analysis software provide
reliable magnitude determination, moment tensor esti-
mation, peak ground motions, and source rupture char-
acteristics. Robust preliminary hypocenters are available
about 25 seconds after the origin time, while preliminary
coda magnitudes follow within 2-4 minutes. Estimates
of local magnitude are generally available 30-120 seconds
later, and other parameters, such as the peak ground
acceleration and moment magnitude, follow within 1-4
minutes (Figure 3.27).

Earthquake information from the joint notification sys-
tem is distributed by pager/cellphone, e-mail, and the
WWW. The first two mechanisms “push” the informa-
tion to recipients, while the current Web interface re-
quires interested parties to actively seek the information.
Consequently, paging and, to a lesser extent, e-mail are
the preferred methods for emergency response notifica-
tion. The recentegs site has enjoyed enormous popularity
since its introduction and provides a valuable resource for
information whose bandwidth exceeds the limits of wire-
less systems and for access to information which is useful
not only in the seconds immediately after an earthquake,
but in the following hours and days as well.

8.3 2007-2008 Activities

System Development

As part of ongoing efforts to improve the monitoring
systems in Northern California and to unify the process-
ing systems within the CISN, the BSL and the USGS
Menlo Park made progress in the development of the
next generation of the Northern California joint notifica-
tion system for the Northern California Seismic System
(NCSS). Figure 3.26 illustrates the current organization
of the system. Although this approach functions reason-
ably well, there are potential problems associated with
the separation of critical system elements by ~35 miles
of San Francisco Bay.

Since FY01-02, we have been working to design and
implement software for Northern California operations so
that identical, complete systems operate independently
at the USGS and UC Berkeley. When CISN started,
independently developed systems for monitoring earth-
quakes operated in Southern and Northern California,
Trinet and Earthworm/REDI, respectively. Each of these
systems has its strengths and weaknesses, and choices
had to be made. The current design for the new North-
ern California system draws strongly on the development
of TriNet in Southern California (Figure 3.28), with mod-
ifications to allow for local differences (such as very differ-
ent forms of data acquisition and variability in network
distribution). In addition, the BSL and the USGS want
to minimize use of proprietary software in the system.
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One exception is the database program. As part of the
development of the Northern California Earthquake Data
Center, the USGS and BSL have worked extensively with
Oracle databases, and extending this to the real-time sys-
tem is not viewed as a major issue.

During the last few years, BSL staff members, particu-
larly Pete Lombard, have become extremely familiar with
portions of the TriNet software. We have continued to
adapt the software for Northern California, making ad-
justments and modifications along the way. For example,
Pete Lombard has adapted the TriNet magnitude module
to Northern California, where it is now running on a test
system. Pete made a number of suggestions on how to
improve the performance of the magnitude module and
has worked closely with Caltech and the USGS/Pasadena
on modifications. One of the biggest programming efforts
in the past year has been to make the package leap second
compliant.

The BSL and the USGS Menlo Park have implemented
a system to exchange “reduced amplitude timeseries.”
One of the important innovations of the TriNet soft-
ware development is the concept of continuous processing
(Kanamori et al., 1999). Waveform data are constantly
processed to produce Wood Anderson synthetic ampli-
tudes and peak ground motions. A program called rad
produces a reduced timeseries, sampled every 5 secs, and
stores it in a memory area called an “Amplitude Data
Area” or ADA. Other modules can access the ADA to re-
trieve amplitudes to calculate magnitude and ShakeMaps
as needed. The BSL and the USGS Menlo Park have col-
laborated to establish the tools for ADA-based exchange.
As part of the software development in Northern Califor-
nia, a number of modules have been developed.

Event Review with Jiggle

CUSP was finally retired as the event review system in
the NCEMC in late November, 2006. This program was
initially developed in Southern California during the late
1970s - early 1980s and has been used to time earthquakes
for a number of years in Northern California. However,
the CUSP system became increasingly outdated, as it re-
lied on obsolete hardware. The primary responsibility for
the programming and development necessary to make the
transition has rested on BSL staff. They implemented the
RequestCardGenerator (a module that decides which
channels to archive, given a particular earthquake), a
waveform archiving module, and Jiggle (the earthquake
timing interface) within the Northern California system.
The entry of all parameteric earthquake data from real-
time processing into the Oracle database and the prepa-
ration of station and instrument metadata for insertion
into the database were important prerequisites for the
transition. The NCEMC and SCEMC collaborated on
modifications to Jiggle for use in Northern California,
such as the computation of My.
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My and M,, However, wary of complications caused by the publica-
The REDI system has routinely produced automatic tion of multiple magnitudes, these estimates were not
estimates of moment magnitude (M,,) for many years. routinely used as the “official” magnitude until after the
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05/14/2002 Gilroy earthquake (M,, 4.9, My, 5.1). Since
then, solutions that meet a minimum quality criterion
are automatically reported (a variance reduction of 40%
or higher). This criterion appears to work very well and
screens out events contaminated by teleseisms. Over the
last few years, nearly all events over 4.5 have met this
criterion, as have a number of events in the M3.5-4.5
range. As part of the effort to establish a statewide mag-
nitude reporting hierarchy, we have looked more closely
at the estimates of M,, (Gee et al., 2003b; 2004) and the
comparison between M,, and M.

Two methods of determining regional moment tensor
(RMT) solutions were originally part of the REDI sys-
tem - the complete waveform modeling technique (CW)
of Dreger and Romanowicz (1994) and the surface wave
inversion (SW) of Romanowicz et al. (1993). In FY05-
06, processing for the SW algorithm was discontinued;
however, CW moment tensors continue to be calculated,
reviewed, and reported. Comparison between the results
of the CW method and other regional moment tensor
studies in Northern California and the western United
States show excellent agreement in the estimate of seis-
mic moment and M,,.

As we transition toward statewide reporting of earth-
quake information, a comparison of magnitudes calcu-
lated for Southern and Northern California becomes im-
portant. We have collected a set of events recorded well
by digital broadband and and strong motion stations of
the Northern California (NC), Berkeley, (BK) and South-
ern California (CI) networks. Research Study 34. reports
on these activities. A new logA, function has been devel-
oped that is valid throughout the state, and a correspond-
ing set of corrections calculated for the collocated broad-
band and strong motion stations. Research Study 34.
reports on the validation of these parameters for North-
ern and Southern California.

8.4 Routine Earthquake Analysis

In fiscal year 2007-2008, more than 26,000 earthquakes
were detected and located by the automatic systems in
Northern California. This compares with over 23,000 in
2006-2007, 30,000 in 2005-2006 and 38,800 in 2004-2005.
Many of the large number of events in 2004-2005 are af-
tershocks of the 2004 Parkfield earthquake. The number
of events continues to remain high, because we now re-
ceive and process data from a network of seismometers
in the Geysers, a region with a high level of small magni-
tude seismicity. Of the more than 26,000 events, over 200
had preliminary magnitudes of three or greater. Thirty-
two events had My greater than 4. The largest event
recorded by the system was the Alum Rock earthquake
which occurred on 31 October 2007 with M, 5.4. Other
earthquakes with magnitudes greater than 5 occurred off
the coast of northernmost California.

As described in the 2003-2004 Annual Report, the BSL
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staff are no longer reading BDSN records for local and re-
gional earthquakes (as of March 2004). This decision was
in part intended to reduce duplication of effort between
Berkeley and Menlo Park.

