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| Extensive Research on Loma Prieta
Improves Understanding of Earthquakes

Research on the 1989 Loma Prieta, Califor-
nia, earthquake, probably the most thoroughly
documented in American history, has dramati-
cally improved our understanding of the com-
plexity of earthquakes and of how society can
reduce risk and improve response in connec-
tion with large natural disasters. The magni-
tude 6.9 earthquake was the largest and most
damaging to strike an American urban area
since the 1906 San Francisco earthquake.
Loma Prieta’s 10th anniversary is October 17.

Loma Pneta began without immediate fore-
shock activity about 100 km southeast of San
Francisco (37°03.6'N, 121°88.3'W) on Oclober
17,1989, at 5:04 p.m. PDT (00:04:15.2 UTC., Oc-
tober 18). The quake killed 63 people, and an-
other 350 were hospilalized, Estimates of total
property losses range from $6 billion to $10 bil-
lion, lts dramatic timing, interrupting the
World Series in San Francisco, and its striking
images—a pancaked freeway, a fallen span of
a major transbay bridge, and burning col-
lapsed apartments—piqued public interest. [t
also prompted the U.S. Congress to authorize
supplemental funding to the National Earth-
quake Hazards Reduction Program (NEHRP)
agencies—USGS, National Science Founda-
tion, Federal Emergency Management Agency,
and National Institute of Standards and Tech-
nology—to support research in orderto learn
from lhe lragedy.

Loma Prieta was the largest quake near a mel-
ropolitan area since the enactment of NEHRP
in 1977 and it occurred in a well instrumenled
region. Physical scientists, engineers, and so-
cial scientists were able to scrutinize it in-
tensely.

Documentation of the 1989 event has Jed to
answers to many questions. But, in the area of
forecasting, it has raised almost as many ques-
lions as answers. The event occurred on a com-
plex geologic slructure and was not a simple
strike-slip event as many lorecasters had as-
sumed.

The earthquake also renewed interest in the
interaction of faults. Ironically, this research
led 10 a forecast of the August 17, 1999, [zmil,
Turkey, earthquake as scientists look note of
the sequenlial westward migration of earth-
quakes along the North Analolian fault.

The 1989 event also significantly inlluenced
how seismologists and engineers estimate
strong ground motion. The earthquake demop-
strated the importance of amplification phe-
nomena by solt soils, the significance of the
azimuth of a site relative to the sense of expan-
sion of the seismic rupture, and the relevance
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of deep crustal structure to strong ground mo-
tion with its well defined Moho *bounce.”

Four volumes of recently published U.S. Geo-
logical Survey papers address these topics and
a number of others related to Loma Prieta
[Bakun and Prescott, 1998; Holzer, 1998a,
1998b; Mileti, 1998] and are now available at
federa) depository libraries. They supplement
an already extensive literature [e.g., Benuska,
1990; Hanks and Krawinkler, 1991].

Commemoraling the 10th anniversary, the
1999 AGU Fall Meeting will hold a half-day Un-
ion session on Loma Prieta, highlighting what
has been learned through the research. More
informalion on the sessions is available from
the AGU Web site (hitp://www.agu.org), Ruth
A. Harris (E-mail: harris@usgs.gov), or Thomas
L. Holzer (E-mail: tholzer@usgs.gov).

Some of the most intriguing seismological re-
search documented in the USGS report per-
tains to earthquake forecasting. The fault
segment that ruptured approximately coin-
cides with a segment ol the San Andreas fault
identified by a group of Earth scientists in 1988
as having a 30% probability of generating a
magnitude 7 earthquake in the next 30 years
(Working Group, 1988). Although the forecast
was assigned a low confidence fevel, it
prompted many later reports that the 1989
earthquake had been anticipated. This was
one of more than 20 relevant forecasts that
were made in the 83 years before the earth-
quake. It was not even the most accurate in
terms of magnitude and location of the rup-
tured segment. An earlier forecast by Lindh
[1983] came remarkably close to identifying
the Loma Prieta earthquake rupture segment.

