Quarterly Newsletter
Volume 5, Number 2

2
Attitude Matters

3
King: Back in the Old Days

4
History of SCIGN

5
Archiving and Using Data

12
Benefits of SCIGN

13

Marriage Made in Space

19
Keeping up with Galetzka

22

Spirit of Inquiry

23
Developing

Education Module




From the Center Directors

Attitude Matters:
SCIGN'’s Technical Achievements

David D. Jackson

SCIGN began in 1996 with
ambitious scientific objectives,
described in the proposal to the
Keck Foundation as follows:

1. To provide regional coverage
for estimating earthquake
potential throughout southern
California

2. To identify active blind thrust
faults and test the “thin-skin”
and “thick-skin” hypotheses of
fault behavior in the greater
Los Angeles region

3. To measure variations in strain
rate to reveal the mechanical
properties of earthquake faults

4. In the event of an earthquake,
to measure the response of
major faults to the regional
change in strain

5. In the event of an earthquake,
to measure permanent crustal
deformation that is not
detectable by seismographs

At this time, there is already
substantial progress on the first
two objectives. SCIGN data have
contributed strongly to the SCEC
Horizontal Deformation Velocity
Map (www.SCECDC.SCEC. ORG/
GRrRoUP_E/RELEASE.V2/) and recent
publications based on SCIGN
data have shown that strike-slip
faulting around the Los Angeles
basin is as important as shallow

thrusting. However, SCIGN is
young yet, and completion of the
scientific objectives awaits more
data (and earthquakes).

The SCIGN team recognized
early that these challenging
scientific objectives would
demand improvements in GPS
measurement and processing
technology. They built techno-
logical development into the
plan. The efforts, stemming from
an attitude that only the best will
do, are now paying off in funda-
mental ways.

SCIGN has pioneered the devel-
opment of drilled, braced
monuments for mounting GPS
antennas in a wide variety of
surface materials. Though these
monuments are more expensive
than those used in most previous
GPS studies, they have proven to
be vastly more stable than others,
so much so that the design is
being copied for many other GPS
experiments. Experiments in
designing stable monuments,
once challenged as excessively
expensive, have proven their
exceptional value.

SCIGN has carried out experi-
ments on the effects of the
radomes covering the antennas
to protect them from the ele-
ments. After finding that these
domes may cause significant
errors in GPS data, SCIGN staff
designed and manufactured an

improved radome, which is now
the standard for high-precision
permanent GPS stations.

SCIGN personnel have studied
the effects of trees and fences on
GPS data, providing guidelines
for avoiding multi-path errors
that arise from these common
field impediments.

Processing of data for very short
baselines has shown that dis-
tances can be measured with
uncertainties well below the
millimeter level under carefully
selected field conditions. These
short baseline controls also
allowed analysts to distinguish
measurement errors caused by
soil-induced monument motions
for the first time.

Independent processing of GPS
network data by three analysis

centers using different techniques

has revealed significant discrep-
ancies. Although the cause of
these differences is yet to be fully
explained, their discovery is an
important step in developing
more accurate analysis. Only
with dense, highly accurate data
can the nature of these discrep-
ancies be determined. At one
time the proposal for multiple,
redundant processing needed
vigorous defending. Now it is
evident that with this strategy,
SCIGN is resolving questions that
no other institution can.

i |
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Bernard Minster

Acting Science Director

Former Science Director

Thomas Henyey
Center Director

These technical improvements
and discoveries will improve GPS
measurements everywhere and
lead to a better understanding of
the relationship between tectonic
deformation and earthquakes.
Without a concentrated effort to
build the best possible GPS array,
these developments would be a
long time in coming. Thanks are
due to the entire SCIGN staff for
their hard work and their uncom-
promising attitude. l
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Tales from the Front

Back in the Old Days . ..

Nancy King, USGS
Guest Columnist

Upon being informed of plans
to devote an entire newsletter
to the SCIGN project, | knew
I’d have to lean on my friends
to fill this column. | ap-
proached fellow USGS scientist
Nancy King and asked if she
might have any amusing tales
of SCIGN-related fieldwork.
Nancy laughed and told me
that, while her involvement
with the project has involved
more meetings and WWW
work than fieldwork, she cer-
tainly could share some stories
from the old days of GPS cam-
paigns. If the SCIGN project is
a torch lighting the way to the
future of GPS science, this is
perhaps a fitting time to share
the kinds of fieldwork adven-
tures that, for better and maybe
for worse, will be rendered
mostly obsolete by permanent
GPS networks.

—SEH

“Campaign-mode GPS” means
using a surveyor’s tripod to
precisely center a GPS antenna
over a geodetic monument,
babysitting the equipment for
several hours, taking it all apart
and driving away, and then
doing it all over again the next
day. Large-scale GPS cam-
paigns in southern California
began in the late 1980s, when
the National Geodetic Survey

(NGS), the USGS, and the
University NAVSTAR Consor-
tium (UNAVCO) joined forces
for several major campaigns.

GPS campaign work, carried
out by various agencies, contin-
ues to this day in southern
California. Campaign-mode
GPS field teams have the usual
problems faced by all surveying
crews: finding stations, permit-
ting, driving on poorly
maintained dirt roads, getting
through locked gates, avoiding
landowners’ dogs, bulls, and
geese, and carrying multiple
loads of heavy equipment up
and down hills.

In addition, on San Clemente
Island, we stayed at the wildlife
biologists’ field station. It was a
congenial group of scientists
who promptly labeled each
other: a woman doing the
annual gray whale census (the
whale lady), entomologists (the
bug people), botanists (the
plant people), wildlife biolo-
gists (the cat people), and
ourselves (the satellite people).

The cat people got their name
because on that trip to the
island, their mission was to
reduce the population of feral
cats in order to protect the San
Clemente Island fox. Their

These measurements, taken only with flashlight illumina-
tion by people who were bleary-eyed and usually bone-
cold, were probably not the most reliable.

We also faced some special
situations that were unusual,
dangerous, or entertaining. In
the first UNAVCO campaign,
we discovered that one of the
monuments on San Clemente
Island was in the skip zone of
the Navy’s shelling range and
that the zone was inhabited by
wild pigs. We were able to
observe there, but eventually
switched to a less potentially
lethal observation point.

method was to catch dozens of
cats, sterilize them, and release
them. It was a sterilization
factory, with cages full of angry
cats all over the floor. They
were doing cats as we satellite
people left late at night to go to
our station. They were still
doing cats when we returned
around dawn, although they
swore that they had been to
bed while we were gone. The
program was decidedly invol-
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untary in the opinion of the
cats, and there was a lot of
yowling and spitting from the
patients. The cat people anes-
thetized them by attaching a
syringe to a long stick and
poking it inside the cages.

On Santa Barbara Island, we
had to brace our tripod against
strong winds. The usual method
is to place sandbags or rocks
against the tripod legs. Our
hosts, the National Park Ser-
vice, forbade us to move any
rocks in the area because they
were home to an endangered
species of snail. We improvised
by lashing the tripod legs to our
extra water jugs. Although
proud of our ingenuity, we
weren’t inclined to feel chari-
table towards gastropods—
endangered or not—after
carrying six gallons of water

a mile uphill.

Field crews working in urban
areas had different problems. A
USGS person doing post-
Northridge observations set up
at a monument in the middle of
an intersection. The equipment
was stolen right in front of him.
The thief stopped his pickup
truck, threw the receiver in the
back, and drove off before the
field technician could stop him.
Tales continued on page 24




“We are on the edge ofanewera...”

A SCIGN before Its Time

A History of the Southern California Integrated GPS Network

Ed Hensley

A number of astronauts, and then all of us who saw the photography
from space, marveled at how much the Florida peninsula, the meander-
ing Mississippi, the islands of Britain, and the boot of Italy resembled
the maps everyone had grown up with. We had taken it for granted that
maps were faithful reflections of reality; but we were somehow amazed
when reality turned out to be true to the maps.
—John Noble Wilford
The Mapmakers

Euclid because the use of
satellites for geodesy owes so
much to centuries of earlier
science and mathematics.
However, the more direct
history of SCIGN began in the
late 1980s in the usual way:
meetings and proposals.

Human history is plotted and
punctuated by maps. Changes
in maps change how people
see their world. Eras end and
begin when blanks on maps are
filled. By that criterion alone,
we are on the edge of a new
era and new ways of seeing,
thanks to a combination of
technological and scientific
advances. And right at the
forefront of producing this era’s
new maps and that new vision
is SCIGN—the Southern Cali-
fornia Integrated GPS Network.

A core group of geodesists from
MIT, Scripps, Caltech, UCLA,
and JPL believed in the poten-
tial of the Global Positioning
System (GPS) for detecting
minute movements of the crust,
but not just in the way it had
been used until then. Previ-
ously, GPS receivers had been
hauled out into the field to
establish point-in-time loca-
tions for sites. Later campaigns
would then establish whether
those locations had changed.
This new gathering of scientists
believed in the value and
feasibility of a permanent
network of continuously oper-
ating GPS stations.

That network is a perfect ex-
ample of the conjoining of time
and space, technology and
science, progress and insight,
preparation and chance. Its
history is one of persistent
attempts finally coinciding with
the development of the right
technology at the right time.

You would be right if you said
that SCIGN dates back to the
likes of Isaac Newton and

Yehuda Bock moved from MIT
to Scripps in 1989 for just this
kind of work. He spent his first
two years in southern California
shuttling between joint appoint-
ments at Scripps and JPL to
work on establishing the first
continuous GPS stations. At the
same time, Ken Hudnut was a
post-doctoral fellow at Caltech.
Frank Webb was one of the
graduate students who had to
haul around GPS receivers in
field campaigns. Duncan
Agnew and Will Prescott were
more established voices in the
field of crustal motion. All
these individuals would eventu-
ally help steer the SCIGN
program. They and many others
shaped the early proposals and
projects that would eventually
become SCIGN.

The Early Proposals
Researchers have been submit-
ting proposals for continuous,
space-based geodetic measure-
ment for more than 20 years.
Ideas of using GPS in a con-
tinuously operating network,
similar to a seismographic
network, have been around for
at least 13 years, as GPS gained
accuracy and respect. Webb
remembers attending a meeting
of the Crustal Dynamics
Project—a NASA-sponsored

program of investigators from
around the world who used
VLBI (very long baseline inter-
ferometry) and SLR (satellite
laser ranging) for crustal defor-
mation observations. “Brad
Hager showed a map of south-
ern California’s seismic
network,” Webb said, “and
proposed that there should be a
continuous GPS network of the
same density in the area. That
was in 1987 or 1988.”

We are on the edge of a
new era and new ways of
seeing, thanks to a combi-
nation of technological
and scientific advances.

The main obstacle back then
was the high cost, especially
when combined with the
unproven nature of the technol-
ogy in competition with the
more established techniques of
VLBI and SLR.

GPS geodesy eventually won
that competition, however. As
Webb explained, “While the
GPS satellite constellation
filled, the ground network
grew, processing techniques
improved, and the precision in
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GPS improved, eventually
equaling the precision of VLBI
and SLR. That, combined with
the much lower cost of the
equipment, the portability of
the systems, and the less com-
plex analysis made GPS
accessible to a broader com-
munity of researchers and
applicable to a broader range
of problems.”

The most recent history of
continuous GPS-based geodesy
that resulted from the develop-
ments that Webb describes
brought a flurry of proposals—
modest compared with today’s
250-station configuration of
SCIGN—in 1990 and 1991.
The two organizations at the
forefront were Scripps and
Caltech-JPL.

In 1990, for example, a pro-
posal by Hudnut and others at
Caltech requested $109,000

Processing the data was
so laborious and slow that
people didn’t believe we
could do continuous
monitoring and keep up
with the data.

from the Caltech President’s
Fund for “Crustal Deformation
Studies in the Los Angeles
Basin.” Their summary pro-
posed that their work would
help answer “the major, unre-
solved question of whether Los
Angeles should be bracing for a
M >7 earthquake produced by
faults directly underneath it.”

Archiving and Using Data

Archiving data is not something
that SCIGN takes lightly. Scripps,
and specifically the Scripps Orbit
and Permanent Array Center
(SOPAC), is the archiving facility
for all SCIGN data. Although the
task of downloading data from the
stations is divided between the
USGS and SOPAC, all data are
moved automatically after down-
loading to SOPAC for analysis and
archiving. The data are also
moved automatically to JPL for
separate analysis there.

The total volume of continuous
GPS data is more than 1 gigabyte
per day coming into SOPAC. The
data are not merely stored. They
are always online and available
via FTP and the Web (HTTP://
Lox.ucsp.epu). SOPAC uses the lat-
est storage and retrieval
technologies available, from large
arrays of hard drives to “juke
boxes” that sort through storage
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media such as optical-magneto
disks and bring online a certain
data set in real time when a user
requests it. Those actions are so fast
that the user notices only a slight
delay before receiving data.

SCIGN data are accessible by ex-
ternal users via anonymous FTP
from the SOPAC archive within
minutes of download and entry
into the database. The retrieval of
SCIGN and other continuous GPS
data from SOPAC is increasing dra-
matically. An additional 1 terabyte
of storage media has been recently
acquired to keep up with the grow-
ing volume and demands.

The director of SOPAC is Yehuda
Bock, and his data management
and analysis team includes Jeff
Dean, Peng Fang, Paul Jamason,
Michael Scharber, and Matt van
Domselaar. Jeff Dean is responsible
for database development and

The five “part-time monitoring”
sites they proposed to supple-
ment the one existing JPL
receiver would be able to
produce the “required milli-
meter-level positioning accu-
racy” because of JPL’s existing
work in producing high-accu-
racy satellite orbits.

“From geological studies, the
geometry of the detachment
faults beneath Los Angeles has
been crudely estimated. . . . We
propose to determine whether
portions of these deep faults are
‘locked’ and accumulating
stress or whether they are
moving aseismically.” Their
focus was localized in the
basin, and their assumption
was that patterns of small
differences in the motion of the

management at SOPAC. Dean
pointed out that the SOPAC archive
is being designed as a repository
for any type of GPS data. “The
SOPAC archive is not just for
SCIGN data. We're setting up the
database so we’re not limited by
program type or data collection
methods. For example, SCIGN data
are collected once a day. We want
to be ready, if necessary, to collect
real-time data and to handle dif-
ferent data types, such as data from
old campaign data sets. At this
point, we’re not even limiting it to
GPS. We’re also including
metadata about other types of data,
such as synthetic aperture radar
(SAR) data downloaded by Scripps.
But the main data collection and
processing is tuned for continuous
GPS data, and SCIGN is the larg-
est generator of continuous GPS
data. We’re allocating consider-
able resources to develop
Web-based user applications so

2, 2000

Earth’s surface would allow
them to tell the type of motion.

A proposal in the same year by
Bock and others reflects a
broader regional approach to
GPS monitoring. They pro-
posed to expand the
NASA-funded existing four-
receiver Permanent GPS
Geodetic Array (PGGA), a joint
project of JPL and Scripps. “Our
long-range goal is a dense
network covering the entire
state to supply geodetic
baseline data of several milli-
meter accuracy for the
detection and analysis of both
steady and transient crustal
strains. . . . We envision a
reference network with a
100-km grid spacing with
History continued on next page

that people can make the most
effective use of the database. Sev-
eral of these applications are
online, but we still have a long
way to go.”

