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Abstract
Frequency distributions of tree diameters are a powerful tool for analyzing changes of tree populations in large areas. We 
analyzed the densities and mean volume estimates of trees in different size classes for the Finnish forests over the time-span 
of the National Forest Inventories (1921–2013). The results display a general increase in trees in all size classes, species group 
and geographical area, mainly after the 1970s. The densities of medium- and large-sized conifers showed large increases in 
the southern boreal subzone, spruces even more than pines. Small- to medium-sized pines have increased in the middle and 
northern boreal subzones. The shifts in growing stock are related to changing land use, resulting from the development of 
the society. The low quantities of both growing stock and large trees during the 1920s reflect a poor initial state of forests. 
Several land use forms of the former agriculture-based society were detrimental to forests, including slash and burn agri-
culture, cattle grazing and tar production. The pressure from alternative land use forms was stronger in southern Finland, 
where the population density (people per  km2) is much higher. Between 1971 and 2013, the changes in size-class structure 
can be attributed mainly to intensified silviculture boosted by actions of the Finnish governments, including both legislation 
and financial support for management activities. Not only the development of growing stock has exceeded expectations, but 
the increase has also concentrated in the economically valuable trees in the large size classes.
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Introduction

The global forest area has been declining during 1990–2015 
according to the UN FAO Global Forest Resources Assess-
ments (FRA), but the annual rate of net forest loss halved 
from 7.3 M ha a−1 in the 1990s to 3.3 M ha a−1 during 
2010–2015, with slowing deforestation, increased human-
induced afforestation and natural expansion of forests con-
tributing to the development (Keenan et al. 2015). Forest 
areas have been stable or expanding in the temperate and 
boreal regions, but deforestation continues in the tropics 
(Keenan et al. 2015). Especially large reductions of both 
forest area and growing stock have been reported for south-
ern America and western and southern Africa. According 
to the FRA, the global growing stock decreased slightly 
between the years 1990–2000, but has increased thereafter 
(Köhl et al. 2015). Conflicting estimates about the effects 
of forests on the global carbon budget have been reported 
(cf. Pan et al. 2011; Kauppi et al. 2015; Köhl et al. 2015). 
In any case, the forests of the developed countries generally 
constitute a vital carbon sink (Köhl et al. 2015).
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Sample-based national forest inventories (NFIs) and 
forest development scenarios based on inventory data are 
key tools in planning national forest policies and forest uti-
lization, including investment plans for forest industries 
(Tomppo et al. 2010). NFIs have become common in recent 
decades, but their coverage is still low in the developing 
countries (Saket et al. 2010; MacDicken et al. 2015). There 
is still a great deal of variation in NFI features (e.g., defini-
tions of variables, sampling designs, sample plot configu-
rations, measurement and estimation methods), despite the 
recent harmonization efforts (Lawrence et al. 2010; Chirici 
et al. 2011).

Threat of deforestation and availability of roundwood for 
different forms of wood use were the primary motivation for 
the early NFIs. Today, the expected ecosystem services from 
forests are diverse, including global issues like carbon stor-
age and biodiversity protection. Remote sensing techniques 
provide a means for assessing the development of forests 
coverage in regions, where field plots located using probabil-
ity sampling are lacking (e.g., Saket et al. 2010; MacDicken 
et al. 2015; Crowther et al. 2015; Crespo Cuaresma et al. 
2017). Currently, field measurements are still needed for 
producing detailed information about the structure of forests, 
a key to analyzing the availability of the different ecosystem 
services.

Frequency distributions of tree diameters are commonly 
used for describing tree populations. They provide direct 
information about the quantities of roundwood available for 
specific purposes. They are also useful in valuing forests, 

predicting forest growth and in management planning and 
assessing biomass stocks and past disturbances (Coomes and 
Allen 2007). At species level, diameter distributions can be 
used for assessing species-specific demographic rates and 
population trends (Wright et al. 2003).

The first sample-based forest inventories at national scale 
were established in the Nordic countries during the years 
1919–1923 (Chirici et al. 2011; Kangas et al. 2018). The 
motivation for the early inventories was a concern about the 
adequacy of forest resources for industrial use, threatened 
by over-exploitation and competing forms of land use, which 
both resulted in small growing stocks and, consequently, 
reduced wood production potential.

The Nordic countries provide examples of rapidly ris-
ing trends in growing stock and annual growth, common 
for developed countries in general (Kauppi et al. 2018). We 
analyzed in detail the tree-size structure of the forests of 
Finland, the country with the largest forest area per capita 
in Europe (Palo and Lehto 2012). Like growing stock and 
annual growth also the annual drain, which includes removal 
by cuttings and mortality, has shown a rising trend in Fin-
land, currently exceeding the level of annual growth of the 
1920s by more than 50% (Fig. 1). Before the 1950s, a large 
share of wood consumption was non-industrial wood, which 
mainly consisted of domestic fuelwood in small-scale hous-
ing (e.g., Saari 1934; Sevola 1988). During the same period, 
the change in the combined area of forest land and poorly 
productive forest land has been 1.6% (Korhonen et al. 2017, 
for details see Discussion).

