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Abstract

This is the sixth JRC emergency report on the ongoing earthquake crisis in Tirkiye and Syria started
06 Feb 2023 at 01:17 UTC - 04:17 local time (previous reports published on 06, 07, 08, 10 and 17
February, respectively). Please note that this report is complementary to the previous ones, i.e., it does
not necessarily include information already shared. Previous reports are available here.

This update focuses on the earthquake impact on buildings, providing a commentary on the damage
estimation and the preliminary damage assessment from the field, performed by Turkish authorities.
These has then been compared with 2 different damage estimation methodologies, to get a
reasonable level of uncertainty for the latter, for future calculations of the reconstruction needs of
the area. An estimation of the volume of debris was attempted, based on the Global Human
Settlement Layer (GHSL) database and a methodology defined by JRC, it was inconclusive and will be
updated in future reports.

The reports provide also a situation analysis of the earthquake-related floods and possible
earthquake-affected dams both in Tirkiye and in Syria, as well as of the impact of the earthquake
on the cultural heritage of both countries.

Other information included are about the monitoring of Persons of Concern in Syria; the
drought situation and possible impact on agriculture and other important sectors, with
consequences on the viable risk reduction strategies; the available products -and those planned in
the coming days- from the satellite mapping systems activated; the monitoring of health
system capacity and health related issues, as well as of the epidemiological situation. An annex
has been dedicated to a non-exhaustive inventory of relevant data and information available
from multiple sources and organized by key sector of the UNDP Ttirkiye Earthquake Recovery and
Reconstruction Assessment Concept Note (21 February 2023).
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Executive summary

9 With the scope of providing evidence to a preliminary Post Disaster Needs Assessment (PDNA)
process, two different building damage estimation models have been performed and compared to
field damage assessment data. Taken together, they also provide a measure of the uncertainty in
the reported damage data. The preliminary results for Tiirkiye allow to confirm the order
of magnitude of the building damages reported by the National Authorities. The most
affected province is Hatay, with a calculated mean value of destroyed building estimation of 279%,
compared to a reported value of 19%. A general overestimation of the “no damage” category
compared to the damage reports has been detected. This can be due to the preliminary
assessments which started, as common practice in post-earthquake field surveys, from the most
damaged buildings.

9 Turkish media has reported an estimated 50-230 million tons of debris. An attempt by the JRC to
corroborate this information was inconclusive and will be updated in future reports.

' Monitoring of earthquake-related floods and earthquake-affected dams both in Turkiye and in
Syria is performed. Namely, the four monitored structures are: the Orontes/Asi River overflow
(Syria, Tiirkiye), Atatiirk Dam (Tiirkiye), Sultansuyu Dam (Tiirkiye) and Maydanki-Afrin
Dam (Syria). The Copernicus Risk and Recovery Mapping has also been activated to simulate
a potential dam break of the Maydanki (Afrin) Dam. The results of this activation are
considered sensitive and are not publicly available.

1 Asevere lack of precipitation affects both Tiirkiye and Syria with impacts on soil moisture
and rivers’ flow. The compound effects of the catastrophic earthquakes of February 2023 and the
drought may exacerbate impacts on water availability for human, agricultural and energy use.

9 Cultural heritage has been damaged by the ongoing earthquake crisis in both countries. A list
and map of reported damaged sites is provided for Tirkiye. Preliminary considerations about the
impact of the seismic crisis on cultural heritage in Syria are also shared.

9 Public health authorities expressed concerns about a high risk of new or exacerbated outbreaks of
food and waterborne disease, respiratory and vaccine-preventable infections in both countries. In
this report we share information on the observed increased number of cholera infections in
northwestern Syria and the detected case of chickenpox and increased number of acute
intestinal infections in Tiirkiye. Actions recommended by ECDC are also summarised.

9 As of today, Copernicus Emergency Management Service - Rapid Mapping made available
64 satellite-based damage maps (949 km2), with preliminary damage assessment
information and light loss assessment. All links to available products and a summary of the
relevant outcomes are provided in this report.

