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The contribution to forest conservation and restoration
in Sweden of small, protected patches on private
forest land
Johan Svensson1,2 , Andres Lopez-Peinado1, Bengt Gunnar Jonsson1,3, Navinder J. Singh1

In forest regions worldwide, the extent of industrial forestry footprint challenges biodiversity conservation and calls for advanced
protection and ecological restoration. The conservation efficiency of protected areas needs to be improved, and forest ecosystems
need to be set in a state that favors biodiversity, resilience, and provisioning of ecosystem services. Sweden hosts a large share of
the European forests, with dominance of non-industrial forest ownership and extensive forestry footprint, hence with a strong need
for expanded conservation, restoration, and multiple-use targets. Protection through voluntary Nature Conservation Agreements
and regulated Biotope Protection Areas exists since the 1990s, supported by economic compensation to landowners. Across entire
Sweden and all ecoregions, we assessed their abundance over a 30-year period, including forest types, restoration practices, rotation
intervals, and selection of tree species. These nearly 14,000 patches covering over 70,000 ha are small with a median area of 3–4 ha
and rarely larger than 20 ha. Their contribution is important, particularly in southern Swedenwith low and fragmented forest cover
distributed amongmany different owners. A decreasing trend in protection is alarming since these contribute to representative forest
type across the forest landscape of Sweden. Active restoration dominates over passive set-asides; coniferous forest types are less
represented than more rare forest types, many different tree species are favored, and different restoration practices occur, but with
few dominating. While recognizing the important contribution, we find that the restoration practices are narrow and repetitive and
that a greater diversification is needed to improve conservation and multiple-use targets of forests.
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Implications for Practice

• Small-sized Nature Conservation Agreements and Biotope
Protection Areas on non-industrial private forestlands are
critical components of Sweden’s conservation and restora-
tion agenda, but they require further expansion and
development.

• Active restoration approaches, which dominate over pas-
sive ones, often contradict standard forestry practices by
promoting multiple-tree species compositions and favor-
ing rare tree species over common coniferous ones. These
approaches provide essential examples of diversification
in forests and forestry practices.

• However, current restoration practices remain narrow and
repetitive, highlighting significant potential for further
diversification and improvement.

• Nature Conservation Agreements and Biotope Protection
Areas exemplify initiatives that deserve greater policy recog-
nition and implementation. This is particularly relevant for
value chains that acknowledge multiple forest ecosystem
benefits and for advancing ecological restoration in forests.

Introduction

The contribution of small-sized protected patches to ensuring
functional forest ecosystems and preserving biodiversity is often

considered limited compared to larger areas (e.g. Fletcher
et al. 2018; Timmers et al. 2022), as suggested by the theory
of island biogeography (MacArthur & Wilson 1967). However,
in many forested regions globally, long-term land use, fragmen-
ted land ownership, and extensive industrial forestry have
resulted in significant habitat fragmentation and the loss of nat-
ural and near-natural forest habitats. This has left only small
patches of high-conservation-value forests (Heino et al. 2015;
Svensson et al. 2019; Sabatini et al. 2020). In such contexts, con-
servation planning increasingly depends on small-sized pro-
tected areas, which are recognized as highly valuable for
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biodiversity conservation and ecosystem services (Wintle
et al. 2019; Fahrig 2020; Valdés et al. 2020; Riva et al. 2022).

To ensure ecosystem resilience, habitat connectivity,
biodiversity, and the preservation of natural pools of ecosystem
services, these small patches benefit from being connected
within broader networks that include larger protected areas
(Orlikowska et al. 2020; Strassburg et al. 2020). Such networks
must be built not only on existing high-conservation-value for-
est patches but also through ecological rehabilitation and resto-
ration to meet international and EU biodiversity goals, such as
the Kunming-Montreal Global Biodiversity Framework
(CBD 2022) and the EU Biodiversity Strategy (EC 2020). Con-
sequently, ecological restoration has become a key element of
sustainable forest and landscape planning (Chazdon et al.
2016; Besseau et al. 2018; Gutierrez et al. 2022).

