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Abstract
The available amount of wood supply is essential for national strategic planning and evaluation of forestry in Sweden. Since 
Sweden holds a large part of the forests in the European Union and plays a significant role in the global trade of wood-based 
products, a precise estimate of the potential of the Swedish forest resource is also important in regional and global outlook 
studies. In this study, we analyse factors influencing the availability and mobilization of wood supply. By comparing data 
from the Swedish National Forest Inventory with the stand registers of the five largest forest owners in Sweden, we estimate 
the productive forest area not included in the forest owners' stand databases. Our results show that 0.4 million hectares, or 
5% of these large-scale forest owners productive forest area, is outside their stand registers and therefore neither included in 
their long-term harvesting plans nor in their nature conservation plans. For small-scale forest owners, we analyse the final 
felling rate during 2004–2020 using satellite imagery to estimate the proportion of properties that abstain from final fellings 
and thereby could affect the potential mobilization of wood supply. During this period, 32% of the forest properties owned 
by small-scale forest owners have not done any final felling. These forest estates hold in total 1.1 million hectares of produc-
tive forest land or 9% of the area owned by small-scale forest owners. This implies a gap between the potential and realistic 
estimates for Forest Available for Wood Supply.
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Introduction

Historically, now and in the future, forests play a significant 
role for society around the globe, e.g. as provision of food 
and other non-wood forest products (Lovrić et al. 2020), 
as carbon storage and carbon sequestration in mitigating 
climate change (Nabuurs et al. 2007), as contribution to 
national economies (FAO 2014) and not least as a resource 
for renewable fossil-free products (Verkerk et al. 2022). For 
decision-making on how to manage and utilize the forest 
resource now and in the future, there is a need for informa-
tion about the availability and mobilization of this resource 
for wood supply. However, although forests cover almost 

one-third of the land area globally, most of it is not avail-
able or designated for wood production (FAO 2020). This 
means that there are uncertainties regarding how much of 
the forest resource could be utilized for wood production, 
depending on how much of the undesignated forest will be 
available for wood supply in the future. Hence, long-term 
scenario analysis of future harvest levels and estimates of 
the potential of wood-based products in a fossil-free future 
are highly uncertain.

Since wood and especially wood-based products are 
traded on a global market, it is of high interest to make 
projections and assessments of the potential future supply 
of wood on global, regional, national, and sometimes sub-
national scale. The different scales used in modelling also 
mean that the quality and the level of details in input data 
differ, e.g. regarding the availability of forest area for wood 
supply (Verkerk et al. 2015). Regionally for Europe, action 
has been taken to harmonize the definition and reporting 
according to the terms Forest Available for Wood Supply 
(FAWS) and the inverse Forest Not Available for Wood Sup-
ply (FNAWS) (Alberdi et al. 2016; Fischer et al. 2016).
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A regional-based assessment of the future supply of 
woody biomass in Europe has considered availability con-
straints, showing that the realisable potential represented 
50–71% of the theoretical potential (Verkerk et al. 2011). 
However, there is a wide range of differing national pro-
jection systems, making comparisons and collaborations 
between countries on a regional basis complicated (Barreiro 
et al. 2016).

Long-term scenario analyses based on reliable data are 
especially relevant for countries with a strong forest sector, 
such as Sweden. Sweden has a high utilization rate of its 
available forest resources (FOREST EUROPE 2020) and 
is a major supplier of wood-based products to the global 
market (FAO 2021; United Nations Economic Commission 
for Europe 2022). At the same time, Sweden is a country 
with a high share of private ownership (FOREST EUROPE. 
2020) and the Swedish Forestry Act (SFS 1979) gives a high 
decision-making power to forest owners (Nichiforel et al. 
2020). Therefore, repeated scenario analysis and impact 
assessments are important for both public and private deci-
sion-makers and an interesting case for this study where we 
focus on availability and mobilization.

Besides the technical availability, the mobilization of 
wood is determined by the forest owners’ objectives and 
behaviour and the market demand for wood.

A common approach to studying forest owners’ prefer-
ences is to categorize different typologies based on structural 
variables as age and gender and their attitude towards eco-
nomic, ecological or social values (Ficko et al. 2019). For 
Swedish small-scale forest owners, Ingemarson et al. (2006) 
identified five different types: the economist, the conserva-
tionist, the traditionalist, the multi-objective owner and the 
passive owner. Eggers et al. (2014) came up with five man-
agement strategies that could be identified; Passive, Con-
servation, Intensive, Productivity and Save. Thus, in both 
studies, a group of passive owners was identified, i.e. owners 
with low forest management activities such as harvesting.

The potential effects of these different preferences and 
strategies among small-scale private forest owners on the 
state of the forest and harvesting have also been studied 
in long-term scenario analysis, showing that management 
strategies of forest owners constrain wood supply (Eggers 
et al. 2015; Lodin et al. 2020). In Finland, scenario analyses 
accounting for forest owner behaviour showed that the high 
harvesting targets set by the government to supply the grow-
ing bioeconomy could be hard to reach since small-scale 
forest owners have other preferences (Heinonen et al. 2020).

There is, however, a lack of studies that validate these 
typologies with actual behaviour regarding forest manage-
ment activities such as harvesting and by that enabling better 
projections of future wood supply (Ficko et al 2019).

On national level, the Swedish Forest Agency (SFA) 
and the Swedish University of Agricultural Science 

regularly carry out long-term scenario analysis and impact 
assessments to assess a sustainable potential harvest level 
(Swedish Forest Agency 2022a). These scenario analyses 
have a typical policy impact approach, trying to answer 
what could happen if a certain policy or management strat-
egy would be applied (Börjeson et al. 2006; Hurmekoski 
and Hetemäki 2013). In some cases, the scenarios express 
a more general orientation than a specific policy or could 
have elements of external impact on forest management 
(e.g. forest damage, changes in market demands) that make 
the analysis more explorative.

