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Abstract
Intact forest landscapes harbor significant biodiversity values and pools of ecosystem services essential for conservation, 
land use and rural development. Threatened by fragmentation and loss by transitions to industrial clear-cut forestry, those 
landscapes are of pivotal interest for protection that secures their intact character. With wall-to-wall land-cover data, we 
explored opportunities for maintaining intact forest landscapes through comprehensive spatial planning across a 2.5 mil-
lion hectares boreal to sub-alpine forest region along the eastern slopes of the Scandinavian Mountain range. We analyzed 
forest and woodland types that are protected, need protection or potentially can be subject to continued forest management. 
We established that the fraction of already clear-cut forest is very small and that the forest landscape of the Scandinavian 
Mountain foothills contains a high proportion of protected high conservation value forests, covering almost 2 million ha, 
and that over 500,000 ha (27%) remains unprotected and may be subject to future protection or continued adapted forest 
management. We found evident north to south differences with respect to forest landscape configuration, distribution of 
unprotected forests and land ownership. With a focus on non-industrial private landowners, we conclude that sustainable 
land-use requires integrative, multi-functional approaches that rely on further protection, forest and forest landscape res-
toration and a much larger share of continuous cover forestry than presently. Our results provide input into ongoing policy 
implementation and green infrastructure planning in the context of securing intact forest values and integrative opportunities 
for rural livelihood and regional development based on multiple value chains.
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Introduction

The rare remnants of contiguous forest-dominated land-
scapes and mosaics of forests and associated open and semi-
open land-cover types with high degrees of naturalness are 
crucially important since they harbor capacity for climate 
change mitigation and adaptation, biodiversity conservation 
and multiple ecosystem services (Thom et al. 2019; Sabatini 
et al. 2020; Ward et al. 2020). With the pronounced human 
footprint on nature globally (Venter et al. 2016; Bar-on et al. 
2018), there is an increasing concern that the comprehen-
sive and diverse values of the last remaining intact forest 
landscapes (Potapov et al. 2017) will deteriorate further 
(Jones et al. 2018; Watson et al. 2018; Zanotti and Knowles 
2020). Expanding frontiers of clear-cut forestry (e.g. Seedre 
et al. 2018; Angelstam and Manton 2021) into such areas 
is a main cause of forest and biodiversity loss worldwide 
(Mikusiński et al. 2018; Venier et al. 2018; Mikoláš et al. 
2019; Betts et  al. 2021). More ambitious conservation 
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strategies and targets are therefore promoted (e.g. Ward et al. 
2020, EU, 2020). For example, active restoration of intact-
ness and naturalness (e.g. Watson et al. 2018) and multiple 
value chains that better maintain the multi-facetted values of 
forest landscapes (e.g. Angelstam et al. 2020) have become 
adopted at international and national levels (e.g. CBD zero 
draft 2020; EU 2020, 2021; SOU 2020).

Intact forest landscapes are invaluable for their intrin-
sic values for in-situ conservation, for observing forest 
ecosystem responses to climate change and expansive land 
use, and as reference areas for forest landscape restoration 
(Angelstam et al. 2011; Kuuluvainen et al. 2017; UN 2019). 
They further represent “mainland” areas with viable spe-
cies populations that can disperse into adjacent fragmented 
and transformed forests, landscapes and regions. Hence, 
their maintained “ecological memory” (Bengtsson et al. 
2003) can support and strengthen functional green infra-
structure (European Commission 2013) in forest landscapes 
(Pickett and Cadenasso 2018; Slätmo et al. 2019; Svensson 
et al. 2020a). Thereby, remaining intact forest landscapes 
and other geographically larger components of natural and 
semi-natural forests represent the nodes onto which regional 
planning for functional ecological networks of protected for-
ests should be built (e.g. Ward et al. 2020; Mikusiński et al. 
2021).

As forests and forest landscapes in Europe have been 
largely transformed during the twentieth century era of 
industrial forest management, old-growth and naturally 
dynamic forests are rare or missing and, consequently, rec-
ognized as priority conservation entities (Sabatini et al. 
2018; Angelstam et al. 2021). This is recognized in the EU 
2030 Biodiversity Strategy (EU 2020/21) which has set a 
target of 30% protection whereof a third with strict protec-
tion, with the protected areas forming ecologically func-
tioning networks. Furthermore, intact forest landscapes 
are integrated into the Forest Stewardship Council (FSC) 
certification standards with direct consequences for forest 
management policies worldwide (Blumroeder et al. 2019; 
Kleinschroth et al. 2019). Accordingly, and for example with 
reference to the European primary forest database (Sabatini 
et al 2021), remaining intact forest landscapes need to be 
identified, mapped and assessed regarding opportunities and 
threats to maintain their full range of values in the view 
of national and pan-national environmental targets, e.g. the 
Aichi targets (CBD 2010), the EU biodiversity strategy and 
national policies.