9 The ECHO-ERCC, on behalf of United Nations Development Programme/UNDP, requested an
activation to facilitate the response/early recovery phase of the affected areas in Syria,
specifically in 14 urban areas, where UNDP plans to facilitate aid. More specifically to verify and
highlight detailed damage assessment using various sources, IDP camps and informal
settlement’s location, volume of debris from destroyed/partially destroyed buildings and direct
and indirect economic loss assessments. This activation is about to start and the results will be
available within 10 calendar days.



1 Introduction

Following the main shocks, as of 26 February 2023, 17:30 UTC, 9 205 aftershocks occurred along
both fault systems, with 437 aftershocks of M>4. On 20 February 2023 at 17:04, another earthquake
with M6.3 occurred in Hatay, in the most southern part of the rupture zone of the first (M7.8
earthquake). A scientific discussion on the overall crustal stress change resulting from both
earthquakes is provided in this report. The M6.3 earthquake on 20 February was in line with the
concerns reflected in this discussion. The possibility of aftershocks with M>6 still cannot be excluded.

Tirkiye

The Disaster and Emergency Management Presidency of Trkiye (AFAD) reports, in the last bulletin of
27 February at 14:00 UTC, 44 375 fatalities in 11 Provinces (Kahramanmaras, Gaziantep, Sanliurfa,
Diyarbakir, Adana, Adiyaman, Osmaniye, Hatay, Kilis, Malatya, and Elazig) across southern Ttirkiye. In
addition, AFAD reports a total of 448 010 evacuated people to other Provinces. Several media
reports quoting government authorities stated the number of fatalities as 44 375 as of 27 February.
The number of injured people as of 27 February is 108 178. Furthermore, AFAD reports, as of 21
February at 6:00 UTC, 6 fatalities and 294 injured people due to the M6.3 occurred in Hatay on
20 February.

On 6 February the UCPM was activated by the Republic of Tirkiye and the Emergency Response
Coordination Centre (ERCC) is coordinating the mobilization.

A three-month State of Emergency (please refer to Annex | for further details) has been
declared in Kahramanmaras, Kilis, Diyarbakir, Adana, Osmaniye, Gaziantep, Sanliurfa,
Adiyaman, Malatya and Hatay, a total of 10 provinces. On 15 February 2023, a spokesman of
the ruling part AKP announced that Elazi§ will also be included among the earthquake impacted region
as the 11" province (1). By the time of the release of this report, there was no presidential decree yet
on this in Tlrkiye, but an official press release of the Elazi§ Governorship confirmed Elazi§’s status
as disaster but was not added to the areas under State of Emergency ().

Syria

In Syria, the Syrian Observatory for Human Rights (SOHR), reports, as at 22 February, 6 747
fatalities (of which 4 521 in non-government controlled areas and 2 226 across the government
controlled area), around 14 500 injured people and approximately 100 000 homeless families.

Furthermore, SOHR reports, as of 21 February, 5 fatalities and more than 500 injured people due
to the M6.3 occurred in Hatay on 20 February.

On 08 February, the Syrian government requested assistance through the EU civil protection
mechanism for search and rescue teams and equipment, shelter items and medicines. An additional
request arrived on 09 February from the World Food Programme (WFP) for search and rescue
equipment, shelter and non-food items, medical equipment and medicines.

In areas controlled by the government of Syria, more than 300 buildings have collapsed. As of 15
February, the rapid structural assessment undertaken in Aleppo classified 169 buildings as ‘high risk
of collapse’ and 644 as ‘medium risk of collapse.” In north-west Syria more than 8 900 buildings have
been completely or partially destroyed leaving at least 11 00 people homeless. A cursory check of
the pre-disaster situation in built-up environment in Syria shows that most small settlements fall
inside the “informal settlement” typology and therefore presenting a number of structural
vulnerability factors that exacerbate earthquake damage. Many buildings in Syria have been also
exposed to impacts from the conflict, reducing their ability to withstand the shock of an earthquake,
which may be the decisive factor.

