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Abstract

This thethird update of theJRGCscientific analysis othe ongoing earthquake crisis ifiirkiyeand Syria, which
started 6 Feb 2023 at 01:17 UTC 04:17 local time (previous reports published @& 7 and 8 February
respectively).

Along with updated figures on the humanitarian impact in both countries, this update provides information on
the impact of the event on some critical infrastructures, including dams for which stability there are growing
concerns.

The report provides also an overview on the first outcomes of the satellite mapping services activated on the
area, i.e. Copernicus Emergy Management Service and UNOSAT, together with some information on the
international support to the response operations
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Executive summary

|l

Following the strongarthquake of7.8 M and thesecond event witha M 7.5 occurred on 6 February southern
Turkiye, close to the border with northern Syria, as of 10 February 202305:30 UTC1999 aftershocks
occurred along both of the fault systems, wi2B0 aftershocks of M > 4.

The Disaster and Emergency Managementdrtency of Tirkiye (AFAD) reports, as of 10 Februargzag80 UTC,
18,991 fatalities , 75,523 injured people across 11 Provinces (Kahramanmaras, Gaziantep, Sanliurfa,
Diyarbakir, Adana, Adiyaman, Osmaniye, Hatay, Kilis, Malatya, and Eladig}otal of81,415 displaced people.

AFAD also reports, as of 9 February at 20.38 UTC, #8044 of these people in needere evacuated outside the
affected Provinces toward other Provinces due to the need of sheltdslitionallyjn a previous press conference

of 7 February,AFAD reported,444 confirmed collapsed buildings and 11,302 buildings reported as
collapsed.

In Syria, at leasfl,347 people died and 2,295 sustained injuries , as reported by the Syrian Arab News Agency
(SANA). This information is assumed tefer only to governmentontrolled areas. TheWVhite Helmets
organisation in north -western Syria reported that 2,030 people died and more than 2,950 sustained

injuries in rebetcontrolled areas, although the numbers are expected to rise significantly givewlifficult context

in which Searcl& Rescue operations are taking place.

Additional informationon damaged dams in Syria are emerging from the affected areaThere arevillages
flooded along the AlAasi River (Orontes River), in Syria at the bordeh Witirkiyepotentially due toan affected

dam. Currently, no images are availabtenthe damaged dam. Hypothesisg be formulated regarding th&arseli

Baraji Dam, as it generates an affluent which reaches the Ahsi River (Orontes River) where theTaloul village

is located.TheSultansuyu Dam in Turkiye and the Maydanki (Afrin) Dam are confirmed as affected . An
activation of the Copernicus Risk and recovery mapping has been requested to perform a detailed dam break and
dam discharge scenario for the Mdanki (Afrin) Dam. Results should be available Thu 16 February.

The crude oil pipeline Baku -Thilisi-Ceyhan (BTC) from Azerbaijan (purple pipeline in Figure belowyas
damaged at the connection points of two berths. A damage assessment is carried out. &l $sak was quickly

fixed but the oil flow is still halted (force majeure notice). The pipeline was not expected to open until Wednesday
or Thursday as also the control room at the terminal was also damagdewkrently, there are no indications

when the co ntrol room repairs will be finished

Turkiye and Syria are extensively under warning drought conditions  according to the Copernicus European
Drought Observatory. A severe lack of precipitation affects both Turkiye and Syria with impacts already on soil
modnopm Vi _Amdg  mn¥%hagjr)hOc Hh™jhkjpi _H aa "onhjahfho
impacts on water availability for agriculture and energy.

TheEuropean Commission's Copernicus emergency satellite mapping system was activated by the ERCC

on 6 February at 04:43 UTC to support damage assessm&MI$R648 Optical satellite images of very high
resolution (less than 1 meter) were acquired on 07, 88d 09 February over 20 areas of interest (AOIs) located
near the epicentres of the earthquakes. These areas, witbtal area of 664 km 2, are home to an estimated
population of 3,950,866 people. So far, 33 products have been published. All resultealaimage assessments

can be visualised on théctivation Viewer

The Post Disaster Needs Assessment (PDNA process should be a collective effort for the delivery of an
effective and sustainablanternational response after disasteand conflictrelated crises. Moreovethe process
would significantly benefit from the recent analysisperformed to assess the damageand the needsn the area
affected by recentcrisis inSyria In this report, a methodology is proposed to assess the building and cultural
heritage damageas well asinput for the detection and quantification of huge volumes of debris in the

affected areas, which contribute to insecurity, population displacement and the interruption of public
services. Theactivation of thesatellite Copernicus Risk & Recovery Mapping caglekleratethe detection ofthe

debris andmonitoringof the removal process, as well as the reconstruction phase.