8.5 Moment Tensor and Finite Fault
Analysis

The BSL continues to focus on the unique contribu-
tions that can be made from the broadband network.
From July 2007 through June 2008, BSL analysts re-
viewed many earthquakes in Northern California and ad-
joining areas of magnitude 3.2 and higher. Reviewed mo-
ment tensor solutions were obtained for 39 of these events
(through 6/30/2008). Figure 3.29 and Table 3.14 display
the locations of earthquakes in the BSL moment tensor
catalog and their mechanisms.

In the past, moment tensor information has been
stored in a flat file, with only the fault planes and the mo-
ment recorded. The database associated with the CISN
software system allows all the information to be stored
that is necessary to recalculate the moment tensor. It
includes the moment tensor components as well. Dur-
ing this year, we made an effort to enter information for
past Northern California events into the database (see
Research Study 36.). This project is nearly completed,
thanks to the hard work of Angie Chung, Rick McKenzie,
and Jennifer Taggart.

During this year, two earthquakes were large enough
to allow finite fault inversions to be performed: the Alum
Rock earthquake (October 31, 2007) (see Research Study
22.) and the Wells, NV earthquake of February 7, 2008
(see Research Study 24.).
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Location Date UTC Time Lat. Lon. MT M, M., Mo Str. | Dip | Rake
Depth
Aromas 7/2/2007 19:58:53 36.882 | -121.622 8 45 | 43 | 3.06E+22 | 143 | 88 | -174
Oakland 7/20/2007 11:42:22 37.8 -122.18 5 4.1 4.2 | 2.52E+22 | 321 89 168
Geysers 7/20/2007 17:50:20 38.81 -122.8 11 3.7 3.9 | 9.09E+21 61 75 -41
Chatsworth 8/9/2007 07:58:48 34.258 | -118.635 8 4.4 4.4 | 5.86E+22 | 298 60 111
Oakland 8/15/2007 07:13:10 37.8052 | -122.189 5 3.2 | 3.2 | 854E+20 | 140 | 88 | -178
Petrolia 9/8/2007 08:16:28 40.3193 | -124.654 14 4.3 4.3 | 3.30E+22 | 105 88 177
Clear Lake 9/17/2007 14:43:21 38.86 | -122.388 8 3.6 | 3.6 | 2T3E+21 | 91 7 -23
Cuca 10/16/2007 08:53:44 34.356 | -117.629 11 4 4 1.31E+22 | 295 58 114
Alum Rock 10/31/2007 03:04:54 37.4323 | -121.776 11 5.6 5.4 | 1.85E+24 | 323 87 180
Ferndale 11/9/2007 03:37:11 40.5398 | -124.404 21 4.1 4.1 | 1.80E+22 | 149 7 157
Pinnacles 11/28/2007 02:30:12 36.5998 | -121.208 8 5.1 3.4 | 1.40E+21 49 78 -15
Geysers 12/1/2007 20:50:12 38.7333 | -122.933 4 3.9 3.9 | 1.97E+422 | 149 7 152
Pinnacles 12/11/2007 08:04:45 36.554 | -121.122 5 3.4 3.5 | 2.44E+21 | 287 | 80 23
Offshore of Mendocino | 12/11/2007 19:17:20 40.415 | -126.384 8 4.8 4.8 | 1.98E+23 | 271 88 -134
Redbluff 1/19/2008 17:18:46 40.175 | -122.755 11 4.4 4.5 | 6.49E422 | 352 68 -112
Redbluff 1/19/2008 23:13:05 40.125 | -122.759 11 4.9 4.7 | 1.26E+23 14 90 -10
Nevada 2/7/2008 12:53:09 38.236 | -117.855 5 328 | 3.6 | 2.79E4+21 | 190 | 83 | -148
Geysers 2/24/2008 05:32:10 38.817 | -122.809 5 4.01 4 1.30E+22 | 50 63 -44
Willits 3/10/2008 05:14:27 39.355 | -123.277 8 344 | 3.7 | 4.35E421 | 140 | 86 151
Offshore of Oregon 3/15/2008 14:44:38 42.487 | -126.663 18 56 | 5.6 | 3.48E+24 | 25 73 -91
Geysers 3/27/2008 21:04:36 38.817 | -122.786 8 3.6 | 3.6 | 3.04E+21 | 244 | &4 23
Offshore of Mendocino | 4/10/2008 14:17:35 40.404 | -125.639 30 3.89 | 4.2 | 2.46E+4+22 | 175 89 -174
Eureka 4/21/2008 22:00:54 40.78 -124.208 21 4.2 4.2 | 2.38E+22 | 301 61 -79
Reno, NV 4/24/2008 22:47:04 39.525 | -119.223 5 3.8 3.7 | 5.10E+21 | 236 81 -11
Reno, NV 4/24/2008 22:55:49 39.527 | -119.929 5 4.2 4.3 | 3.81E422 | 153 74 -166
Reno, NV 4/26,/2008 06:40:11 39.524 | -119.932 5 513 | 49 | 3.35E4+23 | 60 85 25
Reno, NV 4/28/2008 11:33:18 39.533 | -119.931 5 42 | 41 | 1.77TE+22 | 315 | 87 | -170
Templeton 4/29/2008 17:45:17 35.499 | -120.783 8 3.6 3.6 | 2.95E+21 | 119 55 93
Willow Creek 4/30/2008 03:03:07 40.836 | -123.497 30 54 | 5.4 | 1.46E+24 | 359 | 60 -88
Lake Isabella 5/1/2008 08:11:43 35471 -118.42 8 4.1 4.1 | 1.96E+22 | 291 89 -172
Offshore of Mendocino | 5/6/2008 17:18:32 43.171 | -126.447 14 45 | 45 | 6.70E+22 | 123 | 83 165
Reno, NV 5/8/2008 05:55:01 39.542 | -119.92 5 3.5 | 3.6 | 3.40E+21 | 118 | 82 | -167
Ferndale 5/13/2008 04:07:39 40.801 | -125.374 11 4.2 4.3 3,29e22 314 86 167
Geysers 5/30/2008 04:48:36 38.776 | -122.764 5 39 | 41 | 2.01E+22 | 250 | 82 -14
Green Valley 6/4,/2008 02:29:04 38.242 | -122.184 8 3.9 3.9 | 8.27E+4+21 63 87 -12
Oakland 6/6/2008 09:02:54 37.816 | -122.075 8 3.5 | 3.5 | 2.00E+21 | 339 | 84 | -162
Reno, NV 6/8,/2008 17:53:41 39.546 | -119.918 5 3.6 3.7 | 3.66E4+21 | 195 | -54 56
Tres Pinos 6/19/2008 23:57:51 36.681 | -121.308 8 3.76 | 3.8 | 5.45E+4+21 | 40 88 -24
Tom’s Place 6/28/2008 14:44:10 37.586 | -118.819 11 4.3 3.9 | 9.89E+421 | 351 83 -32

Table 3.14: Moment tensor solutions for significant events from July 1, 2007 through June 30, 2008 using a complete
waveform fitting inversion. Epicentral information is from the UC Berkeley /USGS Northern California Earthquake
Management Center. Moment is in dyne-cm and depth is in km.
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9. Instrumentation Testing

9.1 Introduction

The BSL Instrumentation Testing Facility located in
the Byerly Vault (BKS) has been busy this past year
with the testing of several sensors. In July 2007, the sen-
sitivity and noise performance of the 8-channel Quanterra
Q4120 data logger was checked to verify that is operating
within the factory specifications. The BSL staff has also
been involved in projects to test new STS-1 electronics
developed by Metrozet LLC and to test a new temper-
ature, hygrometer, and pressure sensor package that is
being developed in-house. We have also tested new and
repaired broadband and strong motion sensors on an ad
hoc basis prior to deployment in the field.