Fig. 1  Growing stock volume (a), annual increment (increment esti-
mates for NFI1 were calculated in accordance with the present bor-
ders of Finland), annual drain [the drain in 1917–1944 describes the 
forest area of Finland before World War II (about 12% larger than 

present)] and the consumption of domestic non-industrial wood (b) in 
Finland during 1917–2017 (Finnish forest statistics, 2018; www.stat.
fi/tup/satav uotia s-suomi /vuosi sadan -lahte et.html)

http://www.stat.fi/tup/satavuotias-suomi/vuosisadan-lahteet.html
http://www.stat.fi/tup/satavuotias-suomi/vuosisadan-lahteet.html
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The increases in growing stock and annual growth have 
been attributed mainly to efficient silviculture (e.g., Kuu-
luvainen et al. 2012), even though environmental changes 
have promoted tree growth in recent decades (Henttonen 
et al. 2017). The change in silviculture has been promoted 
by actions of the Finnish governments, including both leg-
islation and financial support for management activities 
(Palo and Lehto 2012). Especially influential was the tran-
sition from selective dimensional cuttings to thinning from 
below and clear cuts followed by immediate regeneration 
(Lundqvist 2017). In addition, the large-scale drainage of 
peatlands (5.7 million ha), equaling 60% of peatland area 
(Minkkinen et al. 2002) and 22% of the current forestry land 
(Korhonen et al. 2017), has increased forest growth (Hökkä 
et al. 2002).

The shift in growing stock has also been related to chang-
ing land use, resulting from the development of the society. 
In 1920 and 1950, 84% and 74% of population lived in rural 
areas (Koskinen et al. 1994). The share of persons work-
ing in agriculture and forestry was 70% and 46% in 1920 
and 1950, respectively (Central Statistical Office of Finland 
1979). During the 1960s and 1970s, migration into towns 
and population centers increased rapidly, and in 2017 only 
4% were employed in agriculture and forestry (Statistics Fin-
land 2018). Dairy farming was the most important branch 
of agriculture during the early part of the twentieth century 
(Hjerppe 1989). It was associated with a special type of land 
use, cattle crazing in forests over the summer season, nega-
tively affecting forest productivity (Ilvessalo 1927; Leikola 
1998).

We analyzed the changes in the tree size-class structure 
of the forests in Finland during 1921–2013. Tree densities 
and mean volume estimates for 2-cm-diameter classes are 
reported for tree species groups and for the three subzones 
of the boreal biogeographical zone. Some of the results are 
provided in finer geographical detail using the 21 biogeo-
graphical provinces in Finland. The affecting factors behind 
the observed changes are discussed paying special atten-
tion to changing land use. These types of studies are rare at 
national level, and the exceptionally long monitoring period 
makes the results unique.

Materials and methods

We estimated tree densities (stems per hectare) and mean 
growing stock volumes  (m3 ha−1) by tree diameter (dbh) 
class and tree species group using the Finnish NFI data from 
the 1920s (NFI1), from the 1970s (NFI6) and the 2010s 
(NFI11). Only living trees are reported, as dead trees have 
not been monitored in a consistent fashion throughout the 
study period. Three tree species groups were used: Scots 
pine (Pinus sylvestris L.) (currently 50% of growing stock in 

Finland, includes the very small densities of conifers other 
than Norway spruce), Norway spruce (Picea abies (L.) 
Karst.) (30%) and broadleaved tree species (Korhonen et al. 
2017). In Finland, broadleaves consist mainly of two birch 
species, aspen and two alder species, with total of 20% of 
the growing stock (Korhonen et al. 2017): Betula pubescens 
Ehrh. (12%), Betula pendula Roth (5%), Populus tremula 
L. (2%) and Alnus incana (L.) Moench and Alnus glutinosa 
(L.) Gaertn. (1%).

We applied the estimation methods of the Finnish NFIs, 
presented in detail in Lindeberg (1924) (NFI1, line sur-
vey sampling errors), Ilvessalo (1927) (NFI1, line survey) 
and Tomppo et al. (2011) (angle count plot inventory) (for 
details, see Henttonen et al. 2019). Sampling errors were 
estimated for the tree density estimates in NFI1 and NFI11. 
Sampling errors for the change in tree density between NFI1 
and NFI11 were estimated assuming independence between 
the two inventories, i.e., the variance of the change in tree 
density was calculated as the sum of the variances for NFI1 
and NFI11.

Sampling design and measurements in the Finnish 
NFIs

The development of the Finnish NFI from the 1920s to the 
early 2000s is described in Tomppo et al. (2011). Only the 
most important details and changes related to the assess-
ment of the frequency distributions of tree diameters are 
summarized here.

NFI1 (1921–1924)

The sample of NFI1 (1921–1924) consisted of inventory 
lines oriented from southwest to northeast with 26 km 
distance between subsequent lines in most parts of the 
country (Ilvessalo 1927). Land use and site characteristics 
were assessed visually for each land figure and forest stand 
intersected by the inventory line. Stand volumes (per ha) 
were estimated visually. These estimates were calibrated 
using sample plot measurements. The sample plots were 
10 m × 50 m line strips located at the end of each 2000 m of 
the inventory line. In case the plot was not entirely within 
a single forest stand, it was shifted so that it did fit into a 
single stand. For small stands, it was possible to measure 
plots shorter in length than 50 m. On the sample plots, the 
dbh of each tree was measured and registered in 2-cm classes 
(0–2 cm, 2–4 cm, …). For trees forked (split into several 
stems) below 1.3 m, dbh was measured separately for each 
stem. Some of the field crews of NFI1 had not registered 
stems with a dbh smaller than 4 cm. We therefore do not 
provide results for trees smaller than 4 cm at breast height.

