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FOREWORD

HERE.. ...

we live with the certainty that at any
given time—and without any warning—
the ground will shift dramatically. In the
immediate aftermath, our infrastructure
could be seriously compromised, with
communication networks shut down and
lifelines severed. In other words, the

next major earthquake we experience

Richard Koshalek

President, Art Center College of Design

stands the chance of becoming our
Hurricane Katrina. The lesson of New
Orleans is clear: In a mega-disaster, we
may be on our own to ride out the initial
mayhem that could follow. Yet, a post-
Katrina scenario need not unfold in Los
Angeles, because experts widely agree
that we can mitigate the impact of the

next big quake—if we plan ahead.



Foreword
Richard Koshalek

With The Los Angeles Earthquake:
Get Ready project, Art Center College
of Design has convened an innovative
consortium charged with finding new
solutions to this long-standing challenge.
By bringing the visual and communication
skills of the international design commu-
nity together with expertise in science,
emergency management, policy, and
public health, this consortium is yield-
ing entirely new, effective approaches
to earthquake preparedness and safety.
The clarity of the design approach is
providing powerful ways to make new
tools for preparation and coping avail-

able to the largest possible public.

I H I spubh‘cation provides

the first of these tools: an expertly de-
signed, up-to-date reference resource
on the topic at hand. While far from ex-
haustive, this compendium is the first to
include truly diverse voices that together
offer new wisdom about living along the
web of faults that animate our active
terrain. Various narratives and visual el-
ements complement this core knowledge
and raise fundamental questions that

pertain to many aspects of contemporary

existence. How do we deal with the need
to prepare for something that has not
happened in our lifetime? How do we fully
realize that our personal actions—or
inaction—will have real consequences?
These and other provocative questions
run through many of the book’s essays,
interviews, and profiles—with many

answers as well.

A s much as anything, I hope that

this publication and The Los Angeles
Earthquake project will underscore the
pivotal role of designers—and the entire
creative community—in building public
awareness and response to a major
urban challenge that faces Los Angeles
and numerous cities worldwide. Art
Center is deeply committed to this kind
of advocacy, and to expanding the range
of socially relevant responsibilities for
the creative individual. Through its edu-
cational mission, the College encourages
students and faculty to develop origi-
nal ways to engage with long-standing
societal problems, and enahbles new
generations of designers to collaborate
with leaders in business, public policy,

science, and technology.

B Y creating new models for

interaction and cutreach, The Los
Angeles Earthquake project also
represents an exceptional opportunity
for the media to carry an equally new
message throughout Los Angeles and
beyond. In this spirit of participation and
optimism, therefore, Art Center dedi-
cates this sourcebook to the media
community. As the following pages show,
we can all work together to get ready
and move from a society in denial to a
culture of possibility and individual
responsibility—and in so doing, create
an even more resilient city capable of

transcending an enormous challenge.

Richard Koshalek
President, Art Center

College of Design

June 2008
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[m N E of the greatest things

about Los Angeles has always been its
resilience in the face of disaster.
Unfortunately, because our landscape
regularly subjects us to calamities such
as wildfires, mudslides and earthquakes,
that resilience has been called upon all
too often. Yet every time a challenge

arises, Angelenos are there to confront

Antonio R. Villaraigosa
Mayor, City of Los Angeles

and overcome it in a way that perhaps no
other city ever has. Our responders—
from police and fire agencies to the many
other vital community organizations that
we rely on—step up and show the world
how dedication and determination can
save lives and inspire hope. Our people
rise to the occasion with unparalleled

support for their fellow citizens.



Preface
Antonio R. Villaraigosa

I have pledged to lead this city in
facing its most daunting challenges. In
Los Angeles, one of the biggest chal-
lenges we confront is preparedness for
earthquakes. We always strive to give
our responders the crucial resources
they need, and as a result our emer-
gency management capability is one of
the strongest in the world. But as we've
seen countless times in the past, it takes
more than well-trained professionals to
get us back on our caollective feet after a
disaster. It takes an unwavering commit-
ment from our community. Our success
in preparing for what we all know lies

ahead—tomorrow or a decade down the

road—should be a barometer of that

commitment.

.A\s our responders stand as

a model for other cities across the
country and around the world, so can
our citizens. We each have a role to play
in mitigating the damage that will come in
the wake of the next natural disaster.
This publication along with The Los
Angeles Earthquake: Get Ready project
serve as invaluable resources for devel-
oping the tools we need to face a future

that is both certain and imprecise. Both

of these efforts are led by Art Center

Ais autuayze)

College of Design, one of the world’s top
schools of design and art; their contri-
bution reflects the pivotal role of the
creative community in addressing major
social issues. In addition, these efforts
helped launch The Great Southern
California ShakeOut, an unprecedented
weeklong mobilization of public aware-
ness throughout Los Angeles in Novem-
ber 2008.

.B.Y bringing together authorita-

tive expert voices with some of the
talents who embody Los Angeles’ great

creative soul, these endeavors sound the

14/15

call to action for each of us to work
toward the common goal of building an
even more resilient city. With community
participation at their heart, these
activities reflect my strong belief that
solutions to our most pressing challeng-
es are often found not only in govern-
ment, but in the care we give to our
neighbors and ourselves. On behalf of
the City of Los Angeles, I am pleased to

endorse this vital initiative.

Antonio R. Villaraigosa

Mayor, City of Los Angeles
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INTRODUCTION

. \ 1\ the wake of the devastation

left after the landfall of Hurricane
Katrina in August 2005, Richard
Koshalek and I facilitated a compelling
student-led investigation which took our
small team to the crescent city for field
research, six months after the storm.
The project resulted in a set of innova-

tive strategies for the urban renewal of

Mariana Amatullo

New Orleans’' ninth ward district. The
sight of the hardest-hit neighborhoods,
and our witnessing of the disheartening
disruption brought about by the hurri-
cane, and the man-made disaster that
followed, ultimately became the inspira-
tion for The Los Angeles Earthquake:
Get Ready project.



Introduction
Mariana Amatullo

I N setting the grounding

framework for The Los Angeles Earth-
quake project, the key twist is that we
are anticipating a natural disaster of
catastrophic scale, instead of respond-
ing to one. Essentially, we want to be
ahead of the possibility of a destructive
quake—which all experts agree is
inevitable. As a creative community, we
are posing the questions: how do we act
now before the big earthquake? And
what can we do to lessen the impact
after it occurs?

As a leader in art and design edu-
cation, Art Center College of Design
has a long-lasting tradition in shaping
the form and function of our culture,
producing creative leaders who bring
purpose, utility, meaning, and pleasure
to our daily lives. With The Los Angeles
Earthquake project, the impetus for
engaging students and faculty to think
beyond the walls of the classroom fits
into one of Art Center’s primary missions
as an advocate for the role of design-
ers as change agents. It is also fully
embodied College-wide in Designmat-
ters, whose mandate it is to research
and develop solutions to the critically

relevant issues of our time. With the

Designmatters imprimatur, The Los
Angeles Earthquake project is conceived
as a unigue opportunity to position
design education as a powerful cata-
lyst that can bridge the divide between
scientific understanding about damag-
ing quakes, and the ability of the public
to feel empowered and to change their

behavior in terms of preparedness.

A s we immersed ourselves in

the research phase of this project for
the past three years, we have had an
ongoing dialogue with scientists, emer-
gency responders, and government
officials who think about the implications
of a major earthquake all the time. In this
process, we were fortunate to align Art
Center’s efforts with the broadly
supported initiative The Great Southern
California ShakeOut, a week of special
events in November 2008 featuring the
largest public preparedness drill in the
U.S. history, and an unparalleled number
of activities organized to inspire
Southern Californians to get ready for a
potentially enormous earthquake in our
future. The basis for this effortis the

ShakeOut scenario, which models a

probable 7.8 magnitude earthquake on
the southernmost segment of the San
Andreas Fault, identifying physical
damages, and estimating in great detail
the cascading social and economic
consequences of such an event. Perhaps
the most striking aspect of this compre-
hensive scientific study, led by Dr. Lucile
Jones of the U.S. Geological Survey with
over three hundred contributors, is that
it depicts an earthquake no Californians
(except the handful survivors from the
1906 San Francisco quake) have ever
experienced before—a disaster causing
widespread damage regionally, and
precipitating a level of systemic disrup-
tion that our communities are ill-pre-

pared to face.

WHETHER

the earthquake modeled in the ShakeOut
scenario ever happens, the scientific
consensus is that a quake of a similar
magnitude is highly plausible in our life-
time. It is not a matter of if, but when,
and innovative communication strategies
that overcome barriers to preparedness
and can improve upon individual and col-

lective resiliency are critically needed.

18/19

I I M E and again in the

development of The Los Angeles Earth-
quake project, we heard from our part-
ners that there is a weak link—getting
people to pay attention to readiness. We
thought hard about these issues. Very
early on we seized on what Art Center’s
most powerful role and window of op-
portunity for a lasting contribution could
be: devising a multimedia communication
strategy to make people more aware of
what could actually happen and how they
could be better prepared. We viewed this
project as an invitation to explore new
communication vehicles to get important
messages out. The diverse masaic of

the City of Los Angeles has challenged
us to search for culturally appropriate
means for outreach that can resonate
at a grassroots level with some of the
most under-served populations who will
be at great risk during a catastrophic
event. Our contemporary digital context
and the explosion of participatory media
platforms and social networks are also
channels for learning and civic engage-
ment that we are tapping into with

the conviction that we can foster an
unprecedented level of production and

distribution of ideas that may galvanize



Introduction
Mariana Amatullo

the public to engage in preparedness as
a matter of lifestyle and informed choice.
The new paradigms for communication
created by the project aspire to provide
a blueprint as well for vitally needed
mitigation efforts beyond California, as
the recent disasters of Myanmar and
Chengdu attest. With a series of three
interrelated components, this visual
sourcebook, a public awareness cam-
paign, and a civic event, "The Get Ready
Rally”-The Los Angeles Earthquake:Get
Ready project launches during ShakeOut
week with the promise of starting a new

conversation.

I N many ways, this publication

represents the foundational platform and

repository of knowledge for the project.

The diversity and depth of testimonials,
interviews, and essays captured in the
following pages underscore our multifac-
eted learning, one that embodies the cel-
ebrated edict by H. G. Wells: "the history
of humanity is a race between learning
and disaster.” I trust that our journey will
live on through the compelling messag-
ing, images, and media created by the
students and faculty of Art Center College
of Design—a vital laboratory for design

education and leadership.

Mariana Amatullo

Vice President,

International Initiatives
Director, Designmatters
Director, The Los Angeles
Earthquake: Get Ready Project
Art Center College of Design
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SECTION 1:
STORIES FROM THE FAULT ZONE
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LONG AGO, when most of the world was water, Great Spirit decided
to make a beautiful land with lakes and rivers, that turtles carried

on their backs. One day the turtles began to argue and three of the
turtles began to swim east, while the other three swam west. The
earth shook! It cracked with a loud noise. The turtles could not swim
far, because the land on their backs was heavy. When they saw that
they could not swim far away they stopped arguing and made up. But
every once in a while, the turtles that hold up California argue again,
and each time they do, the earth shakes.

—Legend of the Gabrielino Indians, Southern California
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Stories From the Fault Zone
Judith Lewis

H E R E at the edge of the

North American tectonic plate, we can
count on earthquakes. We may not be
able to pinpoint when they will happen,
we just know that they will, at regular
intervals, and occasionally with enough
force to raise mountains and collapse
bridges. We know as we put up our build-
ings that we must build them to stronger
standards than they do in the places
where segments of the earth never
collide and slip apart; we know as we
deliberate over where to hang a heavy
painting that we can’t nail it to the wall
over our beds. We are aware that some-
times a force pushes us out of our chairs

when there’'s no one in the room.

I Fyou look at a tectonic map of

the world, you can see why this is true.
All along the west coast of our conti-
nent, our North American plate forms an
uneasy boundary with the Pacific plate,
which reaches all the way to the Marian-
as Trench, just east of Japan. For tens of
millions of years, these plates have been
sliding past ane another, straining at
their edges into millions of fissures. We

call these fissures "faults,” and we build

There's the Tamp that flies
across the room in the
pre-dawn darkness; the
pets that wake their owners
mere seconds before; the
neighbors who spend the
last few jolts shivering
naked in the street.

AANNNANNNNNANNNNANANNSNANNAANNNANNNN

our cities on top of them. Sometimes we
don’'t know they're there until, for some
unknown reason, a fault rips open like

a seam—a few inches, a few feet, or

a mile. Then we name them: Newport-
Inglewood (6.4 at Long Beach, 1933).
San Fernando (6.7 near Sylmar, 1971).
San Andreas (8.0 near Fort Tejon, 1857,
among others).

In the days that follow an earth-
guake, hardly anything satisfies the
survivors better than trading narratives
about those shattering seconds when the
faults give way. This has been true for as
long as humans have walked on this un-
settled ground: As geologist and author
Susan Hough has noted, the world's most
vivid petroglyphs can be found alongside
faults. Perhaps to describe the trembling
of the earth and the tumbling of rocks,

the earliest residents of the fault-ridden
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Mojave Desert drew zigzag lines on rock
faces. Tales of canyon-dwelling monsters
imagined and passed down by the early
Cahuilla Indians near Palm Springs were
probably inspired by a great earthquake
on the southern San Andreas Fault,
sometime around 1675, give or take 30
years. Two centuries later, in San Fran-
cisco, Mark Twain observed that first-
hand accounts of the 1865 earthquake

"made toothsome gossip for nine days.”

