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Could such a large landslide event be expected in Rio Grande do Sul,
southern Brazil? Using past events to predict the area impacted by
the 2024 Mega Disaster
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In May 2024, a Mega Disaster hit 96% of the municipalities in Rio Grande do Sul (RS) state,

southern Brazil, causing 182 casualties and impacting approximately 2.4 million people. In

addition to the floods that hit the capital Porto Alegre, more than 15,000 landslides were recorded

due to the extreme rainfall event (> 600 mm in some regions), severely impacting an area of nearly

18,000 km². Although other landslide events have been recorded in RS in the past, none of them

have matched the magnitude of this one. In this sense, we aimed to generate a landslide

susceptibility model, based on historical data and evaluate its capacity to forecast the areas

affected by landslides in 2024. This retrospective assessment was performed using an inventory of

four past events between 1995 and 2017, totalling 1,211 landslides, represented by 15,580 points.

We randomly selected the same number of points (15,580) over the RS to represent non-landslide

areas and split the entire sample set into training (70%) and validation (30%). A Random Forest

model, leveraging seven morphometric parameters, was employed to generate the map, which

was evaluated with the validation sample set. A second validation was carried out considering the

landslides in 2024, represented by 324,500 points. This validation was based on the relationship

closeness between 2024 landslides and each susceptibility class using frequency ratio. The last

evaluation consisted of analysing landslide areas (rupture, propagation, and deposition) and their

distribution in each susceptibility class. To achieve this, we automatically divided the 2024

landslide points into three sets, according to the altitude difference found in each polygon. Our

landslide susceptibility map presented a high performance, with an overall accuracy of 0.9, being

capable of correctly classifying 64% of 2024 landslides into susceptible areas (very high, high, and

moderate susceptibility classes). The very high susceptibility class accounted for 31% of the 2024

landslides and had a frequency ratio of 13.04, showing a high correlation between landslide

locations and the analysed class. Further analysis revealed that the model successfully predicted



79% of rupture zones, highlighting its robustness in identifying key prone areas. While the model

performed well in identifying rupture and propagation areas as susceptible, its predictions for

deposition zones were less accurate, likely due to limitations in the historical inventory, which was

carried out after 2017, when most landslide deposition areas were no longer visible in remote

sensing imagery. Furthermore, even though the 2024 Mega Disaster was responsible for 12.5

times more landslides than all the previous inventory, our model based on 1,211 landslides

correctly classified around 9,600 landslides (64%) in susceptible areas. Therefore, although the

2024 extreme rainfall event was much larger than any previously recorded in the region, many

areas could have already been identified as susceptible. Finally, the existence of a more complete

landslide inventory (including rupture, propagation, and deposition areas) provides more accurate

susceptibility maps, which can support territorial planning, contributing to disaster risk

management, mitigation strategies, and land use policies.
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