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CONTENT
A Remote Sensing: principles

A Review of past earthquakes studied by remote sensing
A Sentinel Asia mission for emergenegponse

A Kahramanmarasarthquakedamagemapping and fieldiisplacement



REMOTE SENSING OF VULNERABILITY
A Remote sensing of vulnerability (tectonic movements)

Earthquake vulnerability mapping through optical and synthetic aperture radar (SAR) imageries
A Remote sensing of vulnerability (atattonic movements)

Soil consolidation

Landsubsidence



REMOTE SENSING FOR MONITORING

A High performance
A Fast actions

A Low labor work
A Cheaper

© ESASentinetl image



ELECTROMAGNETIC WAVELENGTH OF OPTICALNGSORS

A Radarwavelengths are considerably longer than visible wavelengths

X-band P-band

A SARsensors can be used in alleather conditions

A Severaldifferent frequencies are used for radar
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BEING PASSIVE OR ACTIVE!

Passive (Optical Imagery) Active (SAR Imagery)
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SAR DAMAGE ASSESSMENT CONCEPT

Intact Destroyed

»

Disaster
As seen by a nadir
looking optical sensor
t1 t2 t3
As seen by INSAR 1 repeat 1 repeat
i (phase dlfference) cycle cycle
©Plank,2014
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INTERFEROMETBINMNTHETIC APERTURE RANBRIX

A All-weather tool

A Independent of day and night

A Useful tool to study geophysical events

A A practical tool for building damage estimation

Pass 1: pre-movement Pass 2: post-movement

phase=¢1 Ph359=¢z

Phase correlation
phase shift due to
ground motion ‘ COherenCe
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30 YEARS SAR MISSIONS!

Historical Ongoing Min Repeat Max Resolution
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SAR REMOTE SENSING OF VULNERABILIT20UNTIL

Year

Earthquake

Country

Studies

1995

1999

1999
1999
2001
2003

2003

2004
2006

2007
2007

2008

2009

2009
2010
2010
2011

Kobe/Hyogokon-Nanbu

Kocaeli/Goleiik

Tzmit
Chi-Chi/Great Taiwan
Gujarat

Boumerdes

Bam

Sumatra
Mid Java

Pisco
Chincha

Wenchuan

L’Aquila

Sumatra
Haiti
Yushu County
Tohoku

Japan

Turkey

Turkey

Taiwan
India

Algeria

Iran

Indonesia
Indonesia

Peru
Peru

China

Italy

Indonesia
Haiti
China
Japan

Tto et al. 2000 [95], Yonezawa and Takeuchi 1999 [76],
Yonezawa and Takeuchi 2001 [84], Ito and Hosokawa
2002 [96]. Matsuoka and Yamazaki 1999 [97], Matsuoka and
Yamazaki 2000 [73], Yonezawa er al. 2002 [98], Matsuoka
and Yamazaki 2004 [99]. Matsuoka and Yamazaki
2005 [101]. Matsuoka and Nojima 2010 [101]
Matsuoka and Yamazaki 2000 [73], Matsuoka and Yamazaki
2002 [102]. Ito er al. 2003 [103], Trianni er al. 2010 [104]
Bignami er al. 2004 [7]. Stramondo er al. 2006 [78],
Trianni and Gamba 2009 [105]. Trianni ez al. 2010 [104]
Takeuchi et al. 2000 [77]. Suga er al. 2001 [92]
Matsuoka and Yamazaki 2002 [102],

Yonezawa er al. 2002 [98]

Trianni and Gamba 2008 [2]

Bignami et al. 2004 [7]. Arciniegas 2005 [106], Fielding ez al.
2005 [107]. Matsuoka and Yamazaki 2005 [100],
Stramondo ef al. 2006 [78]. Arciniegas er al. 2007 [8].
Gamba et al. 2007 [94]. Hoffmann 2007 [74],
Brunner er /. 2010 [108]. Trianni ef a/. 2010 [104]
Chini et al. 2008 [9]

Matsuoka and Yamazaki 2004 [99], Matsuoka and Yamazaki
2006 [109], Brunner er al. 2010 [108]

Trianni and Gamba 2008 [2]

Matsuoka and Nojima 2010 [101]

Balz et al. 2009 [110], Wang and Jin 2009 [111], Balz and
Lia 2010 [112]. Pan and Tang 2010 [113]

