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Mfied BSHAP Earthquake Catalogue

Following the conclusions of the Zagreb Workshop of the BSHAP project (12-14
May 2011), we started with the definition of the format required for the catalogue
compilation.

A detailed format was proposed by Slavica Radovanovic, but only the
colleagues for Serbia and Bosnia and Hercegovina filled this format (Serbia sent
it on June 30, 2011 and BiH sent it on June 20, 2011).

In the present situation it was impossible to produce the BSHAP catalogue in
the extended format, as agreed in May 2011, because many data in the national
catalogs are missing.

Hence, our main intention was to harmonize the indispensable fields required
for seismic hazard (date and time origin, epicenter location and all the available
data for better magnitude characterization, including the database of ISC (Ms,
mb), CMT catalog of Harvard, EMMA database, and RCMT catalogs provided by
INGV and ETHZ for the BSHAP area (12.5-24.5°E, 38-47.5°N). Using all these
data, we have generated the BSHAP catalogue in the extended format (with a lot
of data missing), in order that every project partner should be able to complete
it later for its country.
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The catalogues used:

National Regional and Global
m Albania m Karnik 1996
m Bosnia and Hercegovina m Shebalin & Leydecker,
m Bulgarian m ISC
m Croatia m NEIC
m Greece m CMT Harvard Catalog
= Hungary m RCMT, INGV, Roma
m |taly m RCMT, ETHZ, Zurich
m  Montenegro m EMMA database, Version 2
m Macedonia
m Romania
m Serbia
m Slovenia

Y RBAEe) PUBLIC DIPLOMACY

o ZESTVAS] DIPLOMATIE PUBLIQUE

24.10.2011,Ankara



Mﬁed BSHAP Earthquake Catalogue

Geographical limits 38.0° - 47.5°N, 12.5° - 24.5°E
Time interval: up to 31/12/2010

Magnitude: larger than 3.5

Total number of events: 13341

v' This was a manually merged catalogue
v' Every event was carefully inspected
v Duplicates are almost excluded

Criteria for the merging of the catalogues:

1. The project partner‘s catalogues have priority over other catalogues!
Problems arise in the border area: the event is located from the Catalogue
of the Country A on the Country B and the same event is located from the

Catalogue of the Country B on the Country A.

2. We tried to resolve ambuigities, consulting the respective partners.
However, epicenter re-location at the border area still remains problematic.
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Various magnitude scales are used for different events, even from the
same seismological center.

Since the moment magnitude characterizes more accurately the
earthquake size, it was chosen as a uniform magnitude scale for seismic
hazard investigations.

The M, estimation was preceded by a detailed statistical investigation
regarding the relationships between different magnitude scales used by
the seismic networks of the region, with a view to check the magnitude
consistency reported by the above mentioned agencies with the M,,
magnitude obtained by the centroid moment tensor solutions (Harvard
CMT catalog, PDE catalogue) or from RCMT solution (INGV, ETHZ).
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Converting of Mg, Mg and m, to M,

The converted or re-estimated macroseismic magnitudes from Karnik
and Shebalin catalogues, were converted in M, using the relevant
regression relations of Scordilis (2006):

<

» = 0.80xM . +1.31 4.0 < Mg < 5.4 (1)
M, =0.70xM . +1.80 5.4 Mg, <6.3 (2)
M, =1.04xMy - 033  e3sMysal ()
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in the Table 1 (Kuka & Duni, 2011)

Table 1. Relationships between moment magnitude M,,, and M< and m,..

1 BSHAP Earthquake Catalogue

Mg and m, magnitudes reported in the bulletins of
ISC are converted in M,, using equations presented

Begression model MNumber Determination Stand. dev. of | Application
M, b +b-M+b2 ] of events | coefficient, B TEETecc1on, 5, Fange
Mp=13948 - 0.177M; | 0.0862¢M; 253 D903 0.175 3.0=M:<70
- - ¥ - . .
Mp=3.887 - 1433m;+ 0.23512mp 367 0.872 0.197 3.3=mp=06.2
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Figure 1. Relationship between

moment magnitude M,, and the Mg
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Convertion of M, to M,,

To enable conversion to Mw of the local magnitudes MI calculated by the
seismological centers of the region, we updated the empirical relations derived
in 2010 (Duni et al., 2010), using an extended datasets for the BSHAP area,
accepting as reference the moment magnitude reported by Harvard CMT
solutions (Dziewonski et al., 1981) and the regional moment tensor solutions
reported by INGV (Rome) and ETHZ (Ziirich) till May 2011. About 500 CMT/RCMT
solutions for medium-strong events in the BSHAP area, varying from

Mw=3.75 to Mw=6.9, are used to derive the local relations converting the local
magnitudes Ml to Mw (Kuka & Duni, 2011).

