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In the absence of any information, the probability of a major 
earthquake is very small. However, when information on "abnormal 
events" is available, the conditional probability increases to a greater 
or lesser extent. If you gather that information and apply the "multi-
factor prediction equation", the probability of the forecast becomes 
practical (see Ogata, 2017a,b). Therefore, we need to take every 
opportunity to build up a series of short-term forecasting trials. As a 
notable recent example, we thought of the activity in the Ridgecrest, 
California area this time last year.  

         Introduction 

Probability forecast for the plural events 

Here is a noteworthy snapshot. Panel (a) shows just before M6.4, 
(b) shows just after M6.4, (c) shows before and after the largest 
aftershock M5.4, and (d) shows after M7.1. In all cases, black circle 
earthquakes occurred as expected.  
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Foreshock probability forecasts  
Our definition of foreshock-type cluster is having a larger earthquake in the 
future by the difference of 0.5 magnitude unit (5 times of energy) or larger 
than the currently largest earthquake.   
When the Searles Valley earthquake and its aftershocks occur, we 
calculate their foreshock probabilities. 

Especially isolated earthquakes make up 80% of the total.  When an isolated 
earthquake or the first earthquake of a cluster occurs, there is a 4.2% chance that it 
is of the foreshock type,  whereas the Ridge crest area is close to 10% as seen below 
figures. 

Delaunay tessellation of the Californian earthquakes. Delaunay 
triangles where the triangle vertices are the location of earthquakes 
of M ≥ 3 during the period 1932 - 2011, except for those on the 
boundaries of the rectangles.  

Frequency distribution of aftershocks for these time intervals for the 
Searles Valley earthquake. Black disks are empirical distributions of 
aftershocks immediately after, and blue circles are empirical 
distributions of aftershocks based on data after 6 months. The solid 
red line shows the predicted distribution of aftershocks by the real-
time model, and the solid and dotted green lines show the 
predictions made using a general-purpose model for the Coso 
volcanic region and Southern California region here.  For aftershock 
of Ridgecrest. In each case, the real-time model is excellent. 

 

Reasenberg-Jones model with detection function 

These show aftershock probability during one day (24 hours) span 
when aftershock exceeding magnitude Mt will occurs. Forecasts 
are created using aftershock data till the indicated elapsed time 
after the main shock. In addition, vertical dotted lines and 
horizontal dotted lines are used to indicate the probability of 
occurrence of aftershocks larger than the main shock. 

Global 

Space-Time anomalies in aftershock activity 

In the Searles Valley aftershock sequence, the ETAS model fits well in 
the period leading up to the dashed line. This ETAS model has a very 
large alpha value and is equivalent to the Omori-Utsu formula. 

Panels (b,c) are seismic densities in space-time over the transformed 
time axis. The contour line is in a linear scale of the densities, with 
purple being the high density. They are migrated from the time around 
dashed line. To illustrate this, we assume such a slow slip and the 
incremental Coulomb stresses are migration-supported. 
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Excluding isolated earthquakes, the average probability of becoming a 
foreshock type increases to 8%, but the predicted probability ranges 
from 1% to 30%.       

≥

Space-time seismic activity monitoring 

2 2( ) 0.3 (or 30km)ST space timed c= ∆ + ∆ ≤ 

Single-link-clustering by connecting the space-time distance 

The statistics for the California region were taken for the earthquake 
cluster.  The percentage of foreshock type earthquakes ranges from 4% 
to 10% of them.  

Cross classified table analysis 
First event in a cluster or isolated event 

Early aftershock forecasts  
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Probability forecast of the first or isolated event 

•  

-  The Ridgecrest earthquake sequence was used to study 
the potential for real-time forecasting and diagnoses. 
-  We examine practical forecasting using short-term ETAS 
models combined with longer-term probabilities. 
-  Operational, real-time, multiple element probability 
forecasting appears plausible.  

Key points 
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