A new advanced electronics package, the Metrozet
STS-1-E300, has been developed and tested as a mod-
ern replacement for the original Streckeisen STS-1 very-
broadband seismometer “Feedback Electronics” boxes.
The development and testing is a collaborative effort be-
tween Metrozet LL.C and the BSL. The new electronics
package matches the outstanding analog performance of
the original Streckeisen circuitry while providing a num-
ber of enhancements to facilitate installation and oper-
ation of the STS-1 sensors. The enhancements include:
digital control of all sensor parameters; digital control
of centering motor operations; monitoring of all major
state-of-health parameters, and a complete calibration
capability. All control and diagnostic functions can be
controlled either locally (via RS-232, USB or Ethernet)
or remotely (via Ethernet).

A new temperature, humidity, and pressure (THP)
sensor package is being developed in-house at BSL as a
replacement for the existing and aging temperature and
pressure sensors at the BDSN stations. Measurement of
the temperature and pressure at a BDSN station is useful
for reducing the components of the seismic background
noise that are correlated with temperature and pressure.
A hygrometer has also been added to the sensor package
to enable measurement of the local atmospheric relative
humidity, a parameter which is potentially useful for es-
timating and correcting for geodetic GPS tropospheric
propagation delays.

9.2

The BSL sensor testing facility is described in detail in
the BSL 2001-2002 Annual Report (available on-line at
http://www.seismo.berkeley.edu).

Instrumentation Test Facility

Data Logger Calibration

In July 2007, the sensitivity and self-noise PSD for each
data channel and inter-channel crosstalk of the 8 chan-
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nel Quanterra Q4120 data logger was checked using a
reference signal applied first simultaneously and then se-
quentially to all channels, with the non-driven channels
resistively terminated. The relative sensitivities of the
data logger channels were checked by applying a high-
level (~19.8 V peak-to-peak (P-P)) 1 Hz square wave
signal simultaneously to all channels. The signal level on
each channel was measured and the relative signal levels
were compared to the sensitivities on the factory calibra-
tion sheet. The sensitivities of four of the channels have
not changed by more than 0.01% from the factory cal-
ibration values. Of the remaining four channels, three
changed by less than +0.3%, and the fourth changed by
-0.8%. Modulo 0.25% sensitivity changes are inherent
in Q4120 at boot time because it steps the sensitivity
in 0.25% increments and selects the sensitivity that has
the lowest internal noise level. Sensitivity changes that
are not near modulo 0.25% are likely due to a combina-
tion of modulo 0.25% increments and degradation of the
components.

The self-noise of the Q4120 channels (with 1 k{2 re-
sistance termination) was determined via Power Spectral
Density (PSD) analysis. A composite plot of the Q4120
self-noise over the 20 microHz to 0.5 Hz band is shown
in Figure 3.30, and a more detailed plot of the high-
frequency (0.2-80 Hz self-noise PSD is shown in Figure
3.31. The minimum observed self-noise PSD is approx-
imately 6 dB below the factory specification for a ther-
mally stable environment in the 2-20 Hz band.

The inter-channel cross-talk of the data logger was
checked by connecting each of the channels in sequence
with the high amplitude (20 V P-P) 1 Hz square-wave
signal while terminating the other seven channels with
1 kO resistors at the data logger input connectors. The
Q4120 data logger contains two 4-channel digitizer mod-
ules (HH1-HH4 and HH5-HHS). The observed cross-talk
signal level on all 8 channels is below the 2.34 uV quan-
tization (least significant bit or LSB) level of the Q4120
data logger. The cross-talk signal level is thus more than
138.5 dB below the drive signal level. A check of the co-
herence between the channels was performed by driving
each channel sequentially with a one minute duration 20V
P-P 1 Hz square wave while terminating the remaining
seven channels with 1 k() resistors across the signal input
connectors of the data logger. Spectral phase coherence
analysis of the signal between the inter-channel pair com-
binations did not detect any significant coherence.

Instrumentation Test Bed

The data logger is connected to the seismometer test
bed breakout box via a ~6 meter shielded signal ca-
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Figure 3.30: Self-Noise PSD of Q4120 data logger used in
testing. A 1 k{2 resistance termination was placed across
the data logger input. The plot is composite, derived
from 1 sps noise data for frequencies below ~ 0.01 Hz
and 200 sps noise data at higher frequencies.

Self-Noise PSD (dB) Ref: 1 V¥Hz rms

0.5

i
w
o

-132 B

-134 B

-136

-138 -

Self-Noise PSD (dB) Ref: 1 V2/Hz

i
N
o

0.2 0.5 1 2 5 10 20 50 80
Frequency (Hz)
Figure 3.31: High-frequency self-noise PSD of Q4120

data logger used in testing. The data logger input was
terminated with a 1 k2 resistor. The median value of 32
noise sample PSD data are plotted, and the lowest self-
noise PSD of ~-137 dB is observed in the 2-30 Hz band.
For comparison, the factory noise specification is that the
terminated input noise level is typically -134.5 dB and it
may exceed -137.5 dB at constant temperature.

ble. The above coherence test was repeated with the
drive signal and terminating resistances connected at the
breakout box, and some inter-channel pairs exhibited de-
tectable phase coherence at 1 Hz and its odd harmonics
and also at the 60 Hz power mains frequency, between ad-
jacent signal pairs in the cable, which is consistent with
capacitive coupling in the signal cable and with proximity
of the signal cable to 60 Hz power wires in the vault. The
largest observed cross-talk signal levels on the terminated
channels were ~120 dB below the 20V P-P 1 Hz square
wave drive signal level which is sufficiently low that the
cross-talk does not interfere with subsequent data anal-
ysis.
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9.3 BDSN Ad Hoc Sensor Testing

During the past year, the following sensors were tested
to verify that they were performing within the factory
specifications prior to re-deployment in the field:

1) The 3 STS-1’s from KCC (STS-1Z s/n 109112, STS-
1H s/n 29212, and STS-1H s/n 29201) with Metrozet
STS-1-E300-005 electronics,

2) The 3 STS-1’s from SAO with their corresponding
factory electronics boxes (STS-1Z s/n 109119, STS-1H
s/n 48528, and STS-1H s/n 48529).

9.4 STS-1 Sensor Electronics Testing

From the perspective of the BSL, the critical task in
developing new electronics for the STS-1 seismometers,
the E300, is the evaluation of performance and the com-
parison between new and old systems. Several iterations
of the E300 were evaluated during the design and devel-
opment phase. Objective evaluation of the new electronic
subsystem required a stable and repeatable test platform
of seismometers, base plates, cables, connectors, and dig-
itizer channels. Only when the system was stable, as evi-
denced by repeated calibration results, was the platform
suitable for evaluation of the new electronics.

Seismometer Acquisition and Alignment

Having characterized and calibrated the data logger (as
discussed above), it was necessary to establish a stable
seismometer subsystem test bed. Nine different STS-1 in-
struments (six horizontal, and three vertical instruments)
were set up and leveled, and the outputs to the Q4120
data logger were compared quantitatively.

The horizontal instruments were aligned along a single
axis allowing comparisons and evaluations of their coher-
ence. Misalignment of less than one degree across the six
horizontal instruments caused unacceptable variances in
signal coherence, and took a week to resolve by rotating
individual instruments. Alignment of the vertical instru-
ments was much easier. Only after all alignment incoher-
ences were resolved, were the new electronics evaluated
against the original factory electronics.

