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1989 Loma Prieta Earthquake Was Not the ‘Big One’

he Loma Prieta earthquake released
A / I only 3% of the energy of the Great

1906 quake. Although it occurred in
the Santa Cruz Mountains, far from the Bay
Area’s urban cengers, it caused destruction
not only in nearby Santa Cruz and
Watsonville but also in San Francisco and
Oakland:

More than 60 people died, most in the
collapse of the Cypress freeway structure
in Oakland?

About 16,000 homes and apartment
units weré so badly damaged that they
could no longer be lived in. The American
Red Cross operated 45 shelters housing
more than 6,000 peoplégmany of them for
several months.

The San Francisco-Oakland Bay
Bridge was closed for more than a month
because a portion of its eastern span col-
lapsed. This closure and the collapse of the
Cypress Freeway were the most dramatic
of 142 road closures in the Bay Area.

Direct physical damage to buildings
and structures totaled $6 billion; other
related losses were.an additional $4 billion
(losses in 1989 dollars).

oe®
Loma Prieta led to better

assessments of earthquake hazards

he 1989 Loma Prieta earthquake was a

wakeup call to the Central Coast and
San Francisco Bay Area, which had gone
decades without a major earthquake. In the
20 years since then, increasingly sophisti-
cated assessments of earthquake hazards
have led to a better understarding of the
seismic threat in the Bay Area and through-
out California.

The bottom line from those assess-
ments is clear and simple: Be prepared.

“It is good that people are remember-
ing Loma Prieta 20 years later, because it is
an example of what is to come. There will
be comparable events in California over
the next.few decades, and some will be
more damaging,” said seismologist Thorne
Lay, professor of Earth and planetary sci-
ences at UC Santa Cruz.

Karen McNally, professor emerita of
Earth and planetary sciences, was director
of the Richter Seismological Laboratory
and the Institute of Tectonics at UCSC in
1989. Thanks in part to her efforts, the seis-
mological recordings of the Loma Prieta
earthquake were the best that had ever
been obtained for a large continental earth-
quake. As a result, scientists learned a great
deal, not only about the faults in this area,
but more generally about the factors that
contribute to damaging ground shaking
during an earthquake.

McNally, who recognized two earlier
temblors in the region as possible precur-
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The collapse of the Nimitz freeway in Oakland was one of the biggest stories coming out of the

1989 Loma Prieta Earthquake.

sors to a large earthquake, had installed
state-of-the-art digital instruments for
recording ground motions in the area
where the San Andreas fault ruptured on
October 17, 1989.

~ “] felt that a large earthquake was

~ probably imminent on the timescale of a

few months to a few years,” she said. “I
was then testing prototype instruments
designed for field work on large earth-
quakes, so I put those out in August.”

After the earthquake, additional
instruments that had just been purchased
by the Incorporated®Research Institutions
for Seismology (IRIS) were sent to UCSC
and installed in the field to record after-
shocks.

“It was certamly my efitrance into
modern digital seismology,” said Susan
Schwartz, then a postdoctoral researcher
working with McNally and now director of
the Keck Seismology Laboratory at UCSC.
“We had a lot of graduate students helping
to put out the instruments, and we set up a
processing center to handle the data. We
learned a lot about the geometry of the
fault zone and how the intensity of the
shaking was affected by surface geology.”

Since Loma Prieta, California building
codes have been updated to reflect new
understanding of ground motions during
an earthquake and better mapping of seis-
mic hazards. McNally’s instruments record-
ed ground accelerations of 1 g or more,
much greater than was thought possible for
a magnitude 6.9 earthquake. Peak ground
acceleration is a key factor in determining
the amount of damage caused by an earth-
quake. Measurements of 1 g or more were

later recorded during the 1994 Northridge
earthquake (magnitude 6.7) in southern
California, confirming McNally’s findings.

The data recorded from Loma Prieta
clearly showed that ground shaking is
much more violent on soft sediments, such
as those found on the margins of San
Francisco Bay, than on bedrock. Geologists
had previously recognized this effect, but
new data helped to quantify it. There were
also some surprises in the damage patterns
from Loma Prieta that ultimately led to a
better understanding of how the propaga-
tion of seismic waves through different
geological structures can focus ‘energy in
certain areas.

“We now know so much more and can
predict what the shaking is going to be in a
given area,” Schwartz said. “The U.S.
Geological Survey can now issue a shake
map right after an earthquake occurs that
gives a preliminary estimate of the intensi-
ty of the shaking in different locations.”

Shake maps are a valuable resource for
emergency personnel and agencies direct-
ing the response to an earthquake. Lay
noted that the capacity to rapidly record
and analyze data from an earthquake has
led to the development of automated
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systeins for communicating information
about an earthquake after it happens.

“Technological advances have really
been speeding up how fast we can commu-
nicate information about an earthquake to
governments, utilities, and railways, so
they can do rapid responses like stopping
trains and inspecting bridges,” Lay said.
“Our response capability in California is
getting better every year, although it’s still
not quite as advanced as in Japan.”

Predicting earthquakes remains a
challenging and perhaps insurmountable
problem. But McNally emphasized the
value of the earthquake probability fore-
casts that are available now.

“Intermediate and long-term warn-
ings are very useful if people know what to
do with thatinformation,” she said.

The most recent assessment of
California " earthquake  hazards—the
Uniform California Earthquake Rupture
Forecast—was issued in 2008. The forecasts
include a greater than 99 percent probabili-
ty of one or more magnitude 6.7 or larger
earthquakes in California over the next 30
years. In the greater San Francisco Bay Area,
the probability of a magnitude 6.7 or greater
earthquake is 63 percent, or about 2 out of 3.

“These are sobering numbers,” Lay
said. “For the state as a whole, it’s almost a
guaranteed occurrence. In the Bay Area,
the primary concern is the Hayward fault,
which has a particularly high perceived
risk. Loma Prieta caused tremendous dam-
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Buildings in the Marina District of San Franciso were hadly damaged in the 1989 Loma Prieta eanhquae.

age, but its epicenter was actually in a pret-
ty remote area. A comparable event on the
Hayward fault would be right under a
densely populated area.”

Schwartz noted that while a lot has
changed in earthquake science over the
past 20 years, the basic messages of earth-
quake safety and preparedness are much
the same: plan ahead; have emergency
supplies on hand; eliminate hazards such
as unsecured bookcases; and “drop, cover,
and hold on” during an earthquake.

“Ilook at this anniversary as an oppor-
tunity for people to think about earthquake

preparedness,” Schwartz said. “It amazes
me to realize that most of the students in
my classes now weren’t even born then. It
could happen again, and people should
think about whether they’re prepared.” m
Online resources for earthquake prepared-
ness information:
UusGs Earthquake Preparedness
Handbook: pubs.usgs.gov/gip/2005/15
Earthquake ~ Country  Preparedness
Information: www.earthquakecountry.info
California ShakeOut earthquake drill on
October 15: www.shakeout.org/santacruz.