The definition of forest land was based on a visual classi-
fication describing site productivity (Ilvessalo 1927). Forest 
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land was divided into two main categories: productive forest 
land and forest land of poor growth potential. On forest land, 
also the use for cattle grazing as well as tracks of slash and 
burn cultivation were recorded.

NFI6 (1971–1976) and NFI11 (2009–2013)

In NFI6, trees were selected using angle count sampling 
(Bitterlich 1948, basal area factors in Table 1). Tree dbhs 
were registered in 1-cm classes (2.5–3.5 cm, 3.5–4.5 cm, 
…). Trees with a dbh below 2.5 cm were not measured in 
NFI6. In NFI11, the angle count plots were restricted to 
a maximum radius, which varied in the different parts of 
Finland (Table 1). The dbhs of all trees taller than 1.35 m 
were measured with an accuracy of 1 mm. In NFI11, dbh 
was measured separately for each stem, if a tree was forked 
(split into several stems) below the height of 1.3 m. In NFI6, 
the dbh for forked trees was calculated as a square root of 
the sum of dbh2s of the stems. Due to forked trees, the terms 
“number of stems” and “stem density” would be more pre-
cise, but for simplicity we prefer to use “number of trees” 
and “tree density.”

The techniques and accuracy of measurements have 
undergone several changes during the monitoring period. 
We report frequency distributions of tree diameters using 
the 2-cm dbh classes applied in NFI1, and harmonized the 

data from later inventories accordingly (for details, see 
Henttonen et al. 2019). The volume models of Laasasenaho 
(1982) were used in the estimation of growing stock volumes 
for all data sets. For NFI6–NFI11, we used data from forest 
land and poorly productive forest land (Tomppo et al. 2011). 
In NFI1, the terms productive forest land and forest land of 
poor growth were used (Ilvessalo 1927).

Biogeographical zones and subzones

Most of the area of Finland belongs to the three subzones 
of the boreal biogeographical zone: southern boreal, middle 
boreal and northern boreal (Fig. 2) (Ahti et al. 1968). Small 
parts of southernmost Finland belong to the hemiboreal sub-
zone, which is part of the temperate zone, but these were 
merged into the southern boreal subzone.

We calculated forest areas, tree densities and growing 
stock volumes for each of the three boreal subzones in NFI1 
(1921–1924), NFI6 (1971–1976) and NFI11 (2009–2013). 
The area and growing stock volume of forest land used for 
cattle crazing were estimated in NFI1. The NFI1 and NFI11 
sampling errors for tree densities were estimated in 2-cm 
dbh classes and using four wide dbh classes (4–10 cm, 
10–20 cm, 20–30, > 30 cm). We constructed 95% confidence 
intervals for the estimated changes of tree densities from 

Table 1  Sample plot type and 
size, the number of sample 
plots in forest and the number 
of sample trees in boreal 
subzones in NFI1 (1921–1924), 
NFI6 (1971–1976) and NFI11 
(2009–2013)

BAF is the basal area factor in angle gauge sampling, and rmax is the maximum plot radius
a County of Åland, temporary plots
b Southern Finland and permanent plots in the county of Åland
c Northern Finland
d Northernmost Finland (Enontekiö, Inari and Utsjoki), data from NFI7 in 1978

Inventory Sample plot type and size Sample plots Sample trees 
dbh ≥ 4 cm

SOUTH (hemiboreal and southern boreal subzones)
NFI1 Fixed area 10 m × 50 m 1663 101,922
NFI6 Angle gauge BAF = 2 26,537 173,133
NFI11 Angle gauge 25,377 229,504

BAF = 1 and rmax = 9  ma

BAF = 2 and rmax = 12.52  mb

MIDDLE (middle boreal subzone)
NFI1 Fixed area 10 m × 50 m 1423 80,347
NFI6 Angle gauge BAF = 2 24,738 106,976
NFI11 Angle gauge 20,724 175,544

BAF = 1.5 and rmax = 12.45  mc

BAF = 2 and rmax = 12.52  mb

NORTH (northern boreal subzone)
NFI1 Fixed area 10 m × 50 m 1282 41,663
NFI6 Angle gauge BAF = 2 or  1d 6139 24,560
NFI11 Angle gauge 7500 51,873

BAF = 1.5 and rmax = 12.45 m
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NFI1 to NFI11 for subzones × tree species × dbh classes 
(4–10 cm, 10–20 cm, 20–30, > 30 cm).

The borders of biogeographical zones and subzones were 
downloaded from the service LAPIO of the Finnish Environ-
ment Institute. The NFI plots were located to these subzones 
using the function pnt.in.poly of R package SDMTools (Van-
DerWal et al. 2014).