Currently SOPAC is developing
and testing a GIS (geographical
information system) interface for
the GPS data, making it more use-
ful and accessible to a wider
variety of users, especially those
interested in geodetic control,
such as the newly formed
California Spatial Reference
Center (CSRC).

“There’s a big spin-off from
SCIGN in the form of the Califor-
nia Spatial Reference Center,”
said Bock. He ought to know. He’s
not only the director of SOPAC,
he’s also the director of CSRC.
Archiving continued on next page




H iStO ry Continued from previous page

densification along a number
of active faults.”

Also in that same proposal is a
revealing description of the
purposes of the project, clearly
showing the origins of what
would become SCIGN. The
proposal lists among its pur-

The Northridge earth-
quake opened the door,
no doubt about it.

poses “developing the GPS
technique, refining its opera-
tional aspects, and improving
our understanding of the nature
and source of the GPS error
spectrum.” The proposal prom-
ised that the program would

be “an example of how to
make, comprehend, and
archive a large body of highly
accurate measurements of
crustal deformation.”

Today, operating a few GPS
sites may not seem like a major
accomplishment. But as Bock
pointed out, “Back in the days
of campaign GPS [see Nancy
King’s description in the “Tales
from the Front” column], the
task of setting up the stations
was difficult enough, but the
processing of the data was
laborious and slow. It was so
painful to do the processing
even for something that you
measured once a year that
people didn’t believe we could
do continuous monitoring and
keep up with the data.”

ArCh |V| n g Continued from previous page

Bock summarized the origins of
CSRC: “The surveying community
initiated it as a grass-roots effort
to meet California’s needs in spa-
tial referencing and geodesy.
SCIGN'’s work and experience in
high-precision geodesy was the
perfect vehicle, and SCIGN’s net-
work was the perfect foundation
for a high-accuracy geodetic grid
for California. It's an example of
the nontraditional—or at least the
nonscientific—application of and
support for SCIGN-like efforts.”

But CSRC grew to encompass
more than surveying needs. All
the different interests in Califor-
nia for GPS data—surveying,
engineering, geology, water
infrastructure, GIS, coastal envi-
ronment, disaster preparedness
and relief, etc.—will be repre-
sented on the board of CSRC.

CSRC is two things: an opera-
tional center and a board

representing the groups who have
interests and responsibilities in the
area. Bock is the director of the
operations center, and Bill Young,
a surveyor who was involved in
founding and shaping SCIGN (see
“A Marriage Made in Space” in this
issue), is the chair of the board.

After two years of organizing ef-
forts, a memo of understanding
identifies CSRC as the National
Geodetic Survey’s partner in Cali-
fornia, taking over geodetic control
responsibilities for the state. NGS
will still provide all geodetic coor-
dinates for the U.S., but CSRC will
do all the work in California.

“It’s working now,” said Bock;
“we’ve received our initial funding
from NGS and Caltrans. They’re
funding the first two years of op-
eration.” The operation center is at
SOPAC for now, and CSRC work
is being handled by SOPAC staff
on a part-time basis as the new

That disbelief showed itself in
reactions to several early pro-
posals. A modest Caltech
proposal was for intermittent
GPS readings to “differentiate
seismic versus aseismic fault
behavior.” The proposal went
on to say that the project
would be “an ambitious test
of new systems that hold great
potential for densification of
permanent GPS geodetic net-
works.” That proposal was
seen as too ambitious and
was rejected.

An unsuccessful joint four-year
1991 proposal called for spend-
ing a total of under $1 million
for all four years and increasing
the existing PGGA network by
two stations each year, for a
total of 12 stations in 1995.

center develops. Bock expects that
the CSRC will soon have its own
full-time staff. “But we will
probably still have considerable
overlap between SOPAC and
CSRC,” he added.

The CSRC is also working with the
GIS community to use GPS as the
backbone for managing other kinds
of information—planning, emer-
gency response, subsidence, water
systems. Eventually, GPS info along
with all other related information
will be GIS-based. “We’re devel-
oping GIS software here at SOPAC,
sponsored by CSRC,” said Bock. “I
call it wide-area or precise GIS.
Now individual organizations,
such as cities and counties, main-
tain their own GIS, but they’re not
always compatible with each other.
The wide-area GIS is based on a
statewide infrastructure that incor-
porates all this info into a common
reference so that cities can tap into
that reference frame and be assured

Another relatively modest
($422,900 for four years)
proposal from Caltech and
JPL investigators was unsuc-
cessful, rejected by a peer
review committee.

Unsuccessful proposals from
those days generated responses
such as these from review panels:

= “The large number of
surveys which were pro-
posed were not adequately
justified, nor is that great a
commitment of resources
plausible. ... The ...
technique has a lesser
precision, and thus is not
appropriate for looking at
the very small signals which
you plan to investigate.”

that they are compatible with ev-
ery other city in California.”

How will perpetually strapped cit-
ies and counties fund conversion
and participation? Bock hopes to
keep the financial burden off the
users. “We do not plan to charge
the individual user for the ser-
vices, but we’ll try to get federal
and state funds and fee support.
Up to now, everything’s been very
open, and there have been no
charges for any of the data that
we provide.”

Asked about the difference and
possible conflicts between being
amajor participant in both SCIGN
and CSRC, Bock said he sees the
two functions as both different
and compatible. “SCIGN’s ability
is very limited, both in funds and
resources, to support anything be-
yond its primary purpose, which
is academic and scientific. The
motivation for the CSRC is to for-
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= “The expected deformation
signal is very faint indeed,
making it questionable
whether any tectonic
movements would be
detected within a
four-year program, let
alone with seven times
per year monitoring.”

= “Avery costly proposal
relative to expected return.”

= “A more modest effort would
be justified. The issue of
whether NASA should be
involved in such studies,
given USGS and NSF
programs, is crucial.”

Nevertheless, there is generally
a time at which such proposals
catch that peak wave when

malize this additional service so
that we have staff and resources
to provide the geodetic and other
services. That way we can re-
spond as service providers rather
than as scientists who may or may
not have time.”

To optimize efficiency, the ser-
vices are designed to be
Web-based and driven by user
applications that guide the user
through getting appropriate data.
Therefore funds and resources
can be focused on what everyone
wants: the data. The plan is for
the full database and GIS
interface to be available through
the Web.

“Up until now you established
three-dimensional geodetic coor-
dinates by whatever means were
available at the time and pub-
lished those, including staking out
monuments as reference points
on the Earth’s surface,” Bock said.

technological advances begin
to meet general awareness,
revealing the previously hidden
value and possibilities in pro-
posed applications. The early
1990s turned out to be the
beginning of that wave for the
application of GPS to geodesy.

tially, and the price of receivers
decreased dramatically.

The experience, feedback, and
even the rejection of many
early ideas and proposals gave
the GPS advocates the founda-
tion they needed when the

Southern California is the premiere place in the world
where significant tectonic problems exist and have been
solved in large part by GPS. This is a natural place to
extend what we’ve already done and try to do more

with it.

The decade of 1985-95 was the
one in which not only was the
GPS constellation completed
but the precision of the GPS
technique increased exponen-

“For most of the country that
works fine, but not for California,
where crustal motion and earth-
quakes change the surface
constantly. Here in California, you
must have the fourth dimension
of time for complete accuracy.
And adding that fourth dimension
is the strength of a continuous
GPS network.”

Bock pointed out that a great deal
of current GIS work is based on
readings from hand-held GPS
receivers, which are accurate only
to 10-30 meters. “Surveyors are
doing centimeter-level work with
GPS, so there’s a disconnect
between the GIS people and the
land surveyors. Using traditional
methods, surveyors 100 years ago
could do more accurate surveying
than modern hand-held GPS re-
ceivers can. Another contribution
that the CSRC can make is to work
to improve the quality of hand-
held instruments.”

technology was right, the price
was right, and the funds and
interest came together follow-
ing the Northridge earthquake
in 1994. At that point, when

For CSRC to work, said Bock, “we
need coverage all over California.
We certainly need denser coverage
of areas that are more populated
and where resources are important.
We don’t need the kind of density
that we’ve established in the L.A.
area for SCIGN, since that has a
different purpose. For CSRC, it
would be better to have a fairly
uniform coverage of California
with concentration in areas of
large population of some particu-
lar interest.”

The state transportation depart-
ment, Caltrans, for example, has an
obvious need for a precise state-
wide geodetic backbone.

“There was a difference of opinion
within SCIGN concerning whether
to focus on a particular area or
problem or whether to spread out
the resources because we don’t
have a very good idea of where
we’re going to have seismic activ-
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GPS technology was proven,
the constellation complete,
and the need to know what
was happening in detail below
Los Angeles was a gut-level
reality, they had a tested
prototype network, and they
had their ideas and proposal
language ready.

Early GPS Work
Early geodetic work using GPS
was done by campaigns in
which receivers were hauled
out into the field along with all
the other equipment needed to
make them run. The stations
were set up in a chosen loca-
tion and readings taken during
the time when the satellites
were in the sky.

History continued on next page

ity,” Bock said. “I think we’ve
come to a fairly nice compromise
in SCIGN. We are focusing on the
L.A. basin, but there are more
sites than originally planned be-
ing installed in the periphery,
which helps CSRC and those
larger purposes.”

On what’s needed to expand
SCIGN-like coverage statewide
for CSRC purposes, Bock said, “In
central and northern California,
there are still some gaps that we
need to fill somehow, probably
initially by piggybacking on sci-
entific projects. If CSRC grows
sufficiently, perhaps we’ll be able
to install our own stations in ar-
eas that are not covered. The
recent Hector Mine earthquake
has helped in this regard
by increasing the awareness
that uniform spatial coverage
makes practical as well as
scientific sense.” H




SCIGN PROFILE

Kenneth W. Hudnut

Geophysicist
Earthquake Hazards (Pasadena)
U.S. Geological Survey

= Member of SCIGN Coordinating Board and Executive
Committee since project’s inception (1994); Vice Chair,
Coordinating Board, 1998-1999; Chair, 1999-present

= Current leader, SCIGN-USGS operations group
= Led SCIGN radome development and production effort

= Member of several SCIGN committees, including the
earlier-stage site selection (“Dots”) committee

= Co-wrote all major SCIGN project proposals and reports
produced since 1994

= As chair of SCEC Crustal Deformation Working Group (July
1996-October 1998), oversaw production and release of first
and second version of SCEC Crustal Deformation Velocity Map

Education
A.B., earth sciences, Dartmouth College

M.A., geology, Columbia University
M.Phil., geology, Columbia University
Ph.D., geology, Columbia University

Professional Highlights
Board of Directors (USGS representative), SCEC, 1998-present

Steering Committee member, Plate Boundary Observatory,
1999-present

Elected member of UNAVCO Steering Committee, 1995-1997

Committee member, GPS Continuously Operating Reference
Stations (CORS), American Congress on Surveying and Mapping

Committee member, California CORS

Associate editor (geodesy), Journal of Geophysical Research
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Frank Webb’s experiences in
the early days were typical.
“When we started doing geod-
esy in southern California in
1986,” Webb said, “l was a
graduate student, and there
were six GPS satellites in the
sky. They were only over
North America for about six
hours a day.

“A single GPS receiver at that
time cost $150,000,” he re-
called. Nevertheless, scientists
wanted to use them. They had
seen the potential value of such
geodesy work because of the
similarities to VLBI, in which
radio telescopes and quasars
are used instead of receivers
and satellites. The problem was
that radio telescopes are expen-
sive, huge, and stationary.

The U.S. military was in the
process of completing the 24-
satellite GPS constellation.
Webb: “Scientists wanted to
use GPS to measure small-scale
deformation in southern Cali-
fornia where there weren’t
VLBI antennas, so the NSF
purchased three receivers—
$450,000—in 1986.”

The NSF also set up the Univer-
sity NAVSTAR Consortium
(UNAVCO) to maintain and
coordinate the sharing of GPS
equipment for research.
UNAVCO started as an organi-
zation that lent out equipment
for GPS campaigns all around
the world. As receivers became
less expensive, UNAVCO
bought more receivers until the
equipment became so inexpen-
sive that individual investigators
could buy their own.

“Now UNAVCO represents the
broader GPS community when
it comes to GPS scientific

work,” explained Webb. “It
provides forums for GPS people
to make presentations and
discuss technology and sci-
ence.” It maintains an archive
of GPS data and still plays
arole in campaigns and con-
tinuous GPS in other parts of
the world.

Also in those early days (1992),
an international GPS-related
organization grew more directly
involved in overseeing working
networks and in gathering,
processing, and disseminating
data. The International GPS
Service for Geodynamics (IGS)
is made up of agencies and
individuals from around the
world. The IGS provides global
standards and infrastructure

for GPS work worldwide.

Part of that infrastructure is
providing accurate orbit calcu-
lations daily to the worldwide
GPS community.

Though UNAVCO and IGS
were created before the SCIGN
acronym was coined, they owe
much of their present structure
and experience to the people
who formed SCIGN and to the
projects that eventually became
SCIGN. There has been a
significant amount of cross-
involvement among SCIGN,
UNAVCO, and IGS.

PGGA

In 1988, work began on the
first permanent GPS network in
southern California. Up until
then, there were some isolated
individual stations only.
Caltech, MIT, Scripps, UCLA,
and JPL received funding for
the first four stations that
formed the Permanent GPS
Geodetic Array (PGGA). Instal-
lation occurred in 1989, and
operations began in April 1990.
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The goal of the PGGA was a
statewide 100-km grid of GPS
stations to function primarily as
a reference frame to improve
the accuracy of campaign GPS.

The founders of what would
become SCIGN, in other
words, did not see campaign
versus continuous GPS as a
core issue. They assumed that
the two methods would have
to coexist, primarily because
of the expense of the receivers
and the untested nature of man-
aging a continuous network.

JPL and Scripps collaborated on
the first four continuous stations
in southern California. Two
were operated by JPL—the ones
at JPL and Goldstone, part of
NASA'’s Deep Space Network.
Two were operated by
Scripps—the ones at Pifion Flat
Observatory and on the Scripps
campus. During the years
leading up to 1994, other sites
were added for various pur-
poses. For example, there’s one
on an oil platform and one at a
site on Vandenberg Air Force
Base. A few more sites went in
for geodetic measurements at
Monument Peak (a NASA
satellite laser ranging facility),
Coso volcanic field in the
southern Owens Valley,
Parkfield, and Lake Mathews.
(The latter site, at a water
reservoir operated by the Met-
ropolitan Water District and
funded by the Riverside County
Flood and Water Conservation
District, was the first one in-
stalled in collaboration with the
surveying community in south-
ern California.)

Each site was added for its own
individual purpose, but to-
gether they also broadened the
network, thus providing a
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more complete view of crustal
motion. From 1990 through
1993, the network grew to 12
stations, reaching as far north
as Parkfield.

| compatre the situation to
building a better telescope.
We don’t know what we’re
going to see, but if we
don’t build it, we’re never
going to know.

