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The Healthy  
Forest Landscape 
(HFL) approach

Companies increasing aim to demonstrate that they source wood products responsibly, 
and that their supply chains positively affect communities, workers, ecosystems and 
carbon pools.

To meet their policy commitments, companies rely heavily on regulation and on 
voluntary certification standards that mandate practices intended to balance economic, 
social and environmental values. These critical tools have limitations. They are not 
always followed in practice, and when they are, that alone will not determine outcomes. 
Assumed causal relationships between required behaviours and expected outcomes 
can be uncertain; relevant issues that are affected by forest management decisions 
sometimes fall outside the scope of regulation and standards; and many factors other 
than forest management profoundly influence forest landscapes. 

Meanwhile, official data for measures of actual outcomes for various aspects of 
forests and forest communities vary widely between countries in quality and scope. 
And aggregated data for large and diverse jurisdictions may not reflect the realities of 
smaller wood-sourcing catchment areas within them.

Beyond such technical challenges, societal disagreement about which forest values 
should be prioritised can run very deeply, even where forests are certified, and where 
forest and environmental regulation is effectively enforced. It then becomes difficult for 
a distant sourcing company to judge between conflicting narratives and competing sets 
of evidence about a forest landscape in its supply chain. 

So companies sometimes need help to assess forest landscapes where their sourcing 
commitments may be compromised. EF has developed the Healthy Forest Landscape 
(HFL) approach to provide systematic support. HFL aims to inform dialogue about 
responsible wood sourcing between buying companies and their upstream supply chain 
partners, and among other stakeholders, by reporting   relevant forest data, stakeholder 
perspectives, and analysis of change drivers for specific wood-sourcing catchment areas. 
HFL also recommends practical, collaborative actions to address problems found.

HFL applies a mixed-method approach. It combines reporting of trends in forest 
cover and tree cover, forest biodiversity, forest carbon and community wellbeing, with 
qualitative stakeholder consultation, to place quantitative results in local contexts, and 
to flag key issues, risks, and collaborative opportunities. 

The approach uses the best publically available data and analysis and, where necessary, 
commissions new research for specific sourcing landscapes, working with expert 
institutions and individuals.
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HFL Assessment 
Summary: Västerbotten 
County

Fig.1 Locations of SCA’s forest land in Västerbotten county, and of SCA’s mill at Obbola.  
Red shaded areas represent forest land set aside voluntarily by SCA. 

BACKGROUND 

Nestlé S.A., together with Svenska Cellulosa AB (SCA) and 
DS Smith plc, commissioned Earthworm Foundation to carry 
out an HFL assessment of Västerbotten County. In part, this 
was in response to campaigns by Environmental NGOs, and to 
national and international media coverage alleging that even-
aged forestry in Sweden has deep and widespread detrimen-
tal effects on forest biodiversity, stored forest carbon, and 
traditional Sami Reindeer Herding.  Greenpeace in particular, 
targeted SCA as a major producer of kraftliner, and DS Smith 
and Nestlé, as customers of SCA. 

Västerbotten County was chosen as the assessment’s 
‘forest landscape’ because DS Smith and Nestlé source 
kraftliner from SCA’s Obbola paper mill, which receives over 
90 percent of its virgin fibre from harvest operations in the 
county. Västerbotten exemplifies issues raised by NGOs and 
others for northern Sweden in general. It forms a large part 
of ‘The Sapmi’ traditional cultural region of the Sami people, 
and much of Sweden’s remaining forest that is not under even-
aged forestry exists in Västerbotten - but is diminishing quick-
ly. And, because SCA’s Obbola mill sources pulpwood across 
this very large county, high-quality National Forest Inventory 
and Swedish Forest Authority data reported at county level 
can be used here without need to fit it to a modified geograph-
ical area. 

The assessment was delayed until Covid 19 restrictions 
were relaxed and in-person stakeholder meetings became 
possible, and was completed during the first half of 2023.  

THE SCA OBBOLA PAPER MILL  

The Obbola mill has recently been rebuilt to achieve a 60 per-
cent production capacity increase, creating the world’s largest 
kraftliner mill. At the time of writing, the new mill was inaugu-
rated in September 2023.  

Annual production capacity rose from 450,000 to 725,000 
tonnes, with annual virgin fibre consumption rising from ap-
proximately one million cubic meters to approximately 1.4 mil-
lion cubic meters, equivalent to around 15% of Västerbotten’s 
2020 harvest by volume.   

SCA sources virgin wood fibre harvested across Väster-
botten, and is also a major forest owner and commercial wood 
producer in the county (see Fig 1 for Vasterbotten county).

This assessment does not attempt to attribute quanti-
fied change in Västerbotten’s forests or communities to the 
Obbola mill’s wood sourcing. The mill is very large, but is not 
the only large consumer of wood harvested in Västerbotten. 
Its expansion is happening in the context of global growth 
in demand for kraftliner, wood-pulp packaging, and forest 
products in general. Sweden’s ‘Green Transition’ programme 
envisages that wood will provide diverse feedstocks for a fast 
growing global bioeconomy, and also supports investment in 
other ‘green industry’ in Västerbotten and Norrbotten. 

Growth in demand for wood by industries including the Obbola 
mill, combined with demands on forest land by energy, mining 
and other industries, creates socioeconomic opportunities. It 
will also affect the nature of forests outside protected areas, 
and affect forest users, including Sami reindeer herders

ASSESSMENT OBJECTIVES 

SCA, Nestlé and DS Smith are collaborating to understand 
and minimise risks that the Obolla mill’s wood sourcing could 
negatively affect environmental or social conditions, and to 
find opportunities to support positive outcomes for people 
and nature where need is identified.  

This assessment, led by the Earthworm Foundation, aims 
to support that effort with information on trends between 2010 
and 2020, and in some instances looking back 2000, in Väs-
terbotten’s forest and tree cover; forest carbon pools; forest 
biodiversity; and in the wellbeing of the county’s population, 
especially as that is affected by forests. It also summarises 
views held by key stakeholders related to these themes, to 
provide context for the assessing quantitative results. 

The assessment offers high-level recommendations for 
forest industry companies and their supply chain partners to 
address issues of concern, often in collaboration with other 
stakeholders. The quantified findings presented here are also 
intended to provide a baseline for future monitoring, and the 
forest carbon assessment also presents projected trends. 

Although the assessment does not attempt to quantify 
and attribute changes in forests and communities to the Ob-
bola mill’s wood sourcing, it assumes that that demand might 
well have significant effects. By highlighting important social 
and forest contexts that are affected by forest industry, it aims 
to inform strategies to make those influences as benign as 
possible.

Summary of Results 
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Metric Trend found Confidence

Forest cover High

Tree cover High

Forest carbon High

Forest biodiversity Low

Wellbeing: 
Västerbotten 
population

High

Wellbeing: Sami 
reindeer herding 
communities

Medium

?
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STAKEHOLDER RESPONSES 

Stakeholder consultation and background research for this as-
sessment found beliefs that Västerbotten’s forest biodiversity 
and carbon pools are negatively affected by the large-scale 
expansion of young, densely stocked, even-aged, planted 
forest stands, that replace older, more heterogenic forest, to  
create a younger, more homogenous forest mosaic. Not all 
interviewees shared this view. Some agreed that the spread of 
even-aged forestry might negatively affect overall forest biodi-
versity, but argued that the scientific evidence is inconclusive. 
They also pointed to official data that show continuous growth 
in aboveground forest carbon pools over decades.   

No concerns were voiced about either total forest cov-
er or tree cover, or about the wellbeing of Västerbotten’s 
human population as a whole. However, serious pressures 
on Sami reindeer herding communities’ way of life, including 
conflict with forest industry, have been flagged widely in ac-
ademic literature and national and international media, and 
this was a repeated theme of stakeholder responses for this 
assessment. We therefore include a section here specifical-
ly on the wellbeing of Västerbotten’s Sami reindeer herding 
communities. 

QUANTITATIVE ANALYSIS RESULTS 

Total forest cover and tree cover areas were found to have 
remained stable between 2010 and 2020.  

Forest carbon pools in living trees and in dead wood 
grew through the periods 2000-2020 and 2010-2020, con-
tinuing a long-term upward trend (reliable soil carbon data at 
county level were not available). Over the same periods, the 
pool of carbon stored in harvested wood products (HWPs) 
also grew. More intensive harvest levels are associated with 
larger HWP carbon pools, but also with reduced growth in 
the much larger live tree and dead wood carbon pools. The 
carbon effects of displacing fossil fuels and energy-intensive 
construction materials with wood-based materials were not 
estimated for this assessment.  

Forest biodiversity trend over time was assessed with 
reference to two studies - one that draws on satellite and other 
remote data, the other based on ground inventory results for 
various indicators.  

Neither approach found a clear trend in overall forest 
biodiversity. This does not mean that important aspects of 
biodiversity did not change, or that fears expressed about 
biodiversity loss are misplaced. 

Limited data for some important indicators, and limita-
tions in deep knowledge of complex ecologies and responses 
to human disturbances, meant that it was highly challenging 
to assess confidently trend in overall forest biodiversity, over 
time and across this large and diverse area. Neither study’s 
results, nor their combined results, should be seen as conclu-
sive for overall forest biodiversity trend. 

The studies did, however, find clear results for some indi-
vidual biodiversity indicators. Of these, some remained stable, 

some increased in abundance, and some showed a clear de-
cline over the reference period. Given this, and the on-going 
expansion of even-aged forestry (with retention) leading to an 
increasingly homogenous forest mosaic, and noting both that 
some vulnerable species are dependent on forest succession-
al stages which are becoming increasingly rare and fragment-
ed, and that species’ responses to changes in habitat in boreal 
forests may take many decades to confirm - a precautionary 
approach is recommended that includes additional ambitious 
measures to protect biodiversity values, especially for those 
for which a negative trend is clear or probable.  

The wellbeing of Västerbotten’s population, measured 
by key indicators of health, education, income and unemploy-
ment, showed an upwards trend through 2010-2020, with a 
dip in 2020 that coincided with the Covid 19 pandemic. Within 
this positive result for the population as a whole, some distinct 
disparities in outcomes were found by gender, and between 
coastal and inland municipalities.   

Underlying causes of societal disputes that relate to for-
ests were identified as: value conflicts (eco-centric versus an-
thropocentric); uncertain responsibilities of state and private 
forest owners, including for forest ecology conservation, and; 
complex layers of forest property rights most notably leading 
to disputes between forest land owners and Sami reindeer 
herding communities.  

The wellbeing of Sami reindeer herding communities 
n Västerbotten is judged here probably to have declined over 
recent years for multiple reasons, including an ongoing loss 
and degradation of important grazing sites, and a general re-
duction in area of forest with extensive ground lichen cover. 
Confidence in this judgement is given as ‘medium’ because 
research commissioned for this assessment found that ap-
propriate indicators need to be developed in order to assess 
the sustainability of reindeer herding as a commercial venture, 
and as a way of life. That does not imply that forest compa-
nies and others should wait until such indicators are have 
been defined and measured before they respond to specific 
concerns raised by Sami reindeer herding representatives, 
including protection and restoration of grazing sites, rights 
recognition, and capacity building.

An issue that did not emerge through the initial stake-
holder consultation and background research, but which 
was subsequently raised, was the question of whether Väs-
terbotten’s individual private forest owners’ opportunities to 
make economic returns from their forest holdings, and their 
scope to make viable alternative forest management choices 
has been negatively affected by the consolidation of forest 
industry in recent years and decades. A counter argument 
is that industry consolidation has been necessary to secure 
investment and a long-term future for a globally competitive 
industry that creates value in Västerbotten. 

Forest cover 
and tree cover

 ■ Continue to monitor both. Tree cover may in the future be negatively affected by intensified final felling rates, 
and by increased frequency and severity of natural disturbances due to a heating climate.

Forest carbon

 ■ Explore opportunities with customers/certification bodies to gain business advantage through additional forest 
carbon storage, in the context of a holistic approach to carbon storage and emissions reductions that also 
accounts for the emissions abatement effects of displacing fossil fuels and energy-intensive construction 
materials, and of storing carbon in harvested wood-based products. 

 ■ Claimed carbon benefits of forest products that store carbon in HWPs, and/or that displace fossil fuels and 
energy intensive construction materials, should take account of the effects of associated harvest intensification 
on the projected growth of forest carbon pools in Västerbotten.  

 ■ Prioritise conservation of forest with high carbon storage values, including in the soil pool, especially where 
such sites also have biodiversity and/or social values. 

 ■ Seek to combine effective carbon enhancement measures with positive biodiversity and social outcomes. 
 ■ Avoid or mitigate carbon enhancement measures that are likely to degrade ecological and/or social outcomes 

Biodiversity

 ■ While government develops national definitions and metrics to identify old-growth forest and primary forest 
for protection in accordance with incoming EU regulations, take an active and maximalist approach to protect 
stands that may meet the criteria.   

 ■ Collaborate with other large forest owners in Sweden to agree a standard approach to biodiversity inventory and re-
porting, in order to facilitate improved and harmonised spatial and temporal data across and beyond Västerbotten. 

 ■ Resource old-growth and biodiversity inventory of forest estate, and publish to align on potential collaborative 
interventions. 

 ■ Insofar as new voluntary protection of forest is feasible, coordinate with the County Board and with other 
landowners in to locate and design new protection areas, to use the opportunity to advance green infrastructure+ 
objectives at local, county and wider regional scales. Also engage with Reindeer Herding Communities for 
opportunities to combine biodiversity protection measures with protection/restoration of important reindeer 
grazing sites.   

 ■ Manage for an age class distribution with significantly greater representation of the 81-120 year classes 
 ■ Individual companies should continue to build on the progress made on their existing innovative approaches 

to biodiversity protection.  

 ■ At harvest and reestablishment, actively consider additional silvicultural innovations/nearer-to-nature manage-
ment+ approaches to enhance ecological values, and to foster resilience to climate change impacts.  Measures 
should include the actions recommended by the Västerbotten Forests Programme for dead wood, controlled 
burns, water course edge zones, and aquatic animals. Also consider increased retention, multi-cohort approach-
es or continuous- cover management. Not all of these measures may be feasible or useful to apply in every 
instance – prioritisation should be based both on local site values, and on scope to design the use of such 
measures to help achieve larger scale green-infrastructure outcomes.    

 ■ Consider alternative management of existing even-aged stands that have high potential to support green in-
frastructure+ objectives.  

 ■ Third party sourcing apply standard old-growth definition and biodiversity inventory; use County Board guidance 
for unprotected sites with higher nature values; promote enhanced retention practices to private forest owners, 
and take steps to exclude wood from harvests where necessary biodiversity assessment has not been carried 
out, or have not been carried out to an adequate standard. Wider adoption of FSC forest management certifica-
tion would significantly address these issues – forest companies could explore opportunities to encourage and 
support non-certified forest owners (largely private individual owners) to seek Forest Management certification.    

 ■ Technology Track advances in remote sensing technologies’ capabilities to monitor forest biodiversity indicators / 
forest habitats, and opportunities to strengthen/train remote sensing with improved biodiversity ground inventory data.  

Community 
wellbeing

 ■ Employment: explore opportunities to further increase the proportion of women working in the forest sector, including 
in forest management, transportation and production roles, and at company management and board levels. 

 ■ Reindeer herding Communities:  
 ■ Development & use of Reindeer Herding Community sustainability indicators 
 ■ Build on existing company programmes and FSC FPIC requirements to avoid negative forest impacts 

including loss / degradation of pastures 

 ■ Support strengthened legal basis of reindeer husbandry (UNDRIP; ILO 169) 
 ■ Support strengthened co-management processes (Develop the co-creation process and the FSC FPIC in-

strument, support RHC capacity for consultation and collaboration with forest industry, and forest industry 
knowledge, at all levels, of RHC rights and needs. 

Summary of recommendations for forest companies



Definitions and 
abbreviations   

Forest types and silvicultural systems, of which there are many, are defined according 
to different parameters and contexts. This has produced a richly varied terminology, 
which can cause confusion when different terms have quite similar meanings and 
may be used interchangeably, or when a single term has various definitions.

The following list of definitions is far from comprehensive. It includes terms 
that were frequently used during the stakeholder consultation and that are used 
repeatedly in this report, as well as definitions used by the National Forest Inventory 
and Swedish Forest Agency reports that this report relies on for its assessments of 
trends in forest cover, tree cover, and in forest carbon. 

The definitions used here are not ubiquitous - for example ‘old-growth forest’ is 
defined variously in different countries - but they are used consistently through the 
report. Descriptive terms in the text that are suffixed with the ‘+’ symbol, are defined 
here for reference.

The term ‘natural forest’ is not used here. It came up often during stakeholder 
interviews, but with varied1 and often unspecified meanings. 

1  At one extreme ‘natural forest’ is a synonym of ‘primeval forest’, and at the other includes any naturally regenerating forest, 
and planted forest of native species.

Forest types 

CONTINUITY FOREST 
A term (in Swedish ‘kontinuitetsskog’) for forest that has never been clear-felled. The 
concept has gained currency in discussion of forest conservation.

FOREST COVER 
Land spanning more than 0.5 hectares with trees higher than 5 meters and a canopy 
cover of more than 10 percent, or trees able to reach these thresholds in situ. It does 
not include land that is predominantly under agricultural or urban land use. 
Definition coined by the FAO, and used by governments worldwide. Many other defini-
tions exist that include additional ecological characteristics.

HIGH CONSERVATION VALUE /(HCV) FOREST
An area of forest that needs to be appropriately managed to maintain or enhance the 
identified HCV values (environmental and social) in production forest. Developed for 
the FSC forest management standard, now widely used in certification standards and 
more generally for resource use and conservation planning

INTACT FOREST LANDSCAPE (IFL)
An area which contains forest and non-forest ecosystems minimally influenced by 
human economic activity, with an area of at least 500 km2 (50,000 ha) and a minimal 
width of 10 km (measured as the diameter of a circle that is entirely inscribed within 
the boundaries of the territory). See Link.

OLD-GROWTH FOREST 
Forests which may have been directly affected by human activity (thus including some 
secondary forests), but which have nevertheless developed structural, functional and 
compositional features similar to stands in the late-seral development phases of un-
disturbed forests (European Commission2) 

PRIMARY FOREST
Naturally regenerated forest of native tree species, where there are no clearly visible 
indications of human activities and the ecological processes are not significantly 
disturbed. (FAO). The definition is accompanied by ‘explanatory notes’ that include 
a requirement for primary forest to be large enough in area to maintain its natural 
ecological processes.

TREE COVER 
Defined here as Forest Cover under trees. This excludes both forest land that is not 
under trees, and land that is under trees, but which does not meet other ‘Forest Cover’ 
criteria. In Sweden the latter includes land within the National Forest Inventory’s ‘Other 
wooded land’ category. 

