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PREFACES

As spokesperson of Protect the Forest, I am incredibly proud of what we have accomplished in the
Forest Monitor website. Five or ten years ago, this was a dream that we sometimes talked about: what

if we could gather all the known valuable old forest in Sweden in one map? What if we could make a
tool to show on a map, with clear boundaries, which forests have the highest conservation potential, the
ones that we should prioritize in order to protect 30% of the productive forest land? This tool now exists:
skogsmonitor.se.

It would not exist without the competence and drive of the project leads: Jon Andersson and Viktor
Séafve. It is also not a coincidence that two of the Skogsmonitor employees have a background in
research, because this is a technical project which has done scientific research. Among other things, this
report explains our methods, and in the scientific spirit, we welcome scrutiny of our methods and results.

You may ask: why has a small non-profit environmental organization taken on this ambitious task?
Shouldn’t it have been done by a government authority, or perhaps by scientists at a university? To be
fair, the Swedish Environmental Agency did commission an analysis of the forests of northern Sweden
which have likely not been clear-cut (so-called continuity forests). But they never did such an analysis
for southern Sweden. Such data has now been provided by our Forest Monitor website instead. The
Swedish government, under pressure from the forestry industry, has lobbied against the EU Forest
Monitoring Law, arguing that forest monitoring is too complicated and expensive. Well, we have proved
them wrong on a shoestring budget.

Our website and our data now exists and is used daily by many people who want to know where in the
landscape old forest is likely to be, whether it is threatened by logging, and whether someone has already
been there and found rare or red-listed species. It can also be used for planning on a landscape level, a
necessity in Sweden’s fragmented forests.

This report contains, besides information on our methods, a background on why forest monitoring is

needed, and uses our data to reveal trends and draw conclusions.
Happy reading!

Elin G6tmark
spokesperson of Protect the Forest



Environmental legislation across the European Union is facing mounting pressure from a growing
deregulatory agenda. Recent months have seen key elements of the EU Green Deal come under political
attack—from efforts to weaken the Nature Restoration Law to resistance against the EU Deforestation
Regulation. The proposed Forest Monitoring Law — a legislative effort to expand and standardize forest
data collection across member states — is no exception.

Despite its practical and scientific rationale, the draft law is currently under heavy attack from

some national governments and European parliamentarians, with many Swedish policymakers
openly criticizing the law. This trend represents a broader retreat from science-based environmental
policymaking at a moment when climate and biodiversity crises demand bold and coordinated action.

Data on forests across Europe is patchy, outdated and difficultly accessible. This year marks 5 years
since the last State of Europe’s forest report which provides a snapshot of various social, environmental,
and economic figures on forests. However, it will not cover locations of Europe’s primary and old-
growth forets, a political goal outlined in the EU Forest Strategy for 2030. Despite their importance, such
forests have been underrepresented in official Swedish datasets — especially in southern Sweden — and
face continued degradation under current forestry practices.

Sweden, holding one of the EU’s largest shares of forest land, is paradoxically both a direly needed
guardian and a major driver of forest degradation.

It is in this context that the Forest Monitor report emerges as a crucial initiative that offers insight into
what the Forest Monitoring Law could do for Sweden and the rest of Europe: to make forest information
accurate, accessible, and actionable.

At the heart of Forest Monitor is Skogsmonitor.se, an open-access, map-based tool developed to locate,
assess, and monitor older forests and continuity forests (of which old-growth forests is a sub category)
across Sweden. Using a blend of satellite imagery, historical orthophotos, and machine learning, the
project has identified extensive logging of these forests — full of life and critical for Indigenous Sami
livlihoods —millions of hectares at risk, and large portions unprotected. The findings demonstrate both
the utility and urgency of improved monitoring in the service of forests and those who depend on them.

It is a bottom-up, science-driven response to a political climate in which many politicians have resisted
more stringent forest monitoring and protection efforts — often citing cost and complexity. Yet, this
report demonstrates that with dedication and modest funding, highly credible and transparent forest data
systems are possible.

As the EU Forest Monitoring Law faces dilution and undue criticism, Forest Monitor offers both

a technical model and a political message. It shows that meaningful forest monitoring is entirely
achievable — and that the real barrier is not technical capacity, but political will. This report urges
policymakers to safeguard the ambition of the Forest Monitoring Law, and stands as proof that the EU
has both the tools and the mandate to act — and must not back down.
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Kelsey Perlman,
Forest and Climate Campaigner, FERN
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THE FOREST MONITOR TEAM

JON ANDERSSON

Project manager and data developer at Protect the
Forest’s web service Forest Monitor.

Jon Andersson is a GIS expert, forest expert, nature
conservationist and PhD in biology.

Born and raised in Véasterbotten. Even as a child he
became interested in the forest and spent a lot of time
there. After university studies with a focus on biology,
he has dedicatedly worked with forest issues - in
research, at authorities and as a consultant - and built
up a solid knowledge of the state of the forest and the
impact of forestry on biodiversity. Today works part-
time at the organisation Protect the Forest, with forest
mapping, and monitoring in the project Skogsmonitor.
se, but also as an environmental consultant. Together
with Viktor Safve, Jon is the initiator of Forest Monitor.

HAINNER APARICIO

Hainner is a GIS and remote sensing expert at Forest
Monitor - Skogsmonitor.se

| am a believer that human development goes hand in
hand with nature conservation! Born in the enchanting
geography of Colombia, | have lived in Australia and
Europe for the last 10 years. Here and there | have
carried my studies as a Forest engineer, Natural
resources manager & lately, a double MSc. In Forest
Information Technology and Silviculture.

| have had the chance to apply IT to forest-related
issues for several years. | am thankful to have
experienced those years as a consultant/employee
for private companies, governmental departments,
and recently in research for Academia. From there my
premise has never changed. #SaveTheForest.

VIKTOR SAFVE

Project manager and communicator at Protect the
Forest’s web service Forest Monitor.

Co-founder of Protect the Forest. Works with forest
ecology, forest monitoring, and has an interest in
forest history and close-to-nature forest management.
Works with ecosystem management and small-scale
agroforestry projects.

Born and raised in Norrbotten. Lives and works
together with his family on a forest garden farm in
southern Nérke. Is an experienced campaign leader,
conservationist, educator, nature guide and garden
enthusiast. Works part-time at the organisation
Protect the Forest with issues related to the mapping
of conservation value forests. Also works for his own
family’s company Afallet Forest Garden with nature
reserve management, lectures, guided tours, gardening
and pedagogy. Together with Jon Andersson, Viktor is
the initiator of Forest Monitor.

MATS TROENG

Mats Troeng is, web service developer, support and
consultant for Forest Monitor - Skogsmonitor.se

Mats is a civil engineer in information technology and
has been programming since his early teens. Together
with an interest in nature and outdoor life and a
fascination for maps of all kinds, it has been inspiring
for Mats to contribute to the technical machinery
behind the display of Forest Monitor’s map material on
the web.






3. BRIEF INTRODUCTION

Forest Monitor is an online map service and a tool to monitor and protect the northern EU’s natural
heritage! Forest Monitor [Skogsmonitor.se| is a unique online map service that brings together im-
portant data and map layers of valuable forest habitats in one place. It also presents a new compre-
hensive mapping of potential older forests and continuity forests, in broad sense forests that have not
undergone clear-cutting. The map layers show where there are, or could be, forests with high conser-
vation values, but also social values and forests with large carbon stocks throughout Sweden.

The mapping of potential older forest and continu-
ity forest (OFCF) has different degrees of accuracy
and probability, and we are constantly striving to re-
fine, adjust, validate and update our data to increase
precision and accuracy.

The web-tool aims to facilitate the work with inter-
national and national environmental targets and var-
ious types of nature conservation, ecosystem man-
agement and climate initiatives. The map service
creates better conditions for locating the forests that
potentially contain the highest natural values, and
the landscape sections where there are concentra-
tions of potential older forests and continuity forests
that may be or are forests with conservation values.

This is the basis for functional landscape planning,
something that helps forest managers in their work
with nature conservation. May it be individual
forest owners, municipalities, forestry companies
or authorities. They can all benefit from using our
data.

Moreover, this is also a map service for outdoor ac-
tivities and recreation, and for anyone who wants to
explore the natural heritage of the north and wishes
to enjoy the beauty and diversity of Sweden’s most
natural and magnificent forests.

Forest Monitor is an open and free map service.
No one in Sweden has previously presented such a
complete collection of open data on potential older
forest and continuity forest that delimits forest
stands with high conservation values.

Our goal

Sweden, one of the EU’s most heavily forested
countries, with 17.5 percent of the EU’s total forest
land area, is home to an important part of the EU’s
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remaining natural forests. These forests are unique
environments for biodiversity, with many species
associated with old forests, dead wood and tree
cover continuity and of different structures and
substrates. Through their large carbon stocks in the
soil and biomass, and their resilience to disturbance,
these old forest remnants are also very important
for the climate. Some of the forest-related environ-
mental targets that have been set by the EU and the
UN are now starting to reflect in the national legis-
lations. To achieve these targets, however, current
conservation value forests must be located and
mapped. It is urgent!

Our map service, with delimitations of old for-

est and classifications according to available data
sources, envisions how such data could look. We
have collected data and developed this map service
to present an overall picture of where in the land-
scape the most valuable forests are.

Furthermore, we aim to provide an overview of
valuable concentrations of older forests, functional
clusters of forests, and where the best locations for
restoration can be found. Our map also contrib-
utes to making inventory efforts more effective, by
delineating the areas with the greatest potential to
harbor high conservation values.

Our vision

Our vision is that our map service, Forest Monitor,
will grow and encompass other parts of Europe’s
forests, outside of Sweden. A mapping service
where most of the natural heritage in the EU’s
forest are included. Our vision also includes the de-
velopment of a fully automated interactive system,
with planning tools, as well as relevant monitoring
tools.



Big steps forward on the web map

Updating and reclassification of all data and data that shows the distribution of mountain birch New staff

Figure 1. The most crucial steps in the history of Forest Monitor, which started with a sparking discussion
in 2010 between Jon Andersson and Viktor Safve. The grant from Naturbonusen in 2020 which enabled
the analysis and creation of the first ever data on old forests for south Sweden. Our later grant from the
Swedish Postcode Lottery Foundation paved the way for the web page, and other important steps is the
ability to hire more staff members.
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Mapping of continuity forests from a
forest historical perspective
Clear-cutting as a forest management method has
occurred, in parallel with selective logging meth-
ods, in southern Sweden and Bergslagen since the
late 18th and during the 19th centuries. However,
in most of Sweden, and particularly in northern
Sweden (Norrland), clear-cutting became the main
harvesting method after 1950, with mechanization.
The same applies to some extent to Sweden’s larg-
est island, Gotland, where clear-cutting was proba-
bly introduced in the 1950s (Johansson & Petersson
2016).

For this reason, we have used and created data
based on orthophotographs and satellite imag-

es that capture clear-cutting that has taken place
since the 1950s. This is because an overwhelming
majority of the forests in Norrland, and especially
in northwestern Sweden, which were forests on

the early orthophotographies, could be continuity
forests according to the Swedish Forest Agency’s
current definition. As mentioned above, clear-cut-
ting occurred, side by side with selective forestry
practices, in the largest parts of southern Sweden
(Svealand and Gdtaland). But forest history re-
search shows that clear-cutting also occurred to
some extent even before 1950, along the coast and
in some local regions of Norrland (Lundmark et al.
2021). This means that the proportion of forest that
existed before 1950, and which is older forest, to
varying degrees has long continuity. However, it is
in today’s older forest, which was already forest on
the oldest nationwide, open and available orthopho-
tographs, that the forests with the highest conserva-
tion values are found, and this applies to the entire
country.

Naturally and spontaneously regenerated forests
dominated the landscape before the 1950s, although
there were regional and local large-scale plantings
and seed sowing before this period, especially in
some areas of southern Sweden. According to pro-
fessor emeritus Matts Lindbladh (2022), at Swe-
den’s University of Agriculture sciences: “Around
95% of all forest cultivation (planting & sowing)
until today has taken place after the year 1950 .

This more or less coincides with mechanization and
the total transition to clear-cut forest management.
The fact that Forest Monitor is particularly interest-
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ed in mapping forests that arose before the 1950s is,
of course, also partly connected to this.

We focus on mapping OFCF. Continuity forests,
seen from a land-use historical perspective, are con-
centrated mainly in northern Sweden, and especial-
ly north-western Sweden. But, Forest Monitor has
mapped all potential older forest stands (including
potential continuity forests) in southern Sweden,

in order to delineate the forests that are the oldest
in the landscape. Older forest is, not infrequently
naturally regenerated also in the southern parts of
Sweden and can have natural values linked to older
forests and continuity. The older parts of the land-
scape also have the highest carbon stocks.

Forest Monitor’s validation inventories in various
landscapes from south to north, show that a not
insignificant part of all forest mapped as OFCF via
remote sensing are so-called “core areas” and forest
with long continuity in northwestern Sweden (read
more in the chapter on validation). This while the
proportion of OFCF with natural values generally
is lower, but still relatively high, in the southern
parts of the country. On the other hand, the mapped
area of OFCF is interesting for nature conservation
and restoration throughout the country, as it consti-
tutes the oldest parts of the forest landscape and the
greatest potential to gain high natural values over
time, so called restoration values.

Of course, not all forest land mapped with remote
sensing as OFCEF is forest with high conservation
values. However, validations of the map layers
from SEPA and Protect the Forest’s Forest Monitor
service, show a high accuracy in finding OFCF that
arose before the mechanization of clear-cut forestry
in the 1950s.

Validations of the mapped area of probable conti-
nuity forest (SEPA definition, see page 77) show
that most of the mapped area is continuity forest or
older forests and estimates based on samples and on
large field inventories indicates that a large part of
these areas have natural and conservation values, or
are so-called core areas and/or old-growth forests.

How large area of primary and old-growth forest
outside strictly protected forest land is there in
Sweden?



The Swedish Environmental Protection Agency’s
(SEPA 2023) rough estimate:

e 2.2 — 2.8 million hectares of forest land.
e 1.5 — 1.8 million hectares of productive forest
land in total.

Estimated overlap between primary and old-growth
forest and map layer of probable continuity forest.

SEPA rough estimate:

e 50 — 80% overlap (northern Sweden).
® 40 - 70% overlap on productive forest land
(northern Sweden).

The authorities assess that a relatively large part
(approx. 50 — 80% ) of these probable continuity
forests is old-growth forest according to the current
definition (EU-commission 2023).

Note! Furthermore, OFCF that cannot be classified
as “old-growth” may have both conservation and
restoration values and should not be felled. In order
to reach national environmental targets and inter-
national conventions regarding biodiversity, nature
restoration and climate mitigation, there is no room
to harvest biomass from continuity forests in Swe-
den.

Conclusion: logging within the mapped area with
OFCF means a high risk of degrading old-growth
forest and destroying forest with conservation
values. Protect the Forest’s report from 2024: “The
SCA - files” (Rutschman & Sifve 2024), shows that
the forest industry giant SCA logs and plans to log
many forests with conservation values and that the
statistics in the report provide additional data that
reinforces that the loggings are systematic.
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ANALYSIS OF THE CONTEMPORARY

SITUATION IN SWEDEN

Human induced climate change, loss of biodi-
versity (IPBES 2019) and weakened ecosystems
are now threatening the very foundation of our
civilization. Policy decisions made in the next
few years will be critical. Halting the destruction
and fragmentation of forest ecosystems as well
as restoring and protecting the world’s forests

is fundamental; not the least in strengthening
forest resilience (Thompson et al. 2009) during a
period when the climate is projected to become
increasingly volatile.

In a time when we would need to reduce emissions
and to utilize every possible carbon sink (Luyssaert
et al. 2008, Wardle et al. 2012, Clemmensen et al.
2013), and when we need to safeguard the current
carbon storage (Besnard et al. 2018, Liao et al.
2010) the Swedish forestry industry continuously
displaces large amounts of carbon from forests and
into the atmosphere. The Swedish forestry model
causes large greenhouse gas emissions (Vestin et al.
2020).

Researchers suggest that reduced logging levels
may provide large climate benefits in the com-

ing decades (Skytt et al. 2021). The time factor is
crucial. The next few years may prove critical if we
are to reach international climate targets and envi-
ronmental goals, mitigate negative climate effects
and avoid exceeding points of no return, reaching
so-called “tipping points” (Armstrong et al. 2022).

The forest heritage in the North

Sweden harbors a significant part of the EU’s natu-
ral heritage, and estimations suggest that the coun-
try has the largest area of continuity forest within
the EU (Hojer 2023). The Swedish forest landscape
is diverse and contains several forest habitat types
defined in the EU’s Habitats Directive, whereof
Western taiga (habitat type 9010) is the most com-
monly occurring. However, only a minuscule part
of Sweden’s forests reach favorable conservation
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status. Proper Western taiga, with primary- and old-
growth forests characteristics and naturally regen-
erated continuity forests is becoming increasingly
scarce due to forestry.

Due to historical deforestation in southern Swe-
den, the Fennoscandian hemiboreal natural old
broad-leaved deciduous- and beech forests are very
reduced in size and logging is still going on in these
forests. The forests covering the foothills of the
Scandes mountains (Figure 2) is sometimes re-
ferred to as the Scandinavian Mountains Green Belt
(the SMGB). The SMGB is largely situated with-
in the borders of Sweden and is a unique natural
heritage from a European as well as international
perspective (Svensson et al. 2020). The still unpro-
tected forests in Sweden, with conservation values,
are critical to maintain biodiversity, protect eco-
system functions and contribute to climate change
mitigation.

Sweden’s forests are in peril

Assessments made by the Swedish Forest Agency,
the SFA (2023), and the Swedish Environmental
Protection Agency, the SEPA (2022, 2024) on the
environmental quality objective Living Forests [Le-
vande Skogar] shows an ever down-spiraling and
unsatisfactory ecological condition.

The assessments conclude that in recent years, de-
spite alleged efforts to improve the ecological status
of Swedish forest ecosystems, the trend is negative.
Moreover, according to the SFA (2023), 14 out of
15 forest habitat types listed under the Habitats
Directive do not reach a favorable conservation
status, and the conservation status for 10 out of 11
woodland-living priority species of invertebrates

is “bad”, with the remaining one listed as “inade-
quate”.

Moreover 2,249 forest-dwelling species are red list-
ed in Sweden according to the Swedish Species In-



Figure 2. Aerial image of the transition from northern boreal coniferous forest to the baren alpine meadows.
Photo: Jon Andersson

formation Center (SSIC) at the Swedish University
of Agricultural Sciences, the SLU. Approximately
1,400 red-listed species are strongly negatively af-
fected by logging (SSIC 2020). An assessment from
2022 shows that out of the threatened forest living
species, close to 400 are directly negatively affected
by clear-cutting (Ottosson 2022). Most investiga-
tions to measure the state of the forest ecosystem
concludes an alarming situation for biodiversity and
ecosystem health in Sweden.

The urgency of the situation cannot be stressed
enough. With today’s rapid logging rate, scenarios
and estimates made by researchers (Ahlstrom et

al. 2022), authorities (Larsson 2011, SFA 2015)
and experts indicate that most of Sweden’s remain-
ing continuity forests and old conservation values
forests, outside protected areas, will be lost within
approximately a few decades.

Sweden’s government aims to
cut down on forest protection
Despite the dire forest situation, the right-wing
Swedish government installed in 2022, sharply
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reduced the budget for nature protection and down-
graded many climate initiatives set by previous
governments (DN 2022).

Today we label Sweden as a “high-risk country” to
trade forest products with, and both the EU, forest-
ry, industry and the Swedish government must take
drastic measures to turn this situation around. There
are three main reasons why Sweden is a high-risk
country:

e The Swedish Forestry Act and forestry cer-
tifications like the PEFC and the FSC cannot
guarantee its customers that the products do not
come from forest degradation and from forests
with conservation values.

e The current forest management negatively
affects the Sami reindeer husbandry.

e The Swedish government pursues a policy
hostile to nature conservation at the EU level.
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The Sami culture and the forest

The Sami’s reindeer husbandry culture is dependent
on the forest for their survival. The forest provides
shelter, food and materials for Sami handicrafts.
One of the major threats to Sdmi culture is the loss
of habitat due to direct or indirect impacts from
competing land use.

Commercial forestry is one of those. Especially the
on-going clear-cutting and methods such as soil
scarification and the use of fertilizers aggravate the
condition for reindeer husbandry. It destroys ground
lichen habitats, the primary food resource for the
reindeer. In an article published in 2016, researchers
found that during a period of 60 years, about 70%
of the lichen rich forests that are crucial for reindeer
husbandry were lost (Sandstrom et al. 2016).

Forestry also has a negative impact on tree living
pendulous lichens, which is the second most im-
portant food resource for the reindeer. Pendulous
lichens are much more common in old forests than
young production stands (Dettki & Esseen 2003,
Esseen et al. 2021). Also, forestry and its infra-
structure have significantly reduced the area of old
spruce forest, which can give shade to the reindeer
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during hot waves and relief from stinging insects.

The right to Free, Prior and Informed consent
(FPIC) by the Sami people is a prerequisite to
ensure respectful harvest conditions that protect
traditional subsistence living but also biodiversity
and ecosystems. How this works in reality has been
questioned (Stockholm Environmental Institute
2024 & Greenpeace/Renskog 2025).

Some advice for future Swedish
politicians

By referring to the aforementioned facts about the
negative impact of Swedish forestry, we here give
future politicians with hopefully more broad-sight-
ed agendas and a larger interest in future genera-
tions, three obvious reasons to restrict the Swedish
forestry industry:

e Despite the Swedish Forestry Act and the
alleged good of labeling forest products with
sustainability certifications like the FSC and the
PEFC, there is no guarantee their customers ar-
en’t sustaining large-scale forest degradation and
accelerating destruction of forests with conserva-
tion values.



e The Swedish forest industry seems to have
completely forgotten about the Sdmi reindeer
husbandry. Despite continuous protests from

the Sdmi community, the forestry industry has
destroyed about 70% of the lichen rich forests
that are crucial for reindeer husbandry during the
last 60 years.

e The Swedish forest industry’s way of battling
the climate crisis is dubious. If their intentions
were pure, why do they then lack the interest

in listening to well-published researchers who
have found that clearcut forestry may worsen the
climate situation and that reduced harvest levels
provide large climate benefits coming decades?
If they were as interested as they say they are,
they wouldn’t run aggressive campaigns to
unilaterally promote more clearcut forestry and
stand in public media ranting about increased
harvest levels.

Right now, tens of thousands of hectares of forest
is notified for final felling (planned to be clear-cut),
within our mapped area of forest with confirmed
high conservation values or probable conservation
values! Nevertheless, this is an underestimation,
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as the mapping does not contain classification of
all the known high natural and conservation value
forests within the layer of OFCF.

Considering the overwhelming evidence that the
current Swedish forestry is harmful to the ecosys-
tem and the Sdmi, and most probably worsen the
climate situation, it is a disgrace that the Swedish
government is fighting to defend this so-called
green industry and the Swedish forestry model.

This raises concerns about the aggressive forestry
lobbying and how forestry representatives have
managed to wriggle their way all the way into the
very heart of decision making. Scientists warn that
Sweden threatens European biodiversity (Chapron
2022) as our leaders act and cooperate with other
nations to weaken or stop important EU-level legis-
lative initiatives.



Figure 3. Swedish forestry model - loggings of older forest with a low-level of retention patches and singel trees left

om the clear-cuts.

Is our forestry sustainable?
According to the Helsinki resolution, sustainable
forest management (SFM) is:

“The stewardship and use of forests and forest
lands in a way, and at a rate, that maintains their
biodiversity, productivity, regeneration capacity,
vitality and their potential to fulfill, now and in the
future, relevant ecological, economic and social
functions, at local, national, and global levels, and
that does not cause damage to other ecosystems.”

It is clear that the forestry methods used in the
Nordic countries, on multiple points strongly
deviate from this description. Maybe we should
ask ourselves why we haven’t yet, despite grand
international resolutions, shifted to a sustainable
way of managing forests. The only possible answer
is that the current business as usual is considered
more profitable in the short run for the forest indus-
try than sustainable forestry and that the industry

is disproportionately influential on policy making.
Our politicians are letting this go on and many

voters cannot see the difference between sustainable
forestry and the current unsustainable destruction of
forests.

The Swedish forestry model

The Swedish forestry model (the SWFM) is pro-
moted as a success story, now promising both
climate change mitigation and the safeguarding of
biodiversity and living ecosystems. But is this really
a sane image of this forestry model?

Few people who hear about the SWFM understand
its essence. It can be best described as “’tree-farm-
ing”. Older forests are clear-cut, usually with a
low-level of retention patches and single trees left
on the clear-cut (Figure 3). Then the soil is often
scarified. The most common regeneration method
is plantations with pre-grown seedlings. After a few
years the stand is pre-commercially thinned and
later the stand is again thinned. When the trees are
considered harvestable, at around 45 - 100 years of
age, the stand is clear-cut again.




The impact of the SWFM is not limited to Sweden.
It has implications for the rest of the world as well.
Some of the world’s and the EU’s largest forestry,
hygiene, paper, furniture and wood companies such
as SCA, Holmen, Stora Enso, Sveaskog, IKEA

and Essity, all originate from or have their base in
Sweden. Some of these companies source wood
and pulp and operate in many parts of the world,
thus spreading the Swedish forestry model around
the globe. There are many other large international
companies who uses wood and pulp from the Swed-
ish forest industry too.

In times of climate change, the forest industry
claims to hold the magic wand, aka wood. Swedish
forestry representatives are praising the use of wood
in everything from disposable articles, packaging
and makeup, to fuel for an ever-expanding transport
sector. To push this narrative, the forest industry
spends millions on advertising, public relations and
lobbying to present their products and raw materials
as the solution for the green transition. The forest
industry portrays Sweden as a country with vast
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and inexhaustible resources of wood. Their repre-
sentatives and Swedish parliament members have
celebrated the SWFM as the role model of forestry,
which they claim has transformed Sweden from ”a
more or less deforested nation” a hundred years ago
to a rich forested nation today. But can we really
say that planted monocultures of pine or spruce is
forests? According to the forest industry the answer
is of course a resounding yes. But is a forest some-
thing more than just trees?

According to the narrative, Swedish forestry is
generally balancing economic and environmental
targets. The promise to plant two to three trees for
each tree that is felled is given as a proof that Swed-
ish forests become increasingly richer. The slogan
“for more than 100 years Sweden has been planting
more trees than it cuts down” has spread. Some,
like the Swedish Forest Industries Federation take it
one step further. They claim that “"7The forest indus-
try is making biodiversity possible”. So, without
forestry there would be no forest species? In many
ways it resembles a religion.
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Multiple-use and

Ecosystem functions

Old forests do not only harbor a rich biodiversity.
They also store large amounts of carbon and are
vital for a wide range of ecosystem functions. They
are also important for the multiple-use of the eco-
system services of forest such as recreation, wild
berry production, ecotourism and much more. Wood
production, which is many times raised above other
ecosystem services, 1s thus only one of many others
which are essential for our existence. Therefore,
increased protection and restoration of forests and a
transformation to more sustainable forestry methods
are not only important tools for climate mitigation
and biodiversity. It is also an economic investment.

By reckless, large-scale usage of the SWFM, Swe-
den has converted the majority of a living forest
ecosystem into a fragmented forest landscape with
managed tree stands and tree plantations. To halt
and reverse this process, a transformation of today’s
intensive forestry into close-to-nature forest man-
agement is fundamental. Furthermore, to strengthen
biodiversity and ecosystems, and to also increase
resilience and build on carbon storage to combat
climate change, it is necessary to restore forests.
Moreover, future wood products must be made
more climate friendly than today’s.
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Ecosystem services and functions

The theory of ecosystem services is a way for us humans to
describe the value of services ecosystems provide us. In terms
of forest ecosystems, such services can be timber production,
wild berries, or meat from game. They can also be the main-
tenance of functions such as water regulation, air purification,
and pollination. The services can also be of a cultural nature,
such as knowledge, aesthetics, or the psychological well-being
one can experience in the forest.