Was the earthquake truly lorecasl, or was it
just a coincidence? The crux of the issue is that
none of the forecasls can be rigorously tested
because they are incomplete, The earthquake
did not follow all of the specilications set out
by any of the forecasters. It occurred deeper
than expected and with significant reverse-slip
displacement. It also is nol clear that it oc-
curred on the principal strand of the San An-
dreas fault in this area. If it was not the
earthquake anticipated in the forecasts, is the
seismic hazard in the Santa Cruz Mountains
still high or has the strain been released?

The Loma Prieta earthquake also has re-
locused attention of researchers on interac-
tions among earthguake faults. [Immediately
following the 1989 event, some investigators
took note of four seismic events in the 1800s
that were inferred to be on the Hayward and
San Andreas faults and that were paired 210 3

years apart. These investigators warned about
the possibility of additional seismic aclivity on
the Hayward fault along the east side of San
Francisco Bay.

Stress~change calculations for faulis in the
bay area afler the Loma Prieta earthquake,
however, indicated that the Hayward fault
probably was relaxed in that event, This infer-
ence was subsequently supported by the slow-
ing of faull creep at the surface on the
Hayward fault. Calculated stress changes for
most of the faults in the bay area were small.
The absence of significant seismicity in the
past 10 years is consistent with the calcula-
tions. These observations have increased inter-
national research on how active faults interact.

The Loma Prieta earthquake also affected
how engineering seismologists estimate strong
ground motion. Major elements of the San
Francisco Bay area transportation system as
distant as 90 km from the source region sus-
lained major damage. Collapse of a 2.4-km-
long section of the Interstate 880 Cypress Street
Viaductin Oakland caused 43 fatalities. Fail-
ure of a closure span in the East Bay Crossing
of the San Francisco-Oakland Bay Bridge
closed this major artery for a month.

Damage to remote lransportation systems
was consistent with unusually large property
losses outside the source region. Approxi-
malely three-quarters of the total propeny loss
occurred more than 42 km from the seismic
source. Although concentration of loss outside
the source region primarily resulted irom the
small amount of exposed property within the
source region, several other factors contrib-
uted to anomalously large losses outside this
region. The primary seismological factors were
directivity in the radiated seismic energy, criti-
cal reflections of seismic energy off the Moho,
and local amplification of ground shaking by
soft, silty-clay soils.

All of these ground-motion amplification phe-
nomena were well known before the earth-
quake, but their documentation by strong
motion recordings in 1989 has prompted ef-
foris to include them in earthquake modeling
for ground motion estimation. The greatest im-
pacl on engineering practice has been from
the racordings at soft soil sites. These record-
ings led to modilications of the 1994 NEHRP-
recommended provisions for the development
ol seismic regulations for new buildings.

Although the 1985 Michoacan earthquake,
which badly damaged buildings in Mexico
City, reminded engineering seismologists of
the amplitication potential of soft soils during
earthquakes, the Loma Priela event provided a
significant set of recordings of slrong ground
motion at sites underlain by saturated estu-
arine mud. Amplifications of peak horizontal



accelerations at these sites typically were
greater than 2.0. Because most of these record-
ings were made al considerable distances
from the rupture zone, ground motions re-
corded on nearby exposed bedrock were gen-
erally uniform. Thus the observations provided
robust estimates of strong-motion amplific
ation factors for use in site-specific design
spectra.

The USGS publications, Professional Papers
1550, 1551, 1552, and 1553, contain 162 papers
totaling 2773 pages and are available at 618
federal depository libraries, many of which are
at universities and colleges. Tables of contents
for the papers are posted on the Web
(http://quake.wr.usgs.gov/study/LomaPrieta
Anniversary). Information on ordering individ-
ual chapters can be obtained by telephoning
1-888-ASK-USGS or by visiting the USGS Web

site (http://greenwood.cr.usgs.gov/
propaper.html).
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