The foothills forest landscape of the Scandinavian moun-
tain range, i.e. the “Scandinavian Mountains Green Belt” 
(SMGB; Svensson et al. 2020a), includes a significant por-
tion of the remaining intact forest landscapes in Europe 
(Potapov et al 2008a, b; Heino et al. 2015; Curtis et al. 2018; 
Sabatini et al. 2021). Due to a more strict legal regulation 
of clear-cutting forestry in the foothills forests above the 

mountain forest border (Jonsson et al. 2019), these hinter-
land forest landscapes harbor intact forest landscape quali-
ties (Svensson et al. 2019; Svensson et al. 2020a; Mikusiński 
et al. 2021). For the term intact forests, we here follow the 
definition by Potapov et al. (2008a, b, 2017) as larger (> 500 
 km2) mosaics of forests and natural open ecosystems that 
include primary forests and shows no or low influence of 
human activities and habitat fragmentation, but where some 
historic human influence of, e.g. preindustrial selective tree 
felling, may have occurred. Primary forests are defined as 
naturally regenerated forest with native tree species, no 
clearly visible signs of human interference and where the 
ecological processes are not significantly disturbed (FAO 
2020). Thus, primary forests constitute cores within intact 
forest landscapes, which conservation status is amplified 
by their intact surroundings of other forests and other land-
cover types.

In the Swedish mountain region, encompassing the foot-
hills forests and the subalpine and alpine areas above the 
mountain forest border, close to 1.5 million ha of forests and 
forest-dominated landscapes are formally protected, amount-
ing to 62% of all formally protected forests in Sweden (Sta-
tistics Sweden 2021). Recently, a forest policy inquiry (SOU 
2020) proposed additional protection of the remaining high 
conservation-value forest areas, which would result in 80% 
protection of the total mountain forestland area. However, 
a high conservation ambition of the SMGB may not neces-
sarily exclude continued forest landscape use that supports 
diverse value chains built on material and immaterial values 
(Jonsson et al. 2019). To achieve sustainability in this region 
and to meet multiple land-use demands, however, future con-
servation and land-use strategies require a knowledge base 
that ensures the integrity and resilience of the intact forest 
values in the context of integrative planning approaches to 
multiple value chain (e.g. Aggestam et al. 2020; Bollmann 
et al. 2020).

This study focused on the amount, spatial distribution 
and characteristics of forests and woodlands located in the 
Swedish mountain region. We categorized forests and wood-
lands based on their conservation status into categories that 
represent key landscape planning components that need to 
be taken into account in implementing high conservation 
ambitions, while at the same time reflect multiple-use oppor-
tunities and multiple value chains. The aim was to establish 
a planning basis that ensures maintained intactness of the 
SMGB based on what is spared or should be spared, i.e. 
current and future protection, and what could be shared with 
multi-objective integrative or segregative land-use strategies 
and adjusted to conservation needs. To achieve this, we ana-
lyzed up-to-date and wall-to-wall spatial datasets of forest 
types, conservation values and land ownership, and discuss 
how their distributions can guide planning at different spatial 
scales, particularly concerning forests that may be subject to 
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future clear-cutting. As such, we on the one hand provide an 
illustrative case on the challenges to ensure the integrity and 
values of intact forest landscapes of European significance, 
and on the other hand to support multiple-value based rural 
development in a rural, hinterland region. We foresee that 
this study will contribute to clarify premises for fulfilling 
international and national agreements on protecting out-
standing ecosystems, biodiversity and ecosystem services 
in northern boreal and subalpine forest landscapes.

Material and methods

Study region

This study focuses on a 8.9 Mha territory of the Swedish 
mountain region (Swedish Forest Agency 1991), which 
was divided into four sub-regions, here termed “far south”, 
“south”, “central” and “north” (Fig. 1) following Roberge 
(2018). “Far south” (c. 0.9 Mha terrestrial surface; Dalarna 
County and the two southern municipalities in Jämtland 
County) is characterized by a dominance of Scots pine 
(Pinus sylvestris) forests and a forest floor dominated by 
ground lichens. “South” (c. 1.1 Mha; the three northern 
municipalities in Jämtland County) is characterized by a 
dominance of Norway spruce (Picea abies) forests, herb-rich 
forest floors, calcium-rich parent material and an Atlantic 
macroclimate. “Central” (c. 1.6 Mha; Västerbotten County) 
is dominated by spruce forests but with less favorable mac-
roclimatic conditions and less fertile soils. “North” (c. 5.3 
Mha; Norrbotten County) is characterized by a dominance 
of pine forests, forest floors dominated by ground lichens, 
low annual temperature and short vegetation periods, large 
wetland areas and postglacial sediments.

The general bioclimatic constraints at higher altitudes 
and latitudes cause a large share of forests and woodlands 
with low site fertility often resulting in a semi-open wood-
land character. With increasing altitude the forests gradually 
transform from conifer dominated to deciduous woodland 
with mountain birch (Betula pubescens ssp. czerepanovii) 
forming the alpine tree line (Hedenås et al. 2016), but with 
increasing occurrence of pine in the south and north. Thick-
ets of dwarf birch (Betula nana), willows (Salix spp.) and 
ericaceous shrubs cover large proportions of concave and 
locally low-lying terrain and are gradually replaced by 
heaths and barren land at higher altitude.

The Swedish mountain region has hinterland, rural char-
acteristics with low human population and less developed 
urban facilities, social services and road networks (Statistics 
Sweden 2019). Traditional small-scale forestry and moun-
tain farming have declined, while industrial clear-cut forestry 
is maintained but at decreasing level since the 1990s (Jons-
son et al. 2019). Tourism and outdoor recreation contribute 

to local livelihood, with both more developed facilities and 
nature-based wilderness adventures. Wind- and hydro-power 
production facilities and mines occurs and have significant 
impact in certain places (Jansson et al. 2015; Svensson 
et al. 2020b). A unique feature is the indigenous Sami peo-
ple culture and reindeer (Rangifer tarandus) husbandry that 
contribute substantially to the comprehensive and diverse 
landscape values (Blicharska et al. 2017). The state is the 
dominating landowner, but also private forest incorporates, 
forest commons and non-industrial private ownership occur.