The scientists of PGGA partici-
pated in the creation of
UNAVCO and the IGS. JPL and
the Scripps Orbit and Perma-
nent Array Center (SOPAC)
were instrumental in develop-
ing software for analyzing

GPS data as well as in cal-
culating more exact orbits for
the satellites to improve the
accuracy of the entire GPS
system worldwide.

PGGA scientists also partici-
pated in and learned from
earlier and ongoing experi-
ences of the Japanese in
developing a large nationwide
GPS network. The Swedes and
the Australians were also work-
ing on continuous networks.
The SCEC scientists shared their
experiences and expertise as
well as learning from the experi-
ences of those in other countries.

In the very early days—1990 or
even 1989—of what would
eventually become the SCIGN
project, there were two inde-
pendent and complementary
GPS-based approaches being
proposed. One group, promi-
nently represented by Yehuda
Bock at Scripps, wanted to do
continuous GPS on a sparse
network, primarily for broad-

scale geodesy. The other, driven
by Hudnut of Caltech, wanted
to apply the same technology
on finer-scale problems—the
L.A. basin in particular—with
earthquake hazards as the focus.

The two types of proposals
were different in design, focus,
and cost. Each group had been
submitting proposals, some
successful and some not, for a
considerable time. Each had
the experience of having made
several such installations. Each
had co-investigators from the
other group. Eventually, they
combined forces.

The Northridge Earthquake

On January 17, 1994, SCIGN’s
pivotal shaping event occurred.
Bock put it this way: “The
Northridge earthquake opened
the door, no doubt about it.
Northridge gave the impetus to
increase the number of stations.”

The nature of the fault on which
the Northridge earthquake
occurred spurred increased
interest in and funding for
research into the “hidden” faults
below L.A., which had been the
goal of some of the proposals of
Caltech back in 1990 and 1991.

Before Northridge, according to
Bock, the PGGA scientists had
written a white paper in which
they proposed expansion to 50
sites, with increased density in
the L.A. basin because of the
complexity of its underlying
geology and tectonics. Part of
the justification of the larger
number was the nature of the
area around the L.A. basin—
geologically and tectonically
complex, pushed and pulled by
plate motions, and distorted

by the Big Bend in the San
Andreas fault.

No. 2, 2000

As Bock pointed out, “The
Northridge earthquake gener-
ated interest in an even larger
number than we had proposed.”

Immediately after the
Northridge earthquake, there
was a focus on the L.A. area. A
group of SCEC scientists began
work on what they called the
Dense GPS Geodetic Array
(DGGA), a tight-knit network of
receivers entirely in the L.A.
area that was planned from the
start to be 250 stations.

At some point DGGA was
essentially SCIGN but without
the name. Its main difference
was that its first iteration fo-
cused more exclusively on the
L.A. basin. As SCIGN evolved,
the array spread to include all
of southern California with an
emphasis on L.A. SCIGN com-
bined the PGGA and
DGGA—that is, it folded to-
gether the ideas of a broad
regional array with the very
dense array. The region is all of
southern California. The dense
part is in the L.A. basin.

The geodesists of SCIGN were
then able to think in completely
unlimited terms of what they
would need to do a thorough
study of crustal motion and
ended up proposing 250 sites—
at that point largely in the L.A.
basin and surrounding area—to
capture the details of crustal
motion and strain build-up.

Since there was a great deal of
overlap between the partici-
pants in the PGGA and the
DGGA (which was never quite
institutionalized as an official
name), the SCEC geodesists had
experience in both dense and
regional continuous GPS when
the Northridge earthquake




occurred. After Northridge the
PGGA and DGGA combined
and formed SCIGN. That name
became official in 1996.

Webb remembers the time and
the circumstances of that Janu-
ary vividly: “Several of us from
JPL and Scripps were in Japan
participating in the develop-
ment of the Japanese network.
We returned to California and
were supposed to go back a
week later. On the first day
back, | was lying awake in bed
with jet lag when the Northridge
earthquake happened.

“Some of us went back to Japan
to continue our work, and
while we were there, we began
thinking that we should be
building a network like [the
Japanese one] in Los Angeles.
When we returned from Japan,
other people were thinking the
same thing. After some conver-
sation, our sponsor at NASA
headquarters, John LaBrecque,
managed to leverage enough
money to buy about 15 GPS
receivers—but no money to
install them.” Nearly simulta-
neously, Jim Mori at the USGS
approved the use of Northridge
earthquake funds for GPS
implementation. That total of
$500,000 was at the time a
generous amount to start what
would rapidly become SCIGN.

Those involved started working
through SCEC to get NSF
money to install those stations.
Meanwhile, "we started pitch-
ing to ourselves and to others
that we should try to build a
bigger network of 250 stations,
said Webb. The group that
would eventually coalesce as
SCIGN was loosely knit and
trying to get funding for the
larger, denser network that they

”

increasingly knew was feasible
and desirable. In their efforts to
find new money, they tried
nontraditional sources. In one
case, Andrea Donnellan made
a presentation at the annual
meeting of a reinsurance orga-
nization in the East, pitching
not only the scientific benefits
but the larger societal and
economic benefits. That one
didn’t work out.

The velocity field that
comes out of the GPS
network should help us
identify active structures
and understand which are
the most hazardous ones
in southern California.

However, others did—most
notably among the less tradi-
tional sources of research
funds—the W. M. Keck Foun-
dation. The Keck Foundation
saw the merits, not only in the
proposed network, but also in
supporting a consortium of
institutions in southern Califor-
nia with a common purpose.
That consortium turned out to
be a formal marriage of SCIGN
and SCEC, with SCIGN operat-
ing under the SCEC umbrella.
”This leveraging of our fund-
ing,” said Webb, ”"was one of
the key successes of SCIGN.”

Webb explained why North-
ridge’s blind thrust fault gave
new purpose to geodesy in the
L.A. basin: "One of the things
that we’re trying to do with
SCIGN is make the array dense
enough to show how the sur-
face is deforming in a more
detailed way than ever before.
We then use those measure-
ments and our understanding
of the subsurface geology to

establish the slip rates on these
faults and infer which faults are
active and which faults are
not.” This of course is one of
the principal goals of SCEC and
its mission to develop a better
seismic hazard model for
southern California.

Campaign vs. Continuous
Hudnut, the current chair of
SCIGN, pointed out that SCEC
had sponsored a great deal of
survey-mode GPS research and
that SCEC research produced a
coherent crustal motion map of
southern California. When
asked the question of whether a
network of continuous stations
is necessary in light of the
success of those campaigns, he
said, "When we set out to
frame the scope of the SCIGN
project, the crustal motion map
work [using campaign GPS and
high-precision non-GPS data]
was not complete. Therefore, at
the same time that we were
raising the funding for a con-
tinuous GPS network, we were
also raising the standard that
such a network would have to
meet. To make a significant
improvement over that stan-
dard, SCIGN is going to have to
do one heck of a job.”

Besides the quest for increased
precision, Hudnut believes
there’s another convincing
argument for a continuous
network—one of discovery. "I
think we needed to try out this
new technology that was avail-
able to us and see if it’s going
to help us with earthquake
research in general,” he said.
”Southern California is the
premiere place in the world
where significant tectonic
problems exist and have been
solved in large part by GPS. As
a result, southern California has

drawn in a lot of the major
talent in this field. This is a
natural place to extend what
we’ve already done and try to
do more with it.

“l compare the situation to
building a better telescope.

We don’t know what we’re
going to see. We have some
ideas about what we might see,
but if we don’t build a better
telescope, we’re never going to
know for sure.”

Much of what we think we
know about earthquake
mechanisms is not yet sup-
ported by direct observation,
Hudnut pointed out. “All this
stress change modeling is just
that—modeling. We don’t
have an observational basis
that says what is really happen-
ing. GPS gives us the potential
to do that, but only if we

have it in a continuously
operating network.”

Do We Need an Earthquake?
Will SCIGN reach its full poten-
tial only if a significant
earthquake hits? Hudnut’s
response was refreshingly
human: “Oh, that would be
lovely. If we were able to
record data from the full net-
work for five years and then we
had a magnitude 7.2 or higher,
especially within the dense part
of the network, and then we
kept the network running for an
additional five years—that
would be beautiful. We would
have such a great data set for
being able to tell for sure
whether there had been any-
thing precursory. We’ve never
had a data set anywhere close
to that.

“That in itself is reason enough
to try to perpetuate this network
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beyond a seven-year lifespan.
The longer we keep it going,
the more we increase our odds
of capturing a big event and
seeing whether stress inter-
actions are accompanied by
measurable strain changes.
Although it’s not an event we
can count on, and therefore we
can’t make it a primary pur-
pose, when you ask what
would it take for this network to
realize its full scientific poten-
tial, then an earthquake would
be necessary.

“In the case of a future earth-
quake, we can have the trap set
and ready to capture something
interesting. In the meantime,
geodesy is at its best in be-
tween the times of big
earthquakes, because that’s
when its capabilities are shin-
ing. You’re measuring the
interseismic deformation field
without the perturbations of
earthquakes.” In effect, SCIGN
is measuring the distribution of
strain across southern Califor-
nia and how fast individual
pieces of crust are moving due
to the inexorable motion be-
tween the Pacific and North
American tectonic plates.

Bock’s experience with PGGA
showed the value of having a
continuous network in place
during an earthquake. “The
Landers earthquake happened
two years after we started
PGGA monitoring,” he noted.
“It was smack in the middle

of the few sites that we had, so
it was perfect for us. We
learned a lot of things from the
Landers earthquake.

“It certainly would be a benefit
to have an earthquake,” Bock
said. “But there are several
things that we’re studying. The

first order question is how the
strain is distributed over the
region. The two plates are
moving with respect to each
other; how is the total motion
of about 45 mm/yr distributed
over southern California?”

However, he added, “We don’t
need an earthquake for the data
to be of value. Contraction of
the L.A. basin is going on
constantly at 7-8 mm/year and
nobody knows how that strain
is distributed across the basin.

“Is all the strain accumulating
underneath downtown L.A., or
is it being distributed among
small strike-slip faults over the
basin? What is the role of thrust
faulting? Is most of the contrac-
tion taken up by vertical thrust
faults, some of which you can’t
see? Is some of it taken up by
the squeezing out to the sides
on strike-slip faulting? Where is
that 7 mm/yr?”

What'’s needed, Bock said, is to
understand the different parts of
the cycle of deformation. Seis-
mic deformation will be
different from secular deforma-
tion, he said, and it’s not
necessary to have an earth-
quake to understand that. In
fact, for the study of secular
deformation, Bock noted that
an earthquake “resets the
clock,” and it can take several
years before all seismic defor-
mation stops.

Administering SCIGN
SCIGN is officially adminis-
tered by the Southern California
Earthquake Center, but has its
own operating structure con-
sisting of a coordinating board
(representing all the relevant
History continued on page 25
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Major Benefits—Scientific and Otherwise

A SCIGN for the Times

Karen Brown

The term “win-win” isn’t often
applied to scientific projects,
but it has been invoked in
connection with the Southern
California Integrated GPS
Network, and all involved
agree it fits.

That is because both scientists
and other groups connected
with SCIGN—principally ones
with a surveying role—see
nothing but benefits flowing
from it both now and upon its
full completion.

Scientifically, the project’s
main purpose is to improve
hazard maps, points out USGS
geophysicist Ken Hudnut, the
chair of the SCIGN Coordinat-
ing Board. But everyone will
benefit, he says, from better
information about strain load-
ing on faults and, therefore,
potential hazards.

Looking beyond pure science,
however, to who might benefit
in a pragmatic, day-to-day
sense, Hudnut points to the
surveying and civil engineering
communities in particular, as
well those doing geographic
information system (GIS) map-
ping of such things as the
locations of gas pipelines and
telephone wires.

“The surveying community in
particular demands high accu-
racy in GPS results, and the

infrastructure from this network
will help them,” Hudnut says.

Michael A. Duffy, manager of
the geometronics section of the
Metropolitan Water District of
Southern California (MWD), is
fully aware of how SCIGN
helps him in his work providing
primarily horizontal and verti-
cal “control”’—geodetic
control—for all MWD construc-
tion projects to ensure, among
other things, that water runs
downhill. Some pipelines run
40, 50, or 100 miles.

Duffy says the SCIGN expand-
ing network of Continuously
Operating Reference Stations
(CORYS) is critical for the future
geodetic management of all
MWD projects. Data obtained
are saving time and money and
providing the section with more
precise results, he says.

Integral to everything the sec-
tion does, Duffy explains, is an
approximately 70-year-old
system known as State Plane
Coordinates. This system was
devised by the federal govern-
ment so surveyors and
engineers could use geodetic
control on a plane surface
rather than having to take

into account the curvature of
the Earth.

Duffy says the global position-
ing system (GPS) allows very

precise measuring between
different units, “but it doesn’t
place you on the coordinate
system that most surveyors use:
State Plane Coordinates. To get
us on that system we had to
find reference points that
already had established coordi-
nates on them.” SCIGN does
that for his organization through
its network automatically.

As an example of how such
direct, on-site project control
can save time and money,
Duffy says it took several years
to provide the control network
for construction of the Colo-
rado River aqueduct in the
1930s using old-fashioned tools
of the trade such as theodolites,
sighting at night and building
towers on high points of
ground. With GPS, the control
network could have been
complete within two weeks,

he says.

The criteria for siting SCIGN
stations are “very stringent,”
Duffy says, adding that MWD is
still “very much in favor” of
having stations at its facilities,
which include five large and
complex water treatment
plants, earthen dams and reser-
voirs, and concrete dams.

There are two main reasons for
having the stations at its facili-
ties, Duffy says: “We get free
information that helps us save

approximately 20 percent on
any kind of survey we do that
uses GPS.” Current savings
could total tens of thousands
of dollars.

Second, MWD wants to see
SCIGN seismic data results after
an earthquake near one of its
facilities. “We could respond
more quickly in terms of dam-
age assessment; that’s going to
help us.”

Duffy is working with Hudnut
and others on emergency
response—another key poten-
tial benefit of SCIGN. Duffy is
particularly keen to help
streamline a reliable and direct
communication network link
that could receive geodetic and
geotechnical data from the
USGS shortly after an earth-
quake in southern California.

Hudnut says that an earthquake
that comes close to the surface
and has a large amount of

slip close to the surface can
disturb pipelines and actually
cause water to flow the wrong
way in sewer lines or water
delivery lines.

Warping of the ground surface
can also produce compression
in some places and extension
in others, he says, which can
either pull apart or compress
pipeline joints.

Southern California Earthquake Center Quarterly Newsletter, Vol. 5, No. 2, 2000




What scientists intend to do
through SCIGN, Hudnut says,
“is very rapidly provide an
estimate of how the ground has
been displaced, how the tilt
pattern has occurred across a
whole region, and also how the
strain pattern has occurred on a
regional scale. We want to be
able to provide that directly to
the emergency response com-
munity.” High-water-pressure
valves could be shut off auto-
matically as soon as damage or
problems were indicated.

He says scientists want to
provide such information
within a useful time frame—a
few hours or, ideally, in “real
time,” meaning less than 10
minutes after an earthquake.
“There are GPS technologies
coming along that we’re testing
that we think we can do that
with,” he says. Some operators
of large dams in southern
California also are interested in
using GPS for real-time detec-
tion of problems.