Biogeographical provinces

The division of Finland into biogeographical provinces 
has been used in recording biological phenomena since the 
1850s (see, e.g., Kalela (1944) for history and criticism). 
The present number of biogeographical provinces is 21 
(Heikinheimo and Raatikainen 1981). We estimated tree 
densities and their changes from the 1920s to 2010s also for 
the biogeographical provinces using four wide dbh classes 
(4–10 cm, 10–20 cm, 20–30, > 30 cm) in order to assess 
the variation of tree densities within the boreal subzones. 
Also the share of forest land used for cattle crazing as well 
as the forest area with signs of slash and burn cultivation in 
1921–1924 (NFI1) was estimated for the biogeographical 
provinces.

Results

Tree densities in dbh classes for the boreal subzones 
(1921–2013)

Figures 3, 4 and 5 show the form of tree size distribution 
in NFI1, NFI6 and NFI11 by tree species groups and 2-cm-
diameter (dbh) classes for southern boreal, middle boreal 
and northern boreal subzones, respectively. In Table 2, the 

changes from NFI1 to NFI11 and their 95% confidence 
intervals are presented in four wide dbh classes (4–10 cm, 
10–20 cm, 20–30, > 30 cm).

Tree densities (number of trees per hectare) have 
increased in every region and in most dbh classes during 
1921–2013, but the results also highlight different devel-
opmental patterns between regions and tree species. The 
relative changes from the 1920s to the 1970s and from the 
1970s to the 2010s expressed as percentages are shown 
in Supporting material 1. The mean volume estimates 
 (m3 ha−1) for each diameter class are presented in Sup-
porting material 2.

Southern boreal subzone

Changes of tree densities were limited in dbh classes up 
to 21 cm, except for small pines, between the 1920s and 
the 1970s in the south (Fig. 3). Pines and broadleaves 
were reduced, while spruces became slightly more com-
mon. Apart from the smallest pines, densities of pines and 
broadleaves in these small dbh classes have recovered after 
the 1970s and the densities of small spruces have remained 
stable. Small broadleaves were—and still are—more com-
mon than either conifer species.

Tree densities in the larger size classes have increased 
in all species groups. Conifer densities in dbh classes 
between 25 cm and 35 cm showed an especially large 
increase between the 1920s and the 1970s. Many of these 
trees were allowed to mature further, as the main changes 
in the dbh classes above 35 cm occurred after the 1970s. 
Also large broadleaves have increased, especially after the 
1970s, but less than conifers.

In the 1920s, medium- and large-sized pines were far 
more common than spruces in the southern boreal sub-
zone, but today their densities are similar in the respective 
dbh classes. The significant increase in spruce compared 
to pine and broadleaves in all size classes is also shown 
in Table 2.

Middle boreal subzone

The densities of small- to medium-sized pines have roughly 
doubled after the 1970s in the middle boreal subzone 
(Fig. 4). Large spruces have increased (Fig. 4), but their 
densities are still low compared to those in the south. Small-
sized spruces in the middle boreal subzone are a solitary 
exception to the general increasing trend: they show a nota-
ble reduction from the 1920s to present (Fig. 4; Table 2). 
Densities of broadleaves declined between the 1920s and 
the 1970s, but have shown a recovery thereafter.

Fig. 2  The three subzones of the boreal biogeographical zone in Fin-
land. SOUTH southern boreal (incl. HEMI hemiboreal zone), MID-
DLE middle boreal, NORTH northern boreal [reprinted from Hent-
tonen et al. (2019), Copyright (2019), with permission from Elsevier]
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Northern boreal subzone

The densities of small- to medium-sized pines have more 
than doubled also in the northern boreal subzone. The den-
sities of spruces and broadleaves were reduced between 
the 1920s and the 1970s, but have recovered since then 
(Fig. 5). Apart from the small broadleaves, there are no 
significant increases since the 1920s (Table 2).

To summarize, two especially notable trends emerge, 
both mainly after the 1970s:

1. The densities of medium- and large-sized conifers show 
very large increases in the southern boreal subzone, 
spruces even more than pines.

2. The densities of small- to medium-sized pines and small 
broadleaves have increased in the middle and northern 
boreal subzones.

Tree densities in dbh classes in the biogeographical 
provinces

Dividing the country into the three subzones of the boreal 
zone provides a somewhat crude overview of the tree popula-
tions, as each subzone includes regions with rather different 
historical patterns of land use. To analyze the development 
of tree densities in Finland in more detail, we calculated the 
densities of trees in 1921–1924 and 2009–2013 for the 21 
biogeographical provinces in Finland using the wider dbh 
classes of 4–10 cm, 10–20 cm, 20–30 cm and > 30 cm. The 
change estimates from 1921–1924 to 2009–2013 were also 
calculated.

For small trees (Fig.  6), the largest changes were 
observed for pine, but the pattern has been diverse. Small 
pines have declined in many southern provinces. Pines 
between 10 and 20 cm have increased at the coastal region 

Fig. 3  Tree densities (stems per ha) by dbh classes and tree species 
groups in the southern boreal subzone (incl. hemiboreal zone) in the 
1920s, 1970s and 2010s. The dbh classes ≤ 23 cm in a–c and the dbh 

classes ≥ 25 cm in d–f. Note the different scales for y-axis in a–c and 
d–f. Error bars indicate 2× sampling errors
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in western Finland, where ditched peatlands are common. 
In the northern half of the country, a systematic and siz-
able increase has been observed.

