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Abstract

In February 2023, anomalously heavy rainfall caused widespread landslides in the coastal city of Sio Sebastido (Southeastern Brazil). This
report describes the first version of a landslide inventory dataset for this event. The inventory is primarily based on the analysis of aerial images
with 10 cm spatial resolution acquired immediately after the event, as well as archive images from Google Earth and PlanetScope. Delimita-
tion of the landslides relied on a comparison of the images along with the area’s Digital Surface Model (DSM) and hydrography. The spatial
vector dataset (shapefile and geopackage) contains points representing the landslide’s crowns and polygons indicating the affected area and
is openly available in Zenodo.
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INTRODUCTION
Between February 18 and 19, 2023, over 680 mm of rainfall
poured down over the coastal city of Sao Sebastido (Southeastern
Brazil) (CEMADEN 2023, Marengo et al. 2024), triggering
hundreds of landslides (G1 2023). The event caused signif-
icant damage, including road blockages and mudslides that
affected water and power supplies, resulting in 63 deaths, 40
missing persons, and approximately 1,730 homeless individu-
als (Agéncia Brasil 2023). In response to this crisis, the federal
government declared a state of public emergency (Brasil 2023).
The city of Sao Sebastido islocated on the northern shore Figure 1. Sio Sebastido location and geomorphology.
of the Sao Paulo State (Fig. 1). The geomorphology is marked
by the contrast between the coastal plains and the high relief of
the Brazilian Coastal Range (“Serra do Mar”), a 1,500-km-long Gramani 2001, Coelho Netto et al. 2013, Wolle and Hachich

mountain range composed mainly of igneous and metamor- 1989). The advancement of urbanization toward the moun-

phicrocks with deep valleys and altitudes reaching 800 m.a.s.l. tains often exacerbates these events. A recent example of a

near the city of Sao Sebastido (Almeida and Carneiro 1998, disaster related to mass movements in the region is the 1967

Vieira and Gramani 2015). event of Caraguatatuba, which took around 450 lives and left
The Coastal Range region has a high potential for landslides over 3,000 people homeless (Cunha et al. 2022).

and debris flows, the most common mass movements are shal- This study presents the first version of a spatial dataset

low landslides in areas of medium to high slopes (Brollo et al. documenting the landslides that occurred in Sdo Sebastido

2015, Cruz 1974, De Ploey and Cruz 1979, Fulfaro et al. 1976, during the summer of 2023. The main rationale for providing
the dataset as spatial vector files, openly available in Zenodo
(see Conclusion and Data availability), is to provide an exam-
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particular event based on free orbital imagery (e.g., Google
Earth) or on small-scale maps from scientific publications,
such as the one presented by Fulfaro et al. (1976). An open
dataset, based on very-high-resolution imagery, improves the
reproducibility of risk or susceptibility analysis and allows for
unbiased comparisons of different methods and algorithms.

METHODS

The classification of landslides was established according
to definitions provided in the literature. Expanding on Varnes’
(1978) definition, Cruden (1991) provided a more compre-
hensive explanation of landslides and defined them as the
downward movement of rock, earth, or debris masses on a
slope. It is important to note that landslides can take various
forms beyond simple sliding failures, including falls, flows,
topples, and spreads.

The dataset primarily consists of translational landslides
(Varnes 1978, Cruden and Varnes 1996). When identifying
translational landslides in the area, the evaluation considered
the following criteria:

* Hillslopes with no direct human intervention;

* Hillslopes showing evidence of recent mobilization of veg-
etation cover that allows identification of the extension of
landslide debris directly downslope.

The landslides were identified through the visual interpre-
tation of aerial photographs with a spatial resolution of 10 cm
provided by IDE-SP (2023). The aerial survey was carried out
on February 25,2023, immediately after the event, to provide
support for on-site personnel (civil protection, police, firemen,
paramedics, etc.) involved in the search and rescue efforts.

QGIS version 3.28 was used to manually digitize the land-
slides and organize the dataset files. The aerial mosaic image

was divided into 1 x 1 km quadrants to provide sufficient detail
during mapping. Relict landslides (triggered before the 2023
event) or other geomorphologic processes such as gullies and
ravines were not considered in the mapping process.

It is important to consider the limitations of the landslide
dataset in the Sao Sebastiao region when using and analyzing
it. One of the main limitations of such inventories is the visual
identification of landslides in areas with dense vegetation or
complex relief.

Landslides might be of different types and sizes and may
not always be easily identifiable through the visual analysis of
aerial images alone. In some cases, there may even be hidden
landslides that require a field inspection to be detected (Fig. 2).
Therefore, it is important to exercise caution when interpreting
aerial images and to conduct thorough fieldwork inspections
to ensure accurate landslide identification.

Another limitation is the lack of historical landslide data
in the region. Comparison with previous data can help quan-
tify when landslides occurred and identify trends. However,
as historical landslide data for the Sao Sebastido region are
scarce, this comparison is currently impossible.

During the fieldwork, a debris flow was identified (Fig. 3).
The extent of the debris flow was determined based on the
presence of visible erosion along stream banks, the presence
of deposition evidence, and the terrain slope, which was
determined using DEM extract contour lines with a resolu-
tion of 20 m. The total zone of the debris flow was delimited
through visual interpretation using the high-resolution image
of IDE (10 cm).

