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The past is the key for the present...
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Distribution of tsunamis in the southern European Region, covering the period from 1600 BP to 2006. The
most important tsunamigenic regions are in the Gulf of Cadiz, north of Algeria, southern Italy, along the
Hellenic Arc, with its eastern continuation involving Cyprus and Marmara Sea. (Stefano Tinti, 2009).
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365 AD Earthquake

Mw 8.4, strike 315, dip 35, rake 90, depth 27.3km, L 120 km, W 77 km, and slip 16.7m
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365 AD Earthquake

Necmioglu and Ozel, 2015
Mw 8.4, strike 315, dip 35, rake 90, depth 27.3km, L 120 km, W 77 km, and slip 16.7m
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...a significant event in the Hellenic Arc affecting a large area in the Eastern
Mediterranean (Ambraseys, 2009).

...First the sea was driven back and then huge masses of water flowed back, shipwrecks were
found 2 km off the coastal line on the southwestern shore of Peloponnesus near Methoni;
tsunami was observed in Asia Minor and the coast of Sicily was flooded (Soloviev et al.,
2000; Altinok et al., 2011).

... Shaw et al. (2008) presented evidence from field observations and radiocarbon data that
western Crete was lifted by up to 10m above sea level during the earthquake and suggested
that the earthquake occurred on a fault dipping at around 30 ° within the overriding plate and not
on the subduction interface. Their tsunami modeling provided open-ocean amplitudes of
tsunami waves that are comparable to that of observed and modeled in the open ocean for
the Sumatra 2004 tsunami.

... Lorito et al. (2008) arqued that up to 5m tsunami wave could be produced by the 365 AD
event.

The tsunami in 365 AD was so devastating that the anniversary of the disaster was still
commemorated annually at the end of the 6th century in Alexandria as a "day of horror”.
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Tsunami Wave Heights in Eastern Mediterranean
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Minimum Mw for 50 cm coastal wave-height
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History of NEAMTWS KANDILL

The Intergovernmental Coordination Group for the Tsunami Early Warning and
Mitigation System in the North-eastern Atlantic, the Mediterranean and connected
seas (ICG/NEAMTWS) was formed in response to the tragic tsunami on 26 December
2004, in which over 250,000 lives were lost around the Indian Ocean region.

The Intergovernmental Oceanographic Commission of UNESCO (IOC-UNESCO) received
a mandate from the international community to coordinate the establishment of the
System during the course of several international and regional meetings, including the
World Conference on Disaster Reduction (Kobe, Japan, 18 — 22 January 2005), and the
Phuket Miinisterial Meeting on Regional Cooperation on Tsunami Early Warning
Arrangements (Phuket, Thailand, 28 and 29 January 2005).

The 10C Assembly, during its twenty-third Session (21-30 June 2005), formally
established the ICG/NEAMTWS through Resolution IOC-XXIII-14.
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Tsunami Early Warning and Mitigation System in the North-eastern Atlantic, the
Mediterranean and connected seas (NEAMTWS)
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NEAMTWS Earthquake Source Zone Map
- Bulletin issued for EQs of M > 5.5

L Tsunami Agreements
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Produced by the ic C jon of UNESCO @  stations for Tsunami Waming

Date: Feb.2014

120° 100° 80" 60" 40° 20" 0 20" 40" 60°

ACDR-2019



NEAMTWS Tsunami Service Provider (TSP) KOERI KANDILLI

EARTHQUAKE RESEARCH
——INSTITUTE——

1868

Present Status

TSP-TR is operational since 1 July 2012 under
UNESCO/IOC/ICG/NEAMTWS.
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Operational Concepts — Decision Support System KANDILL

1868
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Operational Concepts — Decision Matrix
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TSP-TR (KOERI)

Decision Matrix for the Eastern Mediterranean, Aegean and Black Seas

(= 100 km inland)

Depth Type of Tsunami Message
(km) Epicentre Location |Earthquake Magnitude Tsunami Potential Local Regional Basin-wide
< 100 km 2100 - =400 =400
Offshore or close to | 5-3Smb/Mwp<5.9 | Low tsunami potential Information Information Information
the coast
(<40 km inland) 6.0 < Mwp < 6.4 Tsunami potential Advisory information | Information
Advisory Information
Offshore or close to
< 100 the coast