Small spruces have declined in some southernmost 
provinces, and also in a couple of eastern ones in the mid-
dle part of the country (Fig. 6). An increase has occurred 
in a few provinces in the middle part of southern Finland.

Small broadleaves have declined in two eastern prov-
inces in southern Finland (Fig. 6). The coastal provinces 
mostly show small increases.

Large trees (Fig. 7) show a heavy increase of conifers 
in nearly all southern provinces. In northern Finland, 
there are several provinces with reduced densities of 
large pines and spruces. Notable increases of pine were 
observed for the northernmost provinces. Broadleaves 
mostly show little change, with modest increases in some 
southern provinces.

Forest pastures

Figure 8, describing the share of pastures of forest land, 
produces a pattern notably similar to the density changes 
of small (4–10 cm) broadleaves in Fig. 6. The sites used 
for grazing were on average fertile (Table 3). This, together 
with the low stocking of the pastures (Table 3), favored small 
broadleaves. Today, cattle grazing in forests virtually does 
not exist. The abandoned pastures have been taken over 
mainly by spruce (Figs. 6, 7). 

Slash and burn agriculture had already mostly vanished 
in Finland by the 1920s (Heikinheimo 1915). Some signs of 
it were still observed in the eastern part of southern Finland, 
in the same geographical regions and forest site types, where 
cattle grazing used to be most common. For individual prov-
inces, the largest share of slash and burn sites on forest land 
was 3.7% during the 1920s.

Fig. 4  Tree densities (stems per ha) by dbh classes and tree species 
groups in the middle boreal subzone in the 1920s, 1970s and 2010s. 
The dbh classes ≤ 23 cm in a–c and the dbh classes ≥ 25 cm in d–f. 

Note the different scales for y-axis in a–c and d–f. Error bars indicate 
2× sampling errors



286 European Journal of Forest Research (2020) 139:279–293

1 3

Discussion

With few exceptions, our results display a general increase of 
trees in all size classes in each species group and geographi-
cal area. The most notable increases were shown by large 
conifers in the south and small- to medium-sized pines in 
the middle and northern boreal subzones. In general, larger 
changes have occurred in southern Finland. As studies ana-
lyzing the density of large trees in old-growth forests in 
Scandinavia (e.g., Nilsson et al. 2002; Jönsson et al. 2009) 
have reported densities higher than those observed in the 
recent Finnish NFIs, it is justifiable to use the term recovery.

Our study covers NFI data from the 1920s to the 2010s. 
The techniques and accuracy of measurements have undergone 
changes during this period. We reported therefore the tree den-
sities in 2-cm dbh classes and omitted dead trees and trees with 
dbh below 4 cm. In Finland, tree measurements were made on 
sample plots already in NFI1. The method thus deviated from 
the early inventories in Norway and Sweden, where trees were 

measured along entire strips, a method vulnerable to errors 
caused by boundary trees (Ilvessalo 1927, p. 27).

The definitions of land use classes have changed. To mon-
itor the changes of forest area, we used the data on forest 
land and poorly productive forest land for NFI6 and NFI11 
(Tomppo et al. 2011). In NFI1, the terms productive forest 
land and forest land of poor growth were in use (Ilvessalo 
1927). For the whole country, the combined area of the two 
categories has increased by 1.6% between NFI1 and NFI11. 
A decrease of 0.3% and 3.8% was observed for southern and 
northern boreal subzones, respectively. In the middle boreal 
subzone, where ditched peatlands are common, the forest 
area has increased by 8.4%.

Factors affecting the forests of Finland 
before and during the study period

Prior to the time of NFIs, the forests of Finland had been 
utilized intensively for centuries (Helander 1949; Tasanen 

Fig. 5  Tree densities (stems per ha) by dbh classes and tree species 
groups in the northern boreal subzone in the 1920s, 1970s and 2010s. 
The dbh classes ≤ 23 cm in a–c and the dbh classes ≥ 25 cm in d–f. 

Note the different scales for y-axis in a–c and d–f. Error bars indicate 
2× sampling errors
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2004; Kuisma 2006). The small quantities of both growing 
stock and large trees in Finland during the 1920s reflect a 
poor initial state of forests—a view also clearly stated by 
contemporary experts (Ilvessalo 1927; Helander 1949). 
Based on a visual classification in NFI1, Ilvessalo (1927) 
reported that more than 40% of forests in southern Finland 
were in an ‘unsatisfactory condition’ and only 27% of for-
ests reached a minimum of 80% of the growing stock of 
fully stocked stands. The difference between the observed 
densities and fully stocked stands was especially large in 
old stands (Ilvessalo 1927; see also Kauppi et al. 2010; 
Henttonen et al. 2019).

The contributing factors included both alternative forms 
of land use and the history of industrial wood use prior to 
the 1920s. Several land use forms of the traditional Finn-
ish agriculture-based society were detrimental to forests, 
including slash and burn agriculture, cattle grazing and 
tar production. Each one of these tended to interrupt the 
development of trees and forest stands at an early phase, 
and as all three were practiced on large areas, their com-
bined effect was severe.

