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Soil erosion modelling: A global review and
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Brief communication: A first hydrological
investigation of extreme August 2023 floods in
Slovenia, Europe

Nejc Bezak &4, Panos Panagos, Leonidas Liakos, and Matjaz Mikos

Abstract

Extreme floods occurred from 4 to 6 August 2023 in Slovenia causing three casualties and causing total direct and indirect
damage, including post-disaster needs according to the Post-Disaster Needs Assessment (PDNA), close to EUR 10 billion. The
atypical summer weather conditions combined with the high air and sea temperatures in the Mediterranean and the high soil
moisture led to the most extreme flood event in Slovenia in recent decades. The return periods of both daily and sub-daily
precipitation extremes and peak discharges reached 250-500 years, and the runoff coefficient of a typical torrential and mostly
forested mesoscale catchment was around 0.5. In addition, flooding, soil erosion, mass movements and river sediment transport
processes caused major damage to buildings (more than 12000 houses) and diverse infrastructure.

Please read the corrigendum first before continuing.

How to cite. Bezak, M., Panagos, P., Liakos, L., and Miko3, M.: Brief communication: A first hydrological investigation of extreme
August 2023 floods in Slovenia, Europe, Nat. Hazards Earth Syst. Sci., 23, 3885-3893, https://doi.org/10.5194/nhess-23-3885-2023,
2023.
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Science, 357{6351), 588-590 - August 2017
https://doi.org/10.1126/science.aan2506 .~

Authors

Gunter Blaschl - TU Wien
Julia Hall - TU Wien
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+, Summary i

TL.DR  Key highlights  Top keywords

Climate change is causing shifts in the timing of river floods in Europe, with earlier spring snowmelt floods in northeastern Europe, delayed winter floods around the Morth Sea and Mediterranean
coast, and earlier winter floods in western Europe. This indicates a clear climate signal in flood observations at a continental scale.

Abstract

A warming climate is expected to have an impact on the magnitude and timing of river floods; however, no consistent large-scale climate change signal in observed flood magnitudes has been identified
so far. We analyzed the timing of river floods in Eurcpe over the past five decades, using a pan-Eurcpean database from 4262 chservational hydrometric stations, and found clear patterns of change in
flood timing. Warmer temperatures have led to earlier spring snowmelt floods throughout northeastern Europe; delayed winter storms associated with polar warming have led to later winter floods
around the Morth Sea and some sectors of the Mediterranean coast; and earlier soil moisture maxima have led to earlier winter floods in western Europe. Our results highlight the existence of a clear
climate signal in flood observations at the continental scale.
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Soil erosion modelling: A global review and
statistical analysis
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Review Description

To gain a better understanding of the global application of scil erosion prediction
models, we comprehensively reviewed relevant peer-reviewed research literature
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Abstract. Extreme floods occurred from 4 to 6 August 2023
in Slovenia causing three casualties and causing total direct
and indirect damage, including post-disaster needs accord-
ing to the Post-Disaster Needs Assessment (PDNA), close
to EUR 10 billion. The atypical summer weather conditions
combined with the high air and sea temperatures in the
Mediterranean and the high soil moisture led to the most
extreme flood event in Slovenia in recent decades. The re-
turn periods of both daily and sub-daily precipitation ex-
tremes and peak discharges reached 250-500 years, and the
runoff coefficient of a typical torrential and mostly forested
mesoscale catchment was around 0.5. In addition, flood-
ing, soil erosion, mass movements and river sediment trans-
port processes caused major damage to buildings (more than
12000 houses) and diverse infrastructure,

1 Introduction

Slovenia is a relatively small country in Central Europe (ap-
prox. 20000 kmz) that is located in temperate—continental,
Mediterranean and alpine climates, and where mean annual
precipitation (1981-2010) ranges from below 900 mm in the
eastern part of the country to more than 3000 mm in the west-
ern part (DolSak et al., 2016). In combination with complex
topography and lithological characteristics, extreme rainfall
events can generate significant soil erosion and mass move-
ment processes that endanger around 45 % of the country
(Mikos et al., 2004). Flood risk is a potential threat for more
than 5 % of the total surface. Hence, extreme floods and mass
movements occur relatively frequently, causing significant
economic damage and human fatalities (Bezak et al., 2016;

Mikog, 2021; Mikos et al., 2004; Spitalar et al., 2020). Due
to climate change (Kaitna et al., 2023; Tarasova et al., 2023),
extreme rainfall events will become more frequent and more
extreme, leading to more severe floods and mass movements.
The main objective of this brief communication is to inves-
tigate the main drivers, mechanisms and impacts of an ex-
treme flood event that occurred in August 2023 in Slovenia,
Europe. We conduct a preliminary hydrological investigation
of the main characteristics of this event in order to (i) provide
basics for effective remediation measures that will follow the
concept of “building back better” and (ii) provide useful ex-
amples of lessons learned that could benefit other countries
and will increase flood resilience in Slovenia.