International assistance was requested by the Republic of Tirkiye shortly after the event. The DG ECHO
Emergency Response Coordination CeftRCC is coordinating the mobilization of the EUCPM. UN OCHA activated
the United Nations Disaster Assessment and Coordination (UNDAC) teamrtirade the activities of the teams

on the field. On 8 Februaryhe Syrian government requested assistance through the EU civil protection
mechanism for search and rescue teams and equipment, shelter items and medicines


https://emergency.copernicus.eu/mapping/list-of-components/EMSR648
https://activations.emergency.copernicus.eu/#EMSR648

1 Earthquake impacts

1.1 Situation over view

A series of earthquakes started on 6 February 2023 with a strong earthquake of 7.8 M (7.7 M as reported by
Disaster and Emergency Management Presidency of TitAiyAD) at a depth of 18 km occurred at 1.17 UTC
(4.17 local time) in southern Tirkiye fieentral coordinates: 37.174°N 37.032°E), close to the border with
northern Syria. The epicenter was located in Atalar town (Gaziantep Province, Southeastern Anatolia Region),
and about 45 km north of the northern border of Aleppo Governorate in Syria.

Asecond event with a M 7.5 and 10 km depth occurred at 10:24 UTC at a distance of about 100 km from the
first event (epicentral coordinates: 38.024°N 37.203°iely worsening the impact and the ongoing Search &
Rescue operations.

Following the main shdcs, as of10 February 2023 05:30 UT,A999 aftershocks occurred along both fault
systems, with 280 aftershocks of M >.4'he possibility of aftershocks with M>6 cannot be excluded.

Figure 1. Main shock and aftershocks (letll aftershocks, right aftershocks with M > 4) of 6 February 2023 earthquakes
in Turkiye as ofLO February 202305:30 UTC (source: KOERI).
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Sealevel rise and coastal inundation have been reported in the Iskenderun area after the earthquake. The
source of thg inundationis interpreted asrelated to the coastal subsidence due to the earthquake but is subject
to verification An activation of Copernicus RRM could be meaningful in this regard.

Figure 2. Coastal inundation in Iskenderuftfter the earthquake {). Source of this inundatiois interpreted as related to
the coastal subsidence due to the earthquake but is subject to verification
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On 8 Februarythe Syrian government requested assistance through the EU civil protection

mechanism for search and rescue teams and equipment, shelter items and medicines.

The republic ofT Urkiyerequested international support soon after the first earthqualState of Emergency
(please refer to Annex | for further detail$pr 3 months has been ~ 1 f [ | _*
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Turkish Reinsurance and Catastrophe Insurance Pool (DASK) announced that more than 30 000 damage reports
have been received so faDASK also declared that they have the ability of approximatlyR 1 billion direct
and EUR 6 billion indirect payment capability through reinsurance protection  (2).

1.1.1 Commentary on the seismological measurements

A discussion is ongoing among the seismol@giscientific community about the recorded peak ground
acceleration (PGA) values in the region.

Station TK.4614 of the Turkish Nation&trong Motion Networkf AFADappears to have recorded PGA values
of 2.1g (20.6 nis?). Internal communications with seimological experts in the Eastern Mediterranean agree
that this value is too high, and that this poishould be considered an outlier, possibly due to a simple technical
malfunction or other problem with the recording device.

Notably, this recording statiois omitted from theseismological and impaanodelling published by the Kandilli
Observatory and Earthquake Research Ingtithh j a f = Q)\ u d WidifkiyR icahsideradnainong fthel i f
foremost experts on the topiclhe different available models and consulted experts agreadmaximum PGA
valuesaround 0.8g, that might havebeen exceeded isome stations closest tahe fault. It is at this point
impossible to ascertain whether other stations may have had problems as well.