WOODLAND KEY HABITAT (WKH) / OTHER WKH
A concept developed in Sweden and adopted, in modified forms, by the otherFennos-
candian and Baltic states. In Sweden the term refers to habitats that are ‘…especially 
valuable from the nature conservation point of view, and where endangered, vulnerable, 
rare or care-demanding species can be expected to occur.3  

2  EU Commission Guidelines for Defining, Mapping, Monitoring and Strictly Protecting EU 
Primary and Old-Growth Forests

3  Translation from Swedish by the authors Nitare & Noren (1992) in Jonna , Siitonen, Juha, 
Gustafsson, Lena , Kotiaho, Janne S. , Stokland, Jogeir N. , SverdrupThygeson, Anne and 
Mönkkönen, Mikko(2010) ‘Woodland key habitats in northern Europe: concepts, inventory and 
protection’, Scandinavian Journal of Forest Research, 25: 4, 309 — 324)
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National Forest Inventory forest types 

FOREST LAND
Land that carries forest or that without production-increasing measures has the condi-
tions to carry forest with a height of ≥5 m and with a crown closure unit of ≥10 percent. 
(Used here to measure ‘Forest cover’)

FOREST LAND AVAILABLE FOR WOOD SUPPLY 
Forest land on which commercial wood production is permitted (excludes formally 
protected and unproductive forest land)

FORMALLY PROTECTED AREAS
National Parks, Nature Reserves with regulations, Forest biotope protection 
Nature conservation agreements The Swedish Environmental Protection Agency and 
The Swedish Forest Agency, Ekoparks & Vitryggsavtal, Fortifikationsverket, Land com-
pensation including the Swedish Property Agency and Natura 2000 forest habitats.

FOREST OUTSIDE FORMALLY PROTECTED AREAS
Forest excluding all types specified under the definition of ‘Formally 
protected areas’, and including areas that are under voluntarily protection.

PRODUCTIVE FOREST LAND
Land that is suitable for forestry and that is not significantly used for 
other purposes. Production is at least 1 m³sk per hectare and year.

UNPRODUCTIVE FOREST LAND
Forest land that does not meet the requirements for productive forest land, i.e. land 
that bears forest which, without production-enhancing measures, has the potential to 
bear forest with a height of ≥5 m and with a crown closure of ≥10 per cent, but where 
the ideal production is less than 1 m³sk per hectare and year.  This category is defined 
by ability to bear forest, as well as by limited production capacity, and so might more 
accurately be termed ‘Low productivity forest land’. However, ‘Unproductive forest 
land’ is used here, to be consistent with the National Forest Inventory’s English trans-
lation of its ‘Improduktiv skogsmark’ category. 

Silvicultural systems/approaches
CLOSER-TO-NATURE-FORESTRY
A concept recently proposed in the EU Forest Strategy for 2030, defined by the strat-
egy document as ‘A set of practices to ensure multifunctional forests by combining 
biodiversity goals, carbon stock preservation and timber-related revenues.”’4

4  Further defined in guidelines (230723), outlining the main objectives in closer-to-nature forest 
management: Closer-to-nature forest management serves as an accelerator for biodiversity 
restoration, biodiversity conservation and forest resilience to climate change based on two main 
objectives: (i) increasing structural complexity; and (ii) promoting natural forest dynamics.” 
Also disussed at J.B. Lasrsen, Angelstam, P., Bauhus, J., Carvalho, J.F., Diaci, J., Dobrowolska, D., 
Gazda, A., Gustafsson, L., Krumm, F., Knoke, T., Konczal, A., Kuuluvainen, T., Mason, B., Motta, R., 
Pötzelsberger, E., Rigling, A., Schuck, A., 2022. Closer-to-Nature Forest Management. From Science 
to Policy 12. European Forest Institute. https://doi.org/10.36333/fs12  

EVEN-AGED FORESTRY
Equivalent to the Swedish term ‘Trakthyggesbruk’, and often termed ‘German forestry’ 
meaning a silvicultural system that maximises efficient, sustained commercial wood 
production through interventions including ground preparation, planting, use of im-
proved stock, cleaning, thinning and final felling. Even-aged forestry with retention 
measures is the dominant form of silviculture practiced in Västerbotten, and through-
out Sweden. 

Under this system, individual stands are even aged, or dominated by one age 
class, but the forest mosaic comprises multiple stands of (usually) of many ages and 
is not ‘even-aged’ 

RETENTION FORESTRY 
A variant of even-aged forestry designed to better integrate wood production and 
biodiversity. Stands are dominated by one age class, but include part of and/or a 
percentage of trees from the previous stand to maintain a degree structural and com-
positional diversity5.

ROTATION
In even-aged forestry, the period between the establishment of a new tree crop and 
final felling. Other than legal restrictions, rotation lengths are usually determined by 
economic objectives and growth potential (shorter rotations that achieve production 
goals more rapidly are economically advantages), but they affect biodiversity, carbon 
sequestration and storage, and other values.  

GREEN INFRASTRUCTURE
“A strategically planned network of high quality natural and semi-natural areas with 
other environmental features, which is designed and managed to deliver a wide range 
of ecosystem services and protect biodiversity in both rural and urban settings” (Eu-
ropean Commission)

Abbreviations

FSC Forest Stewardship Council

HCVF High Conservation Value Forest

HWP Harvested Wood Products

NFI National Forest Inventory

RHC Reindeer Herding Community

SFA Swedish Forest Agency (Skogsstyrelsen)

SLU Sveriges Lantbruksuniversitet

5  Gustafsson et al 2012. Retention Forestry to Maintain Multifunctional Forests: A World 
Perspective, BioScience, Volume 62, Issue 7, July 2012, Pages 633–645
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Västerbotten 
landscape overview

01 Location, terrain and population
Västerbotten County is a large administrative unit of northern 
Sweden. It covers 55,000 square kilometres just below the 
Arctic circle, from the Norwegian border to the Gulf of Bothnia, 
forming part of Norrland, Sweden’s largest, northernmost, and 
most sparsely populated region.

The county also constitutes a large part of the Sapmi, 
the Sami people’s traditional cultural territory. Reindeer herd-
ing is central to the cultural identity of Europe’s only officially 
recognised indigenous people, although most Sami people do 
not own or herd reindeer. Västerbotten is traversed by several 
Sami reindeer herding economic associations. Each ‘Sameby’ 
or Reindeer Herding Community, encompasses a large geo-
graphical area defined by seasonal reindeer herding needs, in 
most cases spanning hundreds of kilometres, with summer 
calving and grazing grounds in the western mountains and 
inland forests, connected by forested migratory routes, to 
coastal and inland wintering grounds. 

Västerbotten also lies at the southwest limit of a cres-
cent of terrain characterised by few people and extensive 
forest cover, Intact Forest Landscape+, mountainous and 
sub-alpine areas, rivers, mires, lakes and coastline, that arcs 
through northern Sweden and Norway, over the Gulf of Bothnia 
to Finland and Russia’s Murmansk and Arkhangelsk oblasts. 

Västerbotten rises from the Gulf of Bothnia, up to a band 
of low-lying rolling hills that follow the coast. West of these 
hills, broad rocky plains eventually give way to a sub-alpine 
belt running southwest-northeast, and finally rises to meet the 
Norwegian border high in the Scandinavian Mountains. 

This recently glaciated landscape has very many rivers, 
lakes and fens, and widespread glacial and fluvial sandy and 
rocky deposits. Podzols of varying depths and ages dominate, 
but pockets of more fertile Cambisols in the east are better 
suited to agriculture.

About 200,000 people of a total population of 270,000 
live in the coastal cities of Umeå and Skelefteå.

Climate
Västerbotten’s subarctic continental climate is characterised 
by wide seasonal temperature differences, and little season-
al variation in precipitation. Winters are long, dark and very 
cold, summers are short and moderately warm. Precipitation 
is high all year. Rates of climate heating in Arctic regions are 
significantly greater than the global average. Phenomena ob-
served associated with a changing climate include increased 
tree growth (also associated with higher levels of atmospheric 
CO2), a rising tree line, and warmer less predictable winter 

6  Per Eliasson and Erik Törnlund ‘Swedish State Forestry 1790-2000’ in Managing Northern Europe’s Forests: Histories from the Age of 
Improvement to the Age of Ecology, Edited K. Jan Oosthoek and Richard Hölzl. Berghahn Books, 2018  

weather. Future heating is likely to subject forest to increased/
intensified stresses and disturbances.

Land cover and forest industry
Västerbotten’s cold climate, short growing season, and acidic 
low-nutrient soils are suited only to a small number of highly 
adapted tree species so that, despite many centuries of hu-
man activity, the county remains heavily forested under these 
same native trees (Since the 1970s forest companies have 
introduced some non-native tree species, notably Pinus con-
torta, over areas that are locally significant, but small relative 
to the county’s total forested area). Other land cover includes 
mountain above the treeline and other bare rock, waterbodies, 
mires, agriculture in parts of the east, built up areas (c. two 
percent), four large mines in the municipalities of Lycksele 
and Skellefteå, golf courses and ski runs.  

Most forests in Västerbotten have been significantly modi-
fied by humans, but they still include some of Europe’s last Intact 
Forest Landscape+, and smaller areas of primary+ and other old 
growth forest+. Over the last two centuries, and especially since 
the 1950s, forest cover has changed in many respects, including 
structure, age, species composition, intactness, stocking density, 
and suppression of natural fire and flooding.  Most remaining 
primary forest+ is confined to the mountains and sub-montane ar-
eas. Rich forest biotopes associated with subsistence use have 
almost vanished with the passing of peasant society. 

Even-aged forestry+, with clear-cutting and measures to 
sustain the forest resource, was introduced to southern Swe-
den early in the Eighteenth Century to boost ongoing supplies 
of firewood and other wood raw materials demanded both by 
the agrarian population, and by various industries. In the north, 
low population densities, lack of transport infrastructure, and 
comparatively little forest conversion to agriculture, meant that 
even-aged silviculture was not practiced at scale until long after 
its arrival in southern and central Sweden. In the north, attention 
was focused on extracting large, old pines, which were still abun-
dant, and were sufficiently valuable for sale to export markets to 
justify high logging and transport costs. 

Even-aged forestry eventually arrived in the north by the 
mid-Nineteenth Century as industrial sawmilling expanded, 
and - from end of the century - as pulp and paper mills further 
increased demanded, including for smaller dimension wood. 
But it was from the 1950s onwards that even-aged forestry 
began its rapid spread through northern Sweden and became 
the norm there, as it had long been further south. This trans-
formation happened in the main as a response to modernisa-
tion and demand for timber, and was supported by improving 
knowledge of the silvicultural requirements for successful 
regeneration in harsher boreal conditions.6.

Västerbotten County, Northern SwedenHealthy Forest Landscapes 1716



Installation of new pulp production capacity had a strong in-
fluence on the spread of even-aged forestry and of associated 
activities designed to maximise production, such as drainage of 
unproductive bog lands, and the suppression of natural fire. Pulp 
mills tended to be located where major rivers meet the Gulf of 
Bothnia, like Umeå in Västerbotten, so their influence on forestry 
practice was geographically uneven, and expanded over time. 

Meanwhile, smaller local sawmills across Västerbotten 
closed, and commercial forestry fully orientated to meet de-
mand from a few large mills, most of which are located on the 
coast around Umeå and Skellefteå.  Today, SCA’s Obbola pa-
per mill is the county’s largest single-point consumer of wood. 
Other large consumers are SCA’s Rundvik sawmill, Holmen’s 
Bygdsiljum and Kroksjön sawmills, and Norra Timber’s Kåge 
and Sävar sawmills and the smaller Angnäs pole factory.

Even-aged forestry spreads with a corresponding loss 
and fragmentation of other unprotected+ forest types. Those 
forests vary widely in character and management history. The 
broad continuity forest+ category encompasses Intact Forest 
Landscape+, other large and smaller patches of primary+ and 
old-growth forest+, as well as areas that have been commer-
cially exploited, including some where production and ecolog-
ical values were heavily degraded. 

Fig. 2. Expansion of even-aged forestry in Västerbotten 
since 1950 (created by, and reproduced with the permis-
sion of Jon andersson)

Dark green = continuity forest+

Light green = even-aged forestry+

Red = formally protected forest+

The rapid expansion of even-aged forestry through Västerbot-
ten since the 1950s has resulted in profound change in the 
age class distribution of forests available for wood supply+. 
In broad terms, the area of young planted stands increased 
as the area of forest between 80 and 120 years decreased.  
Short growing seasons necessitate rotation lengths+ of over 
80 years, which means that large commercial wood volumes 
from final felling of even-aged stands established in the 1950s 
onwards will begin to become available only in the mid-2030s. 
Meanwhile, industries’ growing demand for wood from Väster-
bottens forests is met by continued  clear-cutting of remaining 
old forest (to be re-established as even-aged stands), as well 
as by commercial thinning of maturing even-aged stands.

Until the 1990s, Sweden’s forest policy strongly prioritised 
sustained commercial production. The Forest Act of 1994 in-
troduced a policy of ‘Freedom with Responsibility’ which aimed 
to balance economic, environmental and social objectives. 
Much of the responsibility for achieving this balance is placed 
on forest owners and managers, rather than on detailed pre-
scriptive regulation and strong enforcement. The advent of FSC 
forest management certification in 1998, and Controlled Wood 
requirements, brought more detailed standard guidance. The 
approach promotes vigorous, faster-growing stands, combined 
with measures to mitigate negative ecological and social im-
pacts, such as setting aside a percentage of production forest 
land, identifying and protecting High Conservation Value for-
est+, retaining dead wood and live trees at final felling, better 
protection of soils and waterways,  an end to new drainage 
of bog lands, and a prohibition on clear-cutting forests on wet 
soils. The revised national FSC Standard (2019) extends con-
ditions under which continuous cover forestry is required. Such 
measures are designed to enhance the ecological values of 
even-aged stands, and the protection of the most ecologically 

important forest areas, but are part of a framework that as-
sumes continued expansion of even-aged forestry and loss of 
other unprotected+ forest types.

Forest ownership
Ownership of productive forest land in southern Sweden is 
dominated by individual owners. For Sweden as a whole, pri-
vate owners account for 50 percent of forest land, while indus-
trial forest enterprises own 25 percent (most forest industries 
do not own forest land integrated with production), Sveaskog, 
the state-owned forest company, owns a further 14 percent, 
and the remaining 11 percent is held by the state and other 
public and private owners.

In Västerbotten, a very large and lightly populated county, 
private and state-owned companies together own 44 percent 
of forest land. This means that a few actors have direct respon-
sibility for a large share of forest land in this very large county. 
Individual owners are also important, accounting for 40 percent 
of the total, but, as noted above, forest industry in Västerbotten 
is highly consolidated and thus has a strong indirect influence 
on forest management through its sourcing requirements.

 Västerbotten county Productive forest  
land ownership (1999-2021)

Owner 1,000 ha. %

State 326 10

State owned companies 707 21

Other public owners 31 1

Private owned companies 767 23

Individual owners 1 327 40

Other private owners 140 4

Unknown 0 0

All classes  3 298 100

Source: Statistics Sweden, Swedish Tax Agency Property Register, 
processed by Swedish Forest Agency.

Image source: SSR
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Trend in forest cover 
and in tree cover

02
Background
Forest cover+ and tree cover+ are critical determinants of all 
forest attributes including biodiversity, carbon storage, and 
aspects of community wellbeing.

No concerns were raised about loss of forest cover+ or 
of tree cover+ by the stakeholder consultation or background 
research for this assessment. At the country level, land use 
change is minimal. Annual harvest volumes are below net 
growth in productive forests available for wood production+, 
and the Swedish Forestry Act requires felled stands be re-es-
tablished to a high standard within three years of final harvest. 
North Norrland, which includes Västerbotten, has close to the 
highest regeneration success rate in Sweden, partly attribut-
able to an increase in establishment by planting and decrease 
in natural regeneration. 

The stakeholder consultation did raise questions about 
which definitions of ‘forest’ and ‘deforestation’ should be used.  
This assessment adopts the FAO definitions because they 
are widely recognised and are employed by national Forest 
Resource Assessments worldwide, including Sweden’s. Other 
definitions and the stakeholder consultation highlighted two:

 
 ■ Principle 6 of the FSC National Forest Stewardship 

Standard of Sweden, classifies the replacement of nat-
ural forest by plantation of exotic species, from 1994 
onwards, as forest conversion (a form of deforestation). 
It allows plantation of exotic species up to a maximum of 
five percent of a landholding’s total area, so plantations 
of Lodgepole pine (P. contorta) established in Väster-
botten since 1994 are treated as permitted conversion. 

 ■ Some ecologists and environmental campaigners 
who were consulted for this assessment view the re-
placement of a forest mosaic characterised by natural 

7  Riksskogtaxeringen officiell statistik om de svenska skogarna https://skogsstatistik.slu.se/pxweb/en/OffStat/ 

regeneration, and by diversity in age, composition, struc-
ture and management histories, by young even-aged 
stands, established by clear-cutting and planting, to be 
a form of conversion/deforestation, though the same 
dominant tree species persist. This view stems from a 
conception of ‘forest’ which, unlike the FAO definition, 
includes criteria of natural ecosystem functioning, com-
plexity of structure and so on, and which regards forests 
as ecosystems dominated by trees, rather than simply 
land with trees on it, or on which trees will grow. In this 
view, Västerbotten has undergone a process of large-
scale deforestation since the mid-Twentieth Century, 
which continues today.  Other stakeholders who agreed 
that loss of less intensively managed forest is likely to 
damage biodiversity and other ecological values, describe 
the change as ‘degradation’ rather than ‘deforestation’.

The planting of exotic tree species, especially Pinus 
contorta, and expansion of even-aged forestry do not 
affect this analysis of forest cover, but they are rele-
vant to biodiversity, carbon and aspects of commu-
nity wellbeing, and are discussed in those sections. .  

Method
 

Trend in total forest cover from 2010 to 2020 is reported here 
on the basis of NFI+ (‘Riksskogstaxeringen’) statistics pub-
lished by SLU 7.  NFI+ reports high quality forest cover data for 
Sweden, for sub-national regions, and for individual counties. 
The Swedish NFI+ definition of forest land+ is very similar to 
the FAO’s definition, and distinguishes between two broad 
forest land use classifications:

Indicators Trend Confidence Comment

Forest Cover NFI+ annual results reported 
for Västerbotten county. Derived from 
sample plot observation. Annual values = 
5-year mean values

High
Conclusion based on results of high quality 
inventory data and modelling. 

Tree cover SFA+ results for annual areas 
of final felling in productive forest, natural 
disturbances that remove tree cover in 
all forest and rates of successful re-
establishment and regrowth

High
Conclusion based on results of high quality 
inventory data and modelling.
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 ■ Productive forest land+ is suitable for forest production 
and has an average annual production potential of ≥1 
m³sk8 per hectare per year, without growth-enhancing 
measures. 