TWAIN ...

women running down streets haolding
naked children by the ankles, men fleeing
barbershops half-shaved, confused dogs
scrambling up attic ladders. Our stories
today—many of which get repeated with
slight variations after every temblor—
are hardly much different. There's the
lamp that flies across the room in the
pre-dawn darkness; the pets that wake
their owners mere seconds before; the
neighbors who spend the last few jolts
shivering naked in the street. We praise
our luck, and vow to do better next time.
Fill the water jars, secure the toppling
bookcase that missed the bed by just

a few inches, bolt down the toilet that

26/27

came unmoored and floated straight out
of the bathroom. Maybe we even invest
in pajamas.

Yet those nine days of gossip turn
into nine months, and then nine years,
and finally, the stories stop circulat-
ing. A few might crop up on the 10th
anniversary, but by then, embellished
and distilled by time, they have begun
to sound like someone else’s stories. We
move into new apartments, forgetting
to inspect the integrity of their founda-
tions. We neglect to keep a wrench near
the gas shutoff valve, or even to inves-
tigate where that valve is. One lazy day,
we find all our canned goods expired,
throw them out, and move on. With bills
to pay, children to feed, and deadlines
to meet, we worry only about preparing
for tomorrow. We rarely consider that
tomorrow might bring an earthquake.

This book is meant to serve as a
reminder that tomorrow is as likely a day
as any. Unlike hurricanes, earthquakes
don’t have a season. All weather is
earthquake weather.

As The L.A. Earthquake Sourcebook
came together in the spring and summer
of 2008, the ground in California had

been relatively still for an awfully Tong
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Stories From the Fault Zone
Judith Lewis

time; a 4.0 that rattled San Bernar-

dino on June 23, 2008, seemed like big
news. Indeed, although nearly half of
California’s residents live near enough
to the southern San Andreas Fault to

be affected by a major rupture there,

a great many of them have never felt a
significant earthquake at all. There is no
way to know whether the quiet will hold
as the book makes its way through the
production process. It's possible that
you have already felt the little earth-
quake that reminded you to replace the
batteries in the flashlight you keep under
the bed, and made you grateful you spent
the relatively small sum it cost to get
reinforce the foundation of your home, if

you have one.

IT'S
' ] W o150 possible that some

segment of Southern California currently
lies in ruins, in which case this book will
be, well, interesting.

But if none of our faults have
moved enough to remind you what lies
beneath us, consider this book a benign,
metaphorical earthquake. In tandem
with the U.S. Geological Survey's mock

earthquake drill, The Great Southern

California ShakeOut, scheduled for Nov-
ember 12-16, 2008, this book has been
designed to give residents, local decision
makers, and media in this quake-prone
land the basic tools to prevent a disaster
from turning into a catastrophe.
Because the best way to combat
fear is with knowledge, The L.A.
Earthquake Sourcebook begins with a
primer in the science of earthquakes.
Susan Hough, who is also Scientist-in-
Charge at the Pasadena (California)
Office of the U.S. Geological Survey
(USGS) and the author of the 2006
biography of Charles F. Richter, Richter’s
Scale: Measure of an Earthquake,
Measure of a Man, gives the history of
that science, from the 13906 San
Francisco earthquake to the modern era
of networked instruments that record
many a seismological event and instantly
transmit its magnitude back to a lab.
Thomas Jordan, the director of the
Southern California Earthquake Center
at the University of Southern California,
explains why after many decades of
trying geologists have yet to accurately
predict an earthquake. And in a profile of
Lucy Jones, the USGS chief scientist

currently in charge of the agency’s
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Multi-Hazards Demonstration Project,
gives an introduction to the developing
science of paleoseismology, by which
geologists can determine with increasing
precision when a given fault last broke,
and how hard it shook. It's because of

refinements in paleoseismology that

28/29

researchers know that an earthquake on

the southern San Andreas Fault is long
overdue. "[W]e think this is an earth-
guake,” Jones says, "that everybody

should be ready for.” O
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EARTHQUAKE
EXPLORATIONS IN

SOUTHERN
CALTFORNIA

Susan Hough

WAY BACK IN 132 A.C.E., the Chinese astronomer Zhang Heng
invented an instrument with which to detect earthquakes. A bronze
vase adorned with eight slender dragons, the instrument would
respond to a disturbance in the earth by dropping a ball from the
mouth of a dragon into a bronze toad below. Zhang's instrument was
sensitive enough to detect an earthquake 400 miles away, but it would
take nearly two millennia before scientists began to understand the
tectonic forces that cause temblors, and developed an instrument, the

Wood-Anderson seismograph, to measure their force.
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Earthquake Explorations in Southern California
Susan Hough

iz

Y 0 U don’t have to spend

a lot of time in California to know
that this is earthquake country. When
Captain Gaspar de Portola led his
expedition into the state in 1769, a
moderate earthquake greeted him
and his men as they camped near a
river in the southland. Santa Ana de
los Temblores, they called it. Earth-
quakes continued to rattle settlers
who poured into Northern California
after James Marshall found glittery
nuggets along the American River.
Awareness of and concern about
earthquakes climaxed with the great
San Francisco earthquake of 1906,

LATER, IN 1935, Charles F. Richter devised a mathematical formula to
help scientists compare the relative size of earthquakes. The Richter
scale is the basis for the moment magnitude scale seismologists
currently use to evaldate earthquakes.

THE SCIENTIST-IN-CHARGE at the Pasadena Office of the U.S.
Geological Survey,’Susan Hough writes about earthquakes as keenly
as she studies them, with curiosity and passion to inspire lay readers.
Among her many books and articles is the 2007 biography of Richter,
Richter’s Scale: Measure of an Earthquake, Measure of a Man. In the
following essay, she gives an introduction to the basic precepts of

seismology, and the geclogists who developed the science.

which focused both the world’s and
the geological community’s atten-
tions on California.

Scientists began investigating
earthquakes with modern instru-
mentation in the late 19th century,
but the field of seismology arguably
came of age with the 1906 earth-
quake. Data collected in its aftermath
led directly to one of the most basic
tenets in earthquake science: elastic
rebound, which explains how earth-
quakes happen as a consequence of
stress accumulation. Perhaps the
most impressive post-earthquake

investigation was one done in rela-
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tive obscurity. Geologists followed
not only the fresh scar left locally by
the 1906 earthquake, but continued
through Central and Southern Cali-
fornia, eventually mapping nearly the
full extent of the San Andreas Fault.

I N Los Angeles, burgeon-

ing business interests sprang into
action, painting the region as bliss-
fully free of all natural hazards,
including earthquakes. Yes, faults
had been mapped in the Los Angeles
area, but through the 1920s at least
some geologists described them as
ancient and harmless relics (includ-
ing the Newport-Inglewood Fault,
which produced the 1933 Long
Beach earthquake). The San Andreas
Fault, when acknowledged at all, was
dismissed as being too far from the
city to be of concern.

The best scientific minds of the
day knew better. Even then, the far
less expansive Los Angeles was not so
far away from the San Andreas Fault.
Scientists, among them Harry Oscar
Wood, knew that a large earthquake

had occurred on a southern stretch

32/33

of the San Andreas Fault in 1857, and
that large quakes would inevitably
happen again.

In a1916 article, Wood laid out an
innovative blueprint for a network of
seismic stations throughout the state,
and made a strategic suggestion that
the plan be tested on a limited scale in
Southern California. By 1921, Wood
had convinced the Carnegie Institute
to underwrite a first-ever seismologi-
cal laboratory in Southern Califor-
nia. The lab was set up under Wood’s
direction, occupying borrowed space

at Mt. Wilson Observatory.

W 0 0 D teamed up with

astronomer John Anderson to design
a new breed of seismometer. Unlike
the ungainly earlier instruments that
recorded large global earthquakes, the
Wood-Anderson seismometer was a
marvel: small, light, relatively porta-
ble, and able to record small local
rumblings. In Anderson’s words,
“There ain’t no other seismograph
worth talking about than ours.” The
first Wood-Anderson seismometer
was installed at Mt. Wilson.
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Earthquake Explorations in Southern California
Susan Hough

Through its first five years,
Wood’s laboratory remained under
the auspices of the Carnegie Insti-
tute, and independent of Caltech,
which had been founded as a scientif-
ic institute only in 1920, and added
a degree program in geology only in
1925. As the lab outgrew its space,
Wood convinced the Carnegie Insti-
tute to underwrite the costs of new
quarters. Dubbed the Kresge Lab in
honor of one of its benefactors, the
building was constructed in a resi-
dential area in Pasadena a few miles
from the Caltech campus.

In192%, anascent Southern Cali-
fornia seismic network comprised six
stations, sparse by today’s standards
but sufficient to record small earth-
quakes throughout the region. The
network’s first permanent station was
installed at Kresge (where it remained
in operation until it was moved to
the campus of Art Center College of
Design in 2006).

As the seismic network began
producing data—seismograms record-
ed on film—Wood recognized the
need for an analyst with a background

in physics. He approached Caltech

Earthquake country and
the Golden State. From the
beginning, as now, they are
one and the same.
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head Robert Millikan, who suggested
a young man who had just earned one
of Caltech’s earliest Ph.Ds in phys-
ics: Charles Frances Richter. Richter
accepted Wood’s offer, intending to
work at the lab only until he could find

a more suitable position in his field.

I N the meantime, Millikan

had developed a keen interest in the
seismological laboratory and seismic
network, which he recognized as poten-
tial world-class research resources.
Millikan decided that an infusion of
world-class seismological expertise was
needed to fully exploit data from the
network. In 1929, Caltech hosted an
international gathering of the world’s
leading experts in seismology. Among
the attendees was German-born Beno
Gutenberg, renowned for his contri-
butions to global seismology. Millikan
extended a job offer to Gutenberg, who
joined the Caltech faculty in 1930.

LSS SIS LSS LSS LSS LSS LSS LSS LSS S LSS S SIS LS SIS LSS LSS S LSS LSS S ST LSS LSS LS SS LSS LSS LSS LSS S LSS S LSS LSS LSS S SIS S S

A T Caltech, Gutenberg init-

tially focused on global earthquake
studies while Richter continued to
analyze local earthquakes recorded on
Wood-Anderson instruments. Rich-
ter’s early efforts focused on devel-
opment of the first-ever scale to rank
the size of earthquakes in Southern
California, the scale that eventually
turned his name into a household
word. Soon thereafter, Gutenberg
teamed with Richter to expand the
original formulation to measure the
size of earthquakes in other locations,
and to measure more accurately the
magnitudes of large earthquakes.
The Seismological Laboratory
continued as a Carnegie-Caltech part-
nership until the mid-1930s. In 1937,
Caltech formally took over operations
of the lab, and both Richter and his
colleague Hugo Benioff joined the
Caltech faculty. Only Wood, who did
not hold a PhD, remained on the
Carnegie payroll. Caltech continued
to run the seismic network, which
expanded to 20 stations by 1970. In the
1970s, the network began operations
as a partnership with the U.S. Geolog-

ical Survey. The number of stations

w
~
~
w
al

increased to 148 by 1976 and began
to transmit data via telemetry rather
than relying on local film recording.
Today’s network of over 350 stations is
a far cry from the fledging network of
the 1920s, but continues to reflect its
heritage as a state-of-the-art research
resource that not only serves societal
needs, but also drives modern earth-
quake science.

Earthquake country and the
Golden State. From the beginning,

as now, they are one and the same. O
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IF WI,?/i(NDW S0 MUCH about faults, why can’t we predict earthquakes?
Tha/auestion baffles even scientists, who continue to seek the formula that
\fy‘i/l/] allow them to pinpoint the size and location of the next big earthquake.
/Thomas H. Jordan is the Director, Southern California Earthquake
Center, University of Southern California, where he also serves as
professor and William M. Keck Foundation Chair in Geological Sciences.
He describes himself as optimistic about the future of earthquake pre-

diction, considering it “an important gauge of progress in earthquake
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system science.”
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The "P-word”
Thomas H. Jordan

W E know a lot about earth-

quakes: where faults might rupture to
produce earthquakes, how big these
ruptures can get, and how frequently
(on average) they will occur. But we
cannot predict with any useful preci-
sion when a large earthquake on a
particular fault will actually happen.

Not that we haven’t tried! For
more than a century, seismologists
have deployed sensitive instruments
around faults in search of signals
that could reliably warn communi-
ties of impending disasters hours
to weeks in advance. By the 1970s,
many believed this type of short-
term earthquake prediction was right
around the corner. A panel of scien-
tists convened by the National Acad-
emy of Sciences in 1976 issued a very
optimistic assessment:

“Reliable earthquake prediction
is an achievable goal. We will prob-
ably predict an earthquake of at least
magnitude 5 in California within the
next five years in a scientifically sound
way and with a sufficiently small
space and time uncertainty to allow

public acceptance and effective response.”

[emphasis added]

Thirty years later, this promise
remains unfulfilled. Though various
schemes for short-term prediction
have been proposed, none has prov-
en successful, despite the substan-
tial advances in instrumentation for
monitoring active faults.