Coherent and effective conservation planning poses particu-
lar challenges in areas dominated by private and fragmented for-
est ownership, as seen in many European countries (Tiebel
et al. 2022). This is especially true in landscapes characterized
by scattered, small forest patches interspersed with agricultural
lands (Valdés et al. 2020) or plantation forests (Angelstam
et al. 2020). Furthermore, conservation challenges are com-
pounded by the multiple-use demands placed on forests
(Knoke et al. 2017; Felton et al. 2020; Blattert et al. 2023),
which, under extensive land use, highlight the need for restora-
tion to enhance not just conservation but also ecosystem func-
tionality and socio-economic benefits (Vallecillo et al. 2018;
Svensson et al. 2023a).

European countries are accelerating efforts to implement the
EU Nature Restoration Law (Bou Dagher Kharrat et al. 2023;
EC 2024) and other major initiatives, such as the UN Decade
on Ecosystem Restoration (UN 2019) and the CBD target to
restore 30% of degraded ecosystems by 2030 (CBD 2022). In
forest and forestry policies, restoration is essential for achieving
landscape transformation, improving ecological functionality,
enhancing conservation status, diversifying forest conditions,
and increasing biodiversity and resilience (Halme et al. 2013).
Restoration efforts are required at both stand-level and across
broader landscapes, ecoregions, and distributions of native for-
est types (Svensson et al. 2023a).

The northern European forest landscape has undergone
extensive transformation over the twentieth century (e.g. Poh-
janmies et al. 2017). Large areas have been converted into
plantation-like forests, leading to severe habitat fragmentation
and the loss of both natural and socio-cultural capital
(IPBES 2018; Fleishman et al. 2022; Sullivan et al. 2023;
Tadesco et al. 2023). With 28 million hectares of forestlands
(SLU 2023), Sweden accounts for approximately 12% of Eur-
ope’s forests (Forest Europe 2020). Despite increased policy
attention on forest conservation since the 1990s (Beland-
Lindahl et al. 2017), the dominance of industrial forestry and
rotation forestry models has left a significant anthropogenic
footprint, undermining Sweden’s ability to meet national,
European, and international conservation and biodiversity goals
(Angelstam et al. 2020; Swedish Forest Agency 2022).

As of 31 December 2022, 2.4 million hectares (9%) of
Sweden’s forestland was formally protected (Statistics

Sweden 2023). However, the geographic distribution of these
protected areas is uneven: 58% of the forestland in the mountain
region is protected, compared to only 3–5% in the north boreal,
south boreal, boreonemoral, and nemoral regions (Statistics
Sweden 2023). Consequently, forest protection is heavily con-
centrated in subalpine habitat types, while forestlands outside
the mountain region—comprising 95% of all commercially
valuable forest (Statistics Sweden 2023)—require expanded
protection to represent a broader range of forest types. More-
over, since forests outside the mountain region are predomi-
nantly under non-industrial private forest (NIPF) ownership
(Statistics Sweden 2019), future protection efforts must
increasingly involve NIPF land.

Nature Conservation Agreements (NCA) and Biotope Protec-
tion Areas (BPA) are formal forest protection instruments in
Sweden, contributing to national, European, and global conser-
vation agendas. NCAs are voluntary agreements, while BPAs
are regulated and enforceable by the state (Statistics Sweden
2023). Both instruments are applied to NIPF land. According
to official statistics (Swedish Forest Agency 2024), these instru-
ments collectively protect 14,432 patches, covering a total of
74,773 ha, with average sizes of 7.2 ha (NCA) and 3.9 ha
(BPA). Both instruments are based on the identification of
Woodland Key Habitats (WKH; Statistics Sweden 2018), where
structural features, historical context, physical conditions, and
the presence of certain species indicate high conservation value
(Timonen et al. 2010).

While some of these areas are set aside for natural develop-
ment, others are actively managed through restoration practices.
As such, NCAs and BPAs represent a national-scale approach to
protection and ecological restoration, with specific management
practices aimed at enhancing conservation value (cf. Riva
et al. 2022), improving ecological functionality (cf. Brennan
et al. 2022), broadening ecosystem services (cf. Peura
et al. 2018), and restoring biotic and abiotic interactions in forest
ecosystems.