! https://t24.com.tr/haber/elazig-da-afet-bolgesi-ilan-edildi, 1092565
2 http://www.elazig.gov.tr/basin-aciklamasi-2023-9



Figure 1. Number of fatalities and injured in Syria and Tiirkiye vs hours after the first earthquake as of 26 February 2023 15:00 UTC
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2 Earthquake impact

2.1 Seismic analysis and assessment

A series of earthquakes started on 06 February 2023 with a strong earthquake of M7.8 (M7.7 as
reported by Disaster and Emergency Management Presidency of Tlrkiye-AFAD) at a depth of 18 km
occurred at 1:17 UTC (4:17 local time) in southern Tirkiye (epicentral 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.

A second event with a M7.5 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°E), likely worsening the impact and the
ongoing Search & Rescue operations.

On 20 February 2023 at 17:04, another earthquake with M6.3 occurred in Hatay, in the most southern
part of the rupture zone of the first (M7.8 earthquake). 1 person died, 69 injured due to the M5.2
earthquake in Malatya-Tirkiye on 27 February during which 29 buildings have collapsed.

Figure 2. JRC map for the seismic activity and the humanitarian impact in Tlrkiye and Syria
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Following the main shocks, as of 26 February 2023, 17:30 UTC, 9 205 aftershocks occurred along
both fault systems, with 437 aftershocks of M>4. The possibility of aftershocks with M>6 still cannot
be excluded.

During a press conference on 15 February, the Director of AFAD's Earthquake and Risk Reduction
section stated that “according to the observations obtained so far in the earth's crust as a result of



these two earthquakes, we know that a surface rupture over 400 km has occurred... This earthquake
is the biggest earthquake that Anatolia has experienced in the past 2 000 years." (°)

Figure 3. Surface ruptures in Turkiye generated from the 1st earthquake with M7.8 and 2nd earthquake with M7.5. (top-left)
Kahramanmaras-Sekeroba (top-left 4 and top-centre °), Hatay (top-right ®), Kahramanmarag-Tevekkeli (bottom-left 7), Kahramanmaras-
Turkoglu (bottom-centre ) and along Siirgii-Cardak fault (second earthquake) (bottom-right °).

Figure 4. Main shock and aftershocks (left-all aftershocks, right aftershocks with M>4) of 06 February 2023 earthquakes in Tirkiye as of
26 February 2023 17:30 UTC (source: KOERI). Locations of the earthquakes with lower magnitudes (<3) may be subject to revision in the
future based on improved seismological analysis.
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The earthquakes in Tlrkiye on 06 February 2023 occurred on the East Anatolian Fault (EAF), which is
a major transform type tectonic boundary between the Anatolian Plate and the northward-moving
Arabian Plate accommodated mainly by strike-slip faults, starting from the Maras Triple Junction
(MTJ) at the northern end of the Dead Sea Transform (DST) and ending at the Karliova Triple Junction
(KTJ) where it meets the North Anatolian Fault (NAF) (Figure below). Aftershocks of the first

4 https://twitter.com/CengizZabci/status/1623236454926229504/photo/1

° https://twitter.com/akyuz24/status/1623455630676860928/photo/1

5 https://twitter.com/onediocom/status/1624075046430842881/photo/1
7 https://www hurriyet.com.tr/qundem/depremin-buyuklugunu-gozler-onune-seren-goruntu-kahramanmarastaki-fay-kirigi-goruntulendi-

kilometrelerce-uzaniyor-42217908
8 https://twitter.com/CengizZabci/status/1623236487687929857/photo/1

° https://twitter.com/tsancar/status/1623698495730339840/photo/1
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earthquake with M7.8 extended also into the northern section of the DSF to the southern parts of
Antakya region. While M>7 earthquakes on the EAF are extremely rare, both NAF and DSF experienced
catastrophic events with M>7 in their past, such as 1939 M7.7 Erzincan, 1943 M7.6 Ladik-Tosya,
1999 M7.6 Izmit on the NAFZ and 525-528 M7 and 1872 M7.3 earthquakes in Antakya, 1202 M7.6
in Damascus.