Each cable, connector, and base plates combination
were marked, color coded, and assigned, as new and orig-
inal electronics were mated with seismometers. The color
coding endeavored to eliminate ambiguities and variables
beyond the actual electronics. Each combination of seis-
mometers and electronics was recorded for a minimum
of 24 hours. In the end, over 100 combinations of origi-
nal and new electronics and seismometers were evaluated
under conditions that were documented.

When individually labeled and identified combinations
of base plates, cables, seismometers, and electronics were
characterized and deemed repeatable, the new Metrozet
electronics were substituted. Initially, the prototype



Metrozet electronics were operated on only one seis-
mometer, with three, four or five other seismometers si-
multaneously operating on Streckeisen’s factory electron-
ics. After verifying correct input and output signal levels,
the single Metrozet electronics were rotated and verified
amongst six seismometers. A second prototype Metrozet
electronics package was likewise rotated through the seis-
mometers, but this time powering two seismometers con-
currently.

Sensor/Electronics Testing

Testing of the STS-1 sensor and electronics sys-
tems involved several components. STS-1 vertical- and
horizontal-component sensors for testing were gathered
from among the available BDSN sensors, from surplus
sensors on loan from the Grafenberg Array, and from UC
San Diego. The sensors were systematically inspected
and checked to ensure that they were operating correctly.
The ones that performed best were selected for the test-
ing procedures and installed in the test bed. In total,
16 broadband STS-1 sensors (7 vertical and 9 horizon-
tal components) were utilized during the testing process.
Nine of them are owned by the BSL; 5 were on loan from
Grifenberg and 2 from IGPP/UCSD. The horizontal-
component sensors were aligned east.

Coherence and Power Spectral Density

An algorithm (scn_psd) to calculate the signal Power
Spectral Density (PSD), the noise PSD, and the coher-
ence between sensors has been developed, in-house at
BSL, as a tool for quantifying the performance differences
between the seismic sensors under test. Three continu-
ous hours of 200 Hz data are used by the scn_psd algo-
rithm. scn_psd parses the data into 32 non-overlapping
segments, applies and corrects for the effects of a Han-
ning window, scales the data to ground motion, calculates
the Fast Fourier Transform (FFT) and stores the result-
ing complex spectral values for each segment. At each
frequency, the RMS signal PSD is calculated from the
average of the complex spectral values, coherence is cal-
culated from the averaged complex spectral cross prod-
uct, and the RMS noise PSD is then determined from
the product of the signal PSD and (1 - coherence). The
method is described in detail in Barzilai et al. (1992).
In all tests, the BKS STS-1’s are used as the reference
signals in the analysis. Two sample results of the algo-
rithm are shown. Figure 3.32 shows the results for four
seismometers in the case of a large seismic event, and
Figure 3.33 shows the results for four seismometers in
the case of background noise. In the presence of large
seismic signals, the coherence is typically close to unity
at all frequencies below the 5 Hz high-frequency corner of
the BKS reference STS-1’s. Note the relatively high noise
PSD level on the horizontal components in the vicinity of
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0.1 Hz. This is due to a slight misalignment of the sen-
sitive axes of the horizontal components. Several time-
consuming trial and error iterations in aligning the hor-
izontal components are required to lower the horizontal
component noise PSD.

Response Calibration

A pair of algorithms were developed in-house to de-
termine the seismometer frequency response as charac-
terized by the seismometer free period (T;) and fraction
of critical damping (hs) and the high-frequency (“gal-
vanometer”) corner frequency (fy) and fraction of criti-
cal damping (hg). These algorithms were developed to
take advantage of the step function and low-frequency
swept sine and high-frequency stepped sine calibration
stimuli generated by the E300 electronics boxes, applied
to the STS-1 calibration coils, and also recorded on one
channel of the data logger. Thus, we can compare the ob-
served and calculated responses to a known calibration
stimulus to precisely determine the frequency response of
the seismometer. Note that these algorithms determine
only the shape of the frequency response and not the
sensitivity of the seismometer. The corresponding flat
pass-band sensitivity of the seismometer is determined
using the Metrozet-supplied STS-1 Scale Factor Calcu-
lator V1.0 Java software applet (available via http://
www.metrozet.com/TSA-100S.html), which, when given
the values of all the feedback components from the fac-
tory calibration sheet for a specific STS-1 with factory
electronics, determines the corresponding sensitivity with
the E300 electronics connected. This method, of course,
assumes that the original factory determination of the
STS-1 response parameters is accurate. An alternative
method to determine the absolute sensitivity is to de-
termine the response of the STS-1 to known micro-tilts,
a procedure which is very tedious and not easily done
with sufficient accuracy. We prefer to check the accuracy
of the STS-1 sensitivity by comparison of large seismic
ground motions inferred from the STS-1s, with the cor-
responding ground motions from co-sited broadband or
strong motion sensors. An added advantage of compari-
son with the signals from the accelerometers is that their
responses are flat to DC, and their calibration is easily
checked by tilting them +90 degrees along the horizontal
sensitive axes to induce a +1 g acceleration step.

The first algorithm, td_tfp, determines the transfer
function parameters using an adaptive migrating grid
search methodology to minimize the difference between
the observed and calculated time series response to a
known stimulus function. This routine determines the
calculated response via direct integration of the seis-
mometer equation of motion response to a known stim-
ulus input using a fourth-order Runge-Kutta integration
scheme. Also, the td_tfp algorithm was specifically de-
veloped to determine the seismometer T and hs using,



preferably, the low-frequency calibration stimulus or, al-
ternatively, the step-function stimulus data.

The free period Ts and fraction of critical damping
were determined via a grid search for the maximum vari-
ance reduction between the observed response and the
theoretical response to stimulus signal input to the cali-
bration coils. Sample outputs of the td_tfp are shown in
Figures 3.34 and 3.35 and the calibration results for the
BKS reference STS-1 sensors are listed in Table 4.

The second algorithm, pd_tfp, determines the transfer
function parameters using a grid search methodology to
minimize the difference between the observed and cal-
culated phase response to a known stimulus function.
pd_tfp determines the parameters from the frequency
and slope of the phase response curve when the mea-
sured phase delay between the calculated and observed
responses is /2. Also, pd_tfp algorithm was specifically
developed to determine f; and h, using high sampling
rate data (e.g. > 80 sps) and the stepped sine (0.5-40Hz)
stimulus input to the calibration coils. A sample of the
algorithm output is shown in Figure 3.36.

Both algorithms, td_tfp and pd_tfp, are capable of de-
termining the transfer function parameters (Ts, hs, fq
and hg) to approximately one part per thousand or bet-
ter when the response to the stimulus signal is 20+ dB
above the seismic background noise level.
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Figure 3.34: Calibration of BKS STS-1 seismometer low-
frequency responses by time domain analysis of response
of the seismometer to a step function calibration stimu-
lus. Shown are the observed (solid lines) and calculated
responses (dashed lines) to a 1200 second duration cur-
rent step (equivalent to an acceleration step) input to the
seismometer calibration coils.
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Figure 3.35: Calibration of HOPS STS-1 Z-component
seismometer low-frequency response by time domain
analysis of response of seismometer to a swept sine func-
tion calibration stimulus. Shown are the observed (solid
line) and calculated (dashed line) responses to a 40-1100
second swept sine current (equivalent to a swept acceler-
ation) input to the seismometer calibration coil.