In this study, we assessed the contribution of NCAs and
BPAs to forest protection and restoration in Sweden over the
30 years these instruments have been in use. Our analysis
focused on ecological aspects, including (1) the ecoregional dis-
tribution of NCAs and BPAs, (2) the types of protected forests,
(3) the ecological restoration practices applied, (4) rotation inter-
vals, and (5) favored versus disfavored tree species. Despite the
longevity of NCAs and BPAs as formal instruments, their
extent, restoration profiles, diversification potential, and overall
contribution to forest conservation have not been comprehen-
sively studied.

Our study aims to inform the scientific community, policy-
makers, landowners, and forest managers about the capacity of
NCAs and BPAs as formal protection instruments within the
broader context of forest restoration and conservation in
Sweden. We highlight the opportunities for advancing restora-
tion efforts to diversify forestry practices. Finally, we discuss
the outcomes and potential of small-sized protection and restora-
tion initiatives across a broad biophysical gradient, including the
socio-economic aspects of NCAs as voluntary instruments com-
pared to BPAs as stricter biodiversity protection tools. Our
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findings have implications for other countries and forest regions
characterized by fragmented and diverse forest ownership.

Methods

Nature Conservation Agreements and Biotope Protection Areas

NCAs are voluntary agreements concerning forestland, estab-
lished under the Swedish Land Code (1970), between a land-
owner and the State, represented by the Swedish Forest
Agency (Statistics Sweden 2018). These agreements stipulate
that the landowner, within a specified time period and in
exchange for economic compensation, takes additional mea-
sures to protect nature conservation values beyond the legal
requirements of the Swedish Forestry Act (Swedish Forest
Agency 2023). The maximum duration for an NCA is 50 years,
although shorter agreements are also available.

For a 50-year agreement, the standard economic compensa-
tion amounts to 60% of the merchantable value of the net stand-
ing wood biomass (i.e. the value after deducting estimated
harvesting and logging costs). Shorter agreements receive pro-
portionally lower compensation (Statistics Sweden 2018). The
NCA instrument has also been applied to larger forest land-
scapes owned by state and private forest companies. For exam-
ple, Sveaskog, the state forest company, has established
37 ecoparks under NCAs, ranging in size from 1100 to
22,000 ha (Bergman & Gustafsson 2020). These landscape-
scale NCAs are not included in this study.

BPAs, on the other hand, are governed by strict regulations
enforced by the state under the Environmental Code (1998).
These regulations may involve expropriating the land or estab-
lishing formal decision-making authority over the management
of aboveground vegetation. Typically, areas larger than approx-
imately 20 ha are designated as nature reserves, while smaller
areas qualify as BPAs. Landowners are compensated through a
one-time payment, amounting to 125% of the reduced market
value of the affected management unit (ownership property)
(Statistics Sweden 2018).

Study Area

Sweden is predominantly covered by forestlands, accounting for
69% of the total land area (Statistics Sweden 2019). These for-
ests span a biogeographical gradient, from the nemoral biome
and habitat types in the south to boreal and subalpine forests in
the north, reflecting pronounced biogeographic and socio-
economic differences. Scots pine (Pinus sylvestris L.) dominates
the forest composition (40%), followed by Norway spruce
(Picea abies [L.] H. Karts.) at 28%, mixed coniferous forests
at 13%, and mixed coniferous and deciduous forests at 7%
(Angelstam &Manton 2021). The latter includes approximately
1.1 million hectares of subalpine mountain birch (Betula pubes-
cens ssp. czerepanovii Ehrh.) forests at the alpine treeline of the
Scandinavian Mountain Range (Hedenås et al. 2016). Hard-
wood deciduous forests, primarily oak (Quercus robur L.) and
beech (Fagus sylvatica L.), are more prevalent in the southern
nemoral and boreonemoral regions.

