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ά! ǇǊƻǘŜŎǘƛǾŜ ŦƻǊŜǎǘ ƛǎ ŀ 
forest that has as its 
primary function the 

protection of people or 
assets against the 
impacts of natural 
ƘŀȊŀǊŘǎ ώΧϐΦέ

(1,2,3) snow avalanches

(4) rockfall

(5) floods and debris flows

(6) landslides

Figure: Moos et al. 2018

Brang et al. 2001
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ProtectiveforestsareΧ
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Protective forests within an integrated
natural hazard risk management (IRM)
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Teich et al. 2021

Protective forests, 
however, are often 

underutilized.

HOW COME?

Protective forests within an integrated
natural hazard risk management (IRM)
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Where, What and Whom 
should a forest protect? 

PROTECTIVE FUNCTION

Photo: N. Wever/SLF

How does a forest
protect?

PROTECTIVE EFFECT

CƻǊŜǎǘǎΨ ǇǊƻǘŜŎǘƛǾŜ ŦǳƴŎǘƛƻƴǎ ŀƴŘ ŜŦŦŜŎǘǎ
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Perzl et al. 2019

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

Where does the process go?
ü Process modeling of gravitational natural 

hazards (snow avalanches, rockfall, 
landslides)

Modeling of forests with a 
direct object protective function

Illustration: BFW / A. Huber
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Illustration: BFW / A. Huber Perzl et al. 2019

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

Where does the process go?
ü Process modeling of gravitational natural 

hazards (snow avalanches, rockfall, 
landslides)

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

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

Modeling of forests with a 
direct object protective function
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Perzl et al. 2019

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

Where does the process go?
ü Process modeling of gravitational natural 

hazards (snow avalanches, rockfall, 
landslides)

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

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

Which are the potentially damaging process 
paths in forest?
ü Intersection with the forest area

Modeling of forests with a 
direct object protective function

Illustration: BFW / A. Huber
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Protective forest cover in Austria

Forest with direct 
object protective 

function

Forest with indirect 
object protective 

function and/or site 
protective function

Forest without 
primary 

protective 
function

Source: www.waldatlas.at

16%

42% potential protective forest area

http://www.waldatlas.at/
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Open-access decision support tools
for utilizing protective forests in IRM

Figure: Accastello et al. 2022

The simulation tool FlowPy ό5Ω!ƳōƻƛǎŜ Ŝǘ ŀƭΦ нлннύ ƛǎΧ

Åopen-access & open-source software
Ådata-based runout and intensity model
Åregional modeling of snow avalanches, rockfall 

and shallow landslides
Åadaptable requiring few input parameters

ü a tool to identify forests with a direct 
object protective function

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

ü implemented in the Open Avalanche 
Framework AvaFrame (Oesterle et al. 2022): 
https://avaframe.org/

https://avaframe.org/
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Where, What and Whom 
should a forest protect? 

PROTECTIVE FUNCTION

Photo: N. Wever/SLF

How does a forest
protect?

PROTECTIVE EFFECT

CƻǊŜǎǘǎΨ ǇǊƻǘŜŎǘƛǾŜ ŦǳƴŎǘƛƻƴǎ ŀƴŘ ŜŦŦŜŎǘǎ
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Protectiveeffectsof forestsΧ

Χƻƴ ŀǾŀƭŀƴŎƘŜ ŦƻǊƳŀǘƛƻƴ ŀƴŘ ǊŜƭŜŀǎŜ

?

? ?

? ?
Χƻƴ ŀǾŀƭŀƴŎƘŜ Ǌǳƴƻǳǘ ŀƴŘ ƛƴǘŜƴǎƛǘȅ

Å Takeuchi et. al 2011
Å Teich et al. 2012, 2014
Å Feistl et al. 2014, 2015
Å Takeuchi et al. 2018
Å .ǊƻȌƻǾł Ŝǘ ŀƭΦ нлнл
Å 5Ψ!ƳōƻƛǎŜ Ŝǘ ŀƭΦ нлнм
Å Védrine et al. 2022
Å Huber et al. 2024
Å Panayotov et al. 2024
Å Χ

Photo: P. Bebi

Photo: T. Feistl

Google Earth
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Protective effects of forests on avalanche 
formation and release

STEMS, STUMPS, DEAD WOOD

CANOPY
INTERCEPTION

SUBLIMATION

UNLOADING & 
MELT DRIP
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SHORT WAVE