The analyses are based on estimates using sample plot 
data from the Swedish National Forest Inventory (NFI) 
(Fridman et  al. 2014), combined with information on 
which forests are not available for wood supply, where the 
total forest area is reduced by formally protected areas, 
voluntary set-asides, retention patches and non-productive 
forest land. For Sweden, this means that approximately 
70% of the total forest area is considered to be available 
for wood supply (FOREST EUROPE 2020).

However, such projections do not fully consider the 
global market demand, nor the limitations regarding avail-
ability or the forest owners’ willingness to harvest (Nord-
ström et al. 2016; Heinonen et al. 2020). This in turn could 
lead to problems for decision and policy making regarding, 
e.g. investments in forest industry or nature conservation 
policies.

Therefore, the potential harvest level articulated by the 
SFA may not be realistic. The harvest level in Sweden is 
close to the potential indicating small margins to increase 
harvests (FOREST EUROPE 2020). An overestimation of 
the potential harvest may lead to unsustainable harvesting 
in parts of the country or by some large forest owners.

The objective of this study is to estimate how much 
the area of forest available for wood supply in Sweden 
should be adjusted if aspects of technical availability and 
mobilization driven by socio-economic factors would be 
accounted for. The question of availability is assumed to 
be a problem mostly for large-scale forest owners who 
have a rational planning system that does not handle 
smaller uncertainties in their data. The availability ques-
tion is therefore limited to large-scale forest owners. The 
question of mobilization, on the other hand, is probably 
mostly linked to forest owners with a low degree of final 
felling, i.e. passive forest owners (Eggers et al. 2014). The 
mobility question is therefore limited to passive small-
scale forest owners. Thus, more specifically, we answer 
the following questions:

• How much of the forest resource is not accounted for 
within the planning systems of large-scale forest owners?

• How much of the forest resource and harvest potential is 
allocated to passive small-scale forest owners?
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Material and methods

The two different research questions in this study were ana-
lysed with two different methods.

Availability

To estimate the availability of the forest resource, we col-
lected geographical data from the five largest forest own-
ers in Sweden regarding their forest management planning 
(Table 1). These datasets contained information on which 
areas that were included in management plans and had some 
designation regarding land use, and which areas were not 
included or designated. In this context, areas in the man-
agement plans correspond to the area included in the forest 
stand database (tabular data with forest information com-
bined with map data with stand boundaries).

The large-scale forest owner dataset covers 7.4 million ha 
of productive forest land (excluding formally protected 
areas), which is one-third of the total area of productive 
forest land (excluding formally protected areas) in Sweden 
(Nilsson et al. 2021). Productive forest land refers to the 
Swedish Forestry Act (SFS 1979), which stipulates that for-
est land with a production capacity < 1  m3 ha−1  year−1 is seen 
as non-productive forest land and should not be available for 
forest management and harvest.

By combining the large-scale forest owner dataset with 
NFI sample plot data for the period 2016–2020, we identi-
fied which sample plots were within the same land-use class 
(match) and which differ (mismatch) (Table 2). Two types 
of mismatches can occur. Type I occurs if productive forest 

land is observed in the NFI but the area is not planned or 
designated in the forest owner dataset. Type II refers to the 
opposite situation, where the NFI data say other land (includ-
ing non-productive forest land), while the forest owner data 
classify the same area as planned/designated for wood pro-
duction. This mismatch is usually handled in a more detailed 
operational planning before harvesting (Ulvdal et al. 2023). 
However, surveys of environmental consideration conducted 
by the SFA show that non-productive forests almost always 
remain unharvested (Swedish Forest Agency 2021). NFI 
data also support that almost no harvesting occurs in non-
productive forest areas. Therefore, we concentrate the study 
on the type I mismatch of unplanned productive forest land.

By using the NFI sample plots that were classified as 
Type I, we describe the current forest properties in areas that 
are accounted for in the national forest impact assessment, 
but not accounted for in forest owners’ internal planning 
tools.

Even if the NFI data suggest that there is productive forest 
land outside the forest stand database, these could be scat-
tered since the NFI plots are small and do not consider spa-
tial distribution. To analyse this aspect, we use the National 
Land Cover Database provided by the Swedish Environ-
mental Protection Agency (EPA) (2020), a raster dataset on 
vegetation type and forest productivity with a grid cell size 
of 10 × 10 m. From this dataset, we calculated the total area 
of productive forest land situated within the unplanned area 
by summarizing raster cells and clustering them to analyse 
the size distribution of patches with productive forest land 
(Fig. 1).

Mobilization

To identify forest properties owned by small-scale forest 
owners (i.e. individual or family forest owners) that could 
be classified as passive owners, we identified properties 
where no final felling operations have taken place during 
2004–2020 by spatially combining two datasets:

• Dataset one is the Real Property Register hosted by the 
Swedish mapping, cadastral and land registration author-

Table 1  Large-scale forest 
owners included in this study. 
The productive forest area 
excludes formally protected 
areas

Large-scale forest owner Area of productive forest land (million ha). The propor-
tion of Sweden total productive forest land in brackets 
(%)

Sveaskog 3.0 (13.6)
National Property Board Sweden 0.3 (1.4)
SCA 2.0 (9.0)
Holmen 1.0 (4.4)
StoraEnso 1.1 (4.9)
Total 7.4 (33.4)

Table 2  Possible outcomes of mapping forest owners stand register 
and NFI sample plot data

NFI productive forest land NFI other land

Forest owner 
planned area

Match Mismatch Type II

Forest owner 
unplanned area

Mismatch Type I Match
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ity, containing information on addresses, buildings, and 
property tax assessment, e.g. area of productive forest 
land. It also includes the digital cadastral index map (The 
Swedish mapping, cadastral and land registration author-
ity 2022).

• Dataset two contains maps with polygon data for final 
felled areas. The maps are produced by the SFA and 
are based on change detection in satellite imagery to 
map final felled areas on a yearly basis (Swedish Forest 
Agency 2022b).