 ■ Unproductive forest land+ has average annual produc-
tion potential of <1 m³sk per hectare per year without 
growth-enhancing measures. 

Other NFI+ land use classifications with tree cover do not 
meet one or more FAO criteria and so are not included in this 
assessment.

At the county level, inventory measurements are record-
ed for fewer sample plots than at the regional and national 
scales. In order to achieve sufficient confidence in results, 
annual forest cover values are calculated as the mean value 
of five-year periods. This means that, at the time that this as-
sessment was drafted, 2019 was the most recent reported 
year, and that the 2019 value is the mean value of annual 
measurements recorded for 2017-2021.

Tree cover is reported here as the annual total forest cov-
er area minus the area of total forest cover that is classified 
as ‘without trees of any species’ according to NFI+ statistics. 

Three further data sets were checked to test the findings 
of this analysis:

 ■ NFI+ data on forest cover area in ‘Age class 0’. These ar-
eas should be expected to correspond to areas reported 
to be without trees of any species.  

 ■ SFA+ (Swedish Forestry Authority) annual statistics on 
area covered by Final Felling Notifications in Västerbotten

 ■ SFA+ annual statistics on the degree of success in re-
generation after final felling reported for North Norrland 
(Västerbotten and Norrbotten counties)
 

Each one of these metrics has some characteristic that ren-
ders it an imperfect indicator of tree cover. The NFI statistics 
relate only to productive forest which makes up approximately 
75% of Västerbotten’s total forest area. Final Felling Notifi-
cations must be made for all final fellings of 0.5 hectares 
and larger. This includes clearance operations after natural 
disturbances and therefore, to a degree, reflect tree loss in 
both productive and non-productive forest. However, final fell-
ing notifications are only approximate indicators of trend in 
gross tree cover loss, both because they are not required for 
operations under 0.5 hectares, and because a small minority 
of notifications do not result in harvest operations.  Finally, 
regeneration success is measured against criteria set by the 

8  M³sk volume includes entire trunk volume above normal stump height, over bark and with tops, but exclude branches, stumps and roots.

9  An EC Joint Research Centre study, published in Nature in July 2020 and based on analysis of 30m resolution satellite imagery, indicated 
sudden and large increases in forest harvest areas in the EU after 2015, with the greatest increases reported for Sweden and Finland. The 
results did not imply loss of forest land, but indicated large increases in total clear-felled area, in average size of felling sites, and in total 
volumes of woody biomass extracted. However, the study’s methodology and conclusions were rebutted with the apparent increases in total 
harvest areas found to be attributable largely to improvements in satellite image interpretation and mapping, and to misclassification of areas 
of natural forest disturbance.  

Swedish Forestry Act which go well beyond the level of suc-
cessful regeneration needed to restore tree cover that meets 
the FAO definition of forest.  However, if the results of all four 
measures point in a similar direction then trend, if not precise 
areas, can be reasonably safely assumed.

Both NFI+ published data and SFA+ published data are 
‘Official Statistics of Sweden’ meaning that they are produced 
according to the requirements of the Statistical Act, for the 
purposes of public information, planning and research. They 
are derived from annual ground inventories of permanent and 
temporary sample plots and are therefore subject to a degree 
of random error, and to some systematic errors.  

No independent research was commissioned for this re-
port, given the independence and scientific rigour of NFI+ and 
SFA+ reports, and their direct thematic and spatial relevance to 
this report’s questions about trend in forest cover or tree cover. 
It is doubtful that analysis of publically available satellite imag-
ery would achieve results at confidence levels equal to or higher 
than those of these official statistics for forest cover+ or for 
tree cover+9.  A hybrid NFI/Earth Observation approach might 
achieve additional insights but there was little justification to 
use limited resources to assess these metrics further. 

 

Results
TREND IN FOREST COVER

Table 1 indicates that Västerbotten’s forest cover remained 
stable during 2010-2019, at approximately 4 million hectares, 
or 73% of total area.  As noted above, annual values are five-
year mean averages, so the 2019 value incorporates measure-
ments made in 2017, 2018, 2019, 2020 and 2021.

Values fluctuated slightly through the period, with a 
difference of 21,000 hectares between 2010 (3,967,000 ha.) 
and 2019 (3,946,000 ha.). The small size of these fluctuations 
relative to the total assessment area are well within error for 
a 95% confidence interval. 

Larger variation is reported for productive forest+ and unpro-
ductive forest+ area values. Between 2010 and 2019, estimat-
ed productive forest area increased by 84,000 hectares (from 
3,079,000 ha. to 3,163,000 ha.), while estimated unproductive+ 
forest land area decreased by 105,000 hectares (from 888,000 
ha. to 783,000 ha.) Given that total forest cover remained sta-
ble, and that areas of other wooded land were also stable, it 
appears that a moderate increase in the area classified as pro-
ductive forest+ occurred through 2010-2019, at the expense of 
the area classified as unproductive forest+ land. 

Table 1. Forest land by land use classes according to the Swedish  
Forestry Act and by Year (five-year average) for Västerbotten County, 2010-201910

 
 

NFI+ statistics also distinguish between productive forest+ cover that is formally protected+ and that which is outside formally 
protected areas+. Table 2 indicates that the area of productive forest+ cover outside formally protected areas+ increased from 
2,904,000 hectares in 2010 to 3,010,000 hectares in 2019 (values are five-year mean averages so the 2019 figure reflects the 
2020 and 2021 values), a total of 105,000 hectares or a 3.6% increase.

This increase is not attributed here to any particular cause. The increase is exactly equivalent to the estimat-
ed decrease in unproductive forest land+ over the same period (also 105,000 hectares), which might indicate that reclas-
sification of unproductive forest+ as productive forest+ has happened in those areas that are not formally protected+.  

Table 2. Productive forest+ area outside formally protected + areas  
by Year (five-year average) for Västerbotten County, 2010-201911

10  Table adapted from NFI’s Table 2.1 at Skogsstatistik.slu.se, official statistics last updated 24.05.2022 https://skogsstatistik.slu.se/pxweb/en/
OffStat/OffStat__Skogsmark__Areal/SM_Areal_agoslag_SVL_tab.px/chart/chartViewColumnStacked/ 

11  Table adapted from NFI’s Table 3.1b at Skogsstatistik.slu.se, official statistics last updated 24.05.2022 https://skogsstatistik.slu.se/pxweb/en/
OffStat/OffStat__ProduktivSkogsmark__Areal/PS_Areal_bestandstyper_tab.px/chart/chartViewColumn/ 
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TREND IN TREE COVER

Change is the area of forest land without tree cover is determined by the total annual areas of final felling in productive forest+, 
by natural disturbances that remove tree cover in productive and unproductive forest+, and by rates of successful re-establish-
ment and regrowth.

Table 3 shows fluctuations in Västerbotten’s bare forest land areas, on productive forest land+, through the 2010-2019 
period, but only a very slight change over the period as a whole, from 83,600 hectares in 2010 to 84,000 hectares in 2019. 
Expressed as percentages, bare land accounted for between 2.5 and 2.9 percent of productive forest land through the period.  

Another NFI metric which is relevant to trend in tree cover in productive forest land is the Age class ‘0’ category. It encom-
passes tree ages 0-3 years, and so can be expected to account for a slightly larger areas than the ‘Bare forest land’ category.  
This metric showed similar stability through the period -, ranging in area from 98,600 ha. - 120,300 ha. and, as a percentage of 
productive forest land, ranging from 3 to 3.8 percent, with a slight decline over the period.  

SFA statistics for Västerbotten’s notified areas of final fellings over the same period are consistent with a finding of stable 
tree cover. Annual values showed no upward trend through the decade, and the spatial extent of notified final fellings fluctuated 
between 25,600 ha. and 34,000 ha. with a mean average annual value for the period 30,199 hectares. If subsequent reestablish-
ment and growth are successful, this rate of final felling would not drive sustained tree cover loss. 

SFA statistics for success in regeneration after final felling are reported for North Norrland as a whole, not for Västerbotten 
alone. In this region, the rate of successful regeneration rose from 79% in 2010/11 to 94% in 2018/19, and dropped back to 
87% in 2019/20 

Table 3. Total productive forest+ area and bare forest land within  
this area by Year (five-year average) for Västerbotten County12

Discussion and recommendations
These results indicate a forest landscape characterised by overall stable forest cover and stable tree cover for the period 2010-2019. 
Within the overall forest cover area, productive forest outside formally protected forest+ appears to have expanded, while unpro-
ductive forest has contracted by the same extent (105,000 hectares). The causes of that change would be interesting to explore.

Although no particular concern was raised about either forest cover or tree cover, and recent trend was found to have been 
stable, it is recommended to continue to monitor tree cover especially, for the possibilities that increased demand for timber 
and fibre will lead to higher rates of harvesting, and that forest stresses related to climate change, such as pest attacks and 
drought may increase mortality rates, and/or reduce rates of successful regeneration.  

12  Table adapted from NFI’s Table 3.1a at Skogsstatistik.slu.se, official statistics last updated 24.05.2022 https://skogsstatistik.slu.se/
pxweb/en/OffStat/OffStat__ProduktivSkogsmark__Areal/PS_Areal_bestandstyper_tab_a.px/ 
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Trend in forest and 
harvested wood product 
carbon pools

03
Background
Forest carbon and climate change is a major theme of the 
public debate about Västerbotten’s forests. Most stakeholder 
related responses for this assessment concerned climate im-
pacts on biodiversity and on reindeer herding. Some respons-
es (academic, industry and ENGO) also referred to the future 
of forest carbon sequestration and storage in Västerbotten, as 
well as to carbon storage in harvested wood products (HWP) 
and to the carbon effects of displacement of fossil fuels and 
energy-intensive construction materials by wood products. 

The EU’s ‘European Green Deal’, launched in December 
2019, includes the EU Forest Strategy for 2030, which sees 
forests playing a critical part in achieving EU-wide GHG emis-
sions reductions of at least 55% by 2030 and ‘climate neu-
trality’ by 2050. Sweden has more forest than any other EU 
country, so Swedish policy choices will significantly affect the 
outcome of the EU Forest Strategy.  When asked, stakehold-
ers agreed that policy goals for Sweden’s and Västerbotten’s 
forests should include greater GHG emissions mitigation, but 
their views on how that should be done diverged strongly.

One approach prioritises more efficient carbon seques-
tration by forests, combined with growing the ‘Harvested 
Wood Product’ (HWP) carbon pool, and substituting more pet-
rochemical and energy-intensive materials with wood-based 
alternatives. In this view, it is sensible to harvest unprotected 
old forests that are less effective carbon sinks and are per-
haps net carbon emitters. This will both allow the establish-
ment of even-aged stands that will in time sequester carbon 
dioxide relatively quickly, and boost production of feedstock 
for the bio-economy. 

Another view calls for much more extensive protection of 
continuity+ and other old forests, which proportionately store 
more carbon in soil, deadwood and living biomass pools, 
though they might no longer sequester atmospheric carbon 
rapidly, if at all. Although a newly established even-aged stand 
will eventually sequester carbon rapidly, it will take many de-
cades before it stores carbon at volumes comparable to the 
stand that it replaced.  This view prioritises the maintenance 
and growth of forest carbon pools and places less emphasis  

 
 
 
on the HWP pool and displacement potentials. It advocates 
for even-aged forest to be managed to increase forest car-
bon pools far beyond the level that will occur under existing 
management norms, for example, by achieving an age-class 
distribution with a larger proportion of older stands, and by 
extending rotations beyond the economic optimum lengths. 
It also argues for closer-to-nature+ silviculture to enhance 
resilience to climate change impacts, together with better 
biodiversity outcomes. 

Beyond these opposing general views, important practi-
cal details include variation in the carbon sequestration and 
storage potentials of different forest and soil types, and be-
tween stands with different management histories. Forecasts 
for change in forest carbon pools under different harvest in-
tensity scenarios also vary according to which reference peri-
od is chosen. Notwithstanding such detailed considerations, 
differences in opinions on how to use Västerbotten’s forests 
to mitigate GHG emissions broadly correlated with opposing 
views as to how production and biodiversity objectives should 
be prioritised and the implications for even-aged and other 
forest types.  

A connected debate concerns future climate change im-
pacts on forests, including on the forest carbon sink. Modelling 
of climate change effects on Sweden’s forests factors include 
predictable trends of, and responses to, rising atmospheric 
CO2, longer growing seasons and more precipitation, and fore-
cast higher growth in forest biomass. Increased forest stresses 
and disturbances and their associated carbon emissions are 
difficult to quantify, and are not yet included in the modelling.  
But it is clear that temperatures in boreal regions such as Väs-
terbotten are rising faster than the global average and are likely 
to have damaging effects on all forest types. 

Environmental NGOs and other conservationist inter-
viewees tended to see the conservation of existing continuity+ 
and other old forest, together with a transition of even-aged 
forestry to closer-to-nature management as the most effective 
means by which simultaneously to promote forest biodiver-
sity, carbon storage and resilience to climate change-related 

Indicators Trend Confidence Comment

Recent trend in live tree and dead wood 
forest carbon pools in Västerbotten (2000-
2020 and 2010-2020)

High
Conclusion based on high quality inventory data  
and modelling. 
Recent growth continues a long term trend.
Future growth rates sensitive to harvesting intensity

Recent trend in the Harvested Wood Product 
carbon pool, for wood harvested in Väster-
botten (2000-2020 and 2010-2020)

High
Conclusion based on high quality inventory data  
and modelling.
Recent growth continues a long term trend.
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stresses and disturbances. Forest owners and managers were 
more likely to see biodiversity, carbon storage and carbon se-
questration, and ‘resilience’ as related, but distinct objectives, 
with distinct management alternatives available to address each.      

  

Method
Per-Erik Wikberg of the Department of Forest Resource Man-
agement, National Forest Inventory, Swedish University of 
Agricultural Sciences (SLU) carried out the carbon analysis 
for this assessment of Västerbotten’s forest landscape to:

 ■ report trend in carbon storage in living trees and dead 
wood from 2010 to 2020, and from 2000 to 2020, in all 
forest land. Trend in the soil carbon pool is not reported 
because available data are not yet adequately robust at 
county level.  

 ■ report trend in the HWP carbon pool from 2010 to 2020, 
and from 2000 to 2020 for products made of wood 
harvested in Västerbotten  

 ■ forecast change in the forest carbon and HWP carbon 
pools from 2020 to 2030 and to 2050, under different 
harvest intensity-scenarios. These time horizons were 
chosen to coincide with the EU European Green Deal GHG 
emissions reduction milestone targets of 55% by 2030 
and neutrality by 2050.

These analyses rely on data published in NFI reports, in which 
annual values are five-year mean values. It was therefore 
sometimes necessary to use the closest reference years for 
which values were available, so historical trend in carbon 
pools is reported here up to 2019, rather than 2020, and fore-
cast values are reported from 2018 to 2033 and to 2053.  

This assessment describes how forest and HWP carbon 
pools have changed, and how they are likely to change in com-
ing decades under various scenarios. It does not address the 
many important detailed questions flagged above, such as 
carbon emissions avoided by substitution of petrochemicals 
and energy-intensive materials, or variations in forest carbon 
sequestration and storage potentials for different forest types 
or age class distributions. It also does not include a scenario 
in which all unprotected old forest is excluded from commer-
cial harvesting and managed forest is brought under close-
to-nature+ silviculture. 

Carbon storage was calculated for the carbon pools 
Living biomass, Dead wood and Forest products (Harvested 
Wood Products (HWP)) for Västerbotten county, historical 
storage as well as projected. 

Historical pools were based on data from the National Forest 
Inventory (NFI).

Projected pools were derived from the large scale sce-
nario analysis SKA22 https://www.skogsstyrelsen.se/mer-
om-skog/skogliga-konsekvensanalyser/ based on NFI data 
measured from 2016-2020, meaning that the start year was 
2018. Results from the SKA22-scenarios “Dagens skogsbruk”, 
“Dagens potential” and “Fokus tillväxt” were used:

• Dagens skogsbruk: silviculture, set aside areas and 
harvest intensity were according to business as usual, 
with harvest intensity set to 62% of net growth on forest 
land available for wood supply 

• Dagens potential: harvest intensity was set to 100% of 
net growth on forest land available for wood supply 

• Fokus tillväxt also assumes harvest intensity of 100% 
of net growth on forest land available for wood supply, 
combined with measures to increase growth. 

Projections were made using the Heureka Regwise simulator 
(Wikström et al. 2011). 

All results are for forest land as defined by FAO, which 
covers about 4 million hectares in Västerbotten. The areas in 
Table 4 are valid for the NFI historical results, but it was not 
possible to separate results for protected and wood produc-
tion land.

Table 4. Areas per forest land category, Västerbotten county.

Category Hectares

Productive forests, set aside areas 531 748

Productive forests, wood production land 2 716 976

Low productive forests 776 119

Total 4 024 843

LIVING BIOMASS
The carbon pool Living biomass concerns living trees.

Historical
Biomass for all trees and all tree fractions is calculated using 
functions made by Marklund (1988) and Petersson & Ståhl 
(2006). Biomass was derived from the NFI-database and 
converted into carbon by multiplying with 0.5. coefficient of 
variation was added. Trees h<1.3 m were excluded.

Projected
For the historical statistic, biomass for all trees and all tree 
fractions is calculated using functions made by Marklund 
(1988) and Petersson & Ståhl (2006). Trees h<1.3 m were 
excluded.

DEAD WOOD

Historical
Dead wood, lying and standing, diameter > 10 cm is calipered 
at 1.3 m “height” and registered by the NFI. Diameter is cal-
ipered and volume calculated. Decay class is registered in 
five classes. Carbon content was calculated by multiplying the 
volume with 0.3 (density) and 0.5 (carbon fraction).

Projected
The registered dead wood from the NFI is imported to the 
Heureka simulator. Simulated mortality is added to the dead 
wood pool and decay is simulated. Results are reported for 
five different decay classes. The carbon content is calculated 
in Heureka. 

HWP

Calculations were made according to IPCC guidelines. The 
HWP-pool includes all products from trees harvested in Väs-
terbotten irrespective of where they were consumed. The 
carbon pool at year t+1 is calculated by estimating an outflow 
(discarded products) from the pool in year t and adding an 
inflow of new products. Separate calculations were made for: 
sawn wood, wood based panels and paper products.

The outflow is calculated by multiplying the pool with a 
fraction that results in a remaining amount the year after. The 
fractions are calculated using half-lives: 35 years for sawn 
wood, 25 years for panels and 2 years for paper. Outflow is 
dependent on the size of the pool, and in order to gain an 
adequate outflow an adequate pool must be estimated. 

The inflow is based on harvested trees that according to 
NFI were allocated to pulp wood and saw logs using functions 
by Ollas (1980). For the forecasts the harvested volumes were 
transferred to saw logs and pulp wood in the Heureka-system. 
Each assortment was transferred into the three product cate-
gories according to national mean levels.