It needs to be pointed out that the USGS hast omitted this station from its calculationsand that the point
appears to have some influence in the highestansity contours of the most up to date Shakemap for the M7.8
event (version 6)This would imply that earthquake intensity may currently be overestimated in the aesaby
the town of Pazarcik and the Kartalkaya Dafrhe JRC has reached out to the USGgarding this issue.

It is therefore advisable to consider an increased degree of uncertainty when making decisions on the basis of
seismological models for this event.

Figure 3. Seismic stations (triangles) used by USGS for ShakewralculationsThe hghlighted station is TK614, which

has been the subject of exchanges.
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1.2 Humanitarian impact

1.2.1 Current humanitarian situation in  Turkiye and Syria

The preliminary humanitarian impadé both Tirkiye and Syri reported here belowThe figures reflect the
latest situationas at 10 February at15:00 UTC

Situation in Turkiye

The Disaster and Emergency Management Presideoty irkiye(AFAD) reports, as df0 February at12.30
UTC,nearly 19 000 fatalities (18 991) and over 75 500 injured people (75 523) across 11 Provinces
(Kahramanmaras Gaziantep Sanliurfa, Diyarbakjr Adana,Adiyaman Osmaniye, Hatay, Kilis, Malatyand
Elazig in southern Trkiye

AFAD also reports near8i 500 displacedpeople(81 415) to safer areasacross theaforementionedProvinces
or to other Provinces(source: https://afad.gov.tr/lkahramanmarastmeydanagelendepremlerhk-basin
bulteni23). As of 9 Februaryat 20.38 UTC, a significargart of these people in need, nameR8,044 people,
were alreadyevacuatedoutside the affected Provincetoward other Provincesas there is aneed of shelters.
The Gendrmerieunits have create®3 acconmodationevacuationareas in order to collecthe people in need.
Specifically 23,437 people were evacuated lmgeans offlights, and further4,607 by roads or railways (source:
https://afad.gov.tr/28044vatandasimizafet-bolgesindentahliye-edildibasinbulten).

Situation in Syria

In Syria, at least 1347 people died an® 295 sustained injuries, as reported by the Syrian Arab News Agency
(SANA). This information is assumed tefer only to governmentontrolled areas. The White Helmets
organisation in northwestern Syria reported tha2 030 people died and more than 250 sustained injuries in
rebelcontrolled areas, although the numbers are expected to rise significantlyrgihe difficult context in
which search and rescue operations are taking place.

JRC Global Human Settlement Layer (GHSL) estintastsalmost 8 million people reside in the areasffected
by the conflict out of which 2.5 million in the rebe&bontrolled aeas®.

According to the OCHACTreport of 09 February, 6 million people have been affected by the earthquake. More
than 300 000 peoplehave beerdisplaced by the earthquakén the governmentcontrolled areasaccording to
state media

UNRWA estimates the20% of the Palestinian refugees living in Lattakia camp, Al Nayrab camp, Ein al Tal
camp, and Hama camp need assistance as a result of the earthquake.

Health facilities are overwhelmed. The rural areas of Aleppo are facing water disruptions due to coatimi
Water station, reservoirs and tanks have been damaged in many areas. With many bodies still trapged
buildings, and an ongoing choleoaitbreak a serious worsening of thalready pootealth situation isexpected.

Protection risks have incread. Unexploded ordnances are present in many areas. Children and women from
vulnerable families are at risk of exploitatioMillions of children need shelter, food and warm clothes.

The local ad international response to the earthquake has been most pticated innorth-western Syria,
where therewas an extreme need of humanitarian assistane@d 90% of the populationalready relied on aid

to meet basic needs, including food and nfwod items, winter clothes, shelters, tents, blankets, first aid kits,
cooking items, medical equipment. Heavy machines for debris removal, ambulances, fuel and transportation
are heavily needed.

