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Abstract: Safeguarding old-growth and primary forests is essential for biodiversity conservation, climate 
regulation, ecosystem resilience and cultural heritage, yet these forests remain rare, fragmented and increasingly 
threatened across the EU. Recent assessments estimate that primary and old-growth forests represent <3% of 
EU forest extent, with substantial gaps in spatially explicit mapping; this rarity underscores the urgency of 
protection and evidence-based restoration strategies (European Commission 2021b; Sabatini et al., 2018 ). In 
alignment with the EU Biodiversity Strategy for 2030, the Kunming-Montreal Global Biodiversity Framework 
(Target 3, “30×30”) and the EU Nature Restoration Regulation, this paper argues for a dual pathway: (i)  
protection and improved legal enforcement for remaining intact, high-integrity old and primary forests and 
(ii) forest landscape restoration (FLR) to strengthen buff er zones, recover old-growth attributes and reconnect 
landscapes (CBD, Convention on Biological Diversity, 2022; European Union, 2024). We outline governance 
strategies to harmonize implementation across scales and emphasize the role of participatory management, 
engaging landowners and communities to strengthen social legitimacy and reduce pressures on remaining 
forests. Additionally, we suggest practical restoration frameworks, such as the Restoration Opportunities 
Assessment Methodology (ROAM), that support evidence-based interventions. We conclude with priority 
actions for conserving primary forests, restoring ecological connectivity, and communicating the ecological, 
cultural, and socio-economic values of old-growth landscapes. By coupling protection with landscape-scale 
restoration, supported by robust social safeguards and monitoring, Europe can accelerate progress toward 30×30 
targets while enhancing climate resilience and societal benefi ts.
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1. Introduction

Old-growth and primary forests represent 
irreplaceable biodiversity, ecosystem functions 
and cultural values. EU-level assessments indi-
cate that these forests remain extremely rare: 
old-growth and primary forests cover less than 
3% of total EU forest area and are highly frag-
mented (European Commission, 2021c; Sa-
batini et al., 2020 ). 

Robust and harmonized defi nitions, along-
side spatially explicit monitoring, are prerequi-
sites for safeguarding old-growth and primary 
forests. 

For the purpose of this study, the term pri-
mary forests includes all forests having a high 
degree of integrity and naturalness, whose 
structure and dynamics are dominated by eco-
logical and evolutionary processes, without 
implying that these forests were never cleared 
nor disturbed by man. Th is defi nition is in 
line with FAO, IUCN (International Union 
for Conservation of Nature) and CBD (Con-
vention on Biological Diversity) defi nitions 
(Buchwald, 2005; CBD, 2021; FAO, 2025; 
IUCN, 2022). 

Th e post-2020 Kunming-Montreal Global 
Biodiversity Framework (KM-GBF), adopted 
at CBD COP15, sets a series of ambitious tar-
gets for 2030 aimed at halting and reversing 
biodiversity loss, including Target 3, which 
commits Parties to eff ectively conserve at least 
30% of land and sea through protected are-
as and other eff ective area-based conservation 
measures (OECMs) (CBD, 2022). At the 
European scale, the EU Biodiversity Strategy 
for 2030 calls for protecting at least 30% of 
the EU’s land and sea areas, with one third of 
this area (10%) placed under strict protection, 
of all EU land and sea, including all remain-
ing primary and old-growth forests and the 
establishment of a coherent trans-Europe-
an nature network (European Commission, 

2020). Building on these commitments, the 
EU Nature Restoration Regulation (NRR), 
adopted in 2024, introduces legally binding 
targets to restore degraded ecosystems, aim-
ing to put restoration measures in place on at 
least 20% of EU land and sea areas by 2030 
and to ensure the recovery of all ecosystems in 
need of restoration by 2050. Th e Regulation 
represents a shift from conservation alone to-
wards active ecosystem recovery, strengthening 
biodiversity, ecological connectivity and the 
resilience of European ecosystems (European 
Union, 2024). 

