Forecasting Earthquakes
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Difference between Predictions and Forecasts
Earlier Efforts in Earthquake Prediction

Long-term Probability Estimates




Earthquake Predictions versus Forecasts

N

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

Forecasts are more long-term estimates of earthquake
occurrences. Often they include probability information.



Presenter
Presentation Notes
When forecasting it is common to use 30 year probability of an earthquake – e.g. there is a 30% probability of an earthquake in this location in the next 30 years.
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What is needed in an earthquake prediction ?

f
V

. Time window

. Location window

. Magnitude window

. Indication of confidence

. Chances earthquake occurs anyways as a
random event

6. Prediction must be presented in accessible
form for later evaluation
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Allen, 1996
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In the USA predictions are very formalized. All of these points must be addressed to make an official prediction.



The use of ‘windows’ allows some uncertainty in the prediction



Point 5 is very important – it is easy to say there will be a M3 eq in Japan tomorrow, but this is not a prediction unless you say where and when.


N

Optimism in the 1960°s and 1970’s

‘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 Iis 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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Presentation Notes
In the 1960s and 70s the USA, USSR, China and Japan all got really into prediction. There was a general belief that prediction would be possible within a few years. These kind of statements really drove eq science in the US and Japan.


Earthquake Prediction Research in the 1970’s

N

Distance Measurements on the Matsushiro strainmeter
San Andreas fault
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Presentation Notes
Observations were really intensified with the hope that with very sensitive measurement of conditions along a fault, very small changes would be seen that would warn of an impending earthquake.
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Reprinted from
31 August 1973, Veolume 181, pp. 803-810 SCI E NCE

Earthquake Prediction:
A Physical Basis

Rock dilatancy and water diffusion may explain a
large class of phenomena precursory to earthquakes.

Christopher H, Scholz, Lynn R. Sykes, Yash P. Aggarwal

The Dilatancy Model

Observations for a number of earth-
quakes made at Garm, U.S.S.R., and
in the New York Adirondacks and
observations of the San Fernando
carthquake show that, prior to each of
these carthquakes, the ratio of seismic
velocities v/ vy decreased to anoma-
lously low values. In each of these
cases, ecarthquakes occurred shortly
after the return of vy/vg to its normal
value.

Nur (4) and Aggarwal ef al. (2)
independently put forward a model
that would explain this phenomenon.
The model is based on laboratory
fracture studies which show that rock
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Presentation Notes
Lab experiments of stressing rock samples showed dilatancy before failure. Dilantancy is the increase in volume associated with the opening of small cracks in the material. The hypothesis that drove eq prediction research was that this dilantancy should be seen before a major earthquake – the changes in properties would be small, but with sensitive enough measurement they should be observable.
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Premonitory Changes in Seismic Velocities
and Prediction of Earthquakes

YASH P. AGGARWAL, LYNN R. SYKES,
JOHN ARMBRUSTER & MARC L. SBAR

Lamont-Doherty Geological Observatory of Columbia University, Palisades, New York 10964
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This is from a famous paper in Nature in 1973 where Vp/Vs were measured on a fault and were seen to drop before a M2.5 earthquake (Blue Mountain Lake). The change in Vp/Vs was attributed to the influx of water during dilatancy. However, this has not been recorded again.


Prediction of the 1975 Haicheng, China
Earthquake (M7.3)
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Prediction based on foreshocks
and animal behavior saved many
lives
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The only true prediction that has ever been successful was in China in 1975.

As a result of foreshocks and some very strange animal behaviour people were warned of a likely eq and were sleeping in the street (rather than in houses) on the night of the eq and many lives were saved. 



So the combination of a theory to base eq prediction on (dilatancy) and a successful prediction led to a sense of great optimism.
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This is a summary of some of the changes that might be seen if there was a period of dilatancy preceding an earthquake. 



This is an example of good science – the physical model provided ideas of what to look for, observations that would support the dilatancy hypothesis if they were seen. 


Short-Term Crustal Deformation Precursor

Tonankai Earthquake
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This is data from Japan, this is a famous dataset which drives eq prediction in Japan.



In 1944 a leveling team were surveying near the coast of Japan. They surveyed the line one way on Dec 3 and then measured back the other way (as standard to check for errors in reading); however, on the way back the line was not the same length. At the time it was assumed that there was an error in the survey, but then there was a large subduction zone eq off the coast on the 7th Dec. So perhaps the lack of closure was due to strain build-up? It would only take a 1 part in 1,000,000 to cause the misfit.
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Short-Term Electromagnetic Precursor
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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

= 1000 pT) by multiplying by +/0.00732, or 0.0855.
Fraser-Smith, et al., 1990
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The Loma Prieta eq in California was preceded by a large EM spike 8-9 hours before the rupture.



