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T recent M7.8 - 27 km E of Nurdagi and M7.5 - 4 km SSE of Ekinizii,
iurkey earthguakes provide another case history of the mtermedlate term
nealstimesprediction bysthe M8 llrfonrmm .

el

ol il Rl 1992 NLLPSH/PUDSIer: usgs govipubhcaton/orr92401;
= j ROSSOPOKOV & Soloviev 2024, https://doi.org/10.1007/512594-021-1907-8
anonr , __aimed at magnitude range M8.0+ determined Times of
Increased ‘_-* [jability (TIP's) starting from July 2021 in the only three out of
262 Circles f investigation that spread over most of the global seismic belts;
he aler: tin one of them was confirmed in the next semi-annual updates, most

= _ "ece ‘lym January 2023, eventually being marked by devastating earthquakes

1t Turkey on February 6, 2023.

~Note that (i) the epicentres of the two coupled events and their aftershocks are

just outside the territory, where M8 algorithm aimed at M7.5+ magnitude
range is applicable, while (i) well inside the area of TIPs alerted for M8.0+
events, and (iii) some determinations of the first shock magnitude are 8.0

(e.g. GEOSCOPE Mw8.0, GS RAS Ms8.0, RETMC Mwp8.0).
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I'no6arim'ecmposaﬂue anroputmoB M8 u MSc:
.O6bHoBrNEeHMe NporHo3oB 2023a,

-

egions of Increased Probability of Magnitude 7.5+ Earthquakes
as on January 1, 2023 (subject to update on July 1, 2023)
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[ obanbHOe TecTupoBaHue anroputmoB M8
DOHoOBMeHve nporHo3oB 2023

: Cls ## 188,193,194:
_TIPuntil 7/172026

2023-02-06 01:17:35 (UTC) | 37.166°N 37.042°E | 17.9 km | M 7.8 - 27 km E of Nurdagi, Turkey
2023-02-06 10:24:49 (UTC) | 38.024°N 37.203°E |10.0 km | M 7.5 - 4 km SSE of Ekinozii, Turkey
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JOURNAL GEOLOGICAL SOCIETY OF INDIA
Vol.97, December 2021, pp.1514-1519

- Testing Earthquake Prediction Algorithms

Vladimir G. Kossobokov'>" and Aleksander A. Soloviev'"

'Institute of Earthquake Prediction Theory and Mathematical Geophysics, RAS, Moscow, Russian Federation
2 International Seismic Safety Organization, Arsita, Italy

' Passed away on 23" of September, 2021

*E-mail: volodya@mitp.ru 60%
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Fig.3. Changes over time in the p-volume of M8 and M8-MSc alarms targeting earthquakes in the M8.0+ and M7.5+ ranges.
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ary, Vol. 6. Seismol. Soc. Am., El Cerrito, CA, 1997)

Kossobokov, V. G. (1997). Chapter 4. User Manual for M8. In Healy, J.H., Keilis-Borok, V. I., Lee, W. H. K. (Eds), Algorithms for earthquake statistics and
prediction. IASPEI Software Library, Vol. 6. Seismol. Soc. Am., El Cerrito, CA, 167—221, with Disk #4: M8 Programs and Test Data Files

- M8 algovitm

*  Eachiof the functions/N, L, Zis calculated
WtwiceNormS M), NiZi20 andiNi= 0. -
* As a result, the earthguake seguence Is given
a robust averaged description by seven
functions: N, L, Z (twice each), and B —

N1, N2, L1, L2, Z1, 72, B

CTIP #193 (135.33: 31.08)*(2021/06/30-2026/07/01)
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Noraxansr Axagemunun nayr CCCP o
v CH#.193; TIP until 7/1/2026
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o M=4in CI#193 before 2023 o M>4in 2023 before M7.8 ~ ©M=4 after M7.8 before M7.5 M=>4 February 06 after M7.5 <=1 day after M7.8
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Epicentérs otsthe VI = 4 earthguakesiat angular: distance.ofi2.5°
from the epicenter of M 7.8 - 27 km E of Nurdag, Tiurkey

\e e:pen pltuecircles are epicentersiofiearthguakes in' Febrian/ 6; 2013:February 05, 2023;
NEIGVACITCIeS and red crosses mark these events occurring within 512 days before and 21

el .sta‘frer the orlgln time (2023/02/06 01:17:34 UMC) ofithe major event, respectively.

g the Foreshock, Main Shock, and Aftershock Sequences of the Recent Major Earthquakes in Southern Alaska, 2016-2018.
Front Earth Sci. 8:584659. https://doi.org/10.3389/feart.2020.584659
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https://doi.org/10.3389/feart.2020.584659
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el ' ionoithe USLLE control parameter # at angular: diStaficeion 2. 50
Wthe epicenter.of. M 7.8 - 27.km E ofJ\I,urdag‘g‘l'Jrkey w—

—.