5.5<mb=5.9 Low tsunami potential Information Information Information
Inland
(>40km and < 100km)
6.0=Mwp=6.4 Low tsunami potential Information Information Information
offshore or inland . . . . .
= 100 Mwp 2 5.5 Low tsunami potential Information Information Information
(< 100 km)
NEAMTWS Decision Support Matrix
Alert Level Advisory Watch
Wave Amplitude 0.2-0.5m >0.5m
Run-up <1lm >1m
I ct Current, bore, damage in water; possible minor Watch impact + inundation of the low-
mpa inundation in beaches lving coastal land
Other messages used in the operational context, such as (Regular) Communication Test and Tsunami Exercise Messages are not shown here.
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KOERI Daily Operational Set-Up
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- Day Shift (8:30-17:30) and Two Night Shift (17:30-01:00 and 01:00-08:30)

- One duty officer shift

- One stand-by Duty Officer per day shift

- One back-up Duty officer per shift

- Total number of Duty Officers: 16 — 5 of them are assigned to night shifts.
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Internal Exercises
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NEAMTWS Tsunami Exercises - NEAMWave

NEAMWavel2
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Tsunami Information Booklet
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TSUNAMI

BiLGILENDIRME EL KiTABI

V/ Tsunsmidakases
yabalandysan. su Gt0nde
Raameniz| sadayscek b
obiero tuurmay caige.

Bu seide akatiya siriaiecen
enkazdan karueabiesiniz

Tsunami erken uyari
sistemleri dalgalar kiyrya
varmadan 8nce tehlikeyi dulundurun
B.0. KANDILLI RASATHANEST VE DEPREN ARASTIRMA ENSTITUSI haber verebilirler.
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http://www.koeri.boun.edu.tr/aheb/pdf%20dokumanlar/tsunami kitap.pdf
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http://www.koeri.boun.edu.tr/aheb/pdf dokumanlar/tsunami_kitap.pdf

Tsunami Information Note for AFAD
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Tsunami Inundation Maps f

T.C. BOGAZICI UNIVERSITESI Kznmzu

KANDILLI RASATHANESI VE DEPREM ARASTIRMA ENSTITUSU BDTiM RASATHANE 3T

BOLGESEL DEPREM-TSUNAMI iZLEME VE DEGERLENDIRME MERKEZI Dimin e
o

MUGLA - BODRUM

NUGLA - SCOMAL WA - BOORM

MOD2-TR Tsunami Senaryo veri tabani uyarinca Ege ve Dogu Akdeniz’de meydana gelebilecek bir deprem igin
deprem buylUklGgu (Moment BuyUklGgn-Mw) ve depremin Mugla-Bodrum’dan uzakiigina bagh olarak agk
denizde (sol) ve kiyida {sag) beklenebilecek tahmini tsunami dalga ylkseklikleri. Fethiye icin tsunami tehlikesinin
Mw > 7 depremler icin s6z konusu olabilecegi disunuimekle beraber daha kuguk depremlerin tetikleyebilecegi
denizalt: heyelanlan nedeni ile yerel i | ilecedi dikkate

T.C. BOGAZICI UNIVERSITESI

KANDILLI RASATHANESI VE DEPREM ARASTIRMA ENSTITUSU
BOLGESEL DEPREM-TSUNAMI IZLEME VE DEGERLENDIRME MERKEZI

MUGLA - DALAMAN

BDTiM M.’!R.‘.lk!

MUGLA - DALAAN MUGLA - DALAMAN

tse e = tre d LR

MOD2-TR Tsunami Senaryo veri tabani uyarinca Ege ve Dogu Akdeniz'de meydana gelebilecek bir deprem igin
deprem buyUkligh {Moment Buyliklugi-Mw) ve depremin Mugla-Dalaman’dan uzakiigina bagl olarzk agk
denizde (sol) ve kiyida {sag) beklenebilecek tahmini tsunami daiga yukseklikleri. Fethiye i¢in tsunami tenlikesinin
Mw > 7 depremler icin s6z konusu olabilecegi disunu/mekie beraber daha kuguk depremlerin tetikleyebilecegi
denizalt: heyelanlan nedeni ile yerel i ilecedi dikkate

MOD2-TR Tsunami Senaryo veri tabaninda Mugla-Bodrum icin en blylk dalga ylksekligi veren deprem
senaryosu kullanilarak yapilan tsunami sayisal modellemesi uyarinca, topografik egylkselti egrileri esas alinarak

1 en kot (gerg olasiligr en dusik) senaryo tsunami baskin haritasi. Modelleme galismalan 150m
¢0zUNnurlikli galigma alanlan kullaniiarak yapiimis olup tsunami bas«in haritalan 3m gozunurlkla topografik veri
Gzerine gorsellenmigtir.

