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Presentation outline


-  The ISC-GEM catalogue: short introduction 

-  Current examples of application of the ISC-GEM 
catalogue  

-  Some recent developments 

 

 



GEM hazard global components


The GEM Hazard Global Components: 
-  Global Historical seismicity catalogue and archive (GHEC 

and GHEA) 

-  Global strain rate model (GSRM) 

-  Global active fault database (GFE) 

-  Global Ground Motion Prediction Equations (GGMPEs) 

-  Global Instrumental seismicity catalogue (ISC-GEM) 

 

 



ISC-GEM in a nutshell


Version 1.0 – released in January 2013 (1900-2009) 

-  110 years of ∼20000 earthquake hypocenters and 
uncertainties, recomputed using the original arrival-time 
data and the same technique and velocity model 
throughout; 

-  where possible, earthquake magnitudes are expressed 
in Mw scale based on seismic moment; 

-  proxy Mw is estimated in all other cases based on the 
newly developed empirical relationship with MS and 
mb; 

-  uncertainty and quality flag for both earthquake 
hypocenters and magnitudes are estimated using 
uniform techniques. 



ISC-GEM in a nutshell
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ISC-GEM in a nutshell


Version 2.0 – released in January 2015 (1900-2011) 

-  Added 504 earthquakes from 2010 and 672 from 
2011 

-  For the 1950s, processed and relocated 4156 
earthquakes and obtained 2216 new MS and 12 
mb values  

-  200 new magnitudes of earthquakes previously in 
the supplementary catalogue and reviewed 
hypocentre locations of about 500 events. 

 



Examples of ISC-GEM application


Bird and Kreemer 
(2015) - BSSA 

Hayes et al . 
(2013) - GJI 

Michael (2014) - 
BSSA Geist (2014) - 

BSSA 

Lubkowski et al . 
(2014) 

Mikhailova et al . 
(2015) 

Christophersen et al. 
(2013) 

Leonard (2014) - 
BSSA 



Michael (2014)


Michael analysed the ISC-GEM temporal 
completeness : 

-  Earthquakes shallower than 60 km within 7 time 
periods 

-  Deep events within 2 periods  

Table 1. In order to start with the highest quality data, I first
examined the shallow earthquakes, and the time periods are
shown starting with the most recent.

The shallow events during the period from the beginning
of 2004 through the end of 2009 are shown in Figure 1. The
MBASS method was thrown off by a deviation from GR
behavior at M 7.7–7.9 and is rejected due to being an invalid
Mc determination. The MBS method’s 95% quantile result
and the MBASS method’s 5% quantile result are higher than
the remaining estimates and appear to be reacting to an in-
crease in activity between M 6.0 and 6.1. The other estimates
are tightly clustered, and I chose M 5.7 as the best Mc es-
timate because there is a clear deviation below the general
slope seen in the binned MFD.

For the shallow events of the 1976–2003 period (Fig. 2),
most of the objective results are clustered betweenMc ! 5:6
and 5.8. The 95% quantiles for the MBS and MBASS meth-
ods are outliers at 6.3 and 8.1, respectively, and are rejected.
Mc ! 5:8 was chosen because there is a clear decrease in the
slope in the binned MFD below that value.

For the shallow events during the 1964–1975 period
(Fig. 3), the MBASS method is thrown off by a change in
slope starting at M 7.7. This is unlikely to be a completeness
issue, so MBASS is rejected. The 95% quantile of the MBS
method is also an outlier.Mc ! 6:0 was chosen because it is