- A B C
-0.87 0.9/ 1.23

, Southern Alaska, 2016-2018.
Front. Earth Sci. 8:584659. https://doi.org/10.3389/feart.2020.584659

Averages of the USLE control parameter }7 per 15 events vs.
time before and after the M 7.8 main shock
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n =1 x108*C-M)x | C
where 7 is the time between the two successive earthquakes, M is magnitude of the 2nd one,
and L is the distance between the two.
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https://doi.org/10.3389/feart.2020.584659

Bukchin BG, Fomochkina AS, Kossobokov. /G and Nekrasova AK (2020) Characterizing the Foreshock, Main Shock, and Aftershock Sequences of the Recent Major Earthquakes in Southern Alaska, 2016—2018.
Front. Earth Sci. 8:584659. https://doi.org/10.3389/feart.2020.584659
= .

nofithe USL E control parameter # at angular GiStaliCeT0Ti2: SR
rom the epicenter off M.7.8 - 27 km E ofNurdagr, Turkey

Averages of the USLE control

DAYS BEFORE -*- DAYS AFTER
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parameter ” per 15 events vs.

time before and after the M 7.8 main
shock

N =1TX 10B*(5—M) x LC,
where 7 is the time between the

two successive earthquakes, M is
the magnitude of the second one,
and L is the distance between
the two.
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phop deadiiest earthguiakes since 2000 (atieast 1,000+
Slciediiesuncluding victims ofitsunami and otNergassotiated el eCts) ™

dils= 1o c\ent — o gsuap COMputed as in (Kossobokov & Nekrasova, 2012) rounded to the closest integer;
updated to the present from (https://en.wikipedia.org/wiki/Lists_of 21st-century earthquakes)

 M——

Region

Date

M

Fatalities

Sumatra-Andaman Islands (“Indian Ocean Disaster”)

26 December 2004

9.0

227,898

Port-au-Prince (Haiti)

12 January 2010

7.3

222,570

Wenchuan (Sichuan, China)

12 May 2008

8.1

87,587

Kashmir (northern border India-Pakistan region)

8 October 2005

7.7

87,351

Nurdagi (Turkey)

Ekinézu (Turkey)

6 February 2023

42,001+

| [Bam (Iran)

26 December 2003

26,271

Bhuj (Gujarat, India)

26 January 2001

20,085

Off the Pacific coast of Tohoku (Japan)

11March 2011

19,759+

Bharatpur (Nepal)

25 April 2015

8,964

Yogyakarta (Java, Indonesia)

26 May 2006

5,782

Sulawesi Island (Indonesia)

28 September 2018

4,340

Southern Qinghai (China)

13 April 2010

2,968

Boumerdes (Algeria)

21 May 2003

2,266

Nippes (Haiti)

14 August 2021

2,248

Nias Island (Indonesia)

28 March 2005

1,313

Padang (Southern Sumatra, Indonesia)

30 September 2009

1,117

P IWININ NN OINW|W

Hindu Kush (Afghanistan)

25 March 2002

1,000+

|
=
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Companmsoniofithe 2018 GEM™10% poe in S0 years”
- ‘
and'the 1999 GSHAP Final Map
anuesitesiofimop deadliest.earthguakesisifice 20—

BT = 1, oshiap COMputed as'in (Kossobokov & Nekrasova, 2012) rounded to the closest integer;
Nt 1 om (https://en.wikipedia.org/wiki/Lists_of 21st-century earthquakes); (i) GEM model values from OpenQuake
et al. (2018) Global Earthquake Model (GEM) Seismic Hazard Map (version 2018.1 - December 2018), DOI:
enquake.org/map/global-seismic-hazard-map/