Together, these frameworks necessitate 
a dual strategy: (i) strict protection of all re-
maining high-integrity forests and (ii) forest 
landscape restoration (FLR) to recover buff er 
zones, structural complexity and ecological 
connectivity (IUCN & WRI, 2014).

Problem statement: Despite formal protec-
tion frameworks, remaining European primary 
forests continue to face pressures from logging, 
infrastructure expansion, and other high-im-
pact activities, leading to ongoing degradation 
of these irreplaceable ecosystems (Barredo et 
al., 2024). Th e loss of primary forests not only 
undermines biodiversity and carbon storage 
but also reduces the ecological, cultural, and 
social values that these forests provide. Th is 
persistent vulnerability highlights the urgent 
need for eff ective strategies that go beyond 
designation, ensuring both robust protection 
and the active restoration of degraded land-
scapes.

Across several European forest regions, in-
cluding mountain systems and transboundary 
landscapes, especially in the Scandinavia and 
Carpathians, that contain some of the conti-
nent’s most extensive old-growth remnants, 
analyses and civil-society monitoring have 
highlighted continued logging and infrastruc-
ture pressures aff ecting forests identifi ed as 
high-integrity or of primary-forest character.
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Th ese situations point to recurring chal-
lenges related to enforcement capacity, con-
sistency of environmental impact assessments, 
interpretation of management categories, and 
coordination across jurisdictions. Th ese chal-
lenges are rooted in the specifi c context of 
old-growth temperate and boreal forests in the 
Global North broadly and Europe specifi cally, 
where historical land management practices, 
cultural forest values, and deforestation trends 
diff er when compared to the tropics, present-
ing both unique barriers and opportunities.

Th is paper aims to provide a comprehen-
sive assessment and guidance for conserving 
Europe’s remaining primary and old-growth 
forests, emphasizing the dual approach of pro-
tection and forest landscape restoration. Th e 
specifi c objectives are to:
 – Assess current status - Synthesize available 

knowledge on the extent, condition, and 
distribution of Europe’s high-integrity fore-
sts, highlighting data gaps and monitoring 
advances.

 – Review policy frameworks - Examine rele-
vant EU and global policy instruments, in-
cluding the Biodiversity Strategy for 2030, 
the Nature Restoration Regulation, and 
the Kunming-Montreal Global Biodiver-
sity Framework, and their implications for 
forest protection and restoration.

 – Provide practical guidance - Outline actio-
nable strategies for conserving remaining 
forests, restoring ecological connectivi-
ty, and fostering the development of old-
growth attributes across landscapes.

 – Integrate tools and approaches - Highlight 
evidence-based methods and frameworks, 
such as ROAM, remote sensing, and par-
ticipatory governance, to support planning, 
implementation, and adaptive management 
of restoration interventions.

 – Promote societal engagement - Emphasize 
the ecological, cultural, and socio-econo-

mic values of old-growth forests and sug-
gest approaches to communicate these be-
nefi ts to policymakers, landowners, and the 
public, reinforcing support for long-term 
conservation and restoration outcomes.

2. Why protection and forest 
and landscape restoration?

2.1 Th e irreplaceable value of primary and old-
growth forests

Primary and old-growth forests store dis-
proportionately high carbon stocks, harbour 
unique biodiversity assemblages, and regulate 
hydrological and microclimatic processes in 
ways not replicated by plantations or simpli-
fi ed secondary forests (Buchwald, 2005; Sa-
batini et al., 2020). Th eir rarity and uneven 
distribution across the EU reinforce the need 
for strict conservation (Sabatini et al., 2018; 
European Commission, 2021).

