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Abstract. The first law regarding the protection of Swedish forests was implemented in 

1903 and the scope has only ever increased since then. By the 1990s a new method of forest 

protection was founded in the form of FSC and later also PEFC certification programs. These 

provide a market-based approach to forest protection by through the use of price premiums 

incentivize forest owners to participate in voluntary forest conservation. 63% of Swedish 

productive forests was certified in 2017 and this number has potential to increase which can 

have significant implications for future forest supply. In this study I use an area-based matrix 

model on NFI data within the EFDM software to simulate forest supply in the next 100 years 

in two management scenarios: Current practices and if all forest is managed according to the 

FSC and PEFC standard. The timber stock is simulated to grow faster when all forest is 

certified and reach a stable level that is 101 mill. m3sk greater than if forests are managed as 

today. Harvests are simulated to grow in a similar way but remain lower when all forests are 

certified than if managed according to current practices. The difference does however 

decrease slightly as the simulation progresses. The levels of harvest are simulated at 

substantially lower levels in both scenarios than actual levels due to insufficient information 

on management in NFI data, indicating a necessity for external information to compliment the 

NFI.   
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1. Introduction  
 

Increasing demands from the environmentalist movement in the 1990s gave rise to the need 

for a way to certify forest products to assure that they were produced in environmentally 

acceptable terms. This led to the creation of the first forest certification system through the 

Forest Stewardship Council (FSC) in 1993. The purpose was to create a voluntary and 

market-driven way to stimulate ecologically responsible forestry practices. The Swedish 

standard for forest certification according to the FSC was approved in 1998 and shortly all 

major forest companies had adopted the standard. This type of certification specified 

management principles with the purpose of promoting long-term sustainability in biodiversity 

and wood production. The Programme for the Endorsement of Forest Certification (PEFC) 

certification was established soon after with a target to create a certification program tailored 

to the needs and specific challenges facing smaller forest owners. The standard allows for 

individual countries to develop criteria that are suitable to local circumstances. The aim of the 

certification is, however, the same as that of FSC: To work within a market framework for 

voluntary sustainable forestry. (Auld et al., 2008) 

One of the requirements in both FSC and PEFC is that the forest owner excludes at least 5% 

of the most environmentally important forest area from forestry. In addition, new management 

practices put further restraints on potential harvests. Quantitative research from the Swedish 

Forest Agency estimated the total restricted area to 6,8% of forests (see Claesson and 

Eriksson, 2017). This should have the effect of an overall reduction of roundwood supply 

from what is biologically possible. Early studies suggest this reduction to be somewhere 

between 10% and 20% (see ex., Lundström et al., 1997) 

Since the implementation of forest certification, the demand for certified forest products has 

only increased and subsequently so has the proportion of certified forest area in Sweden. By 

2017 a total of 14 million hectares or 63% of all productive forest area is covered by at least 

one certification. With increasing ambitions in environmental conservation and demand for 

environmentally sustainable products this share can be expected to further increase (see 

Claesson and Eriksson, 2017). This happens in a setting where the forest industry has played a 

continuously important part. In 2017 forest products provided a trade surplus of SEK 95 

billion and constituted 10% of the total export value (SCB, 2017). In addition, forests can 

according to the Swedish Forest Agency and the Swedish Forest Industries Federation play a 

vital role in the shift away from fossil fuels to environmentally sustainable alternatives. Forest 
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products can also provide a sustainable alternative to many types of products such as plastic 

and even metal. This importance of forest products for the economy, and potential for further 

expansion, raises questions about the compatibility with the aim of forest conservation. A 

further increased ambition level in forest conservation could lead to a potentially substantial 

reduction in the supply of wood for the industry. This reduction in supply in combination with 

a secular increase in demand from new possibilities in production could generate pressure on 

price increases. Firms will have to face this cost in some way with one likely solution being a 

further reliance on imports.  

The aim of this study is to simulate how the roundwood supply will be affected if the 

certification progress continues to expand and encompass all productive forest land in 

Sweden. That is, if the share of certified forest area increases from 63% to 100%. For this, I 

estimate the difference in management practices of certified and uncertified forest expressed 

as area excluded from forestry. Owners current management actions are estimated from 

National Forest Inventory (NFI) data. This is then applied to an area-based matrix model 

within the European Forestry Dynamics Model (EFDM) framework to simulate the 

development of forest supply in two possible future scenarios. One being if forestry is 

performed according to today’s practices and the other being if all forest is managed 

according to the certification standards of FSC and PEFC.  

