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9. Sweden 

9.1. Background and forest history 

Due to an increase in foreign demand associated with the industrial revolution, the export of wood 

became an economically lucrative business in Sweden during the 19th century. This resulted in 

repeated unregulated exploitative cuttings throughout the country. Diminishing timber dimension 

requirements combined with little care for regeneration meant that the forest state was poor in 

many parts of the country in the beginning of the 20th century. Emerging concerns over the forest 

state as well as a future wood-shortage stimulated the establishment of forest regulations and the 

principle of sustained yield were gradually institutionalized. Improved forest management 

methods, afforestation of former agricultural-land and transformation of broadleaved forests into 

productive conifer monocultures in southern Sweden all contributed to a steady increase in the 

standing stock as well as annual harvest during the 20th century. Forestry in Sweden is today highly 

mechanized and cost-effective, placing the country among the world leaders on the global wood-

market despite its relatively small forest area, low forest productivity and high labour costs. In line 

with overall production-orientation, the very dominant FMM since the 1950s is the clear-cutting 

sys-tem, primarily of conifer monocultures. Scots pine are more common in northern Sweden while 

Norway spruce dominates in the south. Due to the long-lasting stability of current dominant 

practices, the level of scientific knowledge and practical “know-how” are much more advanced for 

clearcutting compared with alternative forest management approaches. 

The production-oriented paradigm aiming for increased supply of timber for industrial use 

remained intact into the 1990s. However in 1993, stimulated by the conference in Rio and domestic 

tension with environmental interests the prevailing forest policy was put into place, stipulating that 

production goals and environmental goals are equally important. In addition to a steadily in-

creasing share of protected areas, this policy shift has resulted in the integration of conservation 

measures into the management of production stands over the last decades, but in practice the 

production-orientation remains strong. Today much of the nature conservation activities in forestry 

are governed by the voluntary market based certification standards (PEFC, FSC), and more than half 

of the productive forestland is controlled by certified owners. Beyond integrative conservation 

measures, certified owners need to engage in forestland zoning at estate level to meet set-aside 

requirements. 

9.2. Ownership 

For all Sweden 50% of the forest land is owned by private, 25% by a few large limited companies as 

SCA, Stora Enso and BergvikAB, and 25% by public owners including church, communities and the 

state own limited company Sveaskog, Table 50. The ownership structure in Sweden shows distinct 

regional differences, a high proportion of the forest in the north are owned by big companies in-

cluding state owned Sveaskog, whereas small-scale private forest ownership dominates in the 
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south. Private forest owners in Sweden constitute a strong stakeholder group since a high 

proportion of them (around 50%) are organized in forest owner associations with their own wood-

processing industries. This is especially valid in southern Sweden, where the members of the forest 

owner association Södra in addition to organizing more than half of the forest area have substantial 

industrial resources, including large pulp-mills.  

9.3. The case study area 

9.3.1. General description CSA Kronoberg 

The Swedish Case study area is one region, Kronoberg. This is one of the 24(?) regions. The total 

land area is 840 000ha and 84% is forestland. Kronoberg County has a higher cover of productive 

forest relative to Sweden. The higher share of productive forest in the CSA express regional 

differences between southern and northern Sweden. With harsher climate and lower 

evapotranspiration, the share of unproductive forests increase with increasing latitude e.g. sparsely 

forested mires, and mountain forest. The forest yield capacity of 9m3ha-1y-1 is low compared to 

European conditions but higher than average for Sweden. For more information about the forest 

situation see Table 50.  

Table 50. Data about Sweden and CSA. Götaland is one of the three “large” regions in Sweden, covering the very southern 
part.  Sources: SLU. 2016. Skogsdata 2016 (Forest data 2016). 

 CSA Kronoberg Götaland Sweden 

Total area (ha) 840 000 8 639 000 40 827 000 

Forest land (ha) 704 000 5 447 000 28 184 000 

Forestland cover (%) 84 63 69 

Productive forestland (ha)1  676 000 5 071 000 23 441 000 

Productive forestland cover (%) 80 58.7 57.4 

Average volume (m3ha-1)2 142 178 138 

Site productivity (m3ha-1year-1)2 9.0 8.7 5.4 

MAI 2011-2015 (m3ha-1year-1)2 5.9 7.2 5.3(?) 

Ownership forestland (%) 

Companies 

Private 

Other (largely public)4 

 

3.1 

75.1 

21.7 

 

6.7 

76 

17.3 

 

22.9 

49.1 

28 

Protected areas (%)2,3 5-6 6.1 8.4 
1 >1m3ha-1year-1 
2 On productive forestland  
3 Formal and voluntary protection 
4 The major public owner is the state forest company Sveaskog 
5 >10 % crown cover and minimum height of 5 meter  
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The area and cover of forestland is based on the international definition of forest, while productive 

forestland have a production potential of >1m3ha-1year-1. This distinction is of high practical 

importance because forest management is not allowed in unproductive forests (<>1m3ha-1year-1). 

The coverage of the different FMMs described in this questionnaire are therefore expressed as 

their coverage on productive forestland. 

Table 51. Proportion (%) of forest land byu productivity and moisture classes on CSA Kronoberg. Productivity expressed as 
Site Index (SI) for the most producing trees specie, normally Scots Pine or Norway spruce.  

Productivity/ 
moisture  

Site index (SI) m, and  
Productivity, (m3ha-1y-1) 

Dry 
% 

Mesic 
% 

Moist 
% 

Wet 
% 

High  SI 30 m -  >10 (m3ha-1y-1)) 0.7 1.4 5.9 4.5 

Medium  SI 24-30 m 5-10 (m3ha-1y-1) 1.9 23.3 19.2 7.9 

Low  Si<24 m <5 (m3ha-1y-1) 0.8 21.8 8.7 3.9 

 

Tree species in Sweden and in the CSA 

Scots Pine and Norway spruce dominates forests in Sweden, together around 80% of standing 

volume. Broadleaves are nearly 20% with Birch as the important specie, Table 52. The CSA 

Kronoberg have more spruce, about 50% of standing volume, less pine than whole Sweden. Even if 

the growing conditions for oak and beech is more favourable in Kronoberg than in Sweden the 

amount of those species is together less than 4 % and among the broadleaves birch dominates 

heavily Table 52. 

Table 52. Tree species, % of standing volume in CSA Kronoberg, in Götaland (southern "Large-region” of Sweden) and in 
Sweden. Skogsdata 2016. 

Sweden 
Species (Latin name) 

Kronoberg (CSA) 
 (% total volume) 

Götaland (southern 
Sweden) 
 (% total volume) 

Sweden 
 (% total 
volume) 

Picea abies 49.2 46 41.3 
Pinus sylvestris 30.9 30.8 39.3 

Betula  spp. 12.1 10.8 12.3 

Other broadleaves1 3.4 5.5 3.8 

Quercus spp. 2.6 3.6 1.2 
Fagus sylvatica 1.3 2.2 0.6 

Exotic conifers2 0.2 2.2 1.2 

Other noble broadleaves3 0.2 1.3 0.3 

 

9.3.2. General about FMMs used in Sweden and in the CSA Kronoberg 

In Sweden clear-felling systems are dominating heavily. In practical forestry more or less all forest 

are managed with clear-felling. The regeneration methods used are planting or natural 

regeneration, seeding is rather uncommon. In this report the clearfelling system have been divided 

in three groups, with short, intermediate and long rotation period. The division is dependent on 

tree species, actually it is more relevant to talk about variations or adaption of a methods to be 

used with different tree species than clearly separated forest management methods. Intermediate 
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rotation period is used for the most important species, Scots pine and Norway spruce, long rotation 

period only with oak and short rotation period for a number of broadleaves, mainly birch but also 

alder, aspen and introduced species as hybrid larch. 