International organisations are already mobilizing staff and resources on the fieldorth-western Syriavhich
remains the mostgolated among the affected areasdowever, acceswas delayed by damage to the road
leading to theBab Al Hawa border crossinghich is currentlyhe onlyapprovedviablecrossing betweeiT trkiye
and Syria.A first batch of aid entered norttwestern Syriaon 09 February. However, the White Helmets

3 "Syrian potentially affected population estimations are based on census 2004 and adjusted based on the 2019
version of the World Population Prospect (WPP2019). Unaccounted population movements might locally over
or underestimate population.”


https://afad.gov.tr/kahramanmarasta-meydana-gelen-depremler-hk-basin-bulteni23
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organisation mentioned that this is the regular aid that was temporarily stopped due to the earthquake and not

the desperately needed search and rescue aid and equipmEné International Organization for Migiah

(IOM) reported that other 14 trucks carrying humanitarian aitd assistancehad crossed into norttwestern

Syria on 10 February directed to Idliirkijed n f k pncdi bhaj mhoc  hj k> idibhjahOi~r
crossings for humanitarian aid trapert.

1.2.2 Pre-existing humanitarian crisis in Syria due to the conflict

Since 2011, Syria has been the stage oftaelve yearlong civil war between the Syrian regime and rebel
forces, which caused extensive urban damage and population displacement. Infras&wacross the country
is still in a fragile state due to years of airstrikes and shelling, as the pastr reconstruction effort is still
underway.

In rebetheld northwestern Syria, there is an especially high number of Internally Displaced Peoplé (ilitPs
nearly 1.7 million IDPs living in more than 1,400 camps under difficult living conditions. There are severe
disruptions to services and infrastructure including severe electricity shortages, the situation in Aleppo being
the worst in the country.

The humanitarian access is hampered by conflict and military operations. UN OCHA classifies 203 out of 270
sub-districts of Syria under severe, extreme or catastrophic conditions. At the end of January 2023, 4.7 million
people were in need of humanitariaassistance in Aleppo, A/RRagga and AHasakeh alone.

Syria is also facing a cholera outbreak with 19,438 cases being registered in Aleppo (23% of the total) and
16,366 cases being registered in ARaqqa (19% of the total), as of 31 January 2023.
1.3 Impact on buildings

Situation in Tirkiye

In a press conference of 7 February, AFAD repoiet44 confirmed collapsed buildings and 11,302
buildings reported as collapsed in Turkiye.

The nearly 2,000year-old Gaziantep Castle in Turkiye, first built as a watch towlering Roman times and
later transformed into a castle by the Byzantian Emperor Justinian I. in 6th century A.D., was also partially
damaged by the earthquakes.

Figure 4. Images from the impact of the earthquakes in Turkiye on&bFuary 2023.




Seismic demand on structures by the earthquakes of 6 February

The two main events of 6 February with updated magnitudes Mw of hd @.6 (AFAD website as of 9 February)

showcase very strong demand for seismic resistance of structures. For the first event PGA values are as high

as 08g A\Vi _hHh g ihcdbc mhdi Anjh hnolodjinhi \mhobc halpce
compares the spectral values of the records with the spectral values of the seismic design map of TBDY 2018.

For most of the records the spectral accelerat®are much higher than those prescribed by the design Code,
sometimes up to three times, in particular for the large periods spectral zone (T s)Qthus indicating strong

seismic demand on the highise buildings. Some of the records exhibit very sgovertical component with

PGA of 0.5g and higher, thus questioning the resistance of the larggan structures and of the cantilever

elements.

Thecaseby-caseanalysis of the structural damage, to be performed after the end of the rescue operations,
will highlight the reasons for the extensive damage. The experience from previous strong earthquakes in Turkiye
(mainly those from 1999) and other countries, shows that besides the excessive seismic demand in comparison
to the seismic resistance accorded tadatodes, damage is provoked by structural irregularities, such as uneven
distribution of masses, stiffness and strength in plan and in height, elimination of structural elements during
reconstruction and change of function of the buildings, compromises$ Wit quality of design, execution and
maintenance, etc.