The pressure from alternative land use forms was stronger 
in southern Finland, a region with much higher population 
density. Indeed, the results of NFI1 show that while the 
sharp climatic gradient between southern and northern Fin-
land would suggest otherwise, large trees were more com-
mon in northern Finland during the 1920s (see also Hent-
tonen et al. 2019). The situation has been reversed. The 
densities of large trees have increased greatly in the south. 
In the north, the rate of change has been inconsistent, some 
provinces even showing a clear reduction of large trees.

Forest fires were also more common in the past. Walle-
nius (2011) reported that during 1850–1950 annually burned 
forest areas in central Fennoscandia diminished to less than 
10% of the level of prior centuries. He concludes that the 
formerly common forest fires had mainly been caused by 
humans as the traditional livelihoods were associated with 
high fire use frequency. Slash and burn agriculture used to 
be a particularly common cause of uncontrolled forest fires 
(Helander 1949).

Before the 1850s, the market value of roundwood was 
low. This led to a situation, where other forms of land use 

Table 2  The changes in tree 
densities (stems per hectare) 
from the 1920s (NFI1) to the 
2010s (NFI11) in the boreal 
subzones

The 95% confidence intervals in parenthesis

Tree species group dbh, cm

4–10 10–20 20–30 > 30

Stems per hectare, NFI11–NFI1

SOUTH (hemiboreal + southern boreal subzone)
Scots pine − 95.4

(− 115.0, − 75.8)
− 6.3
(− 16.9, 4.3)

14.7
(11.3, 18.1)

10.6
(9.7, 11.5)

Norway spruce 27.0
(6.0, 48.0)

21.3
(11.0, 31.6)

31.5
(28.7, 34.2)

14.1
(13.4, 14.8)

Broadleaved sp. − 31.2
(− 62.5, 0.1)

16.7
(8.3, 25.0)

13.3
(11.9, 14.7)

3.6
(3.1, 4.1)

All species − 99.6
(− 137.9, − 61.3)

31.7
(17.3, 46.1)

59.4
(55.6, 63.3)

28.4
(27.1, 29.7)

MIDDLE (middle boreal subzone)
Scots pine 48.1

(23.9, 72.3)
128.2
(115.2, 141.2)

24.5
(19.9, 29.1)

1.6
(0.7, 2.5)

Norway spruce − 98.6
(− 124.9, − 72.3)

− 32.6
(− 43.2, − 22.0)

4.0
(1.6, 6.4)

2.9
(2.2, 3.6)

Broadleaved sp. 62.1
(34.9, 89.2)

16.4
(7.7, 25.2)

3.0
(1.6, 4.3)

0.4
(0.2, 0.7)

All species 11.6
(− 27.2, 50.4)

112.1
(99.0, 125.1)

31.5
(27.2, 35.7)

5.0
(3.8, 6.3)

NORTH (northern boreal subzone)
Scots pine 161.4

(144.7, 178.0)
112.5
(101.4, 123.6)

6.9
(3.4, 10.3)

0.8
(− 0.3, 2.0)

Norway spruce − 1.2
(− 13.8, 11.4)

− 11.8
(− 18.7, − 4.8)

− 4.1
(− 6.5, − 1.8)

− 0.1
(− 1.0, 0.8)

Broadleaved sp. 32.9
(1.2, 64.6)

− 4.8
(− 13.6, 3.9)

0.2
(− 0.6, 1.0)

0.1
(− 0.2, 0.4)

All species 193.1
(152.7, 233.4)

95.9
(81.5, 110.3)

2.9
(− 0.4, 6.3)

0.8
(− 0.6, 2.3)
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Fig. 6  The densities of trees dbh 4–10 cm and 10–20 cm in 1921–1924 and in 2009–2013 and the change of the densities, presented for tree spe-
cies groups and the biogeographical provinces

Fig. 7  The densities of trees dbh 20–30 cm and > 30 cm in 1921–1924 and in 2009–2013 and the change of the densities, presented for tree spe-
cies groups and the biogeographical provinces
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were more attractive to the forest owner (Palo and Uusivuori 
1999; Kuisma 2013). Also, considerable shares of forests 
were owned by the state and local communities, which did 
not efficiently control unauthorized use of trees, further 
encouraging destructive use of forest resources (Tasanen 
2004). This type of situation still exists in some countries, 
where weak governance in combination with new infra-
structure and pressure from growing population may lead 
to deforestation (e.g., Laurance et al. 2014).

During the latter part of the nineteenth century, the saw 
mill industry in Finland expanded rapidly (Ahvenainen 
1984). This was partly caused by technological advances, 
especially the use of steam engines. At the same time, 
lowered duties in Great Britain, the largest importer of 

sawnwood from Finland, and abandoning production restric-
tions formerly handicapping the saw mills of Finland also 
contributed to the development (Kuisma 2013).

The expanding saw mill industries consumed large-sized 
timber. Selective dimensional cuttings were used for remov-
ing the largest, best quality trees (Helander 1949), and the 
remaining forest stands were frequently not sufficiently 
dense to fully utilize the wood production potential of the 
site (Ilvessalo 1927). On the other hand, Palo and Uusivuori 
(1999) inferred that increasing forestry incomes from the 
saw mill industries were a key factor in the transition from 
the traditional forest use toward more sustainable wood 
production.