MOD2-TR Tsunami Senaryo veri tabaninda Mugla-Dalaman igin en blylk dalga yuksekligi veren deprem
senaryosu kullanilarak yapilan tsunami sayisal modellemesi uyarinca, topografik esylkselti egrileri esas alinarak
hazirlanan en kot (gergeklesme olasiligi en dugik) senaryo tsunami baskin haritasi. Modelleme galismalan 150m
G0zUnUrlikli galigma alanlari kullanilarak yapiimis olup tsunami baskin haritalan 3m ¢ozunurlklG topografik veri
Uzerine gorsellenmistir.

Dr. Ceren Ozer Soézdinler
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WTAD Activities KANDILLI

Tsunami tehlikesi var mi?
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Probability of a tsunami in the Mediterranean...
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k] 1I£'| 20 :ill:l -lll:l
Probability (%)
the probability of a tsunami wave exceeding 1 m somewhere in the

Mediterranean in the next 30 years is close to 100%. This underlines the urgent
need for a tsunami warning system in the region (Sorensen et. al, 2012)
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20 July 2017 Bodrum-Kos Mw 6.6 Earthquake KANDILL

20 July 2017 Bodrum-Kos Mw 6.6 Earthquake

Turkey—Greece border in the Mediterranean Sea ruptured to a strong earthquake on
July 20, 2017 at 22:31:11 UTC according to the USGS.

The epicenter was at 36.929° N and 27.414° E located 12 km to Kos in Greece and
13 km to Bodrum in Turkey.

This earthquake, registering a moment magnitude (Mw) of 6.6, occurred at the
depth of 7 km.

Two deaths were reported following the earthquake along with around 500 injured.
The earthquake received intense local/regional media attention as it occurred in a

touristic place where many tourists, mainly from Europe, were spending their
summer vacation.
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Earthquake Impact KANDILL
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Earthquake Impact

Bodrum Bodrum & Bodrum

EMSC
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Bodrum Mareograph Readings
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B VALUE
" A TR (M)
B - [ AT 1. Reading (01) 1,05 22:31
\ [ B 2. Reading (02) 0,83 22:39
I. @/ M\j Ty, f 3. Reading (03) 0,99 22:45
/| WA | V. Vv \/ 4. Reading (04) 0,87 22:48
]| "Hl | V 5. Reading (05) 1,12 22:54
V[ Max-Min (05-02) 0,29
| = Wave Height [(Max-Min)/2] 0,15 22:54
5 Period (t05-t03) 9 22:54

' Dogan et al.,
2019

23

ACDR-2019









It could have been worst...
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Strike
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Mw(max) 7.1 L=84 km W=15 km S=2m D=10 km (Necmioglu O., 2014; Necmioglu and Ozel, 2015)

ACDR-2019

TFP ID Lon Lat HmaxCoarse | DepthCoarse | EPILat | EPILon | EPIDepth | Mag | Distance | HmaxqGL)
Bodrum 33273 27,420834 | 37,020832 0,09 46,00 36,75 27,25 5 6,5 34 0,23
Bodrum 33273 27,420834 | 37,020832 0,14 46,00 36,75 27,25 5 6,6 34 0,36
Bodrum 33273 27,420834 | 37,020832 0,20 46,00 36,75 27,25 5 6,7 34 0,52
Bodrum | 33273| 27,420834 | 37,020832 0,26 46,00 36,75 27,25 5 6,8 34 0,68
Bodrum (33273 27,420834 | 37,020832 0,36 46,00 36,75 27,25 5 6,9 34 0,94
Bodrum (33273 27,420834 | 37,020832 0,51 46,00 36,75 27,25 5 7 34 1,33
Bodrum (33273 27,420834 | 37,020832 1,02 46,00 36,75 27,25 5 7,1 34 2,66
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It could have been worst... iL
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Simulated maximum tsunami wave heights for the closest Mw 6.6 (top) and Mw 7.1 (bottom) earthquakes
(Necmioglu, O., 2014)
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TSP Performance KANDILLI
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CAT-INGV KOERI- NOA/HL- EMSC  USGS
RETMC NTWC
Crigin ime ~ 22:31 22:37 2231 22:31:11 22311
(UTC)
Magnitude  Mw 6.8 Mw 6.6 ML 6.4 Mw 6.6° Mw 6.6
Depth (km) 10 11 10 2 7
Lat (°N} 36,90 36.96 36.95° 36.96 36.929°
Lon (°E) 2746E 27.51 27.42° 27.45 27414
Various TSPs CAT-INGV KOERI-RETMC NOA/HL-NTWC
within ICG/NEAMTWS
WATCH Message time (h: - 22:41 22:50 22:49
mEae  min, UTC)
Time interval after the 10 19 18
origin time (min)
ONGOING message time  01:02 2332 01:53
{h: min, UTC)
END message time (h: 01:46 01:30 02:37
min, UTC)
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Boundary Conditions of Near-Field Tsunami Warning