Then, we analysed the size of the property since this 
could explain why there is no final felling during this period 
(2004–2020). Using average numbers on final felling age 
(as a proxy for rotation length) and final felling areas, we 
calculated how large a property needs to be on average to 
have been subject to at least one final felling during the 
period 2004–2020 (Table 3). Since rotation length varies 
considerably throughout the country due to differences in 
productivity, which is lower in northern Sweden compared 
to southern Sweden, this analysis is made for two regions of 

Sweden. On average, a property of 18 ha productive forest 
land would have done one average size final felling during 
2004–2020. The area varies from 13 ha in southern Sweden 
to 31 ha in northern Sweden.

Results

Availability

For the five large-scale forest owners studied, NFI data 
show a total area of 767 000 ha productive forest land that 
is not included in their forest stand database. This means 
that 10% of their total productive forest area is undesignated 
or unplanned. However, 51% or 389 000 ha of that area is 
within formally protected areas and thus not available for 
wood supply. This leaves 379 000 ha of productive forest 
land that is not included in the forest stand databases of these 
five large-scale forest owners. Hereafter, the results refer to 

this unplanned and not formally protected area. These areas 
could be considered as “unknown” FAWS or unknown set-
asides for nature conservation and carbon storage.

Corresponding to Table 2, the results in Table 4 show the 
same proportion of productive forest land in the unplanned 
area (Type I mismatch) as other land in the planned area 
(Type II mismatch). The latter is larger in absolute terms 
since the planned area is much larger. As described earlier, 
there is an awareness of Type II mismatch, and it is handled 
in the stand register but Type I is unknown.

Fig. 1  Example of analysis of unplanned areas (Black outline) com-
pared to land cover data. Dark grey is productive forest land, light 
grey is non-productive forest land, and white is other land. Dark grey 
area within the black outlines is summarized to unplanned productive 
forest land. (Color figure online)

Table 3  Calculation of theoretical property size needed to on aver-
age have done a final felling during 2004–2020, by region. Based on 
(1) NFI data on average final felling ages, transformed into (2) yearly 
final felling rate (100/average age of final felling), summarized for the 

period of 17 years (3). The average size of final felling (4) divided by 
(3) gives the theoretical property size needed to on average have done 
one final felling during 2004–2020 (5)

Northern Sweden Southern Sweden Sweden total

1. Average age of final felling 126 93 108
2. Theoretical yearly final felling rate (%) 0.8 1.1 0.9
3. Total theoretical final felling 2004–2020 rate (%) 13 18 16
4. Average size of final felling (ha) 4.0 2.3 2.8
5. Property size (ha) for one final felling 2004–2020 31 13 18

Table 4  Area (ha) of productive forest land (excluding formally pro-
tected areas) and other land in unplanned and planned area. Propor-
tion in brackets

Productive forest land Other land

Planned 6 952 000 (93%) 537 000 (7%)
Unplanned 379 000 (7%) 4 956 000 (93%)
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Since the studied organizations mainly own forests 
located in northern Sweden, most of the unplanned produc-
tive forest land is concentrated to the north (318 000 ha), 
while a smaller part (61 000 ha) is in southern Sweden.

As wood supply

The unplanned area accounts for 5.1% of the productive for-
est land, 4.7% of the growing stock, and 3.5% of the annual 
tree growth for the organizations included in the analysis 
(Table 5).

Most of the unplanned area is covered with older for-
est; 39% is over 100 years, which is a considerably higher 
proportion than for the planned area where 19% is over 
100 years (Fig. 2).

The unplanned productive forest area is disproportionally 
distributed towards lower productivity (site index) than the 
planned productive forest area (Fig. 3). This, in combination 
with more old forest, explains the lower annual growth).

By using the land cover dataset, we identified 302 000 ha 
of productive forest land within unplanned or undesignated 
areas, which is 77 000 ha less than according to the NFI 
data. Out of these 302 000 ha, around 52% are situated in 
patches larger than 0.5 ha (Table 6).

As nature conservation

Every NFI plot is described by the stand character, e.g. natu-
ral forest character which is similar to primary forest (FAO 
2018, 2020). Of the unplanned area, 4.4% is assessed as 
primary forest which is more than double the proportion 
in the planned area (1.7%) and higher than for the total of 
Sweden (3.1%).

The unplanned areas have a total amount of 3.5 mil-
lion  m3 dead wood or 9.4  m3  ha−1, which is a little less than 
for the planned area (10.4  m3  ha−1).

The tree species distribution is quite similar for the 
unplanned and the planned area (Fig. 4). The unplanned area 
has a somewhat higher proportion of broadleaf and lower 
(but not zero) proportion of lodgepole pine (Pinus contorta), 
which was introduced in Swedish forestry to a larger extent 
in the 1970s.

Table 5  Forest data, comparing 
unplanned area with planned 
area and Sweden total. 
Productive forest land excluding 
formally protected areas. 
(Coefficient of variation (%) in 
brackets)

Unplanned area Planned area Sweden total

Productive forest area (hectare) 379 000 (6.3) 6 952 000 (2.4) 22 148 000 (0.9)
Growing stock (mill.  m3 over bark) 40.8 (7.2) 810.6 (2.6) 3 115 (1.0)
Growing stock per hectare  (m3 over bark) 108 (3.9) 117 (1.2) 141 (0.6)
Annual growth (mill.  m3 over bark) 1.0 (7.9) 28.6 (4.1) 115.4 (5.2)
Annual growth per hectare  (m3 over bark) 2.6 (3.9) 4.1 (1.2) 5.2 (0.6)
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Fig. 2  Age class distribution in unplanned area, planned area and 
Sweden total. Percentage refers to all productive forest land excluding 
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Fig. 3  Site index distribution in unplanned area, planned area and 
Sweden total. Percentage refers to all productive forest land excluding 
formally protected areas in the three categories

Table 6  Size distribution of areas with productive forest land within 
unplanned areas

 < 0.5 ha 0.5–1 ha 1–5 ha  > 5 ha

Area (ha) 142 000 37 000 58 000 64 000
Proportion 47% 12% 19% 21%
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Mobilization

In total, there are 223 123 properties in Sweden with pro-
ductive forest area owned by small-scale forest owners 
(Table 7). Out of these, 32% have not done any final fell-
ing during 2004–2020 and are thus classified as passive. 
This corresponds to 9% of the productive forest area within 
this group of owners. Referring to the calculations of the 
property size needed for, on average, at least one final fell-
ing to have occurred during the period (see Table 3), these 
numbers are reduced to 6% of the properties and 8% of the 
productive forest area.

