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Protective forests are...

(1,2,3) snow avalanches
A, v (4) rockfall
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“A protective forest is a
forest that has as its
primary function the

protection of people or

assets against the
impacts of natural
hazards [...].”

Brang et al. 2001



Protective forests within an integrated

natural hazard risk management (IRM)
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Preparations for Intervention
— Early warning
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Protective forests,
however, are often
underutilized.

HOW COME?

Teich et al. 2021
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How does a forest
protect?

PROTECTIVE EFFECT

Where, What and Whom
should a forest protect?

PROTECTIVE FUNCTION



Modeling of forests with a

direct object protective function

Where are the potential release areas?
» Without considering forest effects!

Where does the process go?

» Process modeling of gravitational natural
hazards (snow avalanches, rockfall,
landslides)
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Modeling of forests with a

direct object protective function

Where are the potential release areas?
» Without considering forest effects!

Where does the process go?
» Process modeling of gravitational natural
hazards (snow avalanches, rockfall,
landslides)

Where are the objects to be protected?
» Could they be hit?

Which process paths are potentially
damaging?
» Back-tracking from affected objects
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Modeling of forests with a

direct object protective function

Where are the potential release areas?
» Without considering forest effects!

Where does the process go?
» Process modeling of gravitational natural
hazards (snow avalanches, rockfall,
landslides)

Where are the objects to be protected?
» Could they be hit?

Which process paths are potentially
damaging?
» Back-tracking from affected objects

Which are the potentially damaging process

paths in forest?
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Illustration: BFW / A. Huber Perzl et al. 2019



Protective forest cover in Austria

42% potential protective forest area

Forest with direct 16%
object protective
function

Forest without
primary
protective

Forest with indirect function

object protective
function and/or site
protective function

\/
BFW "= Bundesministerium
BILDUNG Land- und Forstwirtschaft,
FORSCHUNG Klima- und Umweltschutz,

WALD Regionen und Wasserwirtschaft

Source: www.waldatlas.at
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Open-access decision support tools

for utilizing protective forests in IRM

S — , The simulation tool FlowPy (p'amboise et al. 2022) is...

o ~ PRSI OEN R G ‘-V'
‘| Direct Object Protective Forest - Avalanche
4 Wipptal South (IT)

* open-access & open-source software

* data-based runout and intensity model

* regional modeling of snow avalanches, rockfall
and shallow landslides

* adaptable requiring few input parameters

» atool to identify forests with a direct
object protective function

» to estimate the protective effects of forest
on hazard runout (Huber et al. 2024)

, ziiiiimaw > implemented in the Open Avalanche
' . Framework AvaFrame (oesterle et al. 2022):
BFW Interreg H -— https://avaframe.org/
BILDUNG Alpine Space Ry W
FORSCHUNG NI creen misk aaLes
WAL S AvaFrame

THE OPEN AVALANCHE FRAMEWORK

Figure: Accastello et al. 2022
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How does a forest
protect?

PROTECTIVE EFFECT

Where, What and Whom
should a forest protect?

PROTECTIVE FUNCTION



Protective effects of forests...

...on avalanche formation and release

?

...on avalanche runout and intensity

*  Takeuchiet. al 2011

e Teichetal. 2012, 2014
. Feistl et al. 2014, 2015
*  Takeuchiet al. 2018

o BroZzova et al. 2020

. D‘Amboise et al. 2021

e Védrineetal. 2022

. Huber et al. 2024

*  Panayotov et al. 2024
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Protective effects of forests on avalanche

formation and release S—
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Quantifying protective effects on avalanche formation and release

Observation-based approaches Process-based approaches

Photos: M. Teich



Quantifying protective effects on avalanche

| . T h Logistic regression model for
release: current approaches avalanche release probability
(Bebi et al. 2001).

Crown cover <=30% | Crown cover > 30%

50

E 30°
= e _ " pkicilnhen | Mot

* Slope angle (°)
Data: Schneebeli & Meyer-Grass 1993, collected 1985-1990

H 0,
steepness > 37 ° | steepness < 37° steepness <35 ° steepness > 35° ¢ Crown Cover denSIty (/0)
‘  Gap width (m)

Crowncover <50% | Crown cover > 50!
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] /.;//'/ ‘ otz | « Surface roughness
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1 0 2 ,
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avalanches relea;es for d|f1|‘e.re|nt|.slope Influence of different explanatory variables
steepn.ess. Based on a multiple mea.r on avalanche releases in forested terrain
regression model of 112 avalanches in based on the data set of 110 avalanches
subalpine coniferous forests

releases in spruce- and larch-dominated
forests and 113 control stands

Figure: Beb| et aI 2021

Schneebeli & Bebi 2004 Bebi et al. 2009



Quantifying protective effects on avalanche

release: associated uncertainty Silvicultural targets in

Comparison of the European protective forest management European protective forest
guidelines with 295 actual forest avalanche events management guidelines:
100% o £ * Crown cover density
0 * Gap width
80% 26 424 39.3 41.0
. * Slope angle
o * Gap length
50% * Evergreen crown cover
o ¢ Stem density
30%
o * Forest type
10% * Altitude
0% * Aspect
CH IT CH IT FR FR AT
m No - true classification Yes - false classification ¢
Snow avalanche release — validity of the combined targets of forest characteristics

Perzl & Kleemayr 2020, Perzl et al. 2021
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Clmf%\te ch*ange A
Do past observations still

represent current and
future conditions?