Inauguration of the PGGA site at Lake Mathews reservoir, April 1993. In
front is Yehuda Bock, Scripps Institution of Oceanography. In the back
from left to right are Gerald Stayner, Riverside County, Ken Hudnut, USGS,
Gerald Doyle and Bill Young, Riverside County Flood and Water Conserva-
tion District, Keith Stark, Scripps, and an unidentified electrical contractor.
Lake Mathews is a water reservoir operated by the Metropolitan Water
District. This construction was the first joint effort on a continuous GPS
site by the scientific community and southern California surveying groups,
a collaboration that continues to grow within SCIGN and the California
Spatial Reference Center.

Longer term, scientists are
considering monitoring the
“health” of engineered struc-
tures: using GPS and seismic
equipment with a computer
system hooked up to a tall
building or large concrete dam.
A SCIGN continued on next page

Real progress has been made in
monitoring individual large
civil engineering structures, and
civil engineers are among the
groups he and colleagues aim
to help in an emergency re-
sponse sense, Hudnut says.

A Marriage Made in Space karen Brown

Earthquake researchers and sur-
veyors have been working
together on understanding earth-
quakes and earth deformation for
a long time, but it took GPS tech-
nology to marry the two groups
in a way that is set to benefit both.

Surveyors had problems with
the changing shape of the Earth
right from the time of the
establishment of California’s
own Washington’s Monument, in
1852. The structure is not,
of course, in Washington,
D.C. but atop West San Bernar-
dino Peak in the mountains east
of San Bernardino.

Surveyors know this as the Initial
Point from which all the land sur-
veys in southern California were
done. It was named after a sur-
veyor called Washington.

USGS geophysicist Ken Hudnut
relates that Washington and his

Southern California Earthquake Center

party climbed the peak, chopped
down a tree and hewed it into a
30-foot-high timber pole from
which they hung metal plates.

The original surveyors intended to
return to the valley floor surveying
as they went, establishing distance
and shooting back up to the Initial
Point using the sun’s reflections on
the plates to establish the orienta-
tion of their transect lines.

It didn’t work; they couldn’t see the
monument from the flatlands.
Some went back and lit a fire be-
hind so it could be picked up
at night.

Hudnut says they were thus able
to site onto the point and make
measurements from the valley be-
low, establishing what is now
known as Baseline Road running
all the way from San Bernardino
to Pasadena on a direct line of sight
and an east-west orientation.

Washington Monument is placed
at the intersection of the Base Line
and the San Bernardino Meridian,
which is the north-south oriented
line that splits the boundaries into
those east and west of it.

“All the properties to the north of
that line are north and all to the
south are called south,” Hudnut
explains. “That’s how the property
boundaries are all defined.”

Survey monuments, or bench-
marks, were thus established in the
valley floor. Several decades later,
when surveyors tried to close their
survey loops back to the Initial
Point, they noticed larger-than-
standard survey errors.

Hudnut says it was never resolved
as to why the surveys did not close
correctly. He says there is specu-
lation that the 1857 earthquake
“may have caused enough defor-
mation across those networks so

that by the time they crossed the
San Andreas fault and then came
back over it again, the property
boundary baseline surveys may
have just all been offset by move-
ment on the fault.”

In the 1906 earthquake the
ground deformed noticeably, and
surveying instruments picked up
the deformation away from the
fault. Hudnut says it was those
early surveying instruments
that were used as a basis for the
work of H. F. Reid, who is cred-
ited with formulating the
elastic-rebound theory, which is
“fundamental to our understand-
ing of earthquake occurrence and
recurrence even today.”

At least since the turn of the
century, therefore, geodetic data
have had an important role in
understanding earthquakes,
Hudnut says.

Marriage continued on next page
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A SC I G N continued from previous page

The computer system would be
highly sensitive and capable of
deciding whether the structure
had sustained enough damage,
for example, to sound an alarm
or dump water.

In addition, Hudnut says civil
engineers are interested in
SCIGN for information on

land subsidence (monitored
with a combination of synthetic
aperture radar interferometry,
leveling, and GPS), and slow
deformation and fault creep.

Caltrans

Reaping similar rewards as
MWD and looking to the future
is California’s Department of
Transportation (Caltrans), the
agency responsible for the state
highway network.

Caltrans also uses State Plane
Coordinates extensively, in
this case to control state high-
way corridors and provide

a framework for surveys,

says Adrian D. Dauvis,
Caltrans’ geometronics branch
GIS/GPS coordinator.

“Everything we do is based on
the State Plane Coordinates
system: where we locate a
highway or develop right-of-
way lines for highways
facilities,” Davis says.

“Traditionally the points that
have had State Plane Coordi-
nates on them were on
mountaintops, because you
had to see from mountaintop
to mountaintop.

M ar I | ag e continued from previous page

Following the 1906 quake, the
U.S. Coast and Geodetic Survey,
which later became the National
Geodetic Survey, established pro-
file networks across the San
Andreas fault system. “Sure
enough,” Hudnut says, “they saw
the deformation going on across
the fault system.

“Since the 1906 earthquake,
but even before that and certainly
from that time up through the mid
1960s or so, there was a gener-
ally rising appreciation of how
much the ground was deforming
between earthquakes.”

The debate intensified, Hudnut
says, over what was known as the
Palmdale Bulge, or the southern
California uplift.

Then and on through the mid-
1980s, he says, “There was a gen-

eral appreciation of the fact that
the earthquake researchers were
using data collected by the
surveying community to conclude
things about the earthquake haz-
ard problem.”

In my career we’ve
moved from steel tapes to
satellites. What’s going
to happen in the next 50
years? | don’t know.

Hudnut says the USGS Geodolite
Program in the 1970s, which in-
volved earthquake researchers in
high-precision laser-distance mea-
suring along faults, was an
indication of earthquake research
putting resources increasingly
into geodetic measurements to
study earthquakes.

“GPS enabled us to bring the
control down to the job site. We
can bring State Plane Coordinate
geodetic control into our job sites
more effectively and cheaply than
we could in the past.”

Davis says Caltrans is anticipat-
ing the expansion of SCIGN
and similar networks because
some present stations may not
be in areas where the agency
has projects.

“As the SCIGN network is built
up, there will be more stations

throughout southern California

and they’ll just be more acces-

sible. They will be closer to our
jobs,” he says.

“We are supportive of SCIGN
and its endeavors because the

“This marriage that’s come about
now between the surveying com-
munity and the earthquake
research community has been
coming along for decades and
now, finally, with GPS—boom—
everything meshed,” he says.

With the SCIGN network, Hudnut
says, instead of just positioning
points at one time the way they
used to, surveyors will have a con-
trol network that is constantly
being positioned on a daily basis.

“So as the whole network deforms,
they’re keeping track of that, and
they can modernize the way prop-
erty boundaries and all kinds of
other surveying work are done.
Things will be based off a network
that moves with the deformation of
the ground rather than a network
that’s defined at a point in time and
then becomes outdated within a
matter of years.”

sites they are establishing will
be beneficial to Caltrans now
and in the future. It will enable
us to develop project control
on our project sites more eco-
nomically.”

The Surveyors’ View

SCIGN volunteer and retired
Los Angeles city chief surveyor
Robert F. Packard agrees that
ultimately the benefits of SCIGN
boil down to economics.

“The benefits to the surveying
community will be the ability
to refer to a continuously oper-
ating station that is relatively
close to any survey made in the
southern California area,” he
says. “This will improve the
accuracy of the local survey.

Says surveyor and SCIGN volun-
teer Robert F. Packard: “SCIGN
has the potential to move the
surveying community into the
space age as far as its measuring
ability goes.”

Packard says the legal aspect of
surveying will continue the way
it has for centuries, but that mea-
surement-taking will change
with a network that will allow
the local surveyor to tie to a glo-
bal system.

“In my career we’ve moved from
steel tapes to satellites,” he says.
“What’s going to happen in the
next 50 years? | don’t know.”

Packard estimates that it will take
15 or 20 years, however, before
the majority of surveyors are us-
ing GPS regularly.
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“Ultimately | see economics as
the chief driving force, whether
you’re public or private. The
private practitioner has to
deliver the best product for the
most reasonable price. The
public surveyors are continu-
ally constrained by budget
requirements, SO economics
will drive the process.”

By having a SCIGN site close
by, Packard says, “it means that
your organization, public or
private, does not have to main-
tain one of its own. And that
has advantages in that all the
technical expertise of SCIGN is
available—for free—for any-
body who wants to use the
system. The price is right.”

William (Bill) H. Young, fellow
surveyor, SCIGN volunteer,

“Visionaries” is the label Hudnut
applies to Packard and several
other surveyors and SCIGN vol-
unteers—Bill Young, John Canas,
Larry Cotton, Bob Smith, and Bob
Reader. From positions high in
their organizations, they recog-
nized early on how important
GPS would be and worked
with earthquake researchers
on surveys.

It was Packard who, outlining the
benefits to a group of the siting
of a SCIGN station on their prop-
erty, first applied the term
“win-win.” He was referring to
the advantages of surveyors work-
ing with earthquake researchers.

Hudnut says the term might sound
like a cliche, “but when it comes
out of Bob Packard, you buy it be-
cause it comes across so
convincingly. It comes right from
his heart.”

member of the SCIGN
Executive Committee and
Coordinating Board, goes
further from his perspective as
chair of the board of the newly
formed California Spatial Refer-
ence Center, an agency looking
to take on full GPS-based
geodetic control responsibility
for the state.

Young says that the National
Geodetic Survey (NGS)—builder
and guardian of the National
Spatial Reference System—
continues to shrink in size.

“It can no longer maintain the
national network of horizontal
and vertical control points that
makes up the National Spatial
Reference System,” Young told
the latest SCIGN annual meeting.
A SCIGN continued on next page

Hudnut also recalls hearing Bill
Young crediting SCIGN on behalf
of surveyors: “We’d be in deep
Bandini without you.” Hudnut
asked him afterwards and found
out that Bandini was a brand of
lawn fertilizer.

Hudnut says he smiled at this, be-
cause the earthquake researchers
looked at it the other way around—
as the surveyors having helped
them so much.

The likes of Packard and Young had
some hard sell on GPS within their
own organizations, however, be-
cause of the profession’s natural
tendency to work within the estab-
lished system, using equipment
they already owned and were fa-
miliar with.

Surveyors had already faced
change in the form of total station
instruments (combination of previ-

1. =il

GPS technology has enabled scientists and others to monitor motion in large
structures such as Pacoima Dam in Los Angeles. Ken Hudnut, of SCIGN and
USGS, says Los Angeles County wanted monitoring at the dam to know how
much it had moved right after an earthquake. SCIGN scientists helped the
county install two GPS stations. The scientists detected 16 mm in annual
deformation that they related to thermo-elastic motions. “As the dam warms
and cools each year, the concrete expands and contracts so that the dam
flexes like a diaphragm,” Hudnut says. “The GPS picks up these small
motions. Nobody had ever observed this subtle motion of the dam before.
So GPS provides a very sensitive monitoring method.”

ously separate angle-measuring
and distance-measuring gear in
one electronics-based package)
and were just getting familiar with
them when along came GPS,
which was even more foreign
and expensive.

Some of the resistance to GPS, un-
til the late 1980s when things came
together, concerned the GIS user
community. Hudnut says with GPS
the potential is there for anyone
who doesn’t understand surveying
or its principles to go out and po-
sition any point on the ground
within a centimeter with GPS.

“There was never any technology
before that let you do that, espe-
cially not $100 pocket-size
technology,” he says. “To the sur-
veying community, that can either
be seen as a threat or an opportu-
nity, because you’ve got this huge
GIS mapping community saying,

Southern California Earthquake Center Quarterly Newsletter, Vol. 5, No. 2, 2000

‘We don’t need the surveyors any
more. We know how to position
ourselves within a centimeter
or two.’

“Well, the problem then comes
immediately, because once they
try to register what they get with
the GPS unit to this historical
property boundary surveying
information, there is a misrepre-
sentation. The data don’t fit.”

Hudnut says the surveyors under-
stand how to work that out into
legal descriptions of property
boundaries. He believes that is
where licensed land-surveying
professionals will be able to use
GPS to work their way into a
whole new job sector—working
with GIS mapping groups and
“helping them figure out how to
do it right.” H

Photo by John Galetzka



SCIGN PROFILE

Yehuda Bock

Research Geodesist
Institute of Geophysics and Planetary Physics
Scripps Institution of Oceanography

= SCIGN Executive Committee and Coordinating Board,
1994-present

= Director, Scripps Orbit and Permanent Array Center
(SOPAC): Permanent GPS Geodetic Array (PGGA), 1989-
present; UNAVCO Orbit Facility, 1992-present; IGS Global
Data Center and Global Analysis Center, 1992-present

= Principal investigator for the creation of the first permanent
GPS array in the U.S., eventually folded into SCIGN

= Instrumental in founding the California Spatial Reference
Center (CSRC) and currently serves as its director

Education
B.A., mathematics, New York University

B.S., geodetic engineering, Technion-Israel Institute
of Technology

Ph.D. (M.S.), geodetic science, Ohio State University

Professional Highlights
SCEC Crustal Deformation Working Group, 1991-present
California Geodetic Control Committee, 1993-present

IGS Steering Committee, 1991-1993; Governing Board,
1993-present; and Executive Committee, 1995-present

Editorial Board, Manuscripta Geodaetica, 1992-1995
Editorial Board, Journal of Geodesy, 1996-present

Convener, UNAVCO/IRIS Workshop on Geophysical
Observatories and Regional Networks, Scripps Institution
of Oceanography, 1994.

A SC I G N continued from previous page

“This is not as bad as it might
seem, for the satellite-based
Global Positioning System has
come to our rescue. By the
year 2005, NGS plans to
switch from the brass disk and
concrete monument to Con-
tinuously Operating Reference
Stations for the National Spatial
Reference System.”

Elaborating on the problems
connected with maintaining
the critical state spatial refer-
ence system, Hudnut says
that in most of the U.S., if a
highly precise survey were
done and monuments or
benchmarks set in the ground,
someone returning a century
later would find them still there
relative to a station hundreds
of kilometers away.

In California, however, “there’s
this particular problem that
stations keep moving at a rate
of up to a couple of inches a
year. Six years go by and
you’ve moved a foot over to
the northwest.”

Traditionally, surveyors have
referenced property boundaries
in California and elsewhere
back to a control network
based on brass disks on
mountaintops to which every
other measurement is tied.

“Meanwhile,” says Hudnut,
“this whole control network is
deforming through time and so
are property boundaries.

“You can imagine how, through
time, this led to a creeping,
horrendous problem in terms of
defining where things are, and
that’s what property boundary
surveying is all about. Property
boundaries end up overlapping

in some cases. It just makes for
amess.”

Surveyors in California had
historically dealt with the issue
but had had more help from
NGS. An agreement now in
place meant that state and
county surveying organizations
would take on more responsi-
bility to maintain the spatial
reference system.

Young, former Chief of Survey-
ing and Mapping for Riverside
County Flood Control, repre-
sents the League of California
Surveyors on the SCIGN Coor-
dinating Board. He says
Riverside was installing CORS
before SCIGN came along.
Eventually, his county and
others would probably have
installed enough CORS, he
says, but not as many or as
quickly as SCIGN.