Except for Beech in the southernmost parts of Götaland, the seed-tree/shelter wood method is al-

most exclusively associated with Scots pine. Storm damages to seed trees make method very risky 

to use with many other species including spruce. Seed trees are also used for regeneration of pine 

stands but as they normally are harvested as soon as regeneration is established, normally within 

10 years, the method is regarded as a variation of the clear-felling system. The clear-felling system 

is adapted also to different tree species and site fertility. 

Factors that favour clearcutting and subsequent planting (almost exclusively with Norway spruce) 

over the seed-tree/shelterwood method: the prevailing high browsing pressure on Scots pine, 

different advantages associated with Norway spruce (experience, management simplicity, volume 

production), higher level of competition from vegetation, the higher productivity makes forest 

owners more prone to invest in active measures. 

The clearfelling system is normally not used for areas with high nature values. Management is 

based to favour nature values. Sometimes this end with no management at all. But for other areas 

active management are done and include more or less all silviculture operations (tools) and the use 

of them is dependent on the stand, the site and the nature values. Below all this is presented as 

one FMM.  

Table 53. The FMM used in CSA Kronoberg. There is no statistics about use of FMM in the CSA or in Sweden, the figures in 
the table is based on statistics on tree species occurrence as it is closely related to FMM and for seed-tree method, 
information about regeneration methods used. 

Silviculture system FMM Common & 
typical tree 
species 

Coverage CSA 
(% forestland) 

Coverage 
country 
(% forestland) 

Clearcutting systems 
 

Intermediate rotation 
period 

Spruce, Pine 83-88 % 72% 

Long rotation period Oak 

Short rotation period Birch, alder 

Seed-tree method/ 
(Shelterwood method) 

 Pine 10% 18% 

Nature Conservation With management “all” species 5-10% 8,4% 

Without management “all” species 

 

Protection of forest is achieved through two pathways, formal protection and voluntary protection 

through forestland zoning at estate level. The lower proportion of protected forest in the CS-area 

express the fact that formally protected forests are more widespread in northern Sweden. Since 

formal protection involves economic compensation, the higher productivity in southern Sweden 

makes it more costly, whereas it is quite effective (in terms of area) to protect low productive and 

remote areas in the north. Forest protection in northern Sweden has also been facilitated by a 

higher share of state ownership and the existence of larger areas of old-growth forest. 
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9.4. Other FMMs used in Sweden 

The forest management models in Table 53 covers the absolute majority of forest land in Sweden 

and in CSA Kronoberg. There is an active ongoing discussion about different forms of management 

that can be characterized as continuous forest cover, CCF. It should be considered as an overall 

frame gathering a wide set forest management methods, that all have in common that they 

maintain a continuous cover of trees on the management unit (above the retention level required 

to meet stipulations in the forest act and the certification standards). Overall the use of CCF in 

Sweden is very marginal, but there is a growing interest especially among municipalities managing 

forest close to urban areas. The most widely accepted and developed CCF method in Sweden is 

called Blädning and closely resembles the selection system. Ideally it should be applied in multi-

layered stands of Norway spruce and aims to maintain a simplified version of the inverted j-

diameter distribution. Relying on natural regeneration the only measure involves harvest of mature 

spruce trees with a cutting cycle of 10-30 years. There also exist other marginal forest management 

approaches that involve continuous cover, such system has different fancy names such as 

“Naturkultur”. The coverage of CCF in the CS area is unknown, but most likely very marginal. It is 

important to stress that CCF in practice is applied by both owners that manage according to special 

management schemes for timber production as well as owners where measures are conducted to 

obtain/maintain other forest functions. For example, a forest owner may have a stand where 

aesthetical values are prioritized, the management being characterized by thinning operations to 

yield some firewood and/or to promote an aesthetically attractive stand structure and species 

composition.   

9.5. FMMs in CSA, Kronoberg 

The clear-cutting system could be regarded as one management model used for different species. 

In Kronoberg mainly spruce and pine, but also other species. It could also be described for different 

species, but here it is divided into three sub-groups based on the rotation length. Short rotations 

are used for broadleaves, mainly birch but also some aspen and poplars. Clear cutting with inter-

mediate rotation is more or less synonymous with spruce and pine forestry. Long rotation is used 

for oak in Kronoberg.  

Today 81 % of the regenerations areas in Götaland (no statistics for Kronoberg) are planted and 6 % 

left with no measure according to the most recent statistics (SFA, 2016a). This does not indicate 

that 6% of the area actively managed in other management models. Many owners hope for natural 

regeneration with or without success, and then managed the grown up stand with clearcutting 

methods form pre-commercial stage.  

In the context of southern Sweden this is a good proxy (87 %) for the coverage of clear-cutting on 

forestland managed for wood-production. This gives a clear-cutting coverage on all forestland (in-

cluding 6 % protected areas) of 82 % in Götaland. However, based on forest management plans 

(2013-2016) from Södra the clear-cutting system seems to be more wide-spread in Kronoberg com-

pared with the average for Götaland (see question 3 in uniform-shelterwood system) (Magnus 

Petersson, Södra). We therefore increase the estimated coverage of the clearcutting system on all 

forestland in Kronoberg to 83-88 %. After excluding clear-cutting short and long (based on 
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assumptions of their coverage) we reach an estimated coverage of clearcutting with intermediate 

rotation of 80-85 %. 

There is a discussion about reducing the areas with spruce, (clearcutting and intermediate rotation 

period). On fertile sites (G32+) with good water availability regeneration with Norway spruce can 

be replaced with short rotation broadleaved species (Populus, Hybrid aspen, Betula pendula) or 

noble broadleaves (e.g. oak). This would also be a suitable risk-spreading strategy considering the 

likely event of a future with a warmer climate (Felton et al. 2010). On normal forestland Hybrid 

larch is a suitable short rotation alternative. Considering that Scots pine often are of quite low 

quality when managed through clearcutting in this relatively fertile part of Sweden, an increased 

used of shelter-wood systems with Scots pine is recommended if the goal is to produce high quality 

timber. More-over, an increased utilization of shelterwood systems or CCF (continuous cover 

forestry) is recommended to facilitate establishment under adverse conditions (frost, high water 

table, pine-weevils, competing vegetation) and promote other forest functions than timber 

production. 

The level of both theoretical knowledge and practical know-how is much more advanced for the 

management of the species, pine and spruce, managed with intermediate rotation period com-

pared for other tree species. This implies that it tends to be used as a blue-print alternative, 

especially clearcutting followed by establishment of Norway spruce. In addition, external factors 

such as market demand and a high browsing pressure favours this FMM (but Norway spruce rather 

than Scots pine), because forest owners consider alternatives to be associated with a higher level of 

risk and uncertainty. 

9.5.1. Ecosystem services 

Wood production are by far the most important ESs delivered by forests in Kronoberg. Other ESs 

exist and are the most important for FMM for nature consideration, Table 57. 

Table 54. Ecosystem services for FMM in Kronoberg. 

FMM Typical tree 
species 

Ecosystem services 

Clearcutting  
Intermediate rotation period 

Spruce, Pine,  Wood for commodity production,  
biodiversity (the Swedish complementary 
conservation model, see question 55) 

Clearcutting 
Long rotation period 

Oak Wood production,  
recreation,  
biodiversity (equally important) 

Clearcutting 
Short rotation period 

Birch, alder Wood-for commodity production, recreation 
and aesthetics  
biodiversity,  
Cultural services. 

