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Abstract

A A wallto-walll ma{) showing the relative level of forest
onaturalness Yy { SRSY

A22 million thectare Pixelsyvhich are not classified as
temporary not forest (5 mill. ha) in the national land cover
data basé NMD 2018

AModelled based on the characteristics of existing High
Conservation Value Forest areas, and 128 open access
variables capturingpndscapestructures atmultiple scales
and socieeconomic dimensions

AValidatedusing independent empirical data describing the
level of forest naturalness from low to high

AFreely available

AExamples of application:

A spatial prioritisatiorof green infrastructuresupporting sustained
yield forestry, forest protection and nature restoration

A Iearnin% and planninfpr multifunctional landscapes that is
adapted to land ownership contexts (TRIAD).
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The conservation value of forests can be
predicted at the scale of 1 hectare
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OPEN Eyropean forestry systems
mirror social-ecological diversity
but closer-to-nature forest
management and landscape
planning are also required

Per Angelstam? |, Michael Manton?, Thomas A. Nagel® & Metodi Sotirov*

New forest-related policies lead to conflicts among different forest benefits, actors and stakeholders.
This requires multiple tools for forest management and landscape planning towards multifunctional
landscapes. We first explore if the relative proportions of clearcutting (CC) and continuous cover
forestry (CCF) as the two major contrasting traditional forest management systems in Europe can

be explained by the complex net effect of biophysical, anthropogenic and social system variables.

We then review mismatches between CC and CCF methods, and the tools required by new policies
advocating multifunctional forest landscapes. The first three components of a multivariate analysis
(PCA) explained 66% of the variation in the dataset. There were four main clusters of countries:

(1) Nordic-Baltic boreal, (2) continental temperate lowland, (3) mountain, and (4) southern and
southeastern Europe. The incidence of CCF in the 26 countries was correlated to both PC1 and PC2,
and a multiple regression explained 53% of the variation in applying CCF. However, key mismatches
between the application of CC and CCF and policy about multifunctional landscapes include difficulties
to secure biodiversity conservation and ecosystem resilience. Therefore, new “closer-to-nature” forest
management systems and triad landscape planning are also necessary.

Scientific Reports| (2026) 16:637(}tps://doi.org/10.1038/s4159826-366597



https://doi.org/10.1038/s41598-026-36659-z
https://doi.org/10.1038/s41598-026-36659-z
https://doi.org/10.1038/s41598-026-36659-z
https://doi.org/10.1038/s41598-026-36659-z
https://doi.org/10.1038/s41598-026-36659-z
https://doi.org/10.1038/s41598-026-36659-z
https://doi.org/10.1038/s41598-026-36659-z

Ambio
hitps://doi.org/10.1007/s13280-024-02116-2

- KUNGL.
;2 VETENSKAPS-
AKADEMIEN

THE ROYAL SWEDISH ACADERY OF SCIFRCES

PERSPECTIVE

Can triad forestry reconcile Europe’s biodiversity
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c) Herﬁiboreal region ‘
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Validation National Foresinventory
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SummarisiniNVK Skog

ASwedisHorestsmakeup 27 mill ha
ATemporarynot forest (NMD 2018) covers ill ha
AThe NVKnapcovers 22mill ha

AClearcut202023, thinningsand older clearcuts
cover 5.1mill ha; allwith limited naturalness

ARemaing 7 mill ha
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Whichéislandg with highnaturalnessare
mosteffectiveto conserve
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Contributiongo Gl

A Conservatioriools
A Formalprotection

A Forest managemersystem

A Assessmenbf Gltools
A Area proportion
A Quiality
A Size
A Connectivity
A Longevity

Andel i procent:

- Skyddad skogsareal av total skogsareal
per region

- Skyddad produktiv skogsareal av total produktiv
skogsareal per region (visas inom parentes)

- Fjalinara skog

Il Nordboreal skog
| Sydboreal skog
Boreonemoralskog  §7 5%
Nemoral skog (51 ,4%))



Habitat modelling

Table 2 Steps in the habitat suitability modelling approach applied in this study.

This resulted in a total of 64 outputs

Step 1
All forest habitats

Step 2
Sufficiently large patches

Step 3
Patch concentration

la: Forest type (pine,

spruce, deciduous,
broadleaf’s)

4 models

I b: Naturalness rank
(> 0.5
and > 0.7))

2 models

2a: Inter-patch distance
requirements (200 m and
1000 m)

2 models

2b: Area 3: Fragmentation level (10%, 30%) in
requirements (5 ha I and 25 km™-landscape windows
and 100 ha)

2 models 2 models
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I Areas representing 30% of the local landscape with 5 ha patches
B Areas representing 10% of the local landscape with 5 ha patches

Fig. 4 Maps of pine. spruce. deciduous and broadleaf forest (top) showing the location of functional habitat networks for virtual species with
patch size requirement of 5 ha, and requiring patch densities of 10 and 30% in local neighbourhoods (1 km® or 25 km?), respectively (see
Table 2). Inset maps (bottom, 100 by 100 km) show examples of regional hotspots at a spatial extent suitable for landscape planning



Therelsmoreto conserve
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Modelled HOVF 0.7-1.0 QUTSIDE surveyed, , ==5 ha
g proportion of modelled INSIDE surveyed
Fig. 5 Analysis supporting identification of areas for potential protected area designation. First, the line with numbers shows the proportion of
areas with modelled high forest naturalness (Bubnicki et al. 2024) compared to the area of High Conservation Value Areas = 5 ha in size

surveyed in the field. Second, the naturalness modelling identified considerable additional areas with high modelled naturalness outside surveyed
HCVFs. There is thus a potential for establishing additional protected areas



Il Forest patches >500 ha I Forest patches >50 000 ha

B >5 ha habitat network



Three approaches

Integration . TRIAD - Segregation
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Applicationof ¢ ¢ w L Eusope
(Nagel et al2024)

2 -
# ;:f? 2 :
] L~

d,.'-(’
"
4 ol
A B \ o
4
’ 4

- Reserve o F
" &

J

> Y {
Intensive P ) ‘
Extensive ¢ f \ \ ﬁia-,;,/ !,
PRSI

v

Total Europe

'
4 ‘? P

T
L A
/ .QJ; GEE N %

T~/ \
Ao < ' }
Liz/ ~

> e | LT 2

% > \ o ) P

< t 7 Y \
A o

s Ol S\

0 250 500 750 1,000

— —— e K



21 countiesand 4mountainregions
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Sizeof areaswith highrelative
naturalnessn Sweden
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