 

1.1   Increasing demand for forest conservation policy 

The need for environmental considerations in forestry practices have been increasing 

throughout the past century. The first law regulating the practice was implemented 1903. With 

the forest industry playing an essential role for the economy and employment in Sweden, the 

primary focus was on securing future supply of wood through responsible reforestation (see 

Prop. 2007/08:108). Since then, forest policy has continuously been updated, but the earlier 

implementations all had the focus on reforestation and long-term sustainability in supply. The 

important role of forests for the environment was first taken into consideration in the 1970s 

after pressure from a growing environmentalist movement. The law (1948:237) from 1974 

(see Prop. 1974:166) took these environmental considerations into account and established the 

first legal framework for the protection of nature and public interests in forestry. This process 

continued and increasing measures were taken for the environmental protection of forests.  
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The next major step was the forestry act of 1993 (Prop. 1992/93:226) that diverged from the 

previous legal focus on reforestation and instead weighed production and environmental 

targets as equally important parts in forest policy. The environmental target inferred that 

biodiversity and genetic variation should be preserved and notably that threatened ecosystems 

should be protected. The production target was designed in conjunction with the 

environmental target and a general deregulation policy on the area through the revocation of 

subsidies. Instead, the forest owners were given “freedom with responsibility” to manage 

sustainable forestry.  

In 1999 the Swedish government ratified the 15 (16 since 2005) national environmental 

quality objectives. These are broad general objectives for 16 areas of interest for 

environmental conservation that should be accomplished by 2020. The most important 

regarding the forest industry is “Levande skogar” which lies in the authority of the Swedish 

Forest Agency. It is a further step in the trend of increasing environmental protection and 

public accessibility to forests. In the spirit of freedom with responsibility, the task of reaching 

the objectives is divided between the government and the forest industry. In the conservation 

effort the government has formed a strategy for increasing the formal protection of vulnerable 

forest areas through establishment of reserves. The forest industry is in conjunction supposed 

to compliment this formal protection with voluntary cessions of productive forest land for 

conservation. The aim of this common effort is to reach the objective and preserve the most 

environmentally valuable forest areas.  

 

1.2   FSC and PEFC: Market-driven approach to forest protection 

By the 1990s the process of implementing legislation in the protection of forests had made 

great progress and the policy focus shifted into a higher appreciation of protection. On a 

global scale the progress was not as clear. The question of deforestation of the world’s 

rainforests raised concerns and many non-governmental organizations, including the WWF 

(World wide Fund for Nature) worked for the creation of stricter legislation in protection of 

primarily rainforests. The ITTO (International Tropical Timber Association) refused to take 

part in this process and after the lack of success in the 1992 UNECD (UN Conference on 

Environment and Development), they were convinced that progress had to be made through 

other means. Even though the attempt at stricter legislation was considered a failure, it did 

produce some results in the adoption of general forestry principles and guidelines on 
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economic, environmental and development topics. The legislation was regarded as weak, but 

these guidelines served as a starting point in realizing that a private certification alternative 

could work as an alternative, and how to make it a viable option for producers. (see Auld et 

al., 2008) 

The creation of the FSC started in this concern, but soon expanded to encompass all the 

world’s forests. It was built on three foundational pillars of promoting “environmentally 

appropriate, socially beneficial and economically viable management of the world’s forests”. 

In other words, the forests should be managed in an environmentally and socially sustainable 

way, without jeopardizing its economic viability as a resource. The incentive for producers to 

join the certification was the associated price premium that they could apply on their sales. 

Through this method, even producers that did not share the FSC’s concerns on ideological 

grounds would still have an economic reason for certifying their production.  