An example of the value of ecosystem services is the clean wa-
ter supply to New York citizens, secured by protecting forests
and other ecosystems that filter the water. In the absence of
natural filtering an expensive water treatment plant would have
been needed. The Intergovernmental Science-Policy Platform
on Biodiversity and Ecosystem Services (IPBES) estimates that
loss of ecosystem services from destruction of ecosystems
costs us 10% of the global GDP. It is predicted to worsen in the
future.
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EXPLORING THE MAP SERVICE

When you explore the map, you can turn differ-
ent layers on and off. These can be found at the

top right corner of the map. You can zoom in and
out and scroll around on the map. You can write,
draw and make measurements, as well as share and
export customized maps. You can also draw shapes
around areas of interest, and find information about
species by clicking a specific button, which will
open a window with findings of registered nature
conservation species. There is also a function that
tracks your location when you are out in forests,
which comes in handy when navigating on various
field surveys. The map service can be used on a
computer, smartphone, or tablet. Forest Monitor’s
map layer of OFCF and mountain birch forests, in
addition to the free web service, is also available as
a WMS-service, with paid subscription.

Let’s explore the map service!

Icons on the upper left corner

If we start from the top right corner in Figure 4 to
the left, we find a direct link to skogsmonitor.se,
and 4 clickable icons and below a zoom control.
The first icon from the left allows you to create a
link to your current position: “Link to selected posi-
tion on map” that can be copied and sent to a friend.
The next icon from the left enables an export func-
tion so that you can download the current geograph-
ical extent as GeoTIFF, PDF or PNG. When down-
loading GeoTIFF for use in an external mapping
application, be aware that Skogsmonitor uses the
Web Mercator projection and not SWEREF99.

The third icon shows findings registered on the
Swedish species observation system Artportalen —
an open database run by Artdatabanken, the Species
Information Center at SLU.

Select an area using the drawing tools on the right
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side of the map (Figure 5), then click this button to
display the species findings for the selected area.

The magnifying glass on the far right of this menu
allows you to search by the name of a village, a
town, city, or by ID on the specific felling notifica-
tion number (A XXXX-XXXX).

The icons on the upper right
At the top you will find a measuring tool that mea-
sures both distance and area (Figure 6).

Then you will find different shapes you can use to
draw on the map (also used to delimit your searches
for species findings). You will also find a text icon
for making notes on the map.

At the bottom there is a trash can where you can
delete measurements etc.

Overview map in the lower left corner.
Down on the left you will find a inset map
(Figur 7).

The main menu on the right

On your right (Figure 8) you will find the main
menu and various background map options. Here
you can also switch between English and Swedish
and see the coordinates of the current cursor loca-
tion in decimal degrees.

The layers can be turned on and off. Three of the
layers, the four background maps, Old forests &
continuity forests 2.0 and Logged old forests &
continuity forests have a slider that allows you to
adjust the individual opacity. To get information
about each layer, you can click on the grey expres-
sion mark to the right of each layer (Table 1).
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Table 1: Layers:

Content and description:

Background maps

Old forests & continuity forests 2.0

Logged old forests & continuity forests

Potential mountain birch

You can choose between the following background maps:
+ Lantméateriet’s topographic web map, where you can see
place names in Swedish, contour lines, roads, etc.

+ Google maps satellite map

» Lantméateriet’s Historical aerial photograph, 1960

» Lantméateriet’s Historical aerial photograph, 1975

This layer contains potential continuity forest and older forest
identified via remote sensing, as well as areas (High conserva-
tion values & Probable conservation values) that various open
source data and inventories have shown to have high natural
values (inventory & open source data) or probable conservation
values (species data and open geodata). The remote analysis
shows forest areas that have probably not been clear-cut since
the 1950s and are therefore potential older forest or continuity
forest depending on land use history and which region the
analysis was carried out in. Version 2.0 of this layer is based
on a hybrid between open data from the Swedish Environmen-
tal Protection Agency (Dalarna, Varmland and the counties in
Norrland) and Forest Monitor’'s own remote analysis (counties
in the rest of the Svealand and Gétaland). The processing

and classification is done by Forest Monitor. This layer will be
improved and updated for the entire country.

High conservation values: Areas within the remote analysis
that open data (field inventory is usually the basis) confirm
have high conservation values, as well as older forest and
continuity forest within formally protected nature.

Probable conservation values: Areas within the remote anal-
ysis with potential older forest and continuity forest where in all
or parts of a polygon there are probably conservation values
or high conservation values, based on public and open source
data such as species finds and geodata.

Potential old-growth forest or continuity forest (the rest):
Remote sensing based on Al, classification, and change detec-
tion analysis, which shows forest that has likely not been clear-
cut since the 1950s and is therefore potential older forest,
old-growth forest and/or continuity forest depending on land
use history and which region the analysis was performed. This
part of the layer probably contains a large amount of unknown
areas of forest with high conservation values.

This layer shows forests from the layer “Old forests & continui-
ty forests” that have been logged since the beginning of 2022.
Note that these are just recently logged old forests and con-
tinuity forests (incl. potential) and that most of the logging in
this kind of forests were made before the publication of Forest
monitor (skogsmonitor.se).

In some places, narrow strips of harvested “Old forests & con-
tinuity forests” are visible. This is often because the boundaries
in this layer do not always correspond to reality and that log-
ging that has taken place right next to these boundaries some-
times intersects the data layer but not the old forest out in
reality. Seen over the entire forest landscape, Swedish forestry
has already logged most of the old forest with high conserva-
tion values in the country, and the process is still ongoing.

Modelled, potential occurrence of mountain birch. Mountain
birch forest is not currently interesting for large-scale forest
production and is therefore not threatened in the same way as
the rest of the forest land. It is therefore important to separate
it from the rest of the forest landscape.

30



Table 1: Layers:

Content and description:

Formal protection

Nature types

National parks

The purpose of a national park is to ‘preserve a larger contig-
uous area of a certain landscape type in its natural state or in
an essentially unchanged condition’ (from the Environmental
Code). The state owns all land in a national park. The national
parks must consist of representative landscape types that are
preserved in their natural state, but they must also be scenic
or unique environments that can provide natural experiences.
Sweden has 30 national parks.

Nature reserves

The county administrative boards and municipalities can form
nature reserves according to the Environmental Code. Nature
reserves are formed ‘with the aim of preserving biological
diversity, caring for and preserving valuable natural habitats or
meeting the need for areas for outdoor activities. An area that
is needed to protect, restore or create valuable natural envi-
ronments or habitats for species worthy of protection may also
be declared a nature reserve.” (from the Environmental Code).
Sweden has roughly 5,100 nature reserves.

Forest biotope protection areas

Biotope protection areas are used to preserve smaller habitats
for nationally threatened species and small nature types wor-
thy of protection in the forest or agricultural landscape. Forest
biotope protection areas are managed by the Swedish Forest
Agency.

Other biotope protection areas

Biotope protection areas are smaller areas of land and water
that provide habitats for endangered animal and plant species,
or that are especially worth protecting. Biotope protection ar-
eas are normally not larger than 20 hectares. Municipalities and
county administrations can establish biotope protection areas.

Nature conservation agreements

A nature conservation agreement is signed between the prop-
erty owner and the Swedish Environmental Protection Agency
or a county administrative board as contracting party for the
state. A nature conservation agreement is a civil law agree-
ment. The property owner and the state or a municipality agree
on a certain financial compensation for the property owner

in return for the latter refraining from, for example, forestry.
Nature conservation agreements can be concluded both for
areas that depend on management to preserve the natural
and conservation values and for such areas where the natural
values benefit the most from free development. The contract
period can vary between 1 and 50 years. The Swedish Forest
Agency and the Swedish Environmental Protection Agency
jointly guide how to proceed.

Nature conservation agreements, other

The national wetland inventory

Objects of the Wetland Inventory (VMI). The data contains the
boundary of the VMI object (surface), a center point and an

ID (LOID). Scale 1:250,000. At the Swedish level (1:6,400,000)
and down to 1:250,000, only inventories > 1000 HA are shown.
Under 1:250,000, all inventoried wetland areas are shown, re-
gardless of size. NOTE: Data for Jamtland and Skane counties
have some errors, so for use in these counties it may be better
to search for data via the county board’s GIS portal.

SFA swamp forests

Collective name for all forested wetlands. 3 types, swamp/wet-
land forest, moist forest and coastal forest. The bog forest can
be divided into marsh forest and bog forest. The moist forest is
divided into overflow forest and other moist forest.
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Table 1: Layers:

Content and description:

Other protection types

Other protection types

Natura 2000 The Birds directive

In 1979, the EU member states decided to introduce special
rules for the protection of birds, the Bird directive (directive
79/409/EEC). The Birds directive affects a total of 200 bird
species that occur in the member states. There are 66 of them
in Sweden. Each member state must partly take measures that
are necessary to maintain bird species in viable populations
(for example, regulate bird hunting) and partly take special
measures for bird species that are listed in Annex 1 of the di-
rective. Among other things, special protection areas must be
identified. The protection can also be about restoring habitats
for the birds. The directive contains several rules that govern
the countries’ possibilities to hunt and trade in birds.

Nature 2000, Habitats directive

The Habitats Directive (Directive 92/43/EEC) was introduced

in 1992. It deals with habitats and species groups other than
birds. The term habitat is used very broadly and includes geo-
logical formations as well as biotopes and plant communities.
The species groups in the directive are mammals, including
wolves, some seals and bat species, amphibians such as bell
frogs, some fish species, molluscs such as river pearl mussels,
some vascular plants and mosses. Lichens, fungi and algae
are not included in the directive. A total of over 170 nature
types are listed in Annex 1 to the habitat directive, of which 88
are found in Sweden. Each member state must propose areas
of community interest with affected nature types (appendix 1),
including species that are mentioned (appendix 2) and ensure
that the necessary measures are taken in the areas to preserve
the habitats of the species so that they can survive in viable
populations and that the nature types are preserved in the long
term. For both habitat and bird directive areas, the member
state must ensure that the Natura 2000 areas receive the care
they need and monitor that their natural values are preserved
so that the condition of the habitat types and species con-
cerned remains favorable. The different nature types in the
directive are defined in the EU Commission’s interpretation
manual (Interpretation Manual). Based on it, the Swedish Envi-
ronmental Protection Agency has produced the book Swedish
nature types.

Nature memorials

Most of the natural monuments are established through older
decisions and with the support of previous nature conservation
legislation. Most of them consist of trees that are particular-

ly worthy of protection, e.g. giant oaks. Other items are big
blocks. Even smaller areas, such as habitats for unusual plants
or small islets, occur among the natural monuments. Natural
monuments can be both areas and points.

Nature conservation areas

Before the Environmental Code came into force, the County
Administrative Board or the municipality could set aside nature
conservation areas with the support of the Nature Conserva-
tion Act. The form of protection was weaker than the nature
reserves and was not allowed to prevent ongoing land use,
such as forestry. Most nature conservation areas were estab-
lished to protect the landscape, especially in coastal areas, or
to maintain the management of hay meadows and pastures.
Some municipalities have used the form of protection to guard
popular outdoor areas. Since the Environmental Code came
into force, the possibility of creating new nature conservation
areas has ended. But nature conservation areas that have al-
ready been established remain and, according to the Environ-
mental Code, must now be considered nature reserves.
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Table 1: Layers:

Content and description:

Other protection types

Conservation values

Animal and plant protection areas

It is possible to protect, for example, nesting birds or seal col-
onies by prohibiting access to an area during certain months of
the year. Most of the more than 1,000 animal protection areas
that exist today are located on coasts or lakes and have been
added to protect seabirds or seals.

Cultural reserves

With the support of the Environmental Code, municipalities or
county boards can protect valuable cultural landscape areas
as cultural reserves. They can be set up on state as well as
municipal or private land.

Scenic protection areas

Scenic protection areas is an older form of protection (which
was established with the support of Section 19 of the Na-

ture Conservation Act) and a concept that is not found in the
Environmental Code. It is gradually being replaced with other
forms of protection, but until these are in place, the regulations
in the landscape protection areas apply. Special regulations
have been drawn up for each landscape image protection. The
protection regulates buildings, roads and other facilities that
can have a negative effect on the landscape. It does not regu-
late forestry and agriculture. The county administrative boards
handle landscape image protection. Contact the respective
county board if further information is requested.

Interim prohibition areas

The conservation values of an area can be protected pend-
ing a decision on a nature reserve. The county administrative
board or the municipality can issue a temporary ban on taking
measures that could damage the values they want to protect.
Examples of measures that may conflict with the purpose of a
proposed nature reserve are logging.

SFA woodland key habitats

A Woodland key habitat is a forest area which, from an overall
assessment of the biotope’s structure, species content, history
and physical environment, today has very great significance for
the forest’s flora and fauna. There are or can be expected to be
red-listed species in the area.

Forestry’s woodland key habitats

Large forest owner’s like forest companies was mandated to
map and register woodland key habitats on their own prop-
erties. The companies that are part of Large forest owner’s
woodland key habitats are Sveaskog, SCA, Holmen Skog, the
State Property Agency, several parts of the Swedish church
forests, Gavle and Karlstad municipalities and parts of what
was previously owned by Bergvik Skog AB.

SFA conservation values

During the inventory of woodland key habitats, other objects
was also registered that have natural values, without reaching
the same quality as a woodland key habitat. The result is used
for advice and planning efforts for nature conservation.

State conservation value forests

Map layer showing state forests with conservation value

and primeval forests. Inventory of forests on state land with
natural values that justify the formation of nature reserves. The
inventory was carried out by the County Administrative Boards
following the Environmental Protection Agency’s instructions
on behalf of the Government. The inventory was finally report-
ed in 2004.

33



Table 1: Layers:

Content and description:

Recent logging notifications

Logging notifications

Executed loggings

Land holdings of large forest owners

Lower limit of mountain forest

Potential mountain birch limit

Logging notifications that were handed in less than 6 weeks

ago. This is the time window when the Swedish Forest Agency
can evaluate whether the felling notification follows the legisla-
tion, or if nature or culture consideration needs to be adjusted.

Logging natifications that are older than 6 weeks, that passed
the time limitation when the Swedish Forest Agency has the
chance to evaluate whether the felling notification follows the
legislation.

Logged areas according to change detection in satellite imag-
es.

Companies with over 100,000 hectares of forest

Municipalities and regions

The Swedish Environmental Protection Agency

National Property Board

Other (e.g. trading companies, limited partnerships, commons,
the church)

Other limited companies with over 1,000 hectares of forest
Other government agencies and authorities

The data describes the property holdings of large forest
owners. The layer contains geographically defined proper-

ties owned by landowners with a holding of more than 1000
hectares of forest if they are part of one of the owner catego-
ries. Private owners (individuals) are not included. The layer is
based on information from the property register (assessment
information and digital register map) and the Swedish Environ-
mental Protection Agency’s property information (FIDOS). The
basis can be used for general planning and regional statistics.
Connections between assessed land owner and individual
properties in the map may be missing, which is why the basis
should not be used to search for or contact interested property
owners, in which case a more thorough property investigation
is needed.

West of this border, a permit is required for logging.

Limit for modelled, potential occurrence of mountain birch.
Mountain birch forest is not currently interesting for large-scale
forest production and is therefore not threatened in the same
way as the rest of the forest land. It is therefore important to
separate it from the rest of the forest landscape.
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METHOD DESCRIPTIONS

We used various retrospective remote sensing
and machine learning techniques to create For-
est Monitor’s data. By using a combination of,
on the one hand, existing open data on conser-
vation and natural values collected in the field
by authorities, researchers, municipalities and
non-profit nature conservation organizations,
and on the other hand, data modeling of species
occurrences, we then classified the OFCFs into
three non-overlapping classes. For data valida-
tion, we used, among other sources, organized
field inventories to survey large reference areas
of entire landscape sections. In this report we
present the validation from the field inventories.

We used a classification scheme that depended on
whether conservation values could be confirmed in
a specific forest patch. If conservation values were
mapped during previous field visits the forest was
assigned to conservation class 1, high conservation
values. If forest patches were otherwise validated
with i.e. supplementary assessments, we assigned
them to class 2, probable conservation values. Re-
maining forest patches, that could not be assigned
to any of the two first classes were assigned to class
3, potentially older forest or continuity forest, or
proxy continuity forests (for class 3, see Svensson
et al. 2018 for a description of proxy continuity
forest). A thorough description of these classes is
presented in the chapter Classification of conserva-
tion values in forest fragments.

Only a fraction of the forest landscape has been
visited in the field by i.e. authorities and non-profit
organizations, and hence there are limitations of the
open-source data we used to classify our data. Con-
sequently, the areas in class 1, high conservation
values and class 2, probable conservation values

in the OFCFs show an underestimation of the real
coverage of forest in these two classes. Therefore,
the third category, class 3, contain significant areas
of forest with high conservation values (class 1 and
2). The location of these conservation values are
however currently unknown to us.
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Since the launch of the first version of the OF-
CF-data there has been one national-covering
update of the three classifications. Note that this
update didn’t change the area, the shape nor the size
of mapped forest fragments. Only the classifica-
tions. Thus, it is now called “Old forests & continu-
ity forests 2.0” (OFCF 2.0). Regarding the overall
mapping of the delimitation and area of OFCFs, our
data currently presents an overestimation of the real
area in some parts of the country. Particularly this

is true for southern Sweden and Gévleborg county,
where most of the data hasn’t been updated. More
about the specifics on this topic is addressed in the
coming chapters.

First mapping of old forest in

southern Sweden

Our mapping of OFCFs for the southern half of
Sweden has entirely been developed by Forest
Monitor. However, the forestry history in Sweden
varies greatly. Forestry has been going on for much
longer in southern Sweden than in the northern
parts of the country. Thus, when we talk about the
relative accuracy of our mapping of OFCFs, the
chosen retrospective analysis methods, that reach
back to the mid-1950s, cannot fully capture events
that took place beyond the 70-year time window
between today and the mid-1950s. Our data shows
older forests that haven’t been felled during the
most recent period with intensive clear-cutting,
which was the completely dominant method from
the 1950s and onward. We hereafter call historical
data the 1960s batch and the 1975 batch. The map-
ping also excludes forest patches that are smaller
than 0.5 hectares. Altogether, this means that certain
forest fragments of OFCFs are not included in our
mapping. For an overview of the data acquisition
years and the distribution of data over time in the
historical ortophoto batches from the 1960s through
the 1970s, see Figur 9.

The coverage of certain forms of deciduous forest
with conservation values is also under-mapped. The
updated mapping of Kalmar and Orebro county is



slightly better, in this respect (Figure 10). This is limitations related to satellite data analysis. Clear-

our first version, and in some parts of the landscape cuts can also have been missed in the data on recent
there is an over-mapping of older forest. This is loggings by the Swedish Forest Agency. We are
due to, i.e., limitations in methodology. Especially currently working with an improved methodology
the use of grey-scale historical orthophotos was and will hopefully present new, more precise data
difficult. Other inaccuracies may also occur due to during 2025.
1960s batch 1975 batch
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Figure 9. The data acquisition years and the data distribution over time in the 1960s batch and the 1975
batch.
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Figure 10. A map of Sweden’s 21 counties and the count-wise distribution of the five data sources from Me-
tria AB and Forest Monitor. Updates have been made to both the data from Metria AB and to the data from
Forest Monitor.

Dalarna and Varmland counties higher accuracy (for details we refer to Ahlcrona,
and the Norrland region 2017b; and Metria, 2019, 2021, 2023a, 2023b).
The mapping of OFCFs for the northern half of The data for the counties Gavleborg and Varmland
Sweden are based on the Swedish Environmental were not updated and shows lower accuracy at the
Protection Agency’s remote sensing project that moment. The data for Viarmland has, however, been
was created between the years 2016 —2023. For a processed by the County Administrative Board in
thorough description of the methodology used by Virmland, and probably has slightly higher preci-
Metria AB, we refer to the methodology described sion than Gévleborg County. The data layers from
in Ahlkrona, et al. (2017a). Metria AB have been modified to suit our web

mapping service, and then in their entirety classified
Note that for the counties Norrbotten, Visterbotten, according to the three aforementioned conservation
Jamtland, Dalarna and Visternorrland, data has classes.

been updated by visual inspection and thus have a
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Until we have done our own analysis over the rest
of Svealand and the Norrland region, the Swedish
Environmental Protection Agency’s mapping will
continue to be the foundation to the delimitation of
OFCFs in these parts of the country.

How did we create the data in

Forest Monitor?

The sole purpose of Forest Monitors’s mapping was
to detect clear-cutting made from approximately the
mid-1950s through the 1970s until the 2020s in the
southern Swedish counties Stockholm, Uppsala, S6-
dermanland, Ostergdtland, Jonkdping, Kronoberg,
Kalmar, Gotland, Blekinge, Skéne, Halland, Vistra
Gétaland, Varmland, Orebro, and Vistmanland
(Figure 10).

The delimitation of the mapped OFCF-data in For-
est Monitor is created by using a variety of remote
sensing techniques. Remote sensing is a collective
name for methods and processes aiming to detect
and monitor the physical characteristics of an area
by measuring its reflected and/or emitted radia-
tion. Data can be collected by satellite or any form
of aircraft. The data in Forest Monitor is created
by analyzing both satellite data (1980s until pres-
ent) and data collected by airborne cameras (appr.
mid-1950s to late 1970s), the 1960s batch and the
1975 batch. The specific remote sensing techniques
used to obtain information were change detection
and image classification. These techniques will be
discussed more in depth later in the text.

The mapping and delimitation of clearcuts is based
on a merger of the following analyses and auxiliary
data sources:

e Change detection analysis of Landsat satellite
images acquired from the mid-1980s until the
2020s, to detect clear-cuts (temporary forest
loss) and rapidly growing forest (rapid forest
gain). In our analysis, we assume that temporary
forest loss is mainly due to clear cutting and/

or heavy thinning. Likewise, we assume rapid
forest growth to be due to the fast regeneration
of plants and younger forests after clear cutting.

e (Classification of bright areas in historical
orthophoto mosaics (approximately 1950s and
late 1970s). We assume that bright areas (only on
forest land) are mainly about 1 - 5-year-old clear

cuts or other land that was not covered with trees
on the data acquisition date.

e Data on resent logging [Utford avverkning]
from the Swedish Forest Agency (2025).

e Data on temporary non-forested areas [Tillfal-
ligt ej skog] in the National Land Cover Data-
base NMD (The Swedish Environmental Protec-
tion Agency, 2024a).

e Data on forest land in the National Land
Cover Database NMD, additional data on forest
productive or non-productive forest land (The
Swedish Environmental Protection Agency,
2020).

Change detection and classification of
Landsat satellite data

Change detection is a common application of re-
mote sensing technology. It is a methodology used
to detect the changes of specific features within one,
or as in our case, multiple consecutive image-cap-
tures on various points in time. Change detection
provides the spatial distribution of features and
gives qualitative and quantitative information of
changes in, for example, forests.

In the realm of change detection, multi-band re-
mote sensing images are usually used because they
provide the opportunity to analyze various features
on the ground depending on the reflection from e.g.
vegetation, water or from the ground, each with
their own specific spectral signatures. The change
detection methods of multi-spectral remote sensing
imagery can be divided into three main method-
ologies: the image subtraction method, the image
ratio method, and the method of change detection
after classification. We used the image subtraction
method.

We used the Landsat TM & ETM spectral bands
4,5,7, and the Landsat OLI bands 5,6,7 spectral
bands, that are reasonably consistent between the
three satellite missions. We used principal com-
ponent analysis (PCA) at each point in time and
picked the first principal component for analysis.

All analyses were preceded by thorough preparation
of all data. As a first step, cloud free images had
to be searched for and compiled into overlapping



image stacks. With image stack, we here mean five
completely or partially cloud free images taken
between the mid-1980s and the 2020s. We down-
loaded data from the open database service Earth
Explorer provided by the United States Geograph-
ical Survey, USGS (2020). In this database, it is
possible to search images based on specific satellite
missions, the cloud coverage percentage (0 - 100%)
and data acquisition dates. It is also possible to get a
quick overview of the entire series of images which
eases the search. Once a completely cloud free
image stack acquired from the mid-1980s until the

-

st |

2020s was found and downloaded, it was possible
to mask the data so that clouds were completely
avoided. In some cases, the procedure had to be
repeated to fill gaps in the image stacks where
smaller patches of clouds covered the ground. For
a complete view of the entire patchwork of the 14
cloud free image stacks we used in the analysis see
Figure 11.

After compiling the 14 cloud free image stacks, we
stretched the band length of each image pair taken
at time point t (z, — ¢, £, — ¢, etc.) to equal length (8-

Figure 11. A map of Sweden and the location of the 14 cloud free image stacks created for the change
detection analysis. Note that two of the image stacks are very small, and therefore not easy to see in this

image.
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Clear-cut by the FSC-certified company Stora Enso/Bergvik skog, in Ljusnarsberg municipality, Orebro
county. One of many fellings detected as loss using change detection analysis. Photo: Olli Manninen
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bit data with 256 possible values, 0 - 255) and we
conducted histogram matching. We then used the
image subtraction method by subtracting the 8-bit
value of corresponding pixels of an image acquired
at one point in time (¢,) by an after image acquired
at a later point in time (¢,). After subtraction, the
changed region and unchanged region were deter-
mined by selecting the appropriate threshold values
of gray of the resulting subtraction-image.

The formula for subtraction analysis of pixel-wise
change, Dx is:

Dxfs = X[ () —XE (t) + C

Where ij are pixel coordinates, & for the band, in our
case the first principal component of three bands,

xk ij (¢,) for the pixel (if) value of k-band image, ,,
t,... for the time of the first and the second image,

A Change detection between time steps

Classification of
bright areas in
first image

+~1984

Compilation of change detection
between time steps and
classification of bright areas in
first image

Classification image 1
D Change t, ->t,
B changet, >,
. Changet,-> t,
. Change t,-> t,

Figure 12. The steps taken to extract information on clear-cutting in the Landsat images, acquired from the
mid-1980s until the 2020s. In A, an example of satellite images acquired at five different points in time, start-
ing from the mid-1980s until the 2020s. The analysis captures change between two images at a time (t, and
t,, t, and t, etc.) until all four time steps have been analyzed. In B, the classification of bright areas in the first
image, and in C a compilation of all captured changes from A, and the classification of bright areas made in
B. Note that the classification procedure in B, contrary to the change detection analysis, not only captures
logging made on the image acquisition year, but also logging made several years before that year.



the second and the third image, and so on (Shaog-
ing & Lu 2008), see Figure 12A. C is the threshold.
We used standard deviations (one std away from the
mean) as a threshold for positive or negative change
or no change when the subtraction result was below
the threshold.

To detect bright areas (Figure 12AB) in the first
image (7,) in each image stack, we used ISO-cluster
classification (Ball et al.1965) with seven classes
and carried out a visual inspection of each image

to determine the optimal number of ISO-cluster
classes. All detected changes between image pairs
in the stack, 7, to 7,... ¢, and the classified bright
areas were then compiled into one single mapping
of change and bright areas (Figure 12C).

Classification of bright areas in histori-
cal orthophoto mosaics
The mapping of bright areas in historical orthopho-

1960s batch

to mosaics was done in a similar way to the classi-
fication of bright areas in the first image in the satel-
lite image stacks. However, with a few differences.
To begin with, the historical orthophoto mosaics
(the 1960s batch and the 1975 batch) were orga-
nized into data units with large variation in bright-
ness. Making an analysis of small bright areas, such
as new clear-cuts, on the entire mosaic for southern
Sweden simultaneously would therefore cause some
problems. The difference in brightness between
data units would render it impossible to detect local
bright areas caused by e.g. logging.

Therefore, we first separated the orthophoto mosaic
into smaller units, hereafter “data blocks™, as shown
in Figure 13. From there we could start to work on

finding the smaller bright areas caused by e.g. clear

cutting.

