Earthquake Prediction and
Forecasting

* Pre-Event Mitigation

— Prediction
« Presently not viable

— Forecasting
¢ Causative faults
« Recurrence rates
« Empirical and/or deterministic assessments of earthquake effects
¢ Probabilistic hazard estimate

» Post-Event Mitigation
— Early warning
 Issued before arrival of damaging ground motions or tsunami
— Near-realtime
¢ Strong shaking information to help direct emergency response
— Basic research

» Improved forecasts, better constrained ground motion estimates,
updated building code and practice




Earthquake Prediction

Must be testable by means of
QeCIflc statements regarding:
Location
— Size
— Time
— Issued in a testable time frame

(ideally one that could allow
authorities to act)

e Short term
— Hours to several weeks

— Goals: evacuation orders, protect
critical facilities

— Needs: precursory phenomena,
physics
Outlook: not good
. Intermedlate term
— Weeks to a few years

— Goals evacuation orders, protect
critical facilities, plannlng

— Needs: precursory phenomena,
recurrence rates, physics

— Outlook: better
e Long term
— Years to decades

— Goals: probabilistic statements
(forecasts), urban planning

— Needs: geologic and seismologic
investigations, recurrence rates,
physics

— Outlook: good
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Fig. 5.16 History of Parkfield earthquakes. Dashed line is a linear fit without the
1934 earthquake, solid line includes it. (From Bakun and McEvilly, 1984.)




Increasing strain

Dilatancy Model

~ Based on laboratory observations of rock fracture

Stage | — elastic strain build up

Stage Il - development of micro-cracks

Stage Il - influx of H,O (minimally hydrostatic)

Stage IV - micro-cracks close & H,O is expelled (local super-lithostatic)

\/Predicts a clear progression of geophysical observables that might be used for
earthquake prediction.

Main problem is that not all geophysical changes are universally observed.

Dilatancy Model
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Haich?ng and Tangshan

agr)
-]

o A,
o1
-02 lIJ A

w} Electric Potential A/
15 km /\\ 8

Animal Behavior I'
£ 150 km 5\ ¢

Ground Water Cha
150 km

]
1978

hME :mm

st Foreshocks

M
|
o

T a |
Radon Gas i'”
"o
78 km 0 F
30/ r 73 — 0
TIME taayl
FEB 1975

* Haicheng, 1975
— Ms7.3
— Precursors led to Chinese
authorities issuing EQ
warning with evacuation
order
— Considerable destruction
but loss of life was greatly
reduced
* Tangshan, 1976
— Ms7.6
200 km from Haicheng
One year later
No precursors
No warning (prediction)
> 250,000 killed

Japanese Precursors
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Pre-Event Quiescence
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LOW-FREQUENCY MAGNETIC FIELD MEASUREMENTS « -+
NEAR THE EPICENTER OF THE Ms 7.1 LOMA PRIETA EARTHQUAKE

A. C. Fraser-Smith, A. Bernardi!, P. R. McGill,
M. E. Ladd, B A. Helliwell, and 0. G. Villard, Jr.

STAR Laboratory, Stanford Ui

¥

F Gl *1994 Northridge — no detectable
L anomalies at 80 km distance

% 3 +2004 Parkfield — no detectable
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: anomalies above back ground
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Fig. 3. Vasialion of the Corralites 0.01 Hz ic field

measurements during October 1989. The Loma Prieta

earthquake started just after 0004 UT on October 18 and

& power failure d almost i diatel L P
&:mﬁdﬂmm&wm The large

peaks following the earthquake include many aftershocks

as well as & magnetic storm that peaked October 20-21.

The amplitudes can be converted Lo oT units (where 1 nT

= 1000 pT) by multiplying by 000732, or 0.085S.




SAN FRANCISCO BAY REGION
EARTHOUAKE PROBABILITY

*Where are the faults?
*What is the fault segmentation?