Table 2. Correlative relationships between moment magnitude M, and local magnitude M,.

Agency Fepre=ssion equaticn Number of Detenﬂ_j.tmtim} Stand. dE"'ir of

’ M, = L-D _E;__ - M, CVeIs coctficicnt, A° ICEICSs10n, 5,
Tirana Mp=1423+0.708M| 91 0.687 0.273
Pogdorica Mep=0690+ 0 900N 39 1921 (1 166
Zageb Mp— 0489 + 0.825M; 29 0.733 0.283
Bzlgrade Mep=0414 + 0938N; 26 0.853 0.218%
Skopje Mp=0063584 + 0.907TM; 8 0.742 0.273
Thessalomals | M;=0383 + 1.010M, 100 0.830 0.220
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Fig. 3. Relationships between moment magnitude M, and the local magnitude, M,
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Calculation of the Homogenous M,, Scale Magnitude for the BSHAP Project

A detailed procedure used for calculation of the homogenous M, scale
magnitude (M) for all the events included in the earthquake catalogue of the
BSHAP Project is formulated by Prof. Kuka and distributed to all the project
partners.

Calculation of M, for the events reported by Tirana (TIR)

Tirana reports M, (Mg Karnik) if Year < 1900; M, Mg, m, after 1900, and M, after 1968.

MwML = 0.768*ML+1.423 1f (AG == "TIR") & (ML != .)

Mwua = MwI3C i1f AG == "TIR" & MwIS3SC != . & Mwl ==

Mwu = MwML 1f RAG == "TIR" & MwISC == ., & MwML !=

Mwu = 0.5% (MwISC+MwML) 1f AG == "TIR" & MwISC != . & MwML !=

Note: The local magnitude calculated from Tirana is converted to M, using the
relevant relation. For events for which Mg and/or m, magnitude is available, the
magnitude M, is calculated as the average of estimations taken from converting
to M, of the local magnitude M, (TIR) and of Mg and/or m, reported in the ISC
bulletins (1964-2010).
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Calculation of the Homogenous M,, Scale Magnitude for the BSHAP Project

Calculation of M, for the events reported by Bosnia and Herzegovina (BLY)

Not any relation to convert local magnitude to M,,, because the relevant data are lacking.

Note: Magnitudes reported by BLY are considered as M,,,,. Only macroseismic
magnitudes (M,,) are converted using the Scordilis relations.

Calculation of M, for the events in the Croatian catalogue (ZAG)

Note: Magnitudes reported in the Croatian catalogue (average magnitude - column 11,
or ML (ZAG) — column 12) are considered as MWU. Only macroseismic magnitudes
(Mm) are converted using the Scordilis relations.

Calculation of M, for the earthquake catalogue of Montenegro (PDG)

Up to the year 1970 earthquakes are reported in terms of macroseismic magnitude
M,.. For the period 1971-1978 magnitude is M, of EMSC. Starting from 1979,
magnitude used is the local magnitude M, (PDG).

Note: The local magnitude calculated from Podgorica is considered as Mw. So only
the events up to 1970 are converted to Mw using the Scordilis relations.
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* Calculation of the Homogenous M,, Scale Magnitude for the BSHAP Project

Calculation of M, for the events reported by Skopje (SKO)

Up to the year 1970 (1970 not included) earthquakes are reported in terms of
macroseismic magnitude M,.. After 1970, magnitude used is the local magnitude

M, (SKO).

Note: The events up to 1970 are converted to M, using the Scordilis relations. The
local magnitude calculated from Skopje is converted to M, using the relevant relation.
For events for which Mg and/or m, magnitude is available, the magnitude M, is
calculated as the average of estimations taken from converting to M, of the local
magnitude M, (SKO) and of Mg and/or m, reported in the ISC bulletins (1964-2010).