just above the other objective determinations, there is a clear
step down in the binned MFD from M 6.0 to 5.9, and the
cumulative MFD progressively moves under the GR line
below M 6.0.
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Figure 1. Cumulative (rectangles) and binned (triangles) mag-
nitude–frequency distribution (MFD) of the International Seismo-
logical Centre-Global Earthquake Model (ISC-GEM) catalog for
2004–2009 (inclusive) and focal depths ≤60 km. For these data,
the subjectively chosenMc ! 5:7 is marked with an arrow. Vertical
lines on the plot show the 5%, 50%, and 95% quantiles of the non-
parametric bootstrap results for each of the four objective Mc de-
termination methods. The magnitude values for these quantiles are
shown in the key as an aid to deciphering lines that fall on top of
each other. The solid diagonal line is the fit of a GR distribution to
the data using the subjectively chosenMc. The color version of this
figure is available only in the electronic edition.
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Figure 2. Cumulative (rectangles) and binned (triangles) MFD
of the ISC-GEM catalog for 1976–2003 (inclusive) and focal depths
≤60 km. For these data, the subjectively chosen Mc ! 5:8 is
marked with an arrow. Other elements of the plot are described
in the caption of Figure 1. The color version of this figure is avail-
able only in the electronic edition.
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Figure 3. Cumulative (rectangles) and binned (triangles) MFD
of the ISC-GEM catalog for 1964–1975 (inclusive) and focal depths
≤60 km. For these data, the subjectively chosen Mc ! 6:0 is
marked with an arrow. Other elements of the plot are described
in the caption of Figure 1. The color version of this figure is avail-
able only in the electronic edition.
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BSSA Early Edition

Four methodologies for 
completeness analysis adopted. All 
rely on the basic concept that for 
magnitudes larger than the 
magnitude completeness threshold 
observations must fit a Gutenberg-
Richter relationship. 



Michael (2014)


From  To Mc 
1900 1917 7.7 
1918 1939 7.0 
1940 1954 6.8 
1955 1963 6.5 
1964 1975 6.0 
1976 2003 5.8 
2004 2009 5.7 

From	
   To Mc 
1900 1963 7.1 
1964 2009 5.7 

Shallow events 

(depth < 60km) 

Deep events 

(depth < 60km) 



Bird and Kreemer (2015)




Bird and Kreemer (2015)


at least, does not detract. Our preferred tectonic forecast is
available (and will be submitted) for independent prospective
testing, which will help to judge the validity of our assump-
tions. However, our own retrospective testing has already
shown that this model performs about as well as one mature,
optimized, smoothed-seismicity model. Thus, available GPS
data (supplemented by a plate-tectonic model, especially off-
shore) now have about the same value for forecasting condi-
tional probabilities (map patterns) of future earthquakes as
modern seismic catalogs.

An important change in GSMR2.1 (in addition to the
greatly improved GPS dataset on land) was the deliberate sim-
plification of most offshore plate boundaries to narrow lines.
This eliminated the somewhat subjective use of instrumental
seismicity maps to locally vary the widths of plate boundaries
that was a feature of the original GSRM of Kreemer et al.
(2003) and was inherited by the previous global seismicity
model of Bird et al. (2010). Although we found in this study
that we had to smooth the activity of these offshore plate boun-
daries to obtain good forecast scores, we have now done this in

a more systematic way that uses less than a dozen parametric
measures from the instrumental seismic catalog, but not its
complete map. Thus, the present update more closely ap-
proaches the abstract ideal of being purely tectonic, whereas
the previous SHIFT-GSRM seismicity model of Bird et al.
(2010) had a greater component of future projection of past
instrumental seismicity in its map patterns.

This sets the stage for systematically and formally con-
sidering the potential added value of hybrid models with both
tectonic and smoothed-seismicity components, which we in-
tend to present in a future article. Practical earthquake fore-
casting may require all relevant information to be combined;
yet, scientific hypothesis testing is more straightforward
when distinct kinds of information are also developed sep-
arately into alternative models.

Data and Resources

The files necessary to fully represent our seismicity fore-
casts are much larger than the files needed to create them;
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Figure 7. Global cumulative frequency–magnitude distribution of preferred model SHIFT-GSRM2f compared with the distributions of
two global seismic catalogs: the International Seismological Centre-Global Earthquake Model (ISC-GEM) catalog of Storchak et al. (2012)
for years 1918–1976 (including its supplement) and the Global Centroid Moment Tensor (CMT) catalog of Ekström et al. (2012) for years
1977–2012. The increased Global CMT rate in 2004–2012 is also shown with a dashed curve. All curves are normalized to 100 years of
observation and are restricted to shallow earthquakes, with hypocentroids no deeper than 70 km.

