La previsione dei terremoti
non solo e impossibile,
ma e anche inutile

Dario Slejko

Istituto Nazionale di Oceanografia e di Geofisica Sperimentale
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Cosa significa fare
una previsione sismica?

Bisogna indicare:
1. Tempo

2. Luogo

3. Magnitudo

4. Margini di incertezza B e
5. La previsione deve essere verificabile




Tipi di previsione
Breve termine da minuti a settimane
Medio termine da mesi a 10 anni

Lungo termine > 10 anni

Namazu, il pesce gatto responsabile dei terremoti
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Cose il terremoto?

Un rilascio di energia elastica
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Possibili fenomeni premonitori
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e “iae Perché dovrebbero
ol N esserci precursori?

' . La teoria della dilatanza

Electrical
resistivity

r Le rocce si dilatano prima di un terremoto
e, con |'aumento del loro volume, la
superficie del terreno si gonfia

e L leggermente (misurabile con livellazioni
tioston] v 3 geodetiche), la densita delle rocce
' diminuisce, si aprono crepe e la successiva
Cofimmamang infroduzione di acque sotterranee
Tits~ 10 racin modifica la resistivita elettrica delle
~10%10 10-° Vv rocce. L'apertura di fessure facilita la
! \_ fuoriuscita di Rn, prodotto dal
Number of " decadimento radioattivo in rocce nel
sefsmic vents  Forshocs | atershocks 50ttosuolo, e produce un picco nelle
i o misure di Rn in superficie.
Stagel | I mo Y v > Time
titaun | oy | e water " Aftershocks

— Earthquakes and
sudden stress drop




Successi e Fallimenti

Terremoti previsti
-1973 Blue Mountain Lake (simili osservazioni non furono in sequito confermate)
1975 Haicheng, Cina
-1978 OGXGCC(, Messico (o studio ipotizzava solo la possibilitd di un evento)
-1978 Izu , Giappone (non una previsione ma un avvertimento sulla base di una

smt Radon JEq. g ,
kﬂ il‘i|"~M ;( —’-_ﬁ
Terremoti non previsti i

»1976 Tangshan, Cina L T e
(M7,7 650.000 morti stimati) ~“._____ L___

- 2004 Parkfield, California

sequenza in atto)

Rn conc. (onunmmn)

(*C)
]

Water T

in ]

JAN i:}
1978
3 wl
) S
i K]
ey s 5% 2
E 2 g
5 5
. , , 3
S . 8
1877 1978




Perche i precursori non sono stati
osservati con successo?

* Gli esperimenti con gli animali sono falliti

» I premonitori sono stati individuati solo a posteriori
(dopo il terremoto)

* Richiedono ampia dotazione strumentale

- Dipendono dalle condizioni geologiche (specialmente
luci ed effetti piezoelettrici)

» Gli algoritmi predittivi non hanno funzionato (almeno
per la previsione a breve termine)

* T terremoti non si ripetono mai in maniera uguale

- Non esiste alcuna correlazione con le maree terrestri o
I'allineamento dei pianeti

» La psicologia non ha mai fatto previsioni attendibili




Frase forte 1. la previsione a breve -
medio termine OGGI e impossibile

* Molti precursori vengono individuati solo
dopo che il terremoto € avvenuto

* L'unico allarme sequito da terremoto e
stato quello di Haicheng, basato su una

particolare sequenza sismica in /

; p,,ﬁ‘




Frase forte 2: la previsione a breve
- medio termine puo essere inutile

* La probabilita che una previsione sia
esatta e bassissima e, comunque, ‘
potrebbe evitare perdite umane solo nel 58
caso di terremoto forte e non ;
eviterebbe i danni

HENRY BILVA

» Una previsione sbagliata (cosa .
frequente) puo provocare danni maggiori
anche di quelli causati da un terremoto

(se debole)




Ma allora non possiamo
prevedere nulla?

* Esiste la previsione a W
lungo termine che non dice ot e |
quando un terremoto Uil BRI

avverra ma che in una
regione esiste la
probabilita che un sisma
avvenga helle prossime

decine d’anni:
dunque PREPARIAMOCT i

Increasing probability ——»
along fault segments

ﬁ]] Expanding urban areas




Frase forte 3

"Costruire una cultura di prevenzione non € facile
perché i benefici non si vedono subito:

i benefici sono i disastri che non si verificheranno”
KOf' Annan, before the 26/12/2003

segretario delle Nazioni Unite
dopo il terremoto di Bam

hqualke

o After the 26/12/2003




Qual ¢ la strada giusta?