On forestland suitable for commercial forestry—defined as
areas capable of producing a wood biomass growth of at least
1 m3/ha annually over a rotation period (SLU 2023)—NIPF
owners are the dominant group, managing 48% of such land.
They are followed by private forest companies (24%), the state
and state-controlled companies (20%), and other private and pub-
lic owners (8%) (Statistics Sweden 2019). NIPF land is primarily
located in southern, central, and northeastern coastal areas of
Sweden, where urban settlements are common, and the terrain
consists of more fertile mineral soils (Statistics Sweden 2019;
SLU 2023).

As a result, NIPF-owned land tends to be closer to forest
industries and located on sites with higher productivity and bio-
diversity potential. The average wood biomass site production
capacity on NIPF land is 6.3 m3/ha per year, compared to the
national average of 5.5 m3/ha per year (SLU 2023). NIPF
owners are consequently the primary suppliers of raw materials
to Sweden’s forest industry, contributing 61% of its total supply
(SLU 2023). In 2022, there were 311,000 registered NIPF
owners (physical persons) (Swedish Forest Agency 2024).
These owners collectively managed 232,000 forest management
units, with an average area of 34 ha and a median area of 12 ha
(Swedish Forest Agency 2021). Notably, most management
units are small, with 32% being ≤5 ha and 83% being ≤50 ha
(Swedish Forest Agency 2024).

NIPF lands generally also include forests with a long and inten-
sive land use history, characterized by open and semi-open condi-
tions, livestock grazing, and small-scale forestry (Statistics
Sweden 2019). Consequently, these forests may exhibit diverse
and multifaceted conservation values, necessitating flexible con-
servation strategies and diversified active restoration practices.

We analyzed the distribution of NCAs and BPAs across
Sweden within four ecoregions, following the classification by
Statistics Sweden (2023). However, the mountain region was
included within the north boreal and south boreal regions due
to its limited forest area and the low abundance of NCAs and
BPAs (Fig. 1). These four ecoregions broadly reflect Sweden’s
biogeographical gradient, as well as its patterns of land use, land
cover, and landownership (Statistics Sweden 2019). This
regional resolution allows for detailed analyses and results that
support national reporting efforts.

Data and Analyses

The dataset includes all NCAs established from the first on
1 October 1993, and all BPAs established from the first
on 28 February 1994, up to 26 June 2023. These data were
extracted from a database provided by the Swedish Forest
Agency, comprising a total of 13,779 objects covering
71,164 ha (Table 1). A significant proportion of the total pro-
tected area consists of productive forest—97% for BPAs and
90% for NCAs—that would otherwise be of interest for produc-
tion forestry if not formally protected.

The dataset used in this study includes the following variables
for all objects: polygon with centroid position (longitude, lati-
tude), total area, forest area of potential interest for production
forestry, agreement date, restoration practice area, type of
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restoration practice, target tree species, and return interval of res-
toration practice. Restoration practices encompass 30 distinct
types, which were grouped into 13 categories: (1) Forest floor

and hydrology, (2) Shrub layer, (3) Tree regeneration, (4) Tree
age heterogeneity, (5) Removal of tree species, (6) Thinning
from above, (7) Gap cutting, (8) Dead wood, (9) Prescribed

Figure 1. Spatial distribution of all Nature Conservation Agreements (established from 1 October 1993, shown in green) and all Biotope Protection Areas
(established from 28 February 1994, shown in yellow) up to 6 June 2023, in Sweden. Themap displays the four ecoregions used in this study, arranged from north
to south with darker colors representing: North boreal, South boreal, Boreonemoral, and Nemoral. The inset map shows forest cover in Sweden (Swedish
Environmental Protection Agency 2023).

Table 1. Forest area (ha), protected forest area (ha), number of objects (No) and total area (ha) of Nature Conservation Agreements (NCA) and Biotope Protec-
tion Areas (BPA), presented per ecoregion and in total for Sweden. Data by the Swedish Forest agency. *Data from Statistics Sweden (2023). Statistics Sweden
(2023) report 38,000 haNCA and 31,900 ha BPA on forestland up to December 2022, that is, the total area provided here includes area up to June 2023 included a
fraction of other land cover than forests.