Data and analysis

With a focus on forests and forest landscapes, this study is 
based on the most recent remote sensing–generated land-
cover data, inventories of high conservation value forests 
and mapping of not clear-cut forests. We applied the most 
recently updated (Swedish  EPA 2019) high-resolution 
(10 × 10 m raster) national land-cover data (NMD) for the 
areal coverage and spatial distribution of different forest 
types and woodland areas. We followed the NMD classifica-
tion of forest types based on dominating (≥ 70%) tree species 
with distinction between forests located on high and low 
productivity sites (division based on site capacity to support 
tree growth ≥  1m3ha−1 per year over a rotation cycle, and 
applying the terminology used by Hämäläinen et al. 2019). 
Economic-oriented forestry is Sweden is legally restricted 
to high productivity sites following the above definition and 
thus this division is relevant as a proxy for assessing actual 
and potential clear-cut forestry. The forest types included in 
the analysis were pine forest, spruce forest, mixed conifer-
ous and deciduous (mainly mountain birch and hairy birch; 
Betula pubescens) forest and pure deciduous forest. We 
also included recently clear-cut forest areas and woodlands 
(< 5 m height mountain tree and shrub vegetation on wetland 
and other semi-open land cover) also using the NMD data.

We applied data on proxy continuity forests (pCF; 
Ahlcrona et al. 2017; Svensson et al. 2019), i.e. mature 
and old forests not systematically clear-cut during at least 
the last c. 70 years). Given the late establishment of sys-
tematic clear-cutting forestry in this region (Kuuluvainen 
et al. 2017), large proportions of the pCF have thus not 
experienced systematic clear-cut forestry with transition 
to even-aged systems (Svensson et al., 2019). For delin-
eating forests with confirmed significance for biodiver-
sity conservation, we applied the high conservation value 
forest (HCVF) dataset (Anon 2017) and added the recent 
(2020) inventory data which was performed specifically 
as input to the mountain forest section of the forest policy 
inquiry (SOU 2020; Henriksson and Olsson 2020). The 
HCVF areas were further separated into protected and 
unprotected forests using spatial datasets from the Statis-
tics Sweden (2021).
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We overlaid the HCVF and pCF datasets to spatially 
analyze and visualize forest areas of different status. 
This resulted in four main categories: (1) unprotected 
HCVF, i.e. not protected forests with known and docu-
mented conservation values; (2) unprotected pCF, i.e. not 
protected forests with not documented, or without, high 
conservation values; (3) protected HCVF, i.e. already set 
aside for conservation; and (4) clear-cut forest, i.e. areas 
classified as recently clear-cut or generally without forest 
cover (see also supplementary material Figure S1). Here, 
protected forests are the formally protected areas accord-
ing to the Swedish Environmental Code, Land Code and 
State agreements (Statistics Sweden 2021). Thus, vol-
untary set asides and general consideration areas were 

not considered. Thereby, the currently unprotected and 
not previously clear-cut forest areas (categories 1 and 2, 
i.e. included in the HCVF- and/or pCF-datasets) refer to 
forest segments that can become subject to either addi-
tional protection or to some form of continued forest 
management.

To assess the distribution and characteristics of for-
ests that are potentially available for forest management, 
but also with a potential to further strengthen the intact 
landscape values, we focused the analysis on the high pro-
ductivity forests outside formal protection. More specifi-
cally, we focused on forests that have already confirmed 
(unprotected HCVF) or possibly harbor (unprotected 
pCF) high conservation values, which were separated into 

Fig. 1  (a) The study region 
(black line) includes the 
Scandinavian mountain region 
in Sweden above the mountain 
forest border with green show-
ing the boreal biome. (b) Land 
cover with black dashed lines 
showing the boundaries of the 
four study sub-regions and with 
green color showing forests and 
woodlands, blue showing water 
bodies and yellow to white 
to purple showing different 
open mire and alpine environ-
ments. (c) The four forest-type 
categories assessed: non-pCF, 
i.e. forestlands that are not 
mapped as proxy continu-
ity forests; unprotected pCF; 
unprotected high conservation 
value forests (HCVF); protected 
HCVF. Other land cover classes 
than forest including mountain 
woodlands are shown in black
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forest types, patch-size classes and landowner categories 
for each of the sub-regions. For landownership, we used 
data provided by the Swedish Environmental Protection 
Agency (Henriksson and Olsson 2020). We separated 
land owners into three categories: (i) public—including 
the state Property Board, Swedish Environmental Pro-
tection Agency (formally protected areas), Fortification 
Agency, municipalities and administrative region units; 
(ii) private incorporates—including private forest indus-
try companies, the state Sveaskog forest company, church 
and commons (due to their forest-industry behavior in 
Sweden; cf. Holmgren et al. 2007); and (iii) non-indus-
trial private forest owners (NIPF)—encompassing private 
person ownership polygons < 1000 ha. Here, a polygon is 
to be understood as one spatial administrative entity, but 
since ownership can include several polygons, this cannot 
directly be translated to separate owners. This landowner 
categorization is applicable on the scale of the study 
region at state as a generic approach to how forest man-
agement is practically exercised in Sweden, but locally as 
well as over time there is variation within the categories.