Confronted with these faiures,
many experts have become so dis-

couraged that they refrain from

The inability to predict
earthquakes demostrates
how little we really know
about the processes of
seismic faulting. The
predictability of earth-
guake phenomena is thus
an important gauge of
progress in earthquake
system science.
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using the “P-word” in public, and
research has faltered. Some have
even advocated abandoning the
subject altogether, arguing that the
pursuit of prediction is a wild goose
chase that distracts us from the real
task at hand: making sure our build-

ings remain safe during the temblors
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that are certain to shake California in

the not-too-distant future.

S U c H reactions are un-

scientific and impractical, however.
Seismic safety depends on long-term
forecasting—predicting earthquakes
on time scales of decades to centuries.
The U.S. Geological Survey incorpo-
rates detailed long-term forecasts for
all 50 states into its official National
Seismic Hazard Map, on which the
building codes in California and
most other seismically active states
are based. Insurance companies use
even more sophisticated forecasts to
set their policy premiums. Research
aimed at predicting seismic activity on
shorter time scales is critical to test-
ing these long-term forecasts, which
cannot be directly verified without
waiting for a very long time.
Prediction research is also moti-
vated by the search for fundamental
scientific knowledge. The natural
systems that govern our environment
are extremely complex, and oursuccess
in predicting their behavior is the

way we measure our understanding of
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these systems. The inability to predict
earthquakes demonstrates how little
we really know about the processes of
seismic faulting. The predictability
of earthquake phenomena is thus an
important gauge of progress in earth-

quake system science.

Why is earthquake prediction
such a difficult problem?

Rocks are very brittle; they frac-
ture suddenly, starting on a tiny patch
of fault about the size of aliving-room
rug. Most stop soon after they begin,
producing only small earthquakes. In
rare cases, the fracture continues to
propagate along the fault, like a crack
through glass, at speeds up to 6,000
miles per hour. Magnitude 2 events
(which are usually too weak to be felt)
are 10,000 times more common
than magnitude 6 events (which can
damage buildings), yet they appear to
begin the same way.

In Southern California, seis-
mometers record at least several
magnitude 2 events every day. There-
fore, predicting destrutive earth-

quakes depends more on knowing
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The "P-word”
Thomas H. Jordan

when the rupture will stop than when
it will begin. Because slight variations
can make a big difference—fractur-
ing is whwat physicists call a chaotic
process—predicting the evolution of
any particular fracture is essentially
impossible, even if you could accu-
rately measure in advance the prop-
erties of the rock masses on either
side of the fault—which, of course,

you can’t.

M 0 s Truptures in Cali-

fornia begin three to 12 miles below
the surface, and the opaque rock
that separates them from our surface
instruments precludes remote sens-
ing using radar or other electromag-
netic waves. (Seismologists really envy
meteorologists, who can simply watch
hurricanes and tornados as they form
and then move leisurely through
the atmosphere!) Direct sampling
by drilling is technically possible, at
least in the uppermost part of the

seismogenic zone, but it’s prohibi-

tively expensive. An experimental
drill hole near Parkfield, California,
has recently probed the San Andreas
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Fault at depths reaching two miles,
but the total cost of the project was
almost $30 million.

The prediction problem involves
not just mapping the properties of
rocks around the fault zones, but also
the forces that cause the faults to snap.
We know these forces are increasing as
the motions between the Pacific and
North American plates distort the
tectonic blocks on either side of the
San Andreas Fault, and we can measure
the distortion using GPS satellites. The
rate of plate motion, about two inches
per year, creates enough distortion to
generate earthquakes of magnitude 7.5
to 8.0 every 150 years or so. Howev-
er, the interval between such events is
highly irregular; geologic data on past
ruptures indicate it can be as short
as 75 years and sometimes greater
than 300. For instance, the south-
ernmost section of the San Andreas,
from San Bernardino to the Salton
Sea, hasn’t broken in a big earthquake
since around I1690; seismologists
nervously joke about the region being
“10 months pregnant.”

The irregularity of earthquake

sequences stems primarily from the

complexity of fault systems. Although
the San Andreas is the master fault
of the plate boundary, it is flanked
on either side by a host of active,
subsidiary faults—over 300 in South-
ern California alone—many capable
of large events. In fact, all of the
destructive Southern California
earthquakes during the last century
were generated by slippage on these
subsidiary faults rather than on the
San Andreas itself.

FAULTS....

with each other through earthquakes:
when one fault slips, it changes the
forces on others faults in its neigh—
borhood and thus modifies the time
when its neighbors are ready to slip
again. Moreover, one earthquake
can trigger others, leading to chain
reactions. When a main shock trig-
gers a bunch of smaller earthquakes,
we call them aftershocks.“Foreshock”
is just a term we use to describe an
initial event that happens to be
followed by an aftershock bigger
than itself. To our frustration, fore-

shocks don’t seem to have special
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properties that tell us a big one is on
its way. Indeed, the “chatter” of
earthquakes, big and small, consti-
tutes a conversation among faults we

don’t yet understand.

Is the quest for earthquake
prediction hopeless?

Many seismologists are pessi-
mistic that the P-word will ever prove
useful in helping society reduce
earthquake risk, but I am personally
more optimistic. The predictability
of seismic activity can be observed
on many time scales. For instance,
simple statistical rules of earth-
quake triggering can describe the
short-term behavior of aftershock
sequences, such as the regular decay
in aftershock frequency with time,
and these rules are already being
employed to create an official daily
earthquake forecast for California.

Scientists are now developing
computer models that chart how
tectonic stresses build up within the
fault system and how a rupture on
one fault segment changes the stress

throughout the surrounding region.
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The "P-word”
Thomas H. Jordan

Depending on the geometry of the
fault network, such stress changes can
either increase or decrease the likeli-
hood of earthquakes on nearby fault
segments, which helps to explain the
variability in earthquake recurrence
intervals. To capture the physical and

geometrical effects, the fault-system
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of months to years.

models must be very complex (much
like the climate-system models being
developed to predict global warm-
ing), but improving them will help
reduce the uncertainties in long-
term earthquake forecasting.

But monitoring how stress build-
up and release change the regional
pattern of earthquake occurrence,
scientists might be able to predict
earthquakes over time intervals as
short as a few years or maybe even a
few months, although with substantial
uncertainties. The basic idea is that
stress variations can raise or lower the

frequency of small earthquakes, and

the events recorded on networks of
seismographs can therefore provide
a regional stress gauge. Someday
you might hear a news report that
says, “The National Earthquake
Prediction Evaluation Coun-
cil estimates that, during the next

year, there is a 50% probability of

How should society respond to a threat that is neither
imminent nor long-term? An intermediate-term prediction
would give the probability of an event only on time scales

a magnitude 7 or larger earthquake
on the southernmost segment
of the San Andreas Fault.” Much
current research aims to establish a
scientific basis for this type of
intermediate-term prediction.

But what effect would cred-
ible predictions have on property
values, insurance rates, health care
premiums, and other investments in
the threatened region? Since false
alarms would likely be common,
how would communities deal with
this uncertainty? How should soci-
ety respond to a threat that is neither

imminent nor long-term? An
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intermediate-term prediction would
give the probability of an event only
on time scales of months to years;
not precise enough information to
warrant expensive and disruptive
measures (such as large-scale evacua-

tions) to mitigate earthquake damage.
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It seems clear that although the
pursuit of earthquake predictions is a
valuable one, the ability to ultimately
issue such predictions would raise very
difficult questions, both for scientists

and for policy makers. O
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AN EERIE

QUTET 'ON THE

SOUTHERN
SAN ANDREAS

Yz

A Profile of Lucy Jones
by Judith Lewis

SINCE SHE APPEARED on te]g«’/isiom after the 5.9 magnitude Palm
Springs earthquake of 1986,”’Lucy Jones has been calming the post-
guake public with her assured explanations of seismic events. After
the Landers and Joshua Tree events of 1992 (7.3 and 6.2, respec-
tively), she earned the title of "earthquake mom” for appearing on
television with her toddler son in tow. She is now chief scientist for
the USGS Multi-Hazards Demonstration Project in Southern
California, where she coordinates the efforts of a multidisciplinary

team to understand natural hazards and their consequences.



An Eerie Quiet on the Southern San Andreas
Judith Lewis

I N 1974, a graduate student

in geology named Kerry Sieh led
a team of researchers to a marshy
piece of land along the southern San
Andreas Fault where they cut a slice
into the earth to map the upheavals of
geologic time. By digging trenches to
expose layers of sedimentary depos-
its, Sieh and his colleagues were able
to observe offsets in the soil consis-
tent with earthquakes, collect samples
of earth at the sites of those disrup-
tions and, through a process known
as carbon-14 dating, determine when
the earth last moved. Sieh’s experi-
ment at Pallet Creek, on the south-
central reach of the San Andreas fault
near Palmdale, California, would
forever change the way geologists
charted ancient earthquakes, and
Sieh was dubbed the father of a new
field of science: paleoseismology.
Sitting in her office at the U.S.
Geologic Survey on the campus of
the California Institute of Technol-
ogy some 34 years after Sieh’s land-
mark dig, seismologist Lucy Jones
uses sheets of paper and magazines
to demonstrate the science of paleo-

seismology. With each sheet repre-

senting a layer of sediment, she shows
how geologists excavate a site and
look for evidence of seismic shifts.
She begins by laying one sheet on her
desk, which she partially covers with
two more sheets set side by side across

the first.

SAY
you've got a fault,”

she explains, “and there’s a shift
along the fault.” She moves the top
two pieces of paper until she expos-
es a sliver of the bottom layer. “And
now another flood comes through,
and you get another layer of sedi-
ment.” Two more pieces get laid
down, slightly askew relative to the
stack. “And you can see that the one
on top is broken in a different way
than the one below.

“Now we go and put in something
else,”—she sets a magazine horizon-
tally across both piles of paper, cover-
ing the seam between them—"and this
layer hasn’t broken yet.

“You date this layer,” she says,
tapping the magazine on top, “"and
you know the earthquake happened

sometime before that.” Then she
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pulls out the paper on the bottom.
“And you date this layer, knowing
that the earthquake happened after
it got deposited. Now you’ve brack-
eted the time of the earthquake by

""Geologists working on the
fault refer to it as being 10
months pregnant,” Jones
says. "But I would argue
that it’'s actually more like
being 20 months pregnant,
~ at which point you know
~ you're not dealing with a
normal pregnancy.

dating the layers of sediment that
weren’'t disrupted.” Next you date the
layer that was disrupted, and there
you have it: a historical record of an
earthquake.

There are just a few problems with
paleoseismology, at least as it applies
to dating earthquakes in Southern
California. Sieh was able to pull
off his Pallet Creek experiment so
elegantly because he had found a spot
where the fault ran through a clas-
sic marsh, where floods and fires laid

down carbon—rich peat and charcoal
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at regular intervals. But the segment
of the San Andreas that remains most
mysterious to modern geologists, the
eerily quiet southern extreme that
most directly threatens the Los Ange-
les metropolitan area, runs almost
entirely through a desert.

“Usually you figure out how active
a fault is by finding features that have
been offset by the fault and can be
dated,” Jones explains. “Datable
features usually involve water. There
isn’t very much water [through this
section of the fault]. And it’s very
difficult to find features that have
been offset that have been accurately

correlated across the fault.”

JONES......

she’s neither a field geologist nor
paleoseismologist herself. “I’d need
to be led by the hand into the field
by another scientist to do that kind of
research,” she says. Instead, she has
focused her career for nearly three
decades on probability assessments
for earthquakes, developing equa-
tions to predict how one earthquake

triggers another. For many years she
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served as the scientist—in—charge for
the U.S. Geological Survey’s South-
ern California earthquake program,
where she was instrumental in devel-
oping a Web site to determine the
probability of an earthquake within
24 hours. “It’s on the basis of that
research that the state issued its first
earthquake warnings,” she says.

But at 52, with over half her life
invested in earthquake probability,
Jones made a decision to expand
beyond her own research, and set her
sights on coordinating a larger effort;
a collaboration among USGS scien-
tists, universities, government agen-
cies, private companies and emergen-
cy responders to improve community
resiliency to natural disasters. She
drew up a proposal for such a proj-
ect in the summer of 2005, and it
landed before the President’s office
of management and budget two weeks

after Hurricane Katrina laid waste to

Think about the seven days after Katrina—the images of
people dying, people thirsty and waiting to be rescued on
the roofs of their houses—keep that image in your head.
Now let’'s talk about the earthquake in Southern California.
There are things you have to see to believe.

the Gulf Coast. By the spring of 2007,
the Multi-Hazards Demonstration
Project in Southern California had
been fully funded by Congress, with a
quarter of a million dollars devoted to
the earthquake portion.

“Twenty years ago there was more
dismissal of what we were saying,”
Jones recalls. “But this time we said to
people, ‘Think about the seven days
after Katrina—the images of people
dying, people thirsty and waiting
to be rescued on the roofs of their
houses—keep that image in your head.
Now let’s talk about the earthquake
in Southern California.” There are
things you have to see to believe.”