Calculation of M, for the earthquake catalogue of Serbia (BEO)

Regarding the events from the catalogue Serbia, the unified magnitude is calculated
by the Serbian colleagues.

k MwML = 0.938*ML + 0.414 if G == "EBEOQ"
Mwu = Mu if AG == "BEO"™ & Mu != .
Mwu = MwML if (AG == "BEQO") & (Mu == .) & (MwML != .)
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Calculation of the Homogenous M,, Scale Magnitude for the BSHAP Project

Calculation of Mwu for the events from the catalogue of Shebalin 1996 (SHE)

In the earthquake catalogue of Shebalin et al. 1996, magnitude (M) is reported in
terms of Mg,. The unified magnitude M,y is calculated using the Scordilis (2006)
relations.

Recorded M,

For the events which have a CMT (Harvard or PDE Catalog) or RCMT (INGV,
ETHZ) solution, i.e. a recorded M, this value supersedes the M, calculated by
the above-mentioned procedure. We have accepted also the M,, value from the
EMMA catalogue instead of M, for the events reported in this catalogue.
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Catalogue description

Year M D Hr M1 Se Lat Lomn Dep Io I_SC Mm ML Ag_ML mb Aag_mb Ms Ag_Ms  Mw Ag_Mw MTh Ag_MTh Md Ag_Md S AG Mwu
510 11 O 0 0.00 39.300 22.400 . A ' s . . . . . ATHE 7.00
-479 1 1 0 0O 0.00 29.700 23.300 - . . P .- .. .. .. .. ATHE 7.00
-427 11 0 0 0.00 38.400 23.100 - . . P .- .. .. .. .. ATHE &.00
-426 1 1 0 0 0.00 3&.850 22.780 - . P . - .. .. .. ATHE 7.00
-4724 31 0 0 0.00 38.100 23.400 . A ' s . - - . . 1THE .00
-420 11 0 0 Q.00 35.000 22.800 . A ' s . - - . . ATHE &.00
-2373 11 0 0 0.00 328.200 22.200 - . P . - .. .. .. ATHE &.80
=247 11 0 0 0.00 38.400 22.500 - P . - - ATHE &.00
-303 11 O 0 0.00 38.000 22.700 - . P . - - .. .. 1THE &.40
-27% 11 0 0 0.00 38.400 22.400 . A ' s . - - . . 1THE .40
-226 11 0 0 Q.00 38.600 22.700 . ' ' s . - - . . ATHE &.40
-138 11 0 0O 0.00 28.400 23.700 - . . P .- .. .. .. .. ATHE &.40
-100 11 0 0 0.00 43.170 13.500 . EB..  MMI . P . . G5.EBD Calc .. .. .. 1ROM 5.84
=99 11 00 0.00 42.800 13.100 . EB.0 MMI . P - . 5.40 Calc .. .. .. 1ROM 5.57
-931 11 00O 0.00 35.100 15.650 - 9.5 MMI . P - . B.30 Calc .. .. .. 1ROM &.30
-7& 11 00 0.00 42,400 12.870 « 10.0 MMI ' s = . 6.680 Calc - . . 1ROM &. 60
-5 11 00 0.00 41,200 15.200 32.0 B.5 MSKEGE £.30 P .- .. .. .. .. ATIR &.22
-56 41 00 0.00 43.430 13.670 . EB..  MMI . P . . G5.EBD Calc .. .. .. 1ROM 5.84