For the distribution by size, the number of small-size 
properties is disproportionally larger in the passive group 
compared to all properties (Fig. 5). This pattern is weaker 
when looking at the productive forest area.

Discussion

In this study, we show that the five largest forest owners 
in Sweden, in their stand registers, neglect nearly 0.4 mil-
lion ha of productive forest land. Another 1.1 million ha of 

productive forest land are within properties owned by small-
scale forest owners that could be considered passive.

This confirms previous research (Alberdi et al. 2016, 
2020; Fischer et  al. 2016) that not all parameters are 
accounted for when determining FAWS in Sweden, which 
results in an overestimate of the potential wood supply. It 
also supports previous research on small-scale forest owners 
suggesting a sub-group with passive management behaviour 
(Ingemarson et al. 2006; Eggers et al. 2015) and adds esti-
mates on the size of this sub-group regarding FAWS. If there 
is an overestimation of FAWS, it also means that there is an 
underestimation of Forest Not Available for Wood Supply 
(FNAWS). This could affect nature conservation policies and 
assessments of the need to protect forest.

Since these aspects of availability and mobilization pre-
viously have not been considered in Swedish national long-

term scenario analysis and impact assessment or in interna-
tional reporting of forest statistics, the potential wood supply 
is probably being overestimated. Projections showing too 
high future potential harvest levels could, for instance, lead 
to over-investments in forest industry capacity. It could also 
lead to a situation where the overestimated supply will be 
harvested from a smaller area, leading to a non-sustainable 
balance between increment and felling. There are, however, 
also other mechanisms, market-based such as prices and 
certification schemes, or legal-based such as restrictions 
on final felling age in the Swedish Forestry Act, that have 
a balancing impact on harvest levels. For now, the felling/
increment ratio for FAWS in Sweden is 87% (FOREST 
EUROPE 2020), implying that this problem is handled by 
other instruments even if it is not included in the national 
scenario analysis.

The unplanned productive forest land could also be seen 
as a neglected part for nature conservation. The nearly 0.4 
million ha could be compared to the 2.6 million ha of the 
productive forest land in Sweden that is formally protected 
or voluntarily set-aside (Statistics Sweden 2021). For the 
large-scale forest owners studied, it represents 5.1% of their 
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Fig. 4  Area proportion by forest type (tree species composition) in 
unplanned area, planned area and Sweden total. Percentage refers to 
all productive forest land excluding formally protected areas in the 
three categories

Table 7  Properties owned by small-scale forest owners. Total number, total productive forest area within passive properties and as proportion of 
all properties, by region

All properties Properties with no final felling 
(Proportion of total in brackets)

Properties with no final felling, exceed-
ing the size needed (Proportion of total in 
brackets)

Number of properties Northern Sweden 72,405 23,923 (33%) 5,009 (7%)
Southern Sweden 150,718 47,285 (31%) 8,929 (6%)
Sweden total 223,123 71,208 (32%) 13,938 (6%)

Productive forest area (ha) Northern Sweden 5,019,000 604,000 (12%) 447,000 (10%)
Southern Sweden 6,206,000 446,000 (7%) 271,000 (5%)
Sweden total 11,225,000 1,050,000 (9%) 718,000 (8%)
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total productive forest land, which could be compared to 
the standards for certification of 5% voluntary set-asides 
(FSC Sweden 2020). Compared to the entire country, the 
unplanned area constitutes less than 2% of the forest area, 
growing stock, and annual growth. The unplanned areas are 
older, are more like primary forest, situated on lower site 
index and have a little less dead wood per hectare than the 
planned areas. This can be explained by the lower productiv-
ity in the unplanned area, which results in lower mortality 
even though these forests are, on average, older than the 
planned forests. Overall, the unplanned areas seem more 
likely to hold higher conservation values than the planned 
area.

There is of course a statistical uncertainty in the esti-
mations from the NFI. As shown in Table 5, the estimated 
unplanned productive forest area is not significantly sepa-
rated from the planned forest area or from the estimation 
of the national total. This uncertainty also applies to grow-
ing stock and annual growth. This means that the general 
uncertainty in national long-term scenario modelling based 
on NFI data also covers for this uncertainty. However, in 
this study, we only include the five largest forest owners, 
which implies an overall underestimation of the unplanned 
productive forest area.

The effect on the potential wood supply also depends on 
geographical scale and timeframe. The properties owned by 
passive small-scale forest owners are spread over Sweden 
with a small dominance in northern Sweden, and a large 
majority of the unplanned productive forest area within the 
studied large-scale forest owners are in northern Sweden. 
This means that the total effect on availability and mobiliza-
tion of wood supply is larger regionally in northern Sweden 
than for the whole country, suggesting that this factor is even 
more important to consider in regional or local analyses of 
future harvest potential. Since a large part of the unplanned 
productive forest land contains older forests, they provide a 
short-term wood supply potential while the relative low site 
index indicates a lower potential in a long-term perspective.

For the availability aspect, the distinction between pro-
ductive and non-productive forest land stipulated in the 
Swedish Forestry Act probably plays a role. It is hard by 
any method to define the productivity of 1  m3  ha−1  year−1, 
which could result in a precautionary action of avoiding bor-
derline areas.