2.2 Evidence for protection 
Experience from Europe and elsewhere in-

dicates that protected areas are the most eff ec-
tive mechanism for conserving primary and 
old-growth forests. In the EU, assessments 
of high-integrity forests show that legal pro-
tection substantially reduces the risk of degra-
dation and loss compared with forests under 
multiple-use or less restrictive management 
regimes (European Commission, 2021). Pro-
tected forests with clear conservation objec-
tives, long-term monitoring, and eff ective gov-
ernance generally maintain higher biodiversity, 
structural complexity, and carbon stocks (Fis-
cher et al., 2023; Rogers et al., 2022; Sabatini 
et al., 2020).

At the same time, protection alone can be 
insuffi  cient, particularly if legal frameworks 
lack strictness or enforcement mechanisms are 
weak (European Commission, 2021b). Along-
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side strong policy, complementary approaches 
can enhance outcomes, including the estab-
lishment of ecological buff ers, connectivity 
corridors, and collaborative management ar-
rangements with local landowners and com-
munities. Engaging stakeholders in steward-
ship and sustainable land-use practices helps 
reduce encroachment, supports the mainte-
nance of ecosystem processes, and strengthens 
the social legitimacy of conservation measures 
(Anyanwu et al., 2025; Cumming et al., 2022; 
Sterling et al., 2017). By combining protec-
tion with participatory governance and land-
scape-scale planning, Europe can ensure that 
remaining primary and old-growth forests are 
not only preserved on paper but continue to 
deliver ecological and social benefi ts over the 
long term.

2.3 Why FLR is indispensable
Even with rigorous protection, Europe 

must restore landscape connectivity, integrity 
and resilience. FLR is a people-centred, land-
scape-scale approach designed to enhance eco-
logical functionality and human well-being 
through mosaics of restoration interventions, 
including natural regeneration, enrichment 
planting, riparian buff ers and agroforestry 
(IUCN & WRI, 2014).  Restoration is essen-
tial for regenerating “secondary old-growth” 
attributes, such as large trees, multilayered 
canopies and deadwood - over policy-relevant 
timeframes (Pugh et al., 2019). 

Furthermore, restoration can establish 
buff er zones around primary forest fragments 
and restore connectivity, inhibiting threat 
encroachment, diverting anthropogenic pres-
sures, and increasing integrity and ecosys-
tem functioning in surrounding landscapes 
(Götmark et al. 2000; Mayhew et al. 2019; 
Th orell & Götmark, 2005). Restoring cor-
ridors between fragments can also improve 
wildlife movement and genetic diversity while 

reducing edge eff ects, including susceptibil-
ity to invasive species (Bluhm et al., 2023; 
Estreguil et al., 2012; O’Brien et al., 2025). 
Subsequently, FLR provides an essential tool 
for confronting extinction debt faced by pri-
mary forests - and for achieving multilateral 
targets complementary to 30x30, including 
Target 2 of the GBF to “Ensure that by 2030 
at least 30 per cent of areas of degraded ter-
restrial, inland water, and coastal and marine 
ecosystems are under eff ective restoration, in 
order to enhance biodiversity and ecosystem 
functions and services, ecological integrity 
and connectivity.” 

3. The state of play in Europe

3.1 Extent and data gaps
 Synthesis studies estimate <3% of EU 

forest area qualifi es as primary or old-growth, 
with major mapping gaps (~4.4 Mha) and 
pronounced geographic clustering for in-
stance in Sweden, Bulgaria, Finland and Ro-
mania (Sabatini et al., 2020). Th e EPFD 2.0 
database highlights substantial advances but 
also persisting challenges in ensuring compa-
rability of defi nitions, forest masks and dis-
turbance datasets (European Commission, 
2021b).

3.2 Policy drivers and obligations
Th e EU Biodiversity Strategy mandates 

30% protection of land and sea, with one-
third under strict protection, explicitly in-
cluding all remaining primary and old-growth 
forests (European Commission,  2020). Th e 
implementation of this target was followed by 
a Staff  Working Document on Guidelines for 
Defi ning, Mapping, Monitoring and Strict-
ly Protecting EU Primary and Old-Growth 
Forests, which supports the implementation 
of the goal. Th e EU Nature Restoration Reg-
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ulation establishes binding ecosystem-resto-
ration obligations for 2030-2050 (European 
Union, 2024). Within this legislation, Arti-
cle 12 specifi cally deals with the restoration 
of forest ecosystems. Th ese align with the re-
quirements of the Kunming-Montreal GBF 
Target 2 on restoration and 3 on conservation 
(CBD, 2022).