We assessed the spatial and patch-size distribution 
of unprotected pCF and unprotected HCVF forests, 
on high productivity forestlands for each of the four 
sub regions and for the entire study region. Using the 
Python package SciPy Ver. 1.1.0, we identified all forest 
patches ≥ 1 ha in an eight-pixel neighborhood structure 

(i.e. all surrounding pixels around each pixel). The area 
of pCF-fragments < 1 ha was estimated using the original 
10 × 10 m data resolution. We re-sampled the pCF-raster 
to a coarser grid (1 ha; 100 × 100 m) through mode-based 
aggregation (≥ 50% pCF). A rasterized land-ownership 
vector layer was used to analyze the distribution of unpro-
tected high productivity forests for different patch-size 
classes and forest types for each ownership category and 
for all sub-regions.

Results

Forestlands above the mountain forest border (Fig. 1) 
cover in total 2.54 million ha, of which 56.5% is for-
mally protected (Table 1). Woodlands cover an additional 
950,000 ha. High conservation value forests cover almost 
2 million ha, whereof 73% are protected. Deciduous for-
est is the most abundant forest type across all forestland 
(35%) and all protected HCVF (34%), followed by spruce 
forests (27% and 30%, respectively). Low productivity 
sites cover a larger proportion of forestlands (56%) than 
high productivity sites, especially for protected HCVF. For 
high productivity forests, both in total and for protected 
HCVF, spruce dominates followed by mixed forests and 
pine forests. Almost all forestland is pCF (92%), where 
the protected share is slightly higher than for all forestland 

Table 1  Total forestland, proxy continuity forests (pCF), forest loss 
and woodland area (in 1,000 ha) on high and low productivity sites 
and combined, for all forestland, all high conservation value forests 

(HCVF) and protected HCVF (P. HCVF). The data are presented for 
five main generalized forest types (pine, spruce, mixed and decidu-
ous, and recently logged forests) and in total

Footnote: All estimates are derived from the original dataset with 10 × 10  m spatial resolution. Area calculations are nested with protected 
HCVF being a share of all HCVF and all HCVF being a share of all forestland and pCF, respectively. A minor fraction of forestlands that are not 
pCF, i.e. recently logged forests has been classified as HCVF. This is likely an effect of using independent spatial data as recently logged is pro-
vided by NMD (Metria 2019), pCF (Ahlcrona et al. 2017), HCVF (Anon 2017) and Henriksson and Olsson (2020)

High productivity sites Low productivity sites All sites

All land All HCVF P. HCVF All land All HCVF P. HCVF All land All HCVF P. HCVF
Forestland
Pine 192.8 150.3 110.2 185.8 161.1 126.1 378.6 311.4 236.3
Spruce 519.9 471.2 303.6 174.4 162.4 130.3 694.3 633.6 433.9
Mixed 272.9 213.6 129.0 228.8 200.1 142.7 501.6 413.7 271.7
Deciduous 55.0 30.5 13.4 839.0 579.1 480.9 893.9 609.7 494.3
Recently logged 71.2 n.a n.a 0.3 n.a n.a 71.5 n.a n.a
Total 1111.7 865.6 556.1 1428.1 1102.7 880.1 2539.9 1968.3 1436.2
Of which pCF of forestland
Pine 166.3 145.5 107.8 182.4 160.2 125.7 348.7 305.8 233.5
Spruce 496.5 464.3 301.4 172.8 161.6 130.0 669.3 625.9 431.4
Mixed 233.8 205.9 126.2 224.6 198.6 142.2 458.4 404.5 268.4
Deciduous 39.0 26.8 11.8 824.4 573.7 477.8 863.4 600.6 489.6
Total 935.6 842.5 547.3 1404.2 1094.2 875.6 2339.8 1936.7 1423.0
Forest loss 175.6 35.1 13.7 14.4 4.8 2.4 190 39.9 16.1
Woodland 145.7 114.7 83.7 803.3 559.3 451.9 949.0 674.0 535.6
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(61%) as well as for high (58%) and low (62%) productiv-
ity forestland. A very large share (83%) of the pCF are 
also HCVF. Forest loss, mainly including recently clear-
cut forests, is minor (190,000 ha) and almost exclusively 
occurs on high productivity sites: 7% of all forestland and 
19% of high productivity sites.

Generally, pCF on high productive forestlands occur in 
the vicinity of the mountain forest border and in the river 
valleys to the west (Fig. 2), thus following lower altitude 
terrain. Overall, the distribution of pCF is contiguous in 
the north and central sub-regions, but fragmented in the 
south and far south sub-regions. Pine forests show a dis-
junct distribution with high abundance in the north and 
far south sub-regions. Spruce and mixed forests are more 
contiguous, and deciduous forests are more widespread 
and most abundant in the central and north sub-regions. 
Deciduous forest occurs on higher altitude along valleys 
across the mountain range, as within woodlands that are 
more abundant and contiguous in the north sub-region.