After making this initial breakdown of the data

1975 batch

Figure 13. The data distribution in the 1960s batch and the 1975 batch and the location of the data blocks
(white borders) used in the classification of bright areas in orthophotos. The size of the data blocks differs
greatly both in size within each mapping period and in location between the two mapping periods. Note that
the delimitation of the data blocks sometime differs from the acquisition years. This is because the mosaick-
ing process has not always followed the acquisition years.



(Figure 14A), we began working on the individual
data blocks. Now yet another problem was discov-
ered. The brightness within the data blocks showed
differences due to the mosaicking process. Clear
banding artifacts were found following the south-
ward to northward direction of the original flight
paths (Figure 14B).

Again, making an analysis of the neatly bro-

ken-down data blocks would cause severe banding
in the classification of bright areas in the result. To
solve this issue, we started by down-sampling the
original 0.5-meter raster to 10 meters. Since lakes,
built-up areas and farmland were not the target of
our analysis, we then proceeded with masking out
all non-forest land. After this, we used a filter to
smooth the data, so that larger brighter (or darker)
patterns would appear more clearly and so that they

Figure 14. A schematic description of the process of finding bright areas in historical ortophotos. In A is

a map of southern Sweden with one of the 46 data blocks from the 1960s batch highlighted. In B is the
original historical orthophoto of the data block. As it can be seen, the photo is not homogeneous in light,
and there are dark streaks going from south to north. In C the photo is divided into four light classes which
then could be used for breaking up the data block into separate analysis units. In D is the ready-made result
from both the 1960s batch and the 1975 batch, showing the mapped bright areas in red superimposed on
the 1975 batch data block. Note that bright areas on farmland and built-up areas are not mapped as bright

areas since the analysis was only made on forest land.



could be split into even smaller units.

The smoothed image was then divided into 3 — 4
classes by again using ISO-clustering classifica-
tion (Figure 14C). The classes were separated and
used as masks to divide the original down-sampled,
10-meter data blocks into separate analysis units,
hereafter light classes. The remaining part of the
analysis was identical to the analysis of bright areas
in the first image in the change detection image
stacks.

In the final step, we merged all the results into one
raster with 10-meter resolution. We then again used
the National Land Cover Data, NMD, additional
data on forest land to mask out detected bright areas
from the forest land. In the final steps we used data
on recent logging from the Swedish Forest Agen-
cy to mask out further clear cuttings made since
2003. The merged result was then vectorized and
generalized by using smoothing algorithms (func-
tion smoother in R among others). We also deleted
floating pixels, smaller islands and small holes in
larger fragments.

Updating of classification in historical
orthophotos

In two of the southern counties, Orebro and Kalmar,
the analysis of bright areas in historical orthophotos
has been updated with new methods. Orebro was
updated in 2023 and Kalmar in 2024, revisit Figure
10. The preparation of the data basically followed
the same routine as in the first analysis made in
2021 with the difference that data blocks were
divided into six individual light classes instead of
four.

The classification procedure was changed. Instead
of using standard ISO-clustering classification, we
used Ilastik, which is an open-source image classifi-
cation and segmentation tool (Sommer et al. 2011).
Ilastik is mainly used in medicine. It uses machine

learning algorithms to easily segment, classify, track

and count, among other things, human cells or other
experimental data. Nevertheless, Ilastik is not a

tool for geographical data, which introduced some
problems.

In this analysis, each of the six light classes were
uploaded to Ilastik and the training was set up
in two training classes: 1. forested areas, and 2.

non-forested areas such as recent clear-cuts and
other open areas. To ease the interpretation of the
result, which could not be scrutinized directly in
Ilastik, we established a file-connection between
Ilastik and QGIS 3.3 by uploading the geographical
information for each brightness class to QGIS. In
this way we could easily update QGIS to see the
“on-the-fly” generation of classifications in Ilastik
appear together with other relevant data. The last
step, to merge and generalize the data, was made in
the same way as in our first analysis made in 2021.
However, for Orebro county, we used only produc-
tive forest land for masking.

3D model showing loss of forest.



Classification of conservation

values in forest fragments

The final step of creating the nation covering data
layer (now OFCF 2.0) was made by using a com-
pilation of several auxiliary data sources. As pre-
viously mentioned, the classification constitutes
three non-overlapping classes in decreasing order of
predicted conservation value:

1. High conservation values
2. Probable conservation values
3. Potential older forest or continuity forest

The two first categories were made by using over-
lapping information, with the original result from
our change detection and classification, and also
from Metria AB’s data as basic delimitation. The
last class, Potential older forest or continuity for-
est is based on remote sensing only, and hence, as
previously mentioned, there can be considerable
uncertainty in terms of conservation value. For a
thorough review on validation, see the chapter Vali-
dation of Forest Monitors data.

Starting with the highest conservation class 1, High
conservation values, the auxiliary data we used for
classification were:

e Formal protection of forests, national parks,
nature reserves etc.

e Animal and plant protection areas.

e Woodland key biotopes delimited by the Swed-
ish Forest Agency.

e Woodland key biotopes delimited by large
forestry companies.

e Nature values registered by the Swedish Forest
Agency.

e Open inventory results from County Adminis-
trative Boards.

e [nventory data from NGOs.

e Forest value core areas by the Swedish Envi-
ronmental Protection Agency.

Before proceeding to the next step, the data in class
1 were removed from the rest of the data. For creat-
ing class 2, we used data from the SSIC (2024) open
data base [Artdatabanken], which currently holds
information on about 61 million records of species
found in Sweden. However, to reduce computation-
al power needed to do the analysis, and to narrow
down the search to relevant species, we only used

48

data on species of conservation concern (Swedish
Forest Agency, 2023). These species are red listed
species, indicator species determined by the Swed-
ish Forest Agency, and legally protected species of
Sweden. For a complete guide to the selected spe-
cies groups and the database searches refer to Table
2. More about red listed species can be found in

the chapter Species of conservation concern inside
OFCFs

We aimed to make the analysis reflect not only the
presence of individual species of various conser-
vation concern, but also to be able to consider and
prioritize areas with high diversity of species. To do
this, we created a simple algorithm that both sum-
marizes species finds in an area and weighs species
depending on the current conservation value. Spe-
cies that are considered more threatened got higher
weight than more common species in lower red list
categories and so on. Below, Table 3 with the rank-
ing categories used in the algorithm.

Note that any values with a similar difference in
“weight” could have been used here, and that we
don’t suggest that these specific weights are de-
finitive. In the analysis of conservation values of
individual forest fragments dependent on species
finds, the highest species conservation category was
always used in the algorithm. If a species was both
red listed in the category Vulnerable, VU (weight
12) and at the same time legally protected (weight
1), the conservation value remained 12 and so on.

To finally be able to determine whether there were
enough species finds to classify an individual forest
fragment as class 2, we had to set a threshold value.
The reasoning here is that even the presence of one
very uncommon red listed species, like a species

in the red list category critically endangered CR
(weight 24), is not a guarantee that the forest has
high conservation values. Even if this single uncom-
mon species is found twice or even thrice. If, how-
ever, there are two of these very rare species found
in the same forest fragment, then with a weight of
96 ((24 + 24) x 2), one could guess that there is
something unusual with the characteristics of this
forest. We would then want to highlight this by put-
ting it in class 2, Probable conservation values.



Table 2. The main species groups, the parameters, the selection of parameters and the number of taxa used in the
analysis. Note that there were overlaps in the lists and hence the final list constituted a slightly lower number of taxa
than seen after just summarizing the lists.

Main groups Parameters Selection Number of taxa
Red listed species Organism group All but birds 1,676
Red listed species Red listing categories EX, RE, CR, EN, VU, NT
Red listed species
Forest (Only show species where
Landscape type (alternative) the landscape is important)
Red listed species Effects (negative) Clear cutting
Red listed species Risk factors All but "Extreme fluctuations"
Action program Organism group All but birds 102
Action program Not started, under production,
Type established, under revision
Action program Landscape type (alternative) Forest (Only show species where
petyp WV the landscape is important)
Action program Effects (negative) Clear cutting
Action program Risk factors All but "Extreme fluctuations"
Birds Organism group Only birds 18
Birds Birds Prioritized in SvL
Birds Forest (Only show species where
Landscape type (alternative) the landscape is important)
Birds Effects (negative) Clear cutting
Birds Risk factors All but "Extreme fluctuations”
Legal protection Organism group All but birds 63
Legal protection Legally protected species The Species Protection Ordinance
Legal protection Forest (Only show species where
Landscape type (alternative) the landscape is important)
Legal protection Effects (negative) Clear cutting
Legal protection Risk factors All but "Extreme fluctuations"
Indicator species Indicator species defined by the
SFA - complete list, Version All species but the moss
2023-1 Tortella tortuosa s.lat. 344
Taxa in lists 2,203
Taxa in lists, without overlap 2,041

Table 3. The ranking of conservation values depends on weight with species classified as threatened (red list catego-
ries CR, EN and VU) with the highest weight and the nearly threatened (NT) slightly lower. Other species were harder
to weigh according to vulnerability and were hence given the same weight.

Conservation category

Red list category CR

Red list category EN

Red list category VU

Red list category NT
Indicator species

Legally protected species
Bird species prioritized in SvL

Species in action program

A A A A Y -
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But what happens if there is a large number finds of
species with low weights, like many finds of indica-
tor species? Couldn’t this also be a sign that the for-
est has some conservation values? Well, since these
species are usually more common than the threat-
ened red listed ones, they should appear more plen-
tiful and in larger variation. Here is an example: If
we found one species in the red list category nearly
threatened NT, three different indicator species and
one legally protected species, which is not unlikely
in a forest with high conservation values. It could
surely be a sign that the forest has some conserva-
tion value. The aforementioned species finds yield a
weight of 50 (6 + 1+ 1 +1 +1) x 5). But if we went
to another forest fragment the next day and made
20 observations of one single indicator species, it
would still only yield a weight 20 (1 x 20).

For the classification of forest fragments into class
2, probable conservation values or class 3, poten-
tially older forest or continuity forest, or proxy
continuity forests, we used the following function
to calculate the conservation value per forest patch,

CVp: n
CVp=D - ZKi
i=1

Where D is the total number of species in the forest
patch and n is the total number of species finds in
the forest patch. Ki is the summary of the weights
according to the conservation category in Table 3 of
the i-th individual.

To capture these differences, and to give higher
weight to a diversity of species rather than to a re-
peated strain of observations of the same, we set the
determinant threshold to 40.

positive,
negative,

B if FVp > 40

FV”‘{ if FVp < 40

After all, one of the first things we learn in ecology
class is that the observation of many species is the
decisive factor in finding places with high biodiver-
sity.

After feeling rather satisfied with the developed
classification system of forest fragments, we soon
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ran into yet another problem. What happens when a
forest fragment is very large, and the finds of spe-
cies are concentrated to one corner of the fragment.
Is it really a good idea to determine the conserva-
tion value of a 20-hectare forest fragment based on
species of concern found in a two-hectare corner of
the forest? The answer has to be no.

To handle this issue, we realized that we needed

to break down the forest fragments into smaller
units. There are of course many ways to achieve
this, however, since species are usually confined to
a specific forest type, it seemed appropriate to also
divide the forest fragments into forest types before
doing the classification with species finds.

We therefore used the forest types from the National
Land Cover Database (NMD) (The Swedish Envi-
ronmental Protection Agency, 2020) to break down
large forest fragments into smaller units. However,
we soon found that using all the 14 forest types

in NMD would split the forest fragments into too
small fragments. Therefore, we organized the forest
types from NMD into three new groups, see Table
4 below.

We classified the forest fragments according to the
following three basic rules:

e Fragments with an area > 0.5 hectares but <
10 hectares were not split up and were classified
directly with the species weight algorithm

e Fragments with an area > 10 hectares were
split up with the three NMD forest type groups
and then classified with the species weight algo-
rithm

e Remaining fragments with an area < 0.5 hect-
ares were not classified with the species weight
algorithm

All analyses were carried out in R and ArcMap. In
most cases, the data was first prepared in ArcMap
10 and in QGIS 3. All Database tasks were conduct-
ed in Microsoft Access. All data were re-projected
to Pseudo Mercator (ESPG 3857) which is the pro-
jection used in Forest Monitors web map.



Table 4. Grouping of the 14 forest types in the National Landcover Database, NMD and the original raster pixel clas-
sification values from the database. We used both the forest types found on wetlands and outside wetlands.

Groups and forest types Original NMD pixel values
Group 1 (Pine forests)

Pine forest 111,121

Group 2 (spruce forests and mixed coniferous forests)

Spruce forest 112,122

Mixed coniferous forest 113,123

Group 3 (Mixed forest and trivial deciduous forest)

Mixed forest 114,124

Trivial deciduous forest 115,125

Mixed deciduous forest 117,127
Deciduous forest 116, 126
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Mapping of mountain birch

The tree species mountain birch (Betula ssp. czere-
panovii) is not used in commercial forestry and in
Sweden, subarctic forests with mountain birch is the
only Nature 2000 habitat type (9040) that reaches
favorable conservation status (SEPA 2020). Forest
Monitor is a tool that, among other things, tracks
the loss of forests with high conservation value. But
since there is no overarching threat from forestry to
the vast mountain birch forests along the Scandes
range, we wanted to exclude these birch forests
from the OFCFs. The latter is under constant threat
from forestry, mountain birch forest is not.

The potential distribution patterns of
mountain birch in Sweden

The study area covers the western parts of the coun-
ties Norrbotten, Vasterbotten, Visternorrland, Jamt-
land, Gévleborg, and Dalarna, the parts of Sweden
where mountain birch has been reported historically.
As with most tree species, the distribution of moun-
tain birch might be influenced by multiple factors.
Information on local and regional conditions was
hence needed.

We set out to build a model that described the

outer border of the distribution patterns of this tree
species. With this delimitation, we then wanted to
extract the specific growth places from a second
data source. For this we decided to use the National
Land Cover Database, NMD, which unfortunately
doesn’t distinguish between the various species

of trivial deciduous trees. However, at elevations
where we usually find mountain birch, birches are
the overwhelmingly most common deciduous tree
species. In theory, by using a delimitation of the
distribution of mountain birch, sorting out mountain
birch from all other deciduous trees in the NMD,
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would be possible.

Mountain birch is a tree species with very specific
distribution patterns. It thrives mainly in the space
between the coniferous forest and the tree limit, on
high altitude. At lower altitude it is outcompeted
by conifers and at higher altitude it cannot survive
because of climatic limitations. We therefore de-
termined elevation to be one of the main factors in
explaining the distribution patterns.

Our mapping of mountain birch is far from being
the first, fortunately. We found several data sources
with partial mappings of mountain birch to be very
useful for modelling. As temperature might be an
important variable too, we searched for such data to
add to the model. We found the cell resolution to be
too coarse to account for microclimatic factors that
influence the finer details of the distribution. Hence,
we decided not to use this data. In Table 5 below,
the specific data sources that were used to build the
model.

Methodological approach

This section describes the methods used for the
identification and validation of mountain birch
limits and locations. We describe the pre-processing
steps, the modelling and the post production steps.
In the end of this chapter, we present a workflow
chart which provides insight into the steps we used
(See Figure 20 in the end of this chapter.). We
started by georeferencing the 17 scanned high-res-
olution maps from “the vegetation map of the
Swedish montane region”, see Figure 15. Then we
extracted the classification “Mountain birch” from
the geo-referenced raster dada by using Ilastik, the
Support Vector Machine Classifier (SVM).



Table 5. Data sources that were used to model the distribution delimitation for mountain birch.

Data name

The vegetation map of
the Swedish montane
region.
[Vegetationskarta éver
svenska fjallen]

Continuous Habitat
Type Mapping of
Protected Areas, KNAS6

European Digital
Elevation Model

National Land Cover
Database 2018, NMD

Data description

Vegetation mapping of the Swedish montane
region for the counties Norrbotten,
Vasterbotten and Jamtland. Maps Produced
by Ulf Von Sydow. Department of physical
geography, Stockholm University, Sweden at
the request of the Swedish Environment
Protection Board.

A nationally homogeneous habitat type
classification of protected areas. The KNAS
mapping covers nature reserves, national
parks, nature conservation areas and Natura
2000 areas. It is used as a basis for strategies
and practical nature conservation work, as
well as for national and international
reporting.

Digital elevation Model (DEM) over Europe
from the GMES RDA project (EU-DEM,
resolution 1 arcsec) - version 1

Base mapping in 25 thematic classes in three
hierarchical levels. Mapping is in raster
format with 10-meter resolution and with a
minimum mapping unit down to 0.01
hectares.

Data distributor
Available as 17
individual paper
maps only.

Swedish
Environmental

Protection Agency.

European
Environment
Agency.

The Swedish
Environmental

Protection Agency.

Purpose

Modelling of
distribution

Modelling of
distribution

Modelling of
distribution

Specific growth places
within the modelled
delimitation of the
distribution of
mountain birch.
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Figure 15. The geo-referencing process. In A, one of the 17 single frames with 10 referencing locations de-
picted as crosshairs. In B, the location of the single frame in A together with the complete mosaic.

An example of the segmentation and extraction pro-  protected areas, we extracted only the mapping of
cedure and its result can be seen in Figure 16. From  Mountain birch forest. We used all available tiles
the data layer Continuous Habitat Type Mapping from KNAS6.

of Protected Areas, KNASG6, that covers formally

Figure 16. Segmentation and extraction of Mountain birch pixels from the old vegetation maps. In A, the
training procedure, to teach the software to recognize the color and the pattern of mountain birch (red
squares) in the old vegetation maps. In B, an example of the result from the machine learning procedure
(SVM). The areas of classified mountain birch are colored red.
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Defining the delimitation of the distribu-
tion of mountain birch

To build our model, we created six “subset areas”
approximately equally distributed, starting in the
farthest north of the country and ending in the
southernmost known range of mountain birch. We
then used a point grid to extract data from the old
vegetation map and from the KNAS6 data. For each
grid point, we also extracted the elevation from the
European Digital Elevation Model along with their
respective coordinates.

As expected, the occurrence of mountain birch
showed clear elevation gradient in both latitude and
longitude. The extracted elevations in the north-
ernmost subset area showed significant differences
in comparison to the coordinates in the southern
subsets. A similar pattern, but on shorter scale, was
observed in the eastward to westward direction.

To capture the variability in the occurrence of
mountain birch in both latitude and longitude,

we started by fitting polynomial functions to the
elevations in the subset data sets. We then combined
the models to produce a dummy raster. The dummy
raster was applied to the original elevation data to
produce a model for predicting the occurrence of
mountain birch, see Figure 17. The fitting of the
limit delineated using the resulting raster showed
an R2 = 0.98 in relationship to the validation data.
(vegetation map of the Swedish mountain region
and KNASO).

By using the resulting elevation dummy raster, we
could then find a threshold for the distribution of
mountain birch throughout the entire area. This was
done by using a simple conditional calculation. The
result was then reclassified, see Figure 18.

Elevation by latitude

600

Elevation by longitude

350000 400000 450000 500000 550000 600000

Elev by lat/lon factor

650000 700000 750000 10 1 12 13 14 15 16 17 18 19

Figure 17. The steps taken to produce a dummy raster for correcting the digital elevation model (DEM). The
first step was to find the best fitting function to predict the broad occurrence patterns dependent on ele-
vation and latitude, and elevation longitude (1 - 2), and the combination of both (3). The model from step 3
was then applied to a raster that combined both latitude and longitude to produce a dummy raster (4). The
dummy raster was then applied to the original DEM (5)
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— Predicted distribution of mountain birch

( Deciduous forest inside predicted
distribution of mountain birch
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Modelling of limit line of Mountain birch
eastward patches

After looking at the initial model we soon realized
that we failed to capture the changes in distribution
in the eastward to westward direction. There were
too many and too large mountain birch “patches”
to the east of the main distribution. Also, the model
didn’t fit the validation data from the vegetation
map of the Swedish montane region and KNAS6

in these places. It was clear that other factors than
elevation alone were important for the distribution
in these areas.

To solve this mismatch, a specific analysis was
carried out on the patches located to the east of the
main occurrence. We hence constructed a variable

threshold to classify and render pixels from the
polynomial function so that they would change
according to the distance of the main occurrence.
In this way, patches of pixels near to the main
mountain birch occurrence in the west would have
a threshold close to the one used for the original
model but slightly more restrictive. The farther
away from the main occurrence, the more restrictive
threshold. After this procedure, the result matched
significantly better with the validation data.

In Figure 19 the result of the calculation of the
patches using variable thresholds and a comparison
between the original result and the new one. We
then used the updated delimitation of the distribu-
tion of mountain birch to extract trivial deciduous
forests from the NMD.

Figure 19. In A, a comparison of the original modelled eastmost delimitation of mountain birch (black lines)
and the result from using variable thresholds to detect occurrence patterns while going from the main occur-
rence in the west and eastwards. In B, the original modelled eastmost delimitation of mountain birch and in
C the final reduced version.
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VALIDATION OF FOREST MONITOR'S DATA

Our mapping consists both of data based on field in-
ventories with comparably high precision and data
based only on remote sensing techniques used on
satellite imagery and on aerial images. To be clear,
our data on OFCFs created with the remote sensing
analysis contains various types of errors, not one
kind. To begin with, both clear cuts and young man-
aged forests are sometimes incorrectly mapped as
potential older forest or continuity forest, especially
in those parts of the country where the data is not
updated (revisit Figure 10).

Moreover, subtle imperfections like wrongly delim-
itated forest patches or missing small fragments of
old forest are certainly an issue. The delimitation
error rises from limitations in the resolution in our
data sources. Rough source data causes delimitation
errors in the output. Landsat data that has a reso-
lution of 30 meters is an issue. And even though

the historical orthophotos we used did have an
astonishing resolution of up to 50 centimeters, we
needed to down-sample this data to 10 meters to
run the analysis. Shadows that are cast from the tree
canopy and over an open area like a clear cut will
also cause delimitation errors as the dark of shad-
ows may be interpreted as forest. Altogether, these
things cause the borders of our OFCF-patches to
differ from reality.

But despite varying degrees of over- and under
mapping, and delimitation errors, a large percent-
age of the mapping is correct even in the counties
where no updates of the data have been conducted.
Our validations show a surprisingly high degree of
accuracy for areas that have only been mapped with
remote sensing. Therefore, we consider our OF-
CF-data to be useful for locating older forests and
continuity forests.

The field inventory

The field inventory was made by using a semi-ran-
domized design to study the OFCFs. We started
by selecting a county. In each county we choose a
10,000-hectare study landscape (mean size 10,003
ha £ 6.9 std). We have so far surveyed seven such
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landscapes, two each in Kalmar, Orebro and Vis-
terbotten counties, and one in Norrbotten county,
see Table 6 and Figure 22. Well worth noting here
is that the data for Visterbotten and Norrbotten
counties were created the same way as in the Forest
Monitor’s data for Kalmar county, and hence none
of the data created by Metria AB was analyzed in
this survey.

Since we only survey within our mapped forest
fragments, our field inventory is a survey that
captures only over-mapping, in this case wrong-
fully mapped patches of young forest as being true
OFCFs. For the same reason it cannot capture un-
der-mapping, wrongfully mapped OFCFs as young,
non-OFCFs. This would have required field inven-
tories of forest outside our mapping.

Inside each study landscape, we aimed to survey an
area of 1,000 hectares. We selected, by starting with
the largest OFCF-fragment inside the study land-
scape to successively smaller ones, an area that cor-
responded to the target area of 1,000 hectares (mean
size 1,016 ha = 18.2 std) see Table 6. The reason
for choosing the largest OFCF-fragments for the
survey was solely due to the logistic aspects of the
survey. An inventory of a few large forest fragments
takes less time than to survey many small, even if
the total area of the small fragments is the same.
Traveling time between locations is of the essence.

The survey itself was made by using a methodol-
ogy used by the County Administrative Board in
Visterbotten county. This methodology is used by
the authority to find and delimit high conservation
forests that could be of interest in their work with
formal protection, the basis for establishing new
nature reserves, national parks and biotope protec-
tion areas.

The methodology is fairly simple: A well-trained
field ecologist visits the forest and records the pres-
ence of key elements like the amount of standing
and laying dead wood, the presence of old trees and
other important forest structures. Another important



Table 6. Basic information about the seven study landscapes. Note here that the inventoried area sometimes is larger
than the planned area. This is because of delimitation errors in the mapping of OFCFs and reality. In study land-
scapes 1 and 2, we surveyed only about half of the area that was originally planned for inventory.

Study landscape #

Forest land (productive) Planned for inventory

(county) Total area (ha) (ha) (inventoried) (ha)
1 (Kalmar) 10,007 8,890 (8,352) 982 (451)

2 (Kalmar) 10,007 8,419 (7,708) 1,015 (216)

3 (Orebro) 10,008 6,727 (6,137) 1,015 (1,254)

4 (Orebro) 10,008 8,387 (7,329) 1,037 (1,139)

5t (Vasterbotten) 9,991 7,650 (6,955) 1,027 (936)

61 (Vasterbotten) 10,003 6,802 (6,158) 1,006 (901)

71 (Norrbotten) 9,995 7,103 (6,796) 1,031 (1,114)

t - survey on updated data from Forest Monitor

part is to assess the local forest history. All field
ecologists who worked on our project was familiar
with this methodology and they also underwent a
short introduction and some also a field calibration.

Whether the forest has been clear cut after the
introduction of clear cutting in the 1950s or only
selectively logged prior to this period is an import-
ant question. This is because our mapping reaches
approximately back to this point in time. Hence, if
the field ecologist found him or herself standing in
a young forest stand regenerated after clear cutting
during the 1960s our mapping would be wrong.

They also checked if the forest bore marks from
previous forest fires and could thus be self-gener-
ated after a disturbance event etc. Also, last but not
least, what is the degree of forest “naturalness”, no
stumps or many? Based on these observations of
the forest, the field ecologist makes a final judge-
ment of the forest’s ability to sustain populations
of species of conservation concern. If the answer is
yes, the forest is placed in one of the four different
conservation categories listed below:

e Value core area 1, (CV1) virgin forest (exceed-
ingly rare and usually very small)

e Value core area 2, (CV2) forest with high con-
servation value

e Value core area 3, (CV3) forest with some
conservation value (common)

e Non-conservation value forest (NCV) forest
that doesn’t reach category CV3

For real life examples of how these four categories
of forest may look, see Figure 21. Apart from doing
the survey of the forest structures, the field ecolo-
gist also made records of species of conservation
concern. For a description of these species, revisit
Table 2. Species finds, however, did never alone
determine the ranking of forests in the three conser-
vation categories listed above. The species findings
and the proportion of mapped OFCFs in the four
aforementioned categories from study landscapes

1 — 7 are presented in the chapter Species of con-
servation concern inside OFCFs further down in the
text.

We want to remind the reader that no field ecologist
can recognize the full list of species of conservation
concern in Sweden or elsewhere. Nor do we claim
to base our validation on the full list of species and
perfect estimations of dead wood volume, forest
age, history etc. Nevertheless, the methodology
captures the essence of natural values in a forest,
something even the most meticulous plot surveys
can fail to accomplish. Lastly, the methodology is
apparently good enough for our Swedish authorities
and it has been widely and successfully used for
decades to find forest with high conservation values
throughout the country.

Is the mapping of OFCFs correct or not?
The answer to this question, based on the results
from our surveys of the OFCF-mapping in southern
Sweden, is that it varies depending on what we are
looking for. The answer to the main question, if ac-
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Figure 21. Examples of the different forest types that have occurred during the field inventories. In A, virgin
forest devoid of signs of previous forestry, value core area 1 (CV1). In B high conservation value forest in the
category value core area 2 (CV2). In C, an example of a forest in the category value core area 3 (CV3). InD a
correctly mapped OFCF that didn’t reach category value conservation area 3 and was hence placed in the
category non-conservation value forest (NCV). In E, a wrongly mapped OFCF that is only about 50 years old,
and in F recently logged OFCF.




curacy of the actual mapping is satisfactory, the an-
swer is in most cases yes. In study landscapes 1, 2,
3 and 4 located in Kalmar and Orebro counties, the
proportion of correctly mapped OFCFs was 98%
and 94% respectively. In study landscapes 5 and 6
in Visterbotten county and in study landscape 7 in
Norrbotten county the corresponding figures were
90%, 81% and 85% respectively, see Figure UP.