The FSC came to Sweden in 1996 and its criteria was formally approved by the FSC council 

in 1998. Within a short period, all major forest companies had adopted the standard and 

modified their management practices accordingly (see ex. Eriksson et al., 2007). Notably, one 

criterion is that 5% of productive forest land should be excluded from forestry and managed in 

accordance with practices for nature reserves. This percentage includes key-biotopes and 

other vulnerable areas that are of highest priority for conservation. It is however only the 

minimum requirement and the total excluded area must be constituted of areas of at least 0,5 

hectares in continuous size of productive forest. Other smaller areas such as, for example, 

key-biotopes must be protected regardless of the size. Regards must also be made to certain 

areas and practices during harvest, such as boundary zones to streams and saving certain trees 

that are of importance for biological diversity (see FSC, Sweden.).  According to the Swedish 

Forest Agency, the areas of voluntary conservation was 6,8% of all certified productive forest 

area in 2016. In comparison, the voluntary conservation areas of uncertified forests were 2,3% 

of the total forest area in 2010 (see Claesson and Eriksson, 2017). 

During the FSC General Assembly meeting in 1996 the organization structure was decided on 

a three-chamber design: an environmental chamber, social chamber, and economic chamber, 

each comprising a third of the votes. Through this system the economic chamber, which is 

comprised of forest owners, companies and the retail sector, could be systematically overruled 

by the other chambers in the voting process. This was one of the major points of contention 

that encouraged the producers to create their own alternative certificate. This resulted in the 

PEFC which is tailored for adaptability on many different circumstances and smaller 
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producers. In practice the criteria for these certifications are very similar and can for this study 

be used interchangeably. The amount of forest owners certified by either FSC, PEFC or both 

have been rising ever since their introduction. By 2016 the total certified forest area in 

Sweden amounted to 14,4 million hectares which is the equivalent of 63% of the total 

productive forest area. Most of the certified area is owned by the large forest companies, 

which were also quick in adopting the certification standard when it was introduced in 1998, 

see table 1. However, the practice is spreading and is becoming increasingly popular even 

among smaller-scale forest owners. (Claesson and Eriksson, 2017)   

 

 FSC certified PEFC certified Both FSC and 

PEFC certified  

Total 

Private AB 8750 4753 4753 8750 

Small-and medium scale 

non-industrial 

3086 5269 2728 5627 

Total 11836 10022 7481 14377 

Table 1. Certified forest area (1000 hectares) 2016 distributed on ownership category and 

certification type. Source: Claesson and Eriksson (2017) 

 

1.3   The market for Swedish forest products   

Legislation aimed at protecting the environment or social utilities act as a limit on the 

possibilities for owners to produce supply, but it is not sufficient as a determinant of actual 

supply where it is merely one of many contributing factors. Forest owners’ decisions are 

affected by market forces through prices both when selling their produce and in maintenance 

costs. Furthermore, they require access to goods markets to be able to effectively sell their 

produce. I will in this chapter describe the market setting for Swedish roundwood and discuss 

how changes in supply can affect different aspects of the market as well as the reverse; how 

market characteristics can influence supply. Importantly I will also discuss the connection to 

international trade.  

The largest share of productive forest land is owned by family enterprises. These are usually 

small with the average property being around 50 ha, but the large number of individual 

owners make up around 50% of the total forest area. These owners have heterogeneous 

objectives and priorities with their ownership with many having the property in the family for 
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multiple generations, leading to great diversity in forestry practices. Roughly half of the 

family enterprises participate in cooperatives to aid in the management and business of 

forestry. Through the cooperatives they gain market power and an ability to obtain a fair price 

for their resource as well as representation on the political level. They are also offered advisor 

help regarding management and sales activities. Furthermore, the cooperatives control various 

industrial facilities, mainly in pulp, sawmills and energy, which means that even small forest 

owners can extend their business to other areas of the industry.  

Around 40% of the remaining forest land is owned by a few large industrial enterprises as 

well as the state owned Sveaskog which is an important producer of resource for the industry. 

The rest is owned by smaller public and private enterprises and the Swedish Church. 

Regarding the industry ownership, there is a multitude of mainly pulp and paper 

manufactories and sawmills but only a few have forest holdings that are integrated with 

industrial capacity. Instead the companies tend to buy resource from private owners as well as 

foreign producers to make up the difference.   

The forest products industry plays a relatively large part in the Swedish industrial economy, 

comprising 9-12% of the total industrial employment, export, sales and value added. 