Nature consideration 
With management 

 “All” Biodiversity 
Recreation 
Recreation is relatively more important for this 
FMM compared with nature conservation with 
no management.     
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Nature consideration 
Without management 

  

 

9.5.2. Rotation period 

In forest act (SFA 2016) is stipulated lowest age for final felling. The age depends on specie and site 

index, Table 56. For other species than spruce and pine the lowest age for final felling for stands 

where more than 50% of the volume are birch, aspen, alder :35 years; ash: 50 years; beech: 80 

years and oak 90 years. 
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Table 55. Lowest age for final felling pine and spruce dominated stands according to forest Act (SFA 2016a). Site index; 
dominant height at 100 years; e.g. Site index spruce (Gran) G12= Hdom=12m, at 100 years total age. 

Pine, site index T12 T16 T20 T24 T28   
Spruce, site index  G12 G16 G20 G24 G28 G32 G36 

Lowest age for final felling, years (total) 90 80 70 65 60 50 45 

 

The ages given in table above is lower than age for maximal production, or culmination of mean 

annual increment (MAI). The market for Norway spruce is based on bulk-production and there are 

very low price premiums for quality timber. This, combined with the risk for storm felling with 

increasing stand height, as well as root-rot means that relatively short rotations are feasible, and 

this trend have been more clear after the storm Gudrun 2005. 

Scots pine: most often forest owner’s clearfell stand at an age 10-30 years higher than according to 

Table 56. Since there still exists a substantial price differentiation for different qualities longer 

rotations are feasible. With Scots pine there is also a lower risk of stand degradation (wind, root-

rot) with increasing stand age.  

Influences on rotation period 

The Gudrun storm in 2005 felled 18.3 % of the standing stock in Kronoberg County. Norway spruce 

was more severely affected, constituting 80 % of the felled volume (Valinger et al. 2006). Gudrun 

was followed by the storm Per in 2007, which even not as destructive caused additional severe 

damages. These storms showed that harvest decisions not only are controlled by forest owners and 

the MARA e.g. 25-30 % of the areas felled in the Gudrun storm in Kronoberg were younger than 60 

years (Valinger et al. 2006). Storms is factor that have and will influence the practical rotation age 

also in the future. 

There is no obligation to conduct final-felling in the forest act. The forest owners can therefore 

decide if, and when to harvest based on their individual objectives. Kronoberg County is dominated 

by small-scale private forest ownership, owners that overall not are dependent on the incomes 

from forestry to support their livelihoods. Overall this implies that the rotations tend to be longer 

than what is optimal from an economical perspective. This can most likely be attributed to a 

number of factors such as: lack of time, knowledge and interest in forest management, different 

objectives than maximizing the economic output from forest management.  

Deviations in general can also be attributed to factors that are not captured in guidelines for 

optimal rotation ages. For example guidelines assumes fixed prices, whereas harvest decisions in 

practice are influenced by market fluctuations 

Size of stand and clearfelled areas  

In general there is no upper size of clearfelled areas. There exist a stipulation in the forest act 

stating that properties above 50 hectares are not allowed to have more than 50 % of the 

productive forestland (>1m3ha-1year-1) below 20 years of age. However this restriction has recently 

been softened, and all properties are now allowed to have at least 50 hectares below 20 years (SFA, 

2016b) 
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These restrictions can indirectly restrict the area allowed for clear-cutting.  Forest owners do not 

need to notify (normal forest stands) or seek permission (noble broadleaves) when final-felling 

smaller areas than 0.5 ha (SFA, 2016b) i.e. in practice the legal border between a gap and a final-

felling. The largest clearfelled areas in CSA Götaland is approximately 15 ha (expert judgment 

Magnus Petersson Södra). The average area was 2.18 ha, of stands notified for final-fellings in 

Kronoberg 2015. (SFA, 2015a). 

Origin of tree species and tree breeding 

Tree species described in the FMMs are all European origin. There are some stands in the CSA with 

introduced tree species, such as Sitka spruce (Picea sitchensis), Grand fir, (Abies grandis), and larch 

species, European (Larix decidua), Japanese (Larix kaempferi) and most common the hybrid 

between them. (Larix x eurolepis). For pine mostly Swedish provenances are used and for spruce 

provenances from eastern or north-eastern Europe, like Poland and Belarus. Often seeds are 

collected in seed orchards established in Sweden. This way of improving trees, tree breeding, is 

very common in Sweden for pine and spruce, this most often include transport of seeds more than 

100 km. 

Genetically modified seeds or trees are not used.  

Hybrids are used for larch (Larix   ) and aspen, the hybrid between European aspen and American 

aspen (Populus tremula x tremuloides). There is no statistics on the use but in total it is very small 

areas and proportions. 

Pesticides, herbicides and fertilization 

Pesticides are used to protect conifers seedlings from Pine weevil damage. However, the use of 

chemical protection has been gradually decreasing due to requirements in the certification 

standards, where it after a long period with temporarily extended permits recently was banned. 

This has stimulated a development of different systems of mechanical protection that gradually 

replace the use of pesticides.     

The use of herbicides is formally allowed on forestland, but associated with so many precautions 

that it is not used in practice. 

No fertilization is currently conducted in Kronoberg (SFA, 2015c). Kronoberg County belongs to a 

region where the Swedish Forest Agency recommend forest owners to not fertilize (SFA, 2016b) 

and certified owners are obliged to follow these recommendations. In general southern Sweden 

annually receives a substantial amount of anthropogenic nitrogen deposition and the production 

gains that can be achieved with conventional forest fertilization (150 kg/N/ha, one or a few times 

during the rotation) in Norway spruce are much lower compared with northern Sweden. There is 

however a positive growth response on Scots pine but fertilization is uncommon or not practiced at 

all in Kronoberg. 

Logging and extraction of wood 

100 % of the wood harvest in final fellings and almost 100% in thinnings is fully mechanized 

(Magnus Petersson, Södra). The small reduction is explained by the some very few forest owners 

perform thinning (or firewood extraction) by themselves using chain-saw.  
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A very small number of forest owners might extract some harvested timber by horses and it can 

now and then be used in stands close to urban areas, “recreation forest” but close to 100% of the 

wood is transported from forest to roadside by forwarders or forest equipped tractors. 

On 46 % of the area reported for final felling in Kronoberg (in 2013) forest owners also reported 

that they intended to extract logging residues as biofuels (SFA, 2014). Since this only shows forest 

owners intentions the actual proportion is lower. The extraction of logging residues has decreased 

since then and we therefore estimate that 30 % are extracted within this FMM. The extraction of 

logging residues has decreased from its peak in 2010 due to reduced prices. This can mainly be 

attributed to a lower market demand when heating plants have shifted from burning domestically 

produced biofuels to imported garbage. In addition, the increasing supply of electricity from wind 

power has also resulted in an increased production of electricity at the national level, further 

contributing to the drop in prices. 

Nature conservation 

The Swedish conservation model relies on a complementary approach, combining protected areas 

set-aside from timber production with integrative conservation measures in the forest matrix 

(Gustafson and Perhans, 2010). These measures are mostly conducted at final felling and required 

according to stipulations in the forest act and in the voluntary certification standards (PEFC, FSC). 