Region Aly, GEM | Al,, GSHAP | mPGAGem/ mMPGAGsHap
Sumatra-Andaman Islands (“Indian Ocean Disaster”) 4 2.45
Port-au-Prince (Haiti) 4.06
Wenchuan (Sichuan, China) 1.41
Kashmir (northern border India-Pakistan region) 1.80
Nurdagi (Turkey) 0.80
Ekindzu (Turkey) 0.57
Bam (Iran) 0.67
Bhuj (Gujarat, India) 2.15
Off the Pacific coast of Tohoku (Japan) 1.03
Bharatpur (Nepal) 0.85
Yogyakarta (Java, Indonesia) 1.50
Sulawesi Island (Indonesia) 1.15
Southern Qinghai (China) 1.52
Boumerdes (Algeria) 4.33
Nippes (Haiti) 3.34
Nias Island (Indonesia) 2.09
Padang (Sumatra, Indonesia) 2.02
Hindu Kush (Afghanistan) 0.64
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2023-02-06 01:17:35 37.29 36.99 10 Ms 8.0 mb 6.8 Turkey

(31,89, 179) 2023—02—.06 10:24:49 38.04 37.18 10 Ms 7.8 mb 6.9 Turkey

(228, 89, -1)

- - <
Moment Tensor map of earthquake: Moment Tensor map of earthquake: Moment Tensor map of earthquake:
Mag: 7.8 2023-02-06 01:17:36 UTC Mag: 6.7 2023-02-06 01:28:19 UTC Mag: 7.5 2023-02-06 10:24:49 UTC
Lat: 37.17 Lon: 37.08 Dep A 7.13 Lon: 36.81 Depth: 40.0 km Lat: 38.11 Lon: 37.24 Depth: 10.0 km
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Last updated: 2023.02.06 at 10:22 UTC
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Last updatect 2023-02.06 at 15:56 UTC Last updatect 2023.02.06 at 15:36 UTC

300 km

—— Political boundaries . —— Political boundaries ——  Political boundaries
——  Tectonic plates boundaries (Bird, P. [2003]) ——  Tectonic plates boundaries (Bird, P. [2003]) ——— Tectonic plates boundaries (Bird, P. [2003])
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ZUSGS

Central Turkey
2023 02 06 D1:17:35 (UTC) 17.9 km

7.8

4 km SSE of Ekinozi, Turkey
2023-02-06 10:24:48 (UTC) 10.0 kin

18 km ESE of Nurdadi, Turkey
2023-02-D6 D7:28:15 [UTC) 14.5km

5 km NE of Goksun, Turkey

2023-02-06 12:02:11 (UTC) 10.0 km

13 km SW of Dogansgehir, Tur...
2023 02 06 10:36:58 (UTC) 10.0 km

16 km ENE of Dogansehir, Tu...
2023-02-06 10:51:30 (UTC) 12.3kmn

16 km S of Nurdagu, Turkey
2023-02-06 01:36:28 [UTC) 10.0 km

23 km NE of Musabeyli, Turkey

2023-02-06 01:26:42 (UTC) 17.0 km

2 km S of Tut, Turkey
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NSO UtIRE com/@temblorine

Stresses imparted by M 7.5 may have shut down M 7.8 high slip area and doubled aftershock rate to NE

3 E =]
r Aftershocks 0-9 hours after M 7.8 7 Aftershocks 9-90 hours after M 7.8
g e N
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Out of 172,000 inspected buildings: Achievements:

* 12,000 collapsed * Mandatory nationwide earthquake insurance
* 25,000 need to be demolished * Excellent seismic and geodetic monitoring networks
* 123,000 received light or no damage * Extensive fault mapping and seismic hazard modeling
Butistressi * 9 base-isolated hospitals fully functional * Advanced earth science and engineering community
'a Period of 6-12 story Period of 6-12 story
e i Turkish bldg Turkish bidg

—15-001 S0 < [ . 123001 S0)
o Strong motion station 3145 (Antakya) é 3345.002-50ig. Strong motion station 3123 (no. of Kirihan) é e 3123. D02 S0}
T —_ oo 4
N g o S | =503 = 8 | m—srso0s0p)
“ 2 3145-00%-Soig 2 $123.00% Salg)
E 1s g —35EW ‘é 8 [ —mew
o Shaking exceeds § q —3usns e Shaking exceeds g' — L3S
.g code requirement 3 .g code requirement 8| —uw
s ! 2
5 2

o) 39:33/42:14

Webinar: The 2023~
Webinar: The 2023 Turkey-Syria Earthquake Sequence by Ross Stein, CEO, Temblor, Inc.
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Erdik, M., Tiimsa, M. B. D., Pinar, A., Altunel, E., and Ziilfikar, A. C. (2023)

~ A préliminary report on the February6, 2023+
ftRgUake In Tiirkiye: http:/doi.org/10.32858/temblor.297
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