Figure 5. Main tectonic structures of Anatolia and Middle East. North Anatolian Fault (NAF), East Anatolian Fault (EAF), Dead Sea
Transform (DST), Bitlis-Zagros Fold and Thrust Belt (BZFTB), together with the two main earthquakes, two major aftershocks and the
administrative regions along the DAF and EAF in Turkiye.
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19 Erdik, M., Timsa, M. B. D,, Pinar, A, Altunel, E., and Ziilfikar, A. C. 2023, A preliminary report on the February 6, 2023 Earthquake in
Turkiye, http://doi.org/10.32858/temblor.297
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The 1st earthquake with M7.8 is composed of two ruptures with approximately 230 km rupture on
the EAF and approximately 60 km rupture on its southern branch that runs parallel to DSF (Figure 4
— left). The peak ground acceleration values and the peak ground velocity values are much higher in
the Hatay Province to the southwest, likely a result of basin amplification effects, as well as directivity
effects (Erdik et al., 2023).

Figure 7. (left) USGS finite fault model for the 1st earthquake with M7.8 (11). (right) Instrumental intensity as recorded by the KOERI and
AFAD networks in Tlrkiye (12).
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Figure 8: Contour map of the peak ground acceleration (left) and velocity (right) (in units of centimetres per second squared; maximum
values of north-south and east-west horizontal components) associated with the magnitude-7.8 earthquake®®.
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1 https://earthquake.usgs.gov/earthquakes/eventpage/us6000jliz/finite-fault

12 Hanailar, U, Sesetyan, K., Cakti, E., Yenihayat, N, Stileyman, H., Acikgéz, N, Dede, S., Acar, S. (2023) Kahramanmaras - Gaziantep Tirkiye
M7.7 Earthquake, 6 February 2023 (04:17 GMT+03:00) Strong Ground Motion and Building Damage Estimations Preliminary Report
(v6), Bogazici University - Kandilli Observatory and Earthquake Research Institute - Department of Earthquake Engineering

13 Erdik, M., Timsa, M. B. D,, Pinar, A, Altunel, E., and Ziilfikar, A. C. 2023, A preliminary report on the February 6, 2023 Earthquake in
Turkiye, http://doi.org/10.32858/temblor.297
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Figure 9: Contour map of the peak ground acceleration (left) and velocity (right) (in units of centimeters per second squared; maximum
values of north-south and east-west horizontal components) associated with the magnitude-7.5 earthquake*.
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Figure 10. Map produced by the JRC showing the ground displacement caused by the two earthquakes. The red gradient colours describe
the movement of the land towards the satellite while the blue colours represent the movement away from the satellite since it last flew
over the area.
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The horizontal displacement in the Figure above has been processed and created by the Advanced
Rapid Imaging and Analysis (ARIA) team at NASA's Jet Propulsion Laboratory and California Institute
of Technology. The interferogram (available at this link), has been produced from synthetic aperture
radar (SAR) images from the Copernicus Sentinel-1 satellites, operated by the European Space Agency
(ESA). It derives from the interferometric difference between the post-event image acquired on 10
February 2023, with a pre-event image acquired on 29 January 2023. The interferogram provides
information on the rupture length and variations in the amount of slip along the faults, which helps
to estimate the slip at depth and the change in stress on nearby faults, providing information on the
areas where aftershocks are more likely. This map also helped to confirm assumptions from initial
seismic readings that the earthquakes originated from ruptures in both the East Anatolian Fault and
the Dead Sea Fault systems. The rupture of these two faults may have greatly increased the area
impacted by these earthquakes. (Jacob Reed and Gabriella Lewis, NASA Disasters).
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Figure 11. (left) Coulomb stress change calculations for the main segment of the 1st earthquake. (right) Overall stress change resulting
from both earthquakes (15).
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Coulomb stress change calculations show that the 2™ earthquake with M7.5 may be triggered by the
stress change resulted from the main segment of the 1°* earthquake with M7.8 on the East Anatolian
Fault (Figure 10 - left) (°). The same calculations also indicate a stress change on the DSF component
of the total rupture zone (Hatay region), which provides a plausible explanation on the activation of
this segment during the 1°* earthquake. Overall stress change resulting from both earthquakes (Figure
10 - right) show stress loading in the north-eastern section of the EAF between Malatya and Bingél
(also visible in Figure 11), where in 2020 an earthquake with M6.7 occurred (*¢). Some prominent
experts argue that the region between Bingdl and Karliova is a source of "concern” for possible “future”
earthquakes (*’), without making any reference to its possible magnitude or occurrence time. A
relatively lower level of aftershock activity in this section (Figure 1) of the EAF further contributes to
this concern. In the previous report, similar concerns were also mentioned by some scientist for the
north-eastern section of the Cyprus Arc offshore iskenderun/Syria (‘8). The M6.3 earthquake in Hatay
on 20 February 2023 at 17:04 could be considered as an initial confirmation of these concerns,
subject to verification through detailed scientific studies.