Seismic design codes of Turkiye

Oc hadmnofhjaadr»d\ghOpmfdnchN dnhd**h>j _ " hr\nhdiomj_p~r°
are updated regularly to accommodate the new develogms in earthquake engineering, new types of

structures, as well as the changing societal negd3he latest Seismic Code (TBR918) introduced
improvements of the 2007 Seismic Code with regards to the definition of-sipecific design ground motions,

and to the seismic design of tall buildings, base isolated buildings and pile foundations. The Kahramanmaras

4Suguolglu H, 2018\New Improvenents in the 2018 Turkish Seismic Cad@roceedings dfb International Workshop on Advanced Materials
and Innovative Systems in Structural Engineering: Seismic Practices 2018
5 Hancilar, Letal5 f F\ ¢ m\ h-\Gazhantep Tiirkfye M7.7 Earthquake, 6 Floy 2023 (04:17 GMT+03:00), version 3



region is marked as one of the regions with highest seismicity expected, in both, the 1996 Seismic Zones Map
and the 2018 Seismic Map, with peak gmodiacceleration (PGA) of Oglor more.

The Eurocodes (the European design standards) are published as Turkish standards, but they are not compulsory.
They are used as primary standards when there are no existing Turkish codes. In 2013 the TurkistaNation
Strategic Action Plan for Reduction of Earthquake Losses put requirement for revision of seismic design code
considering the Eurocodes

Situation in Syria

According to the Syrian Observatory for Human Rights the earthquake of 06 February 2023 causgaitot
partial damage in 120 villages, towns and cities in Syria. On 06 February the International Charter was activated
for damage assessment mapping in 22 areas of interest (see Chapter 4.1.2). As of 08 February, more than 2
000 buildings have been destyed and more than 5 100 buildings have been damaged, leaving 11 000 families
homeless.

The builtup environment in Syria is likely to be far more vulnerable than its Turkish counterpart. A cursory check

of the pre-disaster situation shows that mostsmallsoog  h " i onha\l\ gghdi nd_"Hhoc Hh°odi a
having been built without professional input, let alone earthquaksistant design, and presenting a number

of structural vulnerability factors that exacerbate earthquake damage, such as irregsifepes (likely to

generate weak points that would accelerate collapse) and clustering of several buildings with different floor

heights (making buildings pound into each, delivering shocks that structures are not prepared to receive).

Even in the urban aas with formal settlements, codeptake is expected to be low, even if the code foresees
designing for a PGA of 0.4 m/s2, which is below what was experienced.

Finally, many of these buildings have been exposed to impacts from the conflict, reducing ahéity to
withstand the shock of an earthquake, which may be the decisive factor.

The earthquake of 06 February 2023 caused extensive damage also to cultural heritage ad ancient sites in
Syria which have already been affected by the conflict. On 07 FelyrUdNESCO expressed its concerns about
the situation in the Ancient city of Aleppo, already on the List of World Heritage in Danger. Significant damage
was registered in the Old Citadel. The western tower of the old city wall collapsed, and severahgsiildére
impacted. The entrance to the fort was heavily damaged while parts of the dome of the Ayyubid mosque inside
the citadel fell off. The citadel is thought to have been built around the 3rd millennium BC.

AlMargab castle, located in Baniyas, norttsté&yria, was also damaged by the earthquake. The castle was a
Crusader fortress, and tremors have caused its circular towers to crumble. Archeological sites, including the
MVIT T VAR gg' A >\ nog AI " *h oodi Vi _AHNd_"i ¥nh>\nog Hdi A N
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Figure 5. Images of earthquake impact on Aleppo Old Citadel (left) &tdlarqab castlgcentre) in Syria.
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1.4 Impact on critical infrastructures

1.4.1 Situation of the dams
Additional hformation about earthquakerelated floods in Syria are emengg from the affectedarea

Recent updatexoncernvillages flooded along theAlAasi Rver (OrontesRver), in Syria at the border with

Turkiye According to SOHR sourcesA@siRiverflooded due toopening of a dam, forcing residents living near

the river course, such as Abmeiyah neighbourhabin Jesr AIShughour, some houses in Dergoush and Al
Taloul village in Salgin countryside, to displace to nearby villages

Currently, no images are avabite for the damaged damHypothegs can be fomulated regarding theYarseli
Baraji Dam,as it generates an affluent which reaches th&lAasi River (Orontes Riveshere the AlTaloul

6 hitps://www.syriahr.com/en/287891/

https://twitter.com/Levant_24_/status/1623577367569477632?s=20&t=dzcWi9GJIX6pFDCiG_yworQ

https://www.syriahr.com/en/287888/
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village is locatedThesedams join the list of previously reportecearthquakeaffected dams In Tirkiye:the
Sultansuyu Darh(exposed to MMI VHnd in Syria:the Maydanki (Afrin) Dam (exposed to MMI VII).

