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International Urgent Collaborative Projects
Regarding the 2023 Southeastern Tirkiye Earthquakes within the J-RAPID Program

1. Title of the Project : Development of a new seismic intensity calculation
formula based on seismic records and structural damage in the strong motion zone
of the Kahramanmaras earthquake and elucidation of the intensity in the damage
concentration zone based on microtremor measurements and shaking questionnaire
survey
2. Research/Investigation Period: 2023.8 ~ 2024.7
3. Main Investigators :

Japanese Team

Name Title Affiliation Project role
Principal Mori Shinich | Endowed C | Ehime University | General, damage a
Investigator iro hair Prof ssessment, microt
essor remor measurement
Collaborator Goto Hiroyuk | Professor | Kyoto University | Development of se
i ismic intensity c

alculation formul
as, elucidation o
f seismic intensi
ty in areas of co
ncentrated damage

Collaborator Koyama Maki Associate | Gifu University Questionnaire sei
Professo smic intensity su
T rvey, elucidation

of seismic inten
sity distribution
in municipalitie
s with seismograp

hs
Collaborator Yotui Saki Associate | Tokyo University | Seismic intensity
Professo estimation metho
T d based on questi

onnaire seismic i
ntensity survey

Collaborator Sakamoto May | Professor | Hyogo University | A Survey of Pre-

umi and Post-Use of S
eismic Intensity

Information in Ri
sk Management, Di
saster Prevention
Education, and R
econstruction in

Turkey

Total Number of participating researchers in the project: 12




Counterpart Team (up to 6 people including Principal Investigator)

Name

Title

Affiliation

Project role

Principal
Investigator

Nurcan Meral
OZEL

Professor

Bogazici Univers

ity

Damage data colle
ction and analysi
S, microtremor me
asurement, and qu
estionnaire seism
ic intensity surv
ey 1n each munici

pality

Collaborator

Gulten POLAT

Associate
Professor

Yeditepe Univers
ity

Seismic intensity
evaluation of da
mage concentratio
n area by microtr

emors

Collaborator

Dilek KEPEKCI

Former sta
ff

Bogazici Universi
ty

Questionnaire sei
smic intensity su
rvey, utilization
of seismic inten

sity information

Collaborator

Yasemin KORKU
SUZ 0ZTURK

Associate
Professor

Erzincan Binali Y
11dirim Universit

y

Microtremor measu
rement, seismic 1
ntensity mapping,

utilization of s

eismic

information

intensity

Total Number of participating researchers in the project: 4

4. Objectives and Challenges

Since the establishment of the seismic observation network of Turkey, it has mainly experienced
seismic intensity up to intensity 8 on the Modified Mercalli seismic intensity scale (MMI scale), and
has only experienced intensity 9 or 10 on the MMI scale, which is equivalent to intensity 6- or 6+ on
the Japan Meteorological Agency seismic intensity scale (JMAI scale), at five locations in two
earthquakes, and the MMI of 11, which is equivalent to JMAI of 7, has not been experienced. The
Kahramanmarag earthquake caused unprecedented damage over a wide area, and strong earthquake
ground motions were recorded over a wide area. The damage should be evaluated as MM seismic
intensity 10, 11, or 12 in some municipalities, but the MM seismic intensity based on the damage
(damage-based seismic intensity) has not yet been evaluated according to the seismic intensity
definition of the MM seismic intensity scale.

The objectives of this study are: (1) to develop instrumental MM seismic intensity calculation
formulas using seismic ground motion records that can appropriately evaluate high damage intensity
of 9 or higher on the MM seismic intensity scale based on the correspondence between the amplitude
of earthquake motion recorded in a wide area and high density in this earthquake and the degree of
structural and ground damage around the seismograph, and (2) to clarify the seismic intensity in the
damage concentration area in each city by microtremor measurement and questionnaire seismic
intensity survey around the seismograph sites, and (3) to investigate the current utilization of seismic
intensity information in Turkey, and to propose how to utilize the information in future risk
management, earthquake reconstruction, and disaster prevention education.

The European Macroseismic Intensity scale EMS-98, which corresponds roughly one-to-one with
the MM seismic intensity scale, defines seismic intensity as a more objective scale based on building
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type, vulnerability, and damage rate by damage grade. The instrumental MM seismic intensity is
calculated for each region by mapping the seismic intensity of damage to the magnitude of seismic
motion. The development of the MM seismic intensity formula is based on the JMA seismic intensity
evaluation method in Japan, which has been verified over many years and is highly reliable.

The goals to be achieved in each of the research items in this study are as follows (1) To develop
and present a new MM measured seismic intensity calculation formula based on seismic motion
records and damage to structures around the seismograph. Estimate the seismic intensity at points
distant from the seismograph by microtremor measurement. (2) Based on the structural damage
situation around the seismograph and the questionnaire survey of seismic intensity and shaking
revealed by microtremor measurement, establish a questionnaire seismic intensity calculation method,
clarify high-density seismic intensity distribution, and present a seismic intensity distribution map of
the damage concentration area. (3) Using the seismic intensity distribution map of the affected area,
we will propose measures for risk management of seismic intensity information in Turkey, reflection
in seismic resistance standards, disaster prevention education, and pre- and post-use of seismic
intensity information in reconstruction.