The Multi-Hazards Demon-
stration Project will confront the
consequences of several potential Los
Angeles disaster scenarios: floods,
fires, landslides, and earthquakes. But
the project’s first wave of funding will
be devoted to a paleoseimology proj-
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ect: the “Southern San Andreas Fault
Evaluation” (SoSAFE), an investiga-
tion into that once-active segment of
fault that has remained mysteriously
silent for the last 330 years.

“It seems insane,” Jones says,
“but we actually don’t have a good fix
on the southernmost part of the fault.
We know it’s been 300 years since the
last earthquake. Is that because they
only happen every three hundred or
five hundred years, unlike up north
where it's pretty clear that they happen
every 150 years? Or is it that we're
overdue? And what does it mean that

we’re overdue?”

A S a point of departure, the

team Jones has assembled for SoSAFE
will examine a “probable” earthquake
on the southern San Andreas: a
rupture that begins near the Salton
Sea and continues roughly 200 miles
north past Palmdale to Lake Hughes.
Because faults send out concentric
circles of energy at each point of
rupture as they rip, a rupture moving
toward the city of Los Angeles will

hurt more than one moving away.
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Because the length of the rupture
determines the size of the quake,
“we’re modeling it at 7.8,” says Jones.
And because the magnitude of a quake
determines its duration, she predicts
that, in a 7.8 quake that ruptures
along 200 miles of fault, “the ground
will shake for 100 seconds.”

To indicate SoSafe’s area of focus,
Jones takes another piece of paper and
draws a six-inch line, like a flattened
S, marking points along it to represent
the sites where trenches have been dug
and rupture chronologies have been
recorded. “We know that the 1857 Fort
Tejon earthquake went from Parkfield
to the Cajon Pass,” she says, assigning a
dot to Parkfield at the top of the S and
another roughly halfway down. “At
Pallet Creek, Kerry’s original site”—
she marks a point between Palmdale
and the Cajon Pass—"we have the last
II earthquakes, and we have times for
all of them. At Wrightwood,” precisely
halfway down the map, “we have the
most complete earthquake history we
have anywhere—30 earthquakes. But
down here,” where the fault reaches
toward the Salton Sea, “we only know

for certain that we had an earthquake
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in 1680 that broke in three places.”
She marks three dots on the lower third
of her line. “And for a long time, we
didn’t have any data beyond that.
“Now we have new trenches being

)

dug,” and new dating techniques
such as thermoluminescence—a way
of measuring how long soil has been
exposed to sunlight—to help pinpoint
the age of ruptured soil. And despite
the dearth of datable features,
“we’ve been able to determine that
there were probably six earthquakes
between 800 A.D. and 1680 A.D,”
an average of one every 150 years.
“Now that we have evidence
that there really have been a lot of
earthquakes on the Coachella Valley
segment,” Jones says, “we’ve changed
the way we talk about it. We used to be
a lot more cautious. We used to think
we might not live to see this earth-
quake. But now the data is accumu-
lating, and we think this is an earth-
quake that everybody should be ready
for.” To understand why, she returns
to probabilities. “For any individual,
the chance that your house will burn
down is pretty small,” Jones explains.

“It’s a lot less than one percent. The

chance that you will be affected by this
earthquake is a couple of percent.”
Considered in terms of probabilities,
it will seem less like a waste of public
funds if we prepare for an earthquake
that doesn’t happen in the next 50
years. “People need to think more in
terms of probabilities," Jones says.
“This is part of our public educa-
tion work. We go through high school
thinking that if we’re not scientists
we don’t need statistics. But statis-

tics are key to our understanding of
the world.”

MANYX......

ies still remain on the southern San
Andreas, some of them fundamen-
tal questions of physical science that
Jones hopes the SoSAFE project
will answer. Geologists have yet to
determine, for instance, how adja-
cent faults, such as the San Jacinto,
affect the San Andreas. Neither do
they know whether ancient earth-
quakes that started farther north cut
into it on their way south, or if some
of those earthquakes actually began
in the south. Nor can they explain
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why the fault has not moved in the
last 330 years. “Geologists working
on the fault refer to it as being 10
months pregnant,” Jones says. “But I
would argue that it’s actually more like
being 20 months pregnant, at which
point you know you’re not dealing

with a normal pregnancy. Either the

...one thing's for sure: the
~ last decade’s tectonic quiet
~ in Southern California can't

last forever.

rupture chronology is really irregular
or something else is going on.”

Two geologists, Glenn Biasi at
the University of Nevada and Ray
Weldon at the University of Oregon,
have devised a probability formula
that has been used to estimate that
in 1680 an earthquake ripped all the
way from the Salton Sea to the Cajon
Pass, 100 miles north, and would
have registered 7 to 7.5 on the Richter
scale, had such a thing been devised
back then. “Their formula is based
on how much the fault slips at that
site,” Jones explains. “If you have 25

feet of slip, it’s really unlikely that

you stopped that earthquake within
a short distance; the probability that
the rupture would have made it at least
100 miles is pretty high. If you’ve only
got one meter of slip, or a few feet,
it’s a lot less likely—I mean, it could
happen, it could be the beginning
of a rupture—but you have a lower
probability that two earthquakes some
distance from each other joined up.”

Over the last three centuries, the
southern San Andreas has built up
seven meters, or close to 23 feet, of
slip. “So that’s another one of our
questions: If the rupture chronology
really is that irregular, do you then
release all the slip you’ve accumulated
since the last one?

“Because if you do,” Jones warns,
“there’s no way that earthquake will
stay confined to the Coachella Valley.
People who believe in that argument—
that you've got this big slip, and that
slip powers [the earthquake] to keep
on going—a lot of those people think
that this one is going to go all the way
up to Parkfield. And that could be
an 8.2.”

Whatever the reason for the

silence of the southern San Andreas,
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and whether it ever slips violently
again, one thing's for sure: the last
decade’s tectonic quiet in Southern
California can’t last forever. Even if
the southern San Andreas stays quiet
through the Coachella Valley, there
are hundreds, even thousands, more
faults that could erupt in the Los
Angeles basin.

SINCE........

Southern California Research Center
was founded out of a consortium of
universities at the USGS, most of
Southern California’s complex system
of faults, which begins at the Mexi-
can border and extends up to up to
San Luis Obispo, has been rigorously
mapped; since 2001, GPS technology
has made it possible to measure the
distance between a network of selected
locations over time (Palos Verdes, for
example, is moving toward Pasadena
at the rate of 4 millimeters per year)
and, by detecting abnormal move-
ment in the earth’s crust, determine
where new faults might be.

But pinpointing the precise

locations of those faults, particularly

the “blind thrust faults” such as the
one that caused the 6.7—magnitude
Northridge quake in 1994 and the
magnitude 6 Whittier Narrows event
in 1987, has been nearly impossible.

“For one thing, we’ve put people
on top of them and paved them all
over,” Jones says. “If we could have
seen them at the surface before, we
can’t now. For another, even though
you can tell that those two points
are moving toward one another, the
fault that’s building up to an earth-
quake isn’t moving—that’s the point.
Somewhere in between them is a fault
that’s stuck, and that’s where the
earthquake will happen. GPS data
can’t help with that.”

B U I there’s another process,

known as “seismic reflection,” that
can. Geologists can excavate tunnels,
set off explosions and bounce seismic
waves off buried rock and record the
result, just like an ultrasound or CAT
scan in your body. “It’s called ‘active
source exploration,” which is a way of
notusing theword bombs,” Jones says.

“Faults reflect seismic waves because
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the rock has been ground up and
changed by rupturing.” The explo-
sions occasionally cause surface damage
that later has to be repaired, but Jones
insists they never set off earthquakes.
“There are thousands, millions of
these active-source experiments being
done, because it's how the oil indus-
try hunts for oil. It’s a very well-con-
trolled, well-constrained process.” (It
was through seismic reflection that the
Los Angeles Regional Seismic Experi-
ment, or LARS, was able to locate
the Puente Hills thrust, the buried
fault system that caused the Whittier

Narrows quake.)

JONES ...

that any kind of earthquake predic-
tion provokes controversy in seis-
mology circles, but she believes
there’s atleast enough data to suggest
that earthquakes happen in clusters.
“I did some statistical work analyz-
ing the long-term pattern,” says
Jones, who early in her career spent
time studying seismic foreshocks in
China, “and looked at the rate of

sequences with at least one magni-
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""We're calling it the

Great Southern California
ShakeOut,” Jones says.
“"We're hoping we have a
real public earthquake day.
Our goal is to get everybody
in Southern California to
duck, cover, and hold at 10
a.m. on November 13.”

ANNNNANNSNANNSANNNANANNNNANANNSNANNNNNNNNN

tude 3.” About half the region’s big
earthquakes occurred in periods in
which there were 80 to 90 events
per year of magnitude 3 or greater.
In 2003, there were only 48. After
the 7.1 magnitude quake in 1999
near the southern desert town of
Hector Mine, the whole network of
faults seemed to shut off. In 2006,
Jones has observed, the ground
got busy again. “We’re starting to
see a lot of twos and threes,” she
says. Rumblings have been detect-
ed along the San Jacinto fault, and
smaller faults are on the move. “At
some point we’ll be up to the higher
rate again,” Jones says. “And I think
that’s probably pretty soon.”

It’s a good time, then, for South-

ern Californians to start learning a

LSS LSS LSS LSS LSS S S S LSS S LS LSS LSS LSS LSS LSS LSS LSS LSS LSS S LSS IS LSS LS LSS SS LSS SS LS SIS LSS IS SIS LSS SIS



An Eerie Quiet on the Southern San Andreas
Judith Lewis

few things to help them cope better
with the inevitable earthquake, which
to Jones mean thinking beyond the
proverbial earthquake kit. “Those
damn kits!” she laments. “There’s alot
you have to do before you can have the

luxury of being a surviving victim. 7

FIRST.......

have the building you live in rein-
forced if you haven’t already done
so. Second, “secure your space—the
inside of your house. Strap your
bookshelves to the wall, and make sure
there aren’t any heavy pictures hang-
ing over your bed or in your hallway.”
Then you can think about how much
water you have on hand. “Buy ahead
on your bottled water,” she says, “and
make sure that you have food you're
actually going to eat.” She remembers
one elementary school she visited
that had stocked I,000 cans of tuna
with no supporting jars of mayon-
naise. “What kid in the world will eat
dry tuna fish?”

Finally, in order to forestall your
own anxietywhen the earth starts shak-

ing, learn to count like a geologist.

"WE

waves,” Jones explains. First comes

count to recognize the

the “P” wave, a sound wave generated
by the vibration of the initial ground
rupture. It moves in the same direc-
tion that the ground is moving at six
kilometers per second. Then comes
the slower-moving “S” wave, which
vibrates perpendicular to the direc-
tion of the fault rupture. By the time
delay between the onset of the P wave
and the arrival of the S wave, you can
estimate your distance from the
epicenter.

“Have you ever counted thun-
der and lightning?” Jones asks. “The
time difference between thunder and
lightning is five seconds per mile.
This is five miles per second. So if
you count for three seconds, you're
15 miles from the earthquake.”

When the S wave hits—if you can
hang on once you've ducked under
a heavy object—start counting again.
“If you have six seconds of strong
shaking, that’s a magnitude 6 to 6.5.
If you have 25, it’s closer to a 7. If
it’s essentially over in a second, it’s
a magnitude 5.” Unlike the P wave-S

wave differential, the duration of the
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N

S wave relative to magnitude doesn’t
follow a formula. “You have to do it
from a table,” Jones says, “because it’s
approximate and very logarithmic.”
When Jones visits schools,she
teaches children how to count ground
motion to help them manage their
earthquake panic. “It turns them
into scientists instead of scared kids,”
she says. And she habitually does it
herself. When the Landers earth-

quake hit in 1992, Jones remem-

bers a reporter calling her at home
while her bed was still shaking. “He
wanted to know what the magnitude
was. I told him, ‘How do you think I
do this? Telepathy?’” Nevertheless,
Jones had been counting, and knew
the answer.

“I'was pretty sure it was a 7 because
I had counted for 30 seconds,” she
says. "It was actually 24 seconds; I had
overestimated because I had felt the

reverberation.” She can’t remember
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if she gave the reporter the scoop. "I
don’t think I did,” she says. “I didn’t
want to encourage him.”

What will happen to Los Angeles
in an 8.2—or, in Jones’s more modest
scenario, a 7.8—on the southern San
Andreas? That’s another quandary the
multi-hazards project seeks to resolve,
by teaming with engineers, economists,
and data specialists to model potential
outcomes.

“It’ssort of the second-order effects
of the earthquake that we're interested
in,” Jones says. “The first-order effect

is that when you’re near the fault, it’s

"My success depends on
~ getting somone else to do
~ the right thing.”

a lot worse. But there are phenomena
like the damage Santa Monica suffered
during Northridge. Can we model
that ahead of time if we understand the
basins well enough? Can we understand
what happens to the buildings?
“There’s a lot of synergy going on
between the research groups right now.
There’s a lot of excitement, there’s a

lot of data, a lot of people working on

projects that relate to one another.
There's a lot more cooperation in the
seismology field than we’ve had at times

in the past.”