9.5 Temperature, Pressure

Sensor Testing

Humidity,

During the past year, BSL staff have tested several gen-
erations of a new temperature, humidity, pressure (THP)
sensor at the Instrumentation Test Facility and on the
roof of McCone Hall. The new THP sensor package is be-
ing developed and upgraded to replace the temperature
and pressure sensors currently installed at bdsn stations,
which are aging and failing.

The pressure sensing element is a Honeywell SDX15A2-
A which is temperature compensated. The specification
sheet says that the sensor range of 0-15 psi in absolute
pressure results in a 90mv (£1%) differential change on
the outputs when the bridge is excited with 12V. The
sensor is operated in a bridge circuit configuration and
its sensitivity is:

P(psi) = (V +134.3)/9.995
where: V is the bridge output in Volts and psi is pounds
per square inch (1 psi = 6894.8 Pa).

The resistance thermal detector (RTD) is a Honeywell
HEL-700 with a resistance of 1k{2 at 0° C. The RTD is
operated in a circuit with offset and gain and its sensi-
tivity is:

T(°C)=(V+9.09)/.3463
where: V is the output in Volts.

The humidity sensing element is a Honeywell HIH-
4602C which is sensitive to the relative humidity. The
sensor is operated in a circuit which results in a overall
calibrated sensitivity of:

%RH = ((V49.29)/3.168 — Z)/S
where: %RH is the percent relative humidity and V is
the voltage output. S and Z are given in the factory
calibration sheet as Z ~0.826 mV and S ~31.5 mv/%RH.
Thus:
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Figure 3.36: Calibration of HOPS STS-1 Z-component
seismometer high-frequency response by phase domain
analysis of response of seismometer to a stepped sine
function calibration stimulus. Shown are the observed
(solid line) and calculated (dashed line) responses to a
0.5-40 Hz stepped sine current (equivalent to a stepped
acceleration) input to the seismometer calibration coil.

%RH = (V 4+ 6.673)/0.09979.

The factory specification sheet indicates that the
response time is ~b50 seconds and the accuracy is
+3.5%RH. The absolute humidity (AH) is a function of
temperature, and, given the temperature, AH can be de-
rived from relative humidity (RH) via:

AH(g/m3) = (0.0000027* + 0.00027 + 0.0095T% +
0.337T + 4.9034) « RH
where: T is the temperature in ° C.
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10.

10.1 Introduction

The BSL is involved in a variety of outreach activities
ranging from lectures to lab tours and educational dis-
plays. Recorded information on current earthquake ac-
tivity is updated regularly on our information tape (510-
642-2160). Additional basic information on earthquakes
and seismic hazards for northern and central California,
as well as other information about seismology and our
research, can be found on our extensive set of web pages
at http://seismo.berkeley.edu/.

10.2 Highlights of 2007-2008

The Hayward Fault runs through the UCB campus.
It last ruptured on October 21, 1868. Since then, new
scientific insights put the average interval between large
earthquakes on the Hayward Fault at 140 years; 2008
represents an important anniversary.

This year’s Lawson Lecture highlighted local concerns.
Dr. Roland Birgmann of U.C. Berkeley presented “A
tectonic time bomb in our backyard: Earthquake Poten-
tial of the Hayward Fault.” He described the many ad-
vances, such as GPS monitoring and paleoseismological
investigations, that allow us new insight into the forces
that cause large movements along the fault. The Lawson
Lectures are webcast at http://seismo.berkeley.edu/
news/lawsonlecture.

The 1868 Earthquake Alliance is using the 140th an-
niversary as a unique opportunity to increase public
awareness of seismic hazard posed by the Hayward Fault
and other East Bay Faults, promote earthquake pre-
paredness and mitigation, and to explore the ways in
which the 1868 Hayward earthquake affected the personal
lives, culture, economy and development of the greater
San Francisco Bay Area (http://1868alliance.org).
The BSL is contributing to the commemoration activi-
ties and participates in organization.

The 140th anniversary of the Hayward Earthquake is
also the impetus for organizing the “Third Conference on
Earthquake Hazards in the Eastern San Francisco Bay
Region”, which will take place October 22-26, 2008, at
Cal State University East Bay (Hayward). The previ-
ous two conferences were held in 1982 and 1992. The
BSL is a co-organizer of this conference, with Roland
Biirgmann and Peggy Hellweg serving on the organiz-
ing committee. The meeting will include three days of
technical sessions, a public forum, field trips and teacher
education programs (http://www.consrv.ca.gov/cgs/
News/Pages/eastbayconference.aspx).
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Outreach and Educational Activities

10.3 On-Going Activities

Tours and Presentations

As in every year, tours and presentations formed an
important part of BSL’s public relations activities. Each
month, several groups, ranging from middle-school stu-
dents to scientists and engineers, tour our laboratory un-
der the guidance of a graduate student or a member of
the staff.

During 2007-2008 the BSL conducted several tours,
both for local schools and groups from around the world.
Peggy Hellweg led a group of Germans along the Cal-
ifornia Faults for the Bild der Wissenschaft magazine,
starting in Los Angeles and ending in the San Francisco
Bay Area. Several school classes at different grade levels
received tours. BSL graduate students also visited local
elementary, middle and high schools to talk about earth-
quakes and how we measure them. In addition to the
tours, Drs. Allen, Dreger, Hellweg, Mayeda and Uhrham-
mer presented talks on earthquakes and related phenom-
ena to public groups and the media.

Open House

The BSL again participated in CalDay. The atten-
dance for the open house was exceptionally good this
year. The visitors learned about UC Berkeley’s role
in earthquake monitoring, watched a streaming feed
of earthquake data, jumped up and down to “make a
quake,” played with the earthquake machine, made P
and S-waves with springs, learned about earthquake pre-
paredness, and were given sample seismograms. The BSL
repeated Roland Biirgmann’s Lawson Lecture and also
co-sponsored a lecture with the Earth and Planetary Sci-
enc department on “Field Geology and Digital Mapping.”

Educational Displays

The BSL continues to make REDI earthquake data
available to certain schools, universities, colleges, and
museums for educational displays. Participating orga-
nizations receive a REDI pager and the Qpager software
to display the earthquake information. The Qpager pro-
gram maps the previous seven days of seismicity, with
each earthquake shown as a dot. The size of the dot
indicates the magnitude of the event, while the color of
the dot indicates its age. These educational displays have
been installed at UC Berkeley (McCone Hall, Earthquake
Engineering Research Center), California Academy of
Sciences, CSU Fresno, CSU Northridge, CSU Sacra-
mento, Caltech, College of the Redwoods, Fresno City
College, Humboldt State University, San Diego State
University, Sonoma State University, Stanford University



(Blume Engineering Center, Department of Geophysics),
UC Davis, UC Santa Cruz, UC San Diego, and USC. For
the past four years, middle schools of the San Francisco
Unified School District have participated in the program.

In addition to the seismicity displays, the BSL provides
local waveform feeds for helicorders at visitor centers as-
sociated with BDSN stations (CMB and MHC). Orga-
nizations such as LHS, KRON, and KPIX receive feeds
from BKS via dedicated phone lines for display, while
the USGS Menlo Park uses data from CMB for display
in the lobby of the seismology building. The BSL has also
loaned a seismometer and helicorder display to the San
Leandro Unified School District for their use in science
classes.

BSL Web Pages

We continue to maintain and update our presence on
the Internet. The Web pages are intended to provide a
source of earthquake information for the public. They
also present information about the networks we operate,
including station profiles. This benefits the research com-
munity as well. The BSL Web pages publicize seminar
schedules, advertise courses, and describe our research,
as well as our operations. They offer updates on recent
earthquake activity, details on Bay Area seismicity and
hazards, and links to other earthquake and earth science
servers. We also use the web server to distribute informa-
tion internally among BSL personnel, with such details
as the computing and operational resources, rosters, and
schedules for various purposes.