Where do we grow
from here?

And: What does
science say?



Avalanche protective forests are under pressure:

what does science say?

Literature review

12 Clarivate
Web of Science” Go g|€ Scholar

Protective forest* OR “protection forest” QR<4 orest”
forest OR “Eco-DRR” OR Natiiis Soiation

“cligs o< OUR “global change” OR change OR
Forest ought OR disturbance OR future OR evolution OR
change “forest dynamics” OR “ecosystem dynamics” OR
“dynamic” OR development*

avalanche OR “snow avalanche” OR “risk reduction” OR

. “protective effectZ Ond
Protective

. IRSEOTTOR protection function” OR
service

“protective capacity” OR “protective service” OR
“protection service”

Teich et al. 2024

climate-induced

(changing) natural disturbance
anthropogenic-driven

(e.g., land-use change,
management interventions)

1‘
b

Pheto: P. Bebi i 49 ° Feistl




Avalanche protective forests are under pressure:

what does science say?
Not that much...

» 36 peer-reviewed

climate-induced . natural disturbances . anthropogenic forest change
English publications
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Avalanche protective forests are under pressure:

what does science say?

50% 1

qualitative 1
40% 1

forest structure
30%

frequency 1
20%

intensity 1
10% 1
risk 1
0% 1 e —
%o, s, o o 0% 10% 20% 30% 40%
(o7 O
O R T
/00/ v %, D
& & Sy
Methods: » 82% quantitative measures
» avalanche dynamics and forest simulation » dimensionless protective forest indices

models were never combined > only few studies considered risk

Teich et al. 2024



Climate-induced forest change: what does science say?

12 publications/
10 forest simulation studies:

It depends...

» on forest expansion and
enhanced tree growth

I I S S S S— S— - — — — — — e — — — — — — — — — — — — — — —

> on local conditions and the
climate scenario

» on drought, which decreases
protective effects

Increasing natural disturbances counter-balance
effects of enhanced tree growth!




Anthropogenic-driven forest change: what does science say?

W & 18 publications:

e N - It’s not a clear-cut picture...

> deforestation generally
has negative impacts

» re- and afforestation
enhance protective effects

» but often don't occur
where most needed

Photo: BML

Regeneration cuts and thinning show varying effects under
different climate scenarios...

» e.g., positive effects under no climate change

» but negative impacts increase as climate change intensifies

Interactions between climate change an anthropogenic
influences are complex!

Photoy UPM Forest Life.

Teich et al. 2024



Natural disturbances: what does science say?

18 publications:

Change in - Decrease
protective effect: [ Increase » natural disturbances
' No change

often decrease
protective effects

» management
decisions influence
post-disturbance
protective effect

Teich et al. 2024



Natural disturbances: what does science say?

Windthrow . 18 publications:
100 ‘s QS P ’
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Figures: Wohlgemuth et al., 2017 (adapted)









...enhance and couple modeling approaches

Observation-based approaches Process-based approaches




...enhance and couple modeling approaches

Process-based approaches







Al Co-funded by
Interreg the European Union

...decision support tools for prioritization
Alpine Space

MOSAIC

Which protective effect against
avalanches has a windthrow area, if
Lfilled” with snow?

1.5m
1.0m
= VHM (Om)
) v DTM
" > g = dead wood
L=

Biihrle et al. 2025



Co-funded by
the European Union

inerreg

...decision support tools for prioritization
Alpine Space

MOSAIC

» Vegetation height model (VHM)
from drone photogrammetry

1.5m
1.0m
0.5m

VHM (Om)
DTM

dead wood

TR U
R
# i

T Vs
WY e
LarZ iy

Buhrle et al. 2025



Co-funded by
the European Union

HilteIrcy

...decision support tools for prioritization
Alpine Space

» Roughness membership
(no snow)
1.5m
1.0m

VHM (0Om)

J" DTM
} : dead wood

Roughness membership
1 - Smooth N

' 0 - Rough

Biihrle et al. 2025



Co-funded by
the European Union

...decision support tools for prioritization inierreg

Alpine Space

MOSAIC

» Roughness membership
(1,5 m snow depth = 10-year

return period)

1.5m
1.0m
0.5m

VHM (Om)

/) / DTM

o — = "/ dead wood

Roughness membership
1 - Smooth N

IO - Rough

Bihrle et al. 2025



Co-funded by
the European Union

HilteIrcy

...decision support tools for prioritization
Alpine Space

» Avalanche release membership /
probability (1,5 m snow depth =

10-year return period)

1.5m
1.0m

VHM (0Om)

J / DTM
,.._// : dead wood

Z

Avalanche release membership .
Likely

. Unlikely

Biihrle et al. 2025



Take home messages

» forests change constantly

* global change and especially
disturbances determine and
accelerate forest pathways

e as do management decisions

» avalanche frequencies and

intensities change Vulner-
. ability
» society changes

Natural
hazard
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Exposure

rs: CO,, temperatu

pressure defici

Conceptual diagram of the components of forest dynamics
and the disturbances that drive them

_I Demographic drivers: Drought, LUC, wildfire, wind, insect outbreaks : Recruitment and growth dominate : Novel, shorter ecosystem

Possible pathways of forest development under climate change

Time t1 t2 t3
Figures: McDowell et al. 2020; Jandl et al., 2019
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“A protective forest is a
forest that has as its
primary function the

protection of people or

assets against the

impacts of natural
hazards [...].”

Brang et al. 2001
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