*What is the earthquake history on each f

(recurrence rate) ? 58] Probabity of magnitude
6.7 or greater quakes
B . befora 2032 on the
*What is the influence from other nearby st faul
earthquakes? T ——

along fault segments

[ [r—

Ruptured between | 890 and 1959

Ruptured after 1959
& F’gl No historic large earthquake
 or record incomplete

ok % j Ruptured before 1889

Based on:
* Frequency of small quakes
* Time since last large event




Seismic Gaps In Japan
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MAP EXPLANATION
Potentlally Active Faults

1906 Faults considered to have been aclive during Quaternary® time: solid line
e where accuralely located, long dash where approximately located, short dash
— =~ — where inferred, dotted where concealed; query (?7) indicates additional un-

~—- certainty. Evidence of historic offset indicated by year of earthquake-
& associated event or C for displacement caused by creep or possible creep

Aerial photo lineaments (not field-checked), based on youthful geomorphic
and other features believed to be the resulls of Quaternary” faulting

Speclal Studles Zone Boundaries

0O O These are delineated as straight-line segments that connec! encircled turning
points so as to define special studies zone segments

— —-—0 Seaward projection of zone boundary.

Forecasting earthquakes using Gutenberg-
Richter

» Assumptions
— Seismicity occurs randomly
in time
— Average rates of seismicity
can be quantified

— No inter-dependency
between previous, nearby
earthquakes

* Model
— Poisson distribution P(A,At) =1-e *~
[0 At forecast interval — usually
30 years
[0 A is the # of events of a given
magnitude in a year




Size - Frequency Relationship

Frequency of Occurrence of Earthquakes Based on Observations since 1900

Great =8 higher 1/year Gutenberg-Richter Relationship
Major 7 - 7.9 18 .
Strong 6 - 6.9 120
Moderate5 : 59 800 a \\
Light 4 - 4.9 ~6,200 £3
Minor 3 u 3.9 ~49,000 | T, S~
Micro 1 - 3 ~8000/day y = -0.8583x + 7.2356 \
From nile usgs gov/nels/bulletinmag? htmi# 1999 1

0 : :
Gutenburg-Richter Relationship: Lo e 8T

Log (number) = a + b*(magnitude)
Log (N) =a + b*M

Example
There are 800 magnitude to 5-5.9 events globally per year.
A =800
The probability of at least one event in this magnitude range in a
given month is; P(SOO,%Z) a1

The probability of at least 1 event in a given day is;
P(800, %65) —1-e22=0.89

And in a given hour;

_1_ 009 _
P(800, %365‘24))_1 e % =0.09

10



Northern California Seismicity Rates

Table 10: NORTHERN AND CENTRAL CALIFORNIA SEISMICITY R
rate Percent Probability in one

My, > | (eq/yr) day week, | month | year | decade | 30-yr
3.0 74.4 18 76 100 100 100 100
3.5 27.8 7.3 41 100 100 100
4.0 10.3 2.8 18 58 100 100 100
4.5 3.86 1.1 7.1 27 \\ 100 | 100
5.0 1.44 0.39 A 11 76 100 100
5.5 0.536 0.15 1.0 4.4 42 100
6.0 0.200 0.055 0.38 1.7 18. 86. 100

6.5 0.0745 | 0.020 0.14 0.62 7.2 53 \
7.0 0.0278 | 0.0076 | 0.053 0.23 2:T 24 57
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Som INP,fLr...’r Re\ n}‘wﬁsh‘.ps Lrown Probalails L‘, Tl\nw-.f
oxiomn T oL PlEY &1

PleY is N rr:l.—:-.\'.‘.l.i.._l g oy t-;(.-r\"l E,

cCL\-rr{«H,]

PLED = 1= P(E)  probulilily of oun evend, E
ot 3

.:\_o_i-_ CC(_L'\'-“V\X
Oglomwn TN PlEY=1 (s o cerfnna event
[-S AT TN gl Pley=o is awn {wupnsgilﬂ‘_ evewt

atiown I

P(EUF) = P(E) +PLF) — P(EF)

11
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SAN FRANCISCO BAY REGION

EARTHOUAKE PROBABILITY

-~ earthquakes from 2003 1o 2032
This result incorporates 19% odds |+
g of quakes not on shown faults.

*Earthquakes are not mutually
exclusive

ee.g. in a given time window
there are probabilities for
occurrence of an NHF and RC
events. If in this time period the
RC fault slips it is not true that
the NHF event cannot occur.

