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REMOTE SENSING OF VULNERABILITY

Å Remote sensing of vulnerability (tectonic movements)

Earthquake vulnerability mapping through optical and synthetic aperture radar (SAR) imageries

Å Remote sensing of vulnerability (non-tectonic movements)

Soil consolidation

Land subsidence



4

REMOTE SENSING FOR MONITORING

ÅHigh performance
ÅFast actions
ÅLow labor work
ÅCheaper

© ESA; Sentinel-1 image
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ELECTROMAGNETIC WAVELENGTH OF OPTICAL AND SAR SENSORS

Å Radar wavelengths are considerably longer than visible wavelengths

Å SAR sensors can be used in all-weather conditions

Å Several different frequencies are used for radar

©ESA; CSA
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BEING PASSIVE OR ACTIVE!

Passive (Optical Imagery) Active (SAR Imagery)

©sorabatake.jp
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SAR DAMAGE ASSESSMENT CONCEPT 

©Plank, 2014
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INTERFEROMETRIC SYNTHETIC APERTURE RADAR (INSAR)

©COMET

ÅAll-weather tool

ÅIndependent of day and night 

ÅUseful tool to study geophysical events

ÅA practical tool for building damage estimation

Phase correlation

Coherence
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30 YEARS SAR MISSIONS!

©Singhory, 2021
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SAR REMOTE SENSING OF VULNERABILITY UNTIL 2011 

©Plank



11

SAR REMOTE SENSING FOR VULNERABILITY (2011-2021)
Å My personal research activity

Year Earthquake Country Studies

2012 Ahar-Varzaghan Iran Karimzadehet al., 2017

2016 Amatrice Italy Karimzadeh and Matsuoka 2017; 
Karimzadeh and Matsuoka 2018

2016 Kumamoto Japan Hajeb et al., 2019

2017 Kermanshah Iran Karimzadeh et al., 2018; Hajebet al., 
2020; Omarzadeh et al., 2021; 

2018 EasternIburi Japan Karimzadeh and Matsuoka 2018

2020 Petrinja Croatia Karimzadeh and Matsuoka 2021
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DAMAGE MAPPING IN COLLABORATION WITH SENTINEL ASIA

© Sentinel Asia
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SENTINEL ASIA FRAMEWORK

© Sentinel Asia



14

SENTINEL ASIA FRAMEWORK

© Sentinel Asia
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BACKGROUND AND OBJECTIVE-1
Å Theearthquakesthat strucksoutheasternTurkeyon February6, 2023, causedextensivedamage

in Turkey and Syria. Becauseof the large extent of the damage,the damage information
reported from the affectedareasafter the earthquakedid not providea completepictureof the
damagesituation,andobservationimagesfrom satellitesequippedwith high-resolutionoptical
sensorsonly covera limited number of cities. Theimagesare affectedby weather conditions,
andtherefore,the damagesituationcouldnot begraspeduniformly.

Å One of the observationmodes of the weather-independent synthetic aperture radar (SAR)-
equippedsatellites is the wide-area observationfunction (ScanSAR). Sincethe affected areas
were observedon February17 and 20 after the earthquake, we examinehere whether the
damage to buildings could be estimated from PALSAR-2 ScanSARimagery whose spatial
resolutionis rather coarse(approx. 30m).

Å Althoughtheseimageswere takenmore than 10daysafter the earthquakeandincludenot only
the immediatepost-earthquakesituation but alsodisasterrelief activities, we believethat the
resultsprovidebasicdata to demonstratethe effectivenessof the wide-areaobservationmode
in understandinghugedisasterssuchasthis event.
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BASIC APPROACH FOR DAMAGE ESTIMATION FROM SAR INTENSITY
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BACKGROUND AND OBJECTIVE-2
Å We already developedC- and L-bands SAR-baseddamageestimation models with integration of

seismicintensity information basedon satellite imagesobservedthe 1995Kobeearthquakeand its
detailedgroundtruth data(Nojimaet al., 2006; MatsuokaandNojima, 2010) .

Å We also developeda discriminantequation for damageestimation with integration of phaseand
intensity information and its detailedgroundtruth data for Amatrice(2016) and Kermanshah(2017)
earthquakes(KarimzadehandMatsuoka2016; Karimzadehet al., 2018).

Å Sincethesestudieshaveincludedmodels(LikelihoodFunctions)that estimateseverebuildingdamage
ratesfrom SARimagesonly,we appliedthe L-bandSARmodelto the in Turkey-Syriaearthquakes.

SAR A, Vol.62, No.4, pp.808-
821, 2006.10.
Matsuoka, M., Nojima, N.: Building Damage Estimation by Integration of Seismic Intensity Information and Satellite L-band SAR Imagery, Remote Sensing, Vol.2, No.9, pp.2111-2126, 
2010.9.

Karimzadeh, S., Matsuoka, M., 2017. Building Damage Assessment Using MultisensorDual-Polarized Synthetic Aperture Radar Data for the 2016 M 6.2 AmatriceEarthquake, Italy. 
Remote Sensing, MDPI, 9(4). doi: 10.3390/rs9040330. 

Karimzadeh, S., Matsuoka, M., Miyajima, M., Adriano, B., Fallahi, A., Karashi, J., 2018. Sequential SAR Coherence Method for the Monitoring of Buildings in Sarpole-Zahab, Iran, Remote 
Sensing, MDPI, 10, 1255, doi:10.3390/rs10081255. 



18

METHODOLOGY
ω Variable: SAR intensity difference and correlation

ω Procedure: pixel selection for seven damage classes (severe damage ratio) to examine the relationship 
between indices and damage classes, and proposing following two functions:

ςCombined index, ZR, (discriminant score) from Regression discriminant function

ςLikelihood function (fragility function) to estimate severe damage ratio
from ZR
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DISCRIMINANT SCORE AND LIKELIHOOD FUNCTIONS
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RELATIONSHIP BETWEEN ZR AND DAMAGE RATIO
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FLOWCHART OF DAMAGE ESTIMATION
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PALSAR-2 SCANSARIMAGERY
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DISCRIMINANT SCORE ZRJMAP
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DAMAGE PROXY MAP (DAMAGE RATIO)
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DAMAGE PROXY MAP (DAMAGE RATIO)
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DAMAGE PROXY MAP (DAMAGE RATIO)
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DAMAGE PROXY MAP (DAMAGE RATIO)
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DAMAGE PROXY MAP (DAMAGE RATIO)
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18TH WORLD EARTHQUAKE ENGINEERING CONFERENCE



30

KAHRAMANMARASSENTINEL-1 INTERFEROGRAM



31

DAMAGE PROXY MAP FROM SENTINEL-1 
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DAMAGE PROXY MAP OVER HATAY
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DAMAGE PROXY MAP
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RGB MAP OF KAHRAMANMARAS(PALSAR-2)



35

RGB MOOD MAP OF ANTAKYA AND GAZIANTEP




