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1 Motivation

Landslides are natural events occurring worldwide
= major geomorphic process
= driver for erosion and sediment yield

(Hovius et al., 1997)

= But, when threatens infrastructure or human lives, it
becomes a natural hazard

= Between 1998 and 2017, 4.8 million people were
affected by landslides, causing more than 55,997
deaths and over 5.28 billion USS total damages

(WALLEMACQ et al., 2018)

Landslide in the Feldbach Region
Foto: Alois Urbanitsch, Federal State of Styria

» Landslide-associated casualties are likely to increase
due to climate and land-use/land cover (LULC) change
(GARIANO & GUZZETTI, 2022)
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1 Motivation

= Austrian Alps and their forelands show high proneness to landslides — main natural hazard
= conditioned by local geomorphology, geology, and LULC (Hwaetal, 202)
= mainly triggered by prolonged heavy rainfall and rapid snowmelt
= hazardous interplay of mountainous regions and relatively dense population

(ScHwEIGL & HERVAS, 2009; Fuchs et al., 2022)

= June 2009 and September 2014 heavy rainfall
in the Styrian Basin

» >100 mm in 24 h, 50-year return period
» >3000 landslides, > 13.4 Mio. € damages
» state of emergency was declared

“ KNEVELS et al., 2020: 4

= EASICLIM - Eastern Alpine Slope Instabilities under Climate Change

JOANNEUM \
NI RESEARCH BT

HORNICH & ADELWOHRER, 2010: 460
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1 Research Objectives

Overarching aim is to account for environmental changes in landslide
susceptibility modeling, to improve the understanding of the effects of these
changes on landslide susceptibility, and to examine the uncertainties in the
modeling framework for the eastern Alpine forelands in Austria as case study

Specifically we ask:

= Q1: What role do rainfall, soil moisture and LULC have in explaining landslides
occurring during extreme weather events in the Styrian basin?

= Q2: What effects do LULC and climate changes have on storylines of
landslide susceptibility?

= Q3: How uncertain are landslide susceptibility estimates emerging from an
integrated modeling framework accounting for environmental change?
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2 Landslide
Susceptibility Modeling
in the Styrian Basin
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2 What is a landslide?

» A landslide is a downslope movement of a mass of rock, debris or earth material

(mass movement, slope failure) (CRUDEN & VARNES, 1996)
» Landslide susceptibility denotes the likelihood of an area to have a landslide occurrence, given a
set of local terrain and environmental conditions (Brage, 1984)
Rotational slide Translational slide Complex slide flow

Fotos: Institut fiir Militarisches Geowesen

Orthophoto: Federal State of Styria
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2 Overview of Study Area
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2 Data and Methods

- environmental change
‘/1 (4 climate models, 4 climate scenarios, 1 LULC scenario)

Land Hydrometeo- | : :
Land surface Geolo use/land rological : : i iabl
variables 9y 09 : : input variables
cover variables : :
L —— .
LiDAR-HRDTM based LiDAR based INCA based coordinates
slope angle forest classes simulated soil moisture
slope aspect 5d rainfall +
curvature 3h rainfall intensity

normalized height
convergence index
flow accumulation

Topographic Wetness Index

SAGA Wetness Index

dichotomous
response variable

Landslide
inventory

718 Landslide susceptibility |

Model diagnostics Statistical approach

- Model performance
- Variable importance
- Predictor-response relationship

Model predictions
- Susceptibility storylines
- Uncertainties
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AUROC

2 Model Diagnostics

Q1: What role do rainfall, soil moisture and LULC have in explaining landslides occurring during extreme

weather events in the Styrian basin?
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(KNEVELS et al., 2020: 11)
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2 Model Diagnostics

Q1: What role do rainfall, soil moisture and LULC have in explaining landslides occurring during extreme
weather events in the Styrian basin?

g
o 157
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[=3 .
§ 10+ . land surface variable
E D hydrometeorological variable
>
§ 5 [:l land use/land cover
§ Gaussian process
[
& 5 @ & 8 (KNEVELS et al., 2023: 214)
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& &
Variable GAM-Spatial
Maximum 3 h rainfall intensity 0.85(6)
Soil moisture 0.6 (9)

(KNEVELS et al., 2023: 222)
(rank of variable in parentheses, total of 18 variables)

FRIEDRICH-SCHILLER-
UNIVERSITAT
JENA 13/30



2 Model Diagnostics

Q1: What role do rainfall, soil moisture and LULC have in explaining landslides occurring during extreme
weather events in the Styrian basin?
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3 Landslides and
Environmental Change
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3 Environmental Change Data

= Climate change data for 2009 event (present-day 1975—2004 vs. future 2071-2100)
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= LULC change data: proactive LULC management toward a climate-resilient mixed forest
(MARAUN et al., 2022)
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https: torefronts-production.kajabi-cdn.com/kajabi-storefronts-p: i 1WKmTdqQJymmRf40IhA_the_world_in_2100.png

3 Storylines of Landslide Susceptibility: Future

Q2: What effects do LULC and climate changes have on storylines of landslide susceptibility?
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relative to present[%)]

https://www.museum-joanneum.at/fileadmin/_processed_/1/5/csm_lorenz-de-sype-und-wenzel-hollar_1620819061_0ca907c533.jpg