15 https://temblor.net/earthquake-insights/stress-calculation-clues-aftershocks-turkey-earthquakes-2023-14952/

16 https://earthquake.usgs.gov/earthquakes/eventpage/us60007ewc/executive

17 https://tr.euronews.com/2023/02/09/prof-naci-gorur-iki-fay-enerjisini-bosaltti-endise-ettigimiz-yer-bingol-ile-karliova-arasi
18 https://twitter.com/Paleosismolog/status/1626317482561503233/photo/1
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Figure 12. Coulomb stress change calculations on the main faults in the region®.

It is worth noting that less than 3 months after the M7.6 Izmit earthquake in Tlrkiye in 1999 with
more than 18 000 fatalities (*°), an earthquake in the same fault system in Dizce with M7.2 (*})
caused around 1000 fatalities. Several scientific studies argued that the M7.2 Duzce earthquake was
triggered because of the stress change resulted by the M7.6 Izmit earthquake (?23).

In terms of potential amplification due to site effects, the area can be of divided in two main
categories (see figure below):

Stable zones: areas which present the speed of the S* waves: Vs30>800 m/s (Tab. 1): class A (in
deep blue in the figure).

Zones with lithological amplification: lithology which present the speed Vs30<800 m/s, further
divided in other 3 classes B, C, D (the worst soil condition, for the seismic effects, is the class D,
Tab.1). These are areas where damage is likely to be higher due to the local surface geology.

In-depth commentary of site effects can be found in Annex 5.

19 https://twitter.com/ziyadin/status/1629039070696378369/photo/1

2 https://en.wikipedia.org/wiki/1999 9%C4%B0zmit earthquake

2L https://en.wikipedia.org/wiki/1999 D%C3%BCzce earthquake

22 https://www.sciencedirect.com/science/article/abs/pii/S1251805001016767
23 https://academic.oup.com/gji/article/153/1/229/621117
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Figure 13. zones with/without potential amplification due to site effects.
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22 Impact on buildings

The General Directorate of Construction Affairs of the Ministry of Environment, Urbanization and
Climate Change in Turkiye continues to work in earthquake zones with a team of 7 328 experts,
including 400 professors and associate professors from more than 20 universities. Many volunteer
civil engineers from different institutions and organizations who want to take part in damage
assessment studies are evaluated and are sent to the regions determined according to the needs
after a short training. As of 19 February 2023, the results of the damage assessment in 3 273 605
independent units in 830 783 buildings in the earthquake affected regions were as follows:

9 immediate demolition required: 384 545 individual units in 105 794 buildings

9 moderately damaged: 133 575 individual units in 24 464 buildings

9 slightly damaged: 1 091 720 individual units in 205 086 buildings with minor damage
9 undamaged: 1 409 654 individual units in 407 786 buildings