This involves green tree retention of single trees and groups, leaving as well as creating deadwood 

(high-stumps) and the retention of buffer zones along water, mires, and sensitive habitats. The 

requirements are more quantified in the certification standards, where widely known stipulations 

requires retention of a minimum of 10 trees/ha and the creation of at least three high stumps per 

hectare (PEFC 2012, FSC 2010). On average 8.4 living trees/ha are retained and 1,5 high stumps/ha 

are created after final-felling in Götaland (SFA, 2014). When forest owners notify the Swedish 

Forest Agency that they will conduct final-felling of a particular stand they are required to specify 

which conservation measures they will take to fulfil the stipulations in the forest act (SFA, 2016b). 

9.6. Clearcutting systems intermediate rotation period 

An adequate name is also management models for coniferous stands. This is the totally dominating 

FMM in both the CSA and Sweden.  

Characterization of the model 

The main objective is production of conifer timber and pulpwood. It involves clear-cutting followed 

by scarification and planting of Scots pine or Norway spruce. Pre-commercial thinning(s) are often 

conducted, the main purpose being to reduce the amount of naturally regenerated birch and 

remove low quality trees. This is followed by commercial thinning. For Norway spruce it is crucial to 

consider the risk of storm damages, focusing on intensive early removals or reducing the need for 

thinning through wider initial spacing. 

The minimum age for final felling is stipulated in the forest act and depend on the dominant species 

and site fertility. The high browsing pressure is currently a major problem in the CSA, favouring the 

establishment of Norway spruce at the expense of Scots pine. 
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Considering that the CSA is dominated by forest owners that overall not are economically 

dependent on the incomes from forestry it is not surprising that deviations from the ideal exists for 

all different management activities. Neglected pre-commercial thinning is probably the major 

concern, having a strong negative effect on the economic outcome in subsequent commercial 

thinnings. 

Tree species and stand composition 

Tree species are mainly Norway spruce (Picea abies) and Scots pine (Pinus sylvestris) but admixture 

of broadleaves becomes more common as certified forest owners need to retain a small proportion 

(> 10 % FSC, > 5 % PEFC) of broadleaves throughout the rotation (PEFC 2012, FSC 2010). 

In general this FMM involves planting of monocultures of Scots pine or Norway spruce directly or a 

few years after final felling. However the characteristics of the nemo-boreal ecosystem means that 

additional naturally regenerated seedling, especially birch, establishes after clearance. The forest 

management ideal, stipulated in the widely adopted certification standards requires that a certain 

proportion of broadleaves. In general this implies that a typical production stand that meet 

certification standards should have approximately 10 % volume proportion broadleaves and 90 % 

conifers, mostly consisting of the conifer species originally planted. To facilitate management 

simplicity, the forest owner association Södra recommend forest owners to gather the broadleaves 

in groups and/or along stand borders. This is also applied by the state forest company Sveaskog 

(Personal communication with Johan Rowell, Planner of pre-commercial thinning at Sveaskog), who 

owns substantial areas of forests in Kronoberg (58,900 hectares productive forestland).  

On sites that are typical for Kronoberg, i.e. average fertility and good water availability Norway 

spruce is normally the first alternative due to high production. However, substantial proportions of 

the forestland are also suitable for Scots pine (average/low fertility and a bit drier soils).  

The tendency to plant Norway spruce on areas better suited for Scots pine is a consequence of the 

high browsing pressure, especially by moose. This makes regeneration with Scots pine problematic 

or impossible in large parts of Kronoberg County.  

Regeneration 

The clearcutting systems with conifers rely on artificially regenerated seedlings. These seedlings, 

most often spruce, have superior growth and (often) survival compared to local seed sources. 

Nursery seedlings have a better nutritional status (nursery effect), their performance have often 

been improved through breeding programs (selecting for desired traits like growth) and they have 

sometimes been selected from special regions and Norway spruce originating from Belarus or 

north-east Poland are often used. 

A small amount of seedlings originate from natural regeneration, but the occurrence is uneven and 

difficult to predict. A lot of naturally regenerated birch generally establish after felling. The 

regeneration inventories performed by the Swedish Forest Agency do not discriminate between 

naturally regenerated and planted seedlings. The forest act states a minimum number of seedlings 

at a certain time after harvest, for Kronoberg typically 2000-2800/ha, the number differ depending 

on specie and site quality.  The proportion of broadleaves in the regenerations in Götaland is 27 % 

(SFA, 2016a), which is a good proxy for naturally regenerated birch considering the marginal role of 
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planted broadleaves. However, a high proportion of the naturally regenerated birches is most often 

removed in pre-commercial thinning (approx. down to 10 %). This estimation is based on retention 

of naturally regenerated birches and use of additional naturally regenerated conifer seedlings. 

Scarification 

Today scarification is used on approximately 70 % of the clear-felled areas. Based on statistics of 

regeneration methods and scarification in final-fellings in Götaland (SFA, 2016a). This figure 

includes both clear-cuts that been planted and clear-cuts where no regeneration measures have 

been conducted. The scarification share for plantations is 74 %. 100 %. 

There are many arguments to increase scarification to 100% of the regeneration areas. Scarification 

is an important measure that increases the likelihood of establishment success. It results in an 

increased initial growth of the seedlings through better nutritional status (nutrient release when 

the soil is disturbed, reduced competition from vegetation) and reduced mortality (e.g. frost, pine-

weevils, water-logging).  Pine-weevils are the major agents causing mortality in conifer plantation, 

and with proper protection (mechanical or chemical) seedlings can often be planted without 

scarification. However, scarification is still needed to achieve optimal stand development.  

Browsing and fencing 

Except during a short period (2006-2010) after the Gudrun storm, when forest owners could 

receive subsidies for fencing stands designated for naturally regeneration of Scots pine (Wallstedt, 

2013), there have never been subsidies available to support fencing of conifers. Fencing is therefore 

excluded as a potential measure due to the high costs. 0 %  

With the current level of browsing the establishment success of Scots pine plantations in Kronoberg 

would benefit from fencing, and in some areas it is most likely decisive. However, fencing is a very 

costly measure, involving costs for establishment, maintenance and removal. This cannot be 

economically justified considering the long rotations and relatively low volume production of Scots 

pine. In addition, a widespread use of fencing would not solve the problem with browsing damages 

but rather redistribute the browsing damages to other areas. 

Stand management 

Pre-commercial thinning 

Pre-commercial thinning is decisive measure for the economic performance. It is especially 

important for the economic outcome of the first commercial thinning i.e. whether or not it yields a 

net income. Pre-commercial thinning in planted coniferous stand is normally not reducing the 

density of planted seedling but much more reducing the competition from natural regenerated 

birch, and controlling the tree species distribution. In some cases, birch are preferred.  

There is no data available for Kronoberg. An estimate is that75% of the area is pre-commercially 

thinned at least once. This figure is based on statistics from Götaland, calculated from the amount 

of pre-commercial thinning performed on the permanent sample plots of the national forest 

inventory. This figure was used in the most recent nationwide simulation of the future forest state 

and associated ecosystem services (Claesson et al., 2015). 
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Commercial thinning 

Nearly all spruce and pine stands are thinned at least once, most common two or three times. 

Recommendations for thinning have changed over the last 100 years. Commercial thinning has 

been an integral part of the Swedish clearcutting-system for a long period of time, there is 

therefore a tendency to see commercial thinning as self-explanatory measure, disregarding evident 

risk factors in individual stands. 

After the storm 2005 changes in management regimes are discussed; wider initial spacing, less 

frequent thinnings esp. in the later part of the rotation, reduced rotation period.  