2 August 2023 floods in Slovenia
2.1 Drivers and triggering mechanisms

The first half of 2023 was relatively wet in Slovenia com-
pared to previous years, as almost all parts of the country
recorded more than 50 % of the total annual rainfall by the
end of June. In Slovenia, the autumn period is usually the
wettest period of the year and main flood events and big mass
movements occur in the period from September to Decem-
ber (Bezak et al., 2016; Miko$ et al., 2004; épitalar et al.,
2020). Summer (June to August) is usually the period with
smaller amounts of rainfall but with thunderstorms that can
yield high rainfall erosivity (Panagos et al., 2016). By the end
of July 2023, the western part of the country recorded around
50 % of mean annual precipitation; this number was close to
80 % for some locations in the eastern part of the country and
close to 70 % in the central part of Slovenia. In July 2023, the
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SOCIAL NETWORKS & MEDIA POSTS vs. EXTREME WEATHER EVENTS - |
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The question read as follows:

How can we use information from social networks and media posts to identify
extreme weather events?

An analysis of 10 relevant scientific papers (studies) suggests that social
networks and media posts can be used to identify extreme weather events
through techniques like machine learning classifiers, event detection, social
sensing, and visual analytics.
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Introduction

The use of social networks and media posts to identify extreme weather events has become
increasingly important due to the real-time and widespread nature of social media platforms.
Researchers have explored various methodologies to leverage this data for early detection,
situational awareness, and response to extreme weather scenarios.

Key Insights

O Event Detection and Information Extraction:

« Automated services can detect weather events and extract relevant information from
social media to complement meteorological models and enhance situational awareness.

* Machine learning classifiers and neural networks can classify and analyze social media
posts to identify weather-related events and their impacts.

O Location and Sentiment Analysis:

« Social media posts can be analyzed to detect and locate extreme weather events, with a
significant portion of relevant tweets providing location data.

« Sentiment analysis of social media posts reveals changes in public sentiment before,
during, and after weather events, providing insights into the social impact of
these events.
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U Visualization and Exploration:

* Visual analytics pipelines can be used to classify, locate, and visualize extreme weather events
from social media data, aiding in real-time monitoring and exploration of these events.

« Tools like the DISIT-Twitter Vigilance Platform help manage and visualize Twitter data to
monitor severe weather events.

O Predictive Models and Reinforcement Learning:

* Predictive models using convolutional neural networks and reinforcement learning

techniques can forecast critical weather events with high precision by analyzing social
media data.

« Spatio-temporal multiplex networks integrating social media data with weather and

geographic information improve the accuracy of predicting weather-related power outages.
d Challenges and Limitations:

« While social media is useful for disseminating information, it may not fully capture the
economic and political impacts of extreme weather events.

* The unstructured nature of social media data poses challenges for traditional topic discovery

techniques, necessitating the use of metadata and feature-based clustering for better
event detection.
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Conclusion

O Social media platforms, particularly Twitter, provide valuable real-time data that can be used
to detect, locate, and analyze extreme weather events.

d By employing machine learning, sentiment analysis, and visualization tools, researchers can

enhance situational awareness and improve predictive models for weather-related
emergencies.

0 However, challenges remain in fully capturing the broader impacts of these events and
managing the unstructured nature of social media data.
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The question read as follows:
Can social media data predict extreme weather events?

An analysis of ~10 relevant scientific papers (studies) suggests that social
media data, particularly from Twitter (now X), can predict extreme weather
events with high precision, support early detection, and enhance situational
awareness and real-time monitoring.
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Introduction

The potential of social networks and media news to predict extreme weather events has garnered
significant interest in recent years. Researchers have explored various methodologies to leverage
the vast amount of data generated on social media platforms to enhance the prediction and
response to such events.