For the accuracy of the data created by Metria AB,
for northern Sweden, we refer to Ahlcrona (2017b)
and Metria (2019, 2021, 2023a, 2023b). They state
that for Visternorrland, Jamtland, Visterbotten and
Norrbotten counties, the likelihood of the mapped
forest having an age over 70 years is about 90%.
For Gédvleborg and Dalarna counties, they report a
corresponding proportion of about 80%.

These errors show that the degree of exaggeration
of the proportions of mapped OFCFs in each of the
landscapes studied is quite low. But we again want
to remind the reader that our inventory is not made
to detect the under-mapping of OFCFs. Thus, the
over-mapping we detected may be balanced by the
possible under-mapping outside the OFCF-map-

ping.

According to Sweden’s official statistics on old for-
est, defined as forest with mean stand age exceeding
140 years in the boreal region and exceeding 120
years in the boreonemoral and nemoral regions, in
2020 about 10.3% of the productive forest land con-
sisted of such old forests (Swedish Forest Inventory,

2025). Nevertheless, with our mapping we detect
forests that are significantly younger, and thus they
should constitute a larger share of the forest land.
Moreover, the Swedish Forest Inventory (2025),
reports that about 25.3 percent of the trees in their
study plots on productive forest land and outside
protected areas, has a basal area weighed mean
age that exceeds 80 years, see Ducey & A. Ker-
shaw Jr (2023) for an explanation of this measure.
But since we cannot fully reach 80 years back in
time our mapped forests should still constitute a
larger share of the forest land.

Most forests in our mapping exclude formally
protected areas, and hence these figures could be
comparable with the SFIs reported 25.3 percent
despite our inclusion of non-productive forest land
which constitutes a minor part of the forest land.
Comparing our mapping that reaches about 60 to
70 years back in time with the SFAs data from
their plot survey with trees older than 80 years,
tells us that we are close, but that our data may
suffer from some degree of under-mapping.

Despite the detected over-mapping and possible
under-mapping, our interpretation is that only
about 25 — 30 percent of the forest in the study
landscapes constitutes forest that hasn’t been
clearcut within the time frame of our analysis.
When it comes to the conservation values in these
old forests, there is more to read further down in
the text.

In the SSIC-report The State of the Forest — Red Listed Species in a Nordic Perspective from 2011, the au-

thor Artur Larsson writes:

“Sweden’s forest landscape is being transformed from pristine or extensively managed forests with great
biological diversity to biologically more monotonous production forests. These forests do not get very old
(before being clear-cut again/our remark) and are less varied in tree age, tree species and structures (they
also contain smaller amounts of dead wood). This changes the conditions for the forest’s plants, fungi and
animals. Some benefit, but significantly more are disadvantaged.”

and

“Since 1950, approx. 60% of Sweden’s productive forest land has been clear-cut and converted to produc-
tion forests. In addition to this, comes clear-cuts from further back in time.”



If we add to the question whether mapped OFCFs
have conservation values enough to qualify in one
of the three categories core area 1 — 3, well, then we
must dig a bit deeper. On average, the proportion of
correctly mapped OFCFs that reached conservation
values enough to qualify in the any of the categories
core area 1 — 3 was 55% (max 76%, min 37%). In

s 3 2 2 3§

study landscapes 2, and 7 we found the highest pro-
portion of core areas, 72% and 76% respectively.
Study landscape 2 is in an area where the Swedish
forestry company Sveaskog have many set-asides,
the Horns6 Ekopark. Study landscape 7 lays further
to the west where we also expected to detect more
forests with high conservation values.

. Mapped OFCF
. Value coreareal-3
. Correctly mapped

Figure 22. A map of Scandinavia, with Sweden and the location of the seven study landscapes inside the
four Swedish counties Kalmar (1 & 2), Orebro (3 & 4), Vasterbotten (5 & 6) and Norrbotten (7). The barplots
give information on the proportion of, per study landscape, proportion of the forest landscape that was

mapped as OFCFs, the proportion of surveyed OFCFs that was determined value core area 1 — 3, and the

proportion of correctly mapped OFCF.



Species of conservation concern

inside OFCFs

As previously mentioned, our field ecologists re-
corded findings of species of conservation concern
while doing the field inventories inside the OFCFs.
In this section we will discuss the species findings
made in the four study landscapes made in the
southern part of Sweden, study landscapes 1 — 4.
We do not consider this part of the data collection
to be validation data. However, findings of many
species of conservation concern inside the correctly
mapped OFCFs gives some support that the map-
ping has successfully captured the parts of forests
where rarer species find refuge. Especially if the
wrongly mapped forests lack these species. We will
discuss our findings on this topic in the coming
chapter.

Species of conservation concern
The International Union for Conservation of Na-

Increasing Extinction Risk

20006

Red listed

@OO0OD v

Threatened

o

Figure 23. The categories in the national red list.

ture’s Red List of Threatened Species, also known as
the [IUCN Red List (IUCN 2025), is the world’s most
comprehensive information source on the global ex-
tinction risk status of animal, fungi and plant species.
The IUCN Red List has assessments of the relative
risk that various species have of becoming extinct

on national and global levels. The risk is evaluated
according to criteria from the International Union for
Conservation of Nature.

In Sweden, the Swedish Species Information Center
is responsible for the national red list. About 2,000
forest-dwelling species are red listed. According to
SSIC (2024a), approximately 1,400 red-listed species
are strongly negatively affected by logging. A recent
assessment shows that out of the threatened forest
living species, 394 are directly negatively affected by
clear-cutting (SSIC 2024b). For an overview of the
red list categories, see Figure 23.

Regionally extinct species
Critically endangered species
Endangered species
Vulnerable species

Nearly threatened species
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Apart from the species listed under one of the red
list categories, there are other species of conserva-
tion concern. The SFA have made a list of species
that also includes species that indicate either the
occurrence of other rare species or habitats that

are threatened by forestry. These species are not
necessarily red listed. The important thing here is
that they indicate presence of conservation values,
species or habitats. They can also be uncommon
species, but usually not to the degree that they
deserve to be the red listed. Hence, they are not yet
considered severely threatened by forestry, but the
presence of multiple species on this list doesn’t usu-
ally come without the occurrence of red listed spe-
cies. We hereafter refer to these species as indicator
species [signalarter]. For a full list, see the Swedish
Forest Agency (2023).

Another category of species that are usually re-
ferred to as species of conservation concern are spe-
cies that are protected under Swedish law, species
listed in the Swedish Species Protection Regulation
(2007:845) (The Swedish Parliament, 2007). As
with the SFAs indicator species, these species are
not necessarily red-listed, although some are. How-
ever, many are rare, and they are protected accord-
ing to law. Usually, it means protection against the
destruction and killing of the species itself as well
as the destruction of the habitats they occupy. For
some vertebrates, this law can be quite far-reaching
while for many sessile species of plants and fungi it
is less extensive.

The last category we will mention here are bird
species that are listed by the SFA as prioritized bird
species in the Swedish Forestry Act. They write
that in habitats and on substrates where priority
bird species occur damage resulting from forestry
measures shall be prevented or limited. These bird
species are marked with N and n in Appendix 1 to
the Species Protection Regulation (2007:845) or are
categorized as CR, EN, VU or NT in the national
red list, see Figure 23.

Are species of conservation concern
spread out randomly in the forest land-
scape?

The result from dividing the mapped and surveyed
OFCFs into different categories depending on

the detected conservation value, reveals that even
though forests are old, they may not necessarily
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meet the criteria of being a core area, as defined by
the County Administrative Board.

About 54% of the correctly mapped OFCFs in study
landscape 1 - 4 met the criteria and were placed in
one of the three core area categories. As expected,

a very small fraction constituted core areas class

1, virgin forests (about 4%). These forests are rare
throughout the mapped area.

In total, we made 815 findingss of species of con-
servation concern in the correctly mapped OFCF
(on 3,034 ha). Out of these, only 108 findings
(about 13%) were made in non-conservation val-
ue forests (on 1,423 ha). If we only consider the
wrongly mapped OFCFs, forests younger than 60
— 70 years, there were 2 finds (on 129 ha). None
of the species found in the latter were among the
threatened species, see Figure 23. Although, most
of the non-conservation value forests, NCV were
correctly mapped OFCFs, species of conservation
concern were still highly over-represented in the
three classes of core areas, CV1 — CV3, see Figure
24,B & C.

Here, let’s stop for a while and think about these
numbers. It is not so strange that we found much
more of the species of conservation concern in the
OFCFs with core value areas than in the non-con-
servation value forests, someone may add. Howev-
er, if we look at the density of this kind of species,
we find that it is nearly six times as high in the
OFCFs with core areas than in non-conservation
value forests.

Moreover, in a study by Dahlberg (2011) investi-
gating the abundance of species of conservation
concern, the result showed a significantly higher
abundance of such species in old forests than on
clear cuts, precommercial thinning and in thinning
stands. Our result confirms that the occurrence of
species of conservation concern is much lower in
non-conservation value forests. This is deeply wor-

rying.

The results from our inventory prove that old for-
ests with high conservation values, to a significant
degree, can be mapped with remote sensing. Our
results also suggest that the combination of remote
sensing and the comparably simple methodology
used by the Swedish County Administrative Boards,
captures the health of the ecological system in for-



ests. There is, however, nothing that says that other
field survey methodologies wouldn’t be useful in
performing this kind of assessment.

In Sweden, there is an ongoing discussion about
whether the red list is really capturing anything else
than conservationists’ own interest in protecting
more forest. And naturally, the forestry industry are
the ones who are most interested in downplaying
the validity of the red list, and with it all methodol-
ogies that are used to measure the ecological health
of ecosystems.
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It seems that some Swedish forestry representatives,
without the blink of the eye, disregard decades of
research on the effects of forestry on biodiversity,
that has proven forestry to be the main culprit in the
demise of many forest living species. Regarding
this matter, we honestly appreciate the lively dis-
cussion on this topic. But in this case, is it not better
to just admit that “the Earth is round, not flat”?

The SWFM-way of doing forestry is very harmful,
indeed.

. Inventoried mappings

. Endangered species
. Vulnerable species

Nearly threatened species

. Indicator species

. Legally protected species

. Important bird species
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Figure 24. In A the proportion of the inventoried mappings presented in the five different conservation value
categories CV1 - CV3 forests, non-conservation value forests (NCV) and other forest types, usually very

low productive impediments. In B the number of all species findings made in the five different conservation
classes, and in C, the frequently discussed orchid Northern Rattlesnake Plantain (VU) and bird species of
conservation concern were removed from the data. Note that no species in the red list category critically

endangered were found.
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Forest Monitor - Monitoring the loss and
the threat to OFCFs

Forest Monitor enables environmental monitoring
of forests in the three different classes high conser-
vation values and probable conservation values,
and all potential older forest and continuity forest
in the map service’s map layer. That is, our statis-
tics only apply to the mapped and known OFCFs.
Undermapping occurs.

We can both present data on the proportion of the
three different classes that are currently notified

for final felling (planned to be clear-cut), and how
much of the different categories have been lost
since we created and uploaded the data.

On our web service, we provide statistics on the for-
est in the three classes inside and outside formally
protected areas.

Unprotected and formally protected
OFCFs

An overlap analysis between formal protection land
and the mapped OFCFs show the following:

Table 7. The forest area in each of the three classes found inside formally protected areas.

OFCF classes

Area

Class 1 High conservation values

Class 2 Probable conservation values

Class 3 Potential older forest or continuity forest

1,528,812 ha

6,783 ha

33,010 ha

Total: 1,568,605 ha

Table 8. The forest area in each of the three classes found outside formally protected areas.

OFCF classes

Area

Class 1 High conservation values

Class 2 Probable conservation values

Class 3 Potential older forest or continuity forest

What is the proportion of the unprotect-
ed OFCFs in class 3 that have conserva-
tion values?

The simple answer is that we don’t know. Howev-
er, it is reasonable to assume that class 3 contains

a large proportion of core areas with conserva-

tion value forest. This assumption is based on

the knowledge we have about the proportion of
core areas (forest with conservation values) in our

1,096,512 ha

373,567 ha

4,399,594 ha

Total: 5,869,673 ha

field-visited validation landscapes, and based on
SEPA rough estimates on the overlap between prob-
able continuity forests and old-growth forest.

SEPA states in a report from (2023) that:
“The authorities’ assess that the area of old-growth

forest [naturskog]...that lies outside strictly protect-
ed areas amounts to between 2.2 and 2.8 million



hectares of forest land. From this area, 1.5—1.8
million hectares are estimated to be on productive
forest land.”

And:

“..a relatively large portion (approximately 40—
70%) of the area with probable forest continuity
on productive forest land is assessed to consist of
old-growth (naturskog) according to the current
definition.”

Table 9. Area of logged forest in the in the three classes.

OFCF classes

Note! SEPA’s definition of probable continuity
forest should not be confused with Forest Monitors
OFCEF class 3. However, since the layers in north-
ern Sweden largely overlap, SEPA’s rough estimate
still gives an indication that there are large areas of
unknown conservation value forest within OFCFs.

Executed loggings within OFCFs

Below are statistics showing the loss of OFCFs in
the various classes since the data was created, updat-
ed and published on skogsmonitor.se:

Area logged

Class 1 High conservation values

Class 2 Probable conservation values

Class 3 Potential older forest or continuity forest

Logging notification statistics March
2025

By using the SFA’s data layer of current logging
notifications and measuring how large the overlap
is with the three classes of OFCFs, we can produce
statistics on how much is currently notified for log-
ging. This data is updated each month.

27,853 ha

36,391 ha

625,501 ha

Right now (2025-03-01), tens of thousands of
hectares of forest are notified for final felling
(planned to be clear-cut), within the mapped

area of OFCF with high conservation values or
probable conservation values! However, as the
current version of our mapping does not contain
all known natural and high conservation values,
we fear that the area of forest in classes 1 and 2 is

Table 10a. The forest area notified for logging in two of three classes.

OFCF classes

Area of current logging notifications

Class 1 High conservation values

Class 2 Probable conservation values

44,637 ha

19,096 ha

Total: 63,733 ha
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a major underestimation. This is because forests in
class 3 (Table 10b), until now, contains an un-
known proportion of high conservation values and
hence are not included in the statistics presented in
Table 10a. And as a consequence, there is also a
gross underestimation of the total area of forest with
conservation values that is notified for final felling.

The SEPA’s rough estimates, based on field in-
ventories from the County Administrative Boards,

indicate that 40 — 70 percent of the productive forest
land within probable continuity forest in the Norr-
land counties is old-growth forests (naturskog/forest
with high conservation values). This in turn means
that there is a risk that a not insignificant part of the
256,473 hectares of class 3 forests that are currently
notified for logging may have conservation values,
because these forests are not formally protected, or
included in the open data of land owners’ voluntary
set-asides.

Table 10b. The forest area notified for logging in OFCF class 3.

OFCF class

Area of current logging notifications

Class 3 Potential older forest or continuity forest

Note! It is important to point out that notifications
for final felling in subalpine primary and old-
growth forest are also used by landowners to pres-
sure the authorities to get economical compensation
in case they are not granted permission to clear-cut
the forest. This practice has been put in system.
This means that a certain part of the notifications in
the subalpine forests, where additional legislation
applies, will ultimately not be clear-cut.

256,473 ha
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FOREST MONITOR'S MAPPING OF OFCFs
AS A TOOL FOR NATURE CONSERVATION

Ecosystem services and

green infrastructure

In this report, we mainly talk about nature protec-
tion for biodiversity and the functioning of eco-
systems for the sake of nature itself. The theory of
ecosystem services, on the other hand, focuses on
ecosystems and species as tools and goods for the
benefit of human civilizations and the economy.
Such services include, for example, water purifi-
cation, improving air quality, providing space for
recreation, as well as helping with climate mitiga-
tion and adaptation. Although the theory sets human
needs in focus, there is no way we can weaken the
health of nature and at the same time reap the goods
from our ecosystems. The equation works only in
one direction.

One way of sustaining the production of ecosystem
services is to build “a strategically planned net-
work of natural and semi-natural areas with other
environmental features, designed and managed to
deliver a wide range of ecosystem services, while
also enhancing biodiversity”, a so-called green
infrastructure (European commission, 2025). This
network of green (land) and blue (water) spaces im-
proves the quality of the environment, the condition
and connectivity of natural areas, as well as improv-
ing citizens’ health and quality of life. Developing
green infrastructure can also support a green econo-
my and create job opportunities.

Connectivity, functionality and
representativeness

When we talk about the functionality of forest land-
scapes, we often think about species survival and
dispersal related to the distance, proportion and size
of suitable habitats. Together with the area between
the targeted habitat — the landscape matrix as it usu-
ally called — these factors are interlinked.

We can visualize species dispersal by imagining
a large room with any number of people trying to
send a message from one side of the room to the
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other by whispering. The more people in the room,
the easier it will be to send the message. On the
contrary, if there are very few people in the room,
it will be virtually impossible as the sound of a
whisper can only be heard at a certain distance,
see Figure 25 A & B. In the same way, species
dispersal will be difficult if preferred habitats are
fragmented and only occupies a small part of the
landscape. Distances will be too long for success-
ful dispersal and colonization to take place. In this
explanation model, the distance between suitable
habitats and the proportion of these are inseparable.
Low proportion of habitats leads to long distances
between them.

If we add to this the size of habitats, it becomes
more problematic. We again visit the same room,
but now with fewer people. However, this time we
imagine that people can whisper a bit louder. And if
the people send loud whispers, the message can eas-
ily be sent from one side of the room to the other. If,
however, they can only send silent whispers, even a
good number of people will not guarantee success-
ful transferring of the message, see Figure 25 C &
D. Likewise, a landscape with large (or with high
quality) fragments, that support viable sub-popu-
lations of species, will better sustain the dispersal
of species than a landscape with small fragments
where only a few individuals of the same species
can survive.

Also, remember that different species’ dispersal ca-
pacities vary greatly, which affects the species-wise
effect on populations from fragmentation. Note here
also that a higher number of individuals will not in-
crease the maximum dispersal distance of a species.
It will only increase the number of attempts and
hence also the number of successful colonization
events of adjacent habitat fragments.

We have now ventured into the realm of connectiv-
ity. Connectivity is the ability for species to move
between suitable habitat patches. This is vastly



important for sustaining species and hence eco-
systems. Habitat fragmentation has immediate and
long-lasting negative effects on populations of spe-
cies. Infrastructure and increased development cut
off migration routes so that species are losing the
ability to move, migrate, and disperse across land-
scapes. But if we compare ecosystems, connectivity

>,
-

may look different. It can be undeveloped habi-

tat corridors that connect key habitats or wildlife
crossings, the safe passages that are built as bridges
over major roadways. In the coming chapters, we
will mainly focus on forest connectivity. However,
the theories on connectivity do apply to any type of
habitat that experiences fragmentation.

Figure 25. A simplified sketch of the effect of fragmentation. In A, there are enough people in the room so
that the person in the lower left corner can pass the message by whispering to the next and further across
the room to the person in the upper right corner. In B there are too few people to successfully pass the
message. In C, people are whispering slightly louder, and hence the message can be passed despite the
low number of people in the room. In D, the person whispers too silently, and hence the message cannot be

passed even though there are many in the room.
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The Convention on Biological Diversity, CBD
(2025) emphasize functionality, connectivity and
representativeness in the work with forest protec-
tion. When it comes to the CBD’s 30-percent target
on protection of land, water and seas they state
that especially areas of “particular importance for
biodiversity and ecosystem functions and services”
must be protected. Moreover, they state that these
protected areas should be “effectively conserved
and managed through ecologically representative,
well-connected and equitably governed systems

of protected areas and other effective area-based
conservation measures’’.

This message is supported by a scientific study
by Angelstam et al. (2020) that highlights that
ignoring the importance of representativeness
and forest connectivity is likely to exaggerate the
functionality of green infrastructure. It is therefore
unwise to include, for example, forest impedi-
ments like tree-covered bogs or wooded rocky
outcrops in the protection statistics for productive
forest land. Low-productive forests do, because
of their inherent shortage of resources, sustain a
fewer number of species (Hiamldinen et al. 2018,
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but see Jonsson & Snéll. 2019). Moreover, due to
their low productivity, impediments are not usually
targeted in forestry. For the same reason, it is also
unwise to protect many small, exposed forest-slits
along waterways or small tree patches on clear cuts
and weigh them equally important as large nature
reserves. Due to their differences in the proportion
of core areas (Ruete et al. 2017), they are not at all
comparable.

To summarize, the preservation of forest biodi-
versity will not be reached by only adding quan-
titative figures, like the inclusion of forest land
that’s not currently under pressure from forestry
operations or small “SWFM-leftovers”. Since
productive forest produces higher biodiversity per
unit area (Hdmél&inen et al. 2018), and are subject
to logging, these forests are also the ones in most
urgent need of protection. Finally, without proper
mapping of representative forests, that constitute
the most important pieces in the puzzle, it will be
very difficult to achieve the target, to build a green
infrastructure for species and to boost the provision
of ecosystem services.




CBD and the Kunming-Montreal Global Biodiversity Framework 2030-Tar-
gets

Scientists state that (Angelstam et al. 2020): Sweden does not meet agreed national and international
forest biodiversity targets. Sweden was far from reaching the Aichi targets within the CBD by 2020, and
is even further from reaching the current, more ambitious targets that were put forward under the Kun-
ming-Montreal Global Biodiversity Framework.

Scientists state that (Dinerstein et al. 2019): “Protected areas are the cornerstone of biodiversity conser-
vation, and studies document that well-managed reserves are far more effective in safeguarding biodiver-
sity than are other forms of land use”, and that: “Opportunities to address both climate change and the
extinction crisis are time bound. ”.

The current, and for forest biodiversity relevant, targets for 2030, as part of the United Nations Conven-
tion on Biological Diversity (CBD), are:

Target 1: Ensure that all areas are under participatory, integrated and biodiversity inclusive spatial
planning and/or effective management processes addressing land- and sea use change, to bring the
loss of areas of high biodiversity importance, including ecosystems of high ecological integrity, close
to zero by 2030, while respecting the rights of indigenous peoples and local communities.

Target 2: Ensure that by 2030 at least 30 per cent of areas of degraded terrestrial, inland water, and
marine and coastal ecosystems are under effective restoration, in order to enhance biodiversity and
ecosystem functions and services, ecological integrity and connectivity.

Target 3: Ensure and enable that by 2030 at least 30 per cent of terrestrial and inland water areas, and
of marine and coastal areas, especially areas of particular importance for biodiversity and ecosystem
functions and services, are effectively conserved and managed through ecologically representative,
well-connected and equitably governed systems of protected areas and other effective area-based
conservation measures, recognizing indigenous and traditional territories, where applicable, and
integrated into wider landscapes, seascapes and the ocean, while ensuring that any sustainable use,
where appropriate in such areas, is fully consistent with conservation outcomes, recognizing and
respecting the rights of indigenous peoples and local communities, including over their traditional
territories.

Target 4: Ensure urgent management actions to halt human induced extinction of known threatened
species and for the recovery and conservation of species, in particular threatened species, to sig-
nificantly reduce extinction risk, as well as to maintain and restore the genetic diversity within and
between populations of native, wild and domesticated species to maintain their adaptive potential,
including through in situ and ex situ conservation and sustainable management practices, and effec-
tively manage human-wildlife interactions to minimize human-wildlife conflict for coexistence.

Target 10: Ensure that areas under agriculture, aquaculture, fisheries and forestry are managed
sustainably, in particular through the sustainable use of biodiversity, including through a substantial
increase of the application of biodiversity friendly practices, such as sustainable intensification, agro-
ecological and other innovative approaches, contributing to the resilience and long-term efficiency
and productivity of these production systems, and to food security, conserving and restoring biodiver-
sity and maintaining nature’s contributions to people, including ecosystem functions and services.

Target 11: Restore, maintain and enhance nature’s contributions to people, including ecosystem func-
tions and services, such as the regulation of air, water and climate, soil health, pollination and reduc-
tion of disease risk, as well as protection from natural hazards and disasters, through nature-based
solutions and/or ecosystem-based approaches for the benefit of all people and nature.
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International, national targets, strategies, laws and directives

The EU biodiversity strategy
The following commitments in the EU biodiversity strategy (European Commission 2020) are related to
forest and forest protection:

1. Legally protect a minimum of 30% of the EU’s land area and 30% of the EU’s sea area and inte-
grate eco-logical corridors, as part of a true Trans-European Nature Network.

2. Strictly protect at least a third of the EU’s protected areas, including all remaining EU primary and
old-growth forests.

3. Effectively manage all protected areas, defining clear conservation objectives and measures, and
moni-toring them appropriately.

The EU Nature Directives

The EU Birds and Habitats directives (European Commission 2015), known as the Nature Directives, form
the cornerstones of the EU’s nature protection policy. The two directives imply that several species and
habitat types are covered by a common system of protection, with requirements of regular monitoring
and reporting.

The overall objective is to ensure that protected species and designated habitat types are maintained, or
restored to a favourable conservation status throughout their natural range within the EU.

Sweden'’s reporting on the ecological status on forest habitats according to the EU Habitats Directive,

shows an overall unfavourable conservation status. Out of 15 forest habitat types, 13 are estimated to

have inadequate or unfavourable conservation status in all regions where they occur. Only in the alpine
region, two forest habitat types are classified as having a favourable conservation status.

The EU Commission has presented guidelines for Defining, Mapping, Monitoring and Strictly
Protecting EU Primary and Old-Growth Forests in order to “provide practical guidance to national
policy- and decision-makers that will allow them to effectively identify and protect remaining primary and
old- growth forest in the EU.”

The EU’s RED lll, the Renewable Energy Directive, has special rules connected to primary and old-
growth.

The EU has adopted a law, the EUDR. However, it is not implemented in the member states, and Eurac-
tiv.com reported that: “The European Commission has proposed a one-year extension to the transition
period for enforcing the EU’s anti-deforestation regulation (EUDR), following months of pressure from
member states, trade partners, and stakeholders.”.

The deforestation and forest degradation regulation, [VS1] has special rules for primeval forests and natu-
rally regenerated forests (Official Journal of the European Union 2023).

The EU habitat types classes, for example Western taiga, in the Habitat directive overlap to a large extent
with old-growth and old forest with conservation values.

Favourable conservation status

Favourable Conservation Status describes the situation in which a habitat or species is thriving through-
out its natural range and is expected to continue to thrive in the future. It includes all occurrences of a
habitat or species, both those in the wider environment and those in protected areas.

The concept is used in the EU Habitats Directive. The official definition for a species is that “conservation
status will be ‘favourable’ when: 1) population dynamics data on the species concerned indicate that it is
maintaining itself on a long-term basis as a viable component of its natural habitats, 2) the natural range

of the species is neither being reduced nor is likely to be reduced for the foreseeable future, and 3) there

is, and will probably continue to be, a sufficiently large habitat to maintain its populations on a long-term

basis.”
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The official definition for a habitat types is that “the conservation status of a natural habitat will be taken
as ‘favourable’ when: 1) its natural range and areas it covers within that range are stable or increasing,

2) the specific structure and functions which are necessary for its long-term maintenance exist and are
likely to continue to exist for the foreseeable future, and 3) the conservation status of its typical species is
favourable.”.

National environmental targets

The national environmental quality objective “Living Forests” (Levande skogar) states: “The value of for-
ests and forest land for biological production must be protected, at the same time as biological diversity
and cultural heritage and recreational assets are safeguarded.”