Guida er al. 2010 [114], Dell’ Acqua er al. 2011 [115],
Cossu er al. 2012 [116]. Dell’ Acqua and Gamba 2012 [24],
Dell’Acqua er al. 2013 [117]. Brett and Guida 2013 [118]
Christophe er al. 2010 [21], Kawamura ef al. 2011 [119]
Uprety and Yamazaki 2012 [10]. Brett and Guida 2013 [118]
Jin e al. 2011 [120]

Chini ef al. 2013 [121]
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SAR REMOTE SENSING FOR VULNERABIL1PYA1)

A My personal research activity

2012
2016

2016

2017

2018

2020

AharVarzaghan

Amatrice

Kumamoto

Kermanshah

Easternburi

Petrinja

Iran

Italy

Japan

Iran

Japan

Croatia

Karimzadelet al., 2017

Karimzadeh and Matsuoka 2017;
Karimzadeh and Matsuoka 2018

Hajeb et al., 2019

Karimzadeh et al., 2018tajebet al.,
2020; Omarzadeh et al., 2021;

Karimzadeh and Matsuoka 2018

Karimzadeh and Matsuoka 2021
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DAMAGE MAPPING IN COLLABORATION WITH SEASIANEL

SENTINEL
A§ﬂ’11\ Sentinel Asia
\Af“

2023-02-06

Earthquake in Turkey on 06 February, 2023

| Emergency Obs. Request Information

Disaster Type: Earthquake

20230206-Turkey-Earthquake-00463

uj = sentinel asia

# This map was made with Google My Maps. Create your ov Cou ntry: Tu rkey

Kahra
- Occurrence Date (UTC): 06 February, 2023

Kozan;":
SA activation Date(UTC): 06 February, 2023

# Kadifli &
i )
Requesler: Disaster & Emergency Management Presidency of Turkey (AFAD)
e e OSMArlYE A - Escalation to the International Charter: No
< Ein_n 52 "’ Su‘gu(;
B . GLIDE Number: EQ-2023-000015-TUR
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SENTINEL ASIA FRAMEWORK

Technological Progress

Stepl

2006-2007

Pilot project|Lessons

I

New Satellites

New Technology

-
N

Learned

Step2

2008-2012

N
4

Lessons
Learned

from Stepl

1

User Requirements t

from Step2

!

Step3
2013 onwards

1

Users: JPT Members, Disaster Management Organizations

© Sentinel Asia
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SENTINEL ASIA FRAMEWORK

Concept of Sentinel Asia Step 3

=3 e e
R R OSS T

Information delivering

Information/data

to personal terminals Menitoring transmission
Pre-disaster Just after disaster Post-disaster
Mitigation: Response: Recovery:
Community education Emergency observation Moenitoring
Preparedness:
Hazard map :
Early warning system e . Disaster|information
fr L
Information sharing N
(Web-GIS) e
Human network
Capacity Building, Outreach 14
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BACKGROUND AND OBJEGTIVE

A Theearthquakeghat strucksoutheasterrTurkeyon February6, 2023 causedextensivedamage
in Turkey and Syria Becauseof the large extent of the damage,the damageinformation
reported from the affectedareasafter the earthquakedid not providea completepicture of the
damagesituation,and observationimagesfrom satellitesequippedwith high-resolutionoptical
sensorsonly cover a limited number of cities Theimagesare affected by weather conditions,
andtherefore,the damagesituationcouldnot be graspeduniformly.

A One of the observationmodes of the weatherindependent synthetic aperture radar (SAR)
equippedsatellitesis the wide-area observationfunction (ScanSAR Sincethe affected areas
were observedon Februaryl1l7 and 20 after the earthquake we examinehere whether the
damage to buildings could be estimated from PALSAR ScanSARmagery whose spatial
resolutionisrather coarse(approx 30 m).

A Althoughtheseimageswere takenmore than 10 daysafter the earthquakeandincludenot only
the immediate postearthquakesituation but also disasterrelief activities we believethat the
resultsprovide basicdatato demonstratethe effectivenesof the wide-areaobservationmode
in understandinghugedisasterssuchasthis event



BASIC APPROACH FOR DAMAGE ESTIMATION FROM SAR INTENSIT

v Image matching
v" Speckle noise filtering

v" Calculating following indices,

v' Difference of backscattering coefficient
(after — before)

damage < no damage

v" Correlation coefficient

damage < no damage

Satellite (Pre-event)

Satellite (Pre-event)

e
“ﬁ- 3 Bp :
\ \\ Satellite (Post-event)

[ 3
Strong reflection \
¥ Weak reflection

Microwave transmitting & receiving

\

Multiple bounce %

Intact Building

Collapsed Building 16
Open Space



BACKGROUND AND OBJEGAIVE

A We already developed G- and L-bands SARbased damage estimation models with integration of
seismicintensity information basedon satellite imagesobservedthe 1995 Kobeearthquakeand its
detailedgroundtruth data (Nojimaet al., 2006 MatsuokaandNojima, 2010 .