Also, the spatial distribution could create lock-in effects 
where the productive forest area is not technically available 
if it is surrounded by non-productive forest land or other 
land that is a barrier for harvest operations. This is only a 
problem for the wood supply aspect, not if the areas are set 
aside for conservation.

One could ask if the gap between potential and realistic 
FAWS that we have detected is temporal or permanent since 
we study a specific period. Regarding the technical avail-
ability, we use the state of 2020. However, the age distribu-
tion with older forest in the unplanned area compared to the 
planned area suggests that these unplanned areas have been 
so for a long time. On the other hand, the occurrence of the 
introduced tree species lodgepole pine shows that the forest 
stand database is not static.

Even though most of the unplanned areas have been 
unplanned until now, this could change in the future. By 
using modern remote sensing data acquisition systems, such 
as different types of laser scanning or high-resolution aerial 
or satellite imagery, the forest areas could be detected and 
delineated with higher resolution (White et al. 2016). This 
will give the forest owner a possibility to include previously 
overlooked areas in the forest management plan. Also, a shift 
to precision forestry could make these areas more interesting 
for management (Wilhelmsson 2023).

Regarding the mobilization part, we studied a period of 
17 years, which is quite short considering average rotation 
length and property size distribution in Swedish boreal for-
est. Another uncertainty regarding the analysis of mobili-
zation is that we only studied final felling operations. The 
absence of final felling is not the same as a passive prop-
erty; other harvesting could have taken place, e.g. thinning, 
or selective harvest in a continuous-cover forestry system. 
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Matilainen and Lähdesmäki (2023) showed that only one-
third of forest owners in Finland classified as passive accord-
ing to statistics were fully passive in their forest management 
and timber sales.

Behaviour and goals can also be explained by structural 
factors. The size of the estate has been linked to the impor-
tance of income from the forest which implies a higher har-
vest rate on larger forest properties in Sweden (Eggers et al. 
2014). In Finland, however, this correlation only seems to 
apply for very small forest properties, while wood supply 
from forest properties larger than 5 ha is rather constant 
(Verkerk et al. 2011). In addition, timber prices and their 
expected change play a role in harvesting behaviour even 
though it is less important for passive owners (Aguilar et al. 
2014; Sjølie et al. 2019). Since the degree of activeness is 
related to structural factors with the forest owner which shift 
regularly, these areas should not be seen as permanent pas-
sive management. The absence of final fellings could also 
be affected by the age distribution of the forest, and we sug-
gest further research on comparing passive and active forest 
owners.

By numbers, the gap in potential and realistic harvest 
level is far greater from socio-economic driven mobiliza-
tion than from the technical availability. Also, the techni-
cal availability in the future might be handled by improved 
techniques for data acquisition and delineation, whereas the 
forest owners’ willingness to harvest depends on many fac-
tors that could change over time.

Conclusion

There is a significant area of productive forest land that is 
not accounted for in large-scale forest owners forest data 
bases. There is also a sub-group of small-scale forest owners 
which could be described as passive regarding wood sup-
ply mobilization. The combination of this availability and 
mobilization problem should be included in projections of 
potential biomass extraction, nature conservation and carbon 
storage. There is a need for further research on the long-term 
effects of availability and mobilization constraints. Such 
studies should include simulations of the development of 
these forests under the assumption of continuously being 
unmanaged, as well as more studies of the group of pas-
sive forest owners regarding their drivers and management 
choices.

Acknowledgements We thank Sveaskog, National Property Board 
Sweden, SCA, Holmen, and StoraEnso for providing dataset for the 
analysis of availability to productive forest land.

Author contributions AE contributed to conceptualization and writing, 
E-MN, JE, SC and KÖ contributed to supervision and writing, and JF, 
MN and PO contributed to data analysis.

Funding Open access funding provided by Swedish University of Agri-
cultural Sciences. This research received no external funding.

Availability of data and material Data for the analysis are available 
upon request.

 Code availability Not applicable.

Declarations 

Conflict of interest The authors declare that they have no conflict of 
interest.

Ethics approval Not applicable.

Consent to participate Sveaskog, National Property Board Sweden, 
SCA, Holmen, and StoraEnso provided data for the analysis and 
thereby consent to participate.

Consent for publication Authors approved the version to be published 
and agree to be accountable for all aspects of the work.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Aguilar FX, Cai Z, D’Amato AW (2014) Non-industrial private forest 
owner’s willingness-to-harvest: how higher timber prices influ-
ence woody biomass supply. Biomass Bioenergy. https:// doi. org/ 
10. 1016/j. biomb ioe. 2014. 10. 006

Alberdi I, Michalak R, Fischer C, Gasparini P, Brändli U-B, Tomter 
SM, Kuliesis A, Snorrason A, Redmond J, Hernández L, Lanz A, 
Vidondo B, Stoyanov N, Stoyanova M, Vestman M, Barreiro S, 
Marin G, Cañellas I, Vidal C (2016) Towards harmonized assess-
ment of European forest availability for wood supply in Europe. 
For Policy Econ 70:20–29. https:// doi. org/ 10. 1016/j. forpol. 2016. 
05. 014

Alberdi I, Bender S, Riedel T, Avitable V, Boriaud O, Bosela M, Camia 
A, Cañellas I, Castro Rego F, Fischer C, Freudenschuß A, Frid-
man J, Gasparini P, Gschwantner T, Guerrero S, Kjartansson BT, 
Kucera M, Lanz A, Marin G, Mubareka S, Notarangelo M, Nunes 
L, Pesty B, Pikula T, Redmond J, Rizzo M, Seben V, Snorrason 
A, Tomter S, Hernández L (2020) Assessing forest availability for 
wood supply in Europe. For Policy Econ 111:102032. https:// doi. 
org/ 10. 1016/j. forpol. 2019. 102032

