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Forest Extent

43%
Coniferous
Forest cover 35%
of Europe’s total land area
40%
Broadleaved Mixed

Total Forest Area: Over 227 million hectares in European continent,
with a significant 9% increase over three decades.

Forest Europe 2025. State of Europe’s Forests KU LEUVEN
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Current trends in forest disturbances
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Future trends in forest disturbances
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Climate change will increase forest disturbances in Europe throughout the 21st century



Climate change adaptation:
gap between belief and action
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Forest owners/managers
constraints/needs to adapt

constraints needs

a) b)

49%
policy and financial incentives

41%
sensitization

39%
more information

33%

0
technical \o
assistance 0

30%
lack of technical knowledge

% 27%

lack of information
23%
Iack of conviction

21%
lack of finances

tack of autonomy ’

Sousa-Silva et al. 2018, Forest Policy & Economics
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Adaptation continues to lag behind
LOCK-INS TO ADDRESS

Muys and Messier Annals of Forest Science (2023) 80:43 1 . FO reSt Owners & managers
https://doi.org/10.1186/513595-023-01208-5 An Nna | S Of . .
INRAZ/ Forest Science lack information (Sousa-

Silva et al. 2018)

2. Forest industry dictates
unadapted forest
composition & structure

. ®
Climate-smart forest management caught = ==
between a rock and a hard place

" it i

Bart Muys' © and Christian Messier 3 N atu re Conservatlon

— implements EU Habitat
Ke_:._rme_ssage The UNFCCCCOP 271in Shar_nj EI—Sheikh confirmed that climate policies too hea\._fily_rely on climate D | reCtIVG a nd Resto rat|o N
mlt.lgatlon.t?y fqrests rather than on FIe—fosslemg the energy system, to keep global warming within the safe_ 1.5°C. .
< nalonger the cae Thecuten e o of et wialtyshows tat e acptato of e s ety neccec, law non-climate smart;

but measures are being insufficiently adopted by foresters on the ground. In this letter, we wonder about the rea- . J
sons for this inaction paralyzing climate-smart forestry and propose a way forward using a diversity-based no-regret natlven eSS at n atl On al
approach in line with available knowledge.

Keywords Climate change, Disturbance, Mitigation, Adaptation, Conservation, Assisted migration, Tree diversity, SCale IS a th reat fOI' foreSt
Invasiveness, Exotic . .
: continuity

Muys & Messier 2023 Annals of Forest Science KU LEUVEN



Resilience concepts

« Engineering resilience (Pimm, 1984)
» The time that it takes for variables to return towards their equilibrium
following a disturbance.
« Ecological resilience (Holling, 1973)
» The system’s capacity to absorb external disturbance without changing as
well as the ability to self-organize and build adaptive capacity.
» Social-ecological resilience (Resilience Alliance)

» The capacity of a social-ecological system to absorb or withstand
perturbations and other stressors such that the system remains within the
same regime, essentially maintaining its structure and functions. It
describes the degree to which the system is capable of self-organization,
learning, and adaptation.

www.efi.int KU LEUVEN



Nikinmaa et al. 2020 Current Forestry Reports

Social-ecological resilience
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Proposed adaptation options

Convert to and increase mixed-species management

Consider soil and site preparation accordingly

Favour native tree species

Create heterogeneous forest structure and manage competing vegetation
Change to suitable thinning and harvesting regime to avoid disturbances
Favour best adapted tree species (both native and exotic)

Manage insect and pathogen outbreaks

Favour natural regeneration

Favour long rotation age and deadwood

Remove biomass to fire-resilient forest

Manage game and damage by small mammals

Work with a forest management plan

Maintain forest health

""WWHI

Intensify forest management with denser stands and shorter rotation age

o
=]
o
i=N
o
(2]
o
co
o

Percentage

Major Options: Species choice AND Stand tending

Nikinmaa et al. 2024. Priorities in managing forest disturbances to enhance forest resilience: For. Pol. Econ.
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No regret measure:
tree diversity as an asset
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. van der Plas et al. 2016,
Cardinale et al. 2012, Nature Nature Communications



~| EES;ENSD;NATUREELANDSEAPE EFFECT on TREE VITALITY
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Mixture does not affect mean survival rate in an
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Van de Peer et al. 2017, J. Appl. Ecol.




~I FOREST, NATURE s LANDSEAPE EFFECT on TREE VITALITY

for nature based solitions
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Monocultures vs. Mixtures in forestry

SUSCEPTIBILITY TO DISTURBANCES PROVISION OF ECOSYSTEM SERVICES
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Messier et al. 2022. For the sake of resilience and multifunctionality, let’s diversify
planted forests Conservation Letters
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Tree diversity as an asset
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Forest Composition: Assisted migration

Climate change: threat to key tree species
Example: Norway spruce

B sssent [ Present

Historical S5P245, 2021-2040 SSP245, 2041-2080

Rigid Natura2000 habitat
types and

nativism at national scale
may threaten forest
continuity.

Widen nativeness
definition to Native
European and explore
assisted migration of
species and provenances
(Prober et al. 2015)
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Tree Species Distribution Modeling
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Tree Species suitability trends

Increasing trend Decreasing trend
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Management

Regimes

Scherpenhuijsen et al.