The idea linking this to the eq is that the spike was caused by water movement effecting the EM field. However, this observation has not been seen for any other eqs.


(a) Days (Dec. 1994)

For short-term precursors, there are currently
more ‘negative’ results than ‘positive’ results.
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However, there have very few other earthquake where precursors have been seen, but there have been many many earthquakes with no warning, even where detailed strain, EM, magnetics, geodetic readings have been taken.



This slide is just a couple of examples of where there were no observed precursors.
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Notable Successes and Failures

Precursors’
- 1973 Blue Mountain Lake
- 1975 Haicheng, China
- 1978 Oaxaca, Mexico
- 1978 lzu, Japan

No precursors
- 1976 Tangshan, China
(M7.7 650,000 casualties)
- 2003 Tokachi-oki, Japan
- 2004 Parkfield, California
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The Chinese predicted the 1975 earthquake, but then the following year there was no warning before the Tangshan eq. Japan has the densest instrumentation in the world looking for precursors, but saw nothing before the M8 eq in 2003. Parkfield is highly instrumented, but still there was no sign or warning before the 2004 eq.



As a result we are now far more pessimistic about the chance of predicting eqs. The dilatancy theory hasn’t worked and so now we don’t even have a hypothesis to work with. 


Earthquake Cycle

463

=24

STRESS
)

=

COSEISMIC

CuMm.
SLIP

Periodic Time-predictable Slip-predictable

1AM

_ Tq

u u
b A

e
| (a) t (b) t (c) t
TIME

Shimazaki and Nakata, 1980



Presenter
Presentation Notes
However, forecasting is a little different and is still developing and moving forward. 



Most seismologist believe in eq cycling – stress accumulation is fairly constant and so eq’s are reasonably regular on a given fault. If they were perfectly regular we would have prediction, but they are not so best we can do is statistical forecasting.



There are 3 models for the repeatability of eqs:

periodic – appears to be ~ true for some faults.

the size of the last eq gives a clue to the time until the next eq – large eq means longer time before the next eq

the strength of the fault varies but the final stress after the eq is always roughly the same – with this model you can’t predict when the eq will occur, but you can predict how large the eq will be if it does happen
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History of Nankal Earthquakes
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Japan has used time-predictable behaviour to forecast Nankai eqs. 



EQs appear to happen every 100-150 years. 



Different section of the fault seem to move at very similar times with a few days or years separating eqs. Alternatively, the whole fault may move in one eq e.g. 1707 – this was a very big eq and then there was a slightly longer period before the next eq.



This pattern suggests a large tsunami generating eq in about 2030-2040


Trenching faults to find
geological evidence of
past earthquakes

Pallet Creek site on the San Andreas fault
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To look for repeated faulting you need information on previous eqs that goes back to before historical records



Trenching faults can provide data on earlier eqs – look for liquefaction, offsets, deformation, changes in water level (e.g. appearance or disappearance of peat), etc
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Figure 2. Probability density function for earthquake recurrence. The probability of
an earthquake in the interval (T,T + AT) is given by the area of dark shading under
the probability density curve. The probability, conditional on the earthquake not having
occurred prior to T, is the ratio of the area of dark shading to the sum of the areas with
dark and light shading.
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Conditional Probabillity
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Forecasting is possible if you have a good knowledge of fault history. 



By recording mean repeat time and variation in repeat time, we can construct a probability density function (PDF). The narrower the PDF the more constant the repeat time.



The probability of a eq occurring in a given period of time is the area of the slice (with width of the required time e.g. 30 years) compared to the whole PDF.


®
Variability in Repeating Earthquakes

N

Well defined recurrence interval
(Small variability)

Wide range of recurrence intervals
(Large variability)
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A narrow PDF makes forecasting less uncertain
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Probabilistic Earthquake Forecasting for California
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Example – 30 year probabilities for an eq on the San Andreas fault. Some areas very high e.g. Parkfield others very low, e.g. the area of the 1906 eq.



Southern CA hasn’t had a eq since the 1700s therefore the chance of an event in the next 30 years is quite high. Higher priority to improve buildings in southern CA than northern CA.



30 years is popular as it ties in with human planning (e.g. mortgage lengths)
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“... the Earthquake Research Committee announced on May 24, 2003,
there was 10-20 percent chance of occurrence of a M8-class Off-shore
Tokachi Earthquake over the next 10 years starting from January 1, 2003,

z;nd a 60 percent chance over the next 30 years”
N

48

Tokachi-oki earthquake
September 26, 2004
M8.0
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Example of successful forecast in Japan in a region of fairly regularly repeating eqs




Future Outlook

N

Will we be able to predict
earthquakes in the future ?

Long-term: Probably
Intermediate term: Maybe

Short-term: Maybe
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