Barreiro S, Schelhaas M-J, Kaendler G, Anton-Fernandez C, Colin 
A, Bontemps J-D, Alberdi I, Condes S, Dumitru M, Ferezliev A, 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.biombioe.2014.10.006
https://doi.org/10.1016/j.biombioe.2014.10.006
https://doi.org/10.1016/j.forpol.2016.05.014
https://doi.org/10.1016/j.forpol.2016.05.014
https://doi.org/10.1016/j.forpol.2019.102032
https://doi.org/10.1016/j.forpol.2019.102032


711European Journal of Forest Research (2024) 143:703–712 

Fischer C, Gasparini P, Gschwantner T, Kindermann G, Kjartans-
son B, Kovacsevics P, Kucera M, Lundstrom A, Marin G, Mozg-
eris G, Nord-Larsen T, Packalen T, Redmond J, Sacchelli S, Sims 
A, Snorrason A, Stoyanov N, Thurig E, Wikberg P-E (2016) Over-
view of methods and tools for evaluating future woody biomass 
availability in European countries. Ann for Sci 73(4):823–837. 
https:// doi. org/ 10. 1007/ s13595- 016- 0564-3

Börjeson L, Höjer M, Dreborg K-H, Ekvall T, Finnveden G (2006) 
Scenario types and techniques: towards a user’s guide. Futures 
38(7):723–739. https:// doi. org/ 10. 1016/j. futur es. 2005. 12. 002

Eggers J, Lämås T, Lind T, Öhman K (2014) Factors influencing the 
choice of management strategy among small-scale private forest 
owners in Sweden. Forests 5(7):1695–1716. https:// doi. org/ 10. 
3390/ f5071 695

Eggers J, Holmström H, Lämås T, Lind T, Öhman K (2015) Account-
ing for a diverse forest ownership structure in projections of forest 
sustainability indicators. Forests 6(12):4001–4033. https:// doi. org/ 
10. 3390/ f6114 001

FAO (2021) الكتاب السنوي للمنتجات الحرجية | 粮农组织林产品年鉴 | FAO 
yearbook of forest products | annuaire FAO des produits forestiers 
| Eжeгoдник лecнoй пpoдyкции ФAO | Anuario FAO de produc-
tos forestales 2019. FAO. https:// doi. org/ 10. 4060/ cb379 5m

FAO (2014) Contribution of the forestry sector to national economies, 
1990–2011. (Forest Finance Working Paper, FSFM/ACC/09). 
Rome

FAO (2018) Global forest resorce assessment 2020. Terms and defini-
tions. FRA 2020. (Forest Resources Assessment Working Paper 
188). Rome: FAO. https:// www. fao. org/3/ I8661 EN/ i8661 en. pdf 
[2022–05–21]

FAO (2020) Global forest resources assessment 2020: main report. 
Rome: FAO. https:// doi. org/ 10. 4060/ ca982 5en

Ficko A, Lidestav G, Ní Dhubháin Á, Karppinen H, Zivojinovic I, Wes-
tin K (2019) European private forest owner typologies: a review 
of methods and use. For Policy Econ 99:21–31. https:// doi. org/ 10. 
1016/j. forpol. 2017. 09. 010

Fischer C, Gasparini P, Nylander M, Redmond J, Hernandez L, Brändli 
U-B, Pastor A, Rizzo M, Alberdi I (2016) Joining criteria for har-
monizing European forest available for wood supply estimates. Case 
studies from national forest inventories. Forests 7(5):104. https:// doi. 
org/ 10. 3390/ f7050 104

FOREST EUROPE (2020) State of Europe’s forests 2020 (2020). https:// 
fores teuro pe. org/ wp- conte nt/ uploa ds/ 2016/ 08/ SoEF_ 2020. pdf 
[2021-05-28]

Fridman J, Holm S, Nilsson M, Nilsson P, Ringvall A, Ståhl G (2014) 
Adapting National Forest Inventories to changing requirements—the 
case of the Swedish National Forest Inventory at the turn of the 20th 
century. Silva Fennica. https:// doi. org/ 10. 14214/ sf. 1095

Heinonen T, Pukkala T, Antti A (2020) Variation in forest landowners’ 
management preferences reduces timber supply from Finnish forests. 
Ann For Sci. https:// doi. org/ 10. 1007/ s13595- 020- 00939-z

Hurmekoski E, Hetemäki L (2013) Studying the future of the forest 
sector: review and implications for long-term outlook studies. For 
Policy Econ 34:17–29. https:// doi. org/ 10. 1016/j. forpol. 2013. 05. 005

Ingemarson F, Lindhagen A, Eriksson L (2006) A typology of small-scale 
private forest owners in Sweden. Scand J for Res 21(3):249–259. 
https:// doi. org/ 10. 1080/ 02827 58060 06622 56

Lodin I, Eriksson LO, Forsell N, Korosuo A (2020) Combining climate 
change mitigation scenarios with current forest owner behavior: a 
scenario study from a region in Southern Sweden. Forests 11(3):346. 
https:// doi. org/ 10. 3390/ f1103 0346

Lovrić M, Da Re R, Vidale E, Prokofieva I, Wong J, Pettenella D, Verkerk 
PJ, Mavsar R (2020) Non-wood forest products in Europe—a quan-
titative overview. Forest Policy Econ 116:102175. https:// doi. org/ 
10. 1016/j. forpol. 2020. 102175

Matilainen A, Lähdesmäki M (2023) Passive or not?—Examining 
the diversity within passive forest owners. Forest Policy Econ 
151:102967. https:// doi. org/ 10. 1016/j. forpol. 2023. 102967

Nabuurs GJ, Andrasko K, Benitez-Ponce P, Boer R, Dutschke M, Elsid-
dig E, Ford-Robertson J, Matsumoto M, Oyhantcabal W, Achard 
F, Anaya C, Brinkman S, Higuchi N, Hoogwijk M, Lecocq F, Rose 
S, Schlamadinger B, Filho BSS, Sohngen B, Strengers B, Apps M, 
Calvo E (2007) Forestry. In: Climate change 2007: Mitigation. 44