3.3 Monitoring advances
Europe’s capacity to monitor forest extent 

and condition has improved markedly through 
advances in Earth observation and integrated 
datasets. Th e EU Deforestation Observatory 
provides 10-m resolution forest-cover change 
data and spatially explicit drivers of loss for 
2016-2022, enabling more timely detection 
of degradation, biomass loss, and structural 
change in old-growth forests (European Com-
mission, 2023). Sentinel-1 and Sentinel-2 
time series further support identifi cation of 
subtle disturbances, including selective log-
ging and canopy thinning.

Emerging approaches also focus on forest 
structure, age, and continuity, using LiDAR, 
biomass maps, and long-term disturbance 
chronologies to probabilistically identify pri-
mary forests (European Commission, 2021b). 
Nevertheless, remote sensing cannot fully 
capture compositional attributes, deadwood 
dynamics, or fi ne-scale management lega-
cies, and inconsistencies in national invento-
ries and defi nitions of “naturalness” challenge 
cross-country comparability.

Future integration of remote sensing with 
ground data, citizen science, and legally bind-
ing reporting under the EU Nature Restora-
tion Regulation can strengthen monitoring 
and early-warning systems, translating tech-
nological advances into eff ective protection of 
Europe’s remaining old-growth forests.

4. A practical framework for Europe: 
from principles to practice

4.1 Protection of and law enforcement in high 
integrity forests

Th e protection of Europe’s remaining pri-
mary and old-growth forests remains a key pri-
ority. Eff orts to map and strictly protect these 
areas, with the help of the framing provided 
by the IUCN Protected Areas Management 
categories, provide an important foundation 
for conservation (IUCN, 2004; Stolton et 
al., 2013). Protection is most eff ective when 
it extends beyond designated boundaries, with 
ecological buff ers and connectivity between 
forest patches helping to maintain core habita-
ts, reduce fragmentation, and limit the impact 
of high-intensity activities such as salvage log-
ging or infrastructure development (European 
Commission, 2021).

Initiatives with a restoration and rewil-
ding dimension are emerging in the EU re-
gion; for instance, Rewilding Europe’s Nor-
dic Taiga landscape seeks to reinstate natural 
processes and connectivity across northern 
Swedish forests, off ering models for scaling up 
process-based restoration beyond isolated re-
serves. Th e Scandinavian case underline that 
restoration strategies which integrate strict 
protection, natural regeneration, and land-
scape connectivity are critical to re-establish-
ing old-growth structures and associated bi-
odiversity across boreal and temperate forest 
regions (Rewilding Europe, 2025)

However, despite clear legal frameworks 
and designation of high-integrity forests, en-
forcement or policy loopholes remains incon-
sistent across Europe. Even in Scandinavia, 
often regarded as a stronghold of boreal for-
ests, enforcement and protection of high value 
forests face ongoing challenges. Concerns were 
mentioned in Sweden and Finland regarding 
legal and regulatory gaps that may allow log-
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ging in areas of high conservation value, includ-
ing primary and old- growth forests, underscor-
ing the need for strengthened safeguards and 
eff ective implementation of EU commitments 
(Roberntz & Suominen, 2025). Logging and 
other high-impact activities continue in some 
primary and old-growth forests, highlighting 
gaps between policy intent and on-the-ground 
compliance (EuroNatur, 2022; FERN, 2022). 
Weak monitoring, limited penalties, and frag-
mented jurisdictional responsibilities can allow 
illegal or quasi-legal extraction to persist (Knorn 
et al. 2013; Nolte, 2013). Strengthening en-
forcement may require coordinated audits, 
mandatory reporting, higher fi nes for viola-
tions, and rapid-response mechanisms involv-
ing both national authorities and independent 
observers. Integrating enforcement with re-
mote-sensing monitoring and public transpar-
ency can ensure that strict protection policies 
translate into tangible outcomes for Europe’s 
remaining old-growth forests, underscoring the 
need for strengthened safeguards and eff ective 
implementation of EU commitments.

