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ABSTRACT
In this work, we present the seismic catalogue compiled for Central Asia
(Kazakhstan, Kyrgyzstan, Tajikistan, Uzbekistan and Turkmenistan) in
the framework of the Earthquake Model Central Asia (EMCA) project.
The catalogue from 2000 B.C. to 2009 A.D. is composed by 33,034 earthquakes in the MLH magnitude (magnitude by surface waves on horizontal components widely used in practice of the former USSR countries)
range from 1.5 to 8.3. The catalogue includes both macroseimic and instrumental constrained data, with about 32,793 earthquake after 1900
A.D. The main sources and procedure used to compile the catalogues are
discussed, and the comparison with the ISC-GEM catalogue presented.
Magnitude of completeness analysis shows that the catalogue is complete
down to magnitude 4 from 1959 and to magnitude 7 from 1873, whereas
the obtained regional b value is 0.805.

1. Introduction
The aim of the Earthquake Model Central Asia
(EMCA) project (http://www.emca-gem.org) is the development of new regional hazard and risk models for
Kazakhstan, Kyrgyzstan, Tajikistan, Uzbekistan and
Turkmenistan. In order to build these new models,
input data for hazard and risk assessments have to be
collected and revised. The quality control is of particular relevance for parameters spanning an extended
period, from 2000 B.C. to recent years, since very heterogeneous data sources and procedures were used to
create them. Such an example is provided by the seismic catalogue compiled for seismic hazard assessment,
which includes information about origin time, location,
and magnitude extracted from both historical and instrumental data. Until the collapse of the Soviet Union
(USSR) in 1990, seismic observations, data processing,
catalogues compilation, and creation of seismic zoning
maps was coordinated for all USSR countries using
same methods and approaches. An example of results
from the USSR seismologists effort was the specialized

earthquake catalogue of North Eurasia from ancient
time to 1990 published under the coordination of Kondorskaya and Ulomov [1996], that was used for calculation of a set of seismic hazard zoning maps of USSR
[Ulomov and Shyumilina 2000].
The collapse of the Soviet Union in 1990 had a
strong impact on the scientific practice in Central Asia.
The application of unified approaches among the countries was interrupted as well as the data exchange and
the management of cross-border networks. The number of operating seismic stations decreased sharply and
the compilation of operative bulletins for Central Asia
was interrupted. Furthermore, many qualified specialists left their centers. Under these conditions, the catalogues homogeneity for the whole territory was also
interrupted and the restoration of seismic databases
since 1991 is problematic.
A recent attempt to perform a cross-border risk assessment for Central Asia has been performed within
the ISTC-CASRI project [Seismic Risk Assessment in
Central Asia 2009]. CASRI had been implemented between 2006-2009 with participation of Kyrgyzstan,
Kazakhstan, Uzbekistan and Tajikistan. Turkmenistan
did not participate in the Project. One of the main
products released by CASRI was a unified catalogue including earthquakes from 2000 B.C. to 2005 A.D. with
MLH magnitude ≥ 4.5. The activities, coordinated by
the Data Center of the Institute of Geophysical Researches (IGR) of Kazakhstan (KNDC), confirmed the
difficulties in compiling a unified catalogue for central
Asia after 1990 due to the strong heterogeneity in the
standards implemented by the different national seismological centers.
The EMCA catalogue presented in this study was
built at IGR starting from the CASRI experience. The
catalogue was extended both spatially, by including the
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territory of Turkmenistan, and temporally, by updating 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 compile the EMCA seismic catalogue.

earthquakes, and the more accurate was the determined
source location. Since 1964 until the Soviet Union collapse all seismic observations and data processing were
conducted within Common Network of Seismic Observations using the same regulations and under methodic 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 Specialized Earthquakes Catalogue [Kondorskaya and Ulomov 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 international centers considered are:
- the International Seismological Centre (ISC) bulletin (http://www.isc.ac.uk/iscbulletin/search/);
- Reviewed Event Bulletin of the International
Data Center of the Comprehensive Test-Ban Treaty Organization (REB; http://www.ctbto.org/verificationregime/the-international-data-centre/);
- the bulletin of the National Earthquake Information 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 Kazakhstan territory by the seismological experience-methodical expedition (SEME) MES-RK (http://www.
some.kz);
- seismological bulletins compiled by the Data
Center of IGR (Kazakhstan National Data Center