*They are statistically independent

|91 Prosabiity of magnitude
6.7 or greatar quakes

balore 2032 on the

indicated fault

£

Cee——
Jncreasing probability ——»
along fault sagments

X

Expanding urban areas
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AFTERSHOCK FORECAST
Mon 17 Jun 2002 02:10 PM PDT

L. 8. Geological Survey, Menlo Park, California
UL €. Berkeley Seismological Laboratory, Berkeley, California

This forecast is based on the staustics of aftershocks typical for Califormia. This is not an exact
prediction, but only a rough guide to expected aftershock activity. This forecast may be revised as
more information becomes available.

MAINSHOCK: Mon 17 Jun 2002 09:55:07 AM PDT MAGNITUDE 5.3
37 km ( 23 miles) W (275 degrees) of Eurcka, CA
STRONG AFTERSHOCKS (Magnitude 5 and larger)

Al this time (4 hours after the mainshock) the probability of a strong and possibly damaging
aftershock IN THE NEXT 7 DAYS is approximately 10 PERCENT.

EARTHQUAKES LARGER THAN THE MAINSHOCK
Most likely, the recent mainshock will be the largest in the sequence, However, there is a small
chance (APPROXIMATELY 5 TO 10 PERCENT) of an carthquake equal to or lurger than this
mainshock in the next 7 days.

WEAK AFTERSHOCKS (Magnitude 3 to 5)

In addition, approximately 3 to 20 SMALL AFTERSHOCKS arc expected in the same 7-DAY
PERIOD and may be felt locally.

» Poisson Model
— Assumes random occurrence

— Probability of occurrence does not change
with time

— Can be applied to seismicity catalogs
« Time Dependent Model

— Assumes quasi-periodicity of characteristic
seismicity (takes into account rate and time of
previous event)

— Probability of occurrence accumulates with
passing time

— Applied to fault-specific cases

15
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¥ 1 earthquakes from 2003 to 2032.
This result incorporates 14% odds | |
~ of quakes not on shown faults.

o

[15%81 Probabiity of magnitude
6.7 or greater quakes
belfora 2032 on the
indicated fault

Increasing probability ——»
along fault sagments

[ [r—

Putting it all
together

Site Characterization

Gutenberg-Richter

* Fault 1

Site
v

Fault 2
*

£
Background events

log annual number of events

. Slope =-1

increasing magnitude

A)

B)

v

Ground Motion Attenuation

v

Site Specific Hazard

log (PGA (%eg))

log (distance (km)}

log (P{a>a))

log (PGA (%og))

93]

D)




Hazard
Higest

Lowest

O Magnitude 6.5 and greater
quakes since 1978

USGS Hazard Map

Peak Acceleration (%g) with 10% Probability of Exceedance in 50 Years

a P l“ j
( \ ‘\ Based on Poisson Probability
for one or more events
40 2
‘l P(4,At) =1-e**
]
5 b
RS / Rewrite for A
5% 2
S ~In(l-P)
= /’L —
‘ At
36 o
10% probability of
| exceedance in 50 years
34 gives areturn period of
l \ 1/A=475 years
&
I| Nov. 1996
32 'l__'v—— _ ! T
124 -122 -120 118 116 -114
west longitude
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We have so far assumed no fault interaction

How can nearby earthquakes affect

forecasts?
Neer \y EM‘leuu‘g.n. eflect o He T ,--‘-x..—.'?:.*«.l.l_(’
wiadal * \.,4- % ST
Previevs EGy J{'\‘ir“ ﬂ}"':a‘\‘ =
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/ 4 s
i 2
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Ac = AY + UAL, J

Was Parkfield in a Stress Shadow?

Cna;inga " )

XMM1 ;
. Parkfield 2=

Ll Sy 4
Observed seismicity rate change at 8 km depth
Decrease 30 50 100% 200 300 Increase

CO 1983M=6.5 Coalinga NI 1982 M=4.8 New Idria
NZ 1983 M=6.0 Nufiez KT 1985 M=65.0 Kettleman 08 o0 08

Toda and Stein, 2001

http://quake.wr.usgs.gov/research/deformation/modeling/people/ross.html
Fin 1
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http://pubs.usgs.gov/fs/2003/fs039-03/fs039-03.pdf
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