Forest area* Protected forest area*
NCA BPA

ha ha No ha No ha

North boreal 8,740,400 1,564,300 591 5685 1042 4591
South boreal 10,300,500 514,200 1847 13,469 2756 11,314
Boreonemoral 6,909,100 277,000 2384 15,766 3811 14,218
Nemoral 957,900 42,800 457 3133 891 2988

Total 26,907,900 2,398,300 5279 38,053 8500 33,111
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burning, (10) Forest edge, (11) Cultural and recreational values,
(12) Other, and (13) Set aside (for free development).

The specific restoration types are detailed in Table S1. For the
analysis of return intervals, only categories 3, 5, 6, 7, 8, and
9 were included, as these reflect forest stand management prac-
tices. Categories 1, 2, and 4 were excluded. Category 4 (tree age
heterogeneity) was excluded because the data showed highly
variable restoration goals within the forest area and across other
land covers and structures. Additionally, a substantial portion of
restoration under this category involved non-forest activities,
such as re-creating pasture conditions or blocking ditches.

Analyses on favored and disfavored tree species focused only on
categories 3, 5, and 6, where practices specifically target selected
tree species. For favored tree species, subtypes within category
3 (tree-specific regeneration management) and category 6 (favor
selected tree species and tree groups in the canopy layer) were ana-
lyzed, where restoration areas were defined for specific species.

Area calculations for restoration practices reflect overlap
where different types of practices are planned on the same area.
Consequently, while the areas are absolute for each type of prac-
tice, they cannot be totaled across multiple practices. Compari-
sons can, however, be made with areas set aside for natural,
free development, where such overlap does not exist.

For complementary data on forest type (i.e. dominant tree
species), we utilized publicly available National Land Cover
Data (Nationella Marktäckedata [NMD]; Swedish Environmen-
tal Protection Agency 2023). This dataset classifies forest types
at a 10 � 10 m resolution into eight categories based on either
wet, organic, or dry mineral parent material substrata. For this
study, we reclassified the NMD data into six categories: (1) pine
forest, (2) spruce forest, (3) mixed coniferous forest, (4) mixed
forest, (5) deciduous forest, and (6) deciduous hardwood forest.
The “deciduous hardwood forest” category combines the NMD
classifications “hardwood deciduous forest” and “hardwood
deciduous forest with trivial deciduous forest.” In the NMD
dataset, pine, spruce, and deciduous forests are defined as hav-
ing ≥70% of tree crown cover by those species. The NMD cate-
gory “temporarily not forest” was excluded from this study.

All data compilation and analyses were conducted using R
(R Core Team 2023) and QGIS (QGIS.org 2024).

Results

Since 1993, a total of 5279NCAs have been established, covering
38,053 ha, and since 1994, 8500 BPAs have been established,
covering 3311 ha (Fig. 2A). A sharp increase in the establishment
of BPAs occurred toward the late 1990s and early 2000s, with
most BPAs protected between 2000 and 2007. Similarly, the
majority of NCAs were established between 2002 and 2009.
However, the number of protected objects and total protected area
has declined since 2006, while the average size of both NCAs and
BPAs has increased significantly over time (Fig. S1). NCAs are
generally larger than BPAs (Fig. 2B). The size distributions of
both instruments show a concentration in smaller areas, typically
up to 5 ha, with average sizes of 7 ha for NCAs and 4 ha for
BPAs. Larger objects are rare, with the largest NCA measuring
221 ha and the largest BPA measuring 25 ha.

In terms of total forest area per ecoregion, NCAs and BPAs
cover only small proportions: 0.07% (NCA) and 0.36% (BPA)
in the north boreal ecoregion, and 0.33% (NCA) and 0.31%
(BPA) in the nemoral ecoregion (Table 1). However, relative
to the total protected forest area, the two instruments combined
account for 0.7, 4.8, 10.8, and 14.3% of protected forests in
the north boreal, south boreal, boreonemoral, and nemoral ecor-
egions, respectively.