DATASET DESCRIPTION

The dataset is divided into points and polygons (Fig. 4).
Points correspond to the crown of the landslide, which is

Figure 2. (A) Shallow landslide covered with vegetation. B) Verification of the complete extent of the landslide is only possible through
fieldwork (the white arrow indicates the direction of the mobilized material).
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defined as the area that indicates the material that remains in
place, is adjacent to the highest parts of the main scarp, and is
essentially undisplaced (Cruden and Varnes 1996, Highland
and Bobrowsky 2008).

The polygons represent the regions where the material
was displaced during the 2023 event, outlining the total

Figure 3. A debris flow was identified in fieldwork. (A) Debris
flow runout extension. (B) Field investigation and data collection;
purple dots indicate the debris flow zone.

4), 54(2): 20240006

affected area that is visible for vectorization. This map-
ping excludes drainage or other morphodynamic processes,
such as gullies.

The dataset contains 983 polygons and 1,070 points.
The aerial images” high resolution (10 cm) allowed for
the identification of small/hidden landslides, indicated
with a single point. These represent locations where it is
possible to identify soil mobilization, but not to clearly
define its boundaries due to vegetation cover or shadows
(see Fig. 2).

To characterize the dataset’s basic geomorphometric sta-
tistics, we used a TanDEM-X Digital Elevation Model with
a resolution of 12.5 m (European Union 2022, Grohmann
2018). The geomorphometric variables slope, aspect, and pro-
file curvature were calculated in QGIS using WhiteboxTools
(Lindsay 2016), and their values were sampled at the crown’s
point locations.

Geometrical attributes for polygons (area, perimeter)
were calculated with the QGIS tool “Add geometry attributes.”
The azimuth and length of the main axis for each scar were
calculated with the “Oriented minimum boundary box” tool.
While aspect angle is given in the 0-360° range, the azimuth
of the main axis is produced in the 0-180°range. Descriptive
statistics (Tables 1 and 2) were determined using the QGIS
“Show statistical summary” tool, except for the circular mean
and circular standard deviation of aspect and main axis azi-
muth, which were computed with the Python library Astropy
(Astropy Collaboration et al. 2013).

Histograms of elevation, slope, profile curvature, and area
are presented in Fig. 5. Rose diagrams for aspect and main

Figure 4. (A) Spatial distribution of shallow landslides (crowns). (B) Example of points (crown) and polygons (landslide’s affected area) of

the landslide dataset.

Table 1. Descriptive statistics for geomorphometric parameters sampled at landslides’ crowns (points).

Parameter Elevation (m) Slope (°) Slope (%) Aspect (°) Prof. Curvature (m)
Minimum 3.00 0.82 1.44 0.23 -0.02632
Mean 136.14 27.21 53.17 175.45 0.00250
Std. dew. 79.53 9.17 21.28 1.30 0.00600
Maximum 458.1 63.08 196.92 358.77 0.03534
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Table 2. Descriptive statistics for geometrical attributes of landslides’ scars (polygons).

Parameter Area (m?) Perimeter (m) Axis azimuth (°) Axis length (m)
Minimum 18.04 17.37 0.00 5.88
Mean 2,510.04 215.00 100.62 84.10

Std. dew. 3,840.77 179.26 0.84 68.29
Maximum 39,076.20 1,360.05 180.00 516.76

Figure S. Histograms of geomorphometric parameter values. (A) Elevation. (B) Slope (degrees). (C) Profile curvature. (D) Area.

axis azimuth were created in OpenStereo (Grohmann and
Campanha 2010), projecting the azimuths into the northern
half of the diagram (Fig. 5).

Landslides identified in this study occur in all geomor-
phological settings, with crowns at low elevations (3 m)
and near-flat slopes to elevations beyond 450 m and steep
slopes over 60°. The distribution of elevation for crowns is
asymmetric, with the majority of occurrences between 50
and 100 m (Fig. SA). Slope values for crowns show a clear
peak around 30° (Fig. SB). The distribution of profile curva-
ture, although symmetrical, is not centered around zero but
shifted toward positive values (Fig. SC), indicative of flow
acceleration in convex profiles. The histogram of landslide
scar area is strongly positively skewed, with the majority of
scars having an area under 5,000 m* (Fig. SD). Rose diagrams
show the main axis of scars oriented mostly at NW-SE and
E-W (Fig. 6).

CONCLUSION AND DATA AVAILABILITY

This data paper presents a dataset of landslide crowns (983
points) and scars (1,070 polygons) for the February 2023
disaster of Sao Sebastido, manually interpreted over aerial
images with 10 cm spatial resolution surveyed immediately
after the event.

The dataset is openly available on Zenodo (https://doi.
org/10.5281/zenodo.11 120078), in ESRI shapefile and
Geopackage formats, and is in UTM projection, zone 23,
southern hemisphere, WGS84 datum.

The authors expect to update the dataset when new
high-resolution elevation data based on airborne laser altim-
etry (LiDAR) become available.
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Figure 6. Rose diagram of aspect at crowns’ locations (upper plot)
and azimuth of scars’ main axis (lower plot).
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