22 11 00 0.00 38,300 22.100 - . . P .- .. .. .. .. 1THE &.30

52 11 00 0.00 40.5%00 24.200 - . P .- - .. .. .. 1THE &.00

61 11 O 0 Q.00 38.200 22.000 . A ' s . - - . . 1THE .30

g2 25 0 0 0.00 40.780 14.420 . B.5 MMI ' s = .« 3.84 Calg - . . 1ROM 5. 87

70 E2% 7 0O 0.00 40.%00 14_380 . B.O MMI . P . . 5.8% Cale .. .. .. 1ROM 5.77

9% 11 0 0 0.00 41.350 14.800 - 9.5 MMI . P - . B.30 Calc .. .. .. 1ROM &.30
101 11 00 0.00 42,230 13.980 = 9.5 MMI ' s = o« B.30 Calc - . . 1ROM .30
05 11 0 0 0.00 35,800 23.000 . A ' s . - - . . ATHE &.40
217 11 0 0 D.00 40.740 19.470 32.0 B.5 MSKEL £.30 P .- .. .. .. .. ATIR &.22
306 11 00 0.00 43.020 17.570 - . . B6.02 ZAG .- .. .. .. .. 1Z4G 6.02
334 11 0 0O 0.00 41,3200 19.500 3.0 EB.5 MSKE4 6.30 P . - - .. .. 1TIR &.Z2Z
346 11 0 0O 0.00 41,380 14.430 - 3.0 MMI . P - . 6B.00 Calc .. .. .. 1ROM .00
346 11 0 0 0.00 41,300 19.300 33.0 2.0 MSKEE €.60 s . - - . . ATIR &.53
358 11 00 0.00 40.100 20.100 32.0 9.0 MSKEGE E6.60 P .- .. .. .. .. ATIR &.53
31 11 00 0.00 44,000 14.000 - 7.39 ZAG . - - 1ZaG 7.39
31 11 00 0.00 38.400 2Z.600 - P . - - 1THE &.80
367 723 0 0O 0.00 42.580 18.220 - . . B.02 ZAG . - - .. .. 174G .02
37411 00 0.00 35,100 15.650 = 9.5 MMI ' s = o« B.30 Calc - . . 1ROM .30
IFE 11 00 0.00 41,130 14.780 = 5.0 MMI ' s = o« 6.00 Calc - . . 1ROM &.00
456 93 7 0 O D.00 47.240 16.820 - 3.0 EMS . P .- .. .. .. .. 1BUD &.24
E06 11 00 0.00 41,3200 19.500 3.0 EB.5 MSKE4 6.30 P .- .. .. .. .. 1TIR &.Z2Z
518 11 00O 0.00 42.100 21.400 - 9.0 MSK6E 6.10 P .- .. .. .. .. ATIR &.00
527 11 0 0 0.00 41,100 20.5800 . A 6.10 s . - - . . 1SKED 6. 07
551 11 00 0.00 35,300 21L.700 . _ . o _ _ _ . . ATHE &.50
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d BSHAP Earthquake Catalogue
Map of earthquake epicenters
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Data completeness with time

d) Mw>=4.0

Reliable mean rates of
earthquake occurrence for
the given magnitude range
requires as prerequisite to g

asSSess the data 1850 1875 1900 19|2$ear 1950 1975 2000
completeness, that is to

assess the  magnitude

0 3000 6000 900012000

Cumulative number

=N d) Mw>=4.5
above which the catalogue 2%
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reasonably complete, or s 1
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@IVl Completeness with time

d) Mw>=5.5

Completeness levels are
estimated from the catalog,
by using the cumulative
number of events versus
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Declustering of the catalogue

One basic assumption in the PSHA is that earthquake occurrences are
statistically independent. It is assumed that the earthquake occurrences
follow a Poisson process with constant recurrence rate A.

Usually, earthquakes are spatially and temporally clustered. Therefore, the
earthquake catalogue to be used for hazard studies must be free of
dependent events, such as foreshocks and aftershocks, prior to modeling
of the magnitude frequency distribution in order to avoid biasing the
average-rate assessments.

Declustering of the BSHAP catalogue is accomplished by B. Glavatovic
and S. Radovanovi¢c (ZMAP software).

This subcatalogue, purged of aftershocks and foreshocks, can be
considered that reflects a Poisson process and can be used to estimate
adequately the seismicity parameters, and in the further calculations for
seismic hazard assessment.
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Conclusions

1. The Unified BSHAP 3.5 earthquake catalogue was compiled by
merging together the national catalogues .

2 Since the moment magnitude characterizes more accurately the
earthquake size, it was chosen as a uniform magnitude scale for
seismic hazard investigations.

3 New equations relating the Mw with Ms and mb have been
derived for the BSHAP area. Also, an update of the already
previously derived relations between Mw and ML has been
done.

4 The catalogue is considered complete for the whole BSHAP
region for magnitudes Mw larger than 4.0. However, the
completeness is not homogenuos everywhere.

5 This catalogue is a first attempt. It needs to be improved in the
future.
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Thank You!
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