It was assumed that 48% of saw logs (under bark) was 
turned into sawn wood. The remaining part was added to the 
pulp wood volume, and about 90% of the resulting volume was 
allocated as raw material to the pulp industry while 2% was 
used to produce wood based panels. Of the 90% used by the 
pulp industry 55% was turned into pulp. It was assumed that 
the paper taken out of use (the outflow) was partly reused 
as recovered paper to produce new paper. The fraction re-
used paper was set to zero for one hundred years ago and 
increased up to 68% at present (mean value for the latest five 
years in EU), and was kept constant at 68% in the forecasts. 

RESULTS
Forest carbon pools - historical

Tables 5 and 6 indicate that the living tree (above + below ground) 
carbon pool is very much larger than the dead wood pool. 

Between 2000 and 2019, the living tree pool increased by 
approximately 30.5 MT C02, of which nearly 21 MT, accrued 
between 2010 and 2019, largely from 2010 to 2015. An in-
crease of less than 1 MT was recorded for the period 2015 to 
2019 (note that annual values are 5-year mean values).

Between 2000 and 2019, the combined living tree and 
dead wood pools grew by 31.9 MT CO2 / 24.8%.  Their com-
bined growth between 2010 and 2019 was 21.7 MT or 15.6%.

Table 5. Tonnes CO2 stored in Living trees in the forests of 
Västerbotten, 2000-2019

Table 6. Tonnes CO2 stored in Dead wood in the forests of 
Västerbotten, 199?-2019
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Forest carbon pools  
- projected

Table 7 indicates that, under all three scenarios, the combined 
live trees and deadwood carbon pools are forecast to contin-
ue to grow continuously to 2053.

Under the Dagens skogbruk scenario (lower-intensity / 
BAU harvesting), the dead wood pool is forecast to grow by 
1.9MT / 97.5% between 2018 and 2033, and by 5MT / 259% 
between 2018 and 2053. The live trees pool is forecast to 
grow by 27MT / 17% from 2018 to 2033, and by 59.7MT / 
37.5% between 2018 and 2053. 

The total forest carbon pool (live trees plus dead wood) 
is forecast to grow by 28.9MT / 17.9% by 2033, and by 64.7MT 
/ 40.2% by 2053, relative to the 2018 value.

Dagens potential scenario (maximizes harvesting on 
forest available for wood production) predicts that the dead 
wood pool will exceed the 2018 value by 1.4MT / 72% in 2033, 
and by 3.6MT / 185% by 2053. The live trees pool grows by 
8.1MT / 5% by 2033 and by 12MT / 8% by 2053.

Combined, these pools show growth over the 2018 val-
ues of 9.6MT / 6% by 2033, and of 15.7MT / 10% by 2053.

The Fokus tillväxt scenario forecast (harvest of 100% of 
net growth on forest available for wood production plus extra 
measures to promote growth) follows a similar trajectory. The 
dead wood pool exceeds the 2018 value by 1.3MT / 67% in 
2033, and by 3.8MT / 193% in 2053. The live trees pool grows 
by 7.2MT / 4.5% by 2033 and by 16.3MT / 10.2% by 2053.

The combined values rise by 8.5MT / 5.3% by 2033, and 
by 20MT / 12.4% in 2053, beginning to pull away from the the 
Dagen’s potential growth curve.

Table 7. Forecast growth in tonnes CO2 stored in combined 
Living trees and Dead wood pools in the forests of Väster-
botten under different harvest intensities.  

Harvested Wood Products  
(HWP) Pool - historical and  
projected values
Table 8 shows continual historical growth in the estimated 
HWP carbon pool for wood harvested in Västerbotten, includ-
ing for the periods 2000-2020, and 2010-2020. It also fore-
casts continued growth in the HWP pool in all three scenarios 
discussed above. 

Under the Dagens skogsbruk scenario, the HWP pool 
grows relatively slowly. By 2033 the pool is forecast to be 1.4 
MT / 11.7% larger than in 2018, and by 2053 this rises to 3.5 
MT / 29.8%.

The Dagens potential scenario predicts growth of 4.5MT 
/ 38.5% above the 2018 value by 2033, and of 8.7MT / 73.7% 
by 2053.

The Fokus tillväxt scenario predicts growth of 4.9MT / 41.8% 
above the 2018 value by 2033, and of 9.7 MT / 82.4% by 2053.
 

Table 8. Forecast growth in million tonnes CO2 stored in 
HWPs from wood harvested in Västerbotten  
Under different harvest intensities 

Forecast trends in growth of HWP and in forest carbon pools 
under different harvest intensities are, unsurprisingly, the re-
serve of each other - lower harvest intensity predicts greater 
growth in the forest carbon pool and high harvest intensity 
results in a larger HWP pool. It is important to note that in-
creases in HWP pools are much smaller in volume than the 
associated reductions in the growth of forest carbon pools:

 ■ In the two high-intensity harvesting scenarios, HWP 
pools are forecast to grow by approximately 3 MT more 
than would be achieved under the Dagens skogsbruk 
(lower harvest-intensity) scenario. By 2053, the differ-
ence increases to about 6 MT.  

 ■ Meanwhile, forest carbon pool growth in the high-intensity 
harvesting scenarios is, by 2033, approximately 20MT 
lower than it would be under the Dagens skogsbruk sce-
nario. By 2053 the Dagens potential forest carbon pool is 
49MT smaller than the Dagens skogsbruk scenario, and 
the Fokus tillväxt value is nearly 45MT under.

Discussion and 
recommendations for  
forest industry

This assessment does not quantify actual or forecast change 
in soil carbon, which is affected by factors including tree 
growth rates, and intensity of harvesting, ground preparation 
and biomass removal. Nor does it consider the effect on net 
emissions of displacement/substitution of petrochemicals 
and energy-intense materials by wood products harvested 
in Västerbotten. Nonetheless, it is important to observe that 
historical and forecast trend in Live tree, Dead wood and 
HWP carbon pools suggest that Västerbotten’s forests and 
associated HWPs, have been, and will continue to be, growing 
carbon sinks. 

Forecast growth in these pools under different harvest 
intensities over the next 30 years, indicates that higher har-
vesting intensities are likely to significantly reduce growth in 
the Live tree and Dead wood pools to an extent that will not be 
offset by growth in the HWP pool (while these are forecasts, 
not facts, they are the based on high quality data and model-
ling of predictable phenomena).  

RECOMMENDATIONS FOR FOREST INDUSTRY

Most of the following recommendations are for opportuni-
ties to protect and increase forest carbon pools, especially 
where synergistic biodiversity and reindeer herding benefits 
exist. This does not assume that forest carbon maximisation 
is necessarily always a better emissions-abatement strategy 
than bioeconomy feedstock maximisation would be. Where 
the balance should be struck is a contentious question, and
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a societal/governmental policy responsibility. The debate 
should be informed by projected change in forest carbon 
pools - including soil carbon - over emissions-critical periods 
and under different harvesting intensities, compared with pro-
jected growth of HWP pools and of substitution potentials 
under the same periods and for harvest intensities associated 
with increased wood availability needed for these products. 

Greater harvesting intensity could be achieved only by 
accelerated cutting of Västerbotten’s old forest. Therefore, an 
assessment of competing emissions abatement strategies 
should also address the extent to which change in forest 
homogeneity, age, structure, composition and connectivity 
is likely to affect resilience/adaptability to climate change 
effects, with implications for future productivity and carbon 
sequestration and storage. Sweden’s forest growth models 
already incorporate the predictable growth-promoting effects 
of a warming climate. There is also little doubt that climate 
change will bring increasingly extensive and severe forest dis-
turbances and stresses to Västerbotten - and more diverse 
forest is likely to be more resilient and adaptive. But there is 
much less confidence in predicting specific, quantified climate 
impacts or in quantifying the scale and extent of differences 
in response between forest types. 

Political debate over which climate/carbon forest man-
agement objectives should be prioritised, and reconciled with 
ecological and social values, continues. , and climate impact 
models are developing. Forest companies will naturally have 
a strong interest in supplying materials for a growing glob-
al bioeconomy. Meanwhile, forest companies can also take 
steps to enhance forest carbon pools in response to their 
customers’ net-zero commitments, while achieving business 
advantages, and ideally, with important biodiversity and social 
co-benefits.

 ■ Explore opportunities to monetise/attain business ad-
vantage through forest carbon storage that is additional, 
permanent and does not lead to leakage of forest carbon 
depletion to other forest areas. This may be achievable 
through bilateral collaboration with downstream cus-
tomers and/or through integration of enhanced carbon 
storage in forest certification claims. 

 ■ Prioritise avoided loss of forest with existing high car-
bon stores, especially where this is also associated with 
higher biodiversity/ecological values (i.e. old-growth for-
est+) and/or forest with important social value including 
reindeer grazing.

 ■ So far as measures taken on even-aged stands are ef-
fective in increasing additional carbon storage, explore 
opportunities to use those measures to enhance biodi-
versity/ecologial and social outcomes (e.g. retained dead 
wood and live trees, lower impact ground preparation).

 ■ Avoid or mitigate carbon storage enhancement measures 
on even-aged stands that are likely to degrade biodiver-
sity/ecological and/or social values (e.g. denser stands 
where this will negatively affect ground, herb and shrub 
layers and/or impede reindeer movement).

 ■ Ensure that carbon emissions reduction claims for forest 
products, based on HWP carbon pools and substitution/
displacement effects, also take account of the effects 
of associated harvesting on rates of forest carbon pool 
growth. Västerbotten’s forest carbon pools have grown 
and are forecast to continue to grow even under scenari-
os of intensified harvesting. However, the extent of fore-
cast growth in forest carbon pools correlates negatively 
with more intense rates of harvesting, and therefore the 
harvesting of wood products should not be considered to 
be ‘carbon neutral’ per se. 

Trend in Forest 
Biodiversity

04
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Background
Debate in Sweden about forest biodiversity and forest man-
agement practices has polarised in recent years, becoming 
increasingly contentious locally, national and internationally. 
Sweden has signed the Convention on Biological Diversity 
(CBD), ratified the EU Biodiversity Strategy and the EU’s Green 
Infrastructure strategy, and adopted national policies to main-
tain viable populations of all naturally occurring species13. 
But many question how these commitments can be achieved 
when forest habitats are changing in the face of multiple pres-
sures, including the expansion of even-aged forestry.

Stakeholders who were consulted for this assessment 
expressed diverse opinions about change in Västerbotten’s 
forest biodiversity, and about how it should be addressed.  
They were asked particularly about the significance of forest 
management and of forest protection measures for  biodi-
versity, and their answers reflect this focus, but other factors 
also influence forest habitats. These include a warming, less 
stable climate, industrial development (notably mining and 
wind turbines), roads/infrastructure, pollution such as nitro-
gen deposition, and other forest uses such as tourism, hunting 
and reindeer herding. 

For a minority of interviewees, forest biodiversity loss in 
Västerbotten was not a serious concern. They cited: exten-
sive and stable forest cover; measures introduced since the 
1990s to protect the most biodiverse forests, and to conserve 
biodiversity values on even-aged stands; and boreal forests’ 
relatively low natural species diversity, and a view that species 

13  ’Sweden does not meet agreed national and international forest biodiversity targets: A call for adaptive landscape 
planning’  Per Angelstam, Michael Manton, Martin Green, Bengt-Gunnar Jonsson, Grzegorz Mikusiński, Johan Svensson, 
Francesco Maria Sabatini, Elsevier 2020

 
are widely distributed and generalist, and well adapted to natu-
ral and human forest disturbances. For some, the ‘biodiversity 
agenda’ was associated with external actors (from outside 
Västerbotten, and sometimes outside Sweden), impinging on 
landowners’ rights.

Conservationists, and some of the academics inter-
viewed, said that Sweden’s forest biodiversity values have 
declined for many decades, especially since the 1950s, and 
continue to do so. WWF Sweden’s website notes that in 2020, 
21,000 species assessed by the Swedish Species Information 
Centre included more than 4,700 that were Red-listed, and that 
more than 2,000 of these species are forest dependent - an 
increase of nearly 13 percent since 2015 (note: the majority of 
these are found primarily in forests of southern Sweden with 
more diverse deciduous tree species composition). Mean-
while, the SFA’s+ annual evaluations of ‘living forest’ against 
the national objective that ‘the value of forests and forest land 
for biological production must be protected while preserving 
biodiversity and cultural and social values’, reports that on-
going loss of forest types with unique habitats has serious 
consequences for sensitive and threatened species. 

Some interviewees stressed the significance of conti-
nuity forest+, within which exists large areas of unprotected 
forest with important habitat value. They argued that the 
large-scale loss of continuity forest+ and other old forest with 
diverse structure and composition, to even-aged forestry, has 
degraded biodiversity by reducing the total area and connect-

Indicators Trend Comment

Various remote-data 
indicators and various ground 
inventory indicators 

Inconclusive

Lack of adequate consistent field data, and gaps 
in knowledge of important species and community 
dynamics, prevented a confident interpretation of 
biodiversity indicators’ results for overall forest biodi-
versity trend. However, statistics for downward trends 
in some important biodiversity indicators are relatively 
reliable, especially over many decades. In the absence 
of conclusive evidence of stable or increasing biodi-
versity, a precautionary approach seems advisable, 
with new measures to conserve and restore forest 
biodiversity values, and to improve understanding and 
measurement of those values.

edness of patches that are likely to higher habitat values, and 
by creating an increasingly homogenous forest mosaic across 
Västerbotten. They emphasised: 

 ■ Value of taking longer-term perspectives, looking back 
further than the introduction of conservation measures 
in the 1990s, beyond the advent of large-scale even-aged 
forestry in the 1950s, and back to the early 20th Century, 
in order to appreciate the scale and depth of change in 
the character of Västerbotten’s forests - especially the 
loss of old forest during that period. And, looking for-
wards, to recognise that species responses to extensive 
clear felling are not well understood and the viability of 
populations may take decades to become apparent. One 
interviewee described the spread of even-aged forestry 
as a huge experiment being done on the natural world 
without safeguards.

 ■ Norrland’s (including Västerbotten’s) special significance 
for old growth forest+ conservation and restoration, 
as home to most of Sweden’s remaining Intact Forest 
Landscape+ and other old growth forest+, with dependent 
species and communities.

 ■ Even-aged forestry’s less diverse species composition, ages 
and sizes, denser stocking levels, lower deadwood volumes 
and variety, and more disturbed soils and mycorrhizal asso-
ciations, relative to other forest management regimes;

 ■ The extent to which the spread of even-aged forestry has: 
reduced variation in forest types across the county; short-
ened average forest age (most rotations are less than 90 
years) and therefore also much reduced the instances of 
later seral stages; repressed fire, an intrinsic element of 
boreal forest ecosystems, to protect stock, people and 
property; and much reduced instances of young stands 
regenerating after natural disturbances which are char-
acterised by more structure, compositional diversity and 
deadwood than planted even-aged stands possess. 

 ■ Fragmentation of other forest types, which is very likely 
to degrade the habitat, dispersal and migratory values to 
some species of the smaller remnant patches.

Some interviewees argued for an immediate end to the expan-
sion of even-aged forestry in Västerbotten, and for even-aged 
stands to transition to ‘closer-to-nature’+ silvicultural systems, 
as well as for change in forest industry structure to adapt to 
such systems.

Others prioritised better identification, protection, resto-
ration and connectedness of unprotected forest with higher 
site-specific and landscape-level biodiversity value.  They 
proposed measures including: better inventories of forest 
biodiversity indicators; increased priority for landscape-level 
spatial analysis and planning for biodiversity values; increased 
funding to compensate more forest owners for expanded 
protection; and increased and better-coordinated voluntary 
protection and conservation measures by the county’s largest 
forest owners (SCA, Sveaskog, Holmen). 

Image source: SSR
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Another broad grouping of industry and academic interview-
ees pointed to the expansion of officially protected forest 
areas, the success of certification since 1998 in achieving 
voluntary protection of high conservation value forests+ and 
retention / ‘nature consideration’ measures on even-aged 
stands, as well as important additional initiatives by forest 
companies to identify and conserve biodiversity values on 
their forest estates. They stressed the potential to further en-
hance biodiversity values in even-aged stands, and the need to 
do so given that these stands now constitute over 90 percent 
of Västerbotten’s, and Sweden’s, productive forest cover.   

This group flagged a lack of conclusive scientific knowl-
edge of how much and which, biodiversity has been lost as a 
result of even-aged forestry expansion, and lack of knowledge 
about potentially positive biodiversity attributes of even-aged 
forestry with retention. Some further extension of voluntary 
forest protection could be considered, but this group was not 
supportive of large-scale extension of forest protection (legal 
or voluntary) that would reduce timber, fibre and biomass pro-
duction. In particular, they reject the notion that continuity for-
est+ is a legitimate proxy for higher forest biodiversity values. 

They particularly valued conservation approaches that 
minimise foregone timber and fibre production. These include 
improved knowledge of species ecology for specific Red List 
species to allow more precisely targeted interventions, as well 
as dynamic approaches to conservation that allow harvesting 
in previously conserved forest areas when equivalent areas 
attain similar conservation values. 

Conservationist and ecologist interviewees agreed that 
deeper understanding of the region’s forest ecosystems, 
including specific species’ responses to management inter-
ventions, could strengthen conservation strategies. Some 
also agreed that enhancing biodiversity values on even-aged 
stands is an important aspect of over-all forest biodiversity 
conservation. But they believe that a precautionary approach 
that extends formal protection at scale, is essential for the 
future of many threatened forest-dependent species, noting 
that ecological knowledge advances slowly, while even-aged 
forestry is on course to replace nearly all of Västerbotten’s 
other unprotected forest types within two decades. 

In sum, interviewees gave deeply divergent views about 
change in Västerbotten’s forest biodiversity, and about which 
values and objectives should determine policy responses. 
Strongly felt opinions on this issue were sometimes height-
ened by their association with similarly controversial ques-
tions about even-aged forestry’s relationships with reindeer 
herding, and with forest carbon values.

But almost all interviewees agreed that more should 
be done to conserve forest biodiversity. There was also a 
widely-held view that - in the context of fragmented forest 
ownership and multiple actors taking different approaches 
to assessment and conservation - there is potential for land-
scape-level analysis and coordination of different actors’ in-
terventions to improve overall biodiversity outcomes.  
Against the backdrop of a complex and often adversarial de-

14  Kuuluvainen and Gauthier ‘Young and old forest in the boreal: critical stages of ecosystem dynamics and management under global 
change’, Forest Ecosystems (2018) https://doi.org/10.1186/s40663-018-0142-2 

bate, this assessment asks whether an overall trend in Väster-
botten’s forest biodiversity is evident for the period 2000-2020, 
and it looks for opportunities for forest companies to take 
further actions to improve biodiversity outcomes. 