In Kronoberg, wood-purchasers and forest management planners, especially from Södra play a big 

role in promoting thinning among private forest owners. With large-pulp mills Södra represents an 

organization with a continuous demand for pulpwood. A demand that will increase in the near 

future due to recent investments. To maximize the profits of the cooperative it is therefore in their 

self-interest to obtain their pulpwood from relatively cheap small-dimension wood harvested in 

thinning. Since other organizations sell pulp-wood to Södra and other industrial actors this also 

affects the advice they provide to forest owners. 

Pruning 

Pine very rarely are pruned. It is a time consuming and/or expensive measure. The relatively small 

price differentiation (compared with oak) for different qualities of Scots pine combined with 

uncertainties regarding future market demand means that it is uncertain that an investment in 

pruning will pay-off. Moreover, shelterwood systems with natural regeneration are less demanding 

alternatives for owners that want to produce high quality timber of Scots pine. 

For Norway spruce pruning is not even a measure to consider, the risk for fungi and the not existing 

difference in prize for timber with different properties. 

9.7. Clear cutting system with long rotation period 

The only specie in Kronoberg with a long rotation is oak. Oak currently constitutes 2.6 % of the 

standing stock on forestland in Kronoberg County (SFA, 2014). A lot of oak dominated stands are 

set-aside from timber production due to their high biodiversity and aesthetical values, especially 

among private forest owners to fulfil the certification requirements (5 % of the productive 

forestland set-aside from timber production) (FSC 2010; PEFC 2012). This is supported by a study 

performed by the Swedish Forest Agency, showing that areas classified as noble broadleaved forest 

constitutes 20 % of the area voluntary set-aside in Götaland (i.e. far higher than the overall 

proportion of noble broadleaves forest) (Stål et al. 2012). In addition, oak is an admixture species 

within conifer forest. We therefore estimate the 0.5-1 % coverage of oak dominated stands 

managed for timber production in Kronoberg County. 

On the very best sites (G32++) with good water availability the proportion of oak could increase at 

the expense of Norway spruce. In addition, this is a suitable alternative for forest owners that want 

to afforest abandoned agricultural land. Overall, compared with Norway spruce, Oak yields much 

lower economical incomes, but an increased use is still desirable due to a wide range of other 

benefits. An increased use of Oak would increase the perceived beauty of the forested landscape. It 
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also serves as a suitable risk-spreading strategy considering the risks of storm damages and in the 

likely event of a future with a warmer climate (Felton et al. 2010). An increase in actively managed 

oak forests will yield a positive impact on biodiversity, moving the species towards its natural 

occurrence in southern Sweden (Lindbladh et al 2014). Finally, Oak constitutes the most dominant 

species among the noble broadleaves and there is a market demand for timber for flooring industry 

and also for high quality timber. 

The level of both theoretical knowledge and practical know-how is much more advanced for the 

clearcutting system with the native conifers. Oak forestry aiming for high quality timber is 

management intensive with long-rotation periods i.e. forest owners might therefore regard this 

FMM as to complicate. The long rotations also make it ill-suited for forestry investments based on 

economic calculations such as the Faustman-formula, which is a common method when comparing 

different alternatives within Swedish forestry. In addition, in a region (and country) with a conifer 

dominated market there are also uncertainties regarding the short- and long term market demand. 

Finally, according to the current legislation forest owners need to maintain the dominance of noble 

broadleaves (see intro) in noble broadleaved stands (SFA, 2016a) i.e. regeneration with noble 

broadleaves is mandatory. A fear of reducing the management freedom for future generations 

might therefore be a factor that makes forest owners reluctant to establish oak on new sites.  

With a historical perspective it is evident that the current proportion of Oak (and broadleaves) is 

much lower than the “natural level”. This is due to a large number of factors (see Lindbladh et al 

2014).  Large areas of broadleaved forest in southern Sweden have been lost due to clearcutting 

followed by establishment of conifer monocultures. Agricultural land also expanded at the expense 

of broadleaves, and when abandoned, mostly during the last 100 years, they were largely replanted 

with Norway spruce. The current legislation aiming to safe-guard the existence of noble 

broadleaves also in the future was established in 1974 and 1980, initiated by a fear that forest of 

noble broadleaves would be largely lost from southern Sweden (Enander, 2007). 

Characterization of the model  

Here it is classified as a clearfelling system. There is a lack of data regarding how oak forestry is 

conducted in practice. In general our overall impression is that ideal Swedish model for 

management of oak seldom is conducted in Kronoberg County. At this overall level it is most likely 

so that a lot of oak stands in practice are managed somewhere in between clear-cutting and 

shelterwood systems. Involving extended rotations and gradual removal of the old-stand in many 

thinning operations. This can be due to aesthetical values or other forms of individual attachments 

to particular stands, but can also have an economical rationality. If oak timber is of high quality it is 

currently the best paid assortments on the market. Given that a stand has an uneven diameter 

distribution, it can be a good idea to embrace a single tree perspective rather than making 

decisions based on stand averages (e.g. mean diameter), which is the common practice in Swedish 

forestry. Gradual removal of single trees when they reach high grading quality can therefore make 

the rotation period less distinctive. 

Tree species and stand composition 
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In Sweden there are two species of oak, Quercus robur and Quercus petreae. Both grows in 

Kronoberg but most common is Quercus robur. Seedling found on the market are most often 

Quercus petreae. 

Stand are normally established by planting or seeding without any admix species. Due to its high 

value for biodiversity in southern Sweden there are no requirements to have any additional tree 

species in Oak plantations, neither in the forest act nor in the certification standards. However to 

achieve high quality timber it is recommended to retain understory trees as quality enhancers 

(reduce the emergence of epicormics branches), this can involve trees that naturally act as 

understory e.g. Hazel, Beech, but not are so competitive i.e. Norway spruce. Light demanding trees 

(e.g. Alder, Birch) can also be used if they are high cut to prevent competition with the crowns of 

the Oaks. 

First of all, according to the legislation the only requirement is that the volume proportion of 

broadleaves are kept > 70 %, whereof > 50 % noble broadleaves for the stand to remain as noble 

broadleaved (SFA, 2016a) i.e. there is no obligation to adhere to a management ideal for Oak 

according to the legislation. On the relatively fertile sites where Oak is growing there is a potential 

for natural regeneration and good performance of a wide range of species including other noble 

broadleaves (see intro), trivial broadleaves (alder, birch, aspen) and Norway spruce.  

Overall, admixtures with other species is therefore a result of: forest owners using naturally 

regenerated trees to compensate mortality on planted seedlings, poorly implemented pre-

commercial thinning and/or thinning, forest owners that strive for species mixtures due to a wide 

range of factors (e.g. aesthetical preference, the value attached to having many tree species, 

quality enhancing understory). 

Rotation period for oak 

The lowest age for final felling according to the forest act is 90 years but most often the rotation is 

longer or much longer. The ideal management of Oak should aim at producing high quality timber 

of large dimensions within the shortest rotation period possible. Planted at fertile sites and with an 

intensive thinning program, 50-100 crop/trees should reach the target diameter (+60 cm) within 

100-140 years of age. Reducing the rotation period is critical for the economic outcome but it is the 

not possible to get large dimensions and high prizes.  

The ideal management program of oak is seldom applied in practice. Too low site fertility and the 

lack of intensive thinning programs imply that the timber seldom reaches the high grading 

dimensions within the optimal rotation period (in addition the timber often being of quite poor 

quality). As described previously, if not set-aside from timber production, Oak stands are also often 

retained due to aesthetical preferences, the management been characterized by thinnings. Overall 

this means that Oak forestry is characterized by longer rotation periods than economically optimal 

and the rotation is often less distinctive compared with other FMMs. 