The objective specifies, for example:
“The biodiversity of forests is preserved in all natural geographical regions and species have the opportu-
nity to spread within their natural range as a part of a green infrastructure.”

“Habitats and naturally occurring species associated with forest areas have a favourable conservation
status and sufficient genetic variation within and between populations.”

An in-depth assessment of Sustainable Forests carried out by the Swedish Forest Agency shows that
“Sustainable Forests has not been achieved and will not be achieved with existing policy instruments and
measures. Developments in the forest environment are negative”.

Formal protection is a crucial means to reach national objectives and international environmental targets.
It can be in the form of nature reserves, national parks, smaller biotope protection areas, or legally bind-
ing agreements with landowners. As of end of 2023 Sweden has protected:

9.2 % of the forest land (with impediments or so called low-productive forest included).
6.1 % of the productive forest land.
3,7 % of the productive forest land below the montane forests.

Most of the protected forest (over half) is thus located near the mountains. A further 5 % is voluntarily set

aside. The set asides lack formal protection and are defined as: “Conservation measure with limited dura-
tion”. There is a lack of knowledge about the set aside areas quality, location and long term protection.
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Forest connectivity in Sweden

Our mapping of OFCFs in Sweden provide, among
other things, a unique opportunity to make large-
scale analyses of connectivity. In this section we
will present the first ever generalized visualization
of the current forest connectivity situation in Swe-
den. We will now start by briefly explaining the
tools we used and how this analysis was carried out.

We used the open-source connectivity analysis
toolset inside Circuitscape 4.0. and ran the software
inside Julia Programming Language 1.10.5. (Anan-
tharaman et al. 2019). Circuitscape is a connectivity
analysis software package which adopts electronic
circuit theory to predict and visualize, for instance
movement patterns in animal populations across
heterogeneous landscapes (Li et al. 2023 and Chen
et al. 2023)

Our data covers the entire forest land in Sweden,
about 27.9 M hectares. As previously described,
our data is made up of two different sources, and
both data sources are updated (revisit the chapter
on Method descriptions for details). Consequently,
the data is not homogeneous throughout the country
and the result of the connectivity analysis on the
entire dataset would likely suffer from these differ-
ences.

To reduce the effect of the beforementioned differ-
ences, and to ease interpretation of the result, we
chose to make a comparison between the connectiv-
ity in formally protected areas (mostly forests in the
class High conservation values) and all the OFCFs
in the classes High conservation values and Prob-
able conservation values. We determined that this
reduction of the full dataset by removing the least
accurate class Potential older forest or continuity
forest, and the division of the data would smooth
out the inherent differences in the source data sets.
Furthermore, this comparison enabled the visual-
ization of the potential loss of forest connectivity if
Sweden fails to protect the still unprotected areas
with high conservation forests, and forests with
known indication of high conservation values.

Data preparation and analysis

Sheer size can cause problems in analyses and in
these cases the choice of data resolution becomes
very important. Thus, for our analysis of forest
connectivity on national level, we reduced the res-
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olution from our native 30-meter pixel size to 250
meters.

Our analysis aimed to investigate connectivity pat-
terns for the entire country. With few changes, we
followed the methodology explained in Svensson et
al. (2020). This methodology does not require a se-
lection of a focal species and that doesn’t depend on
the placement of source and destination nodes (see
Koen 2014 for an example). We also used cumula-
tive current density (CCD) to measure connectivity
which estimates for each pixel of the resistance
surface raster.

As previously described, we wanted to make a
comparison between formally protected OFCFs

and OFCFs in both conservation value classes

High conservation values and Probable conserva-
tion values. We started by dropping the third class,
Potential older forest or continuity forest. Then we
extracted remaining OFCFs with the delimitation of
formally pro-tected areas. Finally, for both data sets,
OFCFs inside formally protected areas (OFCF1)
and for all OFCFs but the class Potential older
forest or continuity forest (OFCF2), we merged the
two conservation value classes and then assigned
each OFCF-patch with the resistance value 1 and
the surrounding landscape matrix, including other
habitat types, with the resistance value 100.

We estimated the current flow between all pairs of
254 focal nodes (32,131 combinations) randomly
placed along the perimeter of a buffer around the
Swedish forest landscape, fol-lowing the approach
by Koen et al. (2014) and Svensson et al. (2020).
To reduce the size of the full raster, however, we
reduced the buffer from 50 km to 25 km in our
analysis.

The resistance map of the OFCF2-data, with a high-
er number of patches, had roughly 16,7 M nodes.
The OFCF1-data had slightly fewer. To speed

up calculations in both analyses, we hence used
multi-threading with 16 processes in parallel which
significantly reduced the processing time from
about a week to a few days. This procedure was
also tried with 32 and 64 processes in parallel, but
for whatever reason it caused the software to crash
repeatedly.



What happens if Sweden fail to protect
its old forests?

To begin with, let’s remember that the field inven-
tory detected to a varying degree high conservation
values in class 3, Potential older forest or continu-
ity forest that are not included in this connectivity
analysis. Therefore, regarding the interpretation of
the result, based only on OFCFs in classes 1, High
conservation values and 2, Probable conservation
values, we acknowledge the fact that it underes-
timates the true connectivity in the old forests in
Sweden.

We detected, yet unbroken old forest connectivi-
ty from northern Varmland county in the south to
the border of Finland in the north, a stretch nearly
1,000 km long. From this long chain of large forest
massifs, extend branches toward the east into the
exceedingly fragmented forests of the inner and
coastal regions of eastern Sweden. In the eastern
part of northern Sweden, in the south and along the
western coast, the connectivity between old forests
fragments is generally poor (Figure 26). In the
result from the study Svensson et al. (2020), there
was clear band of older forests reaching from the
main assembly of high connectivity forests in the
west towards the coastal areas and along the coast
in the east. This is not seen in our result, however.
Here, recall that the data in our analysis, which is
basically the same as in Svensson et al. (2020), is
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first reduced from the updating by Metria AB and
then again reduced before analysis by removing

the mountain birch and a part of the dataset that is
less accurate. Exceptions can be seen in Stockholm
county and in the western parts of Véstra Gotaland
county where large areas of rocky, low productive
forests can be found. Also, the closeness to heavily
populated areas around Stockholm city leaves vis-
ible traces in the species records we use to classify
our data. Many people equals many species records.
Stockholm county, with 6.1% formally protected
productive forest land (the Svealand region average
is about 4.7%), has the most formally protected
forest in southern Sweden.

For many it may be tempting to discredit this result
because the analysis is based on remote sensing of
satellite images and analysis of historical orthopho-
tos. We have not used any data from, for example,
the Swedish Forest Inventory, the SFI to guide the
result. Despite this, the general pattern is consistent
with what has been reported previously about old
forests (>160 years old) in Sweden (SFI, 2017).
Here, note that our mapping of old forests capture
also forests that are significantly younger. Still, by
to some extent, including forests that are younger
in the analysis, the result highlights yet the fact that
most of the Swedish forest landscape is severely
affected by forest fragmentation and that much of it
is very young.
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Figure 26. Result from the connectivity analysis of A, all OFCF in classes 1 and 2, and in B, only formally
protected OFCF in class 1, presented as conductivity across the landscape. High values (yellow) indicate
high conductivity and good connectivity between forest patches. Low values (red) indicate low conductivity
and poor connectivity between forest patches. The Swedish forest land is colored dark green and black is
other habitat types; mires, lakes and other. Losing forests with known and probable conservation values
would drastically weaken forest connectivity, especially in western Sweden.
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Green infrastructure planning

We will here present an example of how to build
the green infrastructure the EU-commission is
talking about, “a strategically planned network

of natural and semi-natural areas...”, and so on.
When we think about a network, it is usually a set
of data hubs or nodes that are connected with lines
or cables to transfer the information. Better cables
will ease data transfer while bad cables will do the
opposite.

Similarly, a patchwork of old forests with species
assemblages that cannot live outside such patches,
will have to use some sort of network to disperse
and colonize new patches. Alternatively, the patch-
es are close enough for species to jump over via
propagules — seeds, spores or larvae — to adjacent
patches, see also the whisper example in Figure
25). Nevertheless, for many species, the level of
fragmentation has passed beyond the limit of their
inherent dispersal ability. Their subpopulations be-
come increasingly isolated and vulnerable.

In Sweden, there is no law that prevents logging
close to watercourses, wetlands and lakes. The
environmental clauses in the Swedish Forest Act are
largely voluntary and rests strongly on the motto
“freedom under responsibility”. In the pamphlet
named “consideration to water” by the SFA (2014),
there are many lively depictions of how forestry
should best comply with the weak legislation. The
forestry’s consideration of water varies greatly,
unfortunately. According to the EU’s Water Frame-
work Directive (WFD, 2000/60/EC) all waters
within the EU should experience no further degra-
dation and achieve good ecological and chemical
status by 2027.

Forests that are in the vicinity of lakes, water

courses and wetlands are collectively called ripar-
ian forests. In Sweden, about 3% of all forest lays
within 25 meters from streams and lakes, and an
additional 8.3% around mires (Lind 1998). Riparian
forests have proven to be comparably species-rich,
Pielech (2021), and the management practices in
these forests have important implications for water
quality and biodiversity (Gundersen et al. 2010; Re-
nouf & Harding 2015). Among many other things,
riparian forests can also better sustain recovery of
bryophytes, Dynesius et al. (2009), and they gener-
ally produce larger volumes of dead wood, Oettel et
al. (2022). Moreover, riparian forests are relatively
easy to find and map.

In the examples we present here, of a possible way
to create green infrastructure, we have decided to
add a 50-meter buffer along all wetlands in the
Swedish Wetland Survey, that were determined to
have conservation values class 1 — 3, but not class 4
with low conservation values. We also added water
courses from the Water Information System Sweden
in classes 1 — 3, but not class 4 with waters in un-
satisfactory condition. Lastly, we added a 50-meter
forest buffer around all the larger lakes. Note that in
Sweden, many lakes and rivers are surrounded by
farmland as the soils around waters are usually the
richest. In our example we don’t suggest converting
farmland into forest to build forest buffers.

In the example presented in this section, we aimed
to construct an infrastructure to counteract fragmen-
tation and at the same time both protect and amplify
natural values in other habitat types than forests,
such as waters and wetlands. We hence started by
adding selections of waterways and wetlands as
well as all larger lakes to our OFCF-data (see Table
11 for a full list).

Table 11. Data that was used to build green infrastructure between remaining old forest fragments.

Name Description Source data
OFCFs All three classes Forest Monitor
Lakes 50-meter forest buffer around lakes Topografi 50, the Swedish Geological Survey

50-meter forest buffer along large water

La rge courses courses

Watercourses in

Topografi 50, the Swedish Geological Survey

50-meter forest buffer along watercourses

Water Information System Sweden, WISS [VISS]

WISS registered in WISS, classes 1 - 3 but not class 4
50-meter forest buffer around wetlands found
inside the delimitations in the National Wetland

Wetlands Survey, classes 1 - 3 but not class 4

The Swedish Wetland Survey, SWS [VMI]
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The resulting rasters are presented in Figure 27.

We present the current situation with all three
OFCEF classes as a starting point from which we can
choose to either continue with business as usual,
further fragmenting the forest landscape, or pro-
tect, set aside and restore more and build functional
green infrastructure. We predict that the first forests
among the OFCFs to be clear cut are in class 3, the
Potential older forest or continuity forest (Figure
27 A-1 & B-1) because they are not systematically
surveyed in the field by authorities and are hence
easy targets for forestry.

We predict that the second most likely forests to be
clear cut are the OFCFs in class 2, Probable con-
servation values which are also to a high degree not
field surveyed by authorities. However, since there
are usually registered findings of species of con-
servation concern in these forests they have higher
chances to remain un-cut. After the last step in the
fragmentation process, when only OFCFs in class 1,
High conservation values remain (Figure 27 A-2 &
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B-2), we will probably have reached a point of no

return. Too many species will have become locally
extinct for us to be able to restore the system to its
original state without using exceedingly expensive
reintroduction schemes.

We here suggest an alternative pathway, where

we by protecting the remaining old forests and by
adding buffers in crucial parts of the forest land-
scape (Figure 27 A+1 & B+1), can both halt the
ongoing fragmentation process and at the same
time reinforce and sustain biodiversity in water and
in wetland edges. If we assume that the relation
between the distance and the proportion of forest
land next to water courses and wetlands is linear,
our suggestion will add about 6% and 16.6% of the
forest land respectively to forest protection. How-
ever, recall the result from our field survey, that on
average 42% of the OFCFs did not reach conserva-
tion values enough to qualify as value core areas in
categories 1 — 3. These forests could either be used
for restoration or be logged with appropriate meth-
ods without clear cutting.
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Figure 27. A series of examples in two landscape sections to visualize the outcome of choosing either to
protect and reinforce (Gain) two forest landscapes or to continue destroying them with the SWFM (Loss). In
both land-scape A and B, (second to top), by protecting the existing old forest and counteract fragmentation
by introducing forest buffers around valuable waterways, the lakes and SWS wetlands, we will gain connec-
tivity (A+1 & B+1). If, however, we fail to protect the core areas and other old forests (A-1 & B-1) as well as
forests where we currently know from field inventories that conservation values are high, the level of frag-
mentation of conservation value forest will be monumental (A-2 & B-2). Unfortunately, with today’s direction,

this is where we’re heading.
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The last outpost

As we have already discussed, after millennia of
human activity, most of the EU outside Scandina-
via, is a patchwork of crop fields, tree plantations
and settlements. Natural forests are rare. And
although Scandinavia is still largely covered by
forest, most of Sweden’s, Norway’s and Finland’s
forests are heavily managed by clear-cutting for-
estry. Natural-like forests are mainly found in steep
terrain and low-productive areas, where logging
has been difficult or unprofitable, and where farm-
ing is impossible. Consequently, pristine forests,
seemingly untouched by humans, remain only in
comparably small patches unevenly tossed out
across the EU.

But this was not always the case. A large propor-
tion of the European continent was once covered
in broad-leafed, and mixed forests, broken only by
meadows and savannah-like fields, mountain rang-
es and huge wetlands. The latter has been drained
and converted to farmland. The old-growth forests
of the past are now typically confined to nature
reserves and national parks as hazy memories of
long-forgotten European nature mystique. Howev-
er, in the northern most corner of the EU, a large
unbroken belt of old-growth forest remains which
until this day is still largely intact — the last outpost
of the EU: the Scandinavian Mountain Green Belt.
The EU member states cover roughly 4,476,000
square kilometers or 44% of Europe’s total area. In
this vast area resides 6 out of a total of 14 different
world biomes. Four out of the six biomes found in
the EU constitute different types of forest. Biomes
are large communities of plants and wildlife that
are adapted to specific climate types, from cold
arctic Tundra up north through the coniferous
Taiga and Temperate broad-leafed forests in central
Europe to the dry Mediterranean forests and Tem-
perate grasslands in the southeast.

Forest definitions

On the European Commission’s web page (2021a),
it reads “forests and other wooded land cover
more than 40 % of Europe, making it one of the
most forest-rich regions in the world”. But is the
EU really covered in forest, and if so, what is the
condition of these forests after centuries of human
impact?

Well, let us start with a definition of the word
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“forest”. The United Nation’s Food and Agriculture
Organization, FAO gave it a try in (2001). They
defined forest as a piece of land “covering more
than 0.5 hectares with trees higher than 5 m and

a canopy cover of more than 10%, or trees able

to reach these thresholds in situ”. Sweden, one of
the EU’s most heavily forested countries, however
has its own definition of the productive part of the
forest land. The definition states that “productive
forest land should produce on average at least one
m? of timber per hectare and year” (SLU 2021), or
else it is simply termed “impediment”. These so-
called impediments are usually low productive and
useless for timber production, revisit the chapter
Forest monitor’s mapping of OFCFs as a tool for
nature conservation for more info.

The weakness in these definitions is that they only
consider tree growth and production potential in a
defined area. They leave out other valuable aspects
of forests such as forest biodiversity and the con-
tinuity of habitats. Hence, to answer our question
about whether the EU is a forest-rich region, we
need to broaden these definitions, to encompass all
organisms that can be found in a specific biome.
Natura 2000 is a network of protected nature,
spanning across Europe. Its main goal is to sustain
the long-term survival of Europe’s most valuable
and threatened species and their habitats (European
Commission 2021b). All EU-states are therefore
instructed to identify and delimit representative
areas to fulfill this goal. To define specific habitats
that make up the network, the European Commis-
sion has set up a list of 91 different habitat types,
each with its own definition. These definitions
include typical habitat characteristics and typical
species. Let us call it a measure of “naturalness”.

Here is an example to clarify: habitat type number
6120, Xeric sand calcareous grasslands. For the
novice this would probably look like a dry mead-
ow, a patch of dry grassland. But it isn’t that easy.
The habitat description for this specific grassland
type says that there should be a dry and somewhat
disturbed soil layer with a semi-open vegetation
cover and patches of calcareous, more or less
humus-free, nutrient-poor and well-drained, sandy
soils. And on it goes. For this grassland to fulfill
the definition it also needs some of the 23 different
typical species, whereof four are beetles. So, this
“dry meadow” is actually much more complicat-



ed than first anticipated. And remember, this was
the easy one. Now, what If we chose something a
little bit more difficult, like number 9010, Western
taiga? For this habitat type there is a list of 134
typical species and the habitat description covers a
whole page.

One may argue that this is overambitious but then
bear in mind that the species list for Western taiga,
still only encompasses a tiny fraction of the total
number of species found in this ecosystem, the
taiga. To qualify as a habitat type in the Habitats
Directive is, as you can see, not easy. This kind

of definitions also stands in stark contrast to the
above-mentioned, the FAOs and the Swedish
definitions of forest, that mostly aim to quantify
production potential and tree biomass etc.

The condition of forests in the EU

By using the more comprehensive definitions, like
the Habitats Directive’s, one can draw conclusions
about the current health of forests valuable not
only for European forestry companies, but also

for the preservation of biodiversity. The European
Environment Agency (2020) has used such data

to evaluate the conservation status of habitat types
listed in the Habitats Directive. Figure 28 A shows
the conservation status of the EU’s forest habitats
in 2015, ten years ago. Forest habitats with favor-
able conservation status could then only be found
in a few places within the EU. Sadly, in most parts
of the EU, forest habitats were in unfavorable con-
dition, based on this data. The notion that the EU is
a region largely covered in lush forests is therefore
open to debate.

If we leave out the condition of forest habitats,
then what about the actual forest cover — was there
more forest in the past? From the data on historical
forest cover modelled by Kaplan et al. (2009) we
can get an idea. The comparison made in this study
between bronze age forest conditions, 1000 BC,
and 2,850 years later, in the mid-1900 century, is
astonishing, see Figure 28 B & C. Although much
of the EU’s forests were already affected by human
settlement and forest clearing in 1000 BC, what-
ever happened over the 3,000 years that followed
had a profound impact on forests. The forest cover
in the 1850s (B) is a mere fraction of the original,
bronze age forest cover (C). If we add the infor-
mation about the present conservation status of the

97

EU’s forest habitats (Figure 28 A), one can see that
not only do extraordinarily little forest area remain.

2015
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Figure 28.



The islands of remaining forest habitats are in ex-
tremely poor condition. A recent study by Sabatini
et al. (2018) showed that untouched primary forests
only constitute about 0.7% of Europe’s remaining
forest cover and out of these remnant patches only
46% are strictly protected against exploitation.

The fact that only remnants of the EU’s forests are
left may not come as a big surprise to people living
in most parts of the EU, where population density
is high, and little forest remains. But what about
places where most of the forest cover persists, but
with poor conservation status, like Sweden and
Finland? You may wonder what happened there,
and why is a large portion of the foothill-forest of
Scandinavia still in comparably good condition?
Read about this in the next chapter.

Next page: Continental Europe’s forests are
often fragmented and only a few primary for-
ests remain in the lowlands. The picture shows
a fragment of old-growth forest that remains in
the mountains of Austria.

Photo: Viktor Séfve
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The Scandinavian Mountains Green Belt
- forests in hard-to-reach places, outlook

Near the Scandes, the mountain range running
north-south in Scandinavia, there is a more than
800 km long belt of montane (or subalpine) forest,
relatively untouched by forestry. It is an area with
concentrations of primary and old-growth forests.
This landscape is a very valuable natural heritage
and could be called the Amazon of Scandinavia.
Scientists delineated the Scandinavian Mountains
Green Belt as the largest intact forest landscape
within the European Union (SLU 2020).

It is largely situated within the borders of Sweden,
and is a unique natural heritage from a European

as well as international perspective. About half of
these intact mountain forests still lack strict protec-
tion, and some wood from forestry within the Green
Belt still potentially ends up in the supply chains of
certified forest companies.
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In May 2024 the Swedish Radio reported that

over 6,000 hectares, of the internationally valu-
able natural forests in the Scandinavian Mountains
Green Belt has been cut down in just four years (SR
2024). SCA 1is one of the two biggest loggers in the
area according to the report.

In the 19th and early 20th centuries, timber was
floated down the rivers to Sweden’s east coast, and
the western mountainous areas were difficult to

log and to extract timber from. Even today, they

are less accessible, which is why this forest belt

has remained. 58,7 % of the montane forest (both
productive and low-productive) is formally protect-
ed today. According to the Forestry Act, logging of
high conservation value montane forests is not per-
mitted. Despite this, in 2021 approximately 30 per
cent of the applications for logging in this area were
permitted. In order to protect biodiversity and main-
tain ecological processes, this north-south corridor,
where species will be able to migrate to escape a
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Figure 29. These maps show the extension of the Scandinavian Mountains Green Belt based on a concentration
analysis. There is, however, a quite big difference in the size of the delimited area depending on how much of the
high conservation value forest we include in the analysis. In A the concentration analysis is made purely on the
presence of protected forests, forests in national parks, nature reserves and other protected areas. In B, on the other
hand, all the old forests with high conservation values, independent of protection status, are included in the analysis.
This shows clearly that the loss of yet unprotected high conservation value forests could lead to a disaster for large-
scale forest connectivity in western Scandinavia and eastern Finland.

warmer climate, must be preserved. Scientists state
that: “the Scandinavian Mountains Green Belt is

a key entity supporting ecological legacies, boreal
biodiversity and ecosystem services, resilience and
adaptive capacity, which needs to be safeguarded
for the future.”.

The SEPA has mapped over 500,000 hectares of
productive forest land with very high conservation
values within or in close proximity to the border of
subalpine forest. A government investigation (SOU

2020) suggests that: “...approximately 500,000-
525,000 hectares of productive forest land, in the
large contiguous natural forests within and in close
proximity to the border of subalpine forest,...,
long-term preservation must be ensured”. This is
motivated by, among other things the need: “...to
preserve biological diversity at the highest level,
ecosystem diversity”. Today, however, there are no
government decisions for the protection of all this
internationally valuable forest, nor are there any
sufficient funds to back up this statement.










ANALYSIS OF THE “OLD FOREST" TRENDS AND
UNDERLYING OFFICIAL STATISTICS

The trend for old forest in Sweden and
regulations, laws and environmental
targets

Old-growth forests and continuity forests (often
overlapping) are species-rich habitats with a very
long ecological delivery time. These habitats once
dominated the forest landscape of Europe and the
Nordics. But today fragmented islands remain,
here and there in the Swedish landscape, below the
Scandinavian Mountain Green belt. This is one of
the main reasons why many species linked to dead
wood, continuity of trees or linked to old trees and
other ecological qualities, have been put on the
national red list. Either they have ended up on the
red list because they were more common, but their
habitat is noticeably decreasing, or because they are
rare and therefore extra vulnerable.

Old-growth forests and other older forests with
conservation values are valuable both for biodiver-
sity, as carbon stocks and sinks, and for preserving
functional forest ecosystems, because they have the
highest levels of most ecosystem services (Jonsson
et al 2020). Therefore, there are both national tar-
gets and international environmental targets, reg-
ulations and directives, which have been specially
instituted and committed, in order to preserve these
precious habitats.

In the EU Biodiversity Strategy there is a commit-
ment to strictly protect all remaining primary and
old-growth forests in the EU.

“Old forest” and “old-growth forest”

Old forest is one of the Swedish national environ-
mental target indicators for the environmental target
Living Forests [Levande skogar].

The Swedish Parliament has decided on 16 environ-
mental quality targets. For the environmental target

Living Forests, the SFA has the overall responsibil-

ity. During the 20th century, the area of old forest

was greatly reduced. Old forest is therefore consid-
ered an important indicator. The definition of “old
forest” is that such forests should have an average
stand age that is over 140 years in northern Sweden,
and over 120 years in southern Sweden.

Hereafter, the concept of average stand age appears
in the report. By this we mean basal area-weighted
average stand age, but abbreviate it average stand
age.

To measure the trend for “old forest”, data from
the plot survey from the National Forest Inventory
database is used.

In the last 3 decades, the National Forest Inventory
has shown an increased area of old forest in Swe-
den. This at the same time as the clear-cutting of old
forest and continuity forests remains high.

In this chapter we will explain why this statistical
increase is a so-called statistical mirage, which does
not reflect the trend for habitat and species linked
to old-growth-, continuity-, nor Western taiga forest
well, but is unsuitable as a decisive follow-up meth-
od and indicator. We will explain why we see this
statistical apparent increase. The question is how
can we get less “real” old forest with long continu-
ity for each logging, while the statistics appears to
show the opposite?

Summary of the analysis.

The main reasons why we see a statistical increase
in forest within the statistical definition “old forest”
are that:

1. Already older forest stands and natural forests
with long continuity, so called continuity forests,
and forests with old-growth characteristics, get
an increased stand age and grow into the defini-
tion of “old forest”, and this at a faster rate than
the clear-cutting of statistically old forest takes



place. This applies to both forests outside the
nature conservation areas, and forests that lack
formal protection, but are voluntarily set-asides
by different forest owners. The area of older for-
est with conservation values and long continuity
will continue to decrease with each logging.
However, this will only be seen in the statistics
following the “old forest” trend, when the paral-
lel trends meet.

2. There is a net loss of naturally dynamic for-
ests, continuity forests and natural forest-like
older forests (old-growth), which have an aver-
age stand age below the definition, which is then
not seen as a loss of statistical “old forest”. For
example, loggings and loss of continuity forests
and old-growth forests with a stand age of less
than 140 years in northern Sweden, will not be
detected as a loss of statistical “old forest”.

Even if the statistical mirage concerning statistical
definition of “old forest” shows increased stand age,
at the same time statistics from NFI show that the
average age of the entire managed productive forest
area continues to decrease.

Why, then, did we see a sharp reduction in forest
with a stand age of more than 140 years through-
out the 20th century, until the mid-1990s, when we

reached an all-time low?

Our hypothesis is simple:

Especially after 1950, clear-cutting is behind the
reduction of statistical “old forest”. But both selec-
tive logging and clear-cutting before 1950, also had
a large effect.

Before clear-cutting took off, reduced average stand
age on a landscape level was a result of a combi-
nation of loggings and selective fellings, often of
the oldest large-diameter trees in old-growth forest
in the 19th century, and at the beginning of the

20th century. This resulted both in a reduced aver-
age stand age in the old-growth forests, and in an
ingrowth of younger trees in the gaps, which had an
effect on the stand age for a long time to come, see
Figure 30 for a historical reminder.

The statistical increase, based on sample plots from
NFI, that has taken place since the mid-1990s is
due to, in addition to the above explanations: The
average age has increased in the remaining older
forests and continuity forests, due to the fact that a
long time has passed since the last disturbance in
the form of wild fire or anthropogenic disturbanc-
es such as clear-cutting or selective logging. This
resulted in increased stand age, in forests that have
not been affected by intensive management.

Figure 30. Pine regeneration in selectively felled old-growth forest, on a southern slope, Vasterbotten, De-
gerfors. The picture was taken in 1914. The young trees in the gaps will later in the 20th century affect the
average age of this forest stand. Source: SLU’s media archive.