A We also developeda discriminantequation for damageestimation with integration of phase and
intensity information and its detailed groundtruth datafor Amatrice (2016 and Kermanshal{2017)
earthquakegKarimzadetand Matsuoka2016 Karimzadelet al., 2018).

A Sincethesestudieshaveincludedmodels(LikelihoodFunctions}that estimateseverebuildingdamage
ratesfrom SARmagesonly, we appliedthe L-band SARmodelto the in TurkeySyriaearthquakes

SAR A, Vol62, Nod, pp80s:
821,2006.10

Matsuoka, M.Nojima N.: Building Damage Estimation by Integration of Seismic Intensity Inforngatib8atellitd -band SAR Imagery, Remote Sensing2Vib9, pp2111-2126
2010.9

KarimzadehS., Matsuoka, M2017. Building Damage Assessment UsihgdtisensorDuatPolarized Synthetic Aperture Radar Data for 2066M 6.2 AmatriceEarthquake, Italy.
Remote Sensing, MDB(4).doi: 10.3390rs9040330

KarimzadehS., Matsuoka, MMiyajima M., Adriano, BFallahj A.,KarashiJ.,2018 Sequential SAR Coherence Method for the Monitoring of BuildingarppoleZahaly Iran,Remote
Sensing, MDP10, 1255 doi:10.3390rs10081255



METHODOLOGY

wVariable: SAR intensity difference azalrelation

wProcedure: pixel selection for seven damage classes (severe daatiajy¢o examine the relationship
between indices and damage classasd proposingollowing twofunctions:

¢ Combined indexZR (discriminant score) from Regressiscriminant function

¢ Likelihood function (fragility function) to estimate severe damage ratio
from ZR



DISCRIMINANSCORE AND LIKELIHGODCTIONS

ERS-1 (C-band)

JERS-1 (L-band)

Zp=-1.210d-4.360r Zg=~1.277 d—2.729F
Zg, Zg;: discriminant score

d: intensity difference

r: correlation

Severe Damage Ratio Severe Damage Ratio
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RELATIONSHEETWEEXKR AND DAMAGRATIO
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This curve is equivalent to the fragility function for damage without seismic
intensity information, the severe damage ratio increases with increasing Zr ., <)



FLOWCHARDOF DAMAGE ESTIMATION

pre-earthquake
multi-look image *1

post-earthquake
multi-lock image*

Equation:

d =10+log,, Ia, - 10~ log,, Ib, [¢))

N N N
N lalb=y la, 3 Ib,
i=1 i=1

A
co-registered "2 pre-
earthquake image

. . iml - @)
N N N = N . N 9
| | N la} —(E la,] N i} —[ZIb,.J
il ial i=1 i1
speckle-reduction filtered™ | | speckle-reduction filtered™
re-earthquake image ost-earthquake image
£ 4 : J s ql J 2=-1210d-4360 r  for ERS
(3

* 2=-1277d-2729r forJERS

B |

diff T tteri Jati fich 2 where i is the sample number, and [g; and Ib; are the digital
iierence il hacksoatiering correlation coefficients, numbers of the post- and pre-images, respectively. /a; and Ib; are

coeflicient™'S , Eq. (1) Eq. (2) the corresponding averaged digital over the surrounding
l ] of pixel i within a 13 x 13 pixel window; the total number of pixels
L N within this window is 169.

discriminant score,
Eq. (3)

Equal to the size of spatial resolution
J of satellite’s sensor

Pixel value: Power
masking™®

*2  Tie point selection: Correlation method
l Registration: Affine transformation

Urban Footprint Data (DLR)

discfiminant score 3 Filter type: Lee filter

distribution Window size: 21 x 21 pixel

1 *4  Window size: 13 x 13 pixel
_— .

damage estimation model 7 #5 Difference (post - pre): Average value within a window
l *6  Threshold: approx. < -5dB of pre-earthquake SAR image

damage rate distribution

&7

Model: Likelihood functions for building damage estimation
based on the dataset from the 1995 Kobe earthquake

21



PALSAR SCANSARMAGERY

Ascending coverage Descending coverage

Acquisition date and specifications

2022/9/5

2022/9/16 77 W2 R Des.
2023/2/17 "I W2 R Des. ]
2023/2/20 184 W2 R Asc.