Unprotected HCVF and pCF covers 39% of the forest-
land area and with almost equal shares on high produc-
tivity and low productivity sites (Fig. 3). The share of 
unprotected HCVF is greater on high (36%) than on low 
productivity sites (20%). In total across the study region, 
unprotected HCVF covers 532,000 ha (see Table 1). On 
high productivity sites, unprotected spruce forests domi-
nate with an area of 216,000 ha of which 168,000 ha being 
HCVF. On low productivity sites, unprotected deciduous 
forests dominate with an area of 358,000 ha of which 
98,000 ha being HCVF.

Across the entire study region, unprotected HCVF and 
pCF mainly occur in patches > 100 ha, whereof 29% in 
large (> 1000 ha) patches (Table 2, see also supplemen-
tary material table S2). A lower share occurs in smaller 
patches; 16% of the area is in patches < 10 ha and 7% in 
patches < 1 ha. The largest contiguous areas are in the cen-
tral and south sub-regions. The north sub-region has a low 
share (7%) of large (> 1000 ha) patches of unprotected 
forests, and only the central sub-region has the largest 
share (45%) in large patches (> 1000 ha). The north and 
the far south sub-regions have the most even area distribu-
tion across patch size classes. The sub-regions show clear 
differences in distribution of unprotected HCVF and pCF 
(Fig. 4), with the north sub-region standing out with a 
small and scattered area and the central sub-region with 
concentrated and contiguous areas.

There are marked differences in forest ownership patterns 
among the sub-regions (Fig. 5, see also supplementary mate-
rial table S2 and S3). Across the entire study region, NIPF 
and private incorporates own the largest share of unprotected 
high productivity forests, 42% and 38% respectively, across 
all patch size classes. The dominating patch size class is 100 
to 1,000 ha for all sub-regions and ownership categories, 

with the exception of NIPF ownership in the northern sub-
region. However, private incorporates clearly dominate 
for the largest patch-size class, except in the far south sub-
region. For patches up to 100 ha, NIPF owners dominate 
in all sub-regions, and in the central and south sub-regions 
also in patches 100 to 1000 ha. The public ownership of 
unprotected forests is generally small.

With many different ownership polygons and a low aver-
age area of unprotected HCVF and pCF, the ownership 
structure is very complex in the far south sub-region in com-
parison with other sub-regions (Fig. 6). Of a total of 41,692 
landowner polygons in the entire study region, 17,486 are 
in the far south with an average area of high productivity 
forestland per ownership polygon of 1.8 ha. In comparison, 
the corresponding average area in the south sub-region is 
6.6 ha. The north sub-region is characterized by small and 
scattered forests whereas the central sub-region by larger and 
contiguous areas. The largest areas of unprotected HCVF 
and pCF are in the central and south sub-regions on private 
incorporate and NIPF ownership, with the former owner cat-
egory mainly for patches larger than 1,000 ha. For smaller 
patches, NIPF owners dominate in all sub-regions and in 
particular in the central and south sub-regions. The public 
ownership of unprotected HCVF and pCF is small in com-
parison. NIPF and private incorporates own the majority 
of the unprotected HCVF and pCF, with the latter category 
being the dominating owner of large patches.

Discussion

High conservation values in the Scandinavian 
Mountains Green Belt

Despite historical forestry and other land uses and cul-
tures, high forest connectivity and continuity occurs 
widespread in the SMGB, but still with scattered gaps 
(Svensson et al. 2019; Mikusiński et al. 2021). Large and 
contiguous intact forest patches are concentrated in the 
area above the mountain forest border (Svensson et al. 
2020a) and thus geographically connected to an over 3 
million ha alpine environment forming a magnificent 
landscape with very high ecological and cultural values 
(Blicharska et al. 2017). Given the extensive transforma-
tion of forests and forest landscapes elsewhere across the 
Fennoscandian boreal forests (Heino et al. 2015; Kuulu-
vainen et al. 2012; Jonsson et al. 2019) and the severe loss 
of primary forests and intact forest landscapes in Europe 
(e.g. Sabatini et al. 2021), the SMGB stands out as a north-
ern European mainland for intact forest landscapes. As for 
other clusters of old-growth and primary forest areas in 
Europe and globally, a high protection ambition is strongly 
motivated for the SMGB. This is also the key conclusion 
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Fig. 2  Spatial distribution of all proxy continuity forests (pCF) and 
the distribution of pine, spruce, mixed and deciduous forest types, 
separated into on high productivity (green) and low productivity and 
woodland (yellow) sites. On the pine, spruce, mixed, deciduous and 

woodland maps, the grey background shows the distribution of all 
pCF not falling into the focal category. The distribution is generalized 
through re-sampling for visual purpose. The study region is deline-
ated by a grey line and the sub-regions by dashed lines
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in the recently launched forest policy inquiry (SOU 2020), 
which to fulfill the national commitment to conserve bio-
diversity (Aichi target #11; CBD 2010) suggests to set 
aside the vast majority of the remaining not yet protected 
HCVF. Still, the SMGB partially contains fragmented for-
ests with disrupted intactness, in particular in the southern 
parts, where also remaining unprotected forests occur in 
smaller patches separated into numerous polygons with a 
predominance of NIPF ownership.