tSD
tTD

tST

1:WT

tEV
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Ttr > tsp + ttp + tsT + twt + tEV

time needed for the determination of the earthquake focal parameters

time needed for the tsunami decision-making

time needed for the transmission of the earthquake information and of the result of
tsunami decision to the operational center of the civil protection

time needed to transmit warning information from the civil protection to the population

time to respond for real evacuation

Effective Warning o< t,,1 + tgy, Papadopoulos and Fokaefs (2013)
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Prototype Local Tsunami Warning System
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Prototype Local Tsunami Warning System in Bodrum

Necmioglu Earth, Planets and Space (2016) 68:13

DO 10.1186/540623-016-0388-2 ® E?rt? I;-’Ialnents and Space
TECHNICAL REPORT Open Access

Design and challenges for a tsunami early @
warning system in the Marmara Sea

Ocal Necmioglu

P e ew PARAVETERS \
PROTOTYPE TSUNAMI DERIVED FROM
EARLY WARNING SGM DATA

SYSTEM

L SIRENS J L CELL BROADCASTING J L SMS J

l E-MAIL J L MOBILE PHONE APPLICATIONS J

TSUNAMI ALERT

ABOVE A
THRESHOLD

CANCELLATION SEA LEVEL
MESSAGE BN aLUATION

MESSAGE DISSEMINATION

LOCAL DISASTER AND ‘
MUNICIPALITY EMERGENCY MANAGEMENT

AUTHORITY

KAN DiLLi

Qisthmion B m B JRC L PUBLIC J
TSR EUROPEAN COMMISSION
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EC/JRC-KOERI-METU Last Mile - Turkey
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(Top) Slip distribution on the north dipping and south
dipping fault by Konca et al. (2018)

(Right) PGA —Distance variations as a result of 5
magnitudes levels (Mw5.5-Mw?7.5) for 3 different site
conditions using 2 ground motion prediction
equations (GMPE) produced/adjusted for Turkey
GMPE (BSSA2014: Boore et al., 2014, KAAH2014:
Kale et al., 2015). Dotted lines show the =1
standard error (Tanircan and Yelkenci-Necmioglu,
2019)
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SGM Modeling of the Bodrum-Kos EQ (KOERI)

KANDILL
OBSERVATORY AND

EARTHQUAKE RESEARCH
—— INSTITUTE——
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EC/JRC-KOERI-METU Last Mile - Turkey
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Tsunami Modeling of Largest Earthquakes in Gulf of
Gokova and South Aegean (METU)

365-Crete, 1303-Eastern Mediterranean, 1956-Amorgos, Gokova and Gulluk Bay scenario earthquakes were
considered. In addition, Amorgos and Gokova-North-Datca landslide landslide scenarios were considered for

this study.

SOUrCe el Sea State (label units in m)
Name

1303 R’ * e .Vs '

Eastern |+ e E

Mediterra Mg o ) I
ea

1956- el s K
Amorgos s #

R
Gulluk v p ,« _

m D w E

Initial Sea States and Distribution of Maximum and Minimum

Distribution of Maximum Water Level
computed in the simulation

-

A ‘r ‘ A 3 o '
i ! Y y
.
5 X 1
Vgt EV %’4&\
i ] i

p

Distribution of Minimum Water Level

computed in the simulation

Water Levels for Seismic Scenarios

Source Name

Amorgos
Landslide

Gokova North
Datca
Landslide

Combined
1956-Amorgos
Seismic +
Amorgos
Landslide

Combined
Gokova
Seismic +
Gokova Datca
North
Landslide

Distribution of Maximum
Water Level computed in the

Distribution of Minimum Water Level
d in the simulati

simulation -
< 3

{'.