@ Previously clear cut forests
@ Forests that have never been clear cut, or continuity forests
@ Forests with an average age >140 years

Figure 31. A schematic map series that visualizes the problem with using an average age as a criteria for
measuring the area of “old forest” over time. The area of forest with an average stand age >140 years shows
a steady increase from 1994 to 2024 while at the same time the area of forest that has never been clear cut
before, sensu lato continuity forest, shrinks. Despite the fact that accumulation of structures that are crucial
for the occurrence of late successional species increases over time, there is no scientific proof that such
species suddenly colonize when the mean age of a forest stand reaches 140 years. Clear-cutting and habitat
loss, on the other hand, is a decisive factor for their disappearance.
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Stand age alone is not a good measure of natural or
high conservation values in primary or old-growth,
or continuity forest, or other forests important for
biodiversity. And the assessment of stand age does
not include trees that are significantly older than
the dominant tree layer, so-called overstory trees or
hold-over trees [Overstandare] (the oldest trees).

A natural forest that is uneven-aged can easily have
an increased stand age by felling the younger trees
in the stand, and only saving the oldest. Conversely,
the stand age can decrease if only the oldest trees
are felled. Both of these measures are negative for
the dynamic processes, and structural diversity in
the forest and have a negative impact on nature
conservation and biodiversity.
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If instead you take a normal Swedish thinning of
all trees in an even-aged production stand or plan-
tation, of say 50 years, then nothing happens at all
to the average age. This is one of the many reasons
why average stand age should not have too much
weight as an indicator or criteria in terms of moni-
toring, mapping, definitions or protection of prima-
ry and old-growth forest, or other forests with high
conservation values. In Figure 31 on the previous
page, we visualize the effect of using a strict aver-
age age limit to determine the area of “old forest”.
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Figure 32. Two different scenarios with 100 forest fragments with equal sizes and start-ages varying be-
tween 95 to 160 years. In both scenarios, 1 fragment is harvested every year during a 100-year period. In A
the age of each fragment increases by one year every year. In B the age of each fragment is decreasing with
0.5 years every year the first 40 years and after that the age increases with one year every year as in A. In
both scenarios, the fragments are harvested a second time after 70 years to simulate rotation forestry. Note
that the average age adheres to the right axis in both graph A and B. When all the remaining forests that
have never been clear cut before reach the average age of 140 years, the area of such forests will decline

with each clear-cutting event.
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The annual clear-cutting/logging of statistical “old
forest” in Sweden varies between approximate-

ly 20,000 and 40,000 hectares during the period
1985-2020 (SLU 2023).

We can conclude that older forests, which have not
previously been clear-cut, i.e. continuity forest,
have only decreased during this period, and cannot
be recreated in a few decades.

But, as long as there is a large enough area of older
forests that can increase their average stand age and
tip over into “old forest”, and this at a higher rate
than the loss of already “old forest”, it will look
like a statistical increase. However, behind this
statistical mirage lies the fact that the biologically
old forests, with long continuity that originates
from before the great clear-cut era, will decrease
with each felling. For each felling we see a loss of
valuable habitat, a loss, that an increased stand age
within already old stands cannot compensate for.

We visualize this process in Figure 32 on the
previous page by using two different models. If we
assume that continuity forests are a finite resource,
we can use a simple model to visualize the process
under which continuity forests within a certain age
span disappear, and why forests with an average
age above a certain age threshold (140 years) can
increase during a certain period, until all remain-
ing older forests pass that specific age limit. Note,
however, that in the models no forests with an age
under 95 years reach the lower age limit within the
starting age span of 95 to 160 years. Although the
allowed forest age at final felling may vary between
45 to 100 years in Sweden, the number of sec-
ond-generation forests (forests that have once been
clear cut) that reaches 95 years before the second
final felling, is small. In the model, we make the
reasonable assumption that plantations and produc-
tion forests that have been clear-cut will be clear-
cut again in the future, and will not have time to
become old before they are cut down again.

In the second model, historical natural and anthro-
pogenic disturbances (such as selective logging)
have affected the average stand age in continuity
forests, in the way that forest above 140 years old
decreases for a while. Over time, nevertheless,
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the average age of these forests increases, so that
many of them eventually reach above the 140-year
threshold.

The Swedish National Forest Inventory writes
about this phenomenon in a fact sheet (Nilsson et.al
2013), freely translated into English:

“However, it should be clear that an indicator of
this kind (old forest) does not show the whole pic-
ture...For while the area of “old forest” according
to the environmental objective has increased, the
area of forest in the age class below the age limit
for “old forest” has decreased. The area of older
forests...has therefore not increased, but rather
decreased.”.

The forestry’s environmental policies and the
changes in environmental policy in Sweden in the
1990s are usually pointed out as the reason for the
“increase” in the statistical old forest. However,

in order to analyze the role of forestry in terms of
trends for species and habitats that are linked to old
forest, one must, as we have done in this chapter,
see these statistics in relation to the whole picture.
One must compare the condition of the forest today
with historical levels of old forest, and one must
compare today’s levels with the minimum threshold
levels that research, and environmental targets have
set.

Seen in the light of this, we have a negative trend
for ecosystems and species linked to old forest.

We have much less old forest today than before the
exploitation of the forests, and we have protected
much less forest than international environmen-

tal targets require. In addition, to understand how
forestry has affected indicators such as old forest,
dead wood and deciduous forest, different scenario
models must be set up, simulating how different
indicators would be affected by different levels of
forestry and management. If the forest industry had
not clear-cut tens of thousands of hectares of old-
growth forest and continuity forest every year since
the 1990s, the situation for old forest and dead
wood would have been much more positive than it
is today.



Stand age measured as basal area-weighted average age

To determine a stand age for the Swedish National Forest Inventories sample areas, a basal area-weighted
average age is used where the average height is at least 7 meters, otherwise as arithmetic mean age for
main trunks/saplings. Stand age in this context corresponds to “area-weighted average age”, which means
that the age of large trees is given greater weight than the age of small trees when calculating average age.
Stand age is expressed as total age of living trees in the dominant tree layer, not the actual age of the forest
in terms of continuity. The assessment does not include small undergrowth tree saplings or trees that are
significantly older than the dominant tree layer, so-called overstory trees or hold-over trees [Overstandare]
(the oldest trees). In this context, the sample area refers to an area with a radius of 20 meters from the center
of the sample area. The fact that not only the area where the tree is measured constitutes a reference area
(10 or 7 m radius) is because the age of the larger area better describes the average age of the stand. If only
the measured area were to constitute a reference area, the probability is greater that a deviating part within
the stand will be described. The stand age cannot be measured, as this would mean determining the age of
all trees in the 20-meter area, but is assessed. Age-determined sample trees are used to support the as-
sessment, and in cases where the area lacks sample trees, at least two representative trees at breast height
are age-determined (SLU 2001 & SLU 2023).
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The presentation in Figure 33 A - C, highlights
three main problems with using average stand age
limits to determine relevant thresholds for “old for-
est” and how the combination of such limits on the
one hand, and the period limitations on the other
can easily be cherry picked to advertise predeter-
mined outcomes.

Also, we want to remind the reader that the mean
age of a forest stand has limited bearing on the eco-
logical values of forests without adding information
on species occurrences, structures and continuity of
ecological elements like tree cover and dead wood.
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Remember throughout this section that it is a well-
known fact that making good progress from low
starting points is easy. Here we will show astonish-
ing examples.

The first problem is of course to find a relevant
age-threshold, the threshold when “normal” forests
turn into so-called “old forests”. If we look at Fig-
ure 33 A and 33 B one should note that half of the
formally protected forest area is below an average
stand age of 160 years, which should make anyone
who wants to use exceedingly high age-thresholds
to find ecologically relevant forests hesitate. Here,
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Figure 33. In A and B, the proportion of forest ages in formally protected areas divided into eight different
age limitations. In A, proportions above limitations and in B proportions below limitations. The filled star in
all panels denotes the age limitation relevant to the mapping of OFCFs the open star denotes a possible age
limitation relevant to the majority average age limit in protected forests. In C, the proportion of the same age
limitation as in A measured over time from 1985 through 2021. The year 1995, when Sweden joined the EU,

is highlighted in C.

110



read on page 114, about the Swedish government’s
recent proposed definition of old-growth forests as
a forest with an average stand age above 180 years.

If we move on to the next problem, which is finding
relevant thresholds for change over time, it gets
even worse. In our mapping of OFCFs, we deter-
mine forests that haven’t been logged since about
the 1950s — 1960s to have higher probabilities to
harbor natural and conservation values, and rare

or red-listed species. According to our surveys this
seems to be the case. These forests have an age

that corresponds in some sense to the average stand
age limit of forests over 80 years, as they originate
from the time before the mechanization of forestry
in the 1950s. However, we realize that forests with
an average age of about 80 years may still lack high
conservation values. Hence, if we chose to infer
ecologically relevant forests by age limits, this spe-
cific age limit may cause over-estimation of such
forests. If we want to follow the well-forgotten and
utterly under-used precautionary principle in The
Swedish Environmental Code (s 2, 3§), arguing for
lower age limitations is also better.

Increased or decreased area of older
forest and continuity forest since 1995?
Representatives of landowner rights organizations
and the Swedish forest industry often communicate
that Sweden has more “old forest” today, than in
1995, when Sweden joined the EU.

But, the truth is that older forests and continuity
forests (often multi-ages and multi-layered) with

an average stand age of over 80 years have steadily
decreased since 1995 (see Figure 33 C). However,
some older forests and continuity forests have had
an increased average stand age, which has caused
parts of the older forest over 80-120 years to “move
into” the part of the older forests and continuity
forests that have an average stand age over 120-160
years. But, at the same time, the total area of older
forest and continuity forest has decreased, both
through logging, and through movement within dif-
ferent categories of average stand age. Note that the
area of forest over 80 years has been reduced drasti-
cally since 1985 and even since 1995 when Sweden
joined the EU. When we move to forest with ages
over 120 years, we find little change since 1985,
but a slight increase since 1995.
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And here we arrive to the third problem, which

is finding a relevant starting point, or “reference
year” as we may call it. The Swedish government
is promoting the year 1995, when Sweden entered
the EU as the reference year to report the condition
of Swedish forests to the EU. This reference year
may seem relevant from a legislative perspective,
but from an ecological point of view it completely
lacks relevance.

And here is why. Neither did the forest suddenly
sprout from nowhere in 1995, nor did the disruptive
influences on forest ecosystems from forestry begin
in 1995. The Swedish boreal and hemiboreal forest
ecosystem is thousands of years old. And forestry,
even if we only include the most recent history with
the usage of the SWFM, has been around in large
scale since at least the 1950s.

Now let’s see what 1995 as a reference year has to
offer. To begin with, the proportion of forests that
fall within the category “harvestable” (Average in
Sweden is 99 years) has decreased (forests with

an average stand age over 80 years old decreased
with 13% or by 5% points, see Figure 33 C). If we
include forests with an average stand age older than
100 years, we can also see a slight decrease.

If jumping up one step, and including only forests
over 120 years old, then we find a slight increase in
such forests since 1995 (forests over 120 years old
increased with 26% or by 2% points, see Figure
33 C). If we also include preceding years back to
1985, this positive trend is erased. Also remember
that the minimum forest age of 120 years is the
lower limit for “old forest” in southern Sweden.

Trends in older forest outside formal-
ly protected areas according to 2022
boundaries.

In 1995, there were 4,354,000 hectares of OFCF
with an average age between 81-120 years and
2,109,000 hectares of OFCF with an average age
over 121 years (SLU 2025). The latest figures
from the National Forest Inventory from 2021
show the following figures: 2,942,000 hectares of
OFCF with an average age between 81-120 years
and 2,661,000 hectares with an average age over
121 years. If you combine the figures for all older
forests, you see that in 1995 there were 6,463,000



hectares of older forests and continuity forests with
a basal area-weighted average stand age of over 81
years, in 2021 the figure was 5,603,000 hectares.

This means that, despite a continuous ingrowth of
younger stands into the 81+ year category, we have
seen a decrease of 860,000 hectares, due to logging,
of forests with a basal area-weighted average stand
age over 81 years since entry into the EU in the
mid-1990s. This statistical decrease testifies to a
negative trend for species associated with habitats
with long forest continuity and older forests. This

is even though statistics from the SFI don’t say
everything.

And by now we have made our way into the minus-
cule and rare part of the forest land that reached the
average stand age 140 years, the limit that con-
stitute the lower limit for “old forest” in northern
Sweden. Here we find an astonishing increase of
about 93%. However, the percentage point differ-
ence is only about 3% since 1995. The age limit
for old forest that has now been conjured up by

the Swedish government is a staggering average
stand age of 180 years. Without having any data to
support it, our estimate is that these very old forests
have increased a little bit too, since they are almost
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non-existent. Forests with an average stand age of
over 180 years are so rare that they are not even
reported in the age classes set by the SFI.

In the end, what it might come down to is what dif-
ferent stakeholders aim to do with the result. Do we
want to estimate the occurrence of old ecologically
important forests, or do we want to keep forests
available for clear-cut forestry? According to our
results, setting a comparably low age limit gives us
the chance to evaluate forests and infer ecological
values by field inspections before logging. Contem-
porary Swedish forest policies, unfortunately, seem
to opt for high average age limitations, and ignore
the fact that it will harm the forest ecosystem.

The proactive management strategy we propose
may seem very tedious. But with proper guidance
from authorities, where the forest manager must
make field visits before logging to confirm that

no high natural values will be spoiled, there is no
need for immediate large-scale survey campaigns.
It becomes a task done piece by piece. If we, as the
Swedish government suggest, use very high age
limits, we are putting large areas of high conserva-
tion forests in peril.

2050 2060 2070 2080 2090

Time

Figure 34. The change since 2010 in the area of productive forest land that has not been clear-cut after the
1950s, including continuity forests and the modelled future development of such forests if forestry continues
in the same way as today. Based on figure 2.30. from the report SKA15, Swedish Forest Agency 2015.
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Discussion on Swedish implementation
and lobbying to weaken or stop protec-
tion of old-growth forest at both EU and
national level.

According to assessments, Sweden has the EU’s
largest area of continuity forests, but also unprotect-
ed primary and old-growth forests.

In December 2023 the two governmental author-
ities, the SFA) and the SEPA issued a report in
which they estimate the area of primary and old-
growth forests [Urskog och naturskog] in Sweden.

It clearly shows that Sweden:
A) Holds, and has great responsibility, for a large
part of the EU’s natural heritage of primary and
old-growth forests.
B) Are far from protecting this internationally
important natural heritage.

In the report they write, among other things:

“The authorities’ assessment is that the area of old-
growth forest [naturskog]...that lies outside strictly
protected areas amounts to between 2.2 and 2.8
million hectares of forest land. Of that area, 1.5-1.8
million hectares are estimated to be on productive
forest land.”.

We at Forest Monitor, Protect the Forest, believe
that the authorities’ assessments are quite reason-
able regarding parts of the country, while we be-
lieve that there may be underestimates of the area of
old-growth in, for example, southern Sweden. This
is because they do not have the same data material
for southern Sweden as for the northern parts of the
country.

The forest industries are certainly trying to influ-
ence the Swedish government and relevant authori-
ties to reevaluate their assessments and the govern-
ment has shown clear tendencies to try to control
the interpretation of the terms primary forest and
old-growth forest in an industry-loyal manner, with
intention to minimizing the mapped area, identified
and protected as primary and old-growth. This is to
maximize the area that can be used by the forestry
industry.

Appropriation directions from the Swedish govern-
ment has been sent to the SFA (Regeringen 2023).
The task itself was unfortunately contradictory and
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contains the totally unscientific criteria that prima-
ry- and old-growth forest is to be defined by: “very
high stand age (mainly 180 years or older)”.

This is a typical example of political manipulation.
The government request the SFA to reformulate the
criteria for primary forests and old-growth forest
based on a single parameter such as an exceeding-
ly high average stand age. Here, instead of letting
experts and researchers make assessments and come
up with fact-based criteria, the government tries to
bypass the very framework of the EU-assignment,
by adding made-up criteria based on bad guessing
and misinterpretation, which will likely lead to a
reduction of the area originally classified as primary
and old-growth in the aforementioned SEPA-report.
Unfortunately, this government assignment was
carried out more or less without the protests that
could be expected from the authorities’ experts. The
Swedish authorities, the SFA (which was primarily
responsible) and the SEPA, which participated in
the process, have now presented a report in which,
in accordance with the directives from the govern-
ment, they propose unscientific and unrealistic cri-
teria for the definition of old forest, which, among
other things, contain a main criteria for northern
Sweden with an avarage stand age of 180 years
(SFA 2024).

Old-growth forests are generally unevenly aged
and contain everything from newly sprouted small
trees to really old trees. Some of the EU’s most un-
touched spruce forests have an (basal area-weight-
ed average stand age) stand age of well under

180 years. This means that even the crown jewels
among primary- and old-growth forests would not
be defined as old forest if stand age among trees is
considered a decisive factor.

A very high stand age (180 years or older) is a
highly unreasonable, contradictory and unscien-
tific criterion. There seems to have been an un-
fortunate mix-up between the EU Commission’s
proposed definition (European commission 2023)
that highlights “the presence of old trees”, with
basal area-weighted average stand age. Also note
that the government added the word “high” before
occurrence, which is not in the EU document. The
stand age cannot be used to measure the presence
of uneven-aged, naturally regenerated old-growth
forest with long continuity, so-called continuity



forests (often these overlap with the concept of old-
growth natural forest/old-growth forest/primeval
forest). This is forests that have never been clear-
cut, or old-growth forests (for example in southern
Sweden) where historical logging was carried out
so far back that the forests have acquired natural
forest-like structures and can still be classified as
“old-growth”. Continuity forest usually has an sig-
nificantly longer continuity and stand history than,
for example, 180 years, but at the same time a av-
erage stand age that is significantly lower than 180
years. For example, an older study of one of Swe-
den’s finest primeval spruce forests with old-growth
character, revealed that it had a stand age well
under 180 years (Lofgren 2024). This is because in
old-growth forests we often find a variety of young
trees and tree ages that extend all the way up to
very old trees, to dead trees. There may also have
been natural disturbances (or historically extensive
land use whose traces have gradually disappeared)
affecting the average stand age.

A continuity forest or old-growth forest may have
an average age of the trees in a stand under 120
years, but even so there may be a tree and dead-
wood continuity of hundreds or thousands of years
and trees over 200 years old in the stand. Good
examples of this can be found in internationally
and from an EU perspective unique sub-alpine (and
adjacent) primary and old-growth forests. That is,
the forest has an “age” of more than 180 years, but
a average stand age within delimited stands of less
than 180 years.

Stand age is a central concept used in rotation-for-
estry management. The SNFI also measure tree
ages at breast height and not the total age of trees.
Average age of trees in stands cannot, however,

be used as criteria for old-growth forests, to as-
sess whether they are worth protecting — it is more
relevant in rotation, clear-cut based forest manage-
ment. This is a generally recognized position that
even advocates of clear-cut forest management, and
outspoken nature conservation critics agree with. A
known forester and SLU-researcher wrote this on
the social media platform X in 2023, regarding this
issue: “Average stand age is a central concept in
rotation forestry. It completely lacks relevance...for
unmanaged forests...”.

According to the National Forest Inventory’s data

on age distribution, approx. 0.72 million hectares,
or 3% of the productive forest land, outside for-
mally protected areas, consists of forest over 161
years old in stand age. The proportion of productive
forest land with a stand age over 180 years is of
course even lower. Now compare those figures with
the lower figure in the range of 1.5 - 1.8 million
hectares (of old-Growth forest), the earlier estimate
made by the authorities. Here a big mistake has
obviously been made by the government. Basal ar-
ea-weighted average age, the continuity of a forest,
and the oldest age of individual trees in a stand are
completely different things. This must be noted!

The forest industry is trying to influence the Swed-
ish government and relevant authorities to reeval-
uate their assessments of the area of primary and
old-growth forest. The government has shown clear
tendencies to try to control the interpretation of the
concepts and criteria, with the intention of mini-
mizing the mapped area identified as primary- and
old-growth forest. This, partly to influence which
forests are affected by the Renewable Directive I1I,
REDIII, and other laws and targets, and partly to
minimize the area that must be given strict protec-
tion. This to maximize the area that can be used by
the forest industry.

Unfortunately, the problems associated with using
average age of stands as a criteria or environmen-
tal target indicator, do not stop there. Sweden’s
reporting to the EU regarding the trends for nature
type-classified forest habitats is also affected. One
of the decisive criteria for different habitat types
is again the stand age. There is a template for this,
where the stand age varies depending on local
production potential, habitat type, region and tree
height (Gardfjell & Hagner 2019). But, unfortu-
nately, the result will be the same. When using the
SNFI:s stand age data from sample plots to measure
trends for species and habitats, it gets it wrong.

In the draft report from the SLU (2022), the authors
concludes that:

“NF1I% stand-age criterion varies with local timber
production potential, but it is always 20 or 40 years
higher than the lowest recommended age of clear
cutting in forestry. It therefore become strongly
decisive in the classification of plots into habitat

types”.

115



Despite the loss of old continuity forest with con-
servation values, an area that decreases with each
felling, changes in the stand age in sample plots
make it look like the trend is stable or even positive.

That forests with hundreds or thousands of years of
continuity and old trees could increase with each
clear-cut would defy the laws of physics. Neverthe-
less, statistics from the SNFI show that the area of
old forest continues to increase from an all-time low
in the 1990s. In part, the statistical increase is due
to a conceptual confusion. Partly it depends on what
we define as a statistical mirage.
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To put it simply:

It is a much greater loss for biodiversity associated
with natural forests with long continuity and long
ecological delivery time, to fell a continuity forest
with an average stand age below 140 years, than the
“conservation gain” of an already old forest grow-
ing over the threshold value criteria from 139 to
140 years (northern Sweden), and thus being statis-
tically classified as an “old forest”.
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LAND USE AND FOREST HISTORY

An overview

This is a description of Europe’s, and particularly
Sweden’s interesting and diverse forest and land use
history. Here, among many other things, we want to
explain why Sweden, and especially north-western
Sweden, holds such a large part of the EU’s remain-
ing natural forest legacy.

Sweden is an oblong country, stretching 1,572 kilo-
meters from Smygehuk in the south to Treriksroset
in the north, from mountains in the west to coastal
lands in the east, from beech forests in southern
Sweden, to mountain birch and conifers forest
along the mountain range in the west. This means
that the forest types and tree species composition,
land use history and the ecology of forests differ
greatly, depending on the region of the country. To
speak about Sweden’s forest and land use history in
general terms is therefore risky and it usually leads
to large misunderstandings (Emanuelsson 1997).

Forest and land use history in Europe is hugely
diversified, both in terms of the degree of impact,
type of land-use, and the timescale used. Defor-
estation, and transformation of natural forest into
agricultural land, and large-scale exploitation of the
forest ecosystems happened many centuries or mil-
lennia ago in large parts of the continental EU. In
northwestern Sweden, Finnish Lapland, and some
remote mountain regions in Europe, on the other
hand, the exploitation of forests has a more recent
history. In any case, this is true in terms of industri-
al and large-scale forest use.

The forest area among EU member states is un-
evenly distributed, and it is mainly in the north and
north-east of the EU that forests really dominate
the landscapes. The degree of urbanization, popu-
lation density, the colonization patterns, the type of
ownership, and climatic and ground or soil con-
ditions, as well as accessibility are all factors that
have played an important part in how the forest has
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developed in the northern parts of the EU (Emanu-
elsson 1997).

This is also one of the reasons why Sweden is
considered to have the EU’s largest remaining area
of naturally regenerated forests, forests that has so
far escaped clear-cutting. We call them continuity
forests, and they are important parts of the EU’s
remaining natural dynamic forests, like primary and
old-growth forest.

In the coming chapters, we will bring you back to
the very beginning of Sweden’s forests.

Early post-glacial forest history

With only about 10,000 years since the last large
ice sheets disappeared from northern Sweden, the
country’s forest history is relatively short. Never-
theless, the forest-dwelling species and the forest
ecosystems, which have developed through evo-
lution, have taken eons to form. As an example,
various forms of spruce (Picea) have existed for
millions of years (Lockwood et al 2013).

During the coldest period of the last ice age, rough-
ly 20,000 years ago, however, Norway spruce was
pushed back to the central East European plain. It

is an area that today roughly corresponds to Euro-
pean Russia, Ukraine and Belarus. In Belarus there
have been discoveries of macrofossils like pieces of
wood, and cones from spruce a little bit over 22,000
years old (Lindbladh 2021).

There are exciting research findings about pockets
of trees that grew in northern Europe even during
the ice age. Studies have found that trees probably
survived in small ice-free refugia, that existed on
early ice-free mountain peaks (nunataks) at differ-
ent locations in the Scandes during the Late Glacial
(Kullman 2008). Forest history, in Sweden, begins
at the end of the last ice age about 10,000 years ago.



The ice retreated gradually, so that Skane was ice-
free around 12,000 BC, Central Sweden around
8,000 BC and Norrland around 7,000 — 6,000 BC.
The first period after the ice melted was charac-
terized by tundra vegetation (Olsson & Pettersson
1993). Gradually the trees and many other for-
est-living species colonized. Birch was the very first
tree species, followed by pine, aspen, and rowan
(SLU 2024). Some norway spruce grow in small
ice-free refugia (Kullman 2008). The first colo-
nizing humans, that probably followed the slowly
retracting ice sheet, lived in small hunter-gatherer
societies.

Between 8,000 — 5,000 BC the tree species oak,
ash, elm, linden and maple came to Sweden (SLU
2024 & SkogsSverige 2025). The climate became
warmer and between 6,000 — 3,000 BC, broadleaf
trees thrived much farther up north in the country
than today. But as the climate again cooled, spruce
expanded into many new areas. A large front of
spruce probably also came into Sweden from the
northeast 3,000 — 4,000 years ago (Lindbladh
2021). Around 2,500 BC, the tree species beech and
hornbeam migrated in from the south (SLU 2024 &
SkogsSverige 2025).

With the trees came associated species of bryo-
phytes, insects and fungi, and many of them co-
evolved with the tree species. Some specialized in a
specific tree species, or a specific type of deadwood,
others were generalists. The native species of our
forest ecosystems are adapted to natural dynamics
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and disturbance regimes, and they have evolved in,
and are associated with self-regulating and organiz-
ing forest ecosystems.

The way the forest industry of today is managing
our forests, with industrial tree stands, plantations
and managed forest landscapes is completely out
of step with the life history of many forest species.
Some species seem to cope with the enormous
landscape transformation caused by modern forest-
ry. Sadly, many don’t. Hence their populations are
declining and becoming increasingly isolated and
threatened by local and national extinction.

It seems to be a strong correlation between species
diversity and the time since colonization and the
geographical spread of individual tree species. Tree
species that colonized early after the ice age and
now have large geographical distributions seems

to harbor large numbers of associated species. An
example of this is the Norway spruce. The SSIC
estimates that 1,100 species are associated with this
very common conifer (Sundberg et al 2019).

Sweden only has about 40 native tree species which
according to the SSIC form the backbone of the
country’s biodiversity. Further they say that Nor-
way spruce stands out as an important host plant. It
has the highest number of associated species (SSIC
2019). According to the same source of informa-
tion, Scots pine comes second with an impressive
920 associated species and the common oak with
880 species.