The high conservation values of the SMGB are well 
known since a long time; indeed, the first national parks 
were established here already in 1909 (Statistics Sweden 
2021). Overall, however, the current intactness is depend-
ent both on the already protected and the not yet protected 
forests (Angelstam et al. 2020; Mikusiński et al. 2021). 
The recent (2020) inventory (Henriksson and Olsson 
2020) identified more than 550,000 ha of unprotected 
HCVF, including areas (c. 200,000 ha; ibid.) adjacent 
to but below the mountain forest border. These forests 
extend eastwards into the inland region and have, thus, a 
potential to provide functional ecological network into the 
more transformed inland region. Thereby, identification of 
areas in the SMGB and in its vicinity that needs additional 
protection, as well as areas that potentially allow contin-
ued forest management and other land uses, is a needed 

planning basis for supporting multiple forest value chains. 
Although data and categorizations used are broad, our 
analyses are novel on the scale of the entire SMGB and 
provide urgently needed information into future national 
strategies for the SMGB and the mountain landscapes in 
general.

Spared, shared and lost

A long-term and diverse land-use history (e.g. Josefsson 
et al. 2010) has generated substantial heterogeneity and 
varying potentials for maintaining the intact forest landscape 
values across the whole SMGB. A significant proportion is 
already spared; the formally protected area constitutes close 
to 57% of all forestland with high and low productivity for-
ests, woodlands and adjacent semi-open and open habitats, 
and the habitat network functionality is high (Angelstam 
et al. 2020; Mikusiński et al. 2021). The unprotected forests 
are currently debated (SOU 2020), of which our results show 
that 532,000 ha are documented as HCVF and 928,000 ha 
as pCF (i.e. not documented but potential HCVF). Of these 
totals, close to 400,000 ha are unprotected high productiv-
ity sites that may be available for some form of continued 
forestry. We argue that all HCVF need formal protection 
or voluntary conservation-targeted management strategies. 

Fig. 3  Non-pCF (forest loss), 
proxy continuity forest (pCF), 
unprotected high conservation 
value forest (HCVF), protected 
HCVF. (a) Proportion (%) of 
high and low productivity sites 
of all forestland area, (b) area 
(in 1,000 ha) of pine, spruce, 
mixed and deciduous dominated 
forests on high productivity, and 
(c) on low productivity sites

Table 2  Area (in 1,000 ha) of 
unprotected proxy continuity 
forest including unprotected 
HCVF on high productivity 
sites, separated into patch-size 
classes and summarized for all 
forestland and for north, central, 
south and far south sub-regions

Footnote: The minimum mapping unit was a 1 ha (100 × 100 m) pixel that is dominated (≥ 50%) by unpro-
tected proxy continuity forest (pCF) on high productivity sites. Thus, the column ≤ 1  ha includes frag-
mented forest patches that together cover < 50% of the 100 × 100  m pixel estimated using the original 
(10 × 10 m) data resolution

 ≤ 1 ha 1– < 10 ha 10– < 100 ha 100– < 1000 ha  ≥ 1000 ha Total

All forestland 28.5 33.8 68.7 143.9 113.5 388.4
North 11.2 10.4 21.5 30.8 5.2 79.1
Central 2.7 7.0 16.9 37.7 53.4 117.6
South 6.4 8.4 15.4 40.3 32.5 103.0
Far south 7.8 8.1 14.9 35.1 22.4 88.3
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Thus, substantially larger areas than what currently is for-
mally protected should be spared, but other areas may be 
shared if the forest management methods will not compro-
mise the intactness of the SMGB and the opportunities for 
other sustainable land-use interests and values.

We found that 190,000 ha forests have been clear-cut, 
corresponding to 7% of the total forestland area, 8% of the 
pCF area and 19% of the high productivity forest area. Large 
clear-cuts on climatic constrained areas before the 1990s 
(Jonsson et al. 2019) have often created degraded lands (so-
called fossilized clear-cuts). Still, the proportion of clear-cut 
forests is low which suggests that the regional importance 
of clear-cut forestry is limited (Jonsson et al. 2019). These 
areas can be considered as lost and do not contribute to 

intact forest landscape values. Here, we see two optional 
strategies. First, to either actively or passively promote for-
est restoration that by time add to the intact characteristics 
including, for example to allow natural regeneration and 
following succession after clear-cutting selectively favor 
deciduous tree species, and to favor trees with cavities and 
other biodiversity attributes in mature forests. Passive pro-
motion embeds natural stand development, which would be 
in particular valuable for young deciduous-dominated forests 
that are critically missing in the Swedish boreal forest due 
to long-term active wild fire suppression and a forest man-
agement system that systematically favors coniferous stand 
development (Mikusiński et al. 2003).

In Fig. 7, we illustrate how green infrastructure, forest 
landscape restoration, continuous cover forestry, clear-cut 
forestry and integrative multi-functional landscape plan-
ning, can be approached to maintain the intact values of 
the SMGB. Conservation of biodiversity and provisioning 
of ecosystem services is focal in the green infrastructure 
concept (e.g. Slätmo et al. 2019). Already protected and 
unprotected HCVF as well as unprotected pCF that repre-
sent key components. Since some connectivity gaps in the 
SMGB have been documented (Svensson et al. 2020a), and 
because the area of suitable habitats needs to be increased 
(Mikusiński et al. 2021), there are reasons for considering 
forest and forest landscape restoration (cf. Mansourian 2018) 
in active or passive ways as discussed above. We also argue 
that continuous cover forestry can be promoted, in particular 
if viewed as an approach to manage forest ecosystems based 
on their inherent diverse values and premises (Mason et al. 
1999). With the conservation of intact forest landscape val-
ues of the SMGB as a central goal, the range of land-use and 
management options calls for a comprehensive landscape 
approach (e.g. Arts et al. 2017) reflecting multiple values 
and balanced integrating and segregating approaches (Côté 
et al. 2010; Messier et al. 2019; Aggestam et al. 2020; Boll-
mann et al. 2020).