The consumption of fuelwood was over 13 million  m3 a−1 
(stemwood) in Finland during the early twentieth century, 
about one-third of annual drain (Saari 1934; Sevola 1988; 
Myllyntaus and Mattila 2002). One could argue that as fer-
tile sites were a desirable location for farm houses, they were 
probably taxed more heavily by rural fuelwood cuttings. The 
total consumption of stemwood for energy use in small-scale 
housing decreased to 3.8 million  m3 a−1 by the early 1990s, 
but started to increase thereafter. The current estimate is 6.5 
million  m3 a−1 (Finnish forest statistics 2018).

Apart from the use of fuelwood, the demand for small-
sized trees was limited during the nineteenth century. The 
market imbalance affected the structure of the tree popula-
tion. The situation started to change with the gradual devel-
opment of pulp and paper industries, mainly after the 1870s 
(Kuisma 2006), but the low densities of large trees during 
the 1920s still reflected the effects of this phase in history.

After the 1920s, the growing stock and annual growth 
changed at a slow pace until the early 1970s. Between 
1971 and 2013, the growing stock increased by 53% and 
the annual volume increment by 84%. These changes can 
be attributed mainly to intensified silviculture, described 

Fig. 8  The share of forest land used for cattle grazing in 1921–1924

Table 3  The share of pastures of total forest area and of total growing stock and the mean volume on fertile sites on forest pastures and forest 
land not used for cattle grazing in 1921–1924

Fertile sites include the Myrtillus type (MT) and sites more fertile (Cajander 1949; Ilvessalo 1927) on mineral soils
a Southern boreal subzone (incl. hemiboreal zone)
b Middle boreal subzone
c Northern boreal subzone

Boreal subzone Share of pastures of forest area Share of pastures of total growing stock Mean volume on fertile sites on 
mineral soils

Of all sites (%) Of fertile sites on 
mineral soils (%)

Of all sites (%) Of fertile sites on 
mineral soils (%)

Forest pastures 
 (m3 ha−1)

Forests 
not used 
as pastures 
 (m3 ha−1)

SOUTHa 19.4 29.6 12.9 17.0 50.6 103.7
MIDDLEb 7.0 14.8 4.6 8.9 51.5 111.3
NORTHc 2.0 1.0 1.5 0.8 58.9 72.3
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in detail by Kuuluvainen et al. (2012), although Henttonen 
et al. (2017) concluded that environmental changes explain 
as much as 37% of the growth increase of forests on mineral 
soils.

During our study period, the Finnish governments have 
frequently taken an active role in ensuring sufficient raw 
material for wood processing industries, a branch with a 
key role in the national economy. The instruments included 
both legislation prohibiting destructive forest use and sub-
sidies promoting efficient silviculture (Palo and Uusivuori 
1999). Especially influential was the ban against selective 
dimensional cuttings, which began to take effect in the 
1950s and resulted in a transition to clear cuts in combina-
tion with artificial regeneration and thinning from below, 
which enhanced the growth of the remaining large trees 
(Siiskonen 2007; Kuuluvainen et al. 2012). The subsidized 
treatments included the drainage of ca. 5 million ha of peat-
lands, construction of a dense network of forest roads, the 
various phases of forest regeneration and forest fertilization.

Our results showed that tree densities and growing stock 
have increased in all geographical regions. There were, how-
ever, differences between species groups that can be traced 
back to land use patterns on the typical sites of each species.

Scots pine

Today, 50% of growing stock consists of Scots pine in Fin-
land (Korhonen et al. 2017). The species dominates on sites 
with low fertility. Until the late nineteenth century, these 
sites particularly in central and eastern Finland were com-
monly used for producing tar, which until the 1820s pro-
duced a larger share of import revenues than any other prod-
uct (Kuisma 2006). As fairly small-sized trees were used 
as raw material, the treatment effectively prevented pine-
dominated sites from developing into mature stands. Signs 
of tar production were still present in the 1920s (Ilvessalo 
1927), as low-density pine stands were common. Pine also 
provided the preferred raw material for the early sawmill 
industries, and pine stands had been heavily taxed by selec-
tive dimensional cuttings before the beginning of our study 
period.

Pine is also the most common species on peatlands, which 
cover 29% of the area of forest land and poorly productive 
forest land in Finland (Korhonen et al. 2017). Peatlands are 
more common in the middle and northern boreal subzones 
in Finland, and the drainage of peatlands partly explains 
the rapid accumulation of small- and medium-sized pines 
in those subzones.

Pine has been favored in forest regeneration, especially 
during the 1970s and 1980s, when the species was com-
monly planted also on fertile sites. This led to problems 
with timber quality due to excessive branchiness, and the 

practice has been abandoned (Uusvaara 1985). The abun-
dance of medium-sized pines in today’s forests is partially 
due to this period in history.

Norway spruce

Norway spruce (30% of growing stock) is an economi-
cally viable choice only for fertile sites. The densities of 
medium- and large-sized spruces were lower than pines 
during the 1920s in the southern and middle parts of Fin-
land. Today, spruces and pines of this size are equally 
common. The faster recovery reflects the higher growth 
potential of the sites occupied by spruce, but probably 
also a heavier exploitation of the fertile sites by competing 
forms of land use prior to the 1920s.