- Prevenzione
perche la nostra casa non ci crolli sulla
Testa

- Istruzione
per sapere cosa fare nel caso di
Terremoto
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>> itinerari per la riduzione del rischio sismico
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Fine della presentazione
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La domanda delle 100 pistole




Earthquake
occurrence
probabilities

USGS seismic hazard map showing the probability of an M6.7 or
greater earthquake occurring in the San Francisco Bay Area
between 2003 and 2032.

Recent (January 2008) assessments (San Jose Mercury News:
Hayward fault might be more dangerous than scientists thought )
suggest that the Hayward, Rodgers Creek, and northern
Calaveras faults may be more likely to fail in the next few
decades than previously thought (more so than is indicated on
this map).

ZUSGS

science for a changing world

SAN FRANCISCO BAY REGION

EARTHOUAKE PROBABILITY

3 grantgr
n  earthquakes from 2003 to 2032.
: This result incorporates 18% odds ||
~ of quakes not on shown faults. :

Probability of magnitude
6.7 or greater quakes
balora 2032 on the
indicated fault
L ————
Increasing probability ——
along fault segments

- Expanding urban areas




B = precursori a lungo periodo
@ = precursori a medio periodo
% = precursori a breve periodo
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La previsione sismica:
un argomento, ancora,
di ricerca scientifica

Haichen feb. 1975: previsto
Tanshang lug. 1976: 255.000 mort
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hetheory of dilatancy (1)

10*
Precursory phenomena
O Crustal movements "
1 Electrical resistivity C/§5
A Radon emission . .
3
o} Sun »%° 1 Proposed in spring 1973
Ab Value 4;{
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bry k- / - Vol. 181, 803-810
/ .' The Dilatancy Model
2 . ] . ] ) | . 4l e o | I Observations for a number of earth-
0 100 200 300 40c 10 s 2 3 ] quakes made at Garm, U.S.S.R., and
Effective stress (bars = kg/em®) Magnitude in the New York Adirondacks and
. - observations of the San Fernando
Earthquake Prediction: earthquake show that, prior to each of
. " these earthquakes, the ratio of seismic
A PhySlcal Basis velocities vp/vg decreased to anoma-

lously low values. In each of these
cases, earthquakes occurred shortly

Rock dilatancy and water diffusion may explain a af‘]el” the return of v./vs to its normal
value.
large class of phenomena precursory to earthquakes. Niit 14) and Aggarwal o al. (2)

independently put forward a model
that would explain this phenomenon.

Christopher H. Scholz, Lynn R. Sykes, Yash P. Aggarwal The model is based on laboratory
fracture studies which show that rock

Ig/."q] ‘OG!




Earthquake Predictionsvs. Forecasts

Predictions have specific times, locations, and magnitudes
for future earthquakes.

Forecasts are more long-term estimates of earthquake
occurrences with probability information.




Types of forecasts

Forecast Loading Cycle

Short-term  (minutes to week Interseismic

Intermediate (months to 10 yea Preseismic
Coseismic

Long-term (> 10 years)

Postseismic




Optimism in the 1960s and 1970s

‘Now, when will earthquake prediction be possible and an efficient
Forewarning service available ? ...if we start the project presented
here we should be able to answer the question with sufficient certainty
within ten years.’

The Japanese Blueprint (Tsuboi et al., 1962)

‘Based on an assessment of worldwide observations and findings over the
past few years, it is the panel’'s unanimous opinion that the development

of an effective earthquake prediction capability is an achievable goal.

...with appropriate commitment and level of effort, the routine announcement
of reliable predictions may be possible within ten years...’

Panel of the US National Research Council (Allen et al., 1976)
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Changes in radon concentration in geothermal water

in relation to earthquakes in South Iceland W
P.Einarsson, A.R. Hjartardottir, P. Theodérsson, G.Jonsson, 2005
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Radon anomalies were observed before 30 of 98 significant seismic events, and
35% of all observed anomalies were related to seismicity.

Three types of change could be identified:
1 Pre-SEismlc decrease of radon at all stations. Anomalously low values were
measured 101-167 days before the earthquakes.

2. Pre-seismic increase. Spikes appear in the time series at 6 stations 40-144
days prior to the earthquakes. These anomalies were large and unusual if
compared to a 17 years history of radon monitoring in this area.

3. Co-seismic step, most likely related to the co-seismic change in ground water
pressure observed over the whole area.




Blue Mountain Lake, NY, prediction
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Vp/Vg variations were
observed by Soviet
seismologists since
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The steps of the Heicheng earthquake prediction

1 A seismicity migration towards the Heicheng area was observed in 1966 (green circles and arrow).

) Seismicity around Heicheng increased from 1974 with several M5.0 earthquakes and soil deformation (red stars) was
observed.