Opportunities for multiple value chains supporting 
rural development

The rich and diverse pool of natural resources and land-
scape values in the Swedish mountain region has generated 
a situation where multiple, diverging land-use claims over-
lap and where the combined land-use claims for economic, 
ecological and socio-cultural purposes substantially exceed 
the available land area (Svensson et al. 2020b). This implies 
a risk that some value chains dominate at the expense of 
others, and thus may lead to land-use conflicts and accel-
erating difficulties in land-use priority decisions to resolve 
them (Bjärstig et al. 2018). Building capacity for spatiotem-
poral and multi-objective resolution in sustainable landscape 
planning allows for diversified land-use for multiple value 

Fig. 4  The distribution of unprotected proxy continuity forest includ-
ing unprotected HCVF on high productive sites. The distribution is 
generalized through re-sampling for visual purpose. The study region 
is delineated by a grey line and the sub-regions by dashed lines
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chains (cf. Felton et al. 2020; Angelstam et al. 2020). Like in 
many other hinterland regions, sustainable local and regional 
development calls for value-chain avenues that are based on 
the broad spectrum of natural resources and landscape val-
ues with a strong local use and control (Chiasson et al. 2019; 
Sténs et al. 2016). Besides forestry, Sami culture including 
reindeer husbandry and recreation and tourism represents 
pronounced value chains (e.g. Fredman and Emmelin 2001; 
Jansson et al. 2015).

It can be assumed that clear-cut forestry will occur also 
in the future, albeit on limited areas in respecting the gen-
erally low site fertility and lack of historical legitimacy, 
but foremost in respecting the conservation integrity of the 
SMGB. In the forest policy inquiry (SOU 2020), 240,000-ha 
forestland above the mountain forest border were identified 
as potentially available for continued forestry. Here, a mini-
mum of overlap with core areas for nature conservation and 
other land use interests will have to be secured. In the con-
text of other value chains, evidence is rapidly accumulating 

Fig. 5  Area (in 1,000  ha) of unprotected proxy continuity forests 
including unprotected HCVF ≥ 1 ha (see Table 2) on high productiv-
ity sites, separated into patch-size classes per ownership category for 

north, central, south and far south sub-regions. Patch sizes ≥ 1,000 ha 
for NIPF are patches that include more than one NIPF ownership pol-
ygon
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on the favorable outcomes of continuous cover forestry in 
terms of economic viability (e.g. Nieminen et al. 2018), mul-
tifunctional capacity (e.g. Eyvindson et al. 2021), biological 
functions of soils (e.g. Kim et al. 2021) and with less nega-
tive impact on forest biodiversity (e.g. Peura et al. 2018). 
Since achieving multiple services and goods from forest 
environments is difficult at the local level, a diversification 
of management regimes at the broader landscape level sup-
ports a broader palette of biodiversity outcomes and eco-
systems goods and services (e.g. Triviňo et al. 2017; Felton 

et al. 2020). Hence, a landscape perspective is needed for the 
forest management, which, so far however, has been arduous 
to promote and realize outside specifically designated areas 
such as the Sveaskog State forest company Ecoparks (Berg-
man and Gustafsson 2020).

Sapmi, the native land of the Sami people, is covering 
large areas in northern Europe including the SMGB, which 
contribute high profile indigenous values (Pape and Löffler 
2012). The presence of a vital Sami culture with continued 
reindeer husbandry and grazing that maintains the openness 

Fig. 6  Non-industrial private 
forest (NIPF) owners share 
(%) per sub-region of area 
unprotected proxy continuity 
forest (pCF) and high conserva-
tion value forests (HCVF) and 
of number of owner polygons, 
i.e. separate administrative land 
units, left axis and average area 
per owner polygon, right axis. 
The number of owner polygons 
was extracted from Henriksson 
and Olsson (2020) 0
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Fig. 7  Illustration on how approaches to green infrastructure, forest 
landscape restoration, continuous cover forestry, clear-cut forestry 
and integrative multi-functional landscape planning can be allocated 
among the forest-type categories and with respect to spared, shared 
and lost intactness. The vertical width of the light grey horizon-
tal fields approximately equals their area proportions (Table 1). The 
horizontal width of the dark grey boxes represents full, moderate and 
minor extent and importance in each category. Dashed extensions of 
forest landscape restoration indicates management to favor biodiver-