Protection of deciduous hardwood forests is most prominent
in the nemoral ecoregion, deciduous and pine forests dominate
in the boreonemoral ecoregion, and pine and spruce forests
dominate in the south and north boreal ecoregions (Table S2;
Fig. 3), reflecting the prevalent forest types in these regions. For-
ests on wet, organic soils are generally rare. Across Sweden,
pine forests (19,964 ha) and spruce forests (18,830 ha) are the
most represented in NCAs and BPAs, followed by deciduous
forests (11,888 ha), mixed forests (9522 ha), mixed coniferous
forests (8060 ha), and deciduous hardwood forests (7447 ha).

The combined area under active restoration totals 40,579 ha,
accounting for 57% of the total NCA and BPA area (Table S3;
Fig. 4). Restoration practices within forest stands are dominated
by tree species removal and thinning from above in the nemoral
and boreonemoral ecoregions, with prescribed burning also
playing a significant role in the south boreal ecoregion. In the
north boreal ecoregion, prescribed burning is the most dominant
practice. In total, tree species removal is applied on 9420 ha, and
thinning from above on 8529 ha. Apart from cultural and recre-
ational value restoration, particularly in the boreonemoral
region, other restoration practices unrelated to trees are infre-
quent. The largest restoration category, however, is the area set
aside for natural, free development, totaling 30,585 ha, which
is especially dominant in the south and north boreal ecoregions.

For forest stand restoration management practices, the reoc-
curring time interval is predominantly between 1 and 5 years,
except for prescribed burning, which is distributed more evenly
across all time intervals (Table 2). Longer intervals of 30–
50 years are rare for other activities.

Regarding restoration involving specific tree species selec-
tion, the results indicate that restoration practices favor diversity
in tree species composition (Table S4; Fig. 5). In total, 24 differ-
ent species are specifically selected to be favored in both the
understory and regeneration stages, as well as in the canopy
layer. However, a few species dominate, particularly Aspen
(Populus tremula L.), birch (Betula sp.), oak, and pine in the
canopy layer, and Aspen, birch, oak, pine, Rowan (Sorbus aucu-
paria L.), and willow (Salix sp.) in the understory. Of these, oak
is restricted to the nemoral and boreonemoral ecoregions, while
the other species occur across Sweden’s forest landscapes. In
contrast, Norway spruce is the most disfavored species, account-
ing for 95% of the area where tree removal is practiced. This
includes both trees with a diameter greater than 15 cm at breast
height (dbh) and understory regeneration (Table S5).

Discussion

Formally protected NCAs and BPAs on NIPF lands have con-
tributed to the Swedish forest conservation agenda for 30 years,
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encompassing representative forest habitat types from the
nemoral ecoregion in the south to the boreal and subalpine
regions in the north. These areas complement larger protected
areas, such as nature reserves, and contribute to the national con-
servation agenda. Although their total area is small relative to
Sweden’s vast forest cover, their role is significant, particularly
in southern Sweden, where forest cover is proportionally lower,
more fragmented, and distributed among many owners
(Statistics Sweden 2019; SLU 2023).

The establishment of NCAs and BPAs increased substan-
tially in frequency and area until 2006 but has since declined

due to reduced governmental funding (Statistics
Sweden 2018). Between 2020 and June 2023, only 137 NCAs
(1178 ha) and 381 BPAs (2580 ha) were established. This
decline persists despite an evident need to protect larger areas
and more representative forest types, as highlighted by the
Swedish Forest Agency’s 2022 evaluation of Swedish for-
ests’ sustainability. Moreover, the imbalance in protected
areas is stark, with limited coverage in forest landscapes
below the Scandinavian Mountain Green Belt foothills
(Svensson et al. 2020). This low and declining establishment
of NCAs and BPAs in southern and northern coastal and

Figure 2. (A) Annual number and accumulated area of Nature Conservation Agreements (NCAs) and Biotope Protection Areas (BPAs) over time in Sweden.
(B) Size distribution of NCAs and BPAs, grouped into 1 ha classes (maximum class value displayed on the axis) up to 24.1–25.0 ha, followed by broader classes:
25.1–50.0, 50.1–75.0 ha, etc. The mean, median, and standard deviation of NCA size are 7.2, 3.8, and 12.3 ha, respectively, while for BPAs, they are 3.9, 3.0,
and 3.4 ha.
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inland forest landscapes, which are heavily transformed, is
unfortunate (Bubnicki et al. 2024).

