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“Only fools and charlatans predict earthquakes”

Charles Richter

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

Hiroo Kanamori



Distinguish between hazards
and risks for earthquakes or
other natural disasters.

Hazard is natural occurrence
of earthquakes and the
resulting ground motion and
other effects.

Risk is the danger the hazard
poses to life and property.

High hazard areas can have
low risk because few people
live there, and modest hazard
areas can have high risk due
to large populations and poor
construction.

MITIGATING EARTHQUAKE
RISK

Hazards canʼt be reduced by
human actions -

but risks can.



SAN FRANCISCO
EARTHQUAKE
April 18, 1906

“The whole street was
undulating as if the waves
of the ocean were coming
toward me.”
“I 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”

3000 deaths
28,000 buildings

destroyed
(most by fire)
$10B damage



EMERGENCY
RESPONSE

Mayor formed citizen
committee & took charge
Army immediately supported
police & fire (how well?)
Prompt state, federal, &
private aid
Displaced housed in tent
cities with services
Free postal service provided
Tendency to blame fire rather
than earthquake for damage
Eventually, earthquake
damage accepted & safer
buildings required



What caused it?

What shook the
buildings?

“If, as they say,
God spanked the
town for being
over frisky
Why did he burn
the churches
down and spare
Hotaling's
whiskey?”



THE GROUND MOVED!

What is
the fault?
Why
does the
ground
move?

USGS

Average 12 feet (4 m)
of  motion

West side moved north

Motion along hundreds of
miles of San Andreas Fault



Over many years, rocks on opposite sides of the fault move,
but friction on the fault "locks" it and prevents slip

Eventually strain stored is more than fault rocks can
withstand, and the fault slips in earthquake

ELASTIC REBOUND

Took 60 years to figure out why this happens!





GPS: GLOBAL
POSITIONING SYSTEM

24 Satellites
5-8 overhead most of the world

Transmit radio signals

Receivers on ground record
signals and find their position

from the time the signals arrive

Positions used in many
applications

For tectonics, find motions
from changes in position over

time

Stein & Wysession, 2003



Z.-K. Shen

San Andreas: GPS site motions show deformation
accumulating that will be released in future earthquakes

Like a
deformed
fence

GPS SLIP RATE
35 mm/yr



San Andreas Fault - Carrizo
Plain, California

Over time, slip in
earthquakes adds up

to plate motion

About 35 mm/yr
motion between

Pacific and North
America shown by

offset stream

Big earthquakes
~ 4 m slip

How often do they
happen?

Last ones in 1857 &
1906: when should
we expect them to

recur?



HARD TO PREDICT EARTHQUAKES
 time between them is very variable

Sieh et al., 1989Extend earthquake
history with geologic
record



HARD TO PREDICT EARTHQUAKES
 time between them is very variable

M >7    mean 132  yr    σ 105 yr
Estimated probability in 30 yrs 7-51%

Sieh et al., 1989Extend earthquake
history with geologic
record



HARD TO PREDICT EARTHQUAKES

Since this part of SAF ruptured in a major earthquake in 1857,
USGS director McKelvey stated that “a great earthquake” would

occur “in the area presently affected by the … ʻPalmdale Bulgeʼ...
possibly within the next decade” that might cause up to 12,000

deaths, 48,000 serious injuries, 40,000 damaged buildings, and up
to $25 billion in damage. The California Seismic Safety

Commission stated that “the uplift should be considered a possible
threat to public safety” and urged immediate action to prepare for a

possible disaster. News media joined the cry.

1975: Palmdale
Bulge



PARKFIELD, CALIFORNIA SEGMENT OF SAN ANDREAS

In 1985, expected next in 1988; predicted at 95% confidence by 1993
Didnʼt occur till 2004  (16 years late)

M 5-6 earthquakes about every 22 years:  1857, 1881,
1901, 1922, 1934, and 1966



December 1990



EARTHQUAKE
FREQUENCY -
MAGNITUDE
LOG-LINEAR

Gutenberg-Richter
RELATION



So far, no clear evidence for observable behavior before earthquakes.

Maybe lots of tiny earthquakes happen frequently, but only a few grow by
random process to large earthquakes

In chaos theory, small perturbations can have unpredictable large effects -
flap of a butterfly's wings in Brazil might set off a tornado in Texas

If thereʼs 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.

WHY CANʼT WE PREDICT EARTHQUAKES?





