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Italy puts seismology in the dock

Scientists who assessed earthquake risk at L'Aquila could be
indicted on manslaughter charges.

Micola Mosengo
ROME

The deadly earthquake that struck the central Italian city of L'Aquila o
6 April 2009, has had a bizarre aftershock: some of Italy's top

seismologists could face charges of manslaughter for not alerting the
population before the disaster.

“Only fools and charlatans predict earthquakes”
Charles Richter (1900-1985)




Scientists will “be able to predict
earthquakes in five years.”

Louis Pakiser

U.S. Geological Survey, 1971

“We have the technology to develop
a reliable prediction system already
in hand.”

Alan Cranston, U.S. senator, 1973

“The age of earthquake prediction is

upon us”
U.S. Geological Survey, 1975




Meaningful prediction involves specifying the location,
time, & size of an earthquake before it occurs

- Use earthquake history to predict next one

- Use rate of motion accumulating across fault and
amount of slip in past earthquakes

-Find precursors - changes in earth before earthquakes
consistently resolvable from normal variability

Despite some claims, no reliable method yet...




Figure 4.7-1: Frequency-magnitude plot for earthquakes during 1968-1997.

Frequency - magnitude relation
(fractal scaling; h-value)

log N=a - bM,
log N=a, - bM

N 1is the number of earthquakes

with magnitude greater than M
that occurred in a given time.
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Because b 1s about 1,

each year there 1s about
1 M, = 8 earthquake, v incremental values
10 M, =7 events, | Lo cumdtve velues
100 M, = 6 events,




Postdictions - Texas sharp shooter
Shoot at barn and then draw target
around bullet holes
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SAN FRANCISCO
EARTHQUAKE
April 18, 1906

“The whole street was

undulating as if the waves
of the ocean were coming
toward me.”

“l saw the whole city
enveloped in a pile of dust
caused by falling buildings.

“Inside of twelve hours half
the heart of the city was
gone”




~ 4 m of ground motion

West side moved north

SLIPPAGE ALONG THE
SAN ANDREAS FAULT IN THE
GREAT 1906 EARTHQUAKE

The amount of

horizontal slippage

at sites along the fault &=

is shown by the heights of the red lines

Shelter Cove
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ELASTIC REBOUND
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Took 60 years to figure out why this happens!




EARTH’S OUTER SHELL - PLATES

Plates
move at few
cm/yr

San
Andreas =
fault: . rage

boundary
between
Pacific &
North
American
plates

Spreading ridge { .
m {cut by transform fautts) - Transform fault Earthquake

| Subduction zone Active volcano




Hard to predict when block will slip




PARKFIELD, CALIFORNIA SEGMENT OF SAN ANDREAS

In 1985, expected next in 1988; U.S. Geological Survey
predicted 95% confidence by 1993
Occurred in 2004 (16 years late)
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Parkfield Quakes Skip a Beat higher

Seismologists’ first official earthquake forecast has failed, ushering in an era of heightened Conf|de nce
uncertainty and more modest ambitions

Future Earthquakes?
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SEISMOLOGY

Science, 10/8//04

Parkfield Keeps Secrets After
A Long-Awaited Quake

Last weeks moderate-to-strong earthquake

in central California has justified seismolo-

gists’ belief that Parkfield (population 37)

was the place to wait for a sizable quake

they could study. “It’s right in the very middle

of our network,” says geophysicist Malcolm

Johnston of the U.S. Geological Survey

(USGS) in Menlo Park, Califomia, about the

densest fault-monitoring system in the

world. It cost more than $10 million over 20

years. “We got great stufl,” says Johnston.
But they didn’t get it entirely right. When

seismologists began the Parkfield Earth-

quake Prediction Experiment in the 1980s,

they expected to capture the next magnitude

6 in unprecedented detail within a few years.

Instead, they had to wait 2 decades, a delay

that casts additional doubt on models of pre-

dictable seismic behavior. And far from pro-

viding practical experience in the

nascent science of short-term

earthquake prediction, Parkfield

2004 seems to have given no

warning that would lend hope 1o

the field of short-term quake

forecasting. All in all,

Parkfield has driven

home the point that

even one of the world’s

best behaved fault seg-

ments can be pretty

cantankerous.