Method
The task of assessing trend in forest biodiversity over time 
for a very large area such as Västerbotten, poses some dif-
ficult challenges. They include determining which aspects of 
biodiversity to prioritise, setting a baseline against which to 
measure change, and selecting valid, measurable indicators. 
One approach to large-scale assessment of trend in forest 
biodiversity is to posit a theoretical scenario in which prima-
ry forest+ achieves an approximate ‘climax’ state across its 
natural range, and then to measure the extent to which actual 
conditions have become more or less similar to that scenario. 
This approach is likely to be more effective in regions where 
representative examples of primary forest+ exist at scale, 
where a stable ‘climax’ vegetation is discernible, and where 
species dispersion and dispersal ranges are low. In the humid 
tropics, trends in rainforest (primary and recovered second-
ary) loss, and in increasing fragmentation of surviving forest, 
are likely to predict overall trend in forest biodiversity. 

Instances of genuine primary forest+ are rare in Västerbot-
ten and are concentrated in montane and sub-montane regions. 
Boreal forests are adapted to regular natural disturbances so a 
‘climax’ vegetation is elusive - more relevant would be a land-
scape comprising a natural distribution of all seral stages. Natu-
ral distribution of seral stages would vary across the county, with 
variation in natural disturbances – for example, fire-return fre-
quency in general increases further to the east.  As noted above, 
some believe that loss of continuity forest+ is a valid, if imprecise, 
measure of forest biodiversity loss, but others argue that it is not 
a useful indicator because most forest in this category has been 
significantly affected by human activity for centuries, and some 
was heavily exploited/degraded during the Twentieth Century. 
Some also argue that, after centuries of human modification, 
most of Västerbotten’s forests - including most continuity forest+ 
- should be regarded as a ‘social-ecological system’ and that the 
primary forest+ counterfactual lacks relevance. 

In Västerbotten, where the area of forest with late seral 
stage characteristics is very likely to have declined through the 
last two decades and beyond, an alternative approach could be 
to use multiple stand-level parameters to define old growth for-
est+, and to measure change in the extent and connectivity of old 
growth areas over time. That would require substantial resources 
to develop and to measure and was beyond the possibilities of 
this assessment. Similarly, the area of young forest established 
after natural disturbance is an important seral stage for some 
species which is also very likely to have declined rapidly14 – but 
again, could not be measured for this study.

The approach taken here is to summarise and compare the 

findings of two multiple-metrics assessments of Västerbot-
ten’s forest biodiversity over recent decades. One is based on 
remote data, the other on ground sample plot observations. 
Those assessments are:

 ■ Analysis, commissioned for this assessment, carried out 
by Dr Peter Long, Oxford Brookes University, based on the 
‘Local Ecological Footprinting Tool’ (LEFT) methodology 
developed at Oxford University’s Department of Zoology. 
This analysis uses data derived from satellite monitoring 
and from the Global Biodiversity Information Facility to 
give annual values for: 

 ■ vulnerability, focusing on globally threatened plant 
and terrestrial vertebrate species. A single species, 
Numenius arquata, the Eurasian Curlew, was mod-
elled to occur across the whole Vasterbotton area

 ■ beta-diversity (a measure of emergent properties of 
biodiversity over a landscape)

 ■ intactness (larger intact patches of habitat are gen-
erally associated with higher functionality - greater 
diversity, more pollinators, greater complexity in food 
webs, etc)

 ■ spectral diversity as a measure of vegetation hetero-
geneity/homogeneity and an indicator of resilience 
(ability to recover after disturbance)

 ■ structural diversity, using landscape heterogeneity in 
Growing Stock Volume as an indicator of the struc-
tural complexity of vegetation

 ■ A composite metric that combines the other five 
metrics with equal waiting

 ■ Findings of the Indikatorer för biologisk mångfald i 
Västerbottens skogar (‘Indicators for biodiversity in 
Västerbotten’s forests’) project - a collaboration un-
der the Västerbotten Regional Forest Program led by 
Anders Esselin. A working group of ecologists and 
experts from forest industry, academia, government 
and civil society organisations reported on various 
metrics indicative of forest biodiversity. They used 
statistics presented in National Forest Inventory 
(NFI) reports for Västerbotten county and for the 
larger Northern Sweden region, derived from sample 
plot field measurements.  Standard NFI metrics (age 
class distribution, commercial tree species etc) are 
relevant to forest biodiversity, and Sweden’s NFI also 
records numerous other ecological attributes.  How-
ever, the authors note that NFI and other statistics 
reported at county level are sometimes subject to 
quite high average errors, especially for phenomena 
that are rarely occurring in the landscape.

The working group’s reports summarise change 
in ‘condition indicators’ for biodiversity in Västerbot-
ten’s forests (forest age, dead wood, ground and 
field layers, nesting birds, Red-listed species, small 
mammals, river pearl mussels, nature value trees). 
They also propose a set ‘action indicators’ - mea-
surable human interventions, designed to increase 
biodiversity values.

Indicator reports with methodological summaries are avail-
able, in Swedish, at https://www.skogsprogramvasterbotten.
se/genomforande/pagaende-projekt-indikatorer-for-biolo-
gisk-mangfald-i-vasterbottens-skogar/   

This biodiversity assessment is for the period 2000-
2020, as with forest cover and forest carbon. In addition to 
the commissioned research, we were fortunate to be able to 
cite the ‘Indicators for biodiversity in Västerbotten’s forests’ 
analyses. They use various reference periods, some that start 
decades before 2000 and others that start after 2000 - we 
report those findings here because they give valuable insights, 
and do not alter the overall finding for biodiversity trend during 
2000-2020.

Results
REMOTE DATA-BASED ANALYSIS RESULTS

Results of all five of the remotely measured metrics (vul-
nerability, beta-diversity, intactness, spectral diversity and 
structural diversity) were close to stable through the period 
2000-2020.

The composite metric has a slight positive slope (Table 
9).  While a positive slope indicates improvement in the sum-
mary biodiversity metric, in this case the slope is so slight as 
to be unlikely to be significantly different from a slope of 0, 
which indicates no change.

Table 9
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The study looked at the biodiversity of the Västerbotten forest 
landscape through a range of complementary lenses, using 
high quality and fine resolution data products.  This suite of 
approaches did not detect evidence of significant deteriora-
tion of the value of this forest landscape for biodiversity in the 
sense that estimated patterns of habitat availability for globally 
threatened species, beta-diversity, forest intactness, spectral 
diversity and landscape structural diversity appear to have been 
maintained during 2000-2020, giving no evidence of loss of 
ecosystem complexity and biodiversity over the last 20 years.

Dr Long points out that biodiversity has many aspects, 
and that not all are amenable to remote measurement. It is 
possible that ecosystem simplification and loss of biodiver-
sity has occurred in forests in Västerbotten in ways which 
were undetectable by this study, for example loss of genetic 
diversity, loss of species of insects, non-vascular plants and 
fungi. Ideally, remote sensing and modelling approaches, 
though often able to provide good approximate overviews of 
landscape patterns and trends, should be complemented by 
direct field-based monitoring of key indicators of ecosystem 
condition, biodiversity and ecosystem functioning.

Methods for remote monitoring of landscapes are con-
tinually being refined and new instruments and data products 
become available each year.  For example, there are rapidly 
developing methods that use thermal observation to measure 
ecosystem health\integrity (Farella et al 2022).   Hyperspectral 
remote sensing is also maturing to offer powerful insights 
into the plant physiological basis of ecosystem functioning 
(Cavendar-Bares et al 2022).  There is an increasing number 
of studies that explore synergies between the types of indi-
cators used in this study, for example using hyperspectral 
observations to characterise plant beta-diversity (Schweiger 
& Laliberte 2022). 

GROUND INVENTORY-BASED RESULTS - VÄSTERBOTTEN 
REGIONAL FOREST PROGRAM ‘INDICATORS FOR BIODI-
VERSITY IN VÄSTERBOTTEN’S FORESTS’ 

This project assessed a number of biodiversity ‘condition 
indicators’ that remain difficult to measure through satellite 
image interpretation and modelling approaches. The top-line 
results for each condition indictor are given below.  The indi-
vidual indicator reports and summary results are available, 
in Swedish, at https://www.skogsprogramvasterbotten.
se/genomforande/pagaende-projekt-indikatorer-for-biolo-
gisk-mangfald-i-vasterbottens-skogar/  

Condition indicators

FOREST AGE

Significance: older forest develops structure and attributes that 
support greater biodiversity, especially at age 140 years+ and 
especially in deciduous stands, and these are difficult to restore 
once lost. However, some old stands do not possess strong 
old-growth forest+ characteristics.
Trends: from 2005 - 2020 the area of old forest (140+ years) 
increased in protected and unprotected forest. The area of old 
deciduous forest declined significantly over the same period 
in protected and unprotected forest. The proportion of forest 
in the 121-140 year age class fell.

  

 

DEAD WOOD

Significance: highly significant to forest biodiversity in general 
(dead wood abundance, position, dimension, species, degree 
of decay). About half of Västerbotten’s Red-listed species de-
pend on deadwood for food, habitat or nesting. 
Trend: from 2005-2020 no clear volume trend on all forest 
land protected/unprotected, productive/non-productive. Vol-
umes of more degraded deadwood decreased, while those of 
hard deadwood increased.

GROUND AND FIELD LAYERS

Significance: boreal forest ecology and biodiversity is depen-
dent on the abundance of common and dominant ground and 
field layer species.
Trend:1999-2015 vegetation cover of ground cover species 
on unprotected productive forest land in Norrland, including 
Västerbotten, fell 81.7% to 67.7%. 

1953-2013 forest areas where lichen covers more than 
half the ground area fell by 71%. 

1999-2015 vegetation cover area of field cover species 
on unprotected productive forest land in Norrland, including 
Västerbotten, fell from 55.8% to 42.7%

1999-2015 blueberry vegetation cover on forest land in Norr-
land, including Västerbotten, fell from 17.5% to 13.7%

Leading causes of these trends of decline are forest 
management impacts, nitrogen deposition and climate 
change. Relevant forest management practices include soil 
preparation practice such as scarification, and changing age 
class distribution with an increasing proportion of younger, 
dense forest stands that tend to limit field layer abundance 
and diversity.

NESTING BIRDS 

Significance: a broadly recognised indicator of general 
landscape-level ecosystem and biodiversity condition, with a 
range of bird species with different habitat requirements in-
dicating a diverse forest structure and biodiversity. Howev-
er, as with other species, many factors can influence change 
in abundance, including natural population fluctuations, 
and further development work is needed to understand 
better how to measure this indictor and interpret its specific 
significances.
Trend: 2002-2020 inventory of forest associated breeding 
birds found statistically certain increases in some species, 
reductions in others and stability in others. Overall, nesting 
birds in forests, with some additional species linked to 
structurally complex forests, remained stable.

RED-LISTED SPECIES 

Significance: The ‘Indicators for biodiversity in Västerbotten’s 
forests’ working group concluded that Red-listed species af-
fected by forest management in Västerbotten would be an 
important indicator of biodiversity conditions and trend, if a 
more standardised and systematised inventory approach was 
taken across Västerbotten by government agencies and forest 
companies, informed by better knowledge of many species 
developed. The costs involve would be very significant.

SMALL MAMMALS  

Significance: rodents and other small mammals are part of 
biodiversity. The abundance of some (e.g. lemmings and 
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voles) is critical for predators and alternative prey species, 
while those with specialist habitat requirements are indicators 
of particular forest environments. However, interpretation of 
this indicator is relatively difficult because populations change 
sometimes significantly and unpredictably in response to 
various complex factors (habitat change, natural population 
cycles, climate change).

RIVER PEARL MUSSELS 

Significance: an umbrella species such that viable popula-
tions indicate healthy functioning freshwater ecosystems. 
Also non-migratory and relatively easy to identify so is practi-
cal to monitor. Older river pearl mussels are slow to respond, 
so current populations may reflect historical impacts within 
the aquatic environment and near to it, including forest man-
agement operations. In Sweden, river pearl mussels have 
disappeared from about half of all rivers in which they were 
found a century ago, and were classified ‘highly endangered’ 
in the 2020 National Red List.
Trend: 2006-2021an increase in the number of rivers in Väs-
terbotten where river peal mussels have been found, but low 
proportions of small mussels (<50mm) mean that few viable 
populations exist.

NATURE VALUE TREES 

Significance: trees with characteristics including greater size 
and age, as well as coarseness and form (e.g. coarse-grained 
flat crowns), species (especially deciduous species, and de-
ciduous species found in conifer stands, hollow trees and 
trees marked by fire) are associated with higher ecological 
and biodiversity values. But the specific biodiversity values 
of individual trees or multiple trees in a stand are not well 
understood. Nature value trees are also rare so that inventory 
data from sample plots are subject to large errors. The study 
focused only on large trees (>45cm diameter at breast height), 
Aspen, Alder, Willow and Rowan, but these results are also 
subject to large average error.
Trend: 1985 - 2020 the number and volume of live coarse 
trees (all species), and the volume of live Aspen, Alder, Rowan 
and Willow increased.

Taken together, these condition indicators gave an inconclu-
sive indication of Västerbotten’s forest biodiversity trend (the 
project aimed to evaluate different indicators’ potential and 
development needs, rather than to assess biodiversity trend). 
The results for different indicators vary in trends found, and 
in their reliability/average error. They are not weighted or syn-
thesised to give a composite metric.

‘ACTION INDICATORS’

The working group also proposed six ‘action indicators’ which 
are measurable human interventions designed to improve 
biodiversity measures and which could be both promoted as 
viable biodiversity improvement actions, and measured as 
additional biodiversity value indicators in future. They are:

 ■ forest land excluding timber production, which includes 
formally protected forest, voluntarily set aside areas, cu-
mulative regeneration felling ‘consideration’ areas, and 
unproductive forest.

 ■ Retention approach to regeneration harvesting, including 
volumes and types of deadwood retained, tree patches 
and old trees retained, buffer zones and so on.

 ■ burnt forest land areas (controlled burnings and wildfires)

 ■ watercourse edge zones - tree crown cover in water 
course edge zones, with actions to increase the percent-
age of edge zones under tree cover in logged areas.

 ■ removal of human obstacles to aquatic animal movement 
where forest roads cross waterways

Neither the remote data study, nor the ground-inventory based 
studies produced a conclusive picture of Västerbotten’s forest 
biodiversity trend. That does not mean that actual trend is 
close to stable. Many believe that large scale loss and frag-
mentation of forest that is not under even-aged management, 
combined with climate change and other factors, is very likely 
to degrade biodiversity values to an extent that is not fully 
compensated for by legally and voluntarily protection areas 
and by retention on even-aged forest.  

Significant degradation of forest biodiversity values 
might have occurred without conclusive evidence. One rea-
son is that adequately detailed, widespread and consistent 
inventories have not been carried out. Another is that some 
species responses to reduced biocapacities, including ability 
to maintain viable populations, are slow and difficult to detect 
reliably; long lags may occur between change in forest habi-
tats and dispersal sites, and resultant detectable changes in 
species populations levels and potentially local extinctions.

Discussion and 
recommendations 
 
Forests can, within limits, sustain numerous renewable eco-
system services synergistically, but when one management 
objective is strongly prioritised, trade-offs become inevitable. 
Västerbotten’s forests, are in the main, managed with a strong 
focus on commercial wood production, albeit with varying de-
grees of action taken to protect biodiversity and social values, 
in the context of legal and voluntary frameworks that seek to 
balance economic, social and environmental values. Govern-
ment and society at large must determine how policy should 
balance different objectives for forests, and decide wheth-
er existing provisions for protection of biodiversity should 
change, perhaps at the cost of immediate economic growth 
or by creating economic incentives for biodiversity protection 
and enhancement. 

Forest companies, as major landowners, wood buyers 
and political influencers, have much direct and indirect influ-
ence over how forests are managed, including on how biodi-
versity objectives are set and pursued. Government, private 
owners and many others are also important actors and we 
do not suggest here that voluntary actions by forest industry 
alone could adequately mitigate risk of forest biodiversity loss. 
But the recommendations made here are aimed specifically 
at Västerbotten’s forest companies, and they do not include 
actions that - whatever their merits for biodiversity outcomes 
- would not be viable for companies to adopt voluntarily.   

 
FOREST ESTATE

Company-owned forest estates are large commercial assets, 
and sources of timber, fibre and biomass for a growing and 
increasingly diverse range of forest products. Owners have 
opportunities to take measures to improve biodiversity val-

ues that may be near cost-neutral, expensive, or economically 
advantageous in the longer term - for example managing for 
resilience to damaging climate change impacts.  Typically, 
forest estates are large, non-continuous, and quite varied 
in site-conditions and management histories. They include 
large areas of forest under even-aged management, as well 
as some forest that is not even-aged. The latter can include 
formally protected areas, voluntarily protected areas, and un-
protected areas.

FOREST NOT UNDER EVEN-AGED MANAGEMENT

The identification, protection, restoration and connectivity of 
larger patches of unprotected forest with old-growth+ char-
acteristics, is very likely to be the most effective means to 
conserve viable populations of species, including threatened 
species, that are dependent on late seral stages. Areas that 
conform to Woodland Key Habitat+/HCV+ criteria have been 
identified and protected on the basis of past inventories, but 
other areas also have high habitat and dispersal values, which 
will have increased since inventories were made. Meanwhile, 
recognition of the need to do more to mitigate the ongoing 
loss and fragmentation of such forest has increased.
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The exclusion of timber production, or the use of innovative 
closer-to-nature+ silviculture in and around these patches, en-
tails lost production potential. But companies have already 
voluntarily taken productive forest land out of production, 
sometimes beyond the requirements of certification. Scope 
to extend voluntary protection further is limited and depends 
on factors that include:

 ■ companies’ evolving needs to strengthen their ‘licence 
to operate’ in the face of growing societal concern about 
forest carbon and biodiversity, balanced against growing 
demand for timber and wood fibre products;

 ■ increased potential to maximise desired biodiversity 
outcomes from limited further extension of protected 
areas (or through ‘swops’ with existing protected areas), 
through improved ecological knowledge, and better coor-
dination/collaboration among landowners and agencies;

 ■ Willingness and ability of customers (direct and down-
stream) to support protection measures by sharing costs 
or enhancing value to forest companies.

Västerbotten’s threatened species are not all dependent on 
late seral stage forest – all stages have associated dependent 
species, including threatened species. Very large areas of pro-
tected forest can provide a mosaic of all stages, resulting from 
secondary succession after localised natural disturbances 
(and to the scale of individual tree deaths). For a forest com-
pany that wishes to support conservation of all threatened 
forest species, the viability of making set-asides at this scale 
is limited, and must form part of a wider strategy that also 
improves habitat values on even-aged forest. Nonetheless, 
set-asides have an important part to play. To the extent that 
companies are willing to set aside / set aside more,  great care 
should be taken to design and locate set- asides for optimum 
conservation outcomes. That should include consideration 
of potentials beyond a forest company’s own estate, through: 

 ■ Close engagement with the County Board on county-lev-
el strategy and mapping to include green infrastructure 
objectives in their criteria for, and planning of, forest 
protection/ restoration measures on their own estates.