The inventory and registration of WKHs in Sweden were
suspended in 2019 after an extended and heated debate, as
the Swedish government withdrew funding (Hallberg-
Sramek et al. 2020; Jakobsson et al. 2021). Reliable data,

therefore, dates back several years but suggests that WKHs
are substantially present on NIPF lands. As of 2015, approx-
imately 61,200 WKHs covering 170,000 ha were reported
outside forest company ownership (Wester & Engström
2016). Since NCAs and BPAs are based on WKH recogni-
tion, the suspension of the WKH inventory likely contributed

Figure 3. Total area (ha) of forest types within combined Nature Conservation Agreements and Biotope Protection Areas, presented by ecoregion in Sweden.
Forests on wetland substrates are shown in light green, while forests not on wetland are displayed in dark green. Land cover data were sourced from the Swedish
Environmental Protection Agency (2023).
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to the recent low levels of establishment and the continued
loss of high-conservation-value forest patches due to clear-
cutting or heavy thinning. The average clear-cut unit in

Sweden is 3.6 ha (mean) and 2.2 ha (median) (Swedish For-
est Agency 2024), which aligns with the size of most NCAs
and BPAs.

Figure 4. Area (ha) of restoration management practices within combined Nature Conservation Agreements and Biotope Protection Areas, presented by
ecoregion in Sweden.
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Our results demonstrate that NCAs and BPAs protect repre-
sentative forest types, with deciduous hardwood forests domi-
nating in the south and coniferous forests in the north.
Compared with forest statistics (SLU 2023), NCAs and BPAs
cover a higher proportion of deciduous forests (15.7 vs. 6.5%),

deciduous hardwood forests (9.8 vs. 1.1%), and mixed forests
(12.6 vs. 6.9%), while coniferous forests are underrepresented
(62 vs. 82%). Thus, NCAs and BPAs are skewed toward pro-
tecting less abundant forest types.

Active restoration efforts account for 57% of the total NCA
and BPA area, exceeding the area set aside for natural, free
development (43%). This contrasts with earlier estimates, such
as Wester and Engström (2016), who reported that only 13%
of the WKH area required active restoration. Our results suggest
that active restoration is often necessary even in WKHs to
improve their ecological status. Restoration practices analyzed
in this study align with the range of interventions known to sup-
port forest biodiversity (cf. Bernes et al. 2015). Passive restora-
tion dominates in boreal ecoregions, where larger fragments of
high-conservation-value forests exist (Bubnicki et al. 2024).

The time interval between active restoration interventions is
generally short, typically up to 10 years for most practices,
except prescribed burning, which occurs across intervals up to
50 years. Considering natural forest dynamics and disturbance
regimes (Kuuluvainen & Aakala 2011; Berglund & Kuuluvai-
nen 2021), practices like prescribed burning and creating

Table 2. Proportion (%) of time interval (classes) between reoccurring res-
toration management practices. The calculations were based on forest area
with different restoration management practices. A fraction (circa 8% in total
and 1–2% per activity) of the area contains no data on time interval. These
areas were considered in the totals of each activity; thus, the table does not
sum to 100% horizontally.