1900-2002

PACIFIC

NORTH AMERICA

MOST EARTHQUAKES AT PLATE
BOUNDARIES, WHERE MOTION IS FAST

SOME FROM SLOW MOTION INSIDE PLATES
New Madrid seismic zone in central U.S.

M 7 earthquakes in
1811-12
Small earthquakes
continue
Big ones might
happen again
Donʼt know why,
when, how
dangerous



Plate Boundary
Earthquakes
•Major fault loaded rapidly at
constant rate
•Earthquakes spatially focused
& temporally quasi-periodic
Past is good predictor

Intraplate Earthquakes

•Tectonic loading collectively
accommodated by a complex
system of interacting faults
•Loading rate on a given fault
is slow & may not be constant
•Earthquakes can cluster on a
fault for a while then shift
Past can be poor predictor

Plate A

Plate B

Earthquakes at 
different time

Stein, Liu & Wang 2009



during the period
prior to the period
instrumental events

Earthquakes in North ChinaEarthquakes in North China

Large events often pop up where there was little seismicity!

Ordos
Plateau

Sh
an

xi 
Gr

ab
en

Bohai Bay

Beijing

1303 Hongtong
M 8.0

Liu, Stein & Wang 2010

Weihi rift
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Earthquakes in North ChinaEarthquakes in North China

Large events often pop up where there was little seismicity!
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Weihi rift



during the period
prior to the period
instrumental events

Earthquakes in North ChinaEarthquakes in North China

Large events often pop up where there was little seismicity!

Ordos
Plateau

Sh
an

xi 
Gr

ab
en

Bohai Bay

Beijing

1668 Tancheng
M 8.5

Weihi rift



during the period
prior to the period
instrumental events

Earthquakes in North ChinaEarthquakes in North China

Large events often pop up where there was little seismicity!

Ordos
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Bohai Bay

Beijing

1679 Sanhe
M 8.0

Weihi rift



during the period
prior to the period
instrumental events

Earthquakes in North ChinaEarthquakes in North China

Large events often pop up where there was little seismicity!

Ordos
Plateau

Sh
an

xi 
Gr

ab
en

Bohai Bay

Beijing

1966 Xingtai
M 7.2

1976 Tangshan
M 7.8

1975 Haicheng
M 7.3

Weihi rift



No large (M>7) events ruptured the same
fault segment twice in N. China since 1303

In past 200 years, quakes migrated from Shanxi Graben to N. China Plain

Historical 

Instrumental

Sh
an

xi 
Gra

be
n

Weihi rift



Seismic moment release shows
coupled fault systems



Tuttle
(2009)

Faults active in past show
little present seismicity

Seismicity migrates among
faults due to fault
interactions (stress transfer) Meers fault, Oklahoma

Active 1000 years ago, dead now



In a few hundred years, earthquakes appear to be clusters scattered in the region.
In few thousand years, clusters connect and form belts. In tens of thousands of

years, earthquakes are scattered in the whole region.

NUMERICAL
MODEL

FOR INTRAPLATE
EARTHQUAKES

Li, Liu & Stein,
2008



WHAT CAN WE DO?

- Learn more about earthquakes, their causes, &
effects

- Predict earthquakes (looks hard or impossible)

- Prepare for earthquakes & mitigate their
damage (natural processes become disasters

because of human actions)

- Accept earthquakes as part of our living planet



U.S. average ~10 deaths per year, but can be many
more for large earthquake

Some foreign countries much more (more people
living along plate boundary, weaker construction)

 



U.S. EARTHQUAKES

Infrequent, but occasionally
major, fatalities and damage

Moderate (M 6.7) 1994
Northridge earthquake: 58

deaths, $20B damage

Challenge: find mitigation
strategy that balances cost of

safer construction with
benefits, given other possible

uses of resources

Tough problem!



DAMAGE DEPENDS ON
WHERE AND HOW WE BUILD

“Earthquakes don't kill people; buildings kill people."

1989 LOMA PRIETA, CALIFORNIA EARTHQUAKE:
M 7.1

Mile of two level freeway collapsed, crushing cars
& causing 42 deaths



MODIFIED
MERCALLI

INTENSITY SCALE

Macroscopic
measure of

shaking
Estimated for

historic
earthquakes from
accounts of what

happened
Plot isoseismals -
intensity contours

Decays with
distance

Proportional to
acceleration,

details unclear


