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Protective forests are...

(1,2,3) snow avalanches
A, v (4) rockfall
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Figure: Moos et al. 2018

“A protective
[protection] forest is a
forest that has as its
primary function the
protection of people or
assets against the
impacts of natural
hazards or adverse
climate.”

Brang et al. 2001
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How does a forest
protect?

PROTECTIVE EFFECT

Where, What and Whom
should a forest protect?

PROTECTIVE FUNCTION



Protective forest cover in Austria

42% potential protective forest area
(based on scientific criteria)

Forest with (direct) 16%
object protective

function
Forest without
primary
26% protective
function

Forest with (indirect)
object protective
function and/or site
protective function

\/
BFW "= Bundesministerium

BILDUNG Land- und Forstwirtschaft,
FORSCHUNG Klima- und Umweltschutz,
WALD Regionen und Wasserwirtschaft
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Protective forests are under pressure

Mill. m3 yr1

34 European

Bark Beetles Fire Wind | .
countries:
« > increase in all
. drivers of natural
disturbances
¥ ? ) M > largest increase:
MM%W‘M‘K bark beetles —
1960 1980 2000 2020 g 1960 1980 2000 2020 ’ 1960 1980 2000 2020 their impact has

Year

doubled over the
past 20 years

Expert's interpreted gap-filled time-series of disturbance drivers in Europe between
1950 and 20109.
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Global change impacts on
PROTECTIVE EFFECTS:
what does suence say?




Global change impacts on protective forests: what does science say?
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Global change impacts on protective forests: what does science say?

Forest change:
e climate-induced
* (changing) natural disturbance
e anthropogenic-driven
(e.g., land-use change,
management interventions)

Literature search
P @YXl Google Scholar

Web of Science”

Protective forest* OR “protection forest”
forest OR “Eco-DRR”

OR "global change" OR change OR

Global ght OR disturbance OR future OR evolution OR

change "forest dynamics" OR “ecosystem dynamics” OR Natural hazards:
“dynamic” OR development* . torrential floods
"natural hazard" OR "risk reduction" OR " ° debris flows

::::::We unction" OR "protective capacity" OR ¢ snow avalanches

avalanche OR landslide OR flood OR rockfall OR “peak ° rockfall
flow” OR “debris flow”

* shallow landslides
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Global change impacts on protective forests: what does science say?

Not that much.

e 72 peer-reviewed English
publications

* 26 specifically addressed
disturbances
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Global change impacts on protective forests: what does science say?

The research is not global.

- . %D-

2-4 Publications
> 5 Publications



Global change impacts on protective forests: what does science say?

80% 1

60%

40% 1

20% A

0% 1

avalanche . rockfall . debris flow Natural hazardS:
0 tandsiide | [ flood e 43% floods
* 33% rockfall,

landslides and/or
snow avalanches

* only 2 studies on
debris flows

Methods:

e process-based
modeling

p e only 15%

. L :
S S R S accounting for
risk



Climate-induced forest change: what does science say?

effect on protective effects

8 It depends...
6
4 .
> on forest expansion and
*| e D - P
insignificant  negative positive enhanced tree grOWth

> on local conditions and
the CC scenario

o N B O 0

insignificant  negative positive

number of publications

1000mM = =— — —

» on drought, which

6

4 .

2 - . decreases protective

¢ insignificant  negative positive effe Cts
climate change (CC) e Increasing natural disturbances counter-

moderate Mean air temperature increase of ~1.5-3.5°

. no or a slight precipitation decrease of ~10-20% bala nce effects Of enhanced tree growth !
. strong mean air temperature increase of ~3.5-6°C

significant precipitation decrease of ~20-40%.



Anthropogenic-driven forest change: what does science say?

Change in protective effect:
~ Decrease | Increase .= No change Inconclusive

No climate change




Anthropogenic-driven forest change: what does science say?

Change in protective effect:
~ Decrease | Increase .= No change Inconclusive

mean AT ~1.5-3.5°C, AP ~10-20% mean AT ~3.5-6°C, AP ~20-40%

No climate change Moderate climate change Strong climate change




Anthropogenic-driven forest change: what does science say?