Earthquake Research Affiliates Program

The UC Berkeley Earthquake Research Affiliates
(ERA) Program is an outreach project of the BSL, the
Department of Earth and Planetary Science, and the
Earthquake Engineering Research Center. The purpose
is to promote the support of earthquake research while
involving corporations and governmental agencies in aca-
demic investigation and education activities such as con-
ferences and field trips. The ERA program provides an
interface between the academic investigation and practi-
cal application of earthquake studies.
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Glossary

of Common Acronyms

Table 3.15: Standard abbreviations used in this report.

Acronym Definition

AMR Accelerating Moment Release

ANSS Advanced National Seismic System
BARD Bay Area Regional Deformation

BAVU Bay Area Velocity Unification

BDSN Berkeley Digital Seismic Network

BSL Berkeley Seismological Laboratory
CALREF Canifornia Reference Frame

CDF California Department of Forestry

CFS Coulomb Failure Stress

CGS California Geological Survey

CISN California Integrated Seismic Network
CLVD Compensated Linear Vector Dipole
CSMIP California Strong Motion Instrumentation Program
CwW Complete Waveform

DART Data Available in Real Time

DC Double Couple

DNAO7 Dynamic North America model of 2007
EM Electromagnetic

ElarmS Earthquake Alarm Systems

FA Flexible Array

FACES FlexArray along Cascadia Experiment for Segmentation
FAME Flexible Array Mendocino Experiment
FFT Fast Fourier Transform

FRAD Frame Relay Access Device

GVF Green Valley Fault

HF Hayward Fault

HRSN High Resolution Seismic Network

ICB Inner Core Boundary

1G Infragravity

IMS International Monitoring System

InSAR Interferometric Synthetic Aperture Radar
IRIS Incorporated Research Institutions in Seismology
K-NET Kyoshin Net, Japan

LBL Lawrence Berkeley National Laboratory
LFEs Low-frequency Earthquakes

LLNL Lawrence Livermore National Laboratory
LP Long Period

MBARI Monterey Bay Aquarium Research Institute
MMI Modified Mercalli Intensity

MORB Mid Ocean Ridge Basalts

continued on next page
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Table 3.15: continued

Acronym Definition

MPBO Mini-Plate Boundary Observatory

MT Magnetotelluric

NCEDC Northern California Earthquake Data Center
NCEMC Northern California Earthquake Management Center
NCF Noise Correlation Functions

NCSN Northern California Seismic Network

NCSS Northern California Seismic System

NHFN Northern Hayward Fault Network

NSMP National Strong Motion Program

NTS Nevada Test Site

NVT Non-volcanic Tremor

OES California Governer’s Office of Emergency Services
PBO Plate Boundary Observatory

PDF Probability Density Function

PGV Peak Ground Velocity

PSD Power Spectral Density

PVC Permanent Virtual Circuit

QDDS/EIDS | Quake Data Distribution System/Earthquake Information Distribution System
RCF Rodgers Creek Fault

REDI Rapid Earthquake Data Integration

RES Repeating Earthquake Sequence

RGF Reference Green Function

RMS Root Mean Squared

RMT Regional Moment Tensor

S/N Signal to Noise

SAF San Andreas Fault

SAFOD San Andreas Fault Observatory at Depth
SCEC Southern California Earthquake Center
SCEMC Southern California Earthquake Management Center
SCSN Southern Canifornia Seismic Network

SFBA San Francisco Bay Area

SMIP Strong Motion Instrumentation Program
STA/LTA Short Time Average/ Long Time Average
SW Surface Wave Inversion

SWD Spectral Wave Density

THP Temperature, Humidity, Pressure

UNAVCO University NAVSTAR, Consortium
USGS/MP United States Geological Survey/ Menlo Park
USNSN United States National Seismic Network
UuUSS University of Utah Seismic Stations

VLP Very Long Period
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American Geophysical Union Joint Meeting, Fort Lauderdale, FL, May 27-30, 2008

Allen, R., M. Bose, H. Brown, G. Cua, D. Given, E. Hauksson, T. Heaton, M. Hellweg, T. Jordan, A.
Kireev, P. Maechling, D. Neuhauser, D. Oppenheimer, K. Solanki, and M. Zeleznik, Rapid telemetry
and earthquake early warning, Fos Trans. AGU, 89(23), Jt. Assem. Suppl., Abstract G21A-01, 2008.

Houlié, N. and R.M. Allen. The Instantaneous Displacement (ID) Method: Application of rapid displace-
ment estimates to earthquake early warning alerts, Fos Trans. AGU, 89(23), Jt. Assem. Suppl.,
Abstract G21A-02, 2008.

IRIS Annual Workshop, Stevenson, WA, June 4-6, 2008
Allen, R.M., M. Xue, and S.H. Hung, The fate of the Juan de Fuca plate.

Guilhem, A. and R.M. Nadeau, Influence of large earthquakes on the nonvolcanic tremor activity in the
Parkfield-Cholame region , CA.

Taira, T., P.G. Silver, F. Niu, and R.M. Nadeau, Dynamically-induced weakening of the San Andreas Fault
by the 2004 Sumatra-Andaman earthquake.

Shelly, D.R., R.M. Nadeau, R. Biirgmann, W.L. Ellsworth, J. Murphy, T.F. Ryberg, C. Haberland, and
G. Fuis, Repeating Nature and Relative Location of San Andreas Fault Tremors Near Cholame, CA.

Yuan, H. Y., F. Marone, K. Liu, S. Gao, and B. Romanowicz, 3D Radial and Azimuthal Anisotropic
Structure in North America.

ORFEUS Workshop, Utrecht University, Utrecht, Netherlands, June 19-20, 2008

Romanowicz, B., Elastic, anisotropic and anelastic tomography of the Earth’s mantle: inferences on global
dynamics.

Speaking Engagements
Allen, R.M., Toward earthquake early warning for California. SAFER (Seismic Early Warning for Europe)
Meeting, Athens, Greece, June 2007.

Allen, R.M., Subduction, upwelling, earthquakes and tremor, all in the Pacific Northwest, UC Davis
Geology and Geophysics Seminar, January 2008.

Allen, R.M., Earthquake early warning: Adding societal value to regional networks and station clusters,
IRIS “Out of Africa” Workshop, Boston, MA, February 2008.

Allen, R.M., Detecting large earthquakes (and warning before ground shaking), Georgia Tech Department
Seminar, March 2008.

Allen, R.M., Tremor across Cascadia: A view of megathrust processes? Georgia Tech Geophysics Seminar,
March 2008.

Allen, R.M., Subduction, upwelling, earthquakes and tremor, all in the Pacific Northwest. Earthquake
Hazards and Volcano Hazards joint seminar, USGS, Menlo Park, CA, May 2008.

Allen, R.M., First Jolt: New Science Behind Understanding Earthquakes. Presentation at the Annual
Donors Dinner for the College of Letters and Sciences, UC Berkeley, May 2008.

Allen, R.M. and M. Hellweg, Berkeley Seismological Laboratory: A research Laboratory for active earth-
quake monitoring. Briefing to Floyd Kvamme, Co-Chair of President Bush’s Council of Advisors on
Science and Technology, USGS, Menlo Park, CA, May 2008.
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Apel, E., Shells on a Sphere: Insights from Indian Plate motion, USGS Earthquake Seminar Series, Menlo
Park, CA, August 22, 2007.