F I F T Yto 100 differ-

ent experts have been assembled to
tackle the engineering problems of
earthquake preparedness, coordinated
by Keith Porter out of Caltech. One
group will examine the earthquake’s
effect on steel-moment buildings, or
skyscrapers; CalTrans will use the data
to test its transportation infrastructure.
Still another program, the National
Earthquake Engineers Simulation, or
NEES, will examine “non-ductile”
reinforced concrete buildings. “Now
there’s a euphemism for you!” Jones
says. "Non-ductile means brittle, but
calling a building brittle makes people
feel really bad, so we use a different
word. But it doesn’t change the fact that
those buildings kill people.” The 7.6
magnitude quake that hit on a long
fault near the Turkish city of Izmit in
1999 killed 17,000 people. Most were
buried in high-rise apartment build-

ings made of non-ductile reinforced
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concrete. In each of the concrete build-
ings that collapsed, roughly 10 percent
of the occupants died.

“"WE
hope our collapse rate is

not as high as it was in Turkey, but when
those buildings do collapse, we think
that the same casualty rate will apply
here,” Jones claims. “We need to know
where these buildings are.”

And once the engineering phase of
the project has been completed, Jones
says, “we’'re only halfway done. Then
we’'re working with economists and soci-
ologists and psychologists and public
health experts to try and look at the
human costs of this. How is this affect-
ing our economic systems? What are the
chances of a long-term depression in
the L.A. area following the earthquake?
‘What are the casualties, the psychological
impacts?” The state’s office of emergen-
¢y services and office of homeland secu-
rity are both involved, with a promise to
conduct an emergency drill on Novem-
ber 13, 2008, based on the multi-hazard
project’s earthquake model.

“We're calling it the Great South-
ern California ShakeOut,” Jones says.

“We’re hoping we have a real public
earthquake day. Our goal is to get every-
body in Southern California to duck,
cover, and hold at 1O a.m. on November
I3; to see if we can get 22 million people
to do the earthquake drill.” She has
high hopes for public education from
the project. But whether it all results
in making Southern California safer
during earthquakes depends on more
factors than Jones can control.

“Science can make the community
safer. But science alone cannot. I will
never be able to do anything to make
Southern California safer from earth-
quakes,” she acknowledges. “I can only
pull together information that I can
explain to a decision-maker who can
make us safer.

“Which means I am setting for
myself a terribly difficult goal. My success
depends on getting someone else to do

the right thing.” ©
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PREPARING

L/A.'FOR
POTENTIAL
EEARTHQUAKES:

/A'PPLICATIONS OF
SPACE TECHNOLOGY

‘Charles Elachi and Andrea Donnellan

THE KEY TO PREDICTING earthquakes, or at least forecasting the
probability of earthquakes, is determining where hidden faults lie and
how fast those faults are moving.

/Charles Elachi is the director of the Jet Propulsion Laboratory and vice
president of the California Institute of Technology; Andrea Donnellan
is the deputy division manager of the Earth and Space Sciences Divi-
sion at JPL and a research professor at the University of Southern

California. Here they tell us how space technology can help discover

Yz

and diagnose quake-prone rifts in the earth’s crust.
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Preparing L.A. for Potential Earthquakes: Applications of Space Technology

Charles Elachi and Andrea Donnellan

T W 0 hundred billion

dollars. That number surely attracts
anyone’s attention. It equals eight
percent of the US federal budget and
exceeds the annual budget of every state
in the Union. It outstrips the budget
of California by over $50 billion.
Two hundred billion dollars in
a few seconds. This is the estimated
amount of damage that will occur
if a magnitude 7 earthquake—the
same size quake as hit San Francis-
co in 1989—were to hit Los Ange-
les. Southern California is prone to
earthquakes and riddled with faults.
One quarter of the earthquake risk
for the United States lies in South-
ern California. Since the annual-
ized earthquake losses in the United
States are $4.4 billion per year, the
economic losses to the Los Ange-
les area from earthquakes are quite
large, and likely to remain so. If the
Puente Hills fault, which is located
underneath downtown Los Angeles,
were to rupture in a magnitude 7.0
earthquake, the economic damage
is estimated to be $210 billion and
deaths would be expected to exceed
400. By comparison, the magnitude

6.7 Northridge earthquake in 1994
was a $20 billion-plus event that
killed over 60 people.

FACED.. ...

staggering consequences and the
associated potential loss of life from
an L.A. earthquake, as well as result-
ing fires, disruption, panic, etc., it
behooves our advanced society to do
whatever we can to be prepared. So
one question is, can our scientific
and technological advances help us to
understand and predict earthquakes,
and therefore help in mitigating
their effects and be prepared to react
effectively whenever and wherever
they happen?

Clearly, understanding when and
where earthquakes may occur would
help mitigate loss of life and property
from these damaging events. Recent
technological advances in high accu-
racy global positioning systems and
space remote observation and moni-
toring, associated with scientific
modeling have enabled us to signifi-
cantly improve our understanding

of earthquake physics and how the
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resulting damaging waves propagate.
Space-borne technologies, in the
form of Global Positioning Systems
(GPS) and radar observations are
improving our understanding of
earthquakes and earthquake process-
es by precisely measuring defor-
mation of the Earth’s surface. The
Earth’s tectonic plates are continually
moving, grinding together and creat-
ing enormous stresses where they
meet at plate boundaries. This stress
accumulation is released in earth-
quakes. The strain from this accu-
mulation of stress can be measured
at the millimeter-per-year level and
provide a global view of plate tecton-

ics, earthquakes, and volcanoes.

T H E Ring of Fire, a series

of plate boundaries where frequent
earthquakes and volcanic eruptions
occur, encircles the Pacific Ocean.
Southern California lies on the
boundary between the Pacific and
North American plates. Although the
plate boundary is quite broad, on the
order of 100—200 kilometers, it is
marked primarily by the San Andreas
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Fault, which travels from the south
end of the Salton Sea, northward and
offshore near Mendocino. North of
Los Angeles, the fault changes orien-
tation to a more east/westerly direc-
tion. This change in orientation causes
north-south compressive stresses
creating mountains to the north of
Los Angeles and the numerous thrust
faults that are found throughout the
Los Angeles basin (Figure 1).

In the mid-1990s, scientists
started measuring surface motions in
the Los Angeles region using GPS.
Due to technologies developed at
NASA’s Jet Propulsion Laboratory,
GPS accurately measures the positions
of points on the ground anywhere in
the world to within just a few milli-
meters. Using GPS, we have been able
to determine that the northern Los
Angeles basin is shortening at a rate of
about 7 mm per year. The shortening
continues to the west, in the Ventura
basin, along route 126 between Magic
Mountain and Ventura. Prior to the
Northridge earthquake we were able
to determine that faults on either
side of the basin were active, suggest-

ing that the region could produce a
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Figure 1. Southern California as seen from space. The orange arrows show the motion of the
Pacific and North American plates. The San Andreas Fault can be seen in the relief, starting at
the Salton Sea and continuing north of Los Angeles and south of the Mojave Desert. The red ar-
rows show how the stress and motion change in the Los Angeles vicinity.

magnitude 6 or higher earthquake
on a thrust fault. The occurrence of
the Northridge magnitude 6.7 earth-
quake was consistent with the GPS
observations, showing the value of
applying space-borne technologies to
earthquake hazard assessment.

Both GPS and Interferometric
Synthetic Aperture Radar (InSAR)
were used to measure how the ground

moved as a result of the Northridge

earthquake. The Santa Susana Moun-
tains, just north of Granada Hills,
grew 40 cm during the earthquake.
In the two years following the earth-
quake the mountains continued to
grow another 12 ¢m. Surprisingly,
this continued growth was as a result
of “afterslip” on the Northridge
fault. In essence, the fault broke,
slipped during the earthquake, and

then continued to slip for more
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Figure 2. InSAR concept, showing satellite and resulting image were an earthquake to occur
near Los Angeles. The fringes are like contours on a map, showing the amount of surface motion
towards the satellite.

than two years following the earth-
quake. Ninety percent of the motion
after the earthquake was aseismic, or
quiet, and could not be measured
with seismometers. The earthquake
also caused shallow quiet creep on
the Sierra Madre fault, which runs
the length of the San Gabriel Moun-
tains in the northern L.A. basin.
The measurement of surface motions

from space-borne technologies are

illuminating earthquake processes
never before observed. We are now
seeing that earthquake faults inter-
act. By using space-borne observa-
tions and supercomputers through
NASA’s QuakeSim project, among
others, we can study how one earth-
quake can either trigger an earth-
quake on another fault, or reduce the
stress such that an otherwise impend-

ing earthquake does not occur.
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Following the Northridge earth-
quake, NASA, the National Science
Foundation, the U.S. Geological
Survey, and the W.M. Keck founda-
tion supported the establishment of
the Southern California Integrated
GPS Network (SCIGN) as a state of
the art dense GPS network for study-
ing surface motions in Southern
California. The network is enabling
us to see how strain is partitioned
across the numerous faults in Los
Angeles and Southern California,
improving our assessment of earth-
quake hazards in the region.

InSAR is one of the newest appli-
cations for studying earthquakes.
Unlike GPS, which precisely measures
the motion of a point on the ground,
InSAR produces an image of how
the entire ground moves (Figure
2). The Landers earthquake was the
first earthquake to be observed with
InSAR, using the European Radar
Satellite-1 (ERS-1). While existing
radar satellites are used to produce
interferograms, none to date hasbeen
optimized for studying earthquakes.

A recent National Academy of

Sciences report, “Earth Science and

Applications from Space: National
Imperatives for the Next Decade and
Beyond” from the National Research
Council (NRC), recommends the
launch of a US InSAR satellite called
DESDynlI (Deformation, Ecosys-
tem Structure, and Dynamics of Ice)
in the 2010-2013 time frame. The
report represents the consensus of
U.S. scientists on critical earth obser-
vations from space that are required
to address issues for climate change,
water resources, ecosystem health,
human health, solid-earth natural
hazards, and weather. Among other
things, the mission would be used to
improve forecasts of the likelihood of
earthquakes.

Preparing Los Angeles for poten-
tial earthquakes requires an improved
understanding of how earthquakes
occur and how earthquake faults
interact. Space-borne technologies,
coupled with computer models, will
enable us to better understand these
processes through measurement and
modeling of surface motions, which
will ultimately lead to better fore-
casting of these damaging events.

Improved forecasts coupled with an
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understanding of associated ground
shaking and building response, will
enable better mitigation strategies—
such as targeted retrofitting of build-
ings—ultimately reducing loss of life
and property from major earthquakes

in Los Angeles. O
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Excerpt from

THE FOLKLORE

OF EARTHQUAKES

Carey McWilliams

AS YOU READ THIS PIECE about thé 1933 Long Beach earthquake,
you might be struck by how many of tbe myths that reigned then
persist to this day (there was not thé‘n, nor is there now, any such
thing as "earthquake weather”). A 1a‘wyer‘ and historian who for two
decades edited The Nation magazine,'Carey McWilliams authored
many influential books on the history and landscape of Southern Cali-

fornia, including Southern California: Island on Land.
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Excerpt from The Faolklore of Earthquakes
Carey McWilliams

0 N the basis of their reaction

to the word “earthquake,” Califor-
nians can be divided into three class-
es: first, the innocent late arrivals
who have never felt an earthquake,
but who go about avowing to all and
sundry that “it must be fun"; next,
those who have experienced a slight
quake and should know better, but
who nonetheless persist in propagat-
ing the fable that the San Francisco
quake of 1906 was the only major
upheaval the state has ever suffered;
and last, the victims of a real earth-
quake—for example, the residents
of San Francisco, Santa Barbara,
or more recently, Long Beach.* To
these last, the world is full of terror.
They are supersensitive to the slight-
est rattles and jars and move uneasily
whenever a heavy truck passes along
the highway.

This diversity, based on dissimi-
lar experience, is probably respon-
sible for the amazing earthquake
folklore that thrives in California.
Fresh outpourings of popular fancy
appear whenever the region feels
another twister. Science is not as sure

about earthquakes as it ought to be,

and so the Californians make out a
fairly plausible case for the superior-
ity of their own lore to the so-called
scientific pronouncements elicited by
the press from the staffs of the local
universities whenever a quake gives

another blow to the tourist trade.

T H I S popular fancy about

earthquakes has crystallized into a
trinity of superstitions. They are as
follows: that tall buildings in a quake
area are peculiarly perilous struc-
tures; that quakes are caused by the
drainage of oil from the bowels of the
earth, and that they are invariably
preceded by periods of what is known
as “earthquake weather.” Los Ange-
les, under the influence of a wide-
spread belief in the first of these
superstitions, adopted an ordinance
limiting the heights of buildings years
ago. As a consequence of this ordi-
nance (which is also said to have been
favored by local realtors animated by
ulterior motives), the city has become
annoyingly decentralized. In fact, if
its tendency to decentralized is not

corrected, it will soon become a
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collection of widely dispersed districts

connected by boulevards of racing

traffic.

T H E belief in earthquake

weather is persistent and unshak-
able. I have heard old residents quar-
rel endlessly among themselves over
the exact definition of it, but they all
agree that it exists and that it invari-
ably presages the coming of a quake.
Despite the fact that it is common
knowledge that earthquakes have
occurred in summer and in winter,
in spring and fall, and every hour
of the day or night, regardless of
temperature, the belief in this earth-
quake weather survives. In the popu-
lar sense, the phrase seems to desig-
nate a close, stifling, sunless, muggy
atmosphere. One might be ready to
believe that such weather does pres-
age the coming of quakes if it were
not for the at that the description
obviously refers to an atmospher-
ic condition that, in California, is
the subject of universal detestation.
The conclusion is almost irresistible

that the residents have merely made
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the loathsome “close days” respon-
sible for calamities that could not, in
loyalty, be imputed to any other kind
of weather.