2025 Foreco
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I Unmanaged forest
| Close-to-nature forestry
I Combined objective forestry

Intensive forestry
I Very intensive forestry
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Harvesting trends in Europe

Change in annual tree canopy removal
between 2001-2011 and 2012-2012, ha/year
> 1,000
600 — 1,000
-300-300
-600 —-1,000
<-1,000

Expressed per 50 x 50 km grid
A considerable part is salvage
logging

RS monitoring as an early
warning signal

BECEON

Needs further follow-up

Points to the need of
management plans and local
monitoring

Turubanova et al. 2023 Remote Sensing of Environment KU LEUVEN



a)

{ b) Harvest of Primary Woody Biomass
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Feasibility of wood as a
sustainable feedstock for
chemicals production in Europe
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Wood & wood-based streams

[ Primary Woody Biomass Potential ~ [__| Solid by-products (e.g., bark, residues, pellets)  [___| Wood surplus (w/o unaccounted
and uncategorized resources)

- Industrial roundwood (IRW) |:| Black liquor
[ Fuelwood (+ some IRW) [] Post-consumer wood
[ Bark ] Wood products (e.g., beams, particle board, paper)

Arts et al. 2024, BioFPR KU LEUVEN
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The case of fire resilience

Are megafires the consequence of Climate change?
Or land management?

| ey D -
There is no reason for these massive, deadly
and costly forest fires in California except that
forest management is so poor. Billions of
dollars are given each year, with so many lives
lost, all because of gross mismanagement of

the forests. Remedy now, or no more Fed

payments!
I W



Thinning + Preécribed Fire

Thinning Only

Davis et al. 2024. Foreco. Meta-analysis of thinning,

prescribed fire on wildfire severity KU LEUVEN



Fire In the nexus

- Linear thinking

Satisfactory protection
- Forests

- Real estate

- Human lives

« Complex non-linear reality

Noland - Biomass Land conflicts

manaagement accumulation - Traditional land uses
T - Urban development
Land bandonment l /

_—
isproportional

Unsatisfactory
protection




Challenge 5: fire in the nexus

How to manage for different ecosystem services under climate change, while reducing the megafire risk?

Business as usual: current management

Aim: continue current policies and management practices
How: selective cuttings (grading) every 15 -20 years
Result: high density, low diameters, many small-size deadwood

®3a @,

Promotion of wood energy

Aim: promote fuel biomass production (subsidies)
How: short rotations (<80 yrs), more intensive sylviculture
Result: trees with medium diameter, almost no deadwood

ﬁv@f@

Lk

Moran-Ordonez et al. 2020. Ecosystem Services 25: 101174.

Promotion of carbon storage

Aim: adapt management for climate change mitigation
How: long rotations (~200 yrs)
Result: fewer larger trees, large snags and coarse woody debris

@4 . Fo

Aim: manage forest stands to cope with climate change
How: early and intense thinnings
Result: few and large trees, little deadwood

@380

R
4949

KU LEUVEN




Fire in the nexus

Rehabilitation of ungulates (rewilding or livestock)

Goat (Capra hircus). This roaming animal native to the Middle East was one of the earliest
animals domesticated in the region. Since that time, goats have become a key household asset,
offering socioeconomic protection and insurance to subsistence farmers. Often considered a
cause of deforestation and land degradation, the species is undergoing a revival as a source of
organic dairy and meat, an agent in fire prevention and, together with other herbivores, a key
conservation management tool to save many endemic plants from extinction due to land
abandonment.

Fine fuel load
Fire hazard

Above-ground C stocks

Unbrowsed ecosystem

Surface to crown fire Tardieu et al. 2018; in FAO SoMF

Tree oak mortality

/ Loss of long-term C stocks

Fine fuel load
l Fire hazard

Above-ground C stocks

Browsed ecosystem

Lecomte et al. 2018. J. Appl. Ecol. KU LEUVEN



Fire in the nexus

Circular bioeconomy opens opportunities for win-wins in a fire resilient landscape:

DRIVERS:

* Increased demand for bioenergy (larger cleaner installations)

* Investment in local cross-laminated timber mills

* New small-sized biorefinery investments to replace petrochemical industry

+ Subsidies for biodiversity management

EFFECTS:

» will reduce standing biomass stock in forests but increase forest vitality and increment
» will increase water infiltration and blue water harvesting

» will optimize climate mitigation between carbon sequestration, albedo effect and local cooling
» will increase biodiversity conservation in biodiversity hotspots/protected areas

+ will offer a powerful fire prevention tool

Verkerk et al. 2018. Forest Policy and Economics 86, 1-3 KU LEUVEN



Final Considerations

- European forest area is expected to expand further

- Climate change related disturbances become a major source of vitality loss

- European forests are a weakening carbon sink possibly evolving in a carbon
source

- Mixture is an economic asset

- Major shifts in tree species composition need to be anticipated

- Depending on the Region, non-timber ecosystem services become more
prominent, and may shift forest to zero or less intensive management

- Forest products will remain valuable resources; price levels will determine levels of
mobilization

- Fire resilience is an interesting case for win-win management



Thank you for
your attention

bart. muys@kuleuven.be
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