Revised Tectonic Forecast of Global Shallow Seismicity Based on Version 2.1 of the Global Strain Rate Map 13
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therefore we provide source code and necessary input data-
sets. (Also, source code must be provided when a forecast is
registered at Collaboratory for the Study of Earthquake Pre-
dictability [CSEP], so this is an emerging standard practice.)
Ⓔ FORTRAN 90 source code is available in two versions
(SHIFT_GSRM2x.f90 and SHIFT_GSRM2f_for_CSEP.f90),
included as programs S1 and S2 of the electronic supplement
to this paper, respectively. The former program computes any
of the six model variants and outputs gridded epicentral rate
densities (epicentroids per square meter per second) above a
user-selected magnitude threshold, in gridded data (GRD) for-
mat, on a 0:20° × 0:25° grid. Effective coupled thickness of
cells is also output in GRD format. The GRD file format is
documented at http://peterbird.name/guide/grd_format.htm
(last accessed November 2014); in this project, each GRD file
is of managable size (13MB), but a large number of files would
be needed to completely represent the variation of forecast
seismicity with threshold magnitude. The latter program
computes only the preferred model (f) and provides epicen-
tral rates in a set of 31 magnitude bins, in CSEP’s own XML
format, on a 0:1° × 0:1° grid; this output file will be about

3.7 GB in size. GSRM2.1 average strain rates of cells may
be obtained from the website of the first author (P. B.).

The Global CMT catalog is available at http://www
.globalcmt.org; this database was downloaded from www.
globalcmt.org/CMTfiles.html as monthly summaries. (Our
last access for downloading calibration and test catalogs oc-
curred April 2013; our last access for computing the 96-year
moment rate shown in Fig. 8 occurred May 2014.) For use
with our programs, this catalog (or any other) must be ex-
pressed in EarthQuake Catalog (EQC) format, which was doc-
umented by Bird and Kagan (2004) and described at http://
peterbird.name/oldFTP/2003107-esupp/eqc_format.pdf (last
accessed November 2014). Input files describing plate boun-
daries (PB2002_steps.dat) and tectonic zones (PB2002_
tectonic_zones.grd) are available as electronic supplements
to Bird (2003) and Kagan et al. (2010), respectively. A log-
ical GRD file (underwater.GRD) based on the digital eleva-
tion model named ETOPO5 is available from the website
of the first author (http://peterbird.name/oldFTP/SHIFT
_GSRM2_forecast/underwater.grd.zip, last accessed
May 2014).

Figure 8. The stair-stepped graph line shows the global cumulative seismic moment release from shallow (≤70 km below sea level)
hypocentroids in the ISC-GEM catalog of Storchak et al. (2012) from 1 January 1918 until 31 December 1976 and the Global CMT catalog
of Ekström et al. (2012) from 1 January 1977 until 31 December 2013. The largest step, in 1960, represents the seismic moment of them 9.64
Valdivia subduction earthquake offshore Chile. We increased the moment of the 2004 Sumatra earthquake to 1:0 × 1023 N·m (m 9.3) to be
consistent with the latest findings (Stein and Okal, 2005, 2007; Tsai et al., 2005). The straight diagonal line is the constant shallow-earth-
quake seismic moment rate implied by our preferred model SHIFT-GSRM2f.

14 P. Bird and C. Kreemer
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territory of  Turkmenistan, and temporally, by updat-
ing the catalogue to 2009. The entries of  the catalogue
were revised exploiting also recent scientific works and
catalogues, like the ISC-GEM one [Storchak et al. 2015].
The aim of  this work is to present an overview about
the sources used and the activities carried out to com-
pile the EMCA seismic catalogue.