 ■ Coordination with neighbouring forest owners (especially 
large-scale owners) on the design and location of areas 
for protection / restoration measures, to maximise those 
measures’ spatial and temporal value. 

 ■ To facilitate improved and standardised spatial and tem-
poral data across and beyond Västerbotten, collaborate 
with other forest companies and with relevant agencies 
to agree a practical, standardised definition of ‘old-growth 
forest’+ for different forest types, and to agree a stan-
dardised biodiversity inventory approach, including for 

forest-dependent Red-list species (as per Indicators for 
biodiversity in Västerbotten’s forests’ recommendation)

 ■ Resource adequate training for, and implementation of 
biodiversity inventory throughout the forest estate

 ■ Identification and prioritisation of forest with biodiversity 
value that coincides with reindeer grazing sites for mea-
sures to protect/enhance/restore both biodiversity and 
grazing values. 

 ■ Explore opportunities with forest product customers for 
joint actions to enhance forest biodiversity outcomes.

 ■ Individual companies to continue to build on the progress 
each has made to date in their own innovative approaches 
to biodiversity protection. 

Even-aged managed forest:

 ■ Measures that go beyond regulatory and certification 
standard requirements, including - but the Västerbotten 
Forests Programme proposed ‘action indicators’ for 
biodiversity: 

 ■ Increased volumes and types of deadwood retained at 
final felling

 ■ increased controlled burns; burnt forest land areas 

 ■ increased percentage of tree cover of water course edge 
zones, 

 ■ removal of obstacles to aquatic animal movement where 
forest roads cross waterways

 ■ Manage for an age-class distribution that will allow for the 
possibility of enhancing habitat and dispersal values at 
all seral stages. In particular there is a need to increase 
representation of the 81-120 and 121-140 year classes.

 ■ Assess whether any areas under even-aged forestry that 
are located in strategically critical positions for the de-
velopment of Västerbotten’s green infrastructure+ should 
transition to a closer-to-nature+ management regime (e.g. 
where there is a need to provide ‘stepping stone’ connec-
tivity between protected patches)

THIRD PARTY SOURCING

 ■ Since 1998 certification - most significantly FSC Forest 
Management certification – has played a leading role in 
advancing biodiversity conservation measures on Väster-
botten’s managed forest. The recommendations made in 
this report are for actions that forest companies can take 
beyond their regulatory and certification obligations, but 

here we also recommend that forest companies should 
actively encourage and support private owners to opt 
for FSC forest management certification. Forest compa-
nies source large volumes in Västerbotten from private 
forest owners, many of whom are not certified, and rely 
on the Controlled Wood system for a level of assurance 
that HCV+ forest is conserved. Full forest management 
certification would engage owners and managers in a 
broader set of biodiversity conservation measures, and 
strengthen confidence that those measures will be prop-
erly implemented on the ground. 

 ■ Apply standardised measurable old-growth forest+ defi-
nition and Red List inventory system when sourcing from 
other forest owners.

 ■ Take heed of County Board guidance notes on special 
sites with higher nature values that are not formally 
protected

 ■ Promote enhanced retention practices to private forest 
owners 

 ■ There have reportedly been instances of rapid harvesting 
of forest stands after conservationists or environmental 
NGOs have identified it as having high biodiversity values, 
in order to avoid formal inventory. We have no data to 
support this claim, but recommend that forest companies 
take steps to assess the issue and, if necessary, to be 
able to identify occurrences, and to exclude wood from 
such operations.

TECHNOLOGY

Track advances in remote sensing technologies which may 
have potential to contribute significantly to large scale mon-
itoring of forest biodiversity indicators that may be effective 
in measuring Västerbotten’s changing forest habitats. And 
explore opportunities to strengthen/train remote sensing with 
improved biodiversity ground inventory data.
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05
Trend in community 
wellbeing Background

The concepts of ‘community’ and ‘wellbeing’ have been 
variously described. Here, ‘community’ means the territorial 
community of people who inhabit a forest landscape, and 
‘wellbeing’ means a positive state experienced by people 
who together constitute the community, and which may be 
influenced by many factors including social, economic and 
environmental.

The community is assumed to be influenced by, and to 
influence, forests in different respects, so that the communi-
ty’s wellbeing is an intrinsic feature of the forest landscape.

This assessment seeks a broad understanding of the 
community’s wellbeing. It also asks if any group within the 
community is seriously negatively affected by an issue related 
to forests/forest use and, if so, to explore the issue/s further, 
as well as possible remedial actions.

Method
Västerbotten’s forests cover about 72 percent of the county 
and play multiple roles in people’s lives, including many people 
who live in urban areas.  This assessment therefore defines 
the ‘forest landscape community’ as the entire resident pop-
ulation of Västerbotten. 

Trend in the community’s wellbeing is assessed here on 
the basis of overall levels of:

 ■ Health (main indicator: life expectancy at birth statistics 
for Västerbotten), 

 ■ Unemployment (main indicator: statistics for Västerbotten)

 ■ Income (main indicator:  average total earned income for 
population aged 16 and over statistics for Västerbotten)

 ■ Education (main indicator: percentage of people with 
formal post-secondary education of three years or more. 

Time series data for Västerbotten were not found, so 
Sweden’s national trend for this metric was used, togeth-
er with the percentage of people in Västerbotten with 
post-secondary education of at least three years in 2021, 
relative to the equivalent national percentage) 

Health, unemployment, income and education are recognised 
wellbeing indicators for which high quality official statistics 
are available in Sweden.  However, the significance of such 
high-level statistics for community wellbeing is not necessar-
ily straight forward to interpret.  Most obviously, different indi-
cators may show different trends. Even the meaning of a clear 
overall trend in a single indicator may be uncertain if trends 
vary for bands within an indicator - for example, total income 
may increase over time due to large increases for high-income 
bands, while people at the lower end of the income scale see 
no improvement. An aggregate trend for the whole community 
could also obscure significantly   different outcomes for sub-
groups of the community (e.g. genders, municipalities).  

To take account of such variables it might be necessary 
to weight indictors, and/or bands within them (e.g. to give 
more weight to income bands at which basic living conditions 
and life chances rise significantly); as well as to consider out-
comes for sub-groups who are likely to experience significant-
ly different trends. 

Another consideration is that generic socioeconomic 
indicators might miss other, locally significant, influences on 
the wellbeing of all or part of the community. Stakeholder con-
sultation, academic and grey literature, and other information 
sources may reveal a need to assess the wellbeing of part or 
all of the community with additional indicators.

Camilla Sandström, Professor at the Department of Po-
litical Science at the University of Umeå, carried out research 
for this assessment, which she presented in three reports: 

1. A summary of trend in key official statistics for health, 
unemployment, income and education. These are broken 
down by gender, and with broad comparisons made of 
the results for rural and urban municipalities, and of the 

Indicator Trend Confidence Comment

Socio-economic indicators for general 
population of Västerbotten High

Official statistics show improvements in health, unemploy-
ment, income and education metrics, with some regional and 
gender disparities

Well-being of Sami reindeer herding 
communities

Medium
Some strong indications of ongoing reduced wellbeing, but 
appropriate indicators are lacking  

Image source: SSR
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results for Västerbotten relative to those for Sweden as 
a whole.  Given that all four indicators showed improve-
ment through the period15, for both men and women, and 
given high levels of public health, welfare and education 
provision, plus relatively low income inequality, it was not 
necessary to apply weightings across or within indicators 
in order to assess the overall direction of wellbeing trend. 

2. A review of prominent societal disputes/tensions that are 
directly related to forests and forest uses, to summarise 
these, and to identify any that is so serious as to need 
further investigation. 

3. An Investigation of trend in wellbeing for Västerbotten’s 
Sami Reindeer Herding Communities (RHCs). The mul-
tiple severe problems that confront these communities 
has been widely discussed in academic literature, in 
regional, national and international media, and by Sami 
representatives. Forest management and operational 
impacts are said to be among the most significant and 
widespread pressures on traditional reindeer husbandry.

Professor Sandström, in collaboration with Anna-Karin Svens-
son of the Swedish Association of Reindeer Husbandry (SSR), 
investigated the wellbeing of Västerbotten’s Sami reindeer 
herding communities with special reference to the effects of 
forest management. 

Although many pressures on traditional reindeer herding 
are well known, reliable assessment of trend in the wellbeing, 
and of the causes of change, requires appropriate measurable 
indicators for herding communities. Therefore, Sandström 
and Svensson developed a provisional set of indicators, based 
on a set of interlocking ‘foundations’ of reindeer herding eco-
nomics and culture, in consultation with representatives of 
Västerbotten’s RHCs and with SSR’s Forests Committee. 

Results
HIGH-LEVEL SOCIOECONOMIC INDICATORS

Health Good and improved. Moderate  regional and gender differences

Unemployment Good and improved. Moderate regional and gender differences

Income Good and improved. Moderate regional and gender differences

Education     Good and improved. (trend based on national statistics)

15  Educational trend in Västerbotten is assumed to follow the national trend)

Results for all four indicators showed improvement through 
the 2010-2020 period. Västerbotten’s health and unemploy-
ment values were both better than Sweden’s national average 
values, which are among the world’s best. Average earned 
income levels were slightly below the national average, but 
were similar to those of other heavily rural counties. Annual 
educational statistics were not available at county level for the 
2010-2020 period. However, national statistics show a steady 
increase in educational achievement through the period and it 
is likely that a similar trend occurred in Västerbotten. By 2022, 
Västerbotten’s education indicator value was higher than the 
national average. It is expected to increase further with an in-
flux of skilled labour for new ‘green transformation’ industries.

Gender and geographic disparities within these results 
are noted below. 

Against a background of high wellbeing for the popu-
lation in general, Sami reindeer herders were identified as a 
group facing particular problems. However, official socioeco-
nomic statistics specifically for these pastoral communities 
or for the Sami population as a whole did not exist at the time 
of reporting. 

HEALTH

Västerbotten’s life expectancy at birth values during the period 
2010 - 2020 continued a longer-term upward trend for both 
men and women. Women’s life expectancy was consistently 
higher than men’s (See Table 10). 

Västerbotten’s life expectancy rates for men and women 
remained close to the national values. The 2017-21 average 
life expectancy for women in Västerbotten, 84 years, was 
slightly below the national average for women. For the same 
period, Västerbotten’s men were expected to live to 80.9 years, 
while the national average for men was 80 years. 

Cardiovascular disease was the leading cause of death in 
Västerbotten, but incidences fell over the period, especially 
among men. Communities living in inland municipalities had, 
in general, lower levels of health and higher risk factors for 
disease than those in larger urban municipalities on the coast 
(obesity levels in particular are higher in rural and small town 
municipalities). 

Sandström’s report discusses a wider range of health in-
dicators that includes illness/mortality, perceived health, living 
habits, and healthcare. Overall, these indicators also suggest 
that the health status of Västerbotten’s population gradually 
improved from 2010 to 2020, and that it was somewhat higher 
than the national average, which is itself amongst the world’s 
highest. 

Within this overall positive context, absolute health outcomes 
differed for men and women (trend was up for both), and an 
urban-rural divide in health outcomes is likely to be related 
to other socioeconomic disparities between urban and rural 
municipalities. 

Data for the health status of Västerbotten’s Sami popula-
tion is lacking, but available studies indicate a poorer psycho-
social health status for this group. 

UNEMPLOYMENT

From 2010, Västerbotten’s unemployment levels fell steadily 
with the exception of 2020 when an upward spike was associ-
ated with Covid 19 (after 2020, unemployment fell back again).

Table 10. Life expectancy at birth for Västerbotten län and Sweden by gender

Table11. Västerbotten percentage unemployed of population available to work
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In 2010, unemployment in Västerbotten was above the nation-
al average. By 2012 it had fallen below the national average, 
and the gap continued to widen in subsequent years (by 2022 
Västerbotten had Sweden’s lowest rate of unemployment).  

Falling unemployment was a result both of steady growth 
in employment, and of retirement from an aging work force.  
Table 11 discusses these factors, unemployment and em-
ployment disparities found between men and women, and 
differences between rural and metropolitan municipalities.  It 
also notes an expected shortage of skilled labour needed for 
planned ‘green transition’ industrial projects due to factors 
that include higher unemployment among women and in rural 
areas, and a persistent percentage (c. 9%) of young people 
who are neither in employment nor education. 

INCOME

Average total earned income levels for Västerbotten’s popula-
tion aged 16 and over rose steadily through the decade, as it 
did in Sweden as a whole. Inflation levels were extremely low 
through this period, so this represented real-terms increases 
in income. 

Sweden is among OECD countries with the lowest wage 
differences, a phenomenon that mitigates against sections 
of society feeling ‘left behind’ and which contributes to well-
being. However, income disparities grew between 2010 and 
2020, especially between those in employment and those who 
were not. 

Västerbotten’s income levels were below the national 
average (Sandström’s report), due mainly to the effect of 
higher income levels in major metropolitan areas, especially 
Stockholm and Göteborg.

Men’s incomes were consistently slightly higher than 
women’s, in line with the national trend (see Table 12), in line 
with the national trend. Västerbotten’s two metropolitan mu-
nicipalities, Umeå and Skellefteå, had the county’s highest 
income levels.

EDUCATION

Almost all students in Sweden complete the upper second-
ary ‘gymnasium’ stage of education. A significant indicator of 
trend in educational performance is therefore the percentage 
of people who complete formal education stages beyond sec-
ondary school.  2010-2020 time-series data for this metric 
was not available for this study so trend is not presented here. 
It is likely that Västerbotten experienced an upward trend in 
common with the national average. By 2020, 30 percent of 
Västerbotten inhabitants had a post-secondary school edu-
cation, the third highest rate of all Sweden’s counties.

Table 13 shows that results by gender were significantly 
different, with 37.1 percent of women completing post-sec-
ondary education of at least three years and a further 2.2 per-
cent studying at PhD level. The equivalent percentages for 
men were 21.2 and 2.3.

Geographical disparities were also apparent. Umeå was 
Västerbotten’s most highly educated municipality, in part due 
to its two universities. Both Umeå and Skellefteå’s higher ed-
ucational rates were also explained by their concentrations 
of public and private sector workplaces that require highly 
educated staff, and by their proportionately younger popula-
tions which, as a group, tends to have higher levels of formal 
education than older people.  Those municipalities with the 
lowest educational levels were located in the very rural west-
ern mountainous region. 

Table 12. Total earned income 2010-2020 (average income) for the population 16 years and older. 
Thousands of kronor

Table 13. Percentages of adult population by highest level 
of education attained, and by sex
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Discussion and 
recommendations
Professor Sandström concludes that, taken together, the in-
dicators suggest good and improving levels of wellbeing for 
Västerbotten’s inhabitants in general, but that the results for 
each indicator also show structural differences related both 
to gender and to the urban-rural divide. 

 ■ Business and industry employers have opportunities to in-
centivise women to work in the forest sector, including in 
forest management, transportation and production roles, 
as well as at company management and board levels. 
Systematic work has been done in this field since 2011, 
but while gender segregation in the forest labour market 
has decreased somewhat, change has so far occurred 
only in certain areas, and has been quite limited. 

2. Societal disputes 
related to forests
Västerbotten’s forests have long been a critical resource 
for livelihoods and survival. The regional forest programme 
strategy contributes to the overarching national objective 
wherein “The forest, the green gold, will contribute to jobs 
and sustainable growth throughout the country as well as to 
the development of a growing bioeconomy.”  Forests are as-
sumed to continue to perform several diverse and important 
ecosystem services, but tensions have grown in Västerbotten, 
and in Sweden as a whole, due to disagreements over how the 
limited forest resource should be used. These conflicts can 
be summarised under three themes:

 ■ Value conflicts (eco-centric versus anthropocentric)

 ■ The (uncertain) roles and responsibilities of state versus 
private forest owners 

 ■ Complex layers of forest property rights

It is critical to understand these underlying tensions to be able 
to address disputes appropriately.

ECO-CENTRIC VS. ANTHROPOCENTRIC VALUES

The overarching forest debate in Sweden is characterized by 
contrasting views on the relationship between humans and 
nature. Anthropocentric views consider the value of nature in 
instrumental terms that justify exploitation of nature for hu-
mankind’s benefit. The eco-centric perspective sees intrinsic 
value in the natural world, with humanity an integral part of it. 

These contrasting concepts, though ‘ideal types’, underpin 
strongly competing visions for Västerbotten’s forests, and in-
tense policy debates. For example, the instrumental / intrinsic 
value divide is apparent in disagreement over how far Sweden 
should comply with Multilateral Environmental Agreements 
such as the Convention on Biological Diversity, and over how 
much and which forest types to protect.

Simplified competing policy positions can be placed on 
a continuum. At one end production objectives are prioritized 
above all else. At the other end, ‘post-production’ forestry pri-
oritises the conservation of natural forest ecology, biodiversity 
and recreation value. Between these extremes, ‘multi-func-
tional forest policy’ tries to balance production of high vol-
umes of commercial timber with other values. Debate is es-
pecially intense in northern Sweden, including Västerbotten, 
which retains an important share of Sweden’s and Europe’s 
remaining old growth+ and continuity forest+, that are regarded 
alternatively as rare opportunities to conserve nature, or to 
expand commercial production.  

As arguments over the future of Europe’s and Sweden’s 
forests become more polarized, it appears that the prefer-
ences of many stakeholder groups, as well as EU national 
governments and the EC have shifted from multi-functional 
forest policy solutions towards a more post-productive ap-
proach. This shift in policy preference challenges the legiti-
macy of the Swedish forest policy, and will ultimately affect 
how forest owners and others will discuss the role of forests. 
Because different visions stem from competing worldviews, 
they will not be easily bridged by the multi-functional forestry 
approach. 

THE FOREST AS A PUBLIC OR A PRIVATE RESOURCE: 
TENSIONS BETWEEN STATE AND FOREST OWNERS

“Freedom with responsibility” has been the governing princi-
ple of Swedish forest policy since 1993, reducing regulatory 
obligations and delegating much responsibility for balancing 
production, environmental and social values to private actors. 
Uncertainty about how this balance should be struck has in-
creased both at societal-level, and for individual forest owners, 
as presumed freedoms have been restricted by national and 
EU-level environmental regulation. 

Forest owners welcomed the principle of freedom with 
responsibility, but uncertainties about their responsibilities 
have sometimes led to disputes with state authorities and 
environmental groups, especially on questions of biodiversity/
habitat protection. Notably, it contributed to the abandonment 
of the Woodland Key Habitat (WKH) framework in 2019, fol-
lowing a heated disagreement that became an issue in the 
2018 national elections. 