The belief in the oil-drainage
superstition is of equal antiquity and
tenacity. There is, as a matter of fact,
a slightly melodramatic quality about
oil fields. The great shining storage
tanks glisten in the sun; the forest
of derricks assume fantastic shapes
in mist and cloud, light and dark-
ness; and the ceaseless thumping of
the pumps makes for an atmosphere
of doubt and misgiving. Oil drillers
themselves are a notoriously super-

stitious breed of men.

B U T the range of popular

fancy is not limited to any particular
set of superstitions. After the recent
temblor that caused such heavy damage
at Long Beach and the surrounding
towns, I was able to cull the following
yarns from the local press and from
conversations overheard during the
next few days. It seems that a hen laid
three eggs a few moments after the

first shock was felt; that a woman who
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Excerpt from The Faolklore of Earthquakes
Carey McWilliams

had been suffering from paralysis for
years was cured by the vibrations of
the quake and walked forth from an
invalid’s room without assistance; that
the quake was predicted by the “scien-
tists” weeks before it occurred, but
that the information was suppressed
by certain sinister interests variously
known as the big me, the bankers,
and the university presidents; that
a woman was taking a bath in Long
Beach when the first shock came,
causing a section of the wall to fall
in and block the doorway, so that she
was forced to remain in the bathroom
without clothes for three days and
nights until she was rescued by some
Legionnaire; that sixteen boys were
caught in the plunge of the Polytech-
nic High School in Long Beach, but
that they have never been reported
missing, and that their parents have
been hushed up; that while stand-
ing in a neighboring building gazing
out at the new Los Angeles City Hall
(twenty floors and a tower), a group
of people saw the hall sway out of
sight, come back into sight, sway out
of sight in the opposite direction and

then come to rest “with an awfuljar”;

that a worker in a chemical plant near
Long Beach was thrown thirty feet in
the air after the first shock, and that,
on hitting the ground, he bounced
skyward and was thus tossed up and
down three times “in rapid succes-
sion”: that the earthquake was caused
by the moving mountain near Duran-
go, Colorado; that an automobile,
while being driven along a boulevard
in Long Beach, shook so hard that it
lost all four tires; that the undertakers
in Long Beach didn’t charge a penny
for the sixty or more interments
following the quake; that the quake
was the first manifestation of the
awful curse placed on Southern Cali-
fornia by the Rev. Robert P. Shuler
after its residents failed to elect him
United States Senator; that sailors on
vessels a mile or more off shore from
Palos Verdes saw the hills (quite high)
disappear from sight; that the boot-
leggers of Long Beach saved hundreds
of lives by their public—spirited dona-
tion of large quantities of alcohol to
the medical authorities; that women
showed the most courage during the
quake and that men can’t stand up
under earthquakes; that the shock of
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the quake caused dozens of miscar-
riages in Long Beach, and that an
earthquake will often cause perma-
nent, and annoying, irregularities
among women; that every building
in Southern California that was not
damaged by the quake is "earthquake
proof”; that another earthquake will
be experienced within three months
“at the other end of the fault”; that a
cross on a Long Beach church was not
damaged, though the rest of the build-
ing was destroyed; that the quake will
disturb the production of oil by caus-
ing it to flow from one underground
reservoir to another; that every life
lost during the quake was due sole-
ly to the obdurate willfulness of the
dead in not doing what the speaker
would have brilliantly done under the
same circumstances; that an earth-
quake is much more terrifying than
a cyclone, but not quite as terrify-
ing as a tornado, and just slightly less
ghastly than a hurricane; that Cali-
fornians should construct earthquake
cellars, just as Middle Westerners
build cyclone cellars; that the “first
quake is always the hardest,” and that,

in reality, there is only one quake, the
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subsequent temblors being regarded
as merely “echoes” or “repercussions”
of the first; that the safest place to be
when an earthquake occurs isindoors,
outdoors, in a doorway, standing next
to an interior partition, lying relaxed
on the floor; that the outdoor camp-
ing and enforced communalization
of life after the quake in Long Beach
produced widespread immorality;
that it is extremely dangerous to rush
out of doors during an earthquake,
for the reason that “great cracks” are
likely to occur in the paving, or one
may be struck by a runaway vehicle;
that the last quake occurred in Cali-
fornia in Santa Barbara in 1926, and
the first in San Francisco in 1906, and
that, between these dates, California
did not experience an earthquake;
that every community in Southern
California which escaped serious
damage in the last quake “is not in the
path of the fault,” and is, therefore,
immune from peril; that the earth-
quake, followed by the appearance of
a mighty meteor on March 24, pres-
ages the beginning of the end. ©
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SECTION 2:
BUILDING FOR THE BIG ONE
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[A]S I REELED about on the pavement trying to keep my footing,
I saw a sight! The entire front of a tall four-story brick bullding in
Third street sprung outward like a door and fell sprawling across
the street, raising a dust ke a great volume of smoke!

—Mark Twain, Roughing It (1872)

LSS SIS LSS LSS LSS LSS LSS LSS LSS S LSS S SIS LS SIS LSS LSS S LSS LSS S ST LSS LSS LS SS LSS LSS LSS LSS S LSS S LSS LSS LSS S SIS S S LSS LSS LSS LSS LSS S S S LSS S LS LSS LSS LSS LSS LSS LSS LSS LSS LSS S LSS IS LSS LS LSS SS LSS SS LS SIS LSS IS SIS LSS SIS



Building for the Big One
Judith Lewis

I N 1968, a scientist by the name

of Nick Ambraseys, at 39 already a pre-
eminent world authority on earthquakes,
seaquakes and tsunamis, gave a lecture
at Cambridge University that, according
to geologist and author Roger Bilham,
would forever change the way the world
thought about earthquakes. “In 50 short
minutes,” Bilham has written, "[Am-
braseys] demonstrated links between
engineering and history, earthquakes
and civilization, and scientists and
society.” His most famous take-away
quote from that lecture was one Bilham
would again invoke 20 years later, after
a deadly guake killed tens of thousands in
Armenia. "Earthquakes don't kill people,”
Ambraseys said. “Buildings do.”

That widely circulated quote might
sound almost axiomatic by now, so
obvious it is that no one dies in an earth-
quake who isn’'t under something that
falls. And still, all around the world, when
significant earthquakes roll through
large, modern cities, people continue to
be crushed in the debris of falling build-
ings. The magnitude 7.9 earthquake that
devastated Sichuan Province, China on
May 12, 2008, is only the most recent,

heartrending example: After 100 seconds

of strong shaking, more than 7,000
classrooms collapsed during the middle
of the school day, killing tens of thou-
sands of children. In many areas where
the schools came down, more sturdily
constructed buildings remained standing.
California has strict life-safety pro-
vision written into its building codes that
have saved lives for three-quarters of a
century, holding death tolls from modern
quakes firmly in the double digits. (The
1989 Loma Prieta earthquake near San
Francisco, claimed 67 lives; that same
year, more than 10,000 died in an earth-
guake of the same force near Mexico
City.) Public schools in California do even
better, thanks to a 1933 law that governs
their construction, which is discussed in

the following pages.

BU I geological time is long,

and Los Angeles by its standards has
been around for less than a flash of light
in a thousand years of sun. We have not
yet had an earthquake to match the one
on the Longmenshan Fault in Sichuan
Province, although, as mentioned else-
where in this book, we can expect one.

Many structural engineers and geolo-

LSS SIS LSS LSS LSS LSS LSS LSS LSS S LSS S SIS LS SIS LSS LSS S LSS LSS S ST LSS LSS LS SS LSS LSS LSS LSS S LSS S LSS LSS LSS S SIS S S

gists worry that older brick buildings,
as well as some aging commercial and
industrial concrete buildings, could col-
lapse in a period of prolonged, intense
shaking. Even some high-rise buildings
—otherwise known as "steel moment-

frame” buildings—may tumble.

I N the following section, en-

gineers, architects, and others weigh
in on what it means to build, and then
live without worry, in a zone of seismic
activity. Susan Tubbesing, executive
director of the Earthquake Engineer-

ing Research Institute, in a conversa-
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tion with Aileen Farnan Antonier in this
next section, describes what engineers
learned about building after Northridge;
Caltech President Jean-Lou Chameau
and former Provaost Paul Jennings
discuss how engineers and seismolo-
gists, in the tradition of Abramseys,
have been collaborating to predict how
a certain types of construction will
respond to an extended period of strong
shaking; and architect Thom Mayne cel-
ebrates the inherent beauty of a wood-
frame house—a structure "so elastic,”
he says, "that everything can roll down
one side, yet they don't collapse.” Just

don't build one on the edge of a cliff. ©
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Excerpt from

AN'NA'LS OF THE

FORMER
WORLD

John McPhee

THIS SCENE from-John McPhee's Pulitzer Prize-winning book,
Annals of the Former World (1999), was originally the final story in
Assembling California (1992), the chronicle of a 15-year-long geologi-
cal tour McPhee took in the company of geologist Eldrige Moores. It

takes place at Mussel Rock, a towering slab of Mesozoic-age green-

stone shoved up by subducting plates at the point where the San
Andreas Fault meets the sea. "It's a good place,” McPhee observed,
"to sit and watch the plates move.” And to marvel at the nonchalance

of those who build their homes at fault’s edge.
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Excerpt from Annals of the Former Wor
John McPhee

C

A N Earthquake.

A small flex of mobility in a planetary
shell so mobile that nothing on it
resembles itself as it was some years
before, when nothing on it resem-
bled itself as it was some years before
that, when nothing on it...

Not long ago, at Mussel Rock, a
man named Araullo was fishing. He
had a long pole that looked Euro-
pean. He seemed not so much to be
casting his lure as sweeping it through
the sea. His home was near the top of
the cliff. He pointed proudly. The
one nearest the view.

He had come down the trail and
jumped over water to a wide, flat
boulder. The seismic crack that came
down the cliff ran into the water and
under the boulder. He was fishing
the San Andreas Fault, and he was
having no luck.

I asked him, “What are you after?”

He said, “Sea perch. I also get
salmon and striped bass here. Now I
don’t know where they are. Someday,
they come.”

He said that he felt very fortunate

to have a house so close to the fish and

ocean, to have been able to afford it.
He had bought it six months before.
In this particular location, real estate
was cheap. He had bought the house
for ahundred and seventy thousand. I
could barely hear him over the sound
of the waves.

“Ifit going to go down, it going to
go down,” he shouted, and he flailed
the green sea. “You never know what
going to happen. Only God knows.
Hey, we got the whole view of the
ocean. We go the Mussel Rock. What
else we need for? This is life. If it go

down, we go down with it.”

I H E cormorants were

present, and the pelicans. The big
fishing boulder echeloned with
shears. From somewhere near Araul-
lo’s house, a hang glider had left the
jumpy earth and now hovered safely
above us.

Araullo ignored the hang glider
and kept on swinging his pole.

“I don’t know where they are,” he
said again. “But someday they come.

They always come.” O
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EARTHQUAKES /ARE

FABULOUS

Yz

An interview with Thom Mayne
by Dana Hutt

PRITZKER PRIZE-WINNING architectﬁ'hum Mayne is the founder of
the Los Angeles-based firm Morphaosis. His most recent buildings include
the acclaimed CalTrans District Seven Headquarters in downtown Los
Angeles and the United States Office Building in San Francisco. He also
designed the 68-story Phare Tower, which, when completed in 2012, will
be the tallest building to be constructed in Paris since the Eiffel Tower
in 1889. Mayne told Dana Hutt, director of Architectural Documentation
and Special Projects at Art Center College of Design, about his thoughts

on the relationship of earthquakes and the built environment.



Earthquakes are Fabulous
Aninterview with Thom Mayne
Dana Hutt

~ In Los Angeles, you approach the work knowing that it will
by necessity have structural redundancy that will produce

a different kind of sensibility.

Earthquakes don’t disturb me

Everybody has different thresholds
for things that frighten or disturb
them, and this is an area that I'm
somehow very relaxed about. In 1971,
when the San Fernando quake hit, I
was living in Venice, above the bait
and tackle shop at the end of the
pier. The building rocked around,
bookshelves tipped over, and every-
thing ended up on the floor. It was in
the morning hours, and after look-
ing around and surveying the mess,
I climbed into bed and went back to
sleep. I woke up two or three hours
later, turned on the news, went to
have a coffee down the street, and
came back and spent the next couple
of days cleaning up my house. Then,
in 1994, I was living in Ocean Park,
about a mile from my old place but
in a really stable little house built with
sheeted plywood, and there was a bit
of rattling in the morning. I got up,

turned on the television and watched

what was unfolding. Northridge was
very severe, with collapses and fires
as close to me as Santa Monica. But,

still, I kind of shrugged.

Earthquakes change the work
of architects

Earthquakes have hugely affected
what we do. When you also work
nationally and internationally, you
become acutely aware that because
of the seismic threat everything in
Los Angeles gets thicker, bigger,
and kind of clumsier. We're work-
ing in Paris right now, on the Phare
Tower, which is really light and deli-
cate, something that is possible only
because it’s a zero seismic zone. The
same was true in Austria, years ago,
when we worked on the Hypo Bank.
Location has to be a critical element
in an architect’s thinking.