4.2 Forest landscape restoration to grow 
tomorrow’s old growth

Restoration plays a central role in expanding 
Europe’s stock of high-integrity forests and en-
suring the continuity of old-growth attributes. 

Once disturbed, primary forests may take 
decades or centuries to fully recover their 
baseline condition, which is why protection 
is essential. However, carefully designed res-
toration interventions can rebuild structural 
complexity, improve connectivity, and support 
the emergence of secondary old-growth char-
acteristics over policy-relevant timeframes, 
including large trees, multilayered canopies, 
and abundant deadwood (Pugh et al., 2019; 
Sabatini et al., 2020).

Restoring areas surrounding primary forest 
patches can aff ord immediate, critical safe-

guards to fragmented patches (Crouzeilles et 
al., 2016; Kormos et al., 2018). 

Restoration strategies should prioritize nat-
ural regeneration, supplemented where appro-
priate by assisted natural regeneration, enrich-
ment planting, the re-naturalization of riparian 
zones, and invasive species management (Dy-
derski & Jagodziński, 2020; IUCN & WRI, 
2014). Th ese approaches help maintain native 
species composition, promote structural heter-
ogeneity, and enhance ecological resilience to 
climate change and other pressures.

Spatial targeting is critical for maximizing 
restoration outcomes. Areas of high degrada-
tion, fragmentation, and edge density can be 
identifi ed using remote sensing, national forest 
inventories, and landscape connectivity anal-
yses (European Commission, 2023; Estreguil 
et al., 2013). Integrating these datasets allows 
prioritization of sites where restoration can de-
liver the greatest ecological benefi ts, including 
improved carbon sequestration, biodiversity 
recovery, and functional connectivity.

Several tools and frameworks support evi-
dence-based restoration planning. Th e Resto-
ration Opportunities Assessment Methodolo-
gy (ROAM) provides a systematic approach to 
identify, prioritize, and evaluate restoration in-
terventions at landscape scales (IUCN & WRI, 
2014). Other tools, such as LiDAR-derived 
structural mapping, biomass monitoring, and 
long-term fi eld plots, complement ROAM by 
tracking progress toward old-growth attributes 
and providing data for adaptive management.

Integrating the concept of rewilding can 
signifi cantly enhance the restoration of prima-
ry forests by promoting ecological processes 
and species interactions that support long-term 
ecosystem resilience. According to the IUCN 
Rewilding Guidelines, rewilding emphasizes 
restoring natural dynamics, reintroducing key 
species, and allowing self-regulating ecological 
processes to occur, rather than solely focusing 
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on human-managed restoration (Carver at al., 
2025). In the context of primary forest resto-
ration, this approach can accelerate the recov-
ery of structural complexity, biodiversity, and 
functional connectivity, creating forests that 
more closely resemble their historical, undis-
turbed states. By aligning restoration eff orts 
with rewilding principles, practitioners can 
foster ecosystems that are self-sustaining, cli-
mate-resilient, and capable of supporting a di-
verse array of fl ora and fauna over time.

Monitoring and adaptive management are 
central to ensuring that restored forests de-
velop old-growth characteristics. Combining 
Earth observation, remote sensing, and fi eld-
based data allows the assessment of structur-
al development, canopy complexity, biomass 
accumulation, and regeneration patterns over 
time. Th is integrated approach provides feed-
back for management decisions, supports 
accountability, and ensures that restoration 
investments translate into tangible ecological 
and social outcomes.

