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Motion maps derived from optical satellite images: the
case study of the East Anatolian Fault (Tiirkiye)
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Abstract

On February 6, 2023, two earthquakes shook the southern and central Tiirkiye causing significant loss of human life and devastating many
cities. These are related to the active East Anatolian Fault (EAF). In this study, the digital image correlation (DIC) technique is applied to map
the coseismic displacements. For that, a pair of scenes from the Sentinel-2 satellite acquired before and after the seismic events was used. The
results showed that the methodological approach can be effectively used to map and monitor large-scale geological phenomena and can assist
in seismic risk assessment.
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INTRODUCTION mechanism is attributed to the East Anatolian Fault (EAF),
Digital image correlation (DIC) is a technique that allows which is a 700-km-long left-lateral strike-slip fault (Okay 2008;
us to detect and monitor horizontal displacements in the plane Duman and Emre 2013).
of digital images (Delacourt et al. 2007). It has been success- The aim of this study was to test the DIC technique with
fully used in studies involving landslides, glaciers, active faults, optical images of the Sentinel-2 satellite in order to map the
and volcanic eruptions (Hartwig in press; Lucieer et al. 2014; surface displacement field produced by the seismic events that
Caporossi et al. 2018; Morelan and Hernandez 2020). struck Tirkiye. In addition, the study sought to evaluate pos-
DIC makes use of digital images acquired by different sible differences in the displacement maps generated from the
platforms such as terrestrial fixed cameras, aerial (RPA or air- visible and near-infrared spectral bands.

craft), or orbital (satellites). Furthermore, large horizontal
displacements (several meters) can be detected and different Methods and dataset

image types can be employed (e.g., optics, radar, and digital For a pair of images acquired over the same area to be
elevation model). Finally, satellite imagery with global cover- correlated, it is necessary that they share a common geom-
age and algorithms for image correlation is now freely avail- etry (Delacourt et al. 2004). This can be obtained through
able (Leprince et al. 2007). orthorectification based on a digital elevation model. To

On February 6, 2023, two major earthquakes with magni-
tudes M., 7.8 (Kahramanmaras Earthquake) and 7.5 (Elbistan
Earthquake) followed by several small-intensity seismic events
struck southern and central Tiirkiye (USGS,2023). These aused
thousands of fatalities and surface displacements of a few meters
(Karabulut et al. 2023; Li et al. 2023).

The study area is located in a seismotectonic region
(Fig. 1), which has been active since the Early Pliocene due to
the convergence among the African, Arabian, and Anatolian
tectonic plates (Mckenzie, 1972; Barka and Kadinsky-Cade,
1988; Barka and Reilinger, 1997). The earthquake source
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under the terms of the Creative Commons license. Figure 1. Tectonic map of Tiirkiye and surroundings.

*Universidade de Sdo Paulo, Institute of Energy and Environment
— Sao Paulo (SP), Brazil. E-mail: guano@usp.br

*Corresponding author.

1/5


https://doi.org/10.1590/2317-4889202320230042
https://orcid.org/0000-0002-2661-7506
https://orcid.org/0009-0001-6998-6299
https://orcid.org/0000-0001-5073-5572
mailto:marcos.hartwig@ufes.br
mailto:cicero.botacin@edu.ufes.br
mailto:guano@usp.br

Braz. ). Geol. (2023), 53(3): 20230042

determine offsets, a moving correlation window with a
predetermined size is defined over the pre-event image.
An equivalent window in the post-event image is searched
through correlation functions. The displacement vector is
determined when the maximum correlation between the
windows is found.

The size of the correlation window affects the displace-
ment accuracy. Larger windows reduce the displacement
accuracy. Displacement accuracy that equals one-fifth of the
pixel size is typical for satellite images. Displacements of up
to 80 pixels have been detected by Delacourt et al. (2004)
with the DIC technique. Factors such as illumination condi-
tions, surface state, image noise, and radiometric differences
between the image pair can affect displacement calculations
(Travelletti et al. 2012).

Two scenes from the Sentinel-2 satellite acquired on January
25,2023 and February 09, 2023 were used. Images with pro-
cessing level 2A (orthorectified) with 10 m of spatial resolution
in the visible (B2, B3, and B4 bands) and near-infrared (B8
band) were selected. These are freely available in Copernicus
Sentinel Data (2023 ). Details about the Sentinel-2 satellite
and products can be found on ESA (2023).