LONG WAVE

HETEROGENEOUSHOMOGENEOUS
Illustration adapted from: Schneebeli & Bebi 2004 Figures: Imbeck 1987
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Quantifying protective effects on avalanche formation and release

YES

NO

Observation-basedapproaches Process-basedapproaches

Photo: P. Bebi Photos: M. Teich
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Quantifying protective effects on avalanche
release: current approaches

Schneebeli & Bebi 2004

Relationship between critical gap 
widths and crown cover densities for 

avalanches releases for different slope 
steepness. Based on a multiple linear 
regression model of 112 avalanches in 

subalpine coniferous forests

Bebi et al. 2009

Figure: Bebi et al. 2021

LƴƅǳŜƴŎŜ ƻŦ ŘƛŦŦŜǊŜƴǘ ŜȄǇƭŀƴŀǘƻǊȅ ǾŀǊƛŀōƭŜǎ 
on avalanche releases in forested terrain 
based on the data set of 110 avalanches 
releases in spruce- and larch-dominated 

forests and 113 control stands

Logistic regression model for 
avalanche release probability 
(Bebi et al. 2001):

ÅCrown cover density (%)

ÅGap width (m)

ÅSlope angle (°)
+

ÅSurface roughness

ÅShrub forest layer

Data: Schneebeli & Meyer-Grass 1993, collected 1985-1990
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Quantifying protective effects on avalanche
release: associated uncertainty

Comparison of the European protective forest management 
guidelines with 295 actual forest avalanche events

Snow avalanche release ς validity of the combined targets of forest characteristics

Perzl & Kleemayr 2020, Perzl et al. 2021

CH                  IT                 CH                  IT               FR          FR     AT

Silvicultural targets in 
European protective forest 
management guidelines:

Å Crown cover density

Å Gap width

Å Slope angle
Å Gap length

Å Evergreen crown cover

Å Stem density

Å Forest type

Å Altitude

Å Aspect

ÅΧ
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TITEL DER FOLIE

Species
composition

Forest 
structure

Veneto region, Italy; 05/2024 Photo: BFW / M. Teich

Climate change

Natural disturbancesAnthropogenic influences

Illustration adapted from: Bottero al. 2024

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
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Protective 

forest

ŦƻǊŜǎǘϝ hw άǇǊƻǘŜŎǘƛƻƴ ŦƻǊŜǎǘέ hw άǇǊƻǘŜŎǘƛǾŜ ŦƻǊŜǎǘέ 

hw ά9Ŏƻ-5wwέ hw bŀǘǳǊŜ-based-Solution

Forest 

change

άŎƭƛƳŀǘŜ ŎƘŀƴƎŜέ hw άƎƭƻōŀƭ ŎƘŀƴƎŜέ hw ŎƘŀƴƎŜ hw 

drought OR disturbance OR future OR evolution OR 

άŦƻǊŜǎǘ ŘȅƴŀƳƛŎǎέ hw άŜŎƻǎȅǎǘŜƳ ŘȅƴŀƳƛŎǎέ hw 

άŘȅƴŀƳƛŎέ hw ŘŜǾŜƭƻǇƳŜƴǘϝ

Protective 

service

ŀǾŀƭŀƴŎƘŜ hw άǎƴƻǿ ŀǾŀƭŀƴŎƘŜέ hw άǊƛǎƪ ǊŜŘǳŎǘƛƻƴέ hw 

άǇǊƻǘŜŎǘƛǾŜ ŜŦŦŜŎǘέ hw άǇǊƻǘŜŎǘƛƻƴ ŜŦŦŜŎǘέ hw 

άǇǊƻǘŜŎǘƛǾŜ ŦǳƴŎǘƛƻƴέ hw άǇǊƻǘŜŎǘƛƻƴ ŦǳƴŎǘƛƻƴέ hw 

άǇǊƻǘŜŎǘƛǾŜ ŎŀǇŀŎƛǘȅέ hw άǇǊƻǘŜŎǘƛǾŜ ǎŜǊǾƛŎŜέ hw 

άǇǊƻǘŜŎǘƛƻƴ ǎŜǊǾƛŎŜέ

Literature review Å climate-induced
Å (changing) natural disturbance
Å anthropogenic-driven

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

Photo: P. Bebi Photo: T. Feistl

avalanche formation avalanche runout

Teich et al. 2024

Avalanche protective forests are under pressure:
what does science say?