It’s not a clear-cut picture.

No climate change Moderate climate change Strong climate change > defor?Sta'tlon genera”y haS
i " negative impacts

» strongly dependent on CC
scenario

» e.g., no management and
no climate change increase
protective effects, but
effect decreases under CC

Change in protective effect:
' Decrease  Increase | No change Inconclusive

» e.g., negative effects of
regeneration cuts and
thinning increase under CC
scenarios

BFW

BLOUNG Interactions between CC and anthropogenic influences are complex.
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Natural disturbances: what does science say?

Change in ~ Decrease " No change -
protective effect: - Increase Inconclusive 26 pu blications:
» 11 studies focus on

forest fire (torrential
floods)

» often decrease
protective effects
dependent on severity

» but severity was often
not addressed

Post-disturbance
management is key.




Post-windthrow management: protection gap

» Lying stems provide a considerable
protective effect against snow
avalanches and rockfall,

> which decreases over time towards a
presumed critical stage.

» Tree regeneration increasingly replaces
the protective effect of woody debris,

» but the regeneration process is often
too slow.

Wohlgemuth et al. 2017
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Schematic development of the protective effect in windthrow
areas of mountain forests after different treatments



Post-bark beetle management: protection gap

Stage 4
decades

Interception & Interception &
unloading unloading

Canopy drip { Coarse  Canopy drip
Litter fall Woody Litter fall

Shielding Debris Shielding
CwD (CWD) CwD

RE

Conceptual model of changes to the spatial variability in snow stratigraphy that are - L.
linked to avalanche formation following bark beetle outbreak PhotoaNCTaich
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Post-fire management: protection gap

Scenario: Stone 0.2 m3; Slope— 27° --- 30-- 35°
(@) Slope length = 75 m

unburnt forests
» Standing or fallen dead trees provide 100%

seeds, shade, moisture and nutrients to
the regeneration, and

low burn severi

moderate burn severi high burn severi

» contribute temporally to the protection
against rockfall, especially in low-
severity burns. 10 20 30 40 10 20 30 40 10 20 30 40

(b) Slope length = 150 m
unburnt forests

Protective capacity [%]
3
32

low burn severi moderate burn severi high burn severi

» Moderate-to-high severe fires may lead
to temporary deficits in the protective
effect,

100 %
75 %

50 %

» depending on the effective burn
severity, rock sizes, length and mean
inclination of the forested slope.

25%

Protective capacity [%]

0%

10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40
Years post-fire

Trends in the protective effect (%) of beech stands
in different-severity burns and unburnt beech
. . . _ . 3
Maringer et al. 2016 forests against intermediate-sized rocks (0.2 m3)
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Which protective effect has a
windthrow area, if ,filled” with

snow?
1.5m
1.0m
7 VHM (0Om)
/)" DTM
’T"_-' A dead wood
A

Biihrle et al. 2025
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Protective effect of windthrow areas against
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snow avalanches

MOSAIC

» Vegetation height model (VHM)
from drone photogrammetry

1.5m
1.0m
0.5m

VHM (Om)
DTM

dead wood

Buhrle et al. 2025
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Protective effect of windthrow areas against
Alpine Space

snow avalanches

» 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
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Protective effect of windthrow areas against
Alpine Space

snow avalanches
MOSAIC

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

return period)

1.5m
1.0m
0.5m

VHM (Om)

| J
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Protective effect of windthrow areas against
Alpine Space

snow avalanches

» 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
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Post-fire recovery in protective forests iWiLerreg

Alpine Space

Drivers of post-wildfire regeneration and impacts on forests’
protective effects?

If you have and would

Selected wildfire sites like to share post-
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Take home messages

» forests change constantly

* global change and especially
disturbances determine and
accelerate forest pathways

e as do management decisions

» natural hazard frequencies and

intensities change Vulner-
. ability
» society changes

Natural
hazard

BFW

BILDUNG
FORSCHUNG
WALD

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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