Regeneration 

Natural regeneration of oak is not used in Sweden or CSA Kronoberg. (not including naturally 

regenerated understory tress retained to enhance the timber quality).  
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Oak is planted or seeded, but a naturally regenerated trees also establish after final-felling, 

especially naturally regenerated birches. However, a substantial proportion are removed in pre-

commercial thinning. We estimate a lower use of naturally regenerated seedlings for this FMM 

compared with conventional methods (clear-cutting intermediate). The higher risk of mortality 

(different forms of browsing i.e. ungulates and rodents, competition from vegetation) being 

compensated by a wide range of factors such as:   

Since new plantations of Oak are relatively rare forest owners are probably very orientated towards 

favouring the Oaks over other species (and they are also required to do so according to the 

legislation).  

The current legislation implies that forest owners are obliged to maintain the dominance of noble 

broadleaves (SFA, 2016a). Since this force forest owners to regenerate with species with high 

establishment costs the legislation is supported with subsidies (SFA, 2016b). The subsidies covers 

80 % of the regeneration cost (scarification, planting, fencing). The ideal is therefore to utilize the 

subsidies and plant seedlings from selected proveniences available in nurseries. These 

proveniences have been selected based on desired characteristics (e.g. quality) and should 

consequently be favoured throughout the rotation. 

When establishing oak on former agricultural land direct seeding can be a suitable alternative 

regeneration method (not possible on forestland due to seed predation of rodents).    

Site preparation/scarification 
Site preparation or scarification is very common when establishing oak stands, most probably close 

to 100%. The proportion of actively regenerated Oak stands that are scarified are most likely much 

higher compared with regeneration of conifers. Scarification is relatively cheap compared with the 

costs of oak seedlings and fencing. Subsidies are also available for all establishment measures for 

oak (SFA, 2016b). In addition, forest owners need to apply for permission for final-felling and 

financial support to the Swedish Forest Agency (SFA, 2016a). This means that regeneration of noble 

broadleaves involves a much higher level of exposure to forest consulting compared with 

conventional methods, and consultants are well-aware of how critical scarification is for 

regeneration success.  

To achieve high quality timber within economically justified rotations Oak should only be planted 

on fertile sites. On such sites competition from vegetation can be very heavy. Radical scarification is 

therefore decisive to reduce competition from vegetation and associated problems with rodents. 

When planting oak on former agricultural land a radical scarification should ideally be 

complemented with the application of herbicides to further increase the likelihood of regeneration 

success.    

Browsing and fencing 

The prevailing high browsing pressure constitutes a big problem for forestry in Kronoberg, 

especially for Oak that are among the most preferred species by browsers. Utilizing the subsidies 

that are available for fencing (SFA, 2016b) is therefore critical for regeneration success. The 

subsidies for fencing therefore constitutes a critical policy instruments, currently maintaining forest 

management with Oak somewhat economically justified for private forest owners. Fencing is more 

or less necessary for establishing oak, and it is most often done. 
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Stand Management 

Pre-commercial thinning 

The management scheme for Oak aims at producing high quality timber within the shortest 

possible rotation. Pre-commercial thinning is an important measure for a number of purposes:  

- Removal of competing naturally regenerated trees  

- Removal of low quality Oaks i.e. quality selection.  

-Early stand density manipulation. Oak is often planted at high densities (e.g. 5000 seedlings/ha), 

and even though a high spacing is required to achieve good quality (trunk with no branches) pre-

commercial thinning is still recommended to give a decent level of diameter growth. 

Subsidies are also available that covers 60 % of the costs for pre-commercial thinning (SFA, 2016b).  

Estimated that precommercial thinning one or more times are done on the absolute majority of 

stands. 

We estimate a higher level of pre-commercial for this FMM compared with clear-cutting 

intermediate. Firstly, this is related to the higher initial spacing. Secondly, this FMM is much more 

demanding compared with management of conifers. We therefore assume that forest owners that 

chose to harvest and regenerate oak, rather than using them as set-asides in their forest 

management plans, have a higher interest in forest management than the average owner. Finally, 

the subsidies that are available make it more attractive to perform pre-commercial thinning for this 

FMM. 

The divergence that we still think exists can be explained by the factors mentioned in clear-cutting 

intermediate (see question 45 in clearcutting-intermediate). 

Pruning 

Due to the high prices for high quality timber oak is the only tree species in Sweden were pruning 

can be economically justified. The use of artificial pruning also implies that heavy thinning programs 

can be initiated at an earlier stage of stand development, thereby reducing the rotation period and 

increasing the economic performance of this FMM.  The ideal management scheme involves 

selecting approximately 100-200 oaks/ha (two times the numbers of crop trees) that are pruned to 

5-6 m clear bole. The crowns of the crop trees are subsequently favoured by a heavy thinning 

program, complemented with continuous removal of epicormical branches. 

However this is a very intensive and time consuming management program, and forest owners 

might also plant oak due to other forest functions than timber (biodiversity, aesthetics, recreation). 

We therefore suggest a 50 % pruning proportion for this FMM. 

Management for high quality timber of Oak is a project that spans generations. Combined with 

uncertainties regarding future market demand it is not surprising that forest owners that not are 

dependent on the economic revenue from forestry to support their livelihood do not perform this 

time-consuming measure. In addition, pruning is only meaningful if initiated early or performed on 
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trees that already are of high quality (removal of epicormics branches) i.e. on substantial areas of 

oak forest pruning is not even a measure to consider. 

Commercial Thinning 

We believe that all Oak dominated stands are thinned at least once during the rotation. However, 

very few stands are managed according to ideal management schemes, thinnings being conducting 

less frequent and more random (not promoting a pre-selected number of crop trees).  

This FMM should ideally be characterized by frequent thinning’s to favour the crown development 

and diameter growth of 50-100 crop trees. Due to the risk for epicormics branches thinning can’t 

be strong/heavy but instead thinnings are done frequently, approximately every 5-10 years. This is 

critical to achieve the high grading dimension within a rotation period that can be economically 

justified.  

Harvest and extraction of wood 

The forest owner association Södra recommend that Oak > 35-40 cm dbh should be harvested by 

chain-saw. Trees above this dbh are too heavy for the harvester, and there is a high risk that the 

harvested timber is destroyed due to cracks. When harvesting Oak stands chain-saw and harvester 

are often used complementary. Södra estimates that approximately 50 % of the wood harvest of 

Oak is fully mechanized (from commercial thinning and onwards). Transport of timber is most often 

done by forwarders. A very small number of forest owners might extract some harvested timber by 

tractor or horses. 

There is no data about use of logging residues of oak. 

9.8. Clear cutting system with short rotation period 

Another name for this management model could be management of broadleaves. Absolutely most 

common management of broadleaves are with clearcutting. For beech a method with shelterwoods 

are used, but the amount of beech is very low in Kronoberg due to the climate.  

Characterization of the model 

An increased use of pioneer broadleaves (Silver birch, Hybrid aspen, Populus) is suitable on fertile 

sites (G32+) with good water availability. Populus species and Hybrid aspen (Populus tremula x 

tremuloides) should be planted only on the very best sites. In addition, this is a suitable alternative 

for forest owners that want to afforest abandoned agricultural land. An increased use of 

broadleaves would increase the perceived beauty of the forested landscape. It also serves as a 

suitable risk-spreading strategy considering the risks of storm damages and the likely event of a 

future with a warmer climate (Felton et al. 2010). 