5. Communicating value: ecology, 
culture and economy

Narratives around old-growth resonate with 
European publics (RECONNECT, 2025). 
Eff ective communication can help bridge the 
gap between technical conservation objectives 
and public understanding, reinforcing the le-
gitimacy and urgency of both forest protection 
and landscape-scale restoration. EU policy 
explicitly links restoration to climate adapta-
tion, disaster-risk reduction and food security 
(European Union, 2024), off ering powerful 
entry points for broader constituencies. Com-
municating biodiversity and climate benefi ts, 
bio-cultural heritage (e.g., ancient trees, sa-
cred groves) and socio-economic co-benefi ts 
such as fl ood mitigation, water regulation and 

well-being may increase issue salience and 
therefore political support among both the 
public and policymakers. 

Importantly, ecological, socio-economic, 
and cultural benefi ts and trade-off s of primary 
forest protection and FLR could be reconciled 
with Europe’s evolving forest values to eff ec-
tively communicate to the public and promote 
long-term conservation cooperation (Agnolet-
ti & Santoro, 2015; Moyer et al., 2008). Giv-
en that some 60% of EU forests are privately 
owned, both public and private sectors should 
be engaged in any large-scale restoration ini-
tiatives targeting Europe’s forests (European 
Commission, 2021a; Toto et al., 2025).

6. Results: status, threats, and 
restoration opportunities

Europe’s remaining primary and old-growth 
forests are limited in extent and highly fragment-
ed. Recent pan-European assessments confi rm 
that these forests cover a small fraction of total 
forest area, with clusters in Sweden, Finland, 
Bulgaria and Romania but large gaps in spatial-
ly explicit mapping (Sabatini et al., 2021). A 
harmonized geodatabase of known primary for-
ests compiled from multiple fi eld-based datasets 
reveals tens of millions of hectares of scattered 
primary forest patches, most of which have re-
mained free of major disturbance over recent 
decades yet remain spatially isolated and poorly 
protected (Sabatini et al., 2021).

Advances in monitoring, including the 
EU Deforestation Observatory, LiDAR-de-
rived structural mapping, and biomass assess-
ments, now enable more accurate tracking 
of forest extent, structural complexity, and 
degradation. Th ese data reveal ongoing pres-
sures: even within legally protected areas, log-
ging and other high-impact activities persist, 
highlighting gaps in enforcement, fragmented 
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governance, and limited penalties (EuroNatur, 
2022; FERN, 2022). Such pressures threaten 
biodiversity, carbon storage, and the ecological 
functions that primary forests provide.

Forest landscape restoration off ers a com-
plementary pathway to address these challeng-
es. Priority areas for intervention can be iden-
tifi ed using criteria such as degradation level, 
fragmentation, edge density, and connectivity, 
supported by tools like the Restoration Oppor-
tunities Assessment Methodology (ROAM), re-
mote sensing, and national inventories (IUCN 
& WRI, 2014; European Commission, 2023). 
Restoration approaches, which include inter 
alia natural regeneration, assisted regeneration, 
enrichment planting, riparian re-naturalization, 
rehabilitation, and rewilding, can rebuild struc-
tural complexity and promote the development 
of old-growth attributes over time. Integrating 
monitoring through Earth observation and 
fi eld plots supports adaptive management, en-
suring that restored forests contribute to both 
ecological integrity and societal benefi ts. Th ese 
approaches can ultimately support EU biodi-
versity frameworks and Europe’s GBF commit-
ments, including 30x30.

Ultimately, safeguarding Europe’s old-
growth forests requires an integrated approach: 
robust protection of remaining high-integrity 
forests, evidence-based forest landscape res-
toration to recover structural complexity and 
connectivity, and clear communication of 
ecological, cultural, and socio-economic val-
ues. By aligning these strategies, Europe can 
advance toward its 30×30 targets, enhance 
climate resilience, and ensure that old-growth 
forests continue to provide enduring benefi ts 
for both nature and society.
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