BOX 1
 
WOODLAND KEY 
HABITAT CONTROVERSY

WKH had been a prominent forest policy tool in the 
identification and potential protection of smaller (<20 
ha.) patches of woodland with compensation paid to 
the landowner, subject to assessment of the woodland 
by the Swedish Forestry Agency and to confirmation 
of ‘key biotope’ status. Applications for protection with 
compensation in the west of Västerbotten often failed 
because WKH patches there were much larger than 
in most of the rest of Sweden, but not large enough 
to qualify for nature reserve status. The intermediate 
‘Nature conservation agreement’ option was also prob-
lematic because it curtailed commercial management 
activities quite severely, but financial compensation 
was worth only about one third of that associated with 
key biotope or nature reserve status.

WKH classifications were also adopted by 
Sweden’s FSC National Standard as the basis for 
High Conservation Value forest types which owners 
should protect voluntarily within the requirements of 
the Standard, and which is among the FCS Controlled 
Wood requirements for companies sourcing from 
non-certified forest holdings. 

The WKH controversy (See Box 1) highlighted ambiguities 
around freedoms and responsibilities, and made them contro-
versial, but the demise of WKH did not bring an end to that 
uncertainty and tension. More recently, disputed interpretation 
of forest policy has become increasingly subject to legal in-
tervention, but it is not clear that this ‘juridification’ helps to 
address the underlying ambiguity that sometimes pitches pri-
vate owners and government/wider society against each other. 

From 1998 onwards, voluntary forest management certi-
fication schemes - FSC and later PEFC - to a significant degree 
took the place of detailed prescriptive legislation, especially 
for the large land-owning forest companies. By 2020, nearly 70 
percent of Sweden’s unprotected productive forests was certi-
fied to one or both of these standards16. WKH forms part of the 
FSC’s Swedish National Forest Stewardship Standard, as well 
as the FSC Controlled Wood requirements in Sweden, and so 
WKH should be identified and protected in the large majority 
of forest stands that feed into forest industry supply chains. 
Voluntary certification does not, however, resolve underlying 

16  https://www.swedishwood.com/wood-facts/about-wood/wood-and-sustainability/the-forest-and-sustainable-forestry/ 

ambiguities about owners’ specific legal rights and responsi-
bilities, which continue to give rise to tension and disputes - on 
the contrary, Controlled Wood augments uncertainty because 
it requires wood from Woodland Key Habitat to be excluded 
but the landowner receives no economic compensation. 

 
Overlapping property rights - horizontal conflicts between 
stakeholder groups 

A third category of disputes arises from Sweden’s complex 
layers of rights related to forest land. 

Sweden has strong formalised private property rights 
(See ‘Forest Ownership’, page 19, for productive forest land 
ownership in Västerbotten). Other property rights exist along-
side these private property rights

 ■ Allemansrätten, the Right of Public Access, extends the 
right to roam freely in Sweden’s forests, with certain 
limitations.

 ■ Sami Reindeer Herders’ usufructuary rights to approxi-
mately half of Sweden’s land area, based on long-term 
customary use, which have been recognized through 
various court cases and codified in the Swedish Reindeer 
Herding Act (1972) (See map, page 53)

Overlapping rights holders are expected to coexist, but conflict 
sometimes arises from the competing interests that exist with-
in this arrangement. At times, the Right of Public Access has 
led to disputes between private owners and those who make 
use of their land including commercial berry harvesters and the 
hospitality industry.  More controversial has been, as several 
studies indicate, the systematic marginalization of property 
rights of Sami land uses by the state and other land users, af-
fecting reindeer herders’ wellbeing and undermining the cultural 
practices and economic viability of reindeer husbandry.

Complexities in the intersection of reindeer herding 
rights with other public and private property rights led to the 
inclusion of a consultation procedure in the Swedish Forest 
Act to reduce the risk of conflicts. This was further extended 
in the Swedish National Standard of the Forest Stewardship 
Council which includes voluntary requirements for Free, Pri-
or and Informed Consent (FPIC). FPIC requirements were 
extended in the recent FSC National Standard revision, and 
their effectiveness in practice was being assessed at the time 
of reporting.  

DISCUSSION AND RECOMMENDATIONS

In sum, societal disputes related to Västerbotten’s forests are 
rooted in competing values, sometimes poorly defined rights 
and responsibilities, and overlapping land rights. They are 
complex and often controversial, especially with regards to 
the question of how nature and commercial production values 
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should be balanced. But in terms of community wellbeing, 
the pressures that face Sami reindeer herding communities, 
and that may threaten their future viability, stands out as a 
critical issue to understand in depth, using indicators that are 
appropriate to this unique way of life.

Recommendations:
 ■ As opinions how competing forest values should be bal-

anced become more polarized, and existing multi-func-
tional forest approaches achieve less consensus, there is 
a need for policy and practical forest management inno-
vation to secure legitimacy for future forest policies and 
practices. Västerbotten, with its remaining areas of older, 
less-intensively managed forests, high-quality academic 
research programmes, and track record of government / 
industry / academic / civil society forest collaborations, 
could be well positioned to develop and trial such innova-
tions, including through the regional forest programme.

 ■ There is a special need to investigate how the rights of 
Reindeer herding communities can be properly taken 
into account in forest policy and practice, including 
through the use of sustainability indicators for reindeer 
husbandry. To be effective and valued by Sami reindeer 
herding communities, the indicators must be developed 
with the active participation of representatives of those 
communities.  See ‘Sami reindeer herding communities: 
sustainability indicators for reindeer husbandry’ section 
below for further recommendations related to Sami Rein-
deer Herding Communities 

3. Sami reindeer 
herding communities: 
sustainability 
indicators for reindeer 
husbandry
BACKGROUND 

The multiple severe problems that confront Sami reindeer 
herding communities have been widely recognised and dis-
cussed over decades in academic literature, regional, nation-
al and international media, and by Sami representatives and 
others. For these pastoral communities, traditional reindeer 
herding is an important economic activity, but also lies at the 
heart of their cultural identity. The sustainability of reindeer 
herding is therefore critical to these communities’ wellbeing, 
and highly significant to the Sami population as a whole.

Effective sustainability indicators for traditional reindeer 
herding are lacking. Standard quantitative indicators are not 

reported for these communities specifically, and - even if they 
were to be - these indicators alone are unlikely to be adequate.  
Standard quantitative metrics are not always effective in ad-
dressing in-depth core issues related to all aspects of sustain-
ability, especially when it comes to assessing the wellbeing 
of indigenous communities, due to difficulties in measuring 
aspects of indigenous knowledge based on alternative worl-
dviews and value systems.   

Sandström and Svensson therefore set out to propose 
the foundation of a set of indicators based on the neces-
sities that must be in place for traditional reindeer herding 
communities to have a sustainable future. Indicators may be 
quantitative or qualitative, and some will require metrics to 
be developed. As the concept of sustainability is broad and 
covers various aspects, it can only be assessed holistically   
with the use of multiple varied indicators. 

Recognising that the topic is relatively unexplored, they 
aimed to identify many relevant indicators, focusing especially 
on those that are associated directly with forests and forest 
communities. The set of indicators should develop over time 
as needs clarify, and its effectiveness will also depend on the 
scope that exists to reduce or increase the number of indica-
tors applied in different circumstances. 

APPROACH

A combination of data sources and feedback was used to 
compile the first draft list of indicators:

 ■ Review of scientific and grey literature, including a survey 
of the availability of statistics, to draw up a thematically 
structured list of proposed indicators.  

 ■ Interviews with one representative of each of Västerbot-
ten’s seven RHCs, and with one member of the Forest 
Committee of SSR representing the region of Norrbotten. 
Interviewees received the proposed indicators before the 
interviews, and then gave their views on whether indica-
tors should be retained or discarded, and whether others 
should be included. 

 ■ A workshop of researchers with extensive knowledge of 
ecological and social factors concerning reindeer hus-
bandry. It was proposed that indicators should be more 
clearly aligned with the sustainability of reindeer hus-
bandry, rather than with standard ecological, economic 
and social factors used as a basis for indicator systems, 
in order to provide more relevant measures of the effects 
of changes in the forest on RCH’s wellbeing. 

The “Model for sustainable reindeer husbandry rooted in 
the practical knowledge of Sami reindeer herders” also em-
phasises the value of placing reindeer herding needs, and 
reindeer herders’ perspectives at the centre of an indicator 
system for reindeer herding community wellbeing. The model 
was developed by a research group at the Sami University, 

the International Centre for Reindeer Husbandry and Norway’s 
Environment and Life Sciences University. It comprises nine 
connected foundations - vuođđu - on which reindeer husband-
ry bases its future: 

1. The people/vuođđoolbmot 
2. The Siida/siidavuođđu 
3. Understanding/vuođđoipmardus 
4. Knowledge/máhttovuođđu 
5. Reindeer herd /eallovuođđu 
6. Resource/birgenvuođđu 
7. Household /báikevuođđu 
8. Legal foundation/riektevuođđu 
9. Reindeer mark/mearkavuođđu

The model brings an alternative lens to that of conventional 
indicators of sustainability, to better capture the complex and 
dynamic system of reindeer husbandry, and to use concepts 
that are likely to be readily familiar to reindeer herders. The 
model also emphasises the connectedness of these founda-
tions, so that an impact on one will indirectly affect the others. 

REINDEER HUSBANDRY OVERVIEW

Reindeer husbandry may be defined as the way-of-production 
and the way-of-life of “individuals or families living off the an-
imals or having a close relationship to the animals through 
different kind of ownership”.  

In Sweden, reindeer pastoralism is typically, but not 
always, ‘transhumant’, involving the seasonal movement of 
livestock between grazing sites. Mountainous and inland for-
est sites to the west provide cooler grazing conditions during 
summer months. Herds then migrate to coastal and inland 
forest to the east for access to forests with ground and hang-
ing lichens and different snow conditions.   

Reindeer husbandry is organised into RHCs (Reindeer 
Herding Communities). An RHC is both a defined geographi-
cal area, and an economic and administrative association of 
several reindeer husbandry units or ‘Siidas’. A Siida comprises 
one or several groups of reindeer owners, each one responsi-
ble for the practical work of herding in a particular area. The 
number of Siidas can vary over time according to needs, but 
the number of RHCs in Sweden is fixed at 51. Three classes of 
RHC exist: ‘forest’, ‘mountain’ and ‘concession’. Västerbotten’s 
seven RHCs are: Gran, Malå, Ran, Ubmeje tjeälddie, Vapsten, 
Vilhelmina Norra and Vilhelmina Södra.  Only Malå is a forest 
RHC, the other six are all Mountain RHCs. Forests in Väster-
botten are also used during the winter by RHCs with summer 
grounds in Norrbotten (see map below). 

The Swedish reindeer husbandry act (Rennäringslagen 
1971) limits the right to herd reindeer to indigenous Sami peo-
ple who are members of an RHC. The right to herd reindeer 
is based on long standing traditional practice. It extends to 
both state owned and privately owned land and exists inde-

pendently of agreements with landowners. It also includes 
rights to hunt and fish. A large proportion of reindeer pasture 
is in privately owned forest landholdings. 

The legislation requires herding to be done without 
reducing pastures’ long-term production capacity, or biodi-
versity. This implies that reindeer husbandry and other land 
users such as forestry, energy production, mining and tourism 
must take due consideration of each other’s needs. But sev-
eral studies have found that reindeer husbandry is the most 
vulnerable of those industries active in reindeer herding ar-
eas, with extractive industries and others including the forest 
industry having direct and indirect impacts on the quality of 
natural pastures - a basic foundation of reindeer husbandry 
and in turn upon the welfare of reindeer herders. These neg-
ative impacts are happening in the context of other negative 
influences on the viability of herding, including climate change 
and heavy predation of reindeer.

It is welcome that more actors such as forest companies 
are prepared to recognize indigenous rights and to increase 
consideration for reindeer husbandry by thinking anew when 
it comes to land use. There is a need to develop knowledge re-
garding reindeer husbandry and especially about the required 
conditions for sustainable reindeer husbandry, and then to 
develop indicators to measure these. 

Fig 3. Grazing areas and divisions of Sami Reindeer Herding 
Communities in Sweden’ and below that ‘From www.samer.
se, drawn by Anders Sunesson.
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INTERVIEW RESPONSES, AND PROPOSED INDICATORS 

The foundation of understanding (vuođđoipmardus) refers to 
Sami understanding of reindeer husbandry, and herders’ rela-
tionships with reindeer. Herders follow and protect their herds, 
while disturbing them as little as possible. To find “betesro” or 
peace during grazing is essential.

During the annual cycle, herders must assess conditions 
such as weather, grazing, snow and ice, reindeer behaviour 
and health, the effect of various land interventions, workforce 
and so on, to decide when to move, which grazing areas to 
move to, whether to move the herd together, in smaller herds, 
or to let the herd disperse between the seasonal areas, what 
workload will be needed in different conditions, when and for 
how long to use different gathering places, and so on. Such 
variations in the natural environment and other factors make 
reindeer husbandry highly dependent on room for manoeuvre 
in terms of alternative grazing areas, and of temporal flexibility 
to provide a sustainable Siida foundation for future genera-
tions, with all nine foundations intact. 

Goal: maintain flexibility to be able find, as conditions 
change, sufficient pasture and “betesro”.

Interviewees raised the challenges of sustaining a 
healthy and strong herd over time, and of being able to trans-
fer the herd from generation to generation (i.e. the reindeer 
herd foundation/ eallovuođđu). Optimal herd structure is 
assessed by meat production, but also by the seasonal roles 
played by different animals (e.g. strong bulls dig through the 
snow). This is related to the Siida, which includes knowledge 
of, and optimal use of, the landscape from a reindeer perspec-
tive.  Interviewees discussed the risks of illnesses, diseases, 
parasites and the like which may increase due to climate 
change, as well as changing reindeer behaviour caused by 
supplementary feeding when winter pasture in locked under 
ice, which is increasing.   

Goal: to maintain good herd structure and healthy 
animals. 

These views are reflected in SSR’s environmental pol-
icy, and in the Sami Parliament’s reindeer herding strategy, 
which regard nature, reindeer and herders as integrated parts 
(https://www.sametinget.se/156210 ).  

Table 14. Potential indicators for monitoring the wellbeing of 
the reindeer and the pastures

Overarching 
indicator Suggested indicator  Potential measurement  Available? 
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Reproduction rate Calf survival e.g., portion of calves at the autumn. Yes, but private data

Nutrition status Average slaughter weight for the various age and sex 
categories. 

Yes, but via 
slaughterhouses 

Herd structure Sex, age and size of herd Yes, but private data

Diseases/illness/injuries Occurrence and documentation 
(Ongoing research) 

Yes, but via 
slaughterhouses /

TBD

Loss of reindeers due  
to predation 

Occurrence of large carnivores/loss of reindeers  
(management tool for keeping the damage caused by 
large predators at a level of tolerance acceptable to the 
reindeer husbandry)

Yes, via CAB

Behavioural change Occurrence of emergency feeding Yes via the Sami 
parliament 
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Size 
An account of the state of grazing land and operational 
conditions. 
Restoration of lichen areas 

Via RHP
TBD 

Disturbance zones  
(e.g., due to infrastructure) 

Avoidance effect (mining; windmills; power grids etc.) 
Difficulties to keep the herd together 

Via RHP but TBD
TEK

Shape of pasture Difficult passages, fragmented pastures Via RHP

Quality of Pastures and 
resting places/ betesro.

Ex. presence of lichens (%)
Aerial photos/lidar of overgrown fellings, forests as 
“corridors”; or stopping effects to facilitate herding (to not 
mix the herd with other herds) 
Information on contorta plantations

Via The Swedish 
National Forest 

Inventory
The forest agency

Productivity  
of grazing land 

Regrowth of lichens 
Manipulation of vegetation with for example ditching, 
fertilization with negative effects on lichen

TBD 
TBD
TBD

Balance between summer 
/winter pastures 

Summer may provide the basis for a larger herd while the 
winter pastures become the bottleneck. Via RHB and GPS

Predictability
Lack of predictability due to loss of pasture. 
The reindeer spread ex. to another RHC which includes 
more work. 

TBD

Infrastructure

Predatory pressure in other places than normal
The reindeer’s natural roaming is disturbed so they remain 
on winter pasture.
Tourism / snowmobiling creates land changes
Traffic-killed reindeer (see above)
Road network
Railway, fence splits land, no fence = dead reindeer
Packed snow due to forestry (clearcutting)

Via RHP
Via CAB? Hotspots? 

Some of these are 
available 

Climate change 
(long-term) 

Average temperature
Length of snow season
Drought
Rivers / lakes freeze later or not at all, no longer function 
as borders, 
Melting snow

Yes? 

Weather effects 
(seasonal) 

Icey, late spring, long summer / autumn
Windy to a greater extent
Packed snow due to forest fellings, the forest does not 
slow down the wind 
Mushrooms 

TBD
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THE REINDEER HERD FOUNDATION/EALLOVUOĐĐU /THE 
SIIDA FOUNDATION

Several indicators of good herd structure and healthy animals 
have potential to show trends over time. Most of these indi-
cators are already an internalized part of reindeer husbandry. 
The herders, the Siida and the RHCs assess these aspects an-
nually as standard practice. Many of these can are considered 
“business secrets” with data not shared in public. 

Interviewees emphasized that it is difficult to assess 
the significance of individual indicators in isolation. Below 
is a summary of individual indicators discussed during the 
interviews:

 ■ Reproduction rate is a traditional indicator to measure the 
state of the art of reindeer husbandry. The reproduction 
rate is calculated every year as part of calculating the 
number of reindeers by the herders, but also as part of 
the development of the new large carnivore policy. The 
indicator can be used to measure how different forms of 
disturbances affect reindeer’s reproduction rate (and in 
turn the economy of the reindeer herder). 

 ■ Nutrition status Reindeer must build up the body reserves 
during summer and autumn to be able to make it through 
the winter and spring when access to food in a normal 
situation is limited.  Nutritional status is a traditional 
indicator of the condition of individual reindeers, and of 
the herd. This is monitored as part of the traditional herd-
ing practices. At slaughter, reindeer are also classified 
according to the Swedish Agency for Agriculture’s regu-
lations on the classification of carcasses.These statistics 
are available.

 ■ Herd structure Assessment of the herd size and com-
position is important to monitor, to adjust to changes 
in reindeer health and nutritional status. The herd size 
is assessed annually to detect yearly variations. Due to 
natural fluctuation, it is often necessary to assess the 
herd over three to five years to be able to identify trends 
in for example slaughter weight, losses due to predation 
etc., and to be able to maintain a healthy herd that can 
survive during different seasonal and weather conditions. 