254 111 individual units in 87 653 buildings could not be controlled because of inability to access. A
total of 71 052 units in 20 662 buildings in Adana, Adiyaman, Diyarbakir, Elazi§, Gaziantep,
Kahramanmaras, Malatya, Hatay, Kilis, Osmaniye and Sanliurfa have collapsed.
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https://usgs.github.io/shakemap/manual4_0/sg_installation.html#downloading-and-configuring-vs30-and-topography
https://usgs.github.io/shakemap/manual4_0/sg_installation.html#downloading-and-configuring-vs30-and-topography
https://euc-word-edit.officeapps.live.com/we/wordeditorframe.aspx?ui=en-us&rs=en-gb&wopisrc=https%3A%2F%2Feceuropaeu-my.sharepoint.com%2Fpersonal%2Fmarzia_santini_ec_europa_eu%2F_vti_bin%2Fwopi.ashx%2Ffiles%2Fd597615d3971431592734a60da095b7f&wdenableroaming=1&mscc=1&wdodb=1&hid=9d4a455d-ec23-4874-b390-ff76780a021b.0&uih=teams&uiembed=1&wdlcid=en-us&jsapi=1&jsapiver=v2&corrid=34032258-9ee1-4344-ae3e-ea28d29c6440&usid=34032258-9ee1-4344-ae3e-ea28d29c6440&newsession=1&sftc=1&uihit=UnifiedUiHostTeams&muv=v1&accloop=1&sdr=6&scnd=1&sat=1&rat=1&sams=1&mtf=1&sfp=1&halh=1&hch=1&hmh=1&hsh=1&hwfh=1&hsth=1&sih=1&unh=1&onw=1&dchat=1&sc=%7B%22pmo%22%3A%22https%3A%2F%2Fwww.office.com%22%2C%22pmshare%22%3Atrue%7D&ctp=LeastProtected&rct=Normal&wdorigin=TEAMS-ELECTRON.p2p.p2p&wdhostclicktime=1677252024563&instantedit=1&wopicomplete=1&wdredirectionreason=Unified_SingleFlush#_ftnref2
https://urldefense.com/v3/__http:/www.globalquakemodel.org/__;!!DOxrgLBm!GR_IeJhZEB9haAeVCb8DN8qrjM_JoKIk6kI3doo-MJDYpaieJiAKTjoOncrxNuldYx3juLQZNF1kAYWZFxk_L3sie0r_dIz3j6hfTqwCAhk$

On 24 February 2023, the Ministry of Environment, Urbanization and Climate Change in Tirkiye
announced?* that the damage assessment performed in Turkiye included the examination of 1 316
000 buildings. The assessment showed that 173 000 of these buildings were collapsed/heavily
damaged/to be demolished immediately.

Table 1. Damage status of building and individual units in Turkiye as reported on 19 February 2023 by the Ministry of Environment,

Urbanization and Climate Change

as of 19.02.2023 # of assessed buildings #of d individual units
heavily ; heavily .
Administrative Division| damaged / ":’:;:t:;' d’:::::: , |undamaged | total | damaged/ ":::::T d:::::: , |undamaged | total
collapsed collapsed
ADANA 97 462 2568 9396 13141 1715 10667 53986 113890 183448
ADIYAMAN 13730 4338 19410 18598 63452 44817 17489 63737 40037 190693
DIYARBAKIR 1110 1044 10977 27334 45149 8284 12106 109784 226953 373947
ELAZIG 1036 174 2176 1266 4810 5193 1027 21911 15401 44536
GAZIANTEP 15008 5662 42945 135809 228272 36620 22829 252089 461926 842811
HATAY 30112 7281 36112 77107 158112 123349 33351 117588 169711 465813
KAHRAMANMARAS 22113 2208 33664 45395 117801 84059 12975 139406 98242 374218
KiLis 1261 307 4746 7918 15387 1921 1629 24044 25301 55029
MALATYA 16870 1694 17745 17333 64883 62547 12098 88763 54180 257762
OSMANIYE 3794 465 11830 36666 56371 12505 3472 54959 80097 158241
SANLIURFA 663 829 22913 30964 63428 3535 5932 165453 123916 327130
TOTAL| 105794 24464 205086 407786 830806 384545 133575 1091720 1409654 | 3273628
https://csb.gov.tr/deprem-bolgelerinde-830-bin-783-binadaki- 3- milyon-273-bin-605-bagimsiz-birimde-hasar-tespit-calismasi-yapildi- bakanlik-faaliyetleri- 38439

Analysis of the published survey results:

The survey results are currently the best available measure of damage to the built environment in
the area and should be the basis for future calculations of the reconstruction needs of the area.