5. Results of the research/survey activities
5-1. Results of joint research. Expected future development, ripple effect on
society

(1) Development of the formula for calculating instrumental MM seismic intensity

Based on the relationship between the magnitude of the seismic motion recorded over a wide area
with high density during the Kahramanmaras earthquake and the degree of structural and ground
damage around the seismographs, a formula for calculating instrumental MM seismic intensity using
seismic motion records that can appropriately evaluate high damage-based seismic intensity of 9 or
more on the MM scale was developed. The formula developed for the USGS (Wald et al. 1999,
WQHK1999 formula) and the instrumental MM seismic intensity formula (Bilal and Askan 2014,
BA2014 formula) used widely in Turkey were used as comparison targets for the formulae developed.
In addition, in order to relate it to the JMA instrumental seismic intensity, which has been verified for
its correspondence with structural damage at high seismic intensity, the formula developed by Kunugi
(2000) (K2000 formula), which relates the instrumental JMA seismic intensity to the WQHK1999
formula, was also examined. Furthermore, we also added the equation for converting JMA seismic
intensity to MM seismic intensity (SF2008 formula) developed by Sokolov-Furumura (2008), who
derived the relationship between JMA seismic intensity and MM seismic intensity determined from
the FAS (Fourier Amplitude Spectrum) level developed and verified by Chernov (1989), Chernov-
Sokolov (1999), Sokolov (2002), and Sokolov-Wald (2002) ) was also added. As a result of comparing
the damage-based MM seismic intensity evaluated based on the EMS-98 at 31 seismograph sites and
the various instrumental MM seismic intensities evaluated based on the earthquake ground motion
acceleration records, it was found that the SF2008 formula best fit the damage-based MM seismic
intensity. Therefore, in order to solve the problem of overestimation of seismic intensity due to large
amplitudes of short-duration pulses, the modified JMA seismic intensity developed by Goto-Mori
(2024) by introducing a rigid-plastic model was applied to the SF2008 formula. Consequently, it was
confirmed that the SF2008-GM2024 formula also fitted the instrumental MM seismic intensity well,
and that the overestimation had been improved. In other words, the SF2008 formula and the SF2008-
GM2024 formula were presented as formulae for calculating instrumental MM seismic intensity that
fitted the damage-based MM seismic intensity well.

(2) Microtremor measurements were taken at 80 locations in total, including 37 seismograph stations
and 43 locations with concentrated damage, to investigate the relationship between microtremor
characteristics and damage intensity. As a result, it was found that the differences in damage intensity
were not reflected in the differences in microtremor characteristics and velocity characteristics at many
of the locations, and that building characteristics were more dominant than ground characteristics in
the areas that suffered significant damage from this earthquake. Therefore, it was found that there was



no need to consider ground amplification characteristics using microtremor measurements in order to
evaluate the seismic intensity at locations without seismographs. The purpose of “estimating seismic
intensity at locations far from seismographs using microtremor measurements” was based on the
assumption that the amplification characteristics of seismic motion in the surface layer of the ground
in Japan, the United States, and other countries would amplify the shaking and increase the seismic
intensity. However, the results of measurements taken at many locations showed that the ground in the
target area was mostly hard ground with a Vs30 of 400m/s or more, and that the amplification of the
so-called surface ground was not expected in the majority of cases. This means that the amplification
of the surface ground, which had been thought to be expected in the estimation of MM seismic intensity,
does not have to be expected. This can be said to be a new discovery as a characteristic of the ground
properties in the target area in Turkey.

(3) The questionnaire survey was conducted online with parents as respondents at schools in the seven
provinces (Adiyaman, Gaziantep, Hatay, Kahramanmaras, Malatya, Osmaniye, Sanliurfa) that were
hardest hit, with permission for the survey obtained through the directors of the National Education
Agency. The questionnaire had 32 questions, including questions about where they were when the
earthquake hit, sounds and shaking, the type of building, how people felt, the movement of furniture
in the house, the damage to buildings, damage to roads, injuries and rescue, etc. As a result, 14,737
responses were obtained, and in the seven disaster-stricken prefectures, the number of responses in
which the location could be identified as a prefecture, district, or residential area (mahalle) was 12,726.
According to the survey results for Hatay Prefecture, the questionnaire seismic intensities in the
residential area (mahalle) where the seismograph sites vary from 9.5 to 10 along the surface fault, and
it was found that this corresponded well with the instrumental MM seismic intensity (WQHK1999
formula). Therefore, it was confirmed that the developed questionnaire-based seismic intensity survey
is effective for estimating MM seismic intensity in areas without seismographs.

(4) As aresult of the survey on the current state of utilization of seismic intensity information in Turkey,
it was found that it is not used at all in any aspect, including risk management and disaster prevention
education. Therefore, in the project, a pamphlet was created using the results of the seismic intensity
survey of the earthquake, and a trial of disaster prevention education using seismic intensity was
conducted at four schools.

5-2. Added Value from International collaborative work

+ It can be said that the technical transfer of damage survey methods was achieved through the joint
earthquake damage survey conducted by the Japanese members, who are accustomed to earthquake
damage surveys, and the Turkish members, who are relatively less familiar with damage surveys due
to the low frequency of damaging earthquakes in Turkey.

+ As the survey sites were close to the earthquake fault that caused the earthquake, there were not
many differences in the ground characteristics, and the influence of the ground characteristics did not
appear much in this case. However, as the ground characteristics often appear as seismic amplification
characteristics, it can be said that the transfer of technology and data sharing were achieved by
conducting microtremor measurement surveys at many sites together.

Owing to the efforts of the Turkish researchers, we were able to carry out many surveys in a wide
range of areas, and we were able to obtain a large amount of excellent data. In addition, it can be said
that this led to the development of a reliable joint questionnaire seismic intensity calculation formula,
based on the survey methods that have been cultivated in Japan over many years.



6. Organized workshops/seminars, presentations, papers and other deliverables
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