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 Ulomov 1996]. The Central Asia earthquake catalogue
until 1990 is very heterogeneous. The entries selected
for the region of five Central Asia countries of the former USSR were revised removing some blasts and nuclear explosions and adding some events and additional
parameters obtained from different regional catalogues.
All earthquakes until 1900 were determined by macroseismic data only. Instrumental observations in Central
Asia countries started in 1901 when the first seismic station was installed in Tashkent. After that several seismic stations were installed in large cities: Samarkand
(1925), Frunze (nowdays known as Bishkek) (1927),
Alma-Ata (Almaty) (1927), Chimkent (1932), Semipalatinsk (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 period of time, the number of stations increased almost
threefold. For the first time, in Moscow, the Coordination Centre was established to join the efforts of all seismic 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

(a)

(b)

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.
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Figure 2. The sources used to compile the EMCA catalogue.

KNDC) (http://www.kndc.kz/index.php/en/seismicbulletins/interactive-bulletin);
- for eastern (from longitude 80°) and northern
part (from latitude 46°) of the territory, the published
catalogues of Altay-Sayan expedition RAS were used
[Earthquakes in the USSR 1961-1991, Earthquakes of
Northern Eurasia 1991-2007];
- Earthquake catalogues of the Institute of Seismology of Kyrgyz Republic (http://www.seismo.kg);
- CASRI catalogue [Seismic Risk Assessment in
Central Asia 2009].
Information from scientific publications was also
used. Examples are the yearly summary collection of
bulletin “Earthquakes in the USSR” and the annual collection “Earthquakes of North Eurasia” [Earthquakes
in the USSR 1961-1991, Earthquakes of Northern Eurasia 1991-2007]. A catalogue published in China as a result
of joint work of seismologists from different Central
Asia countries was also considered [Inland Earthquake
1997]. Finally, information about significant earthquakes
investigated in scientific articles was also collected.
To solve controversial issues (e.g. multiple earthquake locations; identification of false earthquake; discrimination between earthquake and explosions),
original waveform data were also analyzed. Seismograms
were collected from different regional and international
data centers, such as the IGR in Kazakhstan; the KNET
network near Bishkek [Bragin 2007]; the Kyrgyz national
network KRNET; the Kazak national network KazNet;
the IRIS in US [Consortium of the USA Universities].
To solve inconsistences among different sources, a

hierarchical decision scheme was applied. For Northern Tien Shan territory in the south and south-east of
Kazakhstan, where large amount of SEME MES-RK
stations is concentrated (Figure 5), priority was given
to the solutions provided by SEME MES-RK. For earthquakes occurred in Kyrgyzstan, the solutions provided
by EMSE KR was considered. For other regions, the solutions from ISC and KNDC were considered. During
the compilation, special attention was paid to exclude
explosions which, alone in Kazakhstan, are of the order
of several thousand per year.
Since the ISC catalogue includes a large number
of earthquakes in Central Asia (about 13,000), it was
used as reference for drawing the first draft of the
EMCA catalogue. Figure 3 shows the number of events
per year in Central Asia included in the NEIC and ISC
bulletins. This is not surprising considering that the
ISC collects and integrates bulletins from global and
local/regional agencies (http://www.isc.uk/iscbulletin/
agencies). Figure 4 shows the variation of the minimum
and representative body wave magnitude mb for the
ISC catalogue. The representative magnitude (i.e. the
smallest mb recorded constantly and included into seismic bulletins) was estimated by the Data Center of IGR
basing on yearly distribution of events by magnitudes.
The sharp decrease of the minimum mb values after
2004 occurs because Data Center of IGR (KNDC)
started to submit data to the ISC. During recent years,
the representative magnitude for the whole territory
has not been changed and it is close to 3.5. Body waves
magnitude, mb, is considered in Figure 4 because it is
3
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Figure 3. Changing of total amount of events by years for Central
Asia territory in NEIC and ISC catalogues.