Hybrid larch can be used as a complement to Scots pine and Norway spruce on many sites. Being a 

fast-growing pioneer species it can yield similar or higher mean annual volume production 

compared with Norway spruce, but within a substantially shorter rotation, but it can also produce 

large dimensions with a longer rotation period. Hybrid larch can be used on sites where the high 

browsing pressure makes establishment of Scots pine problematic and/or impossible (which is 

currently practiced to some extent in Kronoberg). 
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Overall, the use of exotic species (such as Hybrid aspen, Populus and Hybrid larch) is limited in 

Kronoberg County. However, the interest increased in the aftermath to the storm Gudrun in 2005 

(Wallstedt, 2013). In the entire area affected by Gudrun (which is much larger than Kronoberg), 

1400 ha of Hybrid aspen and 225 ha of Populus were planted. This is largely explained by the 

reforestation grants that were available after the storm that compensated for the higher 

establishment cost of broadleaves. Approximately 4000 ha of Hybrid larch were also planted after 

Gudrun (in the entire Gudrun area). In addition to being limited in extent, the stands of these 

species are of young age. To exemplify, exotic conifers in Kronoberg, where Hybrid is by far the 

most common, only constitutes 0.2 % of the standing stock (SFA, 2014). 

Birch is the third most dominant species in Kronoberg County (SFA, 2014). However there is no 

tradition of forest management of pure Birch stands in Sweden. The vast majority of the birch 

grows as a mistreated admixture in conifer plantations.   

Forestry in Kronoberg is focused on the native conifers, especially Norway spruce. The use of these 

alternative species is therefore currently restrained by the lack of experience and uncertainties 

regarding the future market demand.  

The use of exotic tree species (i.e. Hybrid larch, Hybrid aspen and Populus) is also restricted in the 

widely adopted voluntary certification standards (FSC ≤ 5 %, PEFC ≤ 25 % coverage on productive 

forestland per certified forest holding) (FSC 2010; PEFC 2012). However, the stricter FSC 

requirement only pertains to stands established after 2009. Birch, Populus and Hybrid aspen are 

also expensive to establish (artificially), especially since the current level of browsing often implies 

that fencing is required. 

Due to the re-sprouting potential of Hybrid aspen and Populus these species might be managed as 

coppice in the future. However reported problems with crooked sprouts and the fact that the re-

sprouting capacity on Swedish forestland is largely unknown, means that it is hard to tell which 

silvicultural system these stands will be managed with in the future. In this FMM we will not 

describe different management alternatives for second generation sprouts of Hybrid 

aspen/populus. 

In the description of this FMM we focus on stand establishment through artificial regeneration i.e. 

planting. However, the characteristics of the nemoboreal ecosystem implies that naturally 

regenerated birch generally establish after clearance. Beyond being used as an admixture in 

plantations, stands can also be established solely relying on naturally regenerated birch. This does 

not require retention of seeds trees, given that substantial amount of birch is present in the 

surroundings. The pros with this alternative is self-evident i.e. no regeneration cost. The drawbacks 

are connected with substantial reduction in growth and quality compared with the genetically 

improved material. In addition, there is a higher risk of failure. 

Tree species and mixture 

Most important species in this management models are Betula spp (Mainly Betula pendula), Hybrid 

larch, Hybrid aspen, Populus species. Plantations with these species are currently very marginal in 

Kronoberg County. Most of the birch stands are natural regenerated. Hybrid larch is the most 

common species to plant within this FMM, followed by birch. However, as already described, birch 

is a dominant admixture species in the forest landscape of Kronoberg. 
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Rotation period 

Typical rotation periods are; Hybrid larch 30-45 years, birch 45-55 years and Populus/Hybrid aspen 

20-35 years (on forestland, these species are also managed on agricultural land where the rotation 

need to be kept below 20 years). Very often stands are not managed properly and to get larger 

dimensions the rotation periods above are prolonged. 

The benefits with these species from an economical perspective is connected with the short 

rotation period (high internal rate of return, short pay-back time).  

Due to uncertainties regarding future market demand for timber, Hybrid larch and Populus/Hybrid 

aspen can also be managed without thinning in short rotations, aiming for bulk assortments such as 

pulpwood (Hybrid larch can sometimes be sold as pulpwood) and/or bioenergy. The rotations 

should then be at the lower end of the optimal rotation interval (or even a bit lower). 

This FMM involves planting of monocultures directly or a few years after final felling. However the 

characteristics of the nemoboreal ecosystem means that additional naturally regenerated seedling, 

especially birch, establishes after clearance.  

Regeneration 

Scarification is an important measure that increases the likelihood of establishment success. It 

results in an increased initial growth of the seedlings through better nutritional status and reduced 

mortality. Since Birch, Hybrid aspen and Populus ideally should be planted on fertile forest sites, 

where herbicides not are used (compared with afforestation on agricultural land), intensive 

scarification is decisive to reduce competition from vegetation and associated problems with voles.  

If used in afforestation of agricultural land, it is recommended to complement the scarification with 

herbicide treatment to increase the likelihood of regeneration success. 

Pine-weevils are the major agents causing mortality in conifer plantation, and with proper 

protection (mechanical or chemical) seedlings of Hybrid larch can often be planted without 

scarification. However, scarification is still needed to achieve optimal stand development. 

Fencing and browsing 

The main argument here is similar to the answer in clearcutting-intermediate. With the current 

level of browsing most species would benefit from fencing, and it can often be critical for success. 

The very high cost for fencing and the high browsing pressure most probably reduce the planting of 

birch and hybrid aspen. 

In general a lot of the plantations with Birch, Hybrid aspen and Populus were established in 2006-

2010 as a consequence of the subsidies after Gudrun (Wallstedt, 2013). Fencing was both a 

requirement to obtain financial support and was covered by the amount granted. Since then the 

interest in planting these species has decreased, mainly due to the lack of financial support for 

fencing. 

Stand management 

Pre-commercial thinning 
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All the species used with short rotation clear-felling models are fast growing pioneers. If established 

on suitable sites they should be able to outcompete naturally regenerated tress, such as Birch, and 

approach merchantable diameters rapidly. In addition, Hybrid aspen and Populus are also generally 

planted at wider initial spacing than commonly practiced (1000-1500 seedlings/ha).  

An alternative is to use natural regenerated birch. Then pre-commercial thinning is a must to create 

a stand with an even distribution and good number of seedlings. Also to increase the accessibility in 

future thinning operations and for the purpose of quality selection it can still be a good idea to 

perform pre-commercial thinning also in planted stands.  

Commercial thinning 

Commercial thinning is a decisive for achieving the desired dimension within optimal rotation 

periods (the short rotations being the major advantage with this FMM). With the very short 

rotations one hard thinning can be adequate for Hybrid aspen and Populus. Hybrid larch and Birch 

should be thinned more frequent. If the aim is high quality timber production of birch it 

recommended to embrace a single-tree perspective, favouring a pre-selected number of crop trees 

with frequent crown enhancing thinnings. 

Pruning 

Pruning is in general an expensive and/or time consuming activity. For these species there is also a 

high level of uncertainty regarding the future market demand for quality assortments.  

Combined with an intensive management program (frequent crown enhancing thinnings) it can be 

an interesting alternative for Betula pendula. This can be combined with wider initial spacing to 

reduce the regeneration cost.  Since the future market is uncertain it should not be regarded as a 

safe-investment, rather as an interesting activity for forest owners with a lot of time and interest in 

forest management. In “practical” forestry, pruning is very limited, if done at al. 