Biirgmann, R., Earthquakes in the San Francisco Bay Area, Deutsche Studienstiftung in North America,
Meeting, Berkeley, CA, September 29, 2007.

Biirgmann, R., Active Tectonics and Non-Tectonics in the San Francisco Bay Area, Stanford University,
Stanford, CA, November 11, 2007.

Biirgmann, R., A tectonic time bomb in our backyard: Earthquake potential of the Hayward fault, Lawson
Lecture, UC Berkeley, Berkeley, CA, April 9, 2008.

Biirgmann, R., A tectonic time bomb in our backyard: Earthquake potential of the Hayward fault, CalDay,
UC Berkeley, Berkeley, CA, April 12, 2008.

Biirgmann, R., Active Tectonics and Non-Tectonics of the San Francisco Bay Area (from “Aseismology”),
Univ. Washington, Seattle, WA, May 29, 2008.

Biirgmann, R., What gives in the lower crust? Evidence from post-loading deformation and exhumed fault
zones, CIG Workshop, Golden, CO, June 24, 2008.

Cammarano F., Insights on the compositional and thermal structure of the upper mantle from seismic
data, Macquarie University, Sydney, Australia, February, 2008 (invited).

Chen, K.H., How do the repeating earthquakes at Parkfield talk to each other?, Institute of Earth Sciences,
Academia Sinica, Taiwan, May 29, 2008 (invited).

Hellweg, M., Characteristics of tremor and other unusual seismic signals, presented at Hiroshima University,

Hiroshima, Japan, February 19 - March 14, 2008.

Hellweg, M., Moment tensors of local and regional events, including isotropic components, presented at
Hiroshima University, Hiroshima, Japan, February 19 - March 14, 2008.

Hellweg, M., Realtime Earthquake Monitoring at UCB and Waveform Analysis: Filtering and Polarization,
presented at Hiroshima University, Hiroshima, Japan, February 19 - March 14, 2008.

Hellweg, M., Erdbeben im Garten: Einfhrung in die Seismotektonik und Seismizitt von Kalifornien, pre-
sented as part of the Bild der Wissenschaft Leserreise “Bewegte Erde”, June 07-25, 2008.

Hellweg, M., Introduction to the Berkeley Seismological Laboratory, presented as part of the Bild der
Wissenschaft Leserreise “Bewegte Erde”, June 07-25, 2008.

Hellweg, M., Schornsteine der Subduktion: Der Mount St. Helens und die Vulkane des Kaskadengebirges,
presented as part of the Bild der Wissenschaft Leserreise “Bewegte Erde”, June 07-25, 2008.

Hellweg, M., Below Zero: Scaling and Complexity in Small Earthquakes, Seminar at the School of the
Earth and Environment, University of Leeds, Leeds, UK, September 17, 2008.

Houlié, N., Deformation transitoire longue periode de la croute terrestre. Application au Piton de la
Fournaise et au seisme de Parkfield, Observatoire Midi-Pyrenees, Toulouse, France, April 29, 2008.

Houlié, N., GPS Double Difference. Application to Volcanology and Seismology. A new hope for GPS
seismology? , Departemento de Geofisica, Facultad de Ciencias Fisicas y Matematicas, Universidad de
Chile, Chile, July 18th, 2008.

Houlié, N., GPS: past and future investigations., Departemento de Geofisica, Facultad de Ciencias Fisicas
y Matematicas, Universidad de Chile, Chile, July 16th 2008.

Mayeda, K. and J. Bonner, Regional P-coda for stable estimates of body wave magnitude and yield:
Extending the Ms:mb discriminant to smaller events, Air Force Research Laboratory, Hanscom Air
Force Base, MA, September 24, 2007.

Mayeda, K., Earthquakes and Seismic Hazard in our Backyard, Head-Royce Middle School 6th grade class,
Oakland, CA, also filmed by French TV travel show Echappees Belles, March 10, 2008.

Mayeda, K., Stable source estimates derived from local and regional coda envelopes, UC Santa Cruz, Santa
Cruz, CA, March 14th, 2008.
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Mayeda, K., A new approach to constrain earthquake source scaling: On the path to improving MDAC,
Air Force Technical Applications Center, Patrick Air Force Base, Satellite Beach, Florida, April 2, 2008.

Nadeau, R.M., Nonvolcanic Tremor and the M6.5 San Simeon and M6.0 Parkfield Earthquakes in Central
California, Institut de Physique du Globe de Paris Departement de Sismologie seminar, Paris, France,
June 24, 2008.

Romanowicz, B., The Earth’s hum: bridging the gap between seismology and oceanography, US Geological
Survey, Menlo Park, CA, October 2007.

Romanowicz, B., Seismological Constraints on the deep structure of continents, Smith Lecture, University
of Michigan, Ann Arbor, MI, October 2007.

Romanowicz, B., Global and regional mantle tomography by inversion of time domain seismic waveforms,
Institute of Geophysics, Chinese Academy of Sciences, Beijing, China, February 2008.

Romanowicz, B., Global and regional mantle tomography by inversion of time domain seismic waveforms,
Chinese Earthquake Administration, Beijing, China, February 2008.

Romanowicz, B., The Earth’s hum: bridging the gap between seismology and oceanography, Peking Uni-
versity, Department of Geophysics, Beijing, China, February 2008.

Romanowicz, B., Elastic and anelastic tomography of the Earth’s mantle: Inferences on global dynamics,
Earthquake Research Institute, University of Tokyo, Tokyo, Japan, March 2008.

Romanowicz, B., Elastic and anelastic tomography of the Earth’s mantle: Inferences on global dynamics,
IFREE, Yokohama, Japan (Institute for Research on the Earth and Environment), March 2008.

Romanowicz, B., The Earth’s hum: bridging the gap between seismology and oceanography, Kyoto Uni-
versity, Kyoto, Japan, March 2008.

Romanowicz, B., Elastic and anelastic tomography of the Earth’s mantle: Inferences on global dynamics,
Rice University, Houston, Texas, March 26, 2008.

Romanowicz, B., Global Earth Structure in the context of global broadband seismic networks, Science
Advisory Committee meeting for Geoscope, Paris, France, April 2008.

Ryder, 1., Probing the deep rheology of Tibet using satellite imagery, Rosenstiel School of Marine and
Atmospheric Science, University of Miami, May 7, 2008.

Uhrhammer, R., Earthquakes, Albany Rotary Club, Albany, CA, July 15, 2007.
Uhrhammer, R., Seismology, Berkeley Rotary Club, Berkeley, CA, September 15, 2007.
Uhrhammer, R., California Earthquakes, Redwood Empire DX Association, Petaluma, CA, April 9, 2008.