Figure 4. Changing of values of minimum (blue) and representative
(red) magnitudes in the ISC catalogue for Central Asia territory.

impossible to determine the surface waves magnitude
(like MLH) for small near earthquakes as these waves
are absent in earthquake records. Sharp decrease of
minimum magnitude of earthquakes (to mb=1) is due
to putting into operation of new modern high-sensitive
seismic arrays installed in 2000-2006 on the territory of
Kazakhstan. It is impossible to obtain this level of sensitivity for the whole territory of Kazakhstan and Central Asia. Thus, there is a quite large gap reaching about
2.5 magnitude units between representative magnitude
mb and minimum recorded.
The seismic bulletins compiled in central Asia contain a set of energy and magnitude characteristics of
earthquakes measured by different scales. Most often,
at different periods the following types of magnitudes
were determined - Ml, mB, mb, MPVA, MLH, MLV, Ms,
Mw and energy class J [Rautian 1960, Rautian 1964,
Mikhailova and Neverova 1986, Rautian and Khalturin

1994, Bormann 2002, Rautian et al. 2007]. For earthquakes happened before instrumental period the magnitudes were measured by analysis of macroseismic data
determined by isoseismal maps. These macroseismic
magnitudes were calibrated by values of surface-waves
magnitude MLH. This large number of magnitudes is
due to application of different scales, waves types, instrument features of the global and regional networks,
application of different calibration curves in different
periods of time. For joint application of catalogue data
in different tasks, various magnitudes were deduced to
MLH magnitude value, close to Ms values. The MLH
magnitude was chosen as a base one as, first, namely this
magnitude was measured for the most of large earthquakes on instrumental period, second, macroseismic
magnitude of earthquakes happened before instrumental period is based on it. It is also important that
MLH magnitude is used for characteristics of seismic
generating zones in the current maps of seismic zoning
of Central Asia countries.
The final EMCA catalogue contains 33,034 earthquakes, 32,793 of which occurred after 1900. Table 1
shows the header of the catalogue along with two entries. Note that in addition to instrumental characteristics, the catalogue also contains some macroseismic
information. This is the shake intensity in the epicenter
(I0), number of victims after large earthquakes, names
of significant earthquakes. The distribution of the events
with time, starting from 1900, is shown in the top panel
of Figure 6 while the MLH distribution is shown in the
bottom panel. Finally, the distribution of the epicenters
for magnitude larger than 5 is shown in Figure 7.

Figure 5. Map of the seismic stations used to address inconsistencies in the sources considered to compile EMCA catalogue between
1991 and 2009 A.D. See text for details. The legend reports: (1) seismic arrays of the IGR; (2) three-component stations of the IGR; (3)
three-component stations of KNET and EMSE networks of Kyrgyzstan; (4) three-component stations of SEME MES-RK.

3. Comparison with the ISC-GEM catalogue
The regional data were compared with global catalogue data compiled under GEM Project (“Global
earthquake Model”) [Storchak et al. 2015]. The cata4

CENTRAL ASIA EARTHQUAKE CATALOGUE

9

8

7

6

818

765

743

743

500

-2000

10
838

1

11
840

-500

12
853

2

13
855

-350

14
856

3

15
874

-250

16
914

4

17
940

10

18
942

5

19

Year
5

15

6

8

4

12

7

Date
20

22

Month

Hour
Min.
Sec.