I Level variations in the wells and strange animal behaviour (blue dots), radon emissions (blue triangles), magnetic
anomalies (red triangles) were observed in January 1975 and the ground started to crack downtown Heicheng.

[] The area dashed in yellow was alerted in

January 1975. | =
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M 7.8 Oaxaca (M exico) earthquake of November 29, 1978

The epicenter location and magnitude of the 1978 Oaxaca earthquake were successfully predicted based on
the premonitory seismic quiescence and the seismic gap of the past large earthquakes. From a scientific
point of view, it is important that the rupture zone of the main shock was accurately predicted.

Aftershocks of the Oaxaca earthquake define a rupture area of about 6000 km? along the boundary of the Cocos sea-plate
subduction. This area had not ruptured in a large (Ms27), shallow earthquake since the years 1928 and 1931 and had been
designated a seismic "gap."” The region has also been seismically quiet for small to moderate (M=4), shallow (depth<60 km)
earthquakes since 1966; this quiet zone became about six times larger in 1973. A major earthquake (Ms=7.5+/-0.25) was
forecast at this location on the basis of the quiescence that began in 1973. The aftershock data indicate that an area
approximately equivalent in size to the seismic gap has now broken.
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The 43 foreshocks of magnitude M>2.8 were recorded by the network in a period of 20 days prior to the mainshock.
These events show an interesting spatial and temporal pattern, which culminates in the last 1.8 days of the sequence with
an apparent migration of activity towards the epicenter of the impending earthquake. This pattern can be interpreted as a
buildup of stress or migration of stress towards a fault zone asperity.
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M7.0 Izu earthquake of January 14, 1978
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For short-term prediction, there have been more
negative results than positive results:

Not Predicted
-1976 Tangshan, China
(M7.7 650,000 est. casualties)
- 2004 Parkfield, California

Other precursors have not been consistently
seen



The Parkfield experiment (1)

“Parkfield

POP 69  ELEV 1530
o 1857 6.0
1881 5.8
1901 6.0
1922 6.0
1934 6.0
1966 6.0

1985 USGS forecast: 95% chance of an M5.5-6.0
earthquake before 1993
2004: an M6.0 earthquake occurred without any precursors

Magnitude

1865 1985

1905



The Parkfield experiment (2)
95% probability that M5.5 to 6 will occu r 1985-1993

Based on

*Recurrence pattern

*Characteristic waveforms

*M5 foreshock 17 minutes before 1934 and 1966 events
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Bakun and McEvilly, 1979




The Parkrield experiment

In the mid 1980s the USGS and several California ur(/éi)es initiated an intensive seismic monitoring program
at Parkfield. The program includes the following instrumentation:

-12 creep meters (to measure slow aseismic slip on the fault);

-2 electronic distance measurement instruments (to monitor displacement);

-12 GPS stations (to monitor displacement);

-8 dilatational strain meters (to assess strain build-up in rocks);

-3 tensor strain meters (to assess strain build-up in rocks);

-12 short-period seismometers;

-10 bore-hole seismometers;

-30 strong motion sensors (to measure the ground motion associated with a large earthquake);
- a 2.2 km deep borehole with various instrumentation (SAFOD project started in 2004);

- a proposed 4 km deep borehole with various instrumentation. ,
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Probabilistic Earthquake Forecasting for
ifornia

Recurrence times of earthquges to orecast future earthquakes
*Using historic data
*Using geologic data

CONDITIONAL PROBABILITY OF MAJOR
EARTHQUAKES ALONG SEGMENTS OF THE
SAN ANDREAS FAULT
1988-2018

S .s‘an'ra Cruz Mins

LEVEL OF RELIABILITY
(with A being most reliable)

Il A
Ea s
B c

=

CONDITIONAL
PROBABILITY

BERNARDINO
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Short-Term Crustal Deformation Precursor
(M 8.1 Tonankai Earthquake 1944)

Tonankai Earthquake

Tilt (sec)

at _
[5m06

I T2 T 3T 4T 5 T T 72717 g ' g Eﬁa

% Date (December 1944) 3



Short-Term Electromagnetic Precursor
1989 Loma Prieta Earthauake
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Magnetic Field Amplitude (nT/VHz)
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Fig. 3. Variation of the Corralitos 0.01 Hz magnetic field
measurements during October 1989. The Loma Prieta
earthquake started just after 0004 UT on October 18 and
a power failure occurred almost immediately, whereupon
the magnetic field measurements went to zero. The large
peaks following the earthquake include many aftershocks
as well as a magnetic storm that peaked October 20-21.
The amplitudes can be converted to nT units (where 1 nT

Fraser-Smith, et al%
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