Having SCIGN installing the
CORS is saving the surveying
community and the national
government millions of dollars,
Young says.

“SCIGN is really filling a tre-
mendous gap that was being
created in the surveying com-
munity because we didn’t
have the funds to update the
existing coordinates or spatial
reference system.”

Young adds: “The general
public does not realize that
the Spatial Reference System
that we had was deteriorating
to a position that it was next
to useless.”

Benefits of SCIGN will be
far-reaching, he says. He adds
that the main users of GPS
technology will be nontradi-
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tional and in real time. Among
these are agriculture, auto
navigation, trucking, aircraft
(both private and commercial),
trains, boating, earthmoving,
and marine shipping.

“They’re equipping tractors
with GPS units,” Young says.
“They will map their fields,
outline the different soil types
and then when they get ready
to fertilize the fields, the
information’s put into a com-
puter on the tractor, and it will
only dispense fertilizer where
it’s needed. GPS allows them to
know exactly where they are.

“Also, when they spray pesti-
cides, it allows them to spray
the pesticides only in the areas
where they’re needed.”

The construction industry is
also putting GPS equipment on
tractors and graders, which
could then automatically dig or
deposit earth.

Young guesses, however, that
the transportation sector—
already set to be a major

user of GPS—will get the
largest benefits and payoff by
being able to know exactly
where trucks, shipping, trains,
cars, and airplanes are at any
given time.

Adds Packard: “The application
to various kinds of construction
and civil engineering projects
will only be limited by the
imaginations of the folks who
do those kinds of things.”

With SCIGN stations going in at
the rate of two per week, the
remaining approximately 130
are expected to be installed in
about 15 months. But the

benefits are already being felt.
Surveyors, for example, have
filed records of survey for many
of the stations established in
1994 and 1995 after the
Northridge earthquake.

Hudnut says that as a result, the
positions of those continuously
operating stations have become
official through the NGS,
meaning surveyors can now
use the data as legally binding
data when they are submitting
a survey for public record.

Education

Education is yet another sector
that has been quick to appreci-
ate the benefits that “hosting”
a SCIGN station at a school
can bring.

El Camino College in Torrance
responded enthusiastically
when it was approached in
January 1998. The college is
adjacent to the Newport-
Inglewood and Palos Verdes
faults, and the USGS saw the
school as an ideal site for a
station, says Dean of Natural
Sciences Joy Albert.

“l thought it was a good idea,
and | phoned our resident
geologist, Joe Holliday. He
was very excited about getting
the equipment on campus,”
she says.

Albert says Holliday, who knew
about GPS and its applications,
saw it as a way of working the
subject into homework assign-
ments and also of teaching
students about how to get on the
Internet to obtain information.

The SCIGN installation is
located at the college plan-
etarium. An outside display

Off-Scale

7

“The Flames Will Be Here in Fifteen Minutes

Not in history has a modern imperial city been so completely
destroyed. San Francisco is gone. Nothing remains of it but
memories and a fringe of dwelling-houses on its outskirts. Its
industrial section is wiped out. Its business section is wiped out.
Its social and residential section is wiped out. The factories and
warehouses, the great stores and newspaper buildings, the

hotels and palaces of the nabobs, are all gone.

Within an hour after the earthquake shock the smoke of San
Francisco’s burning was a lurid tower visible a hundred miles
away. And for three days and nights this lurid tower swayed in
the sky, reddening the sun, darkening the day, and filling the

land with smoke.

There was no opposing the flames. There was no organization,
no communication. All the cunning adjustments of a twentieth
century city had been smashed by the earthquake. The streets
were humped into ridges and depressions and piled with the

debris of fallen walls.

Dynamite was lavishly used, and many of San Francisco’s
proudest structures were crumbled by man himself into ruins, but
there was no withstanding the onrush o’ the flames. Time and
again successful stands were made by the firefighters, and every
time the flames flanked around on either side, or came up from

the rear, and turned to defeat the hard-won victory.

On Thursday morning, at a quarter past five, just twenty-four
hours after the earthquake, | sat on the steps of a small residence
on Nob Hill. I went inside with the owner of the house on the
steps of which | sat. He was cool and cheerful and hospitable.
“Yesterday morning,” he said, “l was worth six hundred thou-

sand dollars. This morning this house is all | have left.”

He pointed to a large cabinet. “That is my wife’s collection of
china. This rug upon which we stand is a present. It cost fifteen
thousand dollars. Try that piano. Listen to its tone. There are few

like it. The flames will be here in fifteen minutes.”

—Jack London, Collier’s, 1906
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case contains the equipment
and information about it to tell
students what they are looking
at: high-technology equipment
in operation.

“It cost them [SCIGN] $30,000
to install the equipment and
they’re going to maintain it free
of charge,” Albert says. “So we
have this wonderful, currently
in use equipment which is all
free, and that’s something we
couldn’t have purchased. It
makes students more aware

of the scientific basis of
earthquakes, and the more
information | think you have
about a subject the less frighten-
ing itis.”

Downey High School also

has a SCIGN station up and
running, situated in an outdoor-
classroom-type area that
features a half-acre vineyard. A
weather station is also planned.

Vice-principal Tom Houts, who
has a science background, says
SCIGN was keen on the school
as a possible equipment site
because of a fault it was inter-
ested in that “pretty much runs
under Downey High School. “

“l thought it was a wonderful
idea,” he says. Two other sci-
ence teachers also were
receptive, and the equipment
went in about six months ago.

Recently the school found out
that it had been selected as a
Digital High School (a state
program that offers funding to
help schools catch up techno-
logically); Houts says that
beginning next year every class-
room will have Internet access.

Information available on the
Internet through the SCIGN

connection will become
part of class work: “We can
get away from textbooks
and look at real data as it’s
happening, live.”

Downey science teacher Greg
Pittenger says that when more
SCIGN stations are installed
and downloading data, the data
are going to be useful.

“We have access to all their
data, so in our earth science
classes, we can start using
some of that to talk about
earthquake epicenters and fault
line tracing. We’ll be able to
bring down the data and look
real time or archive the data
and see what’s happened over
a longer period of time.”

Really Big Picture

Among so many pluses, what
SCIGN spin-off matters most
personally to Hudnut? “I guess
the overall big-picture best
reason to do it is that we have
the technology to do precise
geodesy in a continuous mode
now. This is how seismic net-
works have operated for a long
time. In geodesy, we’ve never
been able to do that before.

“l have the real strong sense
that what we’re doing is going
to improve our ability to quan-
tify the earthquake hazard,
respond to future earthquakes
and get good information out
after future earthquakes.

“I think it is going to definitely
benefit a lot of people, partly
just by virtue of the fact that
this network is planted right on
top of 15 million people; it’s
got to help people.” &
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William H. Young

President, Board of Directors
Analytical Photogrammetric Surveys, Inc.

= Member, SCIGN Executive Committee; liaison for survey-
ing, engineering, and scientific communities

= Since SCIGN's inception, has participated in efforts to
locate permanent sites for its network of Continuously
Operating Reference Stations (CORS)

Education
Graduate, Harbor College, Harbor City, California

Graduate study in photogrammetry, Loyola University, and
in geodesy, UCLA

Certificate, Advanced Management Program, UC Riverside

Professional Highlights
Chair, California Spatial Reference Center

Chief of Surveying and Mapping, Riverside County Flood
Control and Water Conservation District for 39 years

(ret. 1996); spearheaded the district’s development of, and
transition to, fully integrated Geographic Information System

Instructor, Engineering Photogrammetry, University of
California, Riverside, and Pasadena City College

Licensed by the State of California as a land surveyor,
photogrammetric surveyor, and consulting engineer

Member, National Academy of Sciences
—Member, NAS Research Committee of Geodesy



On A-SCIGN-ment

| Try to Keep Up with John Galetzka

Sara Tekula

John Galetzka moves. Con-
stantly. Even when he’s
standing still, he makes you
think of motion—clearly a man
ready for anything, whenever
and wherever it shows up. And
chances are, if it doesn’t show
up, John will go out and find it.
Even when he’s not physically
in motion, you know his mind
is leaping ahead and around,
curious about his world and
what’s next in store.

Personal
Profile

John Galetzka

“Every day is like a new life.”

—J. Galetzka
Born
San Luis Obispo, California
Raised
Oregon
Education

University of Oregon, B.S.,
Geology, 1995.

Philosophies

Keep the mind open, think
about your buddy, eat right
(and include some good
chocolate now and then!), re-
cycle, and make every day
count.

This is a good thing for SCIGN.
Because to wear the number of
hats issued with the job of
SCIGN network coordinator, he
needs plenty of energy—on any
given day, the job title can shift
from Negotiator, to Mountain
Climber, to Geologist, to
Carpenter, to Outreach Profes-
sional. John doesn’t even blink.

Consider the first time | caught
John actually at rest. Early in
the morning on the first day of
the 1998 SCEC Annual Meet-
ing, | found him on a couch
in the hotel foyer,

struggling
to stay

awake.

Photo by Sara Tekula

When | asked him why he was
so tired, he explained that,
rather than spending the previ-
ous night in a comfortable Palm
Springs hotel room, he’d been
out in the desert searching for
future SCIGN sites before
unrolling his sleeping bag on
the desert floor and sleeping
under the stars.

It’s this kind of enthusiasm and
immersion in his work that
gives rise to such questions as
“Does he ever sleep?” (Answer:
sometimes; see above) and
“Where does he get his en-
ergy?” (Answer: | wish | knew;
see below).

First: Coffee

In mid-March, John was super-
vising and coordinating the
installation of a GPS monument
at El Camino College in Tor-
rance, so | decided to join him
to see if | could uncover the
source of the dynamo that
drives him. In the days leading
up to my field trip, | received
several warnings from my
colleagues. “Make sure you get
enough caffeine in your sys-
tem” was the most common. |
boasted that | wouldn’t need it.
My confidence didn’t last
long—on the way meet him at
the site at 6 a.m., | decided to
stop for coffee.
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I spent the first half of the day
observing the process of SCIGN
monument installation. It’s
really much simpler than |
expected, with everyone work-
ing in a professional but
informal atmosphere.

On a mountaintop in
China, he met an English
geologist/stockbroker,
who got him thinking
about land in a new way.

Mr. Coordinator

Building a GPS station requires
finely tuned synchronization
among many contractors, and
it’s here that John’s skill at
changing hats is most apparent.
As SCIGN Network Coordina-
tor, he oversees the project
from beginning to end. First, he
has to locate potential sites—
meaning he does a lot of
driving around. When he finds
a potential site, he begins the
work of getting the permits to
build the station—often a
lengthy process, especially
when a SCIGN monument is to
be built on city or county
property. When the permits are
secured, he moves into the next
phase—working with contrac-
tors to build the sites (the phase
| observed on this field trip).

Photo by Tom Rockwell



John Galetzka (far right) and Sara Tekula (in front) along with the drilling
crew that was installing a GPS receiver for SCIGN at EI Camino College

in Torrance.

Once the search for new sites
slows down, John will focus
more on keeping tabs on each
site and participating in re-
search and development,
including assisting in research
dissemination for SCIGN-
generated data.

History over Lunch

After | ate a breakfast burrito for
my lunch and watched John eat
from a bag of nuts and berries
for his, we sat for awhile and
talked about the road he’s been
on that led him to SCIGN.

John attended high school in
Oregon, and upon graduation,
he decided that he didn’t want
to go to college. Instead, in-
spired by President Reagan’s
call for support and the Cold
War that was still in progress,
he felt called to, as he says,
“protect the country and do
public service through military
service.” So, right out of high

school, John and four friends
became Army Rangers, whose
mission for four years was to
parachute into enemy airfields,
capture and secure the land,
then continue to infiltrate the
country, controlling traffic in
and out of the area. John en-
joyed his army experience (“it

His field partners report
that they can't keep track
of John. One moment he's
right beside them. The
next moment he's up a
tree, on a rooftop, or on
top of the next hill.

was lots of fun,” he says), and
when it was over, it was time
for what he calls “new fun.”

“New fun” was traveling the
world with a hometown friend
and fellow Ranger. The two
spent a year in East and South-

“Geologic Forces
and Human Will”

Field Notes

Excerpts from John Galetzka’s field notebook from
another day, earlier this year, showing how this man
gets around...

0810 hrs, near Rose Valley Road and Hwy 33
Dang! I’'m really getting a late start today!

Although | didn’t mind the air temperature hovering at 32
degrees or the lumpy ground under my sleeping bag, my sub-
conscious was evidently uncomfortable being in a bivouac
site so close to the highway. | had nightmares all night of
being raided by evil travelers who happened to catch sight of
my vulnerable white USGS vehicle.

But now it was the start of a beautiful day made all the better
by a refreshing head dunk in Sespe Creek. Breakfast con-
sisted of dried mangos, a Balance Bar, and water.

0900 hrs, farther up Hwy 33
After thanking the officer, | walked up the road to the ranch
to see things for myself. The place had several small houses
and mobile homes spread around. Each was abandoned,
and there were no fresh vehicle tracks on the dirt road.
Very eerie...

1110 hrs, old gas station at turn-off to

Carrizo Plain from Hwy 166
The journey north out of Ventura County is an amazing spec-
tacle of geologic forces and human will. Hay farms and
pistachio orchards nestled in valleys bounded by slopes of
steeply dipping sedimentary rocks.

The next destination was the Carrizo Plain, but before | started
this next leg | wanted use this rare-for-this-part-of-California
pay phone to check in with the office. Linda Curtis, the psy-
chic secretary at our USGS Pasadena Field Office, is always
a friendly voice to hear and is quick to relay all my messages.
Without her, | am dust.

1200 hrs, Goodwin Education Center, Carrizo Plain
We ended up finding a spot suitable to all parties and came
up with a plan of how to handle the permit process. What a
wonderful place this is with its wide-open landscape and big
sky! Truly one of my favorite places in southern California.

1850 hrs, Blue Moon Café in Ojai

| also took the time to pull into a viewpoint alongside Hwy 33
at the head of Matilija Canyon to watch the sunset and ad-
mire the incredible view of the Pacific and Santa Cruz Island
far to the south. It was dark by the time | pulled into Ojai and
found the Blue Moon Café. My routine is to put down some
hot chow and compile notes onto my laptop computer while
enjoying dessert and coffee.

2315 hrs, my home in South Pasadena
Took Hwy 126 for a quiet night ride home. Looking forward
to a good night of sleep and meeting tomorrow with incred-
ible SCIGN volunteers Bill Young, Bob Packard, and Art Varon.
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east Asia, “exploring,” he says,
“new lands, new cultures,
foods, peoples, and political
ideas.” On a mountaintop in
China, he met an English geolo-
gist/stockbroker, who got him
thinking about land in a new
way. And his new acquaintance
said something that stayed in
John’s mind: “You go to school
to learn how to think, how to
solve problems.”

Soon after this meeting,
however, John became very
ill. Discovering he had tuber-
culosis, he returned home

to Eugene.