Spatial resolution: approx. 30 m
Polarization: HH

Building damage estimation for each
pre- and post-earthquake pair of

and descending orbits,
respectively.

Swath width and study area °



DISCRIMINANICORERIMAP

|3 RN &

3

Ascending pair

Descending pair
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DAMAGHEPROXY MADAMAGERATIO

Se Minekie
“Whan Dam 3

DALY Kayseri 757 Adina

Coribucar

Karpuzsekl

Ratio (%)
<=0
= 0-20
B 20-40
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L (e A ¥ B 60-80
A A B 80-100

Camuzcumage

Frishans

A3 SE Osmaniye

wikolel
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Osmaniye Iskenderun

EORAE: 20232017 37°04°22.06" N_361614.19° ¢ MK O AR 1639km
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DAMAGHEPROXY MAPAMAGERATIO)
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WIDE-AREA DAMAGE PROXY MAPPING BY ALOS-2 SCANSAR IMAGERY
ACQUIRED AFTER THE 2023 TURKEY EARTHQUAKES

M. Matsuoka’, F. Ogushi2, N. Nojima? & S. Karimzadeh*

" Tokyo Institute of Technology, Tokyo, Japan, matsuoka.m.ab@m.titech.ac.jp
2 Terra Phase, Inc., Yokohama, Japan
® Gifu University, Gifu, Japan

# University of Tabriz, Tabriz, Iran
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KAHRAMANMARFSENTINEL INTERFEROGRAM

2023.02.06
Kahrmanmarag Earthquakes

Initial deformation map of
Kahramanmaras earthquakes.
Two Sentinel-1 single look
complex (SLC) images are used
for interferogram generation. The
pre-event image is acquired in
2023.01.28 and the post-event
Image is acquired in 2023.02.09.
The results show that each fringe | 2
is 2.8 cm displacement in the line
of sight of satellite (red arrow).
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DAMAGE PROXY MAP FROM SENTINEL

& Sadra Karimzadeh (2023)
University of Tabriz, lran

InSAR coherence damage map
after Kahramanmarag
earthquakes, Turkey {2023.02.06)

Remote sensing laboratory in University of
Tabriz, Iran (www.rslut.ir) in collaboration
with Gebze Technical University, Turkey
'and Tokyo Institute of Technology, Japan
produced the initial damage map of the
settlements in Turkey and Syria after M 7.8
and M 7.5 earthquakes.

Sentinel-1 satellite images collected by
European Space Agency (ESA) are used
far coherence ganeration. The results are
generated from orbit 14 between 16 Jan.
2023 and 9 Feb, 2023, Red pixels indicate
high damage (change) possibility, yellow
pixels indicate medium damage possibility
and white pixels represent negligible
damage. Auxulliary files and *.kml damage
map are available at waww.rslut.ir

(remote sensinglaboratory. University of
Tabriz, Iran).

S Karif )

2018. Building Damage Characterization
for the 2016 Amatrice Earthquake Using
Ascending-Descending COSMO-Skyhed
Data and Topographic Position Index. IEEE]
Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, 11 (8},
2668 - 2682.

Disclaimer: the results are initial and all th

red pixels are not representative of
damaged buildings.
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DAMAGE PROXY MAP OVRRAY

INSAR damage map

InSAR damage map generated in remote sensing
lahoratory of University of Tabriz (www.rslut.ir)
Red pixel igh damage possihility

Yellow pixels: Moderate damage possibility
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DAMAGE PROXY MAP

Google Bdrith
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RGB MAP ORAHRAMANMARABALSAR)

2023.02.06
Kahrmanmaras Earthquakes

ALOS-2 PALSAR-2 RGB buildings orientation map in Kahramanmaras, Turkey

ALGS-2 PALSAR-2 selhe images L 2.1 FBD (dual polazed) collecied by JAXA are used!or RGB mape of

2 kacording o between 8 Ao 2022
bty February 2023. Pale red (pnk] puals s oo Dottt o veches g i 3 Héntn
nle possibly clase o 0. 0, 180, 210, nd 380 decrses. Groen eats are iagons! buldngs i
crientation angle passibly close to 45, 135, 225, and 315 dagres:

© i rslulLir iremote sensing laboratory, University of Tabriz, Iran).
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RGB MOOD MAP OF ANTAKYA GADIANTEP
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