2. Data sources
Different sources were considered for earthquakes

that occurred before or after 1990. In the former case,
the main source was the Specialized catalogue of
Northern Eurasia earthquakes [Kondorskaya and Ulo-
mov 1996]. The Central Asia earthquake catalogue
until 1990 is very heterogeneous. The entries selected
for the region of  five Central Asia countries of  the for-
mer USSR were revised removing some blasts and nu-
clear explosions and adding some events and additional
parameters obtained from different regional catalogues.
All earthquakes until 1900 were determined by macro-
seismic data only. Instrumental observations in Central
Asia countries started in 1901 when the first seismic sta-
tion was installed in Tashkent. After that several seis-
mic stations were installed in large cities: Samarkand
(1925), Frunze (nowdays known as Bishkek) (1927),
Alma-Ata (Almaty) (1927), Chimkent (1932), Semi-
palatinsk (1934). Thus, the first seismic network on the
territory of  Central Asia was established. The next stage
in seismic observations development was connected
with disastrous Ashkhabad earthquake of  1948, M=7.3
resulted in tens of  thousands casualties. For short pe-
riod of  time, the number of  stations increased almost
threefold. For the first time, in Moscow, the Coordina-
tion Centre was established to join the efforts of  all seis-
mic services of  the USSR territory. Rapid development
of  seismic networks was in 1970-1980. It is obvious that
the larger was the number of  observation stations the
smaller was minimum magnitude recorded from the

earthquakes, and the more accurate was the determined
source location. Since 1964 until the Soviet Union col-
lapse all seismic observations and data processing were
conducted within Common Network of  Seismic Ob-
servations using the same regulations and under me-
thodic coordination. The earthquake catalogues for the
whole territory of  the Soviet Union including Central
Asia were published annually [Earthquakes in the USSR
1961-1991]. These catalogues were the base of  the Spe-
cialized Earthquakes Catalogue [Kondorskaya and Ulo-
mov 1996]. The final catalogue compiled for EMCA
catalogue includes 10,542 events occurred from 2000
B.C. to 1990 A.D. The minimum magnitude included in
the catalogue for events occurred before and after 1960
is 4.5 and 3.5, respectively. The events distribution of
the EMCA catalogue is shown in Figure 1.

For the compilation of  the catalogue after 1990,
different sources were considered, as outlined in Figure
2. In particular, information from both international
and regional data centers was used. The main interna-
tional centers considered are: 

- the International Seismological Centre (ISC) bul-
letin (http://www.isc.ac.uk/iscbulletin/search/); 

- Reviewed Event Bulletin of  the International
Data Center of  the Comprehensive Test-Ban Treaty Or-
ganization (REB; http://www.ctbto.org/verification-
regime/the-international-data-centre/); 

- the bulletin of  the National Earthquake Infor-
mation Center (NEIC) of  the U.S. Geological Survey
(http://earthquake.usgs.gov/regional/neic/neic_bul
letins.php).

The main regional sources are: 
- the earthquake catalogues compiled for Kaza-

khstan territory by the seismological experience-me-
thodical expedition (SEME) MES-RK (http://www.
some.kz); 

- seismological bulletins compiled by the Data
Center of  IGR (Kazakhstan National Data Center

MIKHAILOVA ET AL.
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Figure 1. The map of  earthquakes epicenters by the Central Asia catalogue EMCA until 1991. (a) with magnitude ≤ 6.0; (b) with magnitude ≥ 6.1.