BILDUNG
FORSCHUNG
WALD

Avalanche protective forests are under pressure:
what does science say?

Climate-induced 
forest change Steady and increasing
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bƻǘ ǘƘŀǘ ƳǳŎƘΧ
ü36 peer-reviewed 

English publications

Teich et al. 2024
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Methods:

üavalanche dynamics and forest simulation 
models were never combined

frequency

intensity

risk

qualitative

forest structure

ü 82% quantitative measures

ü dimensionless protective forest indices

ü only few studies considered risk
Teich et al. 2024

Avalanche protective forests are under pressure:
what does science say?
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Climate-induced forest change: what does science say?

12 publications/
10 forest simulation studies:

Lǘ ŘŜǇŜƴŘǎΧ

üon forest expansion and 
enhanced tree growth

üon local conditions and the 
climate scenario

üon drought, which decreases 
protective effects

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

1500 m

1000 m

©Google Earth
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Anthropogenic-driven forest change: what does science say?

18 publications:

LǘΩǎ ƴƻǘ ŀ ŎƭŜŀǊ-Ŏǳǘ ǇƛŎǘǳǊŜΧ

üdeforestation generally 
has negative impacts

ü re- and afforestation 
enhance protective effects

übut often don't occur 
where most needed

Interactions between climate change an anthropogenic 
influences are complex!

Regeneration cuts and thinning show varying effects under 
ŘƛŦŦŜǊŜƴǘ ŎƭƛƳŀǘŜ ǎŎŜƴŀǊƛƻǎΧ

üe.g., positive effects under no climate change

übut negative impacts increase as climate change intensifies

Photo: BML Photo: J.-T. Fischer

Photo: UPM Forest Life

Teich et al. 2024
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Natural disturbances: what does science say?

18 publications:

ünatural disturbances 
often decrease 
protective effects

ümanagement 
decisions influence 
post-disturbance 
protective effect

Teich et al. 2024
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Natural disturbances: what does science say?

Post-disturbance 
management is key.

PROTECTION GAP

Figures: Wohlgemuth et al., 2017 (adapted)

18 publications:

ünatural disturbances 
often decrease 
protective effects

ümanagement 
decisions influence 
post-disturbance 
protective effect

PROTECTION GAP
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Where do we grow from here?
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Closing the gaps.

Empirical
data and site-

specific
assessments

ΧƛƴǾŜǎǘƛƎŀǘŜ 
effects of 

compound 
events

ΧŜƴƘŀƴŎŜ
and couple 
modeling 

approaches
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ΧŜƴƘŀƴŎŜ ŀƴŘ ŎƻǳǇƭŜ ƳƻŘŜƭƛƴƎ ŀǇǇǊƻŀŎƘŜǎ

Observation-basedapproaches Process-basedapproaches
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ΧŜƴƘŀƴŎŜ ŀƴŘ ŎƻǳǇƭŜ ƳƻŘŜƭƛƴƎ ŀǇǇǊƻŀŎƘŜǎ

Observation-basedapproaches Process-basedapproaches

Google Earth
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Closing the gaps.

Empirical
data and site-

specific
assessments

ΧŘŜŎƛǎƛƻƴ 
support tools 

for 
prioritization. ΧǊƛǎƪ-based 

approaches

ΧƛƴǾŜǎǘƛƎŀǘŜ 
effects of 

compound 
events

ΧƭŀǊƎŜ-scale 
quantification 
of protective 
functions and 

effects

ΧŜƴƘŀƴŎŜ
and couple 
modeling 

approaches
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ΧŘŜŎƛǎƛƻƴ ǎǳǇǇƻǊǘ ǘƻƻƭǎ ŦƻǊ ǇǊƛƻǊƛǘƛȊŀǘƛƻƴ

Which protective effect against 
avalanches has a windthrow area, if 

αŦƛƭƭŜŘά ǿƛǘƘ ǎƴƻǿΚ

Bührle et al. 2025
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Bührle et al. 2025

ü Vegetation height model (VHM) 
ŦǊƻƳ ŘǊƻƴŜ ǇƘƻǘƻƎǊŀƳƳŜǘǊȅ

ΧŘŜŎƛǎƛƻƴ ǎǳǇǇƻǊǘ ǘƻƻƭǎ ŦƻǊ ǇǊƛƻǊƛǘƛȊŀǘƛƻƴ