Production is mainly focused on three areas: Pulp, paper and sawn timber and a great majority 

of the output is exported. Since most of the input resource is domestic, this means the industry 

is contributing to a positive trade balance. Overall, the industry is closely connected to world 

economic developments for its demand. Most important is the European market (See table 2) 

but notably, developing economies are increasing in importance. (Jonsson et al. 2011) 

 

Table 2. Swedish exports of selected forest products by importing region in 2009. Europe is 

by far the most important region. Source: Jonsson et al. (2011), Statistics Sweden.  

Assortment Importing region Share of quantity Share of value 

                                           

Sawn and planed 

softwood 

Europe 69% 70% 

Africa 19% 17% 

Asia 11% 12% 

                            

Wood pulp and 

waste paper 

Europe 79% 80% 

Asia 19% 18% 

Middle East 2% 2% 

                                   

Paper and 

Paperboard 

Europe 80% 82% 

Asia 14% 13% 

Middle East 3% 3% 
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The demand facing the industry is divided on the multiple fields in which wood products can 

be used. A comprehensive study by Jonsson et al. (2011) used econometric methods to 

estimate current market demand for wood products. Processed wood products are here 

referred to as products produced by the forest processing industry and consumed by other 

industries outside the sector or by consumers. Historically, the global prices have seen a great 

deal of fluctuations. The nominal price peaked in the 1970s as it did for many other 

commodities in association with the oil crisis. Since the 1990s, nominal prices have generally 

remained the same or decreased which adjusted for inflation translates to a significant 

decrease in real prices. This development can be attributed to the increasing supply following 

an expansion in global plantation forestry in combination with the use of more productive tree 

varieties and improving cost efficiency and technology. The consumption of wood products in 

Western Europe has in most cases been inelastic, meaning there is small fluctuations in 

quantities demanded from changes in income. This holds true for most wood products and 

countries.  

The most rapidly expanding forest product is pulp and paper with an increasing demand in 

almost all parts of the world. Paper is one of the most globalized commodity groups with a 

majority of production being exported as well as high shares of consumption coming from 

imports (FAO 2009). Growth has only slightly decreased over the recent decades due to the 

shift from print to digital media. Sweden is a major exporter of paper and paperboard, 

constituting 9% of the world total, 75% of which is sold on the European market. 

In Sweden, as well as in several other northern countries, the proportion of pulpwood 

production from roundwood has fallen in recent decades. This development can be attributed 

to improving technology, opening possibilities for sawmills to produce sawnwood from 

smaller trees. This has also led to an increase in the production of wood chips from sawmills 

that can be used to produce wood panels, wood pulp or bioenergy. The type of wood used for 

pulp and paper has thus shifted from pulpwood toward wood chips and residues. This has not 

been the case in the southern hemisphere where production of pulpwood has seen a steady 

increase. Jonsson et al. (2011) attributes this partly to an increasing demand in developing 

economies but also to a trend of new large land areas being dedicated to forest plantations 

grown on short rotations, specifically for pulpwood production. Both production and 

consumption of roundwood has been increasing at a steady pace in Sweden since the 1990s 

with an annual growth rate between 1990 and 2007 at 3.6%. Since 1975 have Sweden been a 

net importer of roundwood to fill the industry demand, with most imports coming from 
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Latvia. Table 3 illustrates the growth in consumption of roundwood resource in Sweden. The 

main industrial branches are pulp and paper and sawnwood and notably we can see how 

sawnwood has increased in proportion gradually over the years, which can possibly be 

attributed to the mentioned technological advancements.  

 

Table 3. Industrial consumption of wood raw material in Sweden. Sawnwood and pulp and 

paper dominate and sawnwood has gradually increased its share over the recent decades. 

Source: Jonsson et al. (2011) 

 

1.4   Outlook on future market developments   

Any long-term simulation into the future development of the forest will be subject to a great 

deal of uncertainty. In the simplest possible scenario, the future supply of roundwood can be 

simulated entirely from what is biologically possible, disregarding all owner and legislative 

decision-making. Even in this simple case will there be numerous variables that are difficult 

to accurately account for in such a long time-span. Major storms and wildfires can severely 

affect supply, or the introduction of new species that might be more productive. The impacts 

of climate change can also be expected to affect the composition and productivity of forests.  

When owner decision-making is included, it further adds variables to the simulation. 

Changing global drivers in demand will have impact on Swedish forestry due to the high 

reliance on exports. Technological and legislative changes can also affect relative profitability 

Industrial branch 
Million m3 