Panels and Professional Service
Richard M. Allen

Member, IRIS PASSCAL Standing Committee, December 2007-present

Organizer of the “ElarmS Users Workshop” May 5-16 2008, attendees from
Korea, Germany, Switzerland, Puerto, Rico, and the Pacific Tsunami Warning Center

U.S. participant in the European Commission project “Seismic Early Warning Across Europe,”
June 2006 to June 2009

Roland Biirgmann

Associate Editor, Bulletin of the Seismological Society of America

Editorial Advisory Board, Eos

Editorial Board, Earth and Planetary Science Letters

Elected member, SSA Board Of Directors

Chair, EarthScope PBO Standing Committee

Member, UC Berkeley Graduate Fellowship Committee

Organizing Committee of Third Conference on Earthquake Hazards in the Eastern San Francisco Bay Area
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Douglas S. Dreger

Member, COSMOS Board of Directors

Member, Golden Gate Bridge Instrumentation Committee
Reviewer of manuscripts for BSSA, GRL, JGR, and PRL.
Reviewer of proposals submitted to NSF and NNSA.
Associate Director, BSL, 2002-

Acting Director, BSL, Jan-July, 2008

Margaret Hellweg

Member, CISN Program Management Committee
Member, CISN Standards Committee
Member, CISN Steering Committee
Member, CISN Outreach Committee
Member, 1868 Commemoration Committee
Member, 1868 Commemoration Executive Committee
Member, Organizing Committee, Third Conference on East Bay Earthquake Hazards (October 21-25, 2008)
Member, Editorial Board of Journal of Volcanology and Geothermal Research
Chair, 1868 Committee for Developing Education and Outreach Materials and Programs
Contributed earthquake sounds to Bates, M., “Music from Underground Spaces (World Premier)”
orchestra and electronica, California Symphony, May 4 and 6, 2008, Lesher Center for the
Arts, Walnut Creek, CA

Douglas S. Neuhauser

Chair, Standards Group, California Integrated Seismic Network (CISN)
Acting Member, CISN Program Management Committee

Barbara Romanowicz

Reviewing Editor for Science

Seismology Coordinator, International Scientific Review of the IMS

Member, AGU Fellows Committee

Member, Advisory Committee for College de France, Paris, France

Member, Conseil d’Administration, Institut de Physique du Globe, Paris, France

Member, Conseil scientifique, Institut pour la Recherche et le Développement, France
Member, Advisory Committee, Geophysical Institute, University of Alaska, Fairbanks
Member, Scientific Review committee for the Geoforschungs Zentrum (GFZ), Potsdam, Germany (Spring 2008)
Member, National Earthquake Prediction Evaluation Council

Member, CISN Steering Committee

Member, NRC’s Board on Earth Sciences and Resources (BESR)

Lead organizer, CIDER 2008 summer program in Santa Barbara

Co-organizer, Workshop on Ocean floor observatories, JAMSTEC, Tokyo, Japan, March 2008

Robert A. Uhrhammer

Member, International Association of Seismology and Physics of the Earths Interior, Working Group on Magnitudes

Member, California Integrated Seismic Network, Magnitude Working Group

Member, American National Seismic System, Technical Integration Committee, Working Group D, Seismic
Instrumentation
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Appendix II Seminar Speakers

2007-2008

HUAIYU YUAN

Berkeley Seismological Laboratory

UC Berkeley

“Yellowstone hotspot system: plume interaction with old

cratonic continent”
Tuesday, August 28, 2007

BERNARD CHOUET

USGS Menlo Park

“Shallow magma transport pathway wunder Kilauea
Caldera imaged from waveform inversions of very-long-

period seismic data”
Tuesday, September 4, 2007

NATHAN SIMMONS

Lawrence Livermore National Laboratory

“Mantle Heterogeneity and Flow from Seismic and
Geodynamic Constraints”

Tuesday September 11, 2007

SHUO MA

Stanford

“Dynamic Modeling of the 2004 Mw 6.0 Parkfield
FEarthquake”

Tuesday, September 18, 2007

DAVID SHELLY

UC Berkeley

Department of Earth and Planetary Science

“A new look at episodic transient slip through precise
tremor locations in Japan: “fast” sub-events and tidal
triggering”

Tuesday, September 25, 2007

THORNE LAY

UC Santa Cruz

“Seismic Migrations For Imaging ”Rough” Upper and
Lower Mantle Structure”

Tuesday, October 2, 2007

BILL ELLSWORTH

USGS Menlo Park

“Farthquake Science in the Source: Fault Rocks and
Earthquakes in the Near Field in the San Andreas Fault
Observatory at Depth”

Tuesday, October 9, 2007
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DAVID SCHWARTZ

USGS Menlo Park

“A Tale of Two FEarthquake Cycles: the San Francisco
Bay Area, AD 1600-2007; the Denali Fault System,
Alaska, AD 800-2007”

Tuesday, October 16

JOE DUFEK

UC Berkeley

Department of Earth and Planetary Science

“The growth and eruption of large silicic magma bodies”
Tuesday, October 23, 2007

JENNIFER JACKSON

Caltech

“Wave velocities of minerals at high-pressure and tem-
perature: Geophysical implications”

Tuesday, October 30, 2007

LARRY HUTCHINGS

Lawrence Berkeley National Laboratory

“A Physically-based Strong Ground Motion Prediction
Methodology Applied to the SFO Bay Bridge”

Tuesday, November 6, 2007

DAVID BOWMAN

CSU at Fullerton

“Getting Ready for a Big One: Accelerating Seismicity
and Farthquake Predictability”

Tuesday, November 13, 2007

KEN CREAGER
University of Washington
“Episodic Tremor and Slip”
Tuesday, November 20, 2007

MEI XUE

Berkeley Seismological Laboratory

UC Berkeley

“High resolution imaging of the western USA: Inter-
action between the Yellowstone plume and Cascadia
subduction?”

Tuesday, December 4, 2007

TAKA’AKI TIARA

University of Utah

“Stress-induced temporal changes in the seismogenic
crust at the San Andreas Fault zone”

Tuesday, January 22, 2008

MEGHAN MILLER

Rice University

“The Caribbean: from the crust to the core”
Tuesday, January 29, 2008



KAREN FISCHER
Brown University
“Subduction zone structure, dynamics

processes: Lessons from Central America”
Tuesday, February 5, 2008

and melting

MARIE LUCE-CHEVALIER

Stanford University

“Determination, by 10Be cosmogenic dating, of slip-
rates on the Karakorum Fault (Tibet) and paleoclimatic
evolution since 200ka”

Tuesday, February 12, 2008

JESSE LAWRENCE

Stanford University

“The Quake Catcher Network € Distributed Computing
Seismology”

Tuesday, February 19, 2008

LAURENT STEHLY

Berkeley Seismological Laboratory

UC Berkeley

“Surface waves tomography from observations of seismic
ambient noise”

Tuesday, February 26, 2008

MARCO BOHNHOFF
Stanford University

“Seismotectonic Setting of the Aegean-Anatolian region”
Tuesday, March 4, 2008

JAY MELOSH

University of Arizona

“Landslides, Impact Craters and FEarthquakes:
Paradozical Behavior of Sliding Rock en Masse”
Tuesday, March 18, 2008

The

Lawson Lecture

ROLAND BURGMANN

Berkeley Seismological Laboratory

UC Berkeley

"A tectonic time bomb in our backyard: Earthquake
potential of the Hayward fault”

Wednesday, April 9, 2008

WU-CHENG CHI

Academia Sinica, Taiwan

“Seismological, Oceanic, and Metrological Phenomena
Observed by Ocean Bottom Seismographs: An FEzample
from Taiwan”

Tuesday, April 22, 2008
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THOMAS L. HOLZER

USGS Menlo Park

“Probabilistic mapping of liquefaction hazard in the San
Francisco Bay Area”

Tuesday, April 29, 2008

REBECCA HARRINGTON

UCLA

“Volcanic hybrids that are brittle failure events”
Tuesday, May 6, 2008

BRIAN STUMP

Southern Methodist University

“Combining high frequency seismic and infrasound
signals for characterizing propagation paths in both the

atmosphere and the solid earth”
Tuesday, May 13, 2008

DAYANTHIE WEERARATNE

CSU Northridge

“Seismic and Rheological Behavior of the Asthenosphere
Beneath Intraplate Seamount Chains in the South
Pacific”

Tuesday, May 20, 2008
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