In Southern California, you
come to realize that one of the

continuities of work is going to be a
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heaviness, and as seismic safety laws
are constantly being updated and
strengthened, that’s a trend that is
not going to reverse. In Los Ange-
les, you approach the work knowing
that it will by necessity have struc-
tural redundancy that will produce a
different kind of sensibility. It does
in fact change the work because you
completely rule out certain options
as to how a building touches the
ground. Our federal office build-
ing in San Francisco is a concrete
building,but it’s thin, so it was a very
complicated building to make work
within a high seismic zone. It had
just a ridiculous amount of steel and
became hugely heavy.

Although you’re not working
based directly on the idea of the
earthquake, you do have to work
within certain parameters and learn
to deal with things quite differently.
And it starts with structure. As an
architect, seismic concerns infil-
trate once you realize it’s not the
vertical, but the horizontal force—
the lateral load—that’s of utmost
importance, and that really changes

your thinking.
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The more knowledge you have
gives you a different way of deciding
how you're going to build. Building
in Los Angeles is also an economic
issue because dealing with these situ-
ations is expensive. It has to do with
how we understand nature and our
relationship with nature; it is part of
a contextualism. Of course this city is
complicated because it has multiple
ecologies, each with its own specific
requirements: the low coastline, the
edge of a sea cliff, mountain ridges
and valleys, the desert, downtown.
These conditions are all differ-
ent, and we have a choice of how to

respond to those conditions.

Earthquakes don't defeat the
wood-frame house (usually)

Ifyou’re in alittle wood-frame house,
there’s often not much to worry about
beyond checking the gas connection
to ensure that it’s flexible. In an older
house that sits on an old-fashioned
foundation, which might not be made
with the strongest materials, you
should probably upgrade the foun-

dation. But what is so lovely about a
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Earthquakes are Fabulous
Aninterview with Thom Mayne
Dana Hutt

wood-frame house is its incredible
redundancy, with thousands of little
connections made by nails, versus a
big building that can have a single-
system failure, or even the failure of
a system and a backup system. These
houses, even the ones built in the
1920s and '30s, are so elastic that
everything can roll down one side,
yet they don’t collapse. Again, the
main danger is that when they tip, the
gas connection can break. Beyond
that, the integrity of the home’s
site is often the biggest problem in
L.A., with its mountains and edges
of water. There’s going to be a lot of
movement of earth, and that’s where
you're going to find problems that

are unsolvable.

Earthquakes are part of a
natural cycle

For me, earthquakes are in tune with
my knowledge of nature. Earthquakes
make total sense; they are supposed
to happen, and they’re supposed to
happen here. If you're sailing, you
accept huge potential dangers because

you’re aware of the environment, of

If you buy a house on the
edge of a cliff along the coast
in Pacific Palisades, how can
it be startling when the cliff
gives way and suddenly you
have no property?

ANNNNNNNNNNNNNANNANNNNNNNN

the unrestrainable power of the sea,
which is part of the natural condition.
In Los Angeles, earthquakes—like the
fires that regularly occur during our
fire “season”—are actually a normal
occurrence. It’s part of living in L.A.
I am constantly perplexed as to why
so many people who live here don’t
even consider the impact an earth-
quake could and will have on them.
It’s intriguing that earthquakes are
something that you learn to live with—
like all relationships between human
beings and nature.

Somehow, earthquake-prepared-
ness is hard to keep attentive to; it’s
like a seat belt. You might never use
a seat belt in your whole life — in fact
most people will never use a seat belt
—but you put it on everyday, knowing
that it only has to be used once to save
your life. And earthquake-prepared-

ness is this issue at a huge macro
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level: To keep people actively aware a
whole lifetime, where they may never
once activate their knowledge or their
expertise. On a psychological level I
find that really interesting. If you buy
a house on the edge of a cliff along
the coast in Pacific Palisades, how can
it be startling when the cliff gives way
and suddenly you have no property,
and perhaps find yourself in physi-
cal danger? But that’s the nature of
buying that type of property.

Earthquakes are fabulous

Iceland has active volcanoes and
is literally on two, moving tectonic
plates.® [The ridge between them is]
like the San Andreas Fault. Part of it

is quite wide, and you can see down
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a crevice. It’s wild. You’re literally
looking at the earth as it’s moving,
and as it has moved over millions
of years. Then you go around the
island, and there’s a spewing volcano
and natural hot springs, and you feel
like you're there at the creation of the
universe or you’re somehow witness-
ing the making of this planet. It’s like
Ttalo Calvino’s “Cosmicomics.”
Emotionally, I love an earth-
quake and the fact that it’s instan-
taneous. An earthquake causes this
huge wave, like a land tsunami that
hits your house. I remember the one
in Venice: there was a bam! Just one
solid hit and everything collapses.
And then after that there was all this
sound. It’s like jazz—hugely energiz-

ing and invigorating. Fabulous. O

* Iceland straddles the Mid-Atlantic Ridge, which is the boundary between the North American and Eurasian plates.
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FROM [EEND
T'0 'EIN'D:

/A 'NEMW /APPROACH TO

MODELING

SETSMIC ACTIVITY

An interview with
Jean-Lou Chameau & Paul Jennings
y Judith Lewis

THE FORMER DEAN of the Georgia Tech College of Engineering,

Jean-Lou Chameau's technical interests include sustainable technol-
ogy, environmental geotechnology, soil dynamics, earthquake engi-
neering, and liquefaction of soils. Chameau/received his secondary

and undergraduate education in France; in/ 1980, after completing his

graduate work at Stanford University, he joined the civil engineering

V

faculty at Purdue University, where he supsequently became full
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Engineering from End to End: A New Adpmach to Modeling Seismic Activity

Judith Lewis |

iz

within them.

As leaders of a large insti-
tution in an earthquake-
prone city, what advances in
research at Caltech today are
most significant in terms of
the public’'s understanding of
earthquakes?

J * (Paul Jennings) One of the
things that demonstrates the breadth
of what we can do is called end-to-end
modeling. The engineers and seismol-
ogists are working together and taking
a big earthquake on the San Andreas

Fault as an example, and they’re now

professor and he‘ad of the geotechnical engineering program. In
September 2006,‘\‘he became Caltech’s eighth president.
INTERNATIONAL\‘LY RENOWNED earthguake engineering and
seismology exper‘t“Pau] Jennings has been on the California Institute
of Technology campus as a student, professor, and administrator

for 44 years. From 1989 to 1995, he was both Vice President and
Provost; in 2004, he returned as Provost after a nine-year hiatus,
and remained in that position through 2007.

THE TWO MEN spoke with Judith Lewis about the latest research in

understanding seismic zones and how to engineer safe construction

modeling the process from end to end.
That’s one of the significant advances
in the research.

|
c - (]ean—Lou Chameau) I rem-
ember being a graduate student 30
years ago and we were discussing this
idea on the blackboard. Professors
were showing the concept, and we
had to make assumptions to develop
code models to do it. So the concept
has been in place for a long time, but
it’s only the computational tools—
including the two- and three-dimen-

sional graphics—of the last few years
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that have made it possible to actually

put it into practice.

What exactly does "end-
to-end” mean?

J " It means you can simulate
both the beginning and the end of the
earthquake scenario. You can model
the source—where the energy is actu-
ally released by a sudden movement
along the fault—and you can propa-
gate the seismic waves of the earth-
quake through all the different kinds
of geology in the L.A. basin. There’s
a big basin of sediment out here
30,000 feet deep, and in Los Angeles
we've also got mountains and ridges.
All of those geological features affect
the modeling.

What do you learn from end-
to-end modeling?

J " Using a geometric visual
image of the fault, you can calculate
the ground shaking at a large number

of points on the surface of the ground
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in the Southern California region.
In part of that calculation, you put a
model of a building at any one of those
points, and you can determine how a
building of that type would respond
if it were in that location during a big
earthquake on the San Andreas Fault.
You can do this for different scenarios
of the earthquake; where the earth-
quake starts up north and propagates
toward the south, for example, which is
bad for us in Los Angeles, or if it starts
at the south end and goes up toward
the northwest, which is good for Los
Angeles. There’s a Doppler effect to
seismic energy: the energy gets focused
in the direction of rupture. So if the
rupture’s coming toward you, you get
stronger shaking than if the rupture’s
going away from you.

Thenyou can apply those different
scenarios to different types of build-
ings. You can have a modern 20-story
steel-frame building designed accord-
ing to the latest standards, and then
you can also ask, “How would a build-
ing built 20 years ago respond at the

same site?”
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Engineering from End to End: A New Approach to Modeling Seismic Activity

Judith Lewis

Is there any way of deter-
mining whether a rupture
will come toward us from the
north or the southwest?

J " No. It could also start in the
middle and go both ways. All of these
things have happened. If you have a big
earthquake, a seismologist can tell you
afterward where the main source of
energy started and which direction it
ruptured, but to predict it beforehand
seems beyond anybody’s capability.

What are your expectations
for how this information will
be used, and how people will
react to it?

n
c " The end-to-end work, which
we couldn’t do 10 or 15 years ago,
provides an important new tool
for architects and engineers. They
can now see what would happen to
a particular structure, and design a
building slightly differently in one
part of town, say, than in another,

taking into account uncertainties,

local differences in loading, materi-

als, and structure conditions.

n

J " End-to-end modeling also
helps you quantify the uncertain-
ties a little. There are uncertainties
about the performance of a building
and its material properties. There are
uncertainties about the propagation
calculation—how waves move—and
there’s uncertainty about what actu-
ally happens in the earthquake itself.
Where are the sources of energy release
and which way does it go?

It turns out that it’s helpful for the
public and the specialists, too, to ask,
“Where are the big unknowns here?
And can we do anything about them?”
By addressing these questions, we hope

to influence decisions.

In what area of seismologic
research is there the most
uncertainty?

J " The largest unknowns are in
the geologic process itself: how big

an earthquake is and where it is and
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A big earthquake could come
and nothing much might
happen, and the reason
could be that we were just
very lucky on the geology.
And the next one may not be
~ as big, but everything else

’ goes wrong.

which way it propagates. That’s a very
big unknown. The unknowns with the
building are sizable but they’re not
nearly as large as the uncertainties in
the geological part of the equation.
That complicates life because a big
earthquake could come and nothing
much might happen, and the reason
could be that we were just very lucky
on the geology. And the next one
may not be as big, but everything else
goes wrong.

That’s not nice news in some
sense, but it certainly helps with a more
realistic understanding and more real-
istic policies, because with end-to-end
modeling, you're looking at the whole
picture, from the earthquake to the
response of the building. It frames the
consequences in a way that people can

grasp. Maybe they can’t understand
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the exact calculations, but visually, you
can make a movie that shows the fault
moving, the ground shaking and the
building shaking. You can put things
together in a way that people feel they

can address the problem.

How do you know that the
results your calculations and
modeling predict accurately
represent what will happen
in the real world?

n

J " We’ve been refining these
processes over the past 15 to 20 years,
and actually have the measurements
from past events. If an earthquake
occurs now, we can make a rough calcu-
lation of the strength of the shaking in
an affected region even before we get
the instrumental measurements.

Also, there have been enough
advances in instrumentation that you
can calibrate these things. When you
have a sizable earthquake today, it’s
recorded on hundreds of seismom-
eters. From those, you can go back
and get some details of how the source

actually generated the energy. A
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fault may rupture for 50 miles, but
the energy’s not distributed evenly
along it. It’s very uneven in fact. But
you can look at the calculations and
get some idea of where the energy
was released.

Once you've gone back and done
that, then you can do the forward
calculation and say, okay, now, let
the energy be released the same way
on this computer, and then let’s
go out and calculate the motion in
every place you had a seismogram and
compare the calculated value with the
observed value.

This calibrates the modeling of
the geologic structure. If you do that
enough times, you get pretty good
at modeling and have confidence in

your calculations.

c " One thing to remember,
though, is that although we have quite
a bit of information from small and
moderate size earthquakes, we have
much less information available from
very large ones. They don’t happen
very often, and they rarely happen in

areas where you have the most instru-

mentation and the most concern about

potential damage.

Since those big earthquakes
are so infrequent, how do
you capture people’s atten-
tion and reinvigorate this
topic when there’s nothing
happening seismically?

|
c " It’s human nature to lose
interest. No one moves to act with-
out actually experiencing the risk. If
you look at the history of the build-
ing codes, basically they changed every
time there was a significant earthquake
that revealed problems we didn’t
anticipate well before. There is an
earthquake, and there are commis-
sions and committees that start to look
at the research that was done before,
and they change the code. And noth-
ing significant then happens until the

next earthquake .

| |
J " This goes back to the 1872
earthquake, which led to the banning

of adobe construction, because a lot
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of people were killed in unreinforced
adobe buildings. Fortunately, we now
have very few adobe homes in South-
ern California because of that event
and what people learned from it. In
terms of keeping people interested,
one of the things that does help is that
there’s better worldwide communica-
tion, so when earthquakes happen in
other parts of the world people are
reminded what can happen if you're

not prepared for it.