sity values if needed to secure intactness, and of continuous cover 
forestry to favor forest biodiversity that benefit from canopy thinning 
if needed (i.e. as an approach to management of forest ecosystems 
and not a wood biomass production system). The shared proportion 
in protected (minor extent) and unprotected (moderate extent) HCVF 
concerns other nature-based land use that does not negatively affect 
nature conservation values, and reindeer husbandry or wildlife tour-
ism and recreation. The figure backgrounds how strategic, tactical 
and operational spatial planning can be developed
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and scenery in the mountain landscape is essential for provi-
sioning of a very large range of specific ecosystem services 
(Jansson et al. 2015; Blicharska et al. 2017; Hedblom et al. 
2020). Also, small-scale mountain farming has contributed 
to the overall biodiversity, multifaceted values, open and 
semi-open landscape character and to the amenity, recrea-
tion and tourism values of the Scandinavian Mountains, 
which are clearly mirrored in the “A Magnificent Mountain 
Landscape” national environmental objective (Swedish EPA 
2007). It can be assumed that maintained intact forest land-
scapes are needed also for maintaining and supporting the 
cultural heritage and societal values of the SMGB. Fur-
thermore, with reference to the intact forest landscapes and 
primary forest (Potapov et al. 2008a, b, 2017; FAO 2020), 
both terms embed the presence of historical land use and 
indigenous cultures.

By area cover and also locally in many places, outdoor 
recreation and tourism are dominant land uses with both 
nature-based and place-based facilities such as ski resorts 
(Fredman and Emmelin 2001; Svensson et al. 2020b). There 
are examples where incomes from tourism in regions with 
particularly high biodiversity values exceed those from wood 
biomass production (e.g. Czeszczewik et al. 2019). The 
touristic attractiveness of the Swedish mountain region is 
unquestionable and the process of change from intensive use 
of natural resources into “soft” sectors is established since a 
long time (Fredman and Emmelin 2001; Lundmark 2005). 
As tourism and recreation aspects are predicted to become 
an even more important value chain for rural development in 
the future (Jonsson et al. 2019), the need for spatial planning 
to accommodate uptake of local as well as visitor’s perspec-
tives on values and opportunities becomes emphasized.

In addressing opportunities and challenges for sustainable 
forest landscape management as a key component for rural 
development, the complex land-ownership situation needs to 
be considered. In this study, we have categorized landowners 
with a focus on NIPF owners and identified complexities 
and differences in the ownership structure of unprotected 
high productivity forests. The NIPF ownership requires par-
ticular attention in relation to sustainable rural development 
but also to green infrastructure, forest landscape restoration, 
continued forestry and planning. Here, a certain challenge 
lies with promoting ways forward to handle existing con-
nectivity gaps in the southernmost part of the SMGB (Sven-
sson et al. 2020a; Mikusiński et al. 2021) where most NIPF 
owners occur, where the ownership structure is the most 
complex and where there are limited opportunities in using 
public land as land-exchange compensation for further pro-
tection. To support preservation of the intact values of the 
SMGB in relation to sustainable development in the hin-
terland mountain region, policies, policy instruments and 
policy implementation must continue to develop. As one 
way forward, we suggest that voluntary agreements, such 

as conservation agreements under the Swedish Land Code 
(1970), could be more extensively applied in parallel to strict 
protection instruments. Conservation agreements are more 
nuanced formal regulations and may allow continued forest 
management if in accordance with biodiversity conserva-
tion targets or for favoring nature-based recreation or other 
socio-cultural vales, for which landowners are compensated 
economically, and can be further developed for multiple 
values including landscape perspectives and Sami people 
reindeer husbandry. The abovementioned State forest com-
pany Sveaskog Ecoparks (Bergman and Gustafsson 2020) is 
regulated through such agreements. There is an embedded 
capacity in policy instruments that relies on voluntary, dia-
logue and mutual agreement principles with the landowner 
(Widman and Bjärstig 2017), a capacity that is needed for 
successful protection of the intact values of the SMGB in 
the view of integrated approaches to sustainable local and 
regional development. We foresee that this study will help 
to direct further implementation based on what specific local 
values are at stake and who has control and vested interests 
given the natural and cultural capital.

Conclusions

The Swedish mountain region harbors high intact forest 
landscape and conservation values but also further values 
associated with multiple economic and socio-cultural value 
chains including those based on the indigenous Sami peo-
ple culture. Despite a need to expand nature conservation, 
these multiple values challenges an overall strict protection 
approach. Using wall-to-wall land cover data, we provide 
a point of departure for maintaining intact forest land-
scape characteristics through strategic spatial planning of 
forestlands and future forest management. We show that in 
the SMGB, the fraction of actually clear-cut forest is very 
small and that the SMGB harbors a very high proportion 
of protected but also unprotected HCVF, located in a pre-
dominantly natural landscape context with woodlands and 
open alpine land-cover types. Forest management aimed 
at wood biomass production will continue, but sustainable 
approaches require increased use of continuous cover for-
estry and a sensitive implementation with respect to owner-
ship and policy regulations.

This study contributes to evidence-based regional level 
green infrastructure planning, to the opportunities in apply-
ing a comprehensive and integrated sustainable landscape 
approach, and to exploring multiple opportunities for rural 
livelihood and regional development. This study also con-
tributes to the current forest policy discussion in Sweden that 
suggests that the SMGB should be maintained as an intact 
forest landscape and thus as a cornerstone in the Swedish 
and EU nature conservation agenda. As such, we provide an 
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illustrative case on the challenges to both ensure the integ-
rity and values of an intact forest landscape of national and 
international significance, and support regional develop-
ment. Clearly, a deeper stratification into, e.g. distribution of 
habitat types and specific values, is needed for future assess-
ments, for example via a second-step field-based inventory 
at representative and specific segments of the study region.
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