(a) (b)

Mikhailova et al. (2014) created a regional catalogue 
for Central Asia by combining International (e.g. ISC 
bulletin) and regional catalogues (e.g. Kyrgyzstan 
and Kazakhstan)  
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ness magnitude (Ms) is defined as the lowest magnitude
at which 100% of  the earthquakes in a space-time vol-
ume have been detected. The Stepp’s method [Stepp
1973] is used to estimate the time-completeness of  dif-
ferent magnitude bins. It is an analytical approach based
on estimators of  the mean rate of  recurrence of  earth-
quakes within given magnitude and time ranges. The
completeness magnitude is identified when the observed
rates of  earthquakes above Mc starts to deviate the ex-
pected rate. For completeness analyses, the catalogue

is divided into 0.5 magnitude interval starting from
magnitude 4.0. The analyses are carried out with a time
interval of  5 years, using the Hazard Modelers’ Toolkit
provided by the GEM foundation (http://www.global
earthquakemodel.org). The catalogue is complete from
magnitude 4 starting from 1959 and from magnitude 7
starting from 1873 (Figure 10). Considering the com-
pleteness results, the recurrence Gutenberg–Richter
relationship fit to data [Weichert 1980] is characterized
by a b-value equal to 0.805 (Figure 11). Considering the

CENTRAL ASIA EARTHQUAKE CATALOGUE

GEM
Date Time {° m° Depth Mw

03.01.1911 23:25:49.71 43.01 78.53 20.0 7.7

EMCA
Date Time {° {° Depth MLH K

03.01.1911 23:25:58 42.90 76.90 25 8.2 17.8

Figure 8. Earthquakes with location in ISC-GME catalogue (black) more than 40 km distant from the location in EMCA (white).

Figure 9. The record of  Kemin earthquake at Pyulkovo seismic station (courtesy of  Z.A. Kalmetyev).

Table 2. The parameters of  Kemin earthquake in ISC-GEM and EMCA catalogues.

Earthquakes	
  in	
  EMCA	
  
and	
  ISC-­‐GEM	
  (black)	
  
catalogues	
  with	
  Δd	
  >	
  40	
  
km	
  	
  



Lubkowski et al. (2014)


Lubkoswski et al. 
(2014) created a 
regional 
catalogue for the 
East African Rift 
by merging the 
ISC-GEM with 
other catalogues 

Z.Lubkowski, K. Coates, M. Villani, N. Jirouskova and M. Willis 

6 
 

handles varying levels of catalogue completeness. Table 4 shows the Gutenberg-Richter parameters in 
terms of b-value, its standard error Vb and the annual number of earthquake with Mw����DV�ZHOO�DV�WKH�
observed maximum magnitude, Mmax,obs,  associated with each source. 

 
Figure 2: Final earthquake catalogue (graduate circles) and seismic source model (coloured polygons) 
developed for the area. The main simplified tectonic features are also shown (grey and blue shadowed 

zones) as well as the cities where the PSH results are computed.  

Ground motion prediction equations  
The last ingredient for estimation of seismic hazard is the description of the ground motion 
attenuation, generally performed using empirical ground-motion prediction equations (GMPEs), also 
referred to as or attenuation relationships. These models provide the expected ground motion 



ISC-GEM and GEM’s Regional activities


GEM is developing a suite 
of tools for: 

-  Merging different 
catalogues (e.g. duplicate 
finding tool)  

-  Exploring the catalogue 
database 

-  Perform regressions 
between different 
magnitude types 

-  Catalogue 
homogenisation 

  

 

 



ISC-GEM and GEM’s Regional activities


Supported magnitude 
regression models: 

-  N-th order 
polynomial 

-  Exponential 

-  N-segment piecewise 
linear (free cross-over) 

-  Two-segment 
piecewise linear 
(fixed cross-over) 

  

 

 



ISC-GEM and GEM’s Regional activities


The construction of a 
homogenised catalogue 
uses magnitude and 
location selection 
criteria  (possibly area- 
dependent)  

  

 

 



Conclusions


-  Briefly illustrated the ISC-GEM catalogue and 
described some application examples 

-  Despite its short life, the ISC-GEM is largely used 
within the seismological community and finds 
application in many research areas  

-  In the regional hazard modelling domain it 
constitutes a reference resource in the high 
magnitude range. 

-  Integration of the information in the catalogue with 
other DBs will further improve its usability 
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