The COSI-Corr algorithm (Leprince et al. 2007) imple-
mented in IDL was chosen for image correlation. The fre-
quency-based correlator was used, and different window sizes
were tested. The best result was obtained for a subset of 128
x 128 pixels (1,280 x 1,280 m). E-W and N-S displacement

AM: Amanos Mountains.

maps were generated. Positive values indicate eastward and
northward movement and negative values are the opposite.
The signal-to-noise ratio (SNR) map has also been produced.
Values close to 1 mean good quality and values close to 0 mean
poor quality. Finally, the displacement vectors were calculated
based on the N-S and E-W displacement fields. The longer the
arrows, the greater the displacement. Movement is indicated
by the orientation of the arrows.

The products were then draped over a shaded relief map
based on the SRTM-30 m digital elevation model available
in USGS EarthExplorer (2023). The illuminant was posi-
tioned at azimuth N315° with a solar elevation angle of 45°.
Georeferenced structural data from the Geological Institute of
the Russian Academy of Sciences available in AFEAD (2023)
were used to help interpret the results.

Due to the lack of field validation data, displacement mea-
surements were compared with other studies to verify the con-
sistency of the results.

The datum WGS-84 (Zone 36S) and the UTM coordinate
system have been adopted.

RESULTS AND DISCUSSION

Figures 2—4 depict the E-W, N-S, and SNR maps for spec-
tral bands 2, 3, 4, and 8.

The Gulf of Alexandretta appears noisy on all maps due to

the low correlation between the pairs of images. No significant

Figure 2. E-W displacement maps generated using the DIC technique for spectral bands (A) 2, (B) 3, (C) 4, and (D) 8. Solid black lines
represent the East Anatolian Fault. The arrows indicate the relative displacement vectors. Displacements are measured in meters.
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AM: Amanos Mountains.

Figure 3. N-S displacement maps generated using the DIC technique for spectral bands (A) 2, (B) 3, (C) 4, and 8 (D) 8. (E) A-A’
displacement profile. Black solid lines represent the East Anatolian Fault. The arrows indicate the relative displacement vectors, and rectangles

indicate regions with new cracks. Displacements are measured in meters.

differences are observed between the maps produced by the
four spectral bands.

The peak surface offset is about 5 m. The E-W dis-
placement maps show a subtle hue contrast that coincides
with the EAF. For the N-S displacement maps, a sharp hue
contrast is visible, showing that the component of dis-
placement in the N-S direction is larger than in the E-W
direction. Besides, data clearly show a left-lateral strike-
slip motion (Duman and Emre, 2013). Finally, the N-S
displacements are larger near the EAF, declining in the
east-west direction.

The EAF is made of a series of long parallel lineaments.
Figure 3 shows that the fissure created by the seismic events
had not been previously mapped. This can be easily recog-
nized by considering the color distribution pattern (contrast
between the shades of green and blue versus red). Figure 3e
shows a displacement profile that traverses the new fissure.
This means that the DIC is capable of tracking active faults

and can assist in land use planning.
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The SNR maps display most values close to unity, indicat-
ing good quality. This is mostly due to the sparse vegetation
(ie., grass and shrubs) that covers the land.

Li et al. (2023) used the pixel offset tracking combined
with the weighted least squares technique from radar images
of the Sentinel-1 satellite, acquired in ascending and descend-
ing orbit tracks, to derive the E-W and N-S displacements
caused by the earthquakes that hit the Kahramanmarag region
(Tiirkiye) on February 06. The magnitude and spatial distribu-
tion of the horizontal displacements mapped by the authors
are quite similar to the results presented here, even though the

method and data used are completely different.

CONCLUSION

The results allow us to conclude the following:
* The DIC technique based on Sentinel-2 images is quite
suitable for the detection and monitoring of large-scale

geological phenomena;
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AM: Amanos Mountains.

Figure 4. SNR maps for spectral bands (A) 2, (B) 3, (C) 4, and (D) 8. Black solid lines represent the East Anatolian Fault.

* No significant differences were observed in the displace-
ment maps generated from spectral bands 2, 3, 4, and 8,
which reveals that they can be used interchangeably for
displacement mapping using DIC;

* Thedisplacement values are consistent with those obtained

through other monitoring techniques;

ARTICLE INFORMATION

* Displacement data show that the EAF is a sinistral strike-
slip fault related to transtensional deformation;

* Finally, the results allowed extrapolating the EAF to areas
where it had not yet been mapped, which shows that the
DIC can be used to map active geological faults and assist

studies on seismic hazards.
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