Initial Sea States and Distribution of Maximum and Minimum

Water Levels for Landslide and Combined Scenarios
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EC/JRC-KOERI-METU Last Mile - Turkey | KANDILLI
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Distribution of Maximum Flow Depth in Bitez Bay due to
Left: 1956-Amorgos Scenario
Right: Combined Gokova Seismic and Gokova-North-Datca Landslide Scenario
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Tsunami Inundation and Evacuation Maps (METU)
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CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community

533000 533600 534200

Tsunami Evacuation Walk Time Map for the coastal
areas around the Bitez Bay according to the merged
inundation area of Combined Gokova Seismic and
Gokova-North-Datca Landslide Scenario and 1956-
Amorgos Scenario
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Inundation Zones and Emergency Assembly Areas
in Central Bodrum
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Prototype Local Tsunami Warning System (KOERI-JRC)

EC/JRC-KOERI-METU Last Mile - Turkey
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EC/JRC-KOERI-METU Last Mile - Turkey

Bodrum Tsunami Exercise

An awareness seminar in a primary school and a preparedness seminar in a coastal hotel, both
in Bodrum-Turkey, were organized on 4 November 2019. A table-top tsunami exercise was
organised in Bodrum-Turkey on 5 November 2019, coordinated by the Mugla City Disaster and
Emergency Management Presidency (Mugla AFAD), supported by the District Governorship of
Bodrum, Municipality of Bodrum, KOERI, METU, Bodrum Port Authority and various NGOs, as
part of the pilot project “Last Mile Turkey” activities, funded and supported by the EC-JRC.

The exercise was based on the 20 July 2017 Mw 6.6 Bodrum-Kos earthquake and provided an
opportunity to assess the added values of various activities undertaken since the 2017
earthquake, such as dedicated meetings with the local stakeholders on tsunami hazard-risk-
awareness-readiness, preparation of tsunami inundation and evacuation maps and
installation of pilot local tsunami early warning system (triggered by the strong ground
motion generated from an earthquake recorded by two seismic devices and complemented
with a sea-level observation device) in the Bodrum Marina, all being tested currently as part
of the pilot project “Last Mile Turkey”.

After the exercise, a press conference was organised in Bodrum-Turkey targeting further tsunami
awareness in the region. A national press-release concerning these activities was issued by the

v . . . . 36
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Prototype Local Tsunami Warning System

DECISION MAKER

: 2 HRaR ... the effectiveness of any tsunami early

_ _' : me=s= warning depends purely on the awareness and
' y a - preparedness of the civil protection authorities

| b and the public...

Bodrum-Kos event demonstrated the need for further efforts in the downstream components
of NEAMTWS, such as further integration of Civil Protection Authorities (CPAs) and promoting
education and preparedness programs for the people at risk, as a strategic priority for the
NEAMTWS.

It showed also that local capacity building progra ms in coordination with municipalities,
CPAs, TSPs, Ministries of Education, and other relevant stakeholders targeting development of
inundation and evacuation maps, CPAs Standard Operating Procedures, local monitoring and
Tsunami Early Warning Systems, local education programs and multi-hazard (earthquakes and
tsunamis) exercises, should be promoted.
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Other factors...
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. Sealevel variations in the Mediterranean Se a_l evel ri se...
Tourist pressure on Mediterranean
coast
Thousand tourists per kilometre of coast during peak season -~
25
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Port and Harbour Threats... KANDILLI

Port and Harbour Threats

L

2011 Japan
Tsunami

» 350 ports
suffered some
damage
18,000+ fishing
boats out of
operation

P. Lynett (2014)
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An issue for force protection?
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- Two American nuclear submarines in Guam’s Apra Harbor were knocked from their
moorings by the strength of the tsunami from the March 11 earthquake in Japan.

- At approximately 8 p.m. the nuclear submarines USS Houston and USS

Corpus Christi mooring lines broke free from the pier at Alpha Wharf because
of the tsunami.

- It took tugboats 5-6 hours to get the subs moored back to the wharf.

40 cm
wave
height!
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What if there would be a tsunami tomorrow? KANDI
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What if there would be a tsunami tomorrow?

A tsunami in the Eastern Mediterranean triggered by an earthquake in
Hellenic Arc (Mw > 8) or Dead Sea Fault (Mw > 7) should also be
considered as a potential threat to Global Security due to the
humanitarian crisis it may generate and the political instability it could
trigger as a result of the catastrophe generated by the earthquake and
tsunami! _ w

Necmioglu and Ozel, 2015

Meghraoui, 2015 x I
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Thank you...
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