Key Insights

O Predictability of Extreme Events in Social Media:

« Social media platforms can predict extreme events with high precision by analyzing the
early stages of user engagement and collective behavior patterns.

d Information Dissemination and Anomaly Detection:

» Social networks, particularly Twitter, can be used to identify and predict extreme weather
scenarios by aggregating and analyzing user-generated content and applying machine
learning techniques.

O Early Detection and Situational Awareness:

« Automated services that combine weather forecasts with social media data can detect
emergency events early and provide valuable qualitative feedback for meteorological
models and situational awareness
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O Real-Time Data Mining for Disaster Prediction:

* Real-time data mining from social networks like Twitter can predict the path of disasters
such as tornadoes, providing timely warnings and enhancing disaster response.

d Power Outage Prediction:

* Integrating social media data with weather, geographic, and grid topology information
improves the accuracy of predicting weather-related power outages, demonstrating the
utility of social media in enhancing predictive models.

O Behavioral Analysis in Disaster Response:

* Analyzing social media behavior during disasters, such as floods and heat waves, using
machine learning classifiers can provide valuable insights into public response and
Improve disaster management strategies.

Conclusion

Social networks and media news have shown significant potential in predicting extreme weather
events. By leveraging user-generated content and applying advanced analytical techniques,
researchers can enhance early detection, situational awareness, and response to such events.
Integrating social media data with traditional meteorological and geographic information
further improves the accuracy and reliability of these predictions, making social media a valuable
tool in disaster management and emergency response.
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invaluable source of information that complements traditional approaches. By leveraging ma-
chine learning, we can not only characterize the event and determine its magnitude or phases of
extreme weather event, but also identify its core elements. This is especially crucial in the current
era of climate change, where extreme weather events such as floods or thunderstorms are becom-
ing more and unpredictable. By improving our ability to detect and analyse such events,
we can enhance our alert systems and take more effective action to mitigate their impact. In this
paper we discuss the role of worldwide media observation in extracting and estimating hydrolog-
ical characteristics of floods, droughts, and heat waves, through the analysis of three case studies,
complementing the information provided by traditional monitoring and measurement methods
as an earlier but weaker signal. The results presented in this study indicate that the news media
signal can be regarded as relatively good proxy of flood dynamics. It can capture the temporal dy-
namics of the event, and, in some cases, there could be a clear up to 1-day lag between the peak
discharge values (i.e., the most extreme flood situation) and the peak in the number of published
news. This lag can be attributed to the time needed by journalists to respond to the situation in

The evolution of flood events in Hagen, Germany (on the right), the mentioned name entities
extracted from the news on the impact of the event (in the centre), and the comparison between the
maximum specific discharge and the published news articles during the same time period.
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Research Question
The research explores the potential of NLP-based methodologies and algorithms to address the
following:

|.  Can we capture in the information extracted from the news media, new previously unidentified aspects of
an extreme water event that can complement classical hydro-meteorological methods?

Il.  Are we able to measure aspects of an extreme weather event that are harder to measure through classical
methods, and learn from the past events?

IIl. Can we estimate the magnitude of an event (i.e., return period) from the news and provide information on
the spatial extension of the event, extracted location and/or magnitude?

Key Insights:

O News can capture the dynamics of the extreme hazards such as floods relatively well, even in the case of an
event with smaller spatial extent

d Capturing the drought dynamics is more complex and news articles are generally not able to capture the
drought dynamic

Conclusions:

From news articles we can: (i) extract information directly from the text, using a machine learning-based
methodology that allows for name entity recognition, and can also deal with disambiguation; and

(ii) estimate parameters (e.g., extension of the damage caused by an extreme event) having enough data in
the collected articles about the same event to ensure a certain hypothesis.
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THE WAY FORWARD (Message to be taken)

1. More studies are needed on the interactions between media/social news and extreme
weather events (for a variety of events) for identification & prediction. Such studies can

be complemented by post-event surveys.

2. Real-time applications are welcome in the field of DRR on using media (web) news for
preparedness (early detection & warning) & for emergency response (rescue &

evacuation & relief).

3. Challenge 1: How to improve the quality of harvesting social networks and media news
data with regard to the extreme weather events’ temporal & space resolution & attribute

characteristics using Al tools.
Challenge 2: How to use such data as feedbacks to meteorological & hydrological models
and as a support to emergency and rescue units?

Challenge 3: How to use such media (web) data for development of drill scenarios for Civil
Protection and Disaster Relief units?
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