Table 1. General view of the catalogue EMCA.
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Figure 6. Right: distribution of earthquakes by years in the EMCA catalogue. Left: distribution of earthquakes by MLH magnitude.

logue, available on the ISC web-site (http://www.isc.
ac.uk), consists of about 20,000 instrumentally recorded
medium and large earthquakes occurred from 1900 to
2009. The hypocenters of all events in the ISC-GEM
catalogue were relocated using unified and accurate location procedures and depth determination technique
[Bondár et al. 2015]. Different magnitude threshold values were considered for different time periods: for the
period 1900-1917, the threshold magnitude is Ms=7.5
for the whole world, and Ms=6.5 for shallow earthquakes in stable continental regions; for the period
1918-1959, the threshold is Ms=6.25; for 1960-2009, the
threshold is Ms=5.5.
A geographical extraction of ISC-GEM for Central
Asia was compared with EMCA and 20 events, located
near the borders of the investigated region, were added
to EMCA catalogue. The comparison between the
hypocentral locations showed that for 309 over 329
common events, the distance between two locations
was less than 40 km. For 20 earthquakes (Figure 8), the
discrepancy in locations was between 40 to 340 km.
The information for these events was re-evaluated and
corrections applied. An example of earthquake showing a significant discrepancy is the 1911, Kemin earthquake. It occurred near Verniy city (former name of
Almaty) and resulted in large destructions and victims.

The earthquake magnitude in the catalogues compiled
in the USSR is MLH=8.2 [Kondorskaya and Shebalin
1977], and maximum MSK-64 intensity at the epicenter
reached 10-11. The distance between the epicenter locations in the Central Asia catalogue and ISC-GEM is 133
km, being the epicenter in GEM shifted eastward. Furthermore, the moment magnitude listed in ISC-GEM
catalogue Mw=7.7. As result of the collaboration between ISC and the Institute of Geophysical Researches
(KNDC), new information about Kemin earthquake was
obtained. It was found, that the Kemin earthquake was
recorded by 19 stations worldwide. One of the saved
records from Pyulkovo station is shown in Figure 9. In
1911 the closest station to the focus and which records
were saved was Tiflis seismic station (TIF) while the
most distant stations were Riverview (RIV) in Australia
and Apia (API) in the Samoa Islands. A set of new literary sources was considered for more detailed study of
Kemin earthquake data [Chen and Molnar 1977, Abe and
Noguchi 1983, Bakun and Wentworth 1997, Delvaux et
al. 2001, Arrowsmith 2005, Bindi et al. 2013, Bindi et al.
2014]. The hypocenter computed using the new collected
data is located eastward than it is shown in the catalogues
(Table 2). Considering the evidences from the sources,
we conclude that the magnitude in Soviet catalogues is,
most probably, overestimated. The value Mw=7.7 computed by ISC-GEM is in agreement with the Mw estimated from intensity data [Stepp 1973]. In EMCA, both
the MLH from Soviet catalogues and Mw from ISCGEM are provided. In terms of locations, considering the
complexity of the rupture processes and the available
data, it is not possible to prove that one solution is better
than the other. In EMCA, the location from the soviet
catalogues, which agrees with the location from intensity data [Bindi et al. 2014], is kept. For other 19 earthquakes with large discrepancies in solutions, EMCA
catalogue adopts the solutions from ISC-GEM.
4. Completeness assessment
Finally, some statistical features of the catalogue
are evaluated such as the completeness magnitude and
the Gutenberg–Richter recurrence law. The complete-

Figure 7. The map of the epicenters of large earthquakes of Central Asia with M≥5 (from 2000 B.C. to 2009 A.D.).
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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).
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Table 2. The parameters of Kemin earthquake in ISC-GEM and EMCA catalogues.

ness magnitude (Ms) is defined as the lowest magnitude
at which 100% of the earthquakes in a space-time volume have been detected. The Stepp’s method [Stepp
1973] is used to estimate the time-completeness of different magnitude bins. It is an analytical approach based
on estimators of the mean rate of recurrence of earthquakes within given magnitude and time ranges. The
completeness magnitude is identified when the observed
rates of earthquakes above Mc starts to deviate the expected 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 completeness 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
7
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value to each entry, as well as the moment magnitude
Mw, is the subject of an article under preparation.
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