Nichiforel L, Deuffic P, Thorsen BJ, Weiss G, Hujala T, Keary K, Law-
rence A, Avdibegović M, Dobšinská Z, Feliciano D, Górriz-Mifsud 
E, Hoogstra-Klein M, Hrib M, Jarský V, Jodłowski K, Lukmine 
D, Pezdevšek Malovrh Š, Nedeljković J, Nonić D, Krajter Ostoić 
S, Pukall K, Rondeux J, Samara T, Sarvašová Z, Scriban RE, 
Šilingienė R, Sinko M, Stojanovska M, Stojanovski V, Stoyanov 
T, Teder M, Vennesland B, Wilhelmsson E, Wilkes-Allemann J, 
Živojinović I, Bouriaud L (2020) Two decades of forest-related 
legislation changes in European countries analysed from a property 
rights perspective. For Policy Econ 115:102146. https:// doi. org/ 10. 
1016/j. forpol. 2020. 102146

Nilsson P, Roberge C, Fridman J (2021) Forest statistics 2021. Umeå: 
Swedish University of Agricultural Sciences. https:// www. slu. se/ 
globa lasse ts/ ew/ org/ centrb/ rt/ dokum ent/ skogs data/ skogs data_ 2021_ 
webb. pdf [2023-04-01]

Nordström E-M, Forsell N, Lundström A, Korosuo A, Bergh J, Havlík 
P, Kraxner F, Frank S, Fricko O, Lundmark T, Nordin A (2016) 
Impacts of global climate change mitigation scenarios on forests and 
harvesting in Sweden. Can J for Res 46(12):1427–1438. https:// doi. 
org/ 10. 1139/ cjfr- 2016- 0122

SFS (1979) Swedish Forestry Act 1979:429. https:// rkrat tsbas er. gov. se/ 
sfst? bet= 1979: 429 [2022-08-18]

Sjølie HK, Wangen KR, Lindstad BH, Solberg B (2019) The impor-
tance of timber prices and other factors for harvest increase among 
non-industrial private forest owners. Can J for Res 49(5):543–552. 
https:// doi. org/ 10. 1139/ cjfr- 2018- 0292

Statistics Sweden (2021) Formally protected forest land, voluntary set-
asides, consideration patches and unproductive forest land 2020. 
(MI 41 2020A02). https:// www. scb. se/ conte ntass ets/ 17bb0 ab6b9 
4f45a 2b2ca 9b8de 7f2be 5e/ mi0605_ 2020a 01_ br_ mi41b r2102. pdf 
[2022-05-22]

FSC Sweden (2020) FSC-standard för skogsbruk i Sverige FSC-STD-
SWE-03-2019.pdf. FSC Sweden. https:// se. fsc. org/ se- sv/ regler/ 
skogs bruks stand ard [2022-05-22]

The Swedish mapping, cadastral and land registration authority (2022) 
The cadastral index map. Lantmateriet.se. https:// www. lantm ateri 
et. se/ en/ real- prope rty/ prope rty- infor matio n-/ real- prope rty- regis ter/ 
the- regis try- card/ [2022-05-21]

Swedish Environmental Protection Agency (2020) Nationella marktäcke-
data 2018—basskikt. Stockholm. https:// www. natur vards verket. se/ 
conte ntass ets/ 37e8b 38528 77498 2b584 0554f 02a1f 81/ produ ktbes 
krivn ing- nmd- 2018- bassk ikt- v2-2. pdf [2022-05-19]

Swedish Forest Agency (2021) Miljöhänsyn vid föryngringsavverkn-
ing-2021.pdf. (JO1404 SM2101). Jönköping. https:// skogs styre 
lsen. se/ globa lasse ts/ stati stik/ stati stiska- medde landen/ jo1403- stati 
stiska- medde landen- miljo hansyn- vid- foryn gring savve rkning- 2021. 
pdf [2022-05-19]

Swedish Forest Agency (2022a) Forest Impact Assessment 2022—syn-
thesis report. (2022/11)

Swedish Forest Agency (2022b) Utförda avverkningar—produktbeskrivn-
ing. Jönköping: Skogsstyrelsen. https:// skogs styre lsen. se/ globa lasse 
ts/ sjalv servi ce/ kartt janst er/ geoda tatja nster/ produ ktbes krivn ingar/ 
utfor da- avver kning ar--- produ ktbes krivn ing. pdf [2022-05-21]

Ulvdal P, Öhman K, Eriksson LO, Wästerlund DS, Lämås T (2023) Han-
dling uncertainties in forest information: the hierarchical forest plan-
ning process and its use of information at large forest companies. For 
Int J For Res 96(1):62–75. https:// doi. org/ 10. 1093/ fores try/ cpac0 28