Present vegetation patterns of deciduous broadleaf tree species such as beech

Today, Sweden can roughly be divided into four and oak. It forms the northern extension of the large
vegetation zones: the nemoral, the boreonemoral, central European broadleaf forest that once existed.
the boreal zones and the alpine zone (Figure 35). The northern limitation of the nemoral vegetation
The nemoral zone covers the southwest coast, the zone roughly coincides with the assumed natural
county Skéne, and parts of Blekinge and Oland southern border of the Norway spruce (Figure 35).
counties. It largely corresponds to the continental However, Norway spruce has since long been plant-
biogeographic region. This part of Sweden is also ed much farther south than this natural limitation.

the most affected by historical deforestation. The
remaining natural forests in this area mainly consist In the boreonemoral zone Norway spruce and Scots

Alpine
. Northern boreal
{ Middle boreal

Southern boreal

P
.
e=®
-

Boreonemoral

Nemoral

Mountain birch
=== Arctic circle

------- Limes norrlandicus

Southern limit of Picea abies

Figure 35. \egetation zones according to Gustafsson & Ahlén 1996 with addition of a rough delimitation of
the distribution of mountain birch in Sweden from Hogbom 1906. The southern limit of Picea abies in Swe-
den from Caudullo et al. 2017.
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pine dominate. It is usually seen as the southern-
most expanse of coniferous forests in Sweden. Even
here, however, broad-leaf trees cover larger patches.
These outcrops with broad-leafed forests usually
coincides with calcareous or clayey soils.

The Norwegian and Swedish boreal zone, often
divided into three zones (Figure 35), forms the
west-most Scandinavian branch of the great tai-

ga belt that circles the earth from eastern Canada
through Russia and into Scandinavia. These forests
are dominated by various species of conifers. In
Scandinavian boreal forests there is also a rich ele-
ment of birch, aspen, willow, alder and rowan. All
with their unique diversity of associated species.
An exception to the conifer dominated forest of the
Swedish taiga is the large areas of mountain birch
forest along the Scandes range (Figure 35). Decid-
uous trees may also completely dominate for some
time in the early succession after severe fires or
storms. There are also wet forest types where alder
and birch dominate or are an important component
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in the tree species mix.

The forests of boreal Sweden, that expanded into
the area after the last ice age, has formed a com-
plex, species-rich, structurally and naturally dy-
namic, self-regulating ecosystem. Over millennia,
the forest has been shaped by natural disturbance
regimes such as fire, flooding, storm cuts, grazing
and the early low-intensive, pre-industrial anthro-
pogenic utilization of the forests. In these forests,
small- and medium scale disturbance regimes with
gap dynamics and cohort dynamics dominated.
Stand replacing fires and storms was however more
rare (Kuuluvainen & Aakala 2011).

The border between the boreal zones in the north
and the boreonemoral zone in the south is called
Limes norrlandicus or the Biological northern
border [Biologiska Norrlandsgrénsen] (Figure 35).
This border is characterized by the slowly decreas-
ing incidence of species like oak.



The forest ecosystem before industrial
logging and modern forest management
What did Swedish forests look like before they
were affected by intensive industrial forestry? Even
if the tree species colonized Sweden only some
thousand years ago, they are, as previously men-
tioned, adapted to the natural conditions present
much further back in time. For example, Europe’s
deciduous forests used to be home to a variety

of large herbivores, such as the European bison,
aurochs (Bos primigenius) and wild horses, which
affected the forest through their browsing and
grazing. The boreal forest was also strongly marked
and affected by fire in the past. Much more so than
today (Niklasson & Granstrom 2000).

During the Mesolithic period, people who lived in

a hunter-gatherer culture mainly affected the for-
est indirectly by reducing the populations of large
herbivores. They probably also used fire, for exam-
ple, to improve game grazing. Later on, some of the
megafauna became extinct or greatly reduced, such
as the European forest bison, also known as the
wisent. This, while other species such as the au-
rochs (considered to be the wild ancestor of modern
domestic cattle), probably disappeared as a result of

a combination of hunting and domestication (Upa-
dhyay et al. 2017). Further on, when man began to
keep domesticated cattle, the domesticated animals,
to some extent, took over grazing in the Swedish-
forest.

In southern Sweden, about 6,000 years ago, humans
started growing emmer wheat on small fields that
were cleared in the forest (Lundstrém 2018). When
agriculture spread out, the land in southern Sweden
was organized into holdings and open fields, proba-
bly already several thousand years ago. The domes-
ticated animals grazed in the open fields and forests.
The villages were located on the enclosures, which
were fenced to keep the animals out. On the hold-
ings there were also fields and hay meadows, where
people grew winter fodder for the animals (Olsson
& Pettersson 1993). The domesticated animals vo-
raciously ate saplings of linden, forest elm, ash and
maple, and therefore these fields became largely
devoid of old individuals of these tree species. They
were instead found in the owners’ leafy meadows,
where they were used for gathering leaves (ham-
ling) for the animals’ winter feed. It was common
for the rangelands to be burned to improve grazing.
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The dawn of forestry

During the Swedish Middle Ages, generally
considered to span between the 1050s to the early
1500s, the human use of land increased due to
population growth. However, the population de-
velopment and pressure on forests during the Mid-
dle Ages was not linear, but affected regionally,
for example by the Black Death. Areas that were
deforested before the Black Death, for example in
Bohuslan, were reforested due to the Black Death,
which drastically reduced the preasure on forest
resources (Vilov & Kewenter 1995). A law against
the logging of beech and oak was introduced by
the Swedish crown during the 16th century in
order to provide a long-term supply of wood for
shipbuilding. The legislation and regulations for
oak and beech were changed in the 18th and 19th
centuries, opening up for felling. Many old oaks
and beeches were felled (Holmberg 2005).

How did forestry then develop? In a region called
Bergslagen, forests had been utilized for charcoal
production for centuries. During the 16th-18th
centuries, metal and tar were large export prod-
ucts in Sweden. By using charcoal in the smelting
plants, metal could be extracted from the mined
ore. However, it is a myth that Bergslagen would
have been almost entirely deforested during this
period. The reasoning is absurd since the mines
and industry needed a steady supply of charcoal
and other products and materials from the forest
during an extensive period of time. Studies from
parts of this region, which are based on document-
ed data on forest conditions, show that the forest
landscapes in this region were by no means with-
out forest resources during the period (Backstrom
& Ostlund 2013).

The myth of total deforestation in Bergslagen
probably spread at the time because of the com-
petition for easily accessible forests. And hence
historians today have found “evidence” in old
historical records of overlogging and local defor-
estation. In the 19th century, demand also arose for
sawn wood products from Europe, and later also
for paper. In order to reach the vast forests further
up in Norrland, rivers were modified for timber
floating. The dawn of the 19th century timber fron-
tier can be seen in Figure 36.

The expansion of the industries along the coast in

northern Sweden, and the corporatization of large
arcas of forest land in northern Sweden, has left
clear marks on the forest’s ownership structure. In
Norrland, a larger share of the forest is owned by
companies than by private individuals compared
to southern Sweden. Since northern Norrland was
much more sparsely populated than southern Swe-
den, the forests there were relatively unaffected by
man and there were large areas of natural forest
left. The history of land use and the development
of the forest in northern Sweden, and especially in
northwestern Sweden, will be discussed in more
detail later in this chapter.




Previous pages: Primary old-growth sub-alpine
spruce forest in 1912, Jamtland. Photo: L. Larsson

——~ Entrances (major rivers)
— Primary direction

* — Secondary direction
 — Approximate time isoline
' National Parks

' Nature reserves

Figure 36. Map of central-northern Sweden. The map depicts the timing and direction of the timber fron-
tier during the 19th century. The map also shows the location and extension of national parks and nature
reserves as of July 2024. Adaption of figure in Ostlund & Norstedt 2021.
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“Same same, but different”
Representatives from the forest industries and
landowners’ organizations tend to argue that be-
cause humans have affected the Nordic forest eco-
systems since the ice age there is no harm in using
management methods like clear-cutting. However,
this fact is by no means a good argument against
the protection and restoration of valuable nature
and carbon rich forests important for biodiversity,
climate, ecosystem functions and/or for protection
of the cultural heritage. There is a huge difference
between, for example, small-scale, diverse and
extensive, pre-industrial forest use in northwestern
Sweden and modern mechanized forest manage-
ment with 15,000 kg harvesters and enormous
industries (see Table 12). To claim that the pre-in-

dustrial human impact on the forest is “same same,
but different” as today’s industrial exploitation,

is like saying that a toy train is equally useful for
public transport as a real train because both of
them run on rails.

It is true that in Fennoscandia a large part of the
forests have been used in different ways for sever-
al centuries. There are however typical gradients,
whereof the most obvious is that southern forests
to a much larger extent have been used and trans-
formed for agricultural purposes, including slash-
and-burn cultivation that impacted the forests for
centuries or even millennia.

Previous pages: “Same, same but different”. Mech-
anized forestry and industrial exploitation cannot

be compared to the impact and use of the forest in
ancient times. Top left, soil scarification, photo source:
Leif Oster, top right: pine plantion, photo: Viktor Séfve,
bottom left, Removing bark with hand tools, photo:
SLU’s media archive, bottom right , primeval forest
that has not been affected by forestry,

photo: Viktor Safve

Table 12. Modified version of table by Lars Ostlund professor in forest history (Ostlund 2022)

Humans and the forest in the north boreal re-
gion of Sweden before the 19th century

Humans and the forest in the north boreal re-
gion of Sweden after the 1950s

Few people per square kilometer

Large roadless forests and few roads

Low-intensity and extensive forest use; firewood, graz-
ing (burning), wood tar, pot ash, fences and charcoal in
limited areas.

Simple technique - fire and axe.

Natural tree species mix.

More people per square kilometer who also consume
much more per person.

An increasingly expanded network of forest roads.

Large-scale Industrial use and large-scale export. Highly
intensive and mechanized industrial forest exploitation;
pulp wood, timber and energy.

Advanced technology - use of heavy and large forest
machines for logging operations, soil scarification etc.,
and trucks transporting timber. — Intensive methods are
or have been used during this period such as manipu-
lation of waterways, use of herbicides and insecticides,
large-scale clear-cutting, establishment of tree planta-
tions, soil scarification, ditching etc.

Production stands were one or two tree species domi-
nates.
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Figure 37. Old-growth spruce forest photographed in 1914 in Jamtland, Eltnds and Hillersberg. The old
natural spruce forest was selectively logged in about 1900. Note that dead trees and trees with smaller
dimensions have been left. If a previously selectively logged natural forest like this is left untouched from
forestry, and allowed to self-restore, it would have very high natural values today in 2025, 125 years later.
Not because of the historical selective logging, but in spite of it. Photo source: SLU, Forest Library’s image
archive.
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From old-growth forests and natural
forest landscapes to tree plantations
and industrial forest use in Boreal
Sweden

Again, it is important to point out, and repeat

that the boreal part of the EU, and what is called
northern Sweden (Norrland), has a much more
recent exploitation history, in form of industrial
large-scale forestry and industry, than, for exam-
ple, southern Sweden, or for that matter parts of
the central and southern EU. Forest use in north-
western Sweden in the pre-industrial era was much
more low-intensive which meant that old natural
forest dominated the landscape, despite anthropo-
genic presence. Of course, there were people who
used the boreal forests before the industrial era,
but these areas were very sparsely populated and
the use and influence took place with means and
simple technology such as fire and ax (see Table
12). The main pre-industrial use of the northern
forests was for firewood. The Sami have used the
forests for reindeer husbandry and multiple-use
for a long period. Other forms in which the forest
was used were as pasture for, for example, cows,
goats, horses and sheep. Linked to different forms
of grazing, the forest floors were also often burned
to benefit the grazing. There was also production
of pine tar, potash, and in some limited areas of the
north, charcoal production. Charcoal production
was not something that occurred across the entire
boreal region at this time, but a local or regional
phenomenon (Ostlund 2022).

Forestry in boreal Sweden from the
1830s to the beginning of the 20th cen-
tury - the timber front.

The large demand and consumption of timber in
central Europe resulted in more large-scale use,
and increased selective logging. The beginning of
the industrial use of large diameter timber in the
old-growth forest of the north, made its entrance
about 1830, and continued until about 1900 and

a bit into the 20th century (Ostlund & Norstedt
2021). Something that resulted in a huge expan-
sion of sawmills along the coast of Norrland. To
transport the timber from the vast inland forest
areas, the rivers were used to float the logs down
to the sawmills and related industries.

The timber front’s exploitation of the forests, via
selective felling of mainly the largest trees, was a
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crude exploitation. The trees were felled with an
axe (and later with hand saws), then dragged by
horse and then, as previously mentioned, floated
to the sawmills on the coast. At the beginning

of the progress of the timber front, the hunt was
focused on the largest and oldest pines, but then as
the larger trees became increasingly rare, inter-
est also increased in spruce and trees of smaller
dimensions. After a large part of the larger trees
were felled, the rest of the trees in the old natural
forests were left behind, at the timber front. What
remained were selectively logged but naturally
regenerated continuity forests and old-growth for-
ests, often with a large amount of dead wood, and
with a natural genetic diversity, as well as a long
continuity of ecological qualities. In addition to
many conifers being left behind, deciduous trees,
dead wood, but also entire stands of low produc-
tive forest, hard-to-access forest etc. were also left
behind. Many of these forests, which were his-
torically exploited natural forests, are the forests
in which we today find high natural values. They
are the continuity forests, the old-growth and near
natural forests that are important in contemporary
forest protection. Not because of the timber front
in the 19th century, but in spite of it.

Many of today’s old-growth forests and the conti-
nuity forests with high natural values, outside the
vast primary and old-growth forests in the Scan-
dinavian mountains green belt (and fragments in
other parts of Sweden), are forests that historically
to some degree underwent selective logging. Some
of these forests have then had 70 - 150 years and
more to regenerate some of the naturalness that
were lost, both in terms of standing wood volume,
carbon storage and valuable structures and natural
processes.

This is of course provided that they have not to

a considerable extent been affected by modern
commercial forest management. These natural
and near-natural dynamic old-growth forests are
often multi-storaged and contain tree ages rang-
ing from small and young trees up to hundreds of
years old trees. They also contain structures like
standing and laying dead wood in various stages of
decomposition. Hence these forests, regardless of
the historical selective cuttings, live up to the EU
Commission’s proposed definition of old-growth
forest, and fit the description: “signs of former



human activities may be visible, but they gradually
disappear or are too limited to significantly disturb
natural processes”.

Historically pine-dominated, and selectively
logged old-growth forests, outside the scattered
fragments of primary forest , and below the Scan-
dinavian mountain Green belt forests, however,
are often missing one important component. This
crucial feature is the presence of the oldest gen-
eration of pines. And this gap is not so surprising
considering the time it takes to recreate such an
ancient component in a forest. In the few cases
they are still standing, they today reach staggering
ages of up to 400-600 years (some even older).
However, sparsely scattered groups of old pines
may still be found, provided that historically pine
was a substantial element in the forest.

Historically, Sweden’s montane forests, the sub-
alpine forests along the Scandinavian mountain
range, were also partially exposed to selective log-
ging. Still, the selective logging made during the
timber front period did not reach everywhere and
did not hit equally in all places. In fact, the tim-
ber front never reached some of the most remote
and hard-to-reach parts. Furthermore, in many of
these remote parts, the cycles of selective logging
events are fewer and have left the forests more
intact. This together with the fact that the Swedish
forestry model has not yet affected this landscape
very much is the main reason why Sweden has the
EU’s largest landscapes of more or less intact, and
relatively untouched natural forests (SLU 2020).

We repeat: Forests that historically, and to a
varying degree and scale, were affected by selec-
tive logging, can at the same time be old-growth
high conservation value forests. From both an
EU perspective and from a Swedish perspective,
these forests have a comparably long continuity
of ecological qualities, and they are many times
containing “primeval forest legacies”. These for-
ests exhibit a unique biological diversity linked to
slow-regenerating habitats with a very long eco-
logical delivery time.

The final blow

A substantial part of this natural forest heritage
is now threatened by a final blow - clear-cutting
management and a modern wave of selective
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logging promoted by the new “closer to nature
forestry”. Forestry will result in both a weakening
of these ecosystems, and/or a break in continu-

ity. Moreover there is imminent risk for further
destruction of the irreplaceable primeval forest
legacies that has persisted through time despite
waves of forestry. Many valuable cultural sites and
values that are linked to the natural forests are in
peril. This will lead to the final transformation, a
trivialized forest landscape with production stands
and plantations. The organization Protect the Forest
has shown that, for example, forest companies such
as the FSC-certified SCA (Svenska Cellulosa),
systematically clear-cuts old-growth and continuity
forests with conservation values. In a case study,
they felled very old natural forest with trees as old
as 370 years!

Another threat is that the forest owner uses the
“Trojan horse”, and goes in with forest machines
and does an extensive selective or so-called alter-
native felling, and crosses the entire forest with
heavy machines, and in this way negatively affects
the structure and noticeably reduces the natural
values of the forest.

We believe that both the Swedish government

and Swedish forest managers and forest indus-

try representatives have shown both obstruction,
when it comes to preserving this unique natural
heritage, and an enormous domestic blindness,
when it comes to understanding how unique it is
within the EU, with forests with the same degree
of naturalness and ecological continuity. These
forests are both unique and extremely important to
preserve. Countries like Italy and Spain lost large
parts of their ancient forests a long time ago, with
major negative consequences for biodiversity and
vital ecosystem functions. But this is hardly a good
argument for why Sweden and the Swedish for-
estry industry should continue to cut down unique
old-growth and continuity forests in 2025. Today,
the science and knowledge about the value of
natural forests is in place, and it is pure obstruction
and madness to cut down and degrade these unique
ecosystems.



Rough pattern of the timber front

An analysis of the accumulated concentration of
sawmills along the coast of Norrland from the
1850s to the 1940s (See Figure 38 below) showed
a non-uniform timber front moving from the coast
and inland towards the alpine forest along the
Scandinavian mountain range. With the total tran-
sition from selective logging to clear-cut forestry in

1850

1900

the 1950s and the extensive logging the following
60 — 70 years, a large part the northern Swedish
forest land has once been clearcut. This estimation
of logging excluded the actual logging, since there
are no continuous and nation wide mappings of
these historical events. Nevertheless, the presence
of sawmills gives strong evidence of logging in the
surrounding landscape.

1937

Relative
exploitation
pressure
High

Low

Figur 38. A depiction of the timber front moving from the Swedish east coast towards the Scandinavian
mountain range between 1850 until 1937. The relative exploitation pressure is based on the accumulated
number of sawmills in the area. Data from Wik. H. 1950. Norra Sveriges sagverksindustri frdn mitten av 1800

till 1937. Geographica Nr 21.
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Modern forestry in Norrland 1900-2024
Sweden got a new forestry act in 1903. This law

is considered to be the first modern forestry act

in Sweden (Enander 2000). In many ways it is a
reaction to the extensive exploitation of natural
forests in the 19th century. The purpose of this pro-
duction-oriented legislation was for the industry to
plan for the future, and to ensure the regeneration
of new stands that would secure the supply of raw
material for the future industry.

At the same time, German forest management
ideas gained more and more attention in Swe-

den. These novel ideas, which were developed by
German foresters at the end of the 18th century,
were aimed to promote a more technical approach
to conducting forestry. The theory was that the
forest land should be treated as a crop field and not
a self-regulating and self-organizing natural eco-
system, i.e. the natural forest. This came in sharp
contrast to previous management practices which
aimed to remove individual trees or tree groups. In
Sweden, these new ideals slowly evolved into the
idea that the forest land could be used as an area
for tree farming.

The forest land became divided into different treat-
ment areas, with the aim to homogenize forests and
to produce the same tree species in the same age
classes separated into delimited compartments, so
called stands. Then the different stands could more
easily be managed by completely removing the
tree layer in never ending cycles, rotation forest-
ry or clear-cutting. After the removal of a stand

by using clear-cutting, some land was prepared

via controlled fires. Trees were then regenerated
via manual or natural seeding or by planting of
seedlings. Draining of forest land, so called forest
ditching became increasingly common to increase
the wood-producing area. This was also subsidized
by the Swedish State. Vast areas of wet forests
were drained during this time. Ideas about plant
selection in nurseries evolved and management
methods such as pre-commercial thinning and thin-
ning to manipulate the regenerating stands to grow
faster were parts of the modern forestry research at
the time.

During the end of the 19th century, there were
probably mainly experimental areas with clear-cut-
ting as management method in the boreal region.
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Furthermore in the first half of the 20th century,
there was clearcutting in experiments between
1910-1930, and in some smaller parts of the bo-
real region, parallel with more large-scale applied
selective felling in old natural forest. In the 1950s
clear-cutting took over, and has been completely
dominant ever since. A minor study has indicated
that clear-cutting occurred in one eastern part (near
forest industries) of the boreal region as early as
the beginning of the 20th century (Lundmark et al.
2021). While in other parts of the boreal region,

in the northwest, clear-cutting was probably intro-
duced as common practice, on a large scale as late
as in the 1950s - 1960s.

Forestry was greatly intensified after the 1950s,
with the mechanization of forestry and the use of
herbicides and insecticides. Mechanization resulted
in less need for manpower and thus fewer forest
workers, who were replaced by more and more
efficient machines. In conjunction with the large-
scale, almost complete transition from selective
logging to clearcutting and tree-farming forest-

ry. With the mechanization that transpired in the
1950s, came also the large-scale use of herbicides,
an era that lasted until the end of the 1970s, early
1980s. More than 700,000 hectares of forest land
were sprayed with agent orange (hormoslyr), to
defoliate and kill deciduous trees (Ostlund et al.
2021). This is because these were considered to
compete with the industrially valuable conifers.
The use of herbicides of course resulted in various
negative environmental effects that affected both
humans and nature. The loss of deciduous for-

est and trees and related biological diversity that
followed is still a problem in some areas after 40
years.

The new brutal methods led to major protests

and the birth of today’s modern forest protection
movement. The protests started out in forest villag-
es, among locals, forest workers, cultural workers
and environmentalists, and were initially protests
against the spraying with agent orange (hormoslyr)
and against the enormous clear-cuts, sometimes ap-
proaching 1,000 hectares in size. Later this move-
ment came to include the forests ecological values
and issues related to the environment, climate,
social and cultural considerations and biodiversity.
Researchers conclude that: “the use of herbicides
in forestry in Sweden was done on a very large
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scale in the period 1948—1984" (Ostlund et al.
2021), but mechanized large-scale forestry with
clear-cutting, and conversion of naturally regen-
erated old-growth forests and other near natural
forests, to planted stands (or seed-cultivated) con-
tinues today.

Since the Swedish forestry act of 1993, that states
equal importance for and balance between econo-
my and the environment, however, a non-scientific
based low-level nature consideration is left on the
clear-cuts. The clear-cuts are usually significantly
smaller than the largest were between 1950-1990,
before the 1993 forestry act. Nevertheless, huge
clearcuts, with sizes of up to 30-40 hectares (and
sometimes much bigger) are still today quite com-
mon in the northern Swedish forest landscape.

This is especially true on forest land managed by
the State or by other large privately owned for-
estry companies. Also when large clear-cuts are
created “edge to edge”, for several years, the result
is enormous scars in the forest landscape where
the adjacent clear-cuts of sometimes hundreds of
hectares spread out. However, the annual logging
rate of about one percent has stayed the same even
after 1993, thus it is rather questionable whether
today’s clear-cuts are smaller only due to increased
nature consideration and due to pressure from the
environmental movement and the market? Another
reason that is just as likely is simply that the pock-
ets of old forests that are logged today are often
smaller, and they remain in a much more fragment-
ed forest landscape than in the past. This in turn
would naturally lead to a decreasing size of the
clear-cuts. When the young production stands and
plantations that were established on giant clear-
cuts in the 1950s to the 1990s are later logged, it

is likely that the size of individual clear-cuts will
increase again.
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It is also important to acknowledge the fact that
clear-cutting made today in the remaining small
patches of forests with high natural and conserva-
tion values, is most probable significantly worse
than when old forests were felled in the 1950s.
This is simply because there is far fewer old
continuity forests left today than there were in the
1950s.

The naturally regenerated natural and near-natural
forests are also much more fragmented today than
for example 70 years ago. And species linked to

a continuity of wood, may it be certain qualities

of dead wood, the bark of old trees or related to
micro-climatic factors, they were surrounded by
entire landscapes with concentrations of such qual-
ities. According to the Swedish Forest Inventory’s
data from 2021 (5-year central average), about 80
percent of Sweden’s forests, outside the formally
protected areas, has an average stand age under
100 years (SFI 2024). This can only mean catastro-
phe for the species that need features that take cen-
turies to develop in forests. So, in an experiment
where we imagine that clear-cutting is conducted
in a natural-like forest landscape at various points
in time, like in 1950, 1980, and in the 2000s, one
would expect a decreasing colonization rate for
such species over time due to the continuous loss
of habitat and fragmentation. The Swedish Red
List of Threatened Species gives indirect support
for this theory.

Sadly, many of the remnants of natural forest and
old-growth forest, are surrounded by plantations
of young trees in various stages of age after clear-
cutting. This means that the continued and reckless
logging that takes place in forests with high con-
servation values, has an extremely negative effect
on the forest landscape at large.



Clear-cuts in Ljusdal municipality during the 1990s. Photo: Anders Delin 1993
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Land of the Sami ways suppressed the Sami and violated the rights

The northern boreal forest is the land of the indig- of the indigenous people and negatively affected
enous Sami people. The Sami people have lived their lands. Both through mining, massive road net-
with the land and the natural forests landscapes, works, hydroelectric plants that manipulated rivers
and used it for hunting, fishing, gathering, fire and water systems. But, not least through forestry
wood, buildings, handcrafts or for reindeer hus- and in modern times the construction of large wind
bandry, as natural grazing areas. power plants that disturb reindeer husbandry. For
an example of how the forestry road network has
Colonial Sweden has over the centuries in various expanded on mainly Sami lands, see Figure 39.

Distance to
nearest road

0-25km
25-5 >>
5-10 >>

[ 10-155

15-20>>

20-30>>
30-40>>
40 - 50 >>
>50 >>

Figure 39. The change in distance to nearest road between 1942, before the introduction of large-scale
clear cutting forestry, and today, in 2024. The area largely coincides with the Sami lands in Northern
Sweden. The 1942 map, Geografiska Férbundet i Stockholm 1942, red. Lundqvist. Norrland - Natur, be-
folkning och naringar and the 2024 map is made by doing the same analysis by using the present road
data base as in-data. Note that place names, which are presented in the 1942 map, are missing in the
2024 map.
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Cultural history and forestry

Natural forests and old-growth forests are often the
richest bearers of cultural history in boreal Sweden.
This may sound contradictory, but it is nevertheless
true (Olsson. A. & Pettersson. B. 1993, Ostlund et
al. 1997, Lundqvist et al. 2015).

It is, on the other hand, logical. This is due to, for
example, the fact that the indigenous people, the
Sami, have left traces behind since time immemori-
al, traces that are often erased by clear-cutting with
heavy machinery and during soil scarification.

This applies both to traces after traditional Sadmi
bark harvesting on old pines, trapping systems,
sacred places, traces of ancient fireplaces etc.
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When you walk in a really old forest in the Swed-
ish part of Sapmi, the land of the Sami, on forest
land that has not been subjected to mechanical soil
scarification, or run over by forestry machines,
you often find the most untouched traces of the
past and of the taiga ancestors. Cultural treasures
that must be protected.

However, modern forestry has had a strong neg-
ative impact on cultural and ancient remains in
Sweden’s forests, and not only in S&pmi. Many
cultural and ancient remains are affected in vary-
ing degrees. This despite increased ambitions in
recent decades to take into account the culture
treasures (Palmbo & Backman 2023).
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Discussion: The inverted landscape

- How did the forest landscape look like before
the history of modern industrial forestry and forest
exploitation in the boreal region of Sweden?

“The history of the boreal forest of Scandinavia
(Sweden) is characterized by very low human
population density and relatively late impact by
modern forestry. The coniferous boreal forest has
changed dramatically since the late 19th century,
which, in turn, has resulted in loss of biodiversity.

/Lars Ostlund, Professor in forest history

The fact is that today we have an inverted forest
landscape in Sweden, where what was common

in the historical natural forest landscape (and in
contemporary natural forest landscapes and tracts),
is unusual today. At the same time what was un-
usual in natural forest landscapes, has now become
common (see table 13). Today, managed young
even-aged stands, created after an anthropogenic
stand-replacing disturbance (clear-cutting), dom-
inate, while multi-layered old forests are uncom-
mon. The opposite situation applied before indus-
trial forestry took off.