Fortuitous Juncture

He took a year to recover, and
when he was well again, he
felt, he says, as though he had
“a new lease on life.” Remem-
bering what his mountaintop

SCIGN'’s Secretary of Energy

John Galetzka—An Appreciation

Nancy King

John Galetzka works out of the
USGS Pasadena office. He super-
vises field technicians, oversees
station maintenance, and works
tirelessly on station reconnais-
sance and installation. He has
done splendid work and has
earned the liking and respect of
all his colleagues.

We are all astounded by his en-
ergy. John never seems to stop
working. He comes to work early
with the morning people and
leaves late with the night people.
He may work a long day in the
office and then drive out to the
desert for evening station recon-
naissance. His field partners
report that they can’t keep track
of John. One moment he’s right
beside them. The next moment
he’s up a tree, on a rooftop, or on
top of the next hill.

When John does stop working, he
doesn’t just go home like most
people. It is nothing for John to
casually mention, after a day in

the field that would exhaust most
people, that he’s going to relax by
going out to dance the tango. If
he’s not tangoing, he’s hiking. He
leads hikes for the Sierra Club but
doesn’t have many takers since
people have learned that John’s
hikes are way too hard.

John meets many people while
doing his job, and all of them like
him. We hear constant comments
on his cheerfulness, competence,
and, of course, his energy. John
can talk to anyone and often en-
lists people in SCIGN’s cause.
When the station at Compton Col-
lege was in the way of road
construction, John persuaded the
construction crew to move the
road. A forest ranger who started
by asking John if he needed help
ended up helping him with recon-
naissance. John, in turn, often
stops to help put out fires, free
stuck vehicles, or render first aid.
SCIGN is fortunate to have such
an ambassador.

friend had said, John studied for
two years at a community
college, then transferred to the
University of Oregon to study
geology with Ray Weldon. A
course in field geology con-
vinced John he had found his
niche, and his enthusiasm led
his professor to suggest he
apply for an internship with
the USGS.

John interned with Ken Hudnut
(USGS geodesist and current
SCIGN chair) during the sum-
mer of 1996. At that time, John
says, SCIGN was “baby sized,”

I’'ve spent a fifth of my
nights during the last year
out under the stars. It’s
hard to get back to being
in the office.

and was known as DGGA—the
Dense Geodetic GPS Array. At
the end of the summer, Ken
asked John to stay and work for
the USGS and SCIGN project
as the network coordinator. “To
this day, I still don’t know what
that means, exactly,” says John,
“but it definitely involves get-
ting things done.”

This past summer, SCIGN’s
“Energizer Bunny” took some
time off to do a different kind
of fieldwork. John went to
Sumatra (on the western end
of the Indonesian archipelago).
Kerry Sieh of Caltech invited
him to collect large coral
head samples, survey and
map research sites, and com-
pile data.
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Finishing the Job

On his return, he came back to
SCIGN. “l want to see SCIGN'’s
five-year [funding] lifetime go
as planned,” he tells me,
“though I’'m sure it will live
much longer than that because
the network is so valuable.”

And after that? John thinks a
Ph.D. in geology is a possibil-
ity. Definitely not geophysics,
though—*“that requires being
indoors too much. I've spent a
fifth of my nights during the last
year out under the stars. It’s
hard to get back to being in

the office.

“Or | could go off and do
something completely different.
There are so many exciting
things; who knows? | don’t
worry; there’s always some-
thing interesting around

the corner.”

One thing’s certain: Whatever
he does, wherever he lands,
having John around makes it
mighty interesting for the rest
of us. Just bring coffee.

Photo by Sara Tekula




SCIGN Education Module

Passing along the Spirit of Inquiry

Sara Tekula and Jill Andrews

When earth scientists first
decided to use the “eyes in the
sky” (Global Positioning System
satellites) to study minute
changes in the Earth’s crust,
they were surely embarking on

products appropriate for middle
school students. The teacher-
advisors work with the module
creators (scientists), combining

weekend workshops with

online feedback. We call this

“Exploring the Use of Space Technology in Earthquake
Studies” is an online tutorial that teaches the basic
concepts of earthquake science and the Global

Positioning System.

a project that feeds the imagi-
nation and opens doors to new
possibilities for Earth science
researchers. To pass this spirit
of inquiry on to younger gen-
erations thirsty for knowledge,
in 1996 SCEC’s education
program director designed a
summer internship project to
create an educational product
that could promote understand-
ing of the scientific basis of the
Southern California Integrated
GPS Network (SCIGN).

The result of that summer
internship was the launching of
the SCIGN Education Module,
“Exploring the Use of Space
Technology in Earthquake
Studies.” Since the first module
was created for accelerated
high school students and com-
munity college students, SCEC
recruited an advisory team to
align the modules to National
Education Standards, beta test
them in their classrooms, and
begin translating them into

project, created to enhance the
existing module, Development
of Earth Science Curricula
(DESC) Online.

“Exploring the Use of Space
Technology in Earthquake
Studies” is an online tutorial
that teaches the basic concepts
of earthquake science and the
Global Positioning System,
highlighting SCIGN’s contribu-
tions to measuring ground
motion in southern California.
The module is divided into
sections that introduce material
and activities focusing on plate
tectonics, earthquakes, GPS,
and space technology at work.

The first three sections highlight
satellite technology and tec-
tonic phenomena; the final
section serves to integrate
knowledge learned in the first
three by allowing students to
use real SCIGN data in their
investigations. There is an
inventive “Activities” section

Education Module Overview

Exploring the Use of Space
Technology in Earthquake Studies

Appropriate Grade Levels
High school and college undergraduate

Design of the Module

This educational module was designed to allow students to explore
interactively the use of SCIGN and its data in earthquake studies. Itis
divided into four major sections: Plate Tectonics, Earthquakes, GPS,
and Space Technology at Work. All the sections include background
material and activities.

Principal Authors
Maggi Glasscoe, Anne Mikolajcik, Andrea Donnellan, Mike Watkins,
and Mark Smith with funding provided by the JPL, SCIGN, and SCEC

Example Activity

The following is the beginning of one of the activities included in the
SCIGN Education Module. The illustrations and data referred to are
provided online.

How long will it take for Los Angeles and San Francisco to meet?

The crust in southern California is constantly changing due to tec-
tonic movement. The San Andreas fault, which is the main surface
evidence of the plate boundary between the North American and
Pacific plates, is allowing most of the movement of these plates as
they grind past each other. This sort of boundary is known as a
transform boundary.

Some day in the distant future, the movement of the Pacific plate
along the San Andreas fault will eventually lead to Los Angeles and
eastern San Francisco meeting and becoming neighbors. How long
is that going to take?

We can figure this out by looking at two different SCIGN stations, one
on each side of the San Andreas and use their relative motion to deter-
mine how long it will take for Los Angeles and San Francisco to meet.

First, let’s use the accompanying graphic to find where the SCIGN
stations are located so we can choose two appropriate stations. To
determine the relative motion of the North American and Pacific plates,
we will need to choose stations that are on each of these plates.

For the rest of the activity and accompanying materials, see:
HTTP://SCIGN.JPL.NASA.GOV/LEARN.

that accompanies this module,
which poses such questions as
“How many earthquakes does
it take to make a mountain?”

and “How long will it take for
San Francisco and Los Angeles
to meet?” W
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SCEC Intern Was Pivotal in Project

Developing the SCIGN Education Module

Maggi Glasscoe

If someone had told me that the
little Web-based project that |
started as a SCEC intern would
develop into the full-fledged
education module that it is
today, | would not have be-
lieved it. The little Web project
went from a lot of text on a
gray background to an inter-
active Web site, complete with
graphics and animation. More
than two years of effort have
been completely worth it,
especially when teachers and
students say that they are ex-
cited about the project as well.
Such feedback helped drive the
development of this module.

It is hard to believe that a little
over two years ago | was con-

Working with the teachers
and hearing from students
who have been inspired
by the module and the
topics of GPS and earth-
quakes has made every
bit of developing this
module worth it.

sulting a book entitled Learn to
Program HTML in 14 Days and
struggling with just getting text
onto the Web. Today, | worry
that the text | am putting up for
the world to see is accurate

and insightful and meets educa-
tion standards.

This whole project was born
from an idea shared by Mark
Smith and Andrea Donnellan,
who were directly involved in
SCIGN activities at JPL. Mark
was working with schools early
in SCIGN’s history, trying to
find possible sites for the
SCIGN stations. When he
spoke with school officials,
they often commented that it
would be nice to have educa-
tional materials to help explain
the SCIGN sites on the school
campuses. He shared this with
Andrea, who then spoke with
Curt Abdouch (the former
education director at SCEC)
about the possibility of finding
a SCEC intern interested in
developing these materials. |
happened to be applying for a
SCEC internship that year and
was interested both in Web
design and GPS, and the rest
is history.

The project continued even
after my summer internship
ended, and the module contin-
ued to evolve. | worked closely
with JPL scientists who were
involved with SCIGN, includ-
ing Andrea, Mike Watkins, Ken
Hurst, Mike Heflin, and a
student from Occidental Col-
lege, who is now at the
University of Washington, Anne
Mikolajcik. We also kept in
touch with SCEC and worked
closely with Meridith Osterfeld,
an educational consultant

working on the state systemic
initiative in science, who
worked as a reviewer on

the project.

In 1998, we met with lill
Andrews and Sara Tekula of
SCEC Outreach and started to
gear the module up for public

It is hard to believe that a
little over two years ago |
was consulting a book
entitled Learn to Program
HTML in 14 Days and
struggling with just getting
text onto the Web.

release. This now meant that
educators would be looking at
the module and helping us with
the review process so that it
would meet education stan-
dards. Meridith began to work
closely with Jill and Sara, and
the SCIGN module became a
part of SCEC’s new DESC
Online program. This was a
very exciting time for me,
because | was working on
making the site more interac-
tive by adding animation and
other graphics. Anne and | had
already written the bulk of the
text, so this meant that the
module would soon be ready
for public release.

In August 1998, we released
the module to the public in its
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beta form (HTTP://SCIGN.IPL.NASA.
cov/LEArRN). We have received a
great deal of feedback that has
been helpful in developing and
refining the module. Currently,
we are working closely with
SCEC to review the module and
bring them into compliance
with educational standards so
that they will be useful at the
high school and middle school
levels. | am also continuing to
develop more informative
animation and activities to be
used in the classroom.

All in all, this process has been
extremely exciting and fulfilling
and has been a great deal of
fun as well. | am excited and
pleased to have been lucky
enough to have stumbled into
the SCEC office two and a half
years ago and been awarded
the SCEC internship that started
me on this project.

Working with the teachers and
hearing from students who
have been inspired by the
module and the topics of GPS
and earthquakes has made
every bit of developing this
module worth it. The next step
in the process is going to be the
most critical, | think. Once the
review is complete, the module
will be ready for use in the
classroom, which is our ulti-
mate goal. l




Tal es continued from page 3

The antenna and tripod, at-
tached to the receiver by the
cable, were dragged down the
street until the cable broke. The
field tech called 911 and was
put on hold. We never got the
receiver back.

In the early days, we also had
problems unique to GPS. At the
time of the first UNAVCO
campaigns there were only
seven GPS satellites. They rose
over California in the middle of
the night, so we often began
tracking at midnight. Finding
stations and setting up is, of
course, much more difficult in
the dark. The early UNAVCO
observing protocol also re-
quired us to measure
temperature, pressure, and
humidity every 30 minutes.
These measurements, taken
only with flashlight illumination
by people who were bleary-

We were always
staggering around
carrying batteries in and
out of motels. Our rooms
often looked like battery
warehouses.

eyed and usually bone-cold,
were probably not the most
reliable of scientific observa-
tions and turned out to be
unnecessary anyway.

Hanging out in vehicles in
remote areas at night also tends
to look suspicious, and our
activities often attracted the
attention of the police. Al-
though most people have heard
of GPS today, in those days it
was almost unknown. The

SCIGN PROFILE

police sometimes had a hard
time accepting our explanation
that we were out tracking
satellites in the wee hours of
the morning because we
wanted to study earthquakes.

Finally, when we weren’t on
station, we were charging

We discovered that one of
the monuments on San
Clemente Island was in

the skip zone of the = ;
Navy’s shelling range and . .
that the zone was inhab- Mlchael Heﬂm
ited by wild pigs. Senior Member, Technical Staff

Jet Propulsion Laboratory

batteries. The early GPS receiv-
ers were power hogs and
required two heavy deep-cycle
marine batteries that were
drained every night. We were

= Interprets data from SCIGN and derives GSP time series,
positions, and velocities

= Discussed recent SCIGN results published in Geology on

always staggering around carry- the NBC Nightly News with Tom Brokaw and on Los
ing batteries in and out of motels. Angeles local news broadcasts on channels 2, 4, 7, 9, 11
Our rooms often looked like and 13

battery warehouses, which must
have puzzled the cleaning staff.

Education
The 200 new SCIGN stations B.S., Miami University, Oxford, Ohio
require a huge reconnaissance
and installation effort. A project Ph.D., Massachusetts Institute of Technology
of this magnitude inevitably
leads to its own set of associ-
ated field tales. Those of us Professional Highlights
who remember campaign- Member, American Geophysical Union
mode GPS are happy to see the
new state-of-the-art array. Member, Sigma Xi

However, as we hunch over our
workstations, we fondly re-
member our old adventures and NASA Group Achievement Award
sometimes wonder if those days
weren’t more fun. l

NASA Tech Brief Award for innovative technology

GIPSY Software Award

JPL Award for Excellence

Interested in sharing a field-
work story of your own?
hough@gps.caltech.edu
WWW-SOCAL.WR.USGS.GOV/HOUGH/
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continued from page 11

History
participating organizations),
and an executive committee
headed by a chairperson.

The first chair of SCIGN was
Duncan Agnew by virtue of his
being the head of the SCEC
Crustal Deformation Working
Group. After Agnew came Will
Prescott, Yehuda Bock, Frank
Webb, and the current chair,
Ken Hudnut.

As currently funded, SCIGN has
a lifetime of seven years. The
first two years were devoted to
implementation and the re-
maining five to operation,
under the assumption, Webb
said, that five years would be
enough time to gather the data
necessary to understand tecton-
ics in southern California.

The SCIGN operations plan
went through development and
revision throughout 1996 and
into 1997. Before the current
full funding was secured, the
plan called for installation in
phases. Hudnut remembered,
“At that time, we were thinking
in terms of how to install the
network in stages, depending
on how the money came in.”
However, with nearly full
funding following the Keck
Foundation grant and a supple-
mentary NSF award, the phases
changed significance. They
now indicate simply when
installation contracts will be let.

Phase 1 was a kind of shake-
down that involved installing
three stations and writing eight
site evaluation reports. Phase 2,
now finished, called for install-
ing 100 stations. Phase 3,
scheduled to be finished by the
end of the year 2000, will
complete the total of 250
stations. Siting and permitting

had been envisioned as part of
the contract work, but to keep
contract costs down, SCIGN
staff led by John Galetzka,
network coordinator, took on
that major task.

Originally, the division of
responsibility between Scripps
and USGS was planned along
the PGGA/DGGA lines, reflect-
ing the two original networks
that merged to form SCIGN.
However, in practice, it’s
turned out that Scripps main-
tains the southern sites and
USGS maintains the sites in the
north end of the SCIGN array,
which includes the entire L.A.
basin. Some original PGGA
sites, such as Vandenberg Air
Force Base, were transferred to
USGS responsibility and vice
versa. In the final configuration,
Scripps will be responsible for
50 sites and USGS will be
responsible for 200 sites. Main-
tenance means both physically
maintaining the site as well as
downloading the data.