3 Storylines of Landslide Susceptibility: Pre-Industrial

Q2: What effects has climate change already had on landslide susceptibility?
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3 Storyline Uncertainty

= Components of uncertainty (95% confidence interval)
= Landslide model } - Parametric uncertainty, Cl,i; > Metropolis Hastings simulation of 10k GAMs

- Within-event internal variability, CI,, > 2.5%/97.5% percentiles from 100 pairs

= Climate model } - Scenario uncertainty, Cl,s > width of climate model signals in scenario
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3 Storyline Uncertainty

= Q3: How uncertain are landslide susceptibility estimates emerging from an integrated modeling

framework accounting for environmental change?
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> Generally high storyline uncertainty increases even with higher warming levels
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3 Storyline Uncertainty

= Q3: How uncertain are landslide susceptibility estimates emerging from an integrated modeling
framework accounting for environmental change?
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4 Achievements,
Challenges, and
Outlook
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4 Achievements

= Landslide susceptibility modeling

v" Time-varying predictors to account for oy o
H Al
environmental change Re

v Reliable, physical-meaningful model for storylines

v" Profound model assessment ooy f,go/ms‘vo)g;:
. . H €
(accounting for spatial data structure) (e

v" Dated landslide data

v" innovative spatio-temporal approach for absence
positioning

= Climate model
v" Convection-permitting climate models

v~ Storyline coupled with delta change approach to
ensure the high-resolution data basis
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Landslide event 2009
© IMG inventory
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- Road network by TSP-OSRM
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4 Achievements —_—
Universalmuseum

. Joanneum
= Public awareness ; e

,Boden in Bewegung"“ zeigt neue Forschungsergebnisse im
Naturkundemuseum

DERSTANDARD -

Wissen und Gesellschaft « Natur  Internationsl  Dewtschland  Osterreich  Web  Wirtschaft  Sport  Lifestyle  Kultur " " ” . - e
Inwiefern beeinflusst der mensc K die

Wahrscheinlichkeit von Hangrutschu-hgen? Welche Rolle spielen

Land gen? Wie kann man sich vor solchen
Ereignissen schiitzen? Diesen Forschungsfragen widmete sich
T 95 posiogs RISIKOTENDENZ STEIGEND. eine Studie unter der Leitung des Wegener Centers fiir Klima und
v " . . Globalen Wandel der Universitit Graz. Die Ergebnisse dieser
n Hangrutschunge_n durften in ﬁs_terremh Studie werden in der Sonderausstellung Boden in Bewegung.
aufgrund des Klimawandels groBere Hangrutsch im Kli del von 28. Mai 2021 bis 9. Janner

2022 im Steiermark-Relief-Raum des Naturkundemuseums
gezeigt.

g | Fliichen betreffen

unftig 6fter vorkommen, sorgen fiir mehr Hangrutsche, wie ein
ichtet. Was man dagegen tun kann

? AKIUELLES  BAUAUFTRAGE  BAUREGIONEN]

Hangrutschungen: Laub- und Nadelbaume
schiitzen vor Katastrophen
vyoaxms

Fiihsommer 2009 in der Steiermark analysiert hat.

= - 4 e R ""’-"‘7 AR S A \.;' 3

Erd ruts(hgefﬂ h rim AI pen\lorla nd Stelgt Sujet "Boden in Bewegung", Foto: Institut fur Militirisches Geowesen
. —
massiv
Im Juni 2009 ist das s iri nach starken allen von mehr als
3.000 Erdrutschen heimgesucht worden. Wie Grazer Forscherinnen und Forscher berichten,
kann sich ein derartiger Sommer wi und bei if ai eine
w um fast die Halfte groBere Region betreffen.
—
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https://science.orf.at/stories/3212454/
https://www.baublatt.ch/baupraxis/hangrutschungen-laub--und-nadelbaeume-schuetzen-vor-katastrophen-32553
https://www.derstandard.de/story/2000134763338/erdrutsche-duerften-in-oesterreich-aufgrund-des-klimawandels-groessere-flaechen-betreffen
https://www.sn.at/panorama/wissen/forscher-klimawandel-erhoeht-erdrutsch-gefahr-im-alpenvorland-massiv-119579950
https://www.museum-joanneum.at/newsletter-mail/presse-umj/2021/boden-in-bewegung-zeigt-neue-forschungsergebnisse-im-naturkundemuseum/

4 Challenges and Outlook

= High uncertainty in the landslide model
= more high-resolution data
= more care and effort in recording landslides
= landslide volume and size
= improving landslide inventory using remote-sensing data

= Communication of high susceptible area > x number of landslides

In-depth analysis of the 2014 event

(MisHRA et al., under review)

Differentiation into more LULC classes and more LULC future scenarios would be desirable
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4 Challenges and Outlook

75

= “Cherry picking”:
Does climate change help us?

Highly susceptible area (%)

> dry spells followed by large precipitation
increases landslide susceptibility

(TICHAVSKY et al., 2019)

» desiccation cracks may lead to
increased water infiltration

(TICHAVSKY et al., 2019; ZHANG et al., 2021)
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9

» And what about other natural hazards or compound effects? - Fires, drying rivers, drought,

enhanced hydrophobicity of soils
leading to flooding

(MiLAzzo et al., 2023)
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Thank you
for your attention!
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