Figure 6. Image of theflooded area in thealong Al Taloul village, alog the AtAasi River@Qrontes River), in Syria
(sourcex@HussamHamoud)

7 https://www.turkiyegazetesi.com.tr/gundem/malatyaliligi- sultansuyubaraji-tedbirenkademeliolarak-bosaltilacak947241
https://www.aa.com.tr/tr/gundem/malatyaaliligi-sultansuyubaraji-tedbirenkademeliolarak bosaltilacak/2808680

8 https://english.enabbaladi.net/archives/2023/02/tur®yria-earthquakemaydankidam-cracked
what-is-the-consequence/

https://www.cbsnews.com/limpdates/earthquakdurkey-syria-death-toll-rescuesfebruary-7-
2023/
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https://www.turkiyegazetesi.com.tr/gundem/malatya-valiligi-sultansuyu-baraji-tedbiren-kademeli-olarak-bosaltilacak-947241
https://www.aa.com.tr/tr/gundem/malatya-valiligi-sultansuyu-baraji-tedbiren-kademeli-olarak-bosaltilacak/2808680
https://english.enabbaladi.net/archives/2023/02/turkey-syria-earthquake-maydanki-dam-cracked-what-is-the-consequence/
https://english.enabbaladi.net/archives/2023/02/turkey-syria-earthquake-maydanki-dam-cracked-what-is-the-consequence/
https://www.cbsnews.com/live-updates/earthquake-turkey-syria-death-toll-rescues-february-7-2023/
https://www.cbsnews.com/live-updates/earthquake-turkey-syria-death-toll-rescues-february-7-2023/

Figure 7. Location ofthe flooded area(source: googlemap, modified)

Affiuent from Yarseli Baraji Dam

Yarseli Baraji Dam
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Figure 8. Location of the Sultansuyamin Tirkiyeand the Maydanki (Afrin) &n andthe Yarseli Baraji Dam in Syritn
the map dams with reservoir capacity above 50k m3 exposed to MMI >=V are also located (MMI=V: green; MMI=VI:
yellow; MMI=VII: light orange; MMI=VIII: dark orange; MMI=IX: red).

1.4.2 CEMS Risk and Recovery mapping ativation for the dam breach

An activation of the Copernicus Risk and recovery mappiag been requested in ordeéo perform a detailed
dam break and dam discharge scenario for the Maydanki (Afrin) Dam.

The bllowing deliverables are foreseen: referendata set in the flood prone area including possible IDP camp
locations dam break modelling and flood inundation mapping, exposure assessment of citizens and
infrastructure (including IDP camps if any).

The deadline for submitting technical offers by theEMS RRM consortia is on Monday 13/02 and the
deliverables and final resultare expectedwo working days late(l.e. Wednesday 15/02)

As soon as thseresults are available, a comparison between themage assessmenpbtained from the JRC
modelling andthe CEMS RRM will be conducted

1.4.3 Impact on critical energy infrastructures
Turkish authorities are reporting blackouts in the following places: Osmaniye Bam@ai d Wd ' f F\ ¢ m\ h\ i h
ANdot h2r i om> ' RHV g\ otV 6hQ<f W\ _\Q' A2 QViT cdm' A2 QVitjgh\

Overall, the earthquake has damaged critical energy infrastructure iniyérk here is damage to both power
transmission lines and natural gas transmission and distribution lines. Approximately 30 substations belonging
oj hOOmMfdt " "nh@g “omd”~rdot ROm\ i nhdnndji h>] mkjm\odji h#OC

Natural g as pipeline rupture in Hatay Province

Due to the earthquake shaking, state-owned natural gas transmission pipeline (operated by BOTAS),
found at the southernmost Hatay Province in TurkigahramanmarasGaziantep pipelinejuptured in two
sections (see Figuréelow), causing fires that have already been extinguishéthe distance between the
pipeline ruptures is roughly 3 km.
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