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Abstract. This study aims to identify buildings damaged by the earthquake of
02/06/2023 in the city of Diyarbakir (Turkey) using images from the CBERS-4A
satellite. The images were processed in Python in order to compare the images
from before (2021) and after (2023) the earthquake. Statistical measures such
as mean, standard deviation, and entropy were used to analyze the results. The
buildings layer Open Street Maps was also used to identify the polygons and
areas affected by the disaster. By combining these techniques, it was possible to
identify areas that showed changes after the earthquake.

Resumo. Este estudo visa identificar construgoes danificadas pelo terremoto
de 06/02/2023 na cidade de Diyarbakir (Turquia) a partir de imagens do
satélite CBERS-4A. As imagens foram processadoas no Python para ser feita
uma compara¢do das imagens de antes (2021) e depois (2023) do terremoto.
Foram realizadas, medidas estatisticas como média, desvio padrdo e entro-
pia para a andlise dos resultados. Foi usado também a camada buildings do
Open Street Maps para identificar os poligonos e dreas afetadas pelo desas-
tre. Através da combinacdo dessas técnicas, foi possivel identificar dreas que
sofreram mudangas apos a ocorrencia do terremoto.

1. Introduction

The earth’s environment is constantly being transformed, whether by anthropogenic or
natural changes. Some natural physical processes are capable of generating drastic chan-
ges in the earth’s surface, such as earthquakes, hurricanes, and volcanic eruptions. When
natural processes impact a social system, causing serious damage that exceeds an indivi-
dual’s ability to cope with the impact, a natural disaster occurs [Tobin and Montz 1997].
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In February 2023, news of an earthquake in Turkey and Syria impacted the world.
The United States Geological Survey (USGS) recorded an earthquake in southeastern
Turkey at a depth of 24 kilometers. The catastrophe caused more than 50,000 victims
and is considered the biggest earthquake in the region in the last 20 years, according
to Turkey’s Presidency of Emergencies and Disasters (AFAD). The city of Diyarbakir,
in the south-east of Turkey, was one of those affected, as shown in figure 1. Southeast
Turkey is located between the Arabian and Eurasian tectonic plates and is a constant

target for tremors, but the number of tremors in the region has increased significantly in
2023 [AFAD 2023].

Figura 1. Earthquake damage in the city of Diyarbakir, Turkey in February 2023.
Font: Sertac Kayar.

One way of monitoring such events is through the use of satellites. Remote sensing
provides information on these areas in a short space of time, making it a fundamental
tool for managing these disasters. Brazil has the CBERS (China-Brazil Earth Resources
Satellite) program, a partnership between Brazil and China that makes satellite images
available for free, helping to spread the beneficial use of these images around the world.

[Voigt et al. 2007] states the effectiveness of the techniques used to mo-
nitor earthquakes, whether using thermal infrared images [Andrew et al. 2002];
[Ouzounov et al. 2006]; [Joyce et al. 2009], or In-SAR (Interferometric Synthetic Aper-
ture Radar) images to identify the deformation of the earth’s surface [Gabriel et al. 1989]
and [Massonnet et al. 1993]. According to [Dong and Shan 2013], optical images are ex-
cellent for identifying areas affected by an earthquake, as they are easy to interpret.

Therefore, the aim of this work is to analyze the area affected by the earthquake
in the city of Diyarbakir and identify the damaged buildings using images taken by the
CBERS-4A satellite. Analysis of the images will enable the affected buildings to be
identified.

2. Materials and Methods
2.1. Materials

The following libraries from Python programming language were used in this work: ras-
terio, matplotlib numpy, gdal, osmnx and geopandas. Quantum Geographic Information
System (QGis) software was also used to manipulate the images.
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2.2. Methods

The work methodology is presented in the flowchart illustrated below (Figure 2).

Acquisition of _ B°f°"?/°f*°'
imagens from the Image processing comparison using Statistical
INgPE catalog using Python the Open Street Analysis
Map

Figura 2. Flowchart of the methodology used in the study to compare the impact
of the earthquake in Turkey.

This study uses images acquired by the Panchromatic sensor of the CBERS4A
satellite, captured at different times - before (May 14, 2021) and after (February 14, 2023)
a seismic event. These images were obtained from the [INPE 2023] image catalog and
are available on the International Charter for Space and Major Disasters, a global satellite
reprogramming initiative to which the National Institute for Space Research (INPE) is
associated.

QGIS software was used to crop the images in a standardized way, using the ras-
terio and matplotlib libraries in the GoogleColab environment to load and verify geo-
referencing information, prioritizing band 1, since it has better conditions for consistent
analysis. The GDAL library was used to extract maximum and minimum pixel values,
normalizing grey levels and applying advanced contrast enhancement techniques, parti-
cularly in areas of interest affected by the earthquake.

The buildings layer was added in QGIS, incorporating vector data of the buildings.
Information from the OpenStreetMap was integrated to delimit the areas of the buildings
by creating polygons. An analytical process was developed, involving the creation of lists
to store polygon indices and pixel averages, with the execution of clipping and statistical
operations.

The statistical analyses used were:

* Mean: First, the mean of the values inserted in each pixel was calculated for
the different polygons of the buildings layer in the before and after images. The
absolute difference between the means obtained for the before and after images
was used to detect changes, with a criterion factor for values greater than or equal
to 30. As a result of this analysis, 20 values were found that showed changes
possibly caused by the earthquake in the region, some of which were clearly
visible in the CBERS-4A images.