Nature protection 

The Swedish conservation model rely on a complementary approach, combining protected areas 

set-aside from timber production with integrative conservation measures in the forest matrix 

(Gustafson and Perhans, 2010). These measures are mostly conducted at final felling and required 

according to stipulations in the forest act and in the voluntary certification standards (PEFC, FSC). 

This involves green tree retention of single trees and groups, leaving as well as creating deadwood 

(high-stumps) and the retention of buffer zones along water, mires, and sensitive habitats. The 

requirements are more quantified in the certification standards, where widely known stipulations 

requires retention of a minimum of 10 trees/ha and the creation of at least three high stumps per 

hectare (FSC 2010, PEFC 2012). When forest owners notify the Swedish Forest Agency that they will 

conduct final-felling of a particular stand they are required to specify which conservation measures 

they will take to fulfil the stipulations in the forest act (SFA, 2016a). 

9.9. Management of stands with high nature values 

How much forest that needs to be set-aside from timber production to safe-guard biodiversity in 

Sweden and in Kronoberg is widely debated and an issue of great uncertainty. In addition to the 
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requirements of different species a lot of factors influence what can be considered as a suitable 

level of protection, such as:  

The level of ambition, the intensity of forest management and amount of integrative conservation 

measures (i.e. retention in harvest operations) in the forest matrix, the value of voluntary set-

asides (are they long term commitments?), the value of unmanaged unproductive forestland for 

biodiversity (e.g. mires with sparse tree-cover). 

However, considering that the Swedish forest policy currently should be guided by an overall 

orientation that puts equal emphasis on production and conservation goals (see intro), it is evident 

that the area designated for nature conservation needs to increase from the current level. This is 

also reflected in the steadily increasing share of forest designated for this purpose and a recent 

increase in government funding. 

A tool in the work with conservation goals especially the voluntary set aside, is the use of 

classification of stands depending on goals; management goals. Four classes are used;  

Production with general considerations, PG. 

Production with stronger considerations, PF. 

Nature conservation with management, NS. 

Nature conservation, free development/without management, NO. 

How much forest that needs to be set-aside from timber production to safe-guard biodiversity is 

widely debated and an issue of great uncertainty. In addition to the requirements of different 

species a lot of factors influence what can be considered as a suitable level of protection. The 

classification above is not mandatory, but very often used. 

Approximately 5-6% of the area is classified as nature conservation and it is assumed that 2-3% of 

this is managed and another 2-3 is without management. These figures are based on the coverage 

of the different types of formal protection in (nature reserves, habitat protection and nature 

conservation agreements) in Kronoberg County (about 1.8 %) (SFA, 2016c; SFA, 2014) combined 

with the most recent estimate of voluntary protection in Götaland (3.9 %) (Stål et al., 2012).  

This estimation of voluntary protection includes both certified and uncertified forest owners (Stål 

et al., 2012). It is common practice that forest owners with forest management plans specify areas 

set-aside for nature conservation purposes. However, certified forest owners need to set-aside ≥ 5 

% of the productive forestland (> 1m3 ha-1 yr-1) from wood production to fulfil certification 

requirements (FSC, 2010; PEFC, 2012).  

The voluntary set-asides are the most common form of protection in southern Sweden. With a high 

share of private forest owners forest management plans from Södra provides a good source for 

estimation the ratio between NO/NS. Forest management plans produced by Södra in Kronoberg 

County (2007-2013) show a 4.05 % and 3.82 % coverage on productive forestland of NO and NS 

respectively (Magnus Petersson, Södra). In addition, even though probably not to the same extent, 

formally protected areas are also sometimes managed to enhance their value for biodiversity (or 

recreation).  
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It is critical that strict protection is complemented with active conservation measures to fulfil 

conservation goals at both a national and regional level. For example, broadleaved stands 

dominated by Oak, who host a wide range of threatened species, face the risk of being transformed 

to conifer dominated stands through secondary succession if left unmanaged. Reintroducing fire as 

a natural disturbance agent is another important measure in forest dominated by conifers (mainly 

of Scots pine), thereby securing the conservation status of many fire dependent species. 

9.10. Nature conservation with management 

This FMM is applied in stands where the active management interventions are needed to enhance 

and/or maintain the conservation value. 

It is estimated that it covers 2 - 3% of the forest area in Kronoberg but it is recommended to 

increase at least twice.  

The management activities in stands with nature values depends on both the existing, and future 

potential, valuable structures in the specific stand. This means that this FMM can be highly variable 

and involve any measures that are conducted to promote the conservation value (and sometimes 

also recreation) i.e. specifying an ideal management scheme is therefore contradictory to the 

objective of this FMM. Clearfelling might not be very common, but all sort of silviculture systems 

and cuttings can in principle be used, such as selective and shelterwood systems, commercial and 

pre-commercial thinnings and more. 

In voluntary protected areas measures to promote the conservation value are specified in the 

forest management plan, together with all other suggested measures for the individual estate.  The 

restrictions in utilization, as well as management activities to promote the conservation value in 

formally protected areas are often specified in specific management plans.  

Tree Species and specie mixture 

Management in stands with high nature values is applied independent of tree species, but high 

nature values are often connected to broadleaved dominated stands. (especially uncommon 

species as oak).  Active measures are often needed to maintain the future dominance of 

broadleaves. 

Examples of different measures 

The most common measure in Kronoberg is nature conservation thinning, favouring broadleaves at 

the expense of Norway spruce. Due to the good performance and shade tolerance of Norway 

spruce this is often needed to maintain the dominance of broadleaves and associated conservation 

values also in the future. The first thinning in such stands often involves large removals of Norway 

spruce and can therefore yield substantial incomes (Magnus Petersson, Södra).  After the first 

thinning the primary target is to keep the stands free of Norway spruce. Subsidies supporting 

nature conservation thinning in broadleaved dominated stands are available through the Swedish 

Forest Agency (9000 SEK/ha) (SFA, 2016d).  

Other common measures among private forest owners involves releasing large Oaks from 

competition, and measures conducted in buffer zones along water to enhance their conservation 

value (Magnus Petersson, Södra). 
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Large forest owners (>5000 ha), such as Sveaskog, certified according to FSC are obliged to burn an 

area corresponding to 5 % of the annual area final-felled on dry/mesic soils (FSC, 2010). This is 

often conducted on clear-cuts prior to planting but also involves burning standing forest designated 

for conservation. This is a very effective way to reach the area required since the burned area in 

such stands should be multiplied by an upward adjustment factor of three. This should ideally be 

conducted in stands dominated by Scots pine, a species who grow on sites that historically 

experienced frequent forest fires.  

Finally, some protected areas are also important for recreation, and close to cities nature reserves 

created by municipalities often have this as a primary objective. In such areas management 

activities to promote the perceived beauty (e.g. favour broadleaves) and/or increase the 

accessibility are common.  

9.11. Nature conservation without management 

It can be discussed it this is a forest management model or not. But the concept with Management 

Objective “nature conservation without management” described above is widely accepted and 

used in Kronoberg. It is estimated that it cover 2 - 3% of the forest area in Kronoberg but it is 

recommended to increase at least twice.  

This FMM is used in stands where the nature conservation goal is best achieved through no 

intervention. For example stands of conservation value that are left unmanaged to further increase 

the quantity and quality of structures of high importance for biodiversity (dead wood, old trees 

etc.).    
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