Time interval (year)

1–5 5–10 10–30 30–50

Tree regeneration 47 35 15 1
Removal of tree species 49 29 19 2
Thinning from above 50 30 17 1
Gap cutting 47 31 17 2
Dead wood 50 34 14 1

Prescribed burning 27 28 19 24

Figure 5. Favored tree and tall woody shrub species within canopy (A) and understory and regeneration layers (B), shown as a percentage of the total restoration
area for all favored species. (A) Data are derived from the subtype Favor selected tree species and tree groups in canopy layer within the restoration type Thinning
from above. Data are calculated for the subtype tree-specific regeneration management within the restoration type tree regeneration (see Table S1). Species with a
contribution below 0.5% of the total area are not displayed in the diagram. Bars with no visible height indicate no recorded occurrence. Calculations were based
on the registered area for each species relative to the total registered area for all species. Areas without registered species data were excluded. See Table S5 for
detailed area data and Latin species names.
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deadwood should occur at longer intervals, potentially exceed-
ing 50 years. In contrast, interventions like thinning, small gap
creation, and species-specific tree regeneration may require fre-
quent repetition and should be planned, executed, and financed
accordingly. Further research is needed to explore the optimal
timing of restoration practices and their conservation effects,
as no such data is currently available. This highlights the impor-
tance of adaptive restoration approaches with conservation-
targeted actions, regular monitoring, and reporting.

Commercial forestry in Sweden is predominantly focused on
Scots pine and Norway spruce, with birch, Aspen, introduced
Lodgepole pine (Pinus contorta), oak, and beech contributing
to a lesser extent (Svensson et al. 2023a). Spruce, pine, and Lod-
gepole pine account for 82% of forestlands under commercial
forestry, with single-species spruce forests covering 27%
(SLU 2023). Interestingly, our results show that spruce is the
most disfavored tree species in both young plantation forests
and older merchantable stands. Restoration, on the other hand,
favors 24 tree and tall shrub species, emphasizing species with
low or no commercial wood value but high ecological signifi-
cance. Aspen (Populus tremula), birch (Betula sp.), oak, pine,
Rowan (Sorbus aucuparia), and willow (Salix sp.) are the most
favored species.

The applied restoration management in NCAs and BPAs is
currently limited to a narrow range of practices. Given the natu-
ral variability in forest structure and dynamics across northern
Europe (Esseen et al. 1997), there is immense potential to diver-
sify restoration further. This diversification should consider land
use history, ownership structures, climate change adaptation,
emerging markets, and multiple-use demands (cf. Gann
et al. 2019). Forestry on NIPF lands, like large-scale industrial
forestry, is dominated by wood biomass yield and systematic
rotation systems (Jonsson et al. 2019). However, these lands
are also subject to other uses, such as reindeer husbandry by
the Sami people in northern Sweden (Pape & Löffler 2012), rec-
reation, tourism, and hunting (Neumann et al. 2022; Haukeland
et al. 2023).

Emerging markets, including carbon and biodiversity credits
(Iwarsson Wide 2022; Le et al. 2024), and alternative value
chains suggest that forest governance and management must
diversify (Knoke et al. 2017; Felton et al. 2020). Restoration
should be integrated as a key component of future forest policy
to secure biodiversity and ecosystem functionality while allow-
ing the provision of multiple goods and services (Ferraro
et al. 2013; Vallecillo et al. 2018; Svensson et al. 2023a).

NCAs, which are not limited to nature conservation (Statistics
Sweden 2018), offer opportunities to protect additional values.
As of 2023, only 15 NCAs (87 ha) have been established for
non-nature conservation purposes (Swedish Forest
Agency 2024). This underutilized potential warrants further
exploration. The voluntary nature of NCAs, coupled with the
ability to incorporate restoration within the stricter BPA frame-
work, allows for alternative governance goals that may attract
landowners, particularly if restoration aligns with management
targets and offers economic benefits.

Finally, in regions with fragmented private land ownership,
small protected areas can play a disproportionately significant

role in biodiversity conservation and connectivity
(Fahrig 2020; Brennan et al. 2022). Spatial planning that inte-
grates small forest patches with targeted restoration can opti-
mize ecological outcomes (Wang 2023). Future research
should identify critical drivers, such as funding, political initia-
tives, and landowner willingness, to promote conservation over
clear-cutting small forest patches. The experiences gained from
NCAs and BPAs in Sweden provide valuable insights for forest
restoration and conservation in similar contexts across Europe
and beyond.
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