The following comments can be made to help the interpretation of the survey numbers:

No clear definition (e.g. with photographic examples) has been found of the different damage
categories by the authors of this report, meaning they are subject to interpretation. This type
of rapid survey is usually focused on establishing the habitability of buildings, that is, on
identifying which buildings are unsafe for the occupants to remain.

The number of buildings in the “moderately damaged” category is proportionally small when
compared to the “slightly damaged” and “heavily damaged/collapsed” category”. This could
indicate that the engineers on the field are exercising caution and classifying more buildings
as “heavily damaged” (or “unsafe to remain in”, under the hypothesis that habitability is being
evaluated). It is therefore unclear if all of these buildings will truly be demolished, even
though the damage is undeniably widespread.

When compared to the number of households per province listed in the Turkish building
census, published in 2021, it appears that the survey has been thorough, as can be seen in
the table below. In fact, the number of households indicated in the survey slightly exceeds
those of the census. The observed mismatches should be within the margins of error of a
national census, with the exception of Gaziantep, where the mismatch could not be explained
(mismatches of this order of magnitude can be the result of, for example, touristic areas

24 https://t24.com.tr/haber/deprem-bolgesinde-173-bin-bina-yikik-ya-da-agir-hasarli, 1094313
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where second homes are common, generating more dwellings than households, but this does
not appear to be the case for Gaziantep).

- The number of “heavily damaged/collapsed” buildings in the province of Elazig seem at this
point disproportionately large for the level of shaking intensity expected in this area. A priori,
this would indicate that other risk factors may have affected this area (either local hazards,
such as liquefaction, or local vulnerabilities in construction styles). This is especially notable
since the survey in Elazig is one of the most incomplete ones (see table below), meaning the
number could still increase (although it is likely that the surveyors prioritized areas where
damage was known).

Table 2. Comparison of the number of the survey and 2021 census data

Provinces  Total households Surveyed units Percentage
Total 3 478 573 3273628 94%
Adana 632 875 183 448 29%
Adiyaman 155 300 190 693 123%
Diyarbakir 394 867 373947 959%
Elazig 173 836 44 536 26%
Gaziantep 522 947 842 811 1619%
Hatay 449 151 465 813 1049%
Kahramanm

aras 311 458 374218 120%
Kilis 40 020 55 029 138%
Malatya 230 499 257 762 112%
Osmaniye 156 199 158 241 101%
Sanliurfa 411 421 327 130 80%

2.2.1 Building damage estimation

As indicated above, the survey information should be the main source for considering the damage in
the area. However, the information it provides may not be enough for post-disaster management
needs (for example, housing needs for evacuees or debris estimation). Until the Turkish authorities
measure and publish these ancillary numbers, building damage modelling can be useful to
supplement it, especially if calibrated using the survey data. In the following paragraphs, two different
modelling approaches are presented. These are not the only models available, as the scientific
community has been very active in providing modelling as well, notably the Kandilli University team
has been publishing modelling results since the beginning®. Indeed, Turkey has some of the world’s
most renowned experts in the field of seismology and earthquake engineering, and any damage
assessment efforts should include their expertise.

To perform a comparison among the damage estimation and the preliminary damage assessment
from the field, 2 different damage estimation methodologies have been applied. Taken together, they
also provide a measure of the uncertainty in the reported damage data.

With the scope to provide a plausibility check among the building damage data coming from the field
surveys, two different building damage estimation models have been performed and compared. In a

% Hanallar, U, Sesetyan, K., Cakti, E., Yenihayat, N, Siileyman, H., Acikgdz, N, Dede, S., Acar, S. (2023) Kahramanmaras - Gaziantep Tiirkiye
M7.7 Earthquake, 6 February 2023 (04:17 GMT+03:00) Strong Ground Motion and Building Damage Estimations Preliminary Report
(v6), Bogazici University - Kandilli Observatory and Earthquake Research Institute - Department of Earthquake Engineering
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short timeframe, with limited information on the vulnerability of the buildings, this comparison would
provide an uncertainty range of damage ratio, to give the opportunity to reasoning on the order of
magnitude of the field damage assessment data.