https://doi.org/10.1007/s13595-016-0564-3
https://doi.org/10.1016/j.futures.2005.12.002
https://doi.org/10.3390/f5071695
https://doi.org/10.3390/f5071695
https://doi.org/10.3390/f6114001
https://doi.org/10.3390/f6114001
https://doi.org/10.4060/cb3795m
https://www.fao.org/3/I8661EN/i8661en.pdf
https://doi.org/10.4060/ca9825en
https://doi.org/10.1016/j.forpol.2017.09.010
https://doi.org/10.1016/j.forpol.2017.09.010
https://doi.org/10.3390/f7050104
https://doi.org/10.3390/f7050104
https://foresteurope.org/wp-content/uploads/2016/08/SoEF_2020.pdf
https://foresteurope.org/wp-content/uploads/2016/08/SoEF_2020.pdf
https://doi.org/10.14214/sf.1095
https://doi.org/10.1007/s13595-020-00939-z
https://doi.org/10.1016/j.forpol.2013.05.005
https://doi.org/10.1080/02827580600662256
https://doi.org/10.3390/f11030346
https://doi.org/10.1016/j.forpol.2020.102175
https://doi.org/10.1016/j.forpol.2020.102175
https://doi.org/10.1016/j.forpol.2023.102967
https://doi.org/10.1016/j.forpol.2020.102146
https://doi.org/10.1016/j.forpol.2020.102146
https://www.slu.se/globalassets/ew/org/centrb/rt/dokument/skogsdata/skogsdata_2021_webb.pdf
https://www.slu.se/globalassets/ew/org/centrb/rt/dokument/skogsdata/skogsdata_2021_webb.pdf
https://www.slu.se/globalassets/ew/org/centrb/rt/dokument/skogsdata/skogsdata_2021_webb.pdf
https://doi.org/10.1139/cjfr-2016-0122
https://doi.org/10.1139/cjfr-2016-0122
https://rkrattsbaser.gov.se/sfst?bet=1979:429
https://rkrattsbaser.gov.se/sfst?bet=1979:429
https://doi.org/10.1139/cjfr-2018-0292
https://www.scb.se/contentassets/17bb0ab6b94f45a2b2ca9b8de7f2be5e/mi0605_2020a01_br_mi41br2102.pdf
https://www.scb.se/contentassets/17bb0ab6b94f45a2b2ca9b8de7f2be5e/mi0605_2020a01_br_mi41br2102.pdf
https://se.fsc.org/se-sv/regler/skogsbruksstandard
https://se.fsc.org/se-sv/regler/skogsbruksstandard
https://www.lantmateriet.se/en/real-property/property-information-/real-property-register/the-registry-card/
https://www.lantmateriet.se/en/real-property/property-information-/real-property-register/the-registry-card/
https://www.lantmateriet.se/en/real-property/property-information-/real-property-register/the-registry-card/
https://www.naturvardsverket.se/contentassets/37e8b38528774982b5840554f02a1f81/produktbeskrivning-nmd-2018-basskikt-v2-2.pdf
https://www.naturvardsverket.se/contentassets/37e8b38528774982b5840554f02a1f81/produktbeskrivning-nmd-2018-basskikt-v2-2.pdf
https://www.naturvardsverket.se/contentassets/37e8b38528774982b5840554f02a1f81/produktbeskrivning-nmd-2018-basskikt-v2-2.pdf
https://skogsstyrelsen.se/globalassets/statistik/statistiska-meddelanden/jo1403-statistiska-meddelanden-miljohansyn-vid-foryngringsavverkning-2021.pdf
https://skogsstyrelsen.se/globalassets/statistik/statistiska-meddelanden/jo1403-statistiska-meddelanden-miljohansyn-vid-foryngringsavverkning-2021.pdf
https://skogsstyrelsen.se/globalassets/statistik/statistiska-meddelanden/jo1403-statistiska-meddelanden-miljohansyn-vid-foryngringsavverkning-2021.pdf
https://skogsstyrelsen.se/globalassets/statistik/statistiska-meddelanden/jo1403-statistiska-meddelanden-miljohansyn-vid-foryngringsavverkning-2021.pdf
https://skogsstyrelsen.se/globalassets/sjalvservice/karttjanster/geodatatjanster/produktbeskrivningar/utforda-avverkningar---produktbeskrivning.pdf
https://skogsstyrelsen.se/globalassets/sjalvservice/karttjanster/geodatatjanster/produktbeskrivningar/utforda-avverkningar---produktbeskrivning.pdf
https://skogsstyrelsen.se/globalassets/sjalvservice/karttjanster/geodatatjanster/produktbeskrivningar/utforda-avverkningar---produktbeskrivning.pdf
https://doi.org/10.1093/forestry/cpac028


712 European Journal of Forest Research (2024) 143:703–712

United Nations Economic Commission for Europe (2022) Forest sector 
outlook study 2020–2040. United Nations. https:// doi. org/ 10. 18356/ 
97892 10012 973

Verkerk PJ, Anttila P, Eggers J, Lindner M, Asikainen A (2011) The 
realisable potential supply of woody biomass from forests in the 
European Union. For Ecol Manage 261(11):2007–2015. https:// doi. 
org/ 10. 1016/j. foreco. 2011. 02. 027

Verkerk PJ, Levers C, Kuemmerle T, Lindner M, Valbuena R, Verburg 
PH, Zudin S (2015) Mapping wood production in European forests. 
For Ecol Manag 357:228–238. https:// doi. org/ 10. 1016/j. foreco. 
2015. 08. 007

Verkerk PJ, Hassegawa M, Van Brusselen J, Cramm M, Chen X, Max-
imo YI, Koç M, Lovrić M, Tegegne YT (2022) The role of forest 
products in the global bioeconomy—enabling substitution by wood-
based products and contributing to the sustainable development 
goals. FAO, Rome. https:// doi. org/ 10. 4060/ cb727 4en

White JC, Coops NC, Wulder MA, Vastaranta M, Hilker T, Tompalski 
P (2016) Remote sensing technologies for enhancing forest inven-
tories: a review. Can J Remote Sens 42(5):619–641. https:// doi. org/ 
10. 1080/ 07038 992. 2016. 12074 84

Wilhelmsson P (2023) Forest planning utilizing high spatial resolution 
data. Swedish University of Agricultural Sciences. https:// doi. org/ 
10. 54612/a. 4h25q 0pofl

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.18356/9789210012973
https://doi.org/10.18356/9789210012973
https://doi.org/10.1016/j.foreco.2011.02.027
https://doi.org/10.1016/j.foreco.2011.02.027
https://doi.org/10.1016/j.foreco.2015.08.007
https://doi.org/10.1016/j.foreco.2015.08.007
https://doi.org/10.4060/cb7274en
https://doi.org/10.1080/07038992.2016.1207484
https://doi.org/10.1080/07038992.2016.1207484
https://doi.org/10.54612/a.4h25q0pofl
https://doi.org/10.54612/a.4h25q0pofl

	Availability and mobilization of forest resources in Sweden
	Abstract
	Introduction
	Material and methods
	Availability
	Mobilization

	Results
	Availability
	As wood supply
	As nature conservation

	Mobilization

	Discussion
	Conclusion
	Acknowledgements 
	References