* Entropy: To calculate entropy, the methodology used was that of [Shannon 1948]
and described in more detail by [Nascimento and Prudente 2016]. Similarly, the
average was computed for the values for the two images, but with a criterion
factor of 0.5 for the classification of the absolute difference. As a result of this
analysis, 368 values were found that showed changes.
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» Standard Deviation: The procedure for calculating the standard deviation is si-
milar to that used for the mean. The criterion factor for classifying the absolute
difference in this case was 20. As a result of this analysis, 45 values were found
that showed changes.

The results were displayed, and significant changes related to the earthquake were
identified based on the established criteria. Entropy and standard deviation alerts were
generated for the filtered polygons, providing useful information on the changes occurring
in the areas affected by the earthquake.

3. Results

Figure 3 shows that they have different brightnesses and contrasts, which can make visual
analysis difficult. Therefore, the comparison of the before (2021) image with the 2023
(after) image must be refined, i.e. the 2021 image requires a definition of the band to be
used for comparison with the Panchromatic band of the after image. Thus, Bands 1 to 4
are plotted below in Figure 4 to define which has better quality and contrast to make it
possible to identify changes caused by the earthquake and will be used for the analyses.

Before Image

Figura 3. Images of the differences in brightness and contrast between bands 1
(left) and 4 (right) of the CBERS-4A satellite image from 2021.

Banda 1 Banda 2 Banda 3 Banda 4
~ I . - :

Figura 4. Brightness and contrast differences between bands 1 and 4 of the
CBERS-4A satellite for the 2021 image (before the earthquake). Possibilita

After visual analysis, it was possible to detect that Band 1 proved to be the shar-
pest. This band corresponds to the visible blue spectrum, imaging wavelengths in the 0.45
to 0.52 um range, with a resolution of 8 meters.

Next, the grey levels of the images were normalized to define equal scales and
compare the mean, standard deviation, and entropy to obtain consistent results. To do
this, the following formula was used:

(D)

bandl — bandl uye. .
bandnormalized = ( o - Memin ) * 259

bandlvaluemaw - bandlvaluemm
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With the normalization, the scales for the before and after images remained at
[2 - 255] and [1 - 255], respectively. The distribution of gray levels can be seen in the
histogram in Figure 5.
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Figura 5. Normalized Histogram. The light gray line represents the distribution of
gray levels in the pre-earthquake image, and the dark gray line represents
the distribution of digital numbers in the post-earthquake image.

Looking at the images resulting from the normalization of the grey levels, it was
necessary to improve the contrast of the 2021 image, using a gain factor of 1.5. The
result of the image with improved contrast (2021) and that of 2023, together with the final
histogram, are shown in Figures 6 and 7, respectively.

Imagem Antes

Figura 6. Before and After Images - Contrast. Representation of contrast in pre-
and post-earthquake images.
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Figura 7. Contrast histogram. The light gray line represents the contrast of the
pre-earthquake image, and the dark gray line represents the contrast of the
post-earthquake image.

The buildings layer of the Open Street Maps was used to detect changes caused
by the disaster. This layer was obtained via QGis and its shapefile is inserted into Figure
8, in which it shows the polygons identified as buildings (black shapes) in the study area.
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Figura 8. Shapefile Layer Buildings Open Street Maps for the Study region, the
polygons indicate areas identified as buildings.

The comparison of the images from before and after the disaster was carried out
as follows: the polygons were “scanned” in such a way that two lists were created: one
containing the index of each .shp and the other containing the statistics of the pixel values
read from the image. These lists will be used to carry out statistical analyses such as
mean, standard deviation, and entropy to identify changes caused by the earthquake in the
region.
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Figura 9. Shapefile of Detected Changes - Image 2023. The polygons represent
the detected changes after the earthquake.

Based on the 3 measurements made (mean, entropy, and standard deviation), a
procedure was carried out to detect the shapefiles with changes in common for all the
statistics. The mean indicated changes in 20 polygons, the standard deviation 45, and
the entropy indicated 368 values, resulting in 19 polygons in common. Therefore, the
polygons that showed differences were selected and plotted in a new resulting shapefile
so that visual identification could be done with the satellite images of the affected areas,
which are shown in Figure 9. Finally, the shapefile generated in Figure 9 is overlaid with
the post-earthquake image (2023) so that the areas affected by the earthquake disaster in
Turkey can be mapped (Figure 10).
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Figura 10. Shapefile Layer Buildings - Detected Changes. The polygons highligh-
ted in the image represent the buildings that were identified as detected
changes after the earthquake.

4. Conclusions

Based on all the above, it can be said that the methods used in this work to analyze the
impact of the damage caused by the earthquake in Turkey were sufficient to identify the
most affected locations, where some of the buildings in the city of Diyarbakir collapsed.
Therefore, the conditions of the images and the sensor used were adequate to meet the
objectives of this work.

Although the results were satisfactory, some problems were identified. In the be-
fore and after images, although obtained by the same sensor, there are differences in sha-
ding, sharpness, and contrast, which may have caused occasional false contours. Howe-
ver, given that the objective of the work was to identify buildings affected by earthquakes,
only the polygons of the roofs of the targets were used, and the analysis was not impaired.
The quality of the results depends on the type of sensor used and the quality of the spatial
resolution of the image used; the higher the resolution, the better the image quality and
the ability to identify differences.

An issue was identified when using the “buildings”layer, the image returned not
only polygons of buildings but also polygons of large areas such as fields, squares, and
intersections. It would be possible to apply filtering, however, there was a risk of losing
essential information about the desired targets. Taking into account the fact that these
areas do not interfere with the study, this filtering was not carried out.

After processing the images, we were able to identify the areas with building
damage by using the difference in the spectral response of the targets, calculated using
three different techniques, obtaining more reliable results. The use of these techniques
made it possible to identify damage that would have been imperceptible to the human
eyes but became evident by overlaying the real image with the polygons, which made it
possible to identify changes in 19 different buildings.
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