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1. Most of existing earthquake prediction methods are aimed at intermediate-term and long-
term predictions, with a lead time years and tens of years respectively. Here, we describe a 
new methodology for the short-term (months in advance) prediction. It is named Reverse 
Tracing of Precursors (RTP), since it traces premonitory phenomena in reverse order of 
their appearance. 
2. Prediction is aimed at the “space-time of an alarm”, that is the area and time interval, 
within which a target earthquake will occur. Unlike the classical problem of predicting 
continuous processes, our problem is predicting the rare point events; the predictor is a 
discrete sequence of alarms, while predictor of continuous processes is also a continuous 
function. Probability of errors is estimated on the basis of error diagrams. 
3. RTR consists of two steps. First we detect the “candidates” for short-term precursors. 
Those are newly introduced chains of small earthquakes that reflect the premonitory 
increase of the earthquakes’ correlation range; qualitatively, these chains are the dense, 
long, and rapidly formed sequences of small and medium earthquakes. We have found that 
such candidates precede within months most of the target earthquakes. However, up to 90% 
of the chains are not followed so closely by strong earthquakes and in prediction they 
would cause false alarms. Their rate is reduced on the second step. We determine whether 
certain intermediate-term precursors have occurred in the vicinity of each candidate within 
few years preceding it. If (and only if) yes, the chain is regarded as a precursor. Then a 
short-term alarm is declared in the vicinity of the chains for several (so far - nine) month. 
4. San Simeon earthquake in Central California (magnitude 6.5, Dec. 22, 2003) and 
Tokachi-oki earthquake in Northern Japan (magnitude 8.1, Sept. 25, 2003) have been 
predicted by this methodology six and seven months in advance, respectively. 
Retrospective application of RTP to 25 more strong earthquakes in California, Japan, 
Eastern Mediterranean, and Italy is also encouraging. Decisive validation of methodology 
requires further advance predictions. 
5. Physical model underlying PRT stems from the basic conditions of generation of an 
earthquake: accumulation of sufficient energy that the earthquake will release; and 
accumulation of sufficient instability triggering this release. Energy is carried by the stress 
field, instability – by the (stress minus strength) field. Here, we detect both processes by of 
premonitory seismicity patterns, found in the modeled and observed seismicity. Chains 
signal the fast surge of instability. Intermediate-term patterns show that this rise was 
preceded by accumulation of energy and instability in the same area over preceding years. 
6. Methodological advantage of RTP over a direct analysis is in drastic reduction in 
dimensionality of parameter space where precursors are looked for. We have found here 
the precursors formed in narrow areas different from case to case, whose shape might be 
complicated, and size - diverse. Search for these areas by usual trial-and-error procedure 
would require trying one by one different shapes, sizes, chains and locations, which is 
hardly realistic. Reverse analysis resolves this impasse, determining from the start a limited 
number of the areas to consider. 



7. On other data. It seems promising to apply RTP to other data relevant to earthquake 
prediction, such as InSAR, GPS, electromagnetic fields, fluid regime…. The first highly 
successful applications have been obtained with precursors gauging interaction between the 
ductile and brittle layers of the Earth crust; this established an important link of 
geodynamics and nonlinear dynamics.  
8. On other disasters. The principles of RTP are not specific to earthquakes and might be 
applicable to critical transitions in a wide class of hierarchical non-linear systems.  
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