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Technical Report 

 

Updated Smoothed Seismicity Model code in Python,  and tested against 

original Fortran model 

 
The 2015 global earthquake forecast, now being tested using CSEP protocols, is based in 

part on a Smoothed Seismicity model written by our teammate Yan Kagan. Its input is a 

global catalog of earthquake locations and magnitudes; its output is estimated earthquake 

rate density in each of 6,480,000 cells on a 0.1 by 0.1 deg. grid. While the program has 

worked extremely well, better accessibility and faster performance require that it be 

reproduced and commented in modern coding language. Han Bao, a UCLA grad student 

on our team, has written a Python code that does that, and he has tested the agreement 

between the old Fortran and new Python codes. Comparison would ideally involve using 

the same input earthquake catalog and parameter settings, expecting identical output. 

Unfortunately, the GCMT catalog used in the original forecast submitted to CSEP has not 

been adequately archived, nor have the catalog selection parameters such as maximum 

depth and magnitude type. Thus comparison required searching many older manuscripts 

and some trial and error. Furthermore the different coding languages differ in their 

treatment of functions such as arctangent and their methods for random number generation. 

 

Figures 1 and 2 show maps of forecast earthquake rate density at magnitude 5.767 (USGS 

version of moment-magnitude-relation) and above for the two coding methods. Even at 

higher resolution, differences are hard to spot.  

 

Figure 3 shows a cross plot of cell values computed using each program. Included are only 

those cells with high enough rate to contribute to the highest 99 percent of the global 

forecast rate. The agreement is excellent in terms of estimated global rates, but there is a 

“spur” of point for which the Fortran program predicts a significantly higher rate than the 

Python version. We are still investigating its cause, while making the more important test 

of the Python forecast against independent earthquake data.  
 

Using the PDE catalog and lowering the magnitude threshold 
 

Our published GEAR1 forecast is based on the GCMT catalog, with the magnitude 
completeness threshold 5.767, includes an estimate of focal mechanisms of future 
earthquakes and of the mechanism uncertainty. As described in Kagan (2018), we also 
introduce here a new approach that circumvents the need for focal mechanisms. This 
permits the use of the PDE catalog that reliably documents many smaller quakes with a 
higher location accuracy. The result is a forecast at a higher spatial resolution and down 
to a magnitude threshold 5.0. Such new forecasts can be prospectively tested within a 



relatively short time, such as a few years or even months, because smaller events occur 
with greater frequency. The forecast’s efficancy can be measured by its average 
probability gains per earthquake compared to a reference forecast with spatially and 
temporally uniform Poisson distribution. Given that the magnitude threshold is lower for 
the PDE catalog, it shows more details since many more earthquakes were used in the 
computation. The PDE forecast also shows a greater probability gain with respect to the 
reference than does the GCMT forecast. 
 

Forecast model testing 
 
Peter Bird, a member of our team and first author of the GEAR1 model, published the 
2018 paper listed below. In it he applied the I1 information  gain statistical tests published 
by Kagan in 2009. It’s expressed as the logarithm in base 2 of a forecast likelihood, 
compared to that of a uniform reference forecast. A probability gain of 2.0 implies that 
the likelihood of a quake is twice that of the reference. Last year’s report showed average 
information gain per quake for the full GEAR model and its separate smoothed seismicity 
and tectonic deformation components, for years 2014 – 2016. Information  gains ranged 
from 3.6 to 4.7 , and the full GEAR 1 model consistently out-performed its  components.  
 
Table 1 shows updated results up to 2019, for smoothed seismicity only. The columns 
show results of an optimization experiment to determine the value, in km,  of the 
smoothing parameter rs. The smoothing kernel weights the contribution to rate density 
as a function of epicentroid distance as 1/(r2 + rs2). The tabulated values are information 
gain, with larger being better. Based on results in the upper part of the table, we favor rs 
= 10 km. The upper part of the table refers to using test catalogs of events greater than 
5.767 as used in our 2015 publication. The lower table shows evaluation of forecasts using 
the same learning catalog as our publication (5.767+, 1977 – 2013), but testing on events 
7.0+). Information scores there are more variable, as expected  because there are many 
fewer events over magnitude 7. The average information gain over the whole time period 
is highest for rs = 15 km, but rs = 10 km is so close that we favor the latter and the 
information gain is substantial in any case 
 
 

 

 
Table 1, Probability Gains for global smoothed seismicity 

         

I1 Information Gain, [m5.767+] 

  Smoothing parameter rs, km 

Year   5 6 
 

10 15 20 25 30 

2014  3.9559 3.9659 3.9653 3.9264 3.8743 3.8193 3.7651 

2015  4.1579 4.1710 4.1843 4.1630 4.1278 4.0884 4.0480 

2016  4.0011 4.0085 4.0024 3.9650 3.9181 3.8691 3.8208 



2017  3.4923 3.5171 3.5675 3.5812 3.5730 3.5551 3.5326 

2018  3.7685 3.7809 3.7899 3.7624 3.7201 3.6731 3.6254 

2019  4.4603 4.4721 4.4759 4.4405 4.3911 4.3378 4.2842 

Mean  3.9727 3.9859 3.9976 3.9731 3.9341 3.8905 3.8460 

         

         

 I1 Information Gain [m7.0+] 

  Smoothing parameter rs, km 

 year 5 6 10 15 20 25 30 

 2014 5.5052 5.4774 5.3814 5.2771 5.1847 5.1028 5.0301 

 2015 2.3066 2.3322 2.4048 2.4585 2.4910 2.5110 2.5226 

 2016 3.0564 3.0724 3.0881 3.0727 3.0509 3.0300 3.0112 

 2017 2.2598 2.3051 2.4321 2.5267 2.5861 2.6258 2.6530 

 2018 3.8724 3.8811 3.8858 3.8638 3.8301 3.7925 3.7546 

 2019 4.9954 5.0265 5.0883 5.0998 5.0840 5.0575 5.0266 

 Mean 3.6660 3.6825 3.7134 3.7164 3.7045 3.6866 3.6664 

 

Forecasting Big Earthquakes 
 
One major objective of our project  is to evaluate whether past earthquakes indicate 
where larger ones will later occur, or instead if they consume stress energy and delay 
future large events. For this reason we’ve tested  the standard GEAR1 forecast, designed 
for m5.767+ events,  against magnitude 7+ events after 2013. Figure 4 shows results in 
the form of “Receiver Operating Characteric” tests, which are here tests of cumulative 
earthquake counts, and cumulative forecast rates, sorted in decreasing order of cell event 
rates, and normalized to 1.0. The red curve (m7+) follows very closely the blue curve 
(m5.767+), indicating that the larger events are well forecast by the same model that fits 
the smaller ones. We find no evidence that large earthquakes are discouraged by past 
events. 
 

 

 
 
 

  



Figures 

 
Figure 1. Rate density of m5.767+ earthquakes estimated using Kagan's Fortran program and earthquakes from 

GCMT catalog. 

 
Figure 2. Same as Figure 1, but estimated using Han Bao's Python program. 

 

 
 
 



 

 
Figure 3. Plot of estimated earthquake rate in cells computed by the older Fortran program (Yan's) and the Python 

program (Han's). Only cells contributing to the upper 99% of earthquake rate are shown. The small "spur" below the 

red (equality) linecaused no diffe 

 

 

 
 
Figure 3. Normalized cumulative earthquake rates for magnitude 5.767 + (blue) and magnitude 7+ (red). Cells are 

sorted in decreasing order of forecast rate, so more active locations are on the left. Agreement between the red and 

blue curves, especially on the left, indicates that larger earthquake are well forecast by previous smaller ones.  
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