 ■ Illness and injuries Reindeer herds are exposed to various 
infectious diseases, with social and economic conse-
quences. This happens occasionally and affects reindeer 
survival and fitness. Several factors influence reindeer 
health such as: introduction of infectious agents through 
import of animals; contact between reindeer, livestock 
and wildlife; and stress due to loss of pastures; change in 
climate such as increased precipitation and temperature 
that restricts availability of pastures, changes vegeta-
tion and conditions for parasites and insect vectors.  
 
Interviewees noted a need to increase adaptive capacity 
to disease, injury by carnivores, and traffic accidents. 

Many roads and railways run through reindeer pasture 
areas in Västerbotten. Accidents are especially frequent 
during November, December and January, and around 
weekends when visitors travel to and from mountainous 
tourist destinations. 

 ■ Loss of reindeer to predation by bear, wolf, lynx, wolverine, 
golden eagle and to some extent red fox. An estimated 19 
500 - 72 500 reindeer are killed annually by predators in 
Sweden (in comparison, an annual slaughter is between 
25,000 to 50,000 head). Total predation varies between 
areas and years depending as predator populations 
change. A recent survey (Sametinget 2020) reported 
reindeer herders’ view that large carnivores are the single 
most influential impact on reindeer husbandry. Herders 
are compensated for predation losses, but only for about 
50 % of the lost value so predation has serious financial 
consequences for reindeer owners and contributes to 
mistrust between reindeer herders and the state.  Preda-
tion is an important indicator of the viability of individual 
and collective reindeer herds, and of economic impact on 
individual herders. This indicator is not directly associat-
ed with forestry, but it is also reduces available pasture in 
areas with high densities of large carnivores.

 ■ Behavioural changes in reindeer. The need for supplemen-
tary feeding has increased due to increased competition 
with alternative land use and the loss of natural pasture 
areas to forestry, mining, energy production, tourism, and 
recreation. Climate change also increases the need for 
supplementary feeding as winter pastures are locked 
under ice, hence decreasing the resilience of reindeer 
husbandry to adapt to changes. Reindeer are becoming 
tamer, unwilling to move from feeding stations to tradi-
tional spring or summer pastures. This can increase con-
flicts with the surrounding society. In the long run, it could 
change reindeer herding practices and the loss of the 
associated culture and traditional ecological knowledge. 

THE FOUNDATION OF UNDERSTANDING/VUOĐĐOIPMAR-
DUS AND THE SIIDA FOUNDATION

In the early 2000s, the RHCs established reindeer husbandry 
plans ‘RBP’ (renbruksplan) in collaboration with the Swedish 
Forest Agency and the Swedish University of Agricultural Sci-
ences. RBPs describe each herding community’s use of the 
land to enable others to understand and take consideration of 
reindeer husbandry. Hence, the foundation of understanding 
as well as the Siida foundation is documented. There is some 
variation in depth across the Sapmi, for example in identifying 
grazing grounds, migration routes, resting areas, difficult and 
narrow passages, infrastructure etc. Not every RHC has the 
capacity or resources to work with this tool, so there is room 
for development. 

RBPs often include information from GPS-collared rein-
deer that describe annual migratory movements. They show 

the ‘green infrastructure’ of reindeer husbandry. RBPs are the 
property of the described RHC. Individual RHCs map lands 
and gather material for documents that are digitally stored. 
These plans include much information that could be used as 
indicators, for example loss of pastures, and climate change 
impacts.

LOSS OF PASTURE 

Interviewees said that loss of pasture is one of the main 
threats to reindeer husbandry, now and in the future. Pasture 
is being lost to infrastructure development (roads, energy, 
power lines), mining, military ranges, forest industry, planta-
tion of exotic tree species such as Lodgepole pine and Larch, 
tourism and recreation. Clear felling destroys lichen pasture 
needed by reindeer, which takes many years to recover and 
again be used for grazing. A study by Sandström et al. (2016) 
indicates that, since the introduction of even-aged forestry in 
the 1950s until the current time, the area of lichen-abundant 
forest (>50% lichen cover) in reindeer husbandry areas de-
clined by 71%.  In Västerbotten, lichen abundance in inland 
forest decreased by 82%, and abundance in coastal forest 
decreased by 55%. 

Loss of pasture causes herds to move rapidly through 
the landscape, and to arrive too early at grazing areas that 
should be used later in the season.

Competing land uses diminish the size and quality of 
herding areas so that reindeer numbers in the remaining land-
scapes increase, and disturbances caused by trampling and 
grazing may intensify. An indicator of these factors could be 
developed and associated with the RBP. Several studies have 
identified impact of individual competing land uses and their 
cumulative effects on reindeer husbandry. Research on hu-
man influences on grazing grounds shows that establishment 
of tourist centres could greatly disturb reindeer grazing over 
large areas (approx. 50% decrease in pasture use within two 
kilometres around tourist centres) with similar results for wind 
turbines and mines. 

Interviewees also suggested that the area of land used 
should be measured (areas vary between RHCs), as well as 
degrees of pasture fragmentation, and the balance of summer 
and winter pastures. The indicator should also include quality 
and productivity of the land in terms of the composition of 
the plant community and the productivity of lichens and other 
important fodder. As mentioned most of these aspects are 
documented in the RHCs’ RBP plans. 

CLIMATE CHANGE AND WEATHER EFFECTS

Climate change and seasonal weather effects, combined with 
alternative land use activities, already strongly effect reindeer 
husbandry. Climate change also drives the ‘Green Transition’ 
industrialisation of Västerbotten, which will intensify land 
use for energy purposes. Hence there is a need to develop an 
indicator to reflect aspects of justice in relation to the green 
transition. Aspects to consider here are recognitional, distrib-
utive and procedural justice. 

HERDER, REINDEER HERDING COMMUNITY AND SOCIETY

The resource base / birgenvuođđu includes both reindeer as a 
resource, and use of resources for reindeer needs. It is closely 
connected to the foundation of the Sami household and herd-
ers. Resource use is not limited to meat, but includes clothing 
production and use of other rangeland resources associated 
with reindeer husbandry.

Interviewees highlighted the legal basis for Sami reindeer 
herding as central to sustainable reindeer herding and rein-
deer husbandry. It is central internally as a foundation for how 
the land is managed in the administrative units and between 
Siidas, and in terms of the transfer of the reindeer herds from 
generation to generation). And externally the legal basis plays 
a critical role in relation to the rest of the society i.e., that the 
indigenous rights are recognised and respected.  

These aspects relate to individual herders, households 
and RHCs as administrative units, and to their interactions 
with the society. 

Västerbotten County, Northern SwedenHealthy Forest Landscapes 5756



Table 15. Indicators related to The resource foundation / birgenvuođđu; household foundation / báikevuođđu,  
and the legal foundation / riektevuođđu

Overarching 
indicator Suggested indicator  Potential measurement  Available? 

TH
E 
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CE

 /B
IR
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NV

UO
Đ
Đ

U 
AN

D 
TH

E 
HO

US
EH

OL
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/ B
ÁI

KE
VU

OĐ
Đ

U Self-sufficiency rate  
How many companies/households in a RHC or how many 
have reindeer husbandry as their primary occupation of 
way of life 

Yes but 
private 

Health Occupational injuries/Stress/well-being (health, mental 
health)

TBD

Education/training   Documented education/training TBD

Companies /households Number   Yes

Demography  Age, gender etc TBD

Internal competence  E.g division of labour  TBD

The board Willingness, availability  TBD

TH
E 

LE
GA

L 
FO

UN
DA

TI
ON

/
RI

EK
TE

VU
OĐ

Đ
U 

: I
NT

ER
AC

TI
ON

 
W

IT
H 

SO
CI

ET
Y

Reindeer husbandry policy National, regional, local 
Research? 

TBD

The Sami Parliament Perception of avaliable support to Reindeer husbandry 

Authorities (SEPA, CAB, 
SFA, SFoA etc.)

Level of collaboration, trust, production costs/transaction 
costs   

TBD

Extractive industries 
(Forestry, energy, mining, 

tourism etc.) 

Level of collaboration, trust, production costs/transaction 
costs, certification 

TBD

Availability

VI
AB

IL
IT

Y 
   

Proportion of young people 
who want to become 

reindeer herders
Generational change

Room for more reindeer 
herders
Pasture

Fragmentation

 TBD

Extractive industries/cumulative effects

See above + documentation of need for more machinery  Yes 

PR
OF

IT
AB

IL
IT

Y

Economic value   Proportion of slaughtered reindeer
Proportion of companies / grazing resources

Yes 

Production costs 

Cost increases
Documentation of purchase of machinery 
Manpower / workers
External assistance- Helicopter, lawyers
Trucks
Supplementary feeding

TBD

Access to new technique 
Dogs, Drones Availability

Business development Time and resources 

Transaction costs Collection of information, co-planning, Evaluation 
Yes, In 

relation to 
forestry 

REINDEER HERDER AND THE SAMI HOUSEHOLD

Interviewees suggested several indicators of reindeer herder 
wellbeing. The first concerns self-sufficiency measured as the 
number of reindeer herders and individual companies able 
to make a living by reindeer husbandry. However, reindeer 
husbandry is a “way-of-life” more than a “way-of-production”, 
so this traditional measure of self-sufficiency might be inad-
equate. A 2020 survey found that for RHC in Sweden reindeer 
herding account for about half of these companies’ turnover, 
and income from slaughtering is important to varying degrees. 
Profitability affects how herders regard future prospects and 
whether they would recommend herding to the next genera-
tion. The same survey found that only a fifth of respondents 
rated their RHC’s profitability as satisfactory, approximately a 
third rated it as neither good nor bad, and a similar proportion 
perceive it as bad. 

Several of the interviewees highlighted the need for 
education and training. This could include basic education, 
but more often referred to need for training in specific fields 
including economics, law, negotiation techniques and conflict 
management. Similar views were found in a recent survey of 
reindeer herders in Sweden which in respondents flagged 
needs for knowledge of law, negotiation, accounting, finan-
cial management, production technology and computing, GIS 
and drone technology, and sales and marketing (Sametinget 
2020).  An education indicator would be relevant especially 
with reference to training in specific competences.  

Some interviewees mentioned business development 
needs to help the individual company to become more viable 
and resilient, and to provide greater and more reliable incomes 
for herders. However, many also referred to the legal ban on 
combining reindeer husbandry with other economic activities 
which limits the possibilities for diversified business activi-
ties. In a separate survey of reindeer herders in Sweden, 50% 
of respondents had no plans to further develop or invest in 
their company. 28% claimed that they needed investment but 
no economic resources to do so (Sametinget 2020). Herders 
in this Västerbotten study also stated that there is minimal 
scope to engage in other activities because reindeer herding 
is more than a full-time job. 

Health and general wellbeing were discussed. Interview-
ees acknowledged that accidents and stress injuries (e.g. 
back pain due to snowmobiling) related to herding should be 
better documented. They also raised the need to include men-
tal stress and psychosocial aspects. A study of Sami public 
health was underway at the time of reporting and it would be 
desirable for this study to have a finer resolution to inform 
an index at the Sami village level and thus identify a possible 
vulnerability among the reindeer-herding Sami in comparison 
with the rest of the population in Västerbotten. This would 
make it possible to identify the cumulative health impact of 
pressures on herders in the different communities. (Will re-
quire communication with the study lead to achieve this).

Another set of needs which could serve as indicators 
were the availability of tools for efficient reindeer husband-

ry such as a comprehensive machine park, access to new 
techniques, and herding dogs, and drones. The latter two are 
especially important in the context of increasing pressures 
to prevent reindeer from encroaching onto agricultural and 
other land which can cause conflict and stress, sometimes. 
Interviewees indicated that while these tools are useful they 
are expensive to buy and to maintain (especially the machine 
park). This bundle of indicators can be monitored in terms of 
change in the nett cost of encroachments and tool purchase 
and maintenance costs. 

THE REINDEER HERDING COMMUNITY (RHC)

Within each RHC, the different siidas must agree how to 
divide land use between them for the over all good of the 
RHC members. Thus, how well the RHC is governed and its 
capacity to fulfil its role effectively has real consequences for 
individual herders.  It is therefore important to boost interest 
in taking on RHC responsibility across the community, includ-
ing willingness to compensate those willing to take on such 
responsibility, and including different demographics (ages 
and gender).  A strategy should also be available to address 
issues of competence that negatively affect the functioning of 
the community. Interviews can help to illuminate how well an 
RHC works but, at present, there are no objective indicators of 
effective community functioning and thus no data. 

INTERACTION WITH SOCIETY

Indictors are needed to assess how RHCs interact externally, 
especially with regard to:

 ■ Input to policies at multiple levels that effect reindeer 
husbandry, and the extent to which policies support or 
hinder reindeer husbandry. Primarily at National level but 
regional planning and other regional policies are also 
important.

 ■ Effective interaction with authorities, level of collabo-
ration, available arenas for collaboration, and trustful 
relationships.

 ■ Relationships with extractive industries and with the 
forest industry and degrees of conflict or collaboration, 
can be measured both in terms of how they affect pro-
duction and transaction costs, and by the extent to which 
interactions are conflictual or collaborative. Many studies 
have explored RHCs’ interactions with extractive indus-
tries and with the forest industry, but no systematic or 
comprehensive method exists to measure this indicator 
and its impacts on reindeer husbandry. 
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REINDEER HUSBANDRY VIABILITY

The viability of reindeer husbandry can be assessed by factors 
that include:

 ■ The number of young eligible herders who intend to start, 
or to continue, reindeer husbandry 

 ■ Access to grazing by area and quality, which determines 
the maximum possible number of reindeer than an RHC 
can support

 ■ Adaptive potential, related to management intervention 
options to adapt to events such as habitat loss and pas-
ture fragmentation. 

ECONOMIC VALUE 

Individual reindeer herders’ sources of income include pro-
duction of meat, skins, bones and horns, and hunting and 
fishing. Additional sources include financial subsidies and 
compensation, for example for loss of reindeer to predation. 
Reindeer meat is considered a delicacy and prices have in-
creased, but herders’ incomes are far below the Swedish av-
erage. Most reindeer herding families therefore rely on several 
incomes such as additional processing, sale of services, other 
industries, and salaried work. An income indicator should be 
understood as significant for the wellbeing of individual rein-
deer herders, but also in terms of the willingness of reindeer 
herders to maintain their traditional cultural practices and 
therefore of the wider viability of reindeer husbandry. 

PRODUCTION AND TRANSACTION COSTS

The most relevant data for production costs associated with 
herding already exist. Several studies have identified produc-
tion cost increases linked, for example, to pasture fragmen-
tation. However, no systematic method exists to monitor 
herding production costs, or to assess how costs vary under 
different herding strategies, and in respect to different im-
pacts of other industries. 

Studies have applied methods to measure transaction costs 
incurred by herders in participating in forest industry consultation 
procedures, including information collection, co-planning of par-
allel land uses, and process and outcomes evaluations. These 
methods could be developed to measure transaction costs 
associated with any other co-management/planning process 
(Widmark & Sandström 2012; Bostedt et al. 2015).  

MEASURES THAT FOREST INDUSTRY COULD TAKE IN THE 
ABSENCE OF AN INDICATOR SYSTEM

A number of useful indicators already exist, but all interview-
ees for this study said that a more comprehensive indicator 
system should be developed. In particular, although interview-
ees identified possible indicators for the resource foundation/

birgenvuođđu, the household foundation/báikevuođđu and 
the legal foundation/riektevuođđu, almost all of them would 
need development before they could be effectively and prac-
tically measured. 

The interviewees were also unanimous in their view that 
forest industry should not wait for such a system to be de-
veloped before taking actions that can safely be assumed 
to reduce negative impacts on reindeer husbandry, and that 
go beyond the consultation with RHCs that forest industry 
already carries out in accordance with legal and FSC certi-
fication requirements. These recommended actions can be 
grouped under two main themes: actions to reduce avoidable 
loss of pastures and other negative impacts in the forest, and; 
actions to strengthen the legal basis of reindeer husbandry 
and the co-management process. 

Recommended actions to reduce avoidable loss of pastures 
and negative impacts in the forest

 ■ Take a landscape perspective to assess the impacts of 
all industries on reindeer husbandry. Understanding of 
the wider context of cumulative pressures on reindeer 
herders should be valuable for a forest company that 
seeks to minimise negative effects of its own operations 
and/or opportunities to reduce pressures faced by RHCs.

 ■ Fully implement the commitments of the Forest Steward-
ship Council national standard

 ■ Adopt the SSR’s proposed forest policy

 ■ Implement silviculture adapted to reindeer husbandry  

 ■ Contribute to the restoration of lichen areas, and other 
important reindeer husbandry areas.

Recommended actions to strengthen the legal basis of rein-
deer husbandry and co-management processes.

 ■ Recognise indigenous rights (UNDRIP; ILO 169)

 ■ Develop the co-creation process and the FPIC instrument 
under the FSC national standard to reduce transaction 
costs and production costs

 ■ Support capacity building for reindeer herder participa-
tion in consultation and collaboration with forest industry

 ■ Build capacity and competency within forest company 
staff at all levels, including knowledge of reindeer hus-
bandry rights, for effective consultation and collaboration 
with reindeer herding communities.

Jon Andersson 
Forestinsight 
https://skogsinsikt.se/

Sören Uppsäll & Carlos Paz von Friesen
Länsstyrelsen Västerbotten (Västerbotten County Board) 
https://www.lansstyrelsen.se/vasterbotten/

Anders Nenzén
DNV Forest Certification 
https://www.dnv.com/

Satu Aguilar
Norra Skog (Norrland Private Forest Association) 
https://www.norraskog.se/

Professor Per Angelstam 
SLU (Swedish University for Agricultural Sciences) 
https://www.slu.se/

Lecturer Stig-Olof Holm
Umea University 
https://www.umu.se/

Anette Waara & Olof Johansson 
Sveaskog 
https://www.sveaskog.se/

Ola Kårén
SCA 
https://www.sca.com/sv/

Anders Pettersson
Sorsele övre och Tärna Stensele Aallmänningsskog 
(Forest Commons)
https://allmskog-ac.nu/

Professor Lundmark
SLU 
https://www.slu.se/ 

Lena Dahl & Henrik Stedink
FSC Sweden  
https://www.se.fsc.org/se-sv

Mathias Westerlund 
Holmen 
https://www.holmen.com/

Jenny Wik Karlsson
SSR 
https://www.sapmi.se/   

Anders Esselin 
Man and Nature 
(Svenska) Om Man & Nature
mannature.se    

ANNEX 
Interviewed Stakeholders
Earthworm Foundation carried our semi-structured interviews, both in-person and 
remote, with a number of stakeholders including forest industry, forest owner, 
academic and scientific, and civil society organisations. Not all agreed to have their 
name listed here. Those who did are:

Contact
For further details, please contact 
Björn Roberts at b.roberts@earthworm.org

Earthworm Foundation 2023
www.earthworm.org
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