The building damage estimation methodologies are the following:

- Mean Damage Ratio (Annex 2)
- Lagomarsino & Giovinazzi, 2006 (Annex 3)

This analysis has been performed at province level, to keep the consistency with the field damages
reported by the National Authorities. Results can be consulted in Annex 4.

The preliminary results from this comparison are the following:

- The order of magnitude of the reported damages can be confirmed by the damage estimation
methodologies. The most affected province is Hatay, with an estimated mean value of
destroyed building of 27%, compared to a reported value of 19%.

- There is a general overestimation of the “no damage” category compared to the damage
reports. This can be due to the preliminary assessments which started, as common during
post-earthquake field surveys, from the most damaged buildings. It should be noted that the
sum of the percentages of damage reported from the field surveys are not the 100% of the
buildings.

Figure 14. Building damage estimation and field assessment.
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This damage ratio is also confirmed by analysis performed by the National insurance sector “Basic
earthquake insurance premium rates (TDV, 2018; TDV, 2010) use the loss ratio of buildings, which is
the cost of retrofit relative to the cost of construction of the building prior to earthquake damage. The
average building loss ratio under exposure to 475-year (DD-2) and 2,475-year (DD-1) ground motions
in the four hardest-hit cities are 16% and 37%, respectively (TDV, 2018). In other words, the
government expected to lose 16% of its buildings in earthquakes that occur about every 500 years,
and 37% of its buildings in earthquakes that occur about every 2,500 years. With an approximately
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20% loss of buildings in the Feb. 6 events, that is what happened.” (source:
https://temblor.net/temblor/preliminary-report-2023-turkey-earthquakes-15027/)

Figure 15: Pancake collapsed buildings in Hatay (Credit: IMO?®)

2.2.2 Estimation of the debris associated to building damage

One of the applications of a damage estimate is the estimation of debris that needs to be cleared as
part of the reconstruction process. Building materials are valuable resources, some of which can be
recycled, and estimates of rubble can also contribute to anticipate this work.

Turkish media has reported an estimated 50-230 million tons of debris?:

Referring to the information contained in the Damage Assessment Study of the Ministry of
Environment, Urbanization and Climate Change dated February 13, 2023, Oner said, “It has been
determined that 153,506 independent units in 33 thousand 143 buildings are in need of urgent
demolition, are heavily damaged and are in ruins. Each residence means approximately 75 cubic
meters of concrete debris. When the furniture and other equipment inside the house are taken into
account, approximately 750 cubic meters of excavation emerges for each house. With the most
optimistic estimate, there is 115 million cubic meters of domestic Debris. This does not include debris
from industries and workplaces. The density of domestic debris is close to 2 tons per cubic metre. In
other words, there is 230 million tons of debris the size of Mount Erciyes.”

An attempt to corroborate these figures using the HAZUS methodology for earthquake debris
estimation was carried out by the JRC but its results were inconclusive. The study was not included in
the present report in order to avoid confusion but can be communicated upon request. An update is
planned to be included in a future version of this report.

% https://www.imo.org.tr/TR,146861/insaatuhendislerodasi6-subat2023kahramanmarapazarcikve-elbistandepremlerion-
degerlendirmeaporu.html

27 https:/www.yenisafak.com/gundem/Z2abloztasiyorlarenkazhafriyatlaritek-tek-ayrisacak4509027

2 https://www.hurriyet.com.tr/gundem/enkazagirligi-erciyesdaginiasti230-milyon-ton-tasinacak42219974
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2.3 Situation of dams and river infrastructures in Tiirkiye and Syria

Additional information about possible earthquake-related floods and possible earthquake-affected
dams both in Tirkiye and in Syria are emerging from the affected areas. Namely, the four dams of
concerns are: the Orontes/Asi River overflow (Syria, Turkiye), Atatiirk Dam (Turkiye), Sultansuyu Dam
(Ttrkiye) and Maydanki-Afrin Dam (Syria).

Orontes/Asi River (Tiirkiye/Syria) and nearby Yarseli Dam (T}
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