Funding SCIGN

SCIGN organizers tried to get
funding from the state of Cali-
fornia and other sources that
don’t typically support this kind
of research, but nothing was
working. “The main thing that
we wanted was to bring in new
money so that we would not
compete for existing funds with
colleagues doing related re-
search,” explained Hudnut.

They succeeded when they
received $5.6 million in funds
from the W. M. Keck Founda-
tion. “That large amount of
money from a private source
really set our project apart,”
said Hudnut. “It allowed us to
match federal funding with a
degree of comfort and flexibil-

SCIGN PROFILE

Andrea Donnellan

Research Scientist
Satellite Geodesy and Geodynamics Systems Group
Jet Propulsion Laboratory

Member, SCIGN Coordinating Board (SCEC representative,
1994-1998; NASA representative, 1999-present)

Convened first network design workshop at JPL (1995) and
co-convened (with Yehuda Bock) second workshop at
Scripps (1997)

Member, SCIGN “Dots” committee (phase | of the network)

Development oversight of SCEC DESC online Web-based
educational modules for SCIGN

Education
B.S., geology, Ohio State University

M.S., geophysics, California Institute of Technology
Ph.D., geophysics, California Institute of Technology

Professional Highlights

Pacific Plate Boundary Observatory steering committee,
1999-present

General Earthquake Models (GEM) program planning
committee co-chair, 1998-present

AGU 2000 and 2001 Spring Meeting program committee
geodesy section chair-elect (2000) and chair (2001)

GEM Data committee co-chair, 1999-present
SCEC Crustal Deformation Working Group, 1993-present
Member, American Geophysical Union, 1986-present

AGU Geodesy Section educational outreach representative,
1999

Recipient, SCEC Outreach Award for Education, 1998
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ity that we would never have
achieved otherwise. The Keck
Foundation award was pivotal
to the success of SCIGN.

“The main thing that helped us,
overall, was the occurrence of
the Northridge earthquake,”
said Hudnut. NASA and USGS
immediately offered support for
putting in more GPS stations.

It also helped that the group
was experienced at writing and
submitting proposals. Their
work was respected and well
known to the funding agencies
by the time of Northridge.

However, full funding didn’t
just fall into their laps even
after the Northridge earth-
quake, Hudnut pointed out.
“We’d been out there pounding
the pavement for quite some
time before the Keck funding
came through.”

SCIGN'’s advisory council has
strongly urged the group to find
funding sources that would
continue operations to ensure
that each station in the net-
work produced at least five
years’ worth of observations.
Hudnut believes that even if

current funding sources run
short of that goal, others are
likely to follow.

“l think we’re going to be able
to keep it going,” he said. “The
California Spatial Reference

In the future, Hudnut expects
that funding agencies will look
at SCIGN to justify funding or
not funding similar arrays,
particularly in urban areas
along the plate boundary.
However, he is also confident

If we were able to record data from the full network for
five years, and then we had a M 7.2 or higher, and
then we kept the network running for an additional five
years—that would be beautiful.

Center is a potential revenue
generator. We may be able to
draw upon the surveying
organizations in southern
California once they become
reliant on the data from the
stations. My guess is that they’ll
be able to help us out with
personnel in order to keep the
network running.”

Bock pointed out that local and
state agencies have a stake in
an ongoing permanent GPS
network. “SCIGN received
funds from several counties in
our area, some flood control
districts, and Caltrans. They
recognized the benefits and
wanted sites in their locations.”

How SCIGN Is Funded

The Southern California Integrated GPS Network is
administratively a part of the Southern California Earth-
quake Center, which is an NSF-sponsored science and
technology center for coordinating earthquake re-
search. In the case of SCIGN, however, special funding
sources came together to make it happen. Early sup-
port from the USGS and NASA provided startup
monies, and subsequent major grants from the Keck
Foundation, NASA, and the NSF ensured its continu-

ation and completion.

of the SCIGN approach. “I
think that this is a globally
applicable approach to better
evaluating seismic hazards.”

Bock added, “I'd also give
credit to SCEC for organizing
and providing the umbrella to
allow these groups to work
productively together. Without
SCEC, we wouldn’t have had
SCIGN the way it is today.”

The Equipment

“The first meeting | went to
where people were talking
about GPS was in 1984,”
remembered Hudnut. “At that
time people were talking about
the very best you could do
with high precision GPS was
6-10 cm. Now we’re down to
3-4 mm.” The decade from
1985 to 1995 was the period in
which GPS hit its fastest growth
spurt and in which it matured
into a scientifically precise and
economical tool. “Now we’re
getting out there onto the tail of
the exponential where we’re
having to work harder to get
every little bit more in terms of
precision,” Hudnut said.

In 1995 the current type of
receiver and antenna cost
about $25,000. Hudnut expects
that in a few more years “we’re

going to be able to buy the top
of the line geodetic receiver
and antenna for something
like $5,000.”

Although almost every aspect
of the SCIGN program reflects
the need for precision, a few
early decisions stand out as
critical shapers of the project’s
success. First, and most funda-
mental, is the design of the
monuments on which the
receivers are mounted. SCIGN
developed its own specifica-
tions for the monuments, based
on a design by Frank Wyatt at
Scripps, including blueprints for
the welded stainless steel tripod
that each receiver is mounted
on and the adapter ring that
connects the base with the
receiver. The purpose of the
design was not only to ensure a
stable monument that was well
attached to the Earth’s crust, but
a monument that would have a
useful life of 50 years.

SCIGN’s work with the manu-
facturers of GPS equipment
ensured that each station would
have the best equipment avail-
able and that each station was
fully tested before and after
installation. In many cases,
receivers, antennas, and other
parts had to be returned be-
cause they did not meet
SCIGNs rigid specifications
and testing.

Fairly early in the process, it
became clear that the antennas
and their choke rings (concen-
tric metal rings at the base of
the antenna that prevent dupli-
cate signal reception) needed
protection from the elements
and that no available covering
was adequate. The solution?
SCIGN scientists designed
their own “radomes” and had
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them manufactured. To support
that additional cost, they now
also sell those domes to other
GPS networks.

In the case of a future
earthquake, we can
have the trap set and
ready to capture
something interesting.

In the future, anyone wanting
to install a dense network will
have to look carefully at the
experience and data from
SCIGN. Although appropriate
alternatives to the SCIGN
choices are possible if a high
degree of precision is not
needed, Hudnut is confident
that if a network needs to be
within a mm/yr, then it must
use drilled-braced monuments
of the type SCIGN is using—or
something better, if available.
“For any geophysical applica-
tion, you want as high a
signal-to-noise ratio as pos-
sible,” said Hudnut. “The cost
of good monuments is going to
prove very worthwhile for
getting the best science from
these new networks.”

Strain Meters

Though SCIGN is primarily a
GPS project, there are also laser
strain meters in three southern
California locations; two are at
Pifion Flat Observatory in the
San Jacinto Mountains and
another is at Bombay Beach
near the Salton Sea. A third site
is being developed in the L.A.
basin, along the Glendale
Freeway near the San Rafael
Hills. The strain meters, in-
stalled and maintained by
Duncan Agnew and Frank
Wyatt, provide an independent
check on the data from the GPS

network. The laser is shot a few
hundred meters through a
vacuum from one monument to
another and provides a more
accurate measurement of
ground motion than is possible
with GPS. The strain meters
measure how the ground is
moving all the time and there-
fore how strain is building very
precisely over a relatively short
distance—down to near a
thousandth of a millimeter—
about two to three orders of
magnitude more sensitive

than GPS.

Keeping It All Going

Judging by the paperwork
alone—the official plans, re-
ports, papers, press releases,
and presentations—SCIGN
seems like a huge organization.
In reality, it involves a relatively
small number of people, almost
all of whom have other projects
or responsibilities. Therefore,
when something goes wrong, it
can have a significant effect on
the project and the people.

When sub-millimeter precision
is your goal, you have to have
the best, and it has to be reli-
able. If previous SCEC work
and SCIGN’s own goals set
high standards for the project,
those standards necessarily had
to be passed along to all others
associated with the project,
including the equipment manu-
facturers. Almost every aspect
of SCIGN was innovative.
Despite the best-laid plans, not
everything worked right the first
time. Hudnut reluctantly men-
tioned one example: “The
antennas—what a nightmare—
we all spent a lot of time on
that. The company we bought
them from eventually had to
recall them.

“You set a goal, make a list of
all the things you have to do to
get there, and then plan out
your time accordingly,” said
Hudnut in describing the ob-
stacles SCIGN encountered.
“Then—boom—the first thing
pops up that you hadn’t
planned on, so you have to
deal with that. Then—boom—
the next thing pops up. By the
time you’ve dealt with all the
little problems—and some of
them aren’t so little—you start
getting behind schedule and
getting frustrated and realizing
just how severely you are
understaffed. It starts getting to
be a serious weight on your
shoulders instead of being
something you can just breezily
toss off. You start feeling as
though you’re slogging along
rather than walking along

and whistling.”

The cost of good monu-
ments is going to prove
worthwhile for getting the
best science from these
new networks.

Why SCIGN?

The technical goal of SCIGN

is to achieve sub-millimeter-
per-year precision in crustal
motion. Where does it stand
in 2000 on its way to that
goal? “It’s still a goal,” said
Webb, “because that goal is
based on five to seven years of
operation. As time goes on, we
will accumulate more data,
increase our knowledge, and
the long-term velocities will
get more accurate.”

Hudnut summarized the overall
scientific purpose of the part of
the SCIGN array in the L.A.
basin, the part where receivers
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are installed with the greatest
density as determining “how
the crustal motion between Mt.
Wilson and Palos Verdes is
distributed.” The total move-
ment is about 7 mm/yr;
therefore, “we knew that our
accuracy level had to be within
a millimeter a year or we’d
fail,” he said. High precision
had to be the standard from
the outset.

“When we were discussing and
developing a rationale for
SCIGN,” recalled Hudnut, “we
wanted to contribute to improv-
ing the SCEC estimates of
earthquake hazards in southern
California by adding GPS data
to the hazard maps.”

“We know where many of the
faults are in southern Califor-
nia,” explained Webb, “and the
faults represent hundreds if not
thousands of earthquakes
averaged over, say, a million
years. For some faults, we
know the most recent earth-
quake history, say the last two
or three earthquakes. The
velocity field that comes out of
the GPS network will tell us
what’s going on right now. It
should help us identify active
structures and understand
which are the most hazardous
ones in southern California.”

Bock believes that the line of
receivers across the L.A. basin
(part of the densification plan)
should be beneficial, but that
there could be limits to its
significance. “The whole idea of
this profile through the basin is
to find out where the strain is
concentrated and to determine
the nature of the deformation,”
he said. “There are models of
detachment faults and blind
thrusts, but there is disagreement




about their geometry. The idea
behind a dense profile is to be
able to pick out subtle changes
that will allow us to differentiate
between those models. That’s if
there’s a single fault that’s caus-
ing this build-up of strain. The
more faults that are involved,
the more difficult it is to differ-
entiate between them using
surface measurements.”

Bock said that one basic scien-
tific question is whether the
basin’s contraction is being
taken up by vertical faulting or
by a combination of vertical
faulting and strike-slip faulting.
“The jury is still out,” he said,
“but as the network gets denser,
and as we look at the data in
more detail, we’ll have a better
handle on that.”

Because of its origins in both a
dense network and a broad
regional network, there are
divergent objectives for SCIGN.
The network configuration that
has emerged is a compromise

that we’ve collected up to this
point, we’d get a pretty good
answer to this first-order prob-
lem—nhow the strain is
distributed in the L.A. basin.”

There has been and continues
to be debate among SCIGN
participants and even on the
Advisory Council about
SCIGN'’s ultimate scientific role.
Some argue that SCIGN should
just be a network operator and
produce positions for the sta-
tions, which would then be
available to the entire scientific
community. Others argue that
SCIGN should itself come up
with a model of how the L.A.
basin and southern California
are moving.

Bock believes that procedural
question needs no solution. “I'd
say the most basic purpose of
SCIGN is to put in the infra-
structure and accumulate
enough data to produce some
results in answer to the funda-
mental problem of how strain is

Even if we just stopped everything right now and just
analyzed all the data that we’ve collected up to this
point, we’d get a pretty good answer to how the strain
is distributed in the L.A. basin.

between different goals, reflect-
ing the different questions that
scientists want to answer.

Though he sees great value
coming from the increased
number of stations and data,
Bock, perhaps reflecting his
broader, regional approach to
GPS monitoring, believes that
there is benefit to what is al-
ready in place. “Even if we just
stopped everything right now
and just analyzed all the data

distributed in southern Califor-
nia,” he said. “Since so many
people involved in SCIGN are
scientists, | take the broader
view that SCIGN is really a
community of scientists that
shouldn’t stop at collecting
data but should also produce
a model.

“A scientist who's spending a
lot of time working on infra-
structure alone is a scientist
who could be doing other

things,” Bock noted. “But we
have to get the infrastructure in
place, and it has to be done
appropriately for the scientific
goals. Therefore, scientists have
to be involved. But since scien-

tists are so
involved in

these earlier stages,
| think the resulting
analysis and modeling
work will fall out naturally
as the project matures.”

A secondary, but important,
purpose of SCIGN involves
reversing the position calcula-
tions to determine the locations
(i.e., the orbits) of the satellites
in the GPS constellation. That
reverse measurement is done
daily and fed back into the
calculations of the receivers’
positions, ever increasing the
accuracy of the data. SOPAC,
JPL, and others have been
feeding precise orbit informa-
tion back to the IGS ever since
the international group began.
The more stations there are
around the globe, the more
precise the orbit information.
The more precise the orbit, the
more precise the locations for
all receivers.

Societal Benefits

“Earthquakes pose a risk to
society in regions worldwide,”
said Webb. “I think it’s a worth-
while investment by society to
try to understand the physical
process of earthquakes so that
we can prepare ourselves
against the hazards. You can’t

stop the plates from moving,
but you can certainly obtain
more information about where
and how they’re moving. By
translating that information into
a statement of the hazard for a
given region, we arm
society against the
hazard.”

Webb added, “The scien-
tist’s job is to inform people,
not to set public policy.” How-
ever, he went on to say, “There
has to be some translation for
and education of the public
about what we’re finding,
especially when those results
have societal consequences.”

Bock compared earthquake
research to cancer research,
pointing out that it’s sometimes
difficult to tell what’s “pure”
and what’s “applied.” “There’s
a certain purely scientific
interest in understanding how
the Earth works. In purely
scientific terms, the answer is
that knowing is a goal itself.”

He went on to point out that
GPS has a range of applications
beyond detecting crustal mo-
tion. An example is the
proposed work of the California
Spatial Reference Center in
creating a statewide grid of GPS
stations for surveying and other
geodetic purposes. “Even if we
learn nothing from SCIGN—
which I’'m sure will not be the
case—we will have an infra-
structure that we can use in
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day-to-day life. It’s like a utility,
like electricity. It's how we
know where we are.