"Parkfield is geophysics' Waterloo.
If the earthquake comes without
warnings of any kind, earthquakes
are unpredictable and science is
defeated. " (The Economist)

$30 million spent on “Porkfield”
project




Baseline vector to be neasure

Stein & Wysession, 2003

Satellites transmit radio
signals

Receivers on ground
record signals and find
their position
from the time the
signals arrive

Find mm/yr motions
from changes in
position over time




San Andreas: GPS site motions show deformation
accumulating that will be released in future earthquakes
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“We are predicting another massive
earthquake certainly within the next 30
years and most likely in the next decade
or so.” W. Pecora, U.S. Geological
Survey Director, 1969




Time between earthquakes is very variable

44 yr cluster 4 (historic)

(317-47 yr) between cluster

L (102-66 yr) cluster 3

(164-328 yr) between cluster

Los

(22-184 yr) cluster 2

~ (162-238 yr) between cluster
% T range of date

(91-161 yr) cluster 1 ® earthquake event
i |:| cluster (max time)

e LSS SN Rt Sieh et al., 1989
Extend earthquake M>7 mean 132 yr o 105 yr
history with geologic

record Estimated probability in 30 yrs 7-51%
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ALTERNATIVE MODELS FOR
RECCURRENCE YIELD
DIFFERENT PROBABILITIES

Conditional probability of earthquake in next t years

- = Time-dependent

—— Time-independent

Time

dependent
lower until
~2/3 mean
recurrence

Years since last event

Hebden & Stein, 2008



1975 PALMDALE BULGE - uplift reported
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35 years later, nothing yet..




WHY CAN'T WE PREDICT EARTHQUAKES?

If there’s nothing special about the tiny earthquakes that happen to
grow into large ones, the time between large earthquakes is highly
variable and nothing observable should occur before them.

If so, earthquake prediction is either impossible or nearly so.
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European Seismological
Commission

PEAK GROUND ACCELERATION (g-units)
10% Probability of Exceedance in 50 years (475-year Return Period)

“A game of chance against nature, of which we still don't know
all the rules” (Lomnitz, 1989)




Earthquake hazard isn’t a physical thing we measure. It's
something we define and use computer programs to predict.
Different assumptions produce very different maps.

- Where and when will earthquakes occur? fz.:ﬁ?ﬁ‘;x.

ELE VAL EUD
SIGNIFICANT RISK OF

- If they occur, then TERRORIST ATTACKS

GUARDED

- How large?

LOW

- How strong will ground motion be?

so hazard estimates are highly subjective & have
considerable uncertainties
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North Afrlca 1963 2004

4°E

Long record
needed to see
real pattern
without
spurious gaps [
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Even harder off plate boundaries...
Plate Boundary Quakes

Plate B
u-

- Earthquakes at

Past is fair predictor Plate A ® @@ ifferent time

Intraplate Earthquakes EPISODIC, CLUSTERED, AND MIGRATING

/ recent
past
\

SEISMICITY MIGRATES BETWEEN ZONES
OF SIMILAR STRENGTH

i Stein, Liu & Wang 2009
Past can be poor predictor




Liu, Stein & Wang 2010
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Large events often pop up where there was little seismicity!
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Faults active in past show
little present seismicity

Meers fault, Oklahoma
Active 1000 years ago, dead now




Neglecting variability is like ‘Whack-a-mole’ -
you wait for the mole to come up where it
went down, but it’s likely to pop up
somewhere else.




2008 Wenchuan earthquake (Mw 7.9) was
not expected: map showed low hazard

Seismic Hazard
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Seismic hazard is expressed as peak
ground acceleration (PGA) on firm
rock, in meters/sec’, expected to be
exceeded in a 50-yr period with a
probability of 10 percent.
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Hazard map ignhored variability - assumed steady
state - relied on lack of recent seismicity
Didn’t use GPS data

96° 98° | 100° 102°
Earthquakes prior to the 2008 Wenchuan event

Aftershocks of the Wenchuan event delineating the rupture zone
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Earthquakes in '1',
Time Frame [

“During the
past 700
years,
destructive
earthquakes
generally
occurred in
different
locations,
indicating a
migration of
seismicity with
time.”

(Camelbeeck
et al., 2007)

Royal
Observatory of
Belgium
catalog
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Normal Thrust Strike-Slip Earthquakes
Faults Faults Faults




ROERMOND
13 avril 1992

ROERMOND
13 april 1992

T. Camelbeeck




At present

“It is hard to predict earthquakes,
especially before they happen.”

Hiroo Kanamori




Failed prediction: New Madrid

KTUL
Tulsa

Television trucks near Main Street in New Madrid, of media that has poured into the town on the
Mo., Sunday afternoon are just part of the flood now-famous fault for the predicted quake.