It is neither far-fetched nor strange that many spe-
cies have been displaced, disadvantaged, or threat-
ened in today’s industrial forest landscape. Species
that have co-evolved, coexisted and adapted to the
conditions, dynamic processes and structural diver-
sity associated with natural forest, with negligible
human impact.

Historical data and studies based on historical
documents, records, maps and assessments, show
that there was much, much more old forest, large
and old trees, and dead wood, than in today’s
landscape. In a fact sheet from SLU from the late
1990s, Lars Ostlund, professor of forest history and
forester Anna-Lena Axelsson writes that:

“In 1914, when the first comprehensive forest as-
sessment was carried out on the Royal Domdnver-
ket (now state owned forest company Sveaskog/our
comment) forest holdings in Lycksele, 83 percent
was covered by multi-layered forest. Trees older
than 150 years were found in 85 percent of all
stands.”
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Old-growth forest, large amounts of dead wood
and old trees dominated the northern Swedish,

and mid boreal forest landscape before industrial
exploitation, and were found all over the land-
scape, not just in small fragments. Different stud-
ies show that old multi-storeyed forest dominated
the landscapes (Ostlund, Zackrisson & Axelsson
1997, Linder & Ostlund 1998, Axelsson & Ostlund
2001), comprising about 70-95% of the total forest
area in this region in the 19th century, and that the
forests contained trees that were very old, such as
pines with an age of 400 — 600 years, which had
survived many forest fires. Studies from Finnish
natural forests show similar results and indications
in forest landscapes with a low or negligible human
impact (from forestry).

The disturbance regimes and dynamics that shaped
the historical and natural forests and forest land-
scapes of northern EU were far more complex and
diverse than what previously was the narrative. The
researcher and forest ecologist Timo Kuuluvainen
describes this clearly in a review paper (Kuulu-
vainen 2009):

”In particular, the generalization that the boreal
forest is regulated by fierce stand-replacing dis-
turbances, leading to the dominance of even-aged
stand successions, has been disproved. However,
this misconception has, until now, been repeated
and used to legitimize the dominant practice of
clear-cutting as a nature-based way to manage the
forest. The practical conclusion of this review pa-
per is that the dominating forest management mod-
el in North European boreal forests, which is based
on the clear-cut harvesting of timber and growing
of even-aged stands, is in contradiction with the
variable and complex characteristics of the dis-
turbance-succession cycle observed in naturally
dynamic forests with negligible human impact.”

Forest ecology research from natural forests in
Fennoscandia has shown that there is a great vari-
ety of different dynamics, successions and process-
es, but also different disturbance regimes.

Researchers Per Angelstam and Timo Kuuluvainen
(2004) made a simplified and rough division of
these into: (1) small-scale tree mortality inducing
gap dynamics, (2) partial, low-severity stand-scale



disturbances inducing tree age-cohort dynamics,
and (3) high-severity, stand-replacing disturbances
inducing even-aged dynamics.

The forest history studies agree well with a review
paper (Kuuluvainen & Aakala 2011) on forest
dynamics and natural disturbance regimes show-
ing that around >80 percent of the Nordic natural
forest landscapes consisted of forests with complex
mosaics with medium and small-scale disturbanc-
es. So-called gap- and cohort dynamics dominated,
while only around 20 percent of the forests had
more intensive, stand-replacing disturbance re-
gimes, like intense wildfires that created even-aged
stands, with a lot of dead wood.

These studies and assessments of the historical
boreal forest condition agree well with contem-
porary studies of boreal natural forest landscapes,
and with, for example, more rough estimates and
low-resolution estimates from the mid-19th centu-
ry, such as Crown Prince Karl’s forest map (Figure
41 A & B) of the Swedish forest condition. In the
19th century, Sweden’s boreal forests contained
one of Europe’s largest forest resources of large
old trees and old forests. It is these ancient, cen-
turies-accumulated timber volumes that were the
reason why investors from the continent built large
sawmill industries along the east coast in northern
Sweden, and floated timber down to these saw-
mills.

The natural dymanic forest landscape in the north before industrialization
(Old-growth forest and multilayered unevenaged continuity forest dominate and evenaged natural
forest after stand replacing disturbance are more rare)

70-80 %

20-30 %

Natural forests with a diverse multi-age and
multi-layer structure with gap dynamics - low
intensity disturbance

(Fungi, insects, wind)

Natural forests with a diverse multi-age and
multi-layer structure with cohort dynamics -
Medium and low intensity disturbance

(Fire, wind, fungi, insects)

Natural forests in different stages after
stand-replacing disturbance regims,
resolting in alot of dead wood, and with
time dence forets with self thinning
(Intensive wild fires and hard storm cuts)

Today’s industrial forest landscape
(Production stands dominate and old natural forests are more rare)

70-80 %

20-30 %

Tree plantations and produktion stands in various stages after clear-cutting.
(Low level retention and naturalness, mostly pine, spruce and mixed conifer stands and but also some deciduous

stands.)

1
Older forest stands ; Continuity,
and near-natural 1 Old-growth &
forests 1 Primary forests

Figure 40. This graphic is based on forest history (Ostlund et al. 1997, Linder & Ostlund 1998, Axelsson
& Ostlund 2001) and forest ecology research (Kuuluvainen & Aakala 2011, Berglund & Kuuluvainen
2021) on contemporary and historical natural forest landscapes in the Nordics, as well as data from
Skogsmonitor.se and the Swedish National Forest Inventory.
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Mountain birch

. Forests to larger or smaller extent consituting large
trees, blocks and timber trees

. Forest suitable for fire wood and charcol production
Bush forest

svemees
SHOGAR

-

Figure 41. The first nation covering mapping of Swedish forests made by Crown Prince Carl in 1846.
A is a refined and joined version of the original map in B. The mapping is based on local and region-

al testimonies collected about the state of the forest and is a rough estimate. Dark green color shows
forests with “large trees, blocks and timbre trees”, and is probably to a large extent old-growth forests
and primary forests. It is highly probable that even the many of the lighter green fields at this time were
natural forests, but which due to various reasons were assessed to have a low proportion of coarse
timber trees. It can be due to everything from wild and controlled fires, storms, grazing of domestic an-
imals, storms and human use of the forest for firewood, timber, house and fence construction, man-
ufacture of potash and tar, and locally and regionally, production of charcoal and boat building etc.
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Table 13. Some major differences between natural forest and today’s industrial silviculture landscape
(Modified version of table after Bleckert & Petersson 1997).

The historical natural forest landscape

Today’s Swedish industrial landscape

Powerful spring rivers with flooded forests.

Natural relationship between pioneer and second-
ary trees, and natural dynamics.
Natural spontaneous regeneration of trees.

Big grazers affect the forest.
Continuity of biological qualities.

Large amount of dead wood, with great diversity.

Plenty of giant and old trees.

Landscapes dominated by old-growth forests and
multilayered forests.

Natural fire dynamics.
Wild fires often.

Fires in naturally dynamic forest landscapes, with
intact wetland forest types and fire barriers.

Natural tree species mix.

Old broad leaf forests on productive soil types.

Many forests without natural water impact.

Major impact on the forest waters via ditching, hy-
dropower plants and dams, forest road networks,
manipulation of streams and rivers, for historical
timber transport, leakage of heavy metals from
transport wounds, and due to lack or absence of
buffer zones, etc.

Unnatural order of succession and dynamics. For
example, spruce monocultures planted on clear-
cuts.Today planting dominates as regeneration
method.

Fewer species of natural grazing animals.
Temporary biological qualities.

Small amount of dead wood, with smaller diversi-
ty.

Giant trees are almost absent in production
stands.

Old-growth forests fragmented with a relatively
small area remaining below the Scandinavian
Mountain Green bealt. Even-aged stands, which
are often not multilayered or uneven aged.

Unnatural fire dynamics.
Suppression of wildfires.

Fires in industrial forests, where ditching of wet
forest types, the lack of deciduous forest, dense
production stands, and climate change affect the
course of the fire.

Production stands were one or two tree species
dominates.

Agricultural land without trees.

Pictures on page 149:

Although the pictures are not from 1846, but from
the first half of the 20th century, one can imag-

ine that the timber forests on Crown Prince Carl’s
map are similar to those in the pictures. Top right:
Primary forest on block-rich land, in Dalarna Coun-
ty, Hamra, Top left: Primary forest in Vasterbotten,
Bottom right: Primary forest in Norrbotten, Lapland,
Gallivare, Bottom left: Primary forests in Dalar-

na. Source: SLU, Forest Library’s media archive.
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More forests today than ever?

Forestry representatives have claimed that Sweden
was almost deforested in the 1850s (SR 2017), and
that today we “have more forest in Sweden than
ever”. However, this is a very strange and con-
tradictory historiography, which falls on its own
absurdity. Why would the sawmill industry have
flourished in the second half of the 19th century if
there was nothing to fell and saw?

Other actors, like the landowner association LRF,
go even further and claim that: “We have more old
forest in Sweden today than 100 years ago.”

Many people probably think that a forest is a
collection of trees. But, can we really say that a
managed monoculture of pine, lodge-pole pine or
spruce planted in rows is a forest? Or is a forest
something more than just raw material that can

be measured in cubic meters? Trees can be plant-
ed, but not a natural old-growth forest. The forest
industries often claim that we have doubled the
amount of forest in Sweden. The forestry indus-
try’s timeline seems to begin in the 1920s. At that
time, after many decades of intensive forestry, the
National forest inventories started to collect forest
statistics, when the standing volume of forest in the
country was lower than before due to all the felling
of large diameter trees that went into building up
the sawmill industry, and due to other types of land
use. Therefore, the industry usually claims that we
have never had as much forest as now, with the
implication that it is no problem to fell more, and
that it is the forestry industry’s merit that we have
so much “forest”.

This is probably wrong no matter how you mea-
sure it. But, even if one measures as they do in
standing volume of living trees, their claim is still
likely to be wrong (Ostlund 2013 and Linder &
Ostlund 1992).

Despite the increased volume of timber since the
1920s, we may still today have less standing vol-
ume of timber in the north of Sweden (Norrland)
than before the 1850s, and that despite the fact that
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the frequency of wild forest fires was much, much
higher historically, despite extensive forest grazing
of domesticated animals in the 19th century forest
landscapes, and despite a lot of former anthropo-
genically started fires to improve grazing in the
forest, and despite other forms of forest use etc
(see Figure 42).

However, it is important to remember that the
estimates from the 19th century are based on a
different type of data than those that come from the
National forest inventory from 1920 and onwards.
Historical data and estimates, not infrequently
measured in other ways, and in some cases, for
example, low-diameter trees were excluded.

It must be remembered that the amount of carbon
and the volume of dead and living trees is much,
much higher in an undisturbed old natural for-

est, compared to what is found in a clear-cut, in a
young, or in a middle-aged production stand. This
means that a old forest of today, with a negligible
human impact, have much higher wood and carbon
stocks than the average in the managed industrial
forest landscape.

There is a difference between the standing volume
historically and the standing volume today. Today,
the stands of trees, or the so-called forests, and
their structure, are completely different. Now a sig-
nificant part of the volume is in remaining but frag-
mented parts of old natural forests and near-natural
continuity forests that were not previously clear-
cut, (and have not been managed nor burned for a
long time), and in younger uniform dense and dark
industrial stands of trees. Back then, in the 1850s,
and beyond, a large part of the volume in boreal
Sweden, was in old large trees, which stood in
varied old continuity forests.

If one excludes plantations and heavily managed
industrial stands of trees, then the truth is that
Sweden has less real natural dynamic forest today
than ever, or at least since Sweden was completely
forested after the last ice age.



Photos on page 1563: There is a difference between
“forest” and forest. The upper picture shows a spruce
plantation, which in Sweden is classified as “forest”,
and the lower a natural spruce forest in the same area.
The forest industries’ slogan: “more forest than ever” is
misleading, to say the least.

Photos: Viktor Safve
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Figure 42. Despite the increased volume of timber since the 1920s to 40s, we may still today have less a
standing volume of timber in north Sweden (Norrland) than before the 1850s, and that despite the fact that
the frequency of wild forest fires was much, much higher historically, despite extensive forest grazing of
domesticated animals in the 19th century forest landscapes, and despite a lot of former anthropogenically
started fires to improve grazing in the forest, and despite other forms of forest use etc. It should also be
added that the volume of dead wood was much higher in historical natural forests than in today’s produc-
tion stands, which means that the total carbon stock and volume of tree biomass was much larger histori-
cally. Source: Older data/Lars Ostlund combined with data from The Swedish National Forest Inventory.
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12. The Swedish forest vision for 2030

The Swedishforestvision.org is an appeal and a vision for Swedish forests supported by
over 260 researchers, Sami organizations and more than 60 environmental organizations
that together represent millions of committed members.

Protect EU’s natural heritage in the North!

Our demands to Sweden and our vision for the Swedish forest are:

1. Implement an immediate logging moratorium in all forests with identified conserva-
tion values.

These include (1) old-growth and primary forests and verified continuity forests (2) wood-
land key habitats and other forests with documented high conservation values (designated
in municipal plans, via SIS-standard, or similar), (3) areas classified by the Swedish Envi-
ronmental Protection Agency (SEPA) as core areas which are of great importance for plants
and animals, (4) pendulous lichen-rich forest important for the Sami community, and (5) all
unprotected forest habitat types protected under the Habitats Directive. These five catego-
ries may in many cases overlap. Even though there is a lack of comprehensive data on all
existing areas with high conservation value, the moratorium can be implemented immedi-
ately for the known areas using today’s knowledge. A moratorium would secure all known
conservation value forest until strict protection is in place.

2. Protect and restore forests in line with EU species and habitats directives, biodiver-
sity- and forest strategy and the CBD-framework by 2030.

In line with the EU biodiversity strategy, EU directives and international agreements, at least
30 percent of the productive forest land should be protected, especially areas of partic-
ular importance for biodiversity and ecosystem functions and services. They need to be
ecologically representative, well-connected, and equitably governed systems of protected
areas. Today, only about 6 percent of the Swedish productive forest has long-term, quality
assured and transparent protection; however, the productive forest land hosts the most
diverse nature types and provides habitats for the majority of the red listed forest species.
The target must be achieved by 2030 and be well-distributed across the different forest
regions. To achieve a functional protection of 30 percent, significant restoration efforts are
required for large areas.

- All forests with identified conservation values must be protected. The protection needs to
be transparent, long-term, and based on the preservation of large, coherent forests of high
quality. Protected areas should include all remaining primary and old-growth forests and all
other forests with conservation values.

- Also, all forests mapped with remote sensing as potential continuity forest or forest with
conservation values must be mapped in the field by SEPA. Where the field surveys confirm
conservation or restoration values the area should be protected from logging. - Sweden’s
state-owned forest should be used as one of several tools to meet the target of protection.

- In addition to protection, to enhance biodiversity, ecosystem functions and services, eco-
logical integrity, and connectivity in the forest landscape, there are major restoration needs.
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Efforts should be made to target degraded forests and those forest types which have the
highest need for restoration. Successful restoration efforts would result in an increase of the
protected areas.

3. Protect the Scandinavian Mountains Green Belt.

The belt of subalpine and montane forest with conservation values along the Swedish
mountains must be preserved in its entirety. This is one of the few remaining large European
intact forest landscapes and a unique opportunity to protect entire resilient ecosystems at
landscape level. It is a key tool for retaining boreal biodiversity, ecological legacies, ecosys-
tem services, adaptive capacity and resilience, which need to be safeguarded for the future.

4. Transform forestry to a close-to-nature management model.

Forestry needs to transform from today’s dominating methods with clear-cutting and tree
plantations, to a close-to-nature forest management. The transition must start immediately,
with clear, time-bound targets, knowledge-sharing hubs and capacity building, and eco-
nomic incentives for landowners. A close-to-nature forest management seeks to work with
and protect the natural processes; promoting a self-organized ecosystem that fosters het-
erogeneity, biodiversity, resilience and adaptive capacity. It will improve the ability for for-
estry to preserve biodiversity, maintain and restore resilient forests, adapt to climate change
and continue to deliver various ecosystem services well within the planetary boundaries.

A shift to close-to-nature forestry is well in line with both the EU forest strategy and the
proposed EU nature restoration law. Introducing close-to-nature forest management does
not reduce the current need for forest protection. No forestry, regardless of forestry method,
should therefore be carried out in conservation value forests that need urgent protection.

5. Constrain wood use within planetary boundaries.

In the current environmental crisis, the government needs to ensure that consumption and
production of biomass are constrained by planetary boundaries. About 80 % of Sweden’s
harvested biomass is used for short-lived products such as bioenergy, cardboard and
paper. In addition, paper and pulp products are very energy-intensive to make: the for-

est industry is responsible for almost half of Sweden’s industrial energy use. Already, the
demand for wood products far exceeds supply and the need to constrain and for prioriti-
zation is urgent. It is important to be explicit on how wood products are promoted through
policy: Long-lived products must be prioritized before short-lived and disposable. Short-
lived products and bioenergy from forest biomass must not be subsidized. The circularity of
wood products, incentivizing re-use, and recycling need to increase drastically. The produc-
tion needs to be energy efficient. To properly achieve a circular economy Sweden needs to
implement the cascading principle, as pointed out in the EU Forest Strategy.
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13. DEFINITIONS AND DICTIONARY

Biodiversity

Biodiversity is the total variety of life on earth, or in a smaller area. One measure of biodiversity is

a count of species, but one may also examine the diversity above species level, and the genetic
diversity within species. Another aspect is the different ways in which species may combine to form
ecosystems, and whether the species present are generalist species common in large areas, or rare,
specialist species. Biodiversity has arisen through many millions of years of evolution. Much of biodi-
versity is invisible to us, such as single-celled organisms or the rich web of life in the soil, and yet, it
is vital for the processes that ensure our survival.

According to the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services
(IPBES 2019): “Biodiversity — the diversity within species, between species and of ecosystems —is
declining faster than at any time in human history,” and “Nature across most of the globe has now
been significantly altered by multiple human drivers, with the great majority of indicators of ecosys-
tems and biodiversity showing rapid decline.”.

Carbon storage and carbon sinks

A carbon stock (or storage) is the amount of carbon which is contained in some system, for example
the sea, a forest, or a building. A carbon sink is a system which currently takes up carbon. A carbon
source, conversely, emits carbon.

Studies show that tree plantations, in general, store less carbon than the former old natural forest,
regardless of geographic region (Liao, Luo, Fang & Li 2010).

An old forest has a large carbon stock. Besides the trees, large amounts of carbon are stored in

the soil, enhanced by the fungal networks (Clemmensen et al. 2013). Disturbances such as fires or
storms may affect the amounts of carbon in an old forest, but undisturbed, it may continue to build
up carbon for centuries (Wardle et al. 2012). Studies have shown that old-growth forests both store a
lot of carbon (Simon Besnard et al 2018), and can be large carbon sinks (Luyssaert et al. 2008).

An appeal signed by more than 500 scientists addressed to the EU underlines the importance of
understanding the difference between carbon debt, carbon stocks and carbon flows: “Forests are
important for mitigating climate change...because of the amount of carbon that is already stored in
living biomass, dead biomass and, particularly in boreal forests, in soil.”. They also write: “Harvesting
reduces the amount of stored carbon and therefore increases the amount of carbon dioxide in the
atmosphere. Any claim to the contrary is simply wrong...”, and: “All carbon uptake in managed forest
is therefore a payback of the historical carbon debt.”.

Clear-cuts, logging levels and CO2 emissions

Research shows that reduced logging levels provide large climate benefits coming decades (Skytt
et al 2021). The time factor is important - the next few years will be critical, if we are to reach inter-
national climate- and environmental targets, mitigate negative climate effects and avoid exceeding
so-called “tipping points”.

The most effective way to mitigate climate change is to avoid emissions of carbon (Mackey et al.
2013), and to preserve and enhance the natural carbon stocks and carbon sinks. Emissions must be
rapidly reduced from both fossil and biogenic sources.

Clearcutting emits large amounts of greenhouse gases (Vestin et al. 2020).
Scientists and experts points out that we cannot wait for the trees that replace the forests being
clear-cut today to grow back and rebind all the carbon. Exceeding 1.5°C global warming could trig-

ger multiple climate tipping points (Armstrong et al. 2022). Planetary boundaries have already been
overstepped (Rockstrom, J., Steffen, W., Noone, K. et al. 2009).
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Close-to-nature forest management

The EU’s forest strategy for 2030 clearly states (European commission 2021) that forest manage-
ment systems like clear-cutting should only be used in duly justified cases since it affects above
ground biodiversity, and causes the loss of carbon in the roots and part of the carbon in the soil.

The clear-cut and planting model, and the industrial tree stand forest landscape that is the result
of this management, is according to a forest ecologist (Kuuluvainen 2009): “in contradiction with
the variable and complex characteristics of the disturbance-succession cycle observed in naturally
dynamic forests with negligible human impact”.

Also, the forest ecologist stated that: “In particular, the generalization that the boreal forest is regu-
lated by fierce stand-replacing disturbances, leading to the dominance of even-aged stand succes-
sions, has been disproved. However, this misconception has, until now, been repeated and used to
legitimize the dominant practice of clear-cutting as a nature-based way to manage the forest.”

To tackle negative climate effects, biodiversity loss in forest landscapes, and increase resilience and
resistance, there is an urgent need for a transition to a forest management model based on: “natural-
ly emerging self-organized ecosystem dynamics that foster heterogeneity, biodiversity, resilience and
adaptive capacity.”

Following the general principles for a Close-to-nature forest management, all forest management
must meet following guidelines:

- Use unmanaged forests with a natural dynamic, shaped by natural processes and disturbance
regimes, as reference areas. Management methods should be adapted to the natural forest dy-
namics so that, to the greatest extent possible, natural processes create a heterogeneous forest
landscape. Reference areas can show if forestry is moving towards or away from an increased
natural dynamic development in the managed forests. A Close-to-nature forest management
should be as close to the reference areas as possible, while extraction of valuable timber and
other values from the forest is possible.

- Preserve and restore natural processes and functions of forest ecosystems. To ensure a resilient
forest landscape, natural processes and functions of ecosystems must be preserved. These are,
in many cases, regulating and supporting ecosystem services such as biogeochemical cycles as
well as climate and water regulation.

- Preserve and restore structural complexity of forest ecosystems. Forestry practices must ensure
sufficient nature consideration to preserve and restore structures, such as the amount and type
of dead wood, old trees and wetlands.

- Preserve and restore natural tree species composition and diversity of forest ecosystems, both
at a stand- and landscape scale. Trees form the basis of forest ecosystems by directly providing
habitats and affecting biophysical conditions. Therefore, forestry should only use native tree spe-
cies that, as far as possible, are naturally regenerated.

- Apply a landscape perspective. Planning should be done at a forest stand level as well as at
a landscape level to ensure connectivity and to preserve and restore the natural variation in the
forest landscape.

- Be based on best, and adapted to, new knowledge and experiences. Forestry should continu-
ously be adapted to new research findings as well as practical experience.
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Continuity forest

Continuity forest is defined by the Swedish Forest Agency (SFA 2011) as: “A forest that has natural
values whose occurrence is explained by the fact that for a long time there have been suitable forest
habitats and substrates in this particular forest or in its vicinity“.

The definition includes forests that have never been clear-cut and includes the majority of all forests
(particularly in the northwest of Sweden) generated before clear-cutting was introduced as common
practice, and on a large scale.

Continuity forests are found within several different forest habitat types but dominate within western
taiga, wooded bog and mountain birch forest.

Many species are associated with continuity forests, and these forests have a unique biological
diversity. The Swedish Species Information Center at the Swedish University of Agricultural Sciences
states that (SSIC 2020): “Lack of continuity forests, i.e. forests that have never been clear-cut, is one
of the main reasons why forest-dwelling species are listed on the Red List.” and that: “In order to re-
verse the trend of declining populations, unprotected forest environments, with habitats for red-list-
ed species, need to be preserved in the long term throughout the country.”.

Core areas

A core area [vardekarna] is a mapped forest area with high conservation values of major significance
for the flora and fauna (SEPA 2024). Core areas vary in size, from small forest stands to areas of
several hundred hectares. WKH and other areas with conservation values are included. A core area
can also be a forest area that is not classified as a WKH, but which has one or more of the charac-
teristics of forests with high conservation values.

Old-growth forest

The European commissions staff working document “Commission Guidelines for Defining, Mapping,
Monitoring and Strictly Protecting EU Primary and Old-Growth Forests”, states that (EU-commission
2023):

‘A forest stand or area consisting of native tree species that have developed, predominantly through
natural processes, structures and dynamics normally associated with late-seral developmental
phases in primary or undisturbed forests of the same type. Signs of former human activities may be
visible, but they are gradually disappearing or too limited to significantly disturb natural processes.’

Explanatory notes:

1. This definition includes forest stands that originate not only from natural regeneration, but also
from planted or sown native tree species (provided that they meet the rest of the definition).

2. This definition includes forest stands where indigenous peoples engage in traditional forest
stewardship activities that otherwise meet the definition.

3. This definition includes forest stands with visible signs of abiotic damages (e.g. storms, snow,
droughts and fires) and biotic damage (e.g. from insects and diseases) that meet the definition
(see the third additional note in Section 2.4).

4. Forests with visible signs of past human activity are not excluded from the definition of old-
growth forests, unless the magnitude of the impact of the activity is such as to prevent the forest
stand from counting as old-growth (see Section 3.2).

5. Old-growth forest stands do not include stands for which there is evidence that they are under
active productive management. This includes low-intensity silvicultural regimes and coppicing.
6. Some key characteristics of old-growth forest stands are:

« they contain structural features and dynamics such as natural regeneration, gap dynamics,
large and diverse dead wood, structural complexity, and the presence of old trees, or trees reach-
ing senescent stage and tree-related microhabitats.

+ they have acquired these structural features and dynamics through several decades of natural
development without significant human intervention
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Pendulous lichen-rich forest

Pendulous lichen-rich forests are often characterized by a significant amount of hanging tree lichens
and older trees. The forests are often multi-layered and usually dominated by spruce, but in north-
ernmost Sweden also by pine. Entire stands of older pendulous lichen-rich forests are today relative-
ly uncommon, especially below the mountain forest.

For several species including lichens, insects and resident birds, these forests are very important. In
the winter, the semi-domesticated reindeer kept by the Sdmi need to eat lichen to survive. The tree
hanging lichens are especially important in the winter when reindeer, due to ice crust, cannot dig
through the snow to reach the lichen on the ground.

Productive and low-productive forest

A Swedish forest is designated as productive if the annual timber growth is more than 1 cubic meter
per hectare. Low-productive or unproductive forest often consists of wetlands or rocky ground
sparsely covered with trees, or slow growing forest near the treeline in the mountains. Forestry is
permitted in the productive forest, whereas large-scale forestry is not allowed in the low-produc-
tive forest. According to the Forestry Act (SFA 2023): “Logging, forest management measures and
fertilizing may not take place on forest impediments (low-productive forest land) that are larger than
0.1 hectares. Single trees may, however, be felled if it does not change the character of the natural
environment.”.

Woodland key habitats (WKH)

According to the Swedish Forest Agency, WKHSs are forest areas that, by an overall assessment of
its ecological structure, species content, forest history and physical environment has a high im-
portance for the forest’s flora and fauna today, and harbor or can be expected to harbor red-listed
species (SFA 2020).

WKHs were systematically mapped and registered by the Swedish Forest Agency and by the large
forest companies during the 1990’s and early 2000’s. They were also registered when encountered
in connection to authority supervision. There are still many undetected WKHs and further systematic
inventories are needed.

WKHs do not have any legal protection, but within the voluntary forest certification FSC, they are
prohibited to be logged. According to a recent governmental decision the Swedish Forest Agency
no longer maps and registers new WKHs. Recently WKHs have begun to be de-registered, following
demands by land-owners and forest companies.
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