“One of the most satisfying
things for me in the SCIGN
project is knowing that what-
ever developments we make
can be spun off into many other
applications. Determining the
precise location of something is
becoming increasingly a funda-
mental piece of information. It’s
a unique situation in which
we’re able to study fundamen-
tal science in addition to
developing something that will
be of practical use to society

in general.”

The Data

The typical SCIGN field site
contains the antenna mounted
on a tripod. Connected to the
antenna by cable is a box
containing the receiver that
gathers and stores the informa-
tion through the antenna. Also
in the box are the means of
transferring the data once a
day. Depending on the services
available at the site, that could
be an Internet connection, a
modem and telephone line, a
cellular phone/modem combi-
nation, or radio telemetry.

Each day, the USGS in Pasa-
dena downloads the sites
around and to the north of the
L.A. area. SOPAC at Scripps
downloads the more southerly
sites. Automatically and imme-
diately, all data are transferred
via FTP on the Internet to
SOPAC for archiving. The raw
data are in RINEX (receiver
independent exchange) format,
the standard for GPS data.

Almost immediately, the com-
plete raw data set is available
for processing. The USGS

makes rapid position calcula-
tions immediately after the data
are retrieved. If an earthquake
occurs, the USGS will provide
static displacement data. Later,
after calculating final, precise
orbits, both SOPAC (using
GAMIT) and JPL (using GIPSY)
analyze the data and produce
location information for each
site, indicating how each site is
moving in relation to an inter-
national reference frame. That
positioning information along
with other information about
each site is available within
hours via the Web. From the
beginning, SCIGN was de-
signed to include the two
analysis centers. Both are world
leaders in GPS-based research
and data analysis. In addition,
both analysis centers calculate
precise orbits for the satellite
constellation daily and feed
that information back into the
global network.

As former SCEC Science Direc-
tor Dave Jackson, an early
participant in GPS research, put
it, “We are lucky to be able to
have two such organizations at
work on this project. The fact
that they might disagree in their
results is a sign of our success
since that’s how we planned it
at the beginning: two analysis
centers using different ap-
proaches gives us the chance

to put the entire system to a full
test, from individual receiver
placement to the details in-
volved in final data processing.”

In the first year or so of analy-
sis, the results from the two
centers did not agree, and there
was no way to merge or aver-
age the results. “The point of
the dual analysis centers is to
assure that the project as a
whole is producing a good

product,” said Webb. “And one
measure of whether the product
is good is how close those
analysis center results are. Each
of us is going to learn a lot
about the other group’s analysis
techniques and strategies. We’ll
learn something about our own
analysis methods and their
strengths or weaknesses.

“I don’t think SCIGN will
decide which software package

them, there’s a huge space that
can be filled by clever people
writing programs and getting
out there and working on
problems that they want to
solve. | think there’s a lot of
potential, and it hasn’t really
started yet.”

Real-Time Data

The focus of the GPS portion of
SCIGN is gathering continuous
data for the study of crustal

There has to be some translation for and education
of the public about what we’re finding, especially
when those results have societal consequences.

or data processing method is
best. It will decide which
solution we’re confident in
and is true to the data.”

Bock pointed out the dynamic
nature of data processing. “As
the hardware and techniques
improve, the analysis improves.
It’s not a one-time thing; we've
already been through the entire
data set at least two times.
Every time we develop an
improvement to the analysis
techniques, we go back and
reprocess the data. In addition,
every year a new set of global
coordinates is published. So
going through the data once is
not sufficient. We’ll go through
the data several times over the
years—as analysis improves
and as we understand the
nature of the data better.”

Looking beyond the calculation
of station locations alone,
current chair Hudnut pointed
out that the freely available
data are an open door for many
potential users. “Between the
raw data files and whatever
somebody wants to get out of
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motion. But that focus doesn’t
always meet the needs of the
data’s potential users.

For example, the data from a
typical receiver is downloaded
once a day and sampled at a
rate of once every 30 seconds.
For geodetic purposes, where
the concern is long-term mo-
tion, those choices are fine.
But the surveying community,
which eventually stands to
benefit in the form of nearly
instantaneous precision survey-
ing, the sampling rate and daily
schedule are not frequent
enough. The same could be
said for the emergency re-
sponse community as well as
potential users such as utilities,
transportation agencies, and
dam owners.

Bock: “The surveyors have
always pushed us, even back in
the PGGA days, to use a higher
sampling rate. Some of their
kinematic surveys are sampled
once a second. If we sample
once a second, we’d have 30
times more data. It’s not impos-
sible, but we have to strike a




balance. They want us to
sample at least every 5 sec-
onds. They want to go out into
the field and stay at each sur-
vey point a minute or two, get
their fixes, and move on, saving
them time and money. They
would even like some of the
sites to broadcast data to
people in the field.”

Mostly that level of concern is
related to the needs of survey-
ors (see “Archiving and Using
Data”), but there are scientific
reasons for having such a
capability. For example, SCEC
still does survey-mode GPS. For
such campaigns, a near-real-
time GPS backbone would
make the survey easier and
faster to conduct and would
make the data processing easier
and faster.

“The longer you wait to process
data,” said Bock, “the more
likely you are to make a mis-
take. The closer you can get to
real time in processing data, the
more beneficial to the quality
and accuracy of the final data.
There is some discussion in
SCIGN of considering data
from a survey site as a tempo-

Judging from the data
we’ve collected and
analyzed so far, I’d say
that we’re exceeding
expectations.

rary continuous site. The data
from such a site would be
plugged into the current daily
data processing flow and pro-
cessed along with all the other
data. That way the data would
be processed almost the same
day it’s collected. The differ-
ence between survey mode and

continuous GPS is getting
fuzzier and fuzzier.”

The SCIGN plan includes a
pilot test by the USGS of the
feasibility of producing real-
time data from a subset of
receivers. The main drawback
is the additional cost of sending
out continuous data rather than
storing it at the receivers and
sending it once a day.

“If you want to triple the
project’s overall budget,” ex-
plained Hudnut, “add a
real-time telemetry component
to every station. We're trying to
keep this project relatively
inexpensive, and one way of
doing that is to run the telem-
etry as cheaply as possible. If
we can, we use the seismic
network telemetry and any
other telemetry systems that
we’re allowed to. Some of our
USGS office’s receivers are
piggybacked onto the military
telemetry system. We are
going to try to have some
subset of data from the SCIGN
network coming in here in real
time as part of the earthquake
response capability of SCIGN,
but we’re just now trying to
develop that.”

Integration of Data

“l don’t think anybody thinks
that geodesy will solve all the
problems,” Bock said about
SCIGN’s role in the bigger
research picture, “but it can
certainly be an important
contributor to understanding
the earthquake problem and
building models of earthquakes.”

He pointed out that the major
benefit of SCEC is bringing
different disciplines together.
“The geologists and geodesists
and seismologists weren’t
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brought together before,”
said Bock. Now, he said, “All
the information and insights
of all the disciplines are
brought to bear on the funda-
mental problems.”

On the need to supplement
GPS data to learn about the
deeper structures, Bock said,
“GPS is measurement at the
surface, and we’re trying to
determine things that are
about 15-20 km deep. You
have only a certain sensitivity
in translating surface conditions
into conditions at depth. You'd
have to cover every square
meter of ground to begin to
differentiate detachment faults
from strike-slip.

belief shared by most of the
participants in SCIGN. “InSAR
is not as accurate without a
precise GPS backbone,” Bock
said, “and continuous GPS is
not as thorough in its coverage
as InSAR.”

Future of SCIGN

The future of SCIGN can be
summarized by geographical
area: local, regional, state,

and global. SCIGN clearly has
a role in understanding the
details of the seismic hazards
in the L.A. basin and surround-
ing area. Those details, because
of the composition of the net-
work, will be understood in
the context of all of southern
California. Since SCIGN has

You can’t stop the plates from moving, but you can
obtain more information about where and how they’re
moving. By translating that information into a statement
of the hazard, we arm society against the hazard.

“That’s why we want to use
SAR interferometry (INSAR) as a
way of getting a more dense
picture of what’s happening on
the ground. That’s why some of
us, because of the development
of InSAR, were even more
adamant about broadening the
SCIGN network.

“Since GPS on the ground
provides a reference frame
for INSAR, the idea is that if
you broaden the GPS network
and design it to be integrated
with InSAR, then you could
get a complete picture of
deformation.”

Bock believes the full scientific
benefit will come only from a
combination of regional, high-
accuracy GPS and InSAR, a

already been recognized by
the National Geodetic Survey
as the foundation network for
establishing a GPS-based sur-
veying grid for all of California,
SCIGN and its future incarna-
tions will be the foundation

of the future of how all survey-
ing and precise locating is
done in the state. And since
SCIGN is one of the densest
high-quality GPS networks in
the world, it will continue to
shape how geodesy is done
and how much geodesy con-
tributes to overall earth science
programs worldwide.

Frank Webb: “SCIGN is a local
network in southern California
aimed at understanding the
local tectonics. We have some
scattered stations in the out-

lying areas to put those obser-
vations into a regional context,
but the plate boundary is much
broader than that and extends
east through the Basin and
Range and north into Canada
and Alaska. Part of the future
is to expand our observational
strategy to understand how
tectonic processes are deform-
ing the entire plate boundary
by linking the existing net-
works and filling the gaps in
between. Certainly GPS will
be a major component of that
larger project.”

After SCIGN, how will the sites
be maintained? Of fundamental
importance, said Bock, was the
physical design of the network.
“We chose our materials to

last at least 50 years. That was
an early decision, driven by
surveyors and others, who are
concerned about the longevity
of the network. A broader

plate boundary initiative is now
on the drawing board; it is
science-driven but could also
maintain the GPS infrastructure.
CSRC and a plate boundary
initiative both have broader
concerns than SCIGN, but
SCIGN is a perfect test case
and foundation for both.”

To SCIGN or Not to SCIGN

In the early days of SCIGN, the
American Geophysical Union’s
weekly newspaper, Eos, ran an
article debating the proposed
GPS network.

Will Prescott, chair of SCIGN at
the time, wrote the “pro” piece.
Jim Savage, a close colleague
of Prescott’s but a skeptic about
GPS, wrote the “con” piece. In
particular, Savage was skeptical
about whether SCIGN was the
best use of taxpayer support for
earthquake research. Savage
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felt that it was going to be a
waste of money.

We will have an infra-
structure that we can use
in day-to-day life. It’s like
a utility, like electricity.
It's how we know where
we are.

The debate, according to
Hudnut, is not over yet. “A lot
of people in our community of
earthquake researchers would
still favor Savage’s arguments in
that debate. We in SCIGN still
have a lot to prove to ourselves
and our colleagues—and to our
funding agencies. The success
or failure of the SCIGN project
to some degree will determine
how much the usual funding
sources will be willing to fund
more continuous GPS work.

“Judging from the data we’ve
collected and analyzed so far,
I'd say that we’re exceeding
expectations. So | think the
prospects are incredibly good.”

Just as SCIGN became a cer-
tainty, the Eos debate pieces
appeared. That environment of
both external and internal
skepticism as well as the not-
quite-fully-blended mix of
advocates for dense versus
broad arrays made for lively
and ongoing discussions for the
next several years. Those have
already been productive years,
partly because of the ongoing
debates. The future promises no
immediate end to the debates,
but it does promise an ever-
increasing flow of information,
experience, and knowledge. ll
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Participating SCIGN Organizations
Jet Propulsion Lab’s Southern California Integrated GPS Network
HTTP://SCIGN.IPL.NASA.GOV/

NASA Crustal Dynamics Data Information System
HTTP://CDDISA.GSFC.NASA.GOV/

Scripps Orbit and Permanent Array Center
HTTP://LOX.UCSD.EDU

Southern California Earthquake Center
HTTP://WWW.SCECDC.SCEC.ORG/

Southern California Integrated GPS Network
HTTP://WWW.SCIGN.ORG/

USGS Menlo Park
HTTP://QUAKE.WR.UsGs.cov/IQUAKES/geodetic/gps/

USGS Pasadena
HTTP://www-sOCAL.WR.UsGs.cov/hudnut/

Other GPS/Geodesy Resources
American Geophysical Union Geodesy Section
HTTP://Wwww.GRDL.NOAA.GOV/AGU/geodesy.html

Australian Surveying & Land Information Group
HTTP://WWW.AUSLIG.GOV.AU

Basin and Range Geodetic Network
HTTP://cFA-wwWW.HARVARD.EDU/Space_geodesy/BARGEN/

Bay Area Deformation Array—USGS/UC Berkeley
HTTP://QUAKE.GEO.BERKELEY.EDU/bard

Canadian Active Control System
HTTP://WWW.GEOD.NRCAN.GC.CA/HTML-PUBLIC/GSDproductsGuide/
CACS/English/cacstest.html

Crustal Dynamics Data Information System
HTTP://cDDISA.GSFC.NAsA.Gov/cddis_welcome.html

European Reference Frame
HTTP://Wwww.oMA.BE//KSB-ORB/EUREF/eurefhome.html

Geographical Survey Institute, Japan
HTTP://lWWW.GSI-MC.GO.JP/

GPS—General GPS information
HTTP://WWW.INMET.COM/~PWT/GPS_GEN.HTM

GPS Information and Observation System
HTTP://GIBS.LEIPZIG.IFAG.DE/

International Association of Geodesy
HTTP://www.GFY.KU.DK/~iag/

International Earth Rotation Service
HTTP://HPIERS.OBSPM.FR

International GPS Service for Geodynamics
HTTP://IGSCB.IPL.NASA.GOV

GPS & Geodynamics at MIT
HTTP://WWW-GPSG.MIT.EDU

GPS World Online
HTTP://WWW.GPSWORLD.COM/

National Geodetic Survey (NGS)
HTTP://WWW.NGS.NOAA.GOV/

NGS Continuously Operating Reference Stations
HTTP://www.NGS.NoAA.Gov/CORS/cors-data.html

NGS Geodetic Resources
HTTP://Wwww.NGs.NoAA.cov/geodetic_links.shtml

NGS Orbit page
HTTP://WwwWw.NGS.NOAA.GOV/GPS/GPS.html

NOAA Geosciences Research Division
HTTP://www.GRDL.NOAA.GOV/GRD/

Northern California GPS Users Group
HTTP://QUAKE.GEO.BERKELEY.EDU/bard/ncgpsug.html

Pacific Northwest Geodetic Array, Central Washington University
HTTP://WWW.PANGA.CWU.EDU/

Pacific Northwest Geodetic Array, University of Washington
HTTP://WWW.GEOPHYS.WASHINGTON.EDU/ GPS/GPS.HTML

Tom Herring’s Continuous GPS Processing Results (MIT)
HTTP://Wwww-GPsG.MIT.EDU/~tah/cont98g/cont98.html

U.S. Coast Guard’s Navigation Center
HTTP://WWW.NAVCEN.USCG.MIL

U.S. Naval Observatory’s GPS Data & Information
HTTP://TYCHO.USNO.NAVY.mIL/gps_datafiles.html

University NAVSTAR Consortium
HTTP://WWW.UNAVCO.UCAR.EDU/

Western Canada Deformation Array
HTTP://WWW.PGC.NRCAN.GC.CA/GEODYN/WCDA.HTM
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