Unlike today, spruce was rarely used by the sawmill 
industry during the nineteenth century. The time required 
for transporting raw wood to the mills used to be long, 
even several years. Spruce is less resistant against quality 
losses during transportation than pine (Ahvenainen 1984).

In the 1920s, fertile sites in the southern and middle 
parts of Finland were affected by two common agricultural 
practices, slash and burn agriculture and cattle grazing. 
Slash and burn agriculture consisted of drying, cutting and 
burning of trees, and using the cleared forest site for culti-
vation over one or two growing seasons. Once common on 
fertile forest sites, the method had been mostly abandoned 
by the turn of the twentieth century (Heikinheimo 1915). 
As typical rotation periods for spruce are 60–70 years in 
southern Finland, many affected sites had not yet devel-
oped into mature stands by the time of NFI1 (1921–1924).

Cattle were commonly grazed in forests. The pastures 
were often deliberately kept open to promote the growth 
of grass and hay. In the southernmost region (southern 
boreal + hemiboreal in Fig. 1), 19% of forest land belonged 
to this group in 1921–1924. These sites were more fer-
tile than forests on average, but the mean growing stock 
on pastures was 51 m3 ha−1, quite a bit lower than the 
mean of those forest on similar sites not used for grazing 
(104 m3 ha−1). Unlike slash and burn agriculture, grazing 
in forests remained common until the 1960s. Our results 
show that the densities of spruce have increased heavily 
on those regions, where grazing was especially common 
in the 1920s, while the densities of small pines and broad-
leaves have decreased.

By the early twentieth century, these factors had left 
their mark on the fertile forest sites in southern and middle 
parts of Finland. Abandoning these land use practices—
together with efficient silviculture—explains the especially 
fast increase in large spruces in southern Finland.
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Broadleaves

Broadleaves (20% of growing stock) have shown smaller 
changes than the two conifer species. Like spruce, also 
broadleaves are more competitive on fertile soils. Many of 
the factors mentioned for spruce also apply for broadleaves. 
They were also preferred in the fuelwood cuttings (e.g., Saari 
1934). The frequencies of large broadleaves have increased 
less than for the conifer species, largely because conifers 
have been favored in regeneration and thinnings (Korhonen 
et al. 2017). Currently, artificial regeneration using broad-
leaves is risky, as the moose and deer populations are high.

The outlook of forests resources in Finland

The observed development of both growing stock and the 
size distribution of the forests of Finland has undoubtedly 
fulfilled the primary goals of the Finnish forest policies of 
the twentieth century. Not only the development of growing 
stock has exceeded expectations (cf. Ilvessalo 1927; Ervasti 
et al. 1965; Talousneuvosto 1985), but our results demon-
strate that the increase has concentrated in the economically 
valuable trees in the large size classes. As the annual growth 
has exceeded the annual drain since the 1970s, one might 
assume that the steady development is likely to continue. In 
reality, the forest sector of Finland is facing a new situation.

In November 2018, the European Commission announced 
a strategy toward becoming carbon neutral by the year 2050, 
also stating that “it is realistic to make Europe both cli-
mate neutral and prosperous” (http://europ a.eu/rapid /press 
-relea se_IP-18-6543_en.html). Providing prosperity with-
out endangering the goal of climate neutrality is also the 
dilemma for the forest sector in Finland. According to the 
Finnish greenhouse gas inventory, forests are by far the most 
significant carbon sink. In 2017, the net sink of greenhouse 
gases in forest land was 27 million tonnes of CO2 equivalent 
(incl. biomass, soil, litter and dead wood as well as CH4 and 
N2O emissions from drained forest land), while the net sink 
of the whole land use, land use change and forestry sector 
(LULUCF) was 20.4 million tonnes and the total emissions 
of other sectors were 55.5 million tonnes (Official Statistics 
of Finland 2019). The difference between annual increment 
and fellings largely determines the net sink of the LULUCF 
sector.

The Finnish forest sector companies have been report-
ing increasingly strong financial results during the current 
decade, and plans for constructing several large biorefin-
eries in Finland have been announced. Increased indus-
trial capacity would imply higher annual drain, which 
would lead to a reduced carbon sequestration into for-
ests, unless annual growth can be increased as well. The 
annual growth of the forests of Finland has almost doubled 
since the 1960s, and a further growth increase is a definite 

possibility (Hynynen et al. 2015). The historical develop-
ment of the annual growth was boosted by actions by the 
Finnish government, but maintaining the upward trend in 
growth may be more difficult from now on, since the state 
of the forests has improved after the early twentieth cen-
tury, after centuries of over-exploitation.

Narrowing the gap between annual growth and drain via 
increased industrial wood use would slow down the ongo-
ing development of forest structure, especially the rapid 
increase of large-sized trees. This would be an unwelcome 
change from the perspective of preserving biodiversity 
(Hyvärinen et al. 2019) and the recreational use of forests 
(Mäntymaa et al. 2018). Replacing fossil fuels with renew-
able energy involves additional pressure for increased use 
of wood fuels and, consequently, forest resources. Given 
the fact that the role of forest industries is larger in the 
national economy of Finland than in any other developed 
country, the hot debate is likely to continue.
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