You mentioned that end-to-
end modeling took some 30
years to go from concept to
practice. What do you expect
to be the next leap forward
in the decades ahead?

n
c " I think that we will start to
better understand how the earth-
quake is actually rupturing at its
source—how it is actually occurring—
as well as a better simulation of how
it propagates. And that will remove a
major part of the geological uncer-

tainty of the event.
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n

J "If you could find out how the
stress is building up on the fault, in
enough detail to be useful, that would
dramatically reduce the uncertainty in
the calculations, because you'd know
where the energy release is coming
from.

On the structural engineering
side, the buildings we’re using now
are important buildings, like steel-
frame buildings, but they're not
geometrically complex. They’re not
odd shapes. We haven’t modeled any
state-of-the-art architecture. As an
incremental advance, we’'d like to
extend what we’re doing to a wider

class of realistic buildings.

Is there a cycle of seismic
activity that will help us
anticipate large earthquakes?

n
J " We wish we knew. We've had
all kinds of patterns in the Ppast. We've
had gaps for significant periods of time
where nothing much happens. We've
had clusters of earthquakes where a lot
happens over time. Sometimes for a

particular big earthquake you have a
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foreshock series that keeps increasing.
One Chinese earthquake was "predict—
ed” on the basis of foreshock activity.
But sometimes a big one just comes
out of the blue. And one of the things
Lucy Jones studies in her research is
whether there’s something in the pre-
earthquake sequence that gives you
some idea of what’s happening. It’s not

obvious whether there is.

n

c " There was a lot of optimism
about forecasting earthquakes in the
late '70s and '80s—and in fact the
Chinese earthquake in 1975 [7.3
magnitude near Haicheng-Yingkow]
was an example cited by some. There
were a lot of people looking at clus-
ters, and we were maybe thinking
you could predict it based on some
of those observations. But since then
there have been a number of cases that
didn’t match any of those things. I'm
seeing less excitement about predica-
tions. Instead, people are focusing
more efforts on forecasting the poten-
tial effects of the earthquake, through
things like the end-to-end modeling.

n

J " It’s a very interesting problem
because it’s a tremendously large event,
and it releases huge amounts of energy,
and it’s quite reasonable to think such
an event would have some precursors.
If you take anything in the lab—rock,
concrete, steel, or anything—and try to
break it, something happens before it
breaks. And you can measure it. Most
things that are much simpler have
precursors. Why does this huge event,
releasing megatons of energy, not have
a precursor?

This is a very good scientific ques-
tion. Is it a buildup of strain that
you can observe on the surface of the
ground? That’s one hypothesis. Is it
a change in the electromagnetic field
around the fault? Is that a hypothesis?
Looking at foreshock activity seems very
sensible; if you try to break a stick, it
cracks first and then it breaks. Why not
look for that? But, so far, nothing has
proved very reliable.

If you’re going to study earth-
quake prediction, that’s a fundamental
thing. But if you don’t know what to
measure and where to measure it, that’s

a problem.
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n
c - Technically, scientifically, it
makes sense to expect precursor activity
of some sort. It seems that we have not
really discovered yet what it is or what
could be monitored with a high level
of repeatability and reliability. We have
observed a number of different things,
but they don’t seem to repeat them-

selves on a consistent basis.

n

J "It may be there are many differ-
ent kinds of earthquakes, like there are
many different kinds of cancers. People
think it’s one simple disease, but it’s
not. It’s very complicated. Maybe
there’s something scientifically similar
going on with earthquakes. We know
there are different kinds of earthquakes,
but maybe some are really fundamen-
tally different in some way we haven’t
detected yet.

There are so many branches
to earthquake research. How
do you decide where to prior-
itize your resources?
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n
J " At Caltech, we don’t set our
priorities from the top down. What
happens here is that when we look for
new faculty—as recently, when we hired
a new seismologist and a new earth-
quake engineer—we look for the best
possible person in some reasonably
broad field. We choose the very best
minds, and let our faculty lead the way.
They are always asking themselves where
we should go next. What’s the most
important problem to work on? This

shapes our future direction.

What is your own personal
response to living here in
earthquake country?

| |

c ® Look outside! This is a great
and dynamic environment. The
weather is beautiful. It’s worth the
risk! Nevertheless, all of us should
be prepared for the possibility of an
earthquake. Preparation applies to
both individuals and organizations
such as Caltech. ©
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A COMPREHENSIVE
APPROACH TO

EARTHQUAKE

ENGINEERING:
LESSONS FROM

NORTHRTDGE
A'ND '‘BEYOND

An interview with Susan Tubbesing
by Aileen Farnan Antonier

IN 2000, the Earthquake Engineering Research Institute (EERI)
assembled a panel of leading scientists and engineers and, with
financial support from the National Science Foundation, began a
comprehensive investigation in reducing life and property loss from

earthquakes. The completed report, "Security Society Against



A Comprehensive Approach to Earthguake Engineering

Aileen Farnan Antonier

Catastrophic Earthquake Losses,” was published in 2003, and offers

"a new comprehensive vision from the earthquake engineering

community for the rapid development and deployment of leading-edge

research to create safer, more resilient communities.” EERI's

involvement has been instrumental in securing the reauthorization of

funding critical research in both the applied and social sciences.

Here, Susan K. Tubbesing, executive director of the Oakland, Califor-

nia, based institute, talks to Aileen Farnan Antonier about EERI's

wark, the motives behind the 2003 study, and what engineers learned

about high-rises after Northridge.

What is EERI's role in the
event of an earthquake?

After an earthquake, we gather infor-
mation that can be used to improve our
assessment of earthquake hazards, and to
document the effects of earthquakes on
the built environment and the resulting
social, economic, and policy impacts.
This information helps us improve
structures, mitigation strategies, and
emergency response procedures. Prior
to the 1994 Northridge earthquake, we
would send asmall, self-contained group
of about eight to 10 people to the site
of the event. Each person was respon-
sible for a particular area, whether it was
earth sciences, structural performance,

urban planning, or societal impact. For

example, a seismologist would deploy
instruments that measured aftershocks,
and a geologist would document ground
failures. A structural engineer would
evaluate the effects of the earthquake
on the built environment, while a social
scientist would study the event’s effects
on people and businesses. The infor-
mation we collect is very perishable, so it
is important that it’s done quickly.
Because the Northridge quake
produced more data than ever before,
we created a new team structure to
study the event. Instead of just one
person in each discipline, there were
team leaders who managed sub-teams
that reported back with the infor-
mation they gathered. There were
literally hundreds of people who
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contributed their observations to
that effort.

As it happened, the California
Office of Emergency Services had a
regional office in Pasadena, which
couldn’t have been more convenient
to survey the damage in Northridge.
They gave us a floor of that facility,
where we set up a post-earthquake
technical clearinghouse operation, a
place for engineers and scientists to
report their findings each day.

That was the model we used in
establishing our current plan for a
California information clearinghouse
after an earthquake. Fortunately we

haven’t been tested yet.

What were the most impor-
tant findings to come out of
the Northridge analysis?

The engineering community certain-
ly was shocked to discover that weld-
ed steel moment-frame structures,
which they thought were really very
safe and very resilient, sustained
many cracks in the welds. That dis-
covery generated an $8 million

research study that was funded by
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FEMA and involved the Structural
Engineers Association of California,
the Applied Technology Council,
and the Consortium of Universities
for Research in Earthquake Engi-
neering. Those three organizations
worked together and carried out tests
at universities on the welds of materi-
als. They came up with new materials
and new specifications for the weld
materials and for the steel itself, for
how it should be fabricated, and for
how it should then be applied. Until
the analysis was complete and before
new guidelines were developed, it put
alot of major projects on hold in Los
Angeles. Some engineers switched
materials and went to a design using

concrete and other approaches.

How did EERI's 2003 report
come about?

Owur board of directors felt it was
important to get a sense of how much
it would cost to really make a difference
in reducing earthquake losses, so they
identified people who were leaders
in each of their fields—earth scienc-

es, earthquake engineering, and the
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social sciences. They looked at the new
developments that were on the hori-
zon in their fields and estimated how
much research it would take and the
kinds of implementation that would
be required. It was a major effort that
took about a year and a half.

In the end, the report determined
that in order to reduce the acceleration
of earthquake risk and potential losses, it
would take approximately $350 million
ayear over a period of 20 years to begin
to get a handle on the escalating losses.
That’s about three times as much money
as Congress is currently putting into the
National Earthquake Hazard Reduction
Program (NEHRP), because the fund-
ing level has not changed much from
what it was—$100 million—in 1978.

‘We then secured the endorsement
of more than 30 other organizations
in support of the conclusions, took
the document to Congress, and intro-
duced it to the Science Committee of
the House of Representatives. Ulti-
mately, the report helped to increase
the congressional authorization levels
for NEHRP, but unfortunately the
actual appropriation has not gone up

Very rnuch.

What kind of impact has the
report had elsewhere?

The biggest outcome has been the
continued funding of NEES, which
stands for the Network for Earth-
quake Engineering Simulation, a
distributed system of earthquake test-
ing facilities throughout the country.
Fifteen experimental testing facilities
are linked and able to remotely share
tools, data, and simulation software
for earthquake engineering testing.
NEES enables researchers to collabo-
rate on developing better and more
cost-effective ways of mitigating earth-
quake damage, using experimental and
computational simulation.

There are three earthquake engi-
neering research centers around the
country: in Buffalo, New York; at
the University of Illinois at Urbana-
Champaign; and the Pacific Earth-
quake Engineering Research Center
(PEER), headquartered at the Univer-
sity of California, Berkeley. PEER
organizes its research around the
concept of performance-based earth-

quake engineering.
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Performance-based engineer-
ing is a concept by which buildings are
developed to a specific performance
level. The designer or engineer works
very closely with the building owner to
decide what that owner needs to have
in the way of performance after an
earthquake. If the owner can tolerate
a building that’s down for the first six
weeks, there’s no reason to bring it up
to a standard that keeps it function-
ing, especially when everything around
it is nonfunctional. A lot of perfor—
mance-based engineering takes a very
broad perspective and looks at what will
happen to the lifelines that the build-
ing depends on—the highways or other
access to it, energy delivery systems,
utilities, etc. Buildings are not islands,
of course; they depend on all these
other things to remain functional.

On the other hand, in the case of a
hospital that has to remain functional,
the engineer would design onsite ener-
gy facilities to keep the building up and
running. Similarly, if it’s a “just-in-
time” production facility, there can’t be
any downtime whatsoever. The owner
will want to have that building designed

to levels that are far above normal build-
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ing codes. An engineer can determine
what needs to be done to get the facility
to the level at which it will perform to
the expectations of the owner.

This approach applies not only to
new buildings, but to buildings that
are being strengthened and retrofit.
It really is the cutting edge of what’s
happening in engineering today.

Another very promising area is the
work now being done on what are called
“smart buildings” and “smart materi-
als.” Smart materials are composites that
absorb large amounts of strain energy
without deforming and will correct a
building’s response to an earthquake.
For example, passive and active mass
dampers, which act like muscles in that
they flex and relax, are being put in alot
of very tall buildings around the world.
The expectation is that the dampers will
modify the way the buildings respond
to energy and enable them to perform
without damage. These are examples of
exciting developments that have grown
out of today’s improved computation-
al abilities and advances in composite
materials. All told, if you're an experi-
mental researcher, this is a period of

great opportunity and promise. O
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T'HE 'FIELD /ACT:

BUTLDING
STRONGER

SCHOOLS

Judith Lewis

For the past 75 years, public schools in California have been protected
by special legislation mandating superior construction and inspection
for seismic safety. Caltech's Paul Jennings and USGS scientist

Lucy Jones weigh in on the law’s significance and uncertain fate.
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AFTER......

tude earthquake hit the city of Long
Beach at 5:54 p.m. on March 10,
1933, California Assemblyman C.
Don Field, a contractor from Glen-
dale, was among the many who looked
in horror at the city’s ruined school
buildings and registered a chill-
ing thought: Five children had died
in a school auditorium because the
building had not been built to seis-
mic standards. Had the temblor hit
only a few hours earlier, thousands
of children would have been killed
within minutes.

In1933, many of the state’s schools
were built of brick and mortar, with
high ceilings and ornate exteriors,
but little structural stability. Exactly
one month after the earthquake, Field
changed all that: He persuaded the
California legislature to pass a bill that
would require earthquake-resistant
design for all the state’s public schools.
Later revised by the legislature, the
Field Act, as it became known, requires
state agencies to oversee the design
and construction of public schools
and hire an independent inspector to

certify their integrity.

In 1992, the Field Act-
certified Landers Elemen-
tary School was immediately
habitable after a magnitude
7.3 earthquake opened a
12-foot crack in the earth
at its rupture point. The
school sat only one-half mile
from the epicenter.
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Ithasbeen an astonishing success.
“The Field Act has probably saved
more lives in California than any
other act of legislation,” says Caltech
Provost Paul Jennings, a noted expert
on how buildings respond to earth-
quakes. No Field Act building has
ever failed in an earthquake. In the
1989 Loma Prieta earthquake, public
schools in San Francisco’s devastated
Marina district served as sturdy emer-
gency shelters while buildings around
them crumbled and burned. In
1992, the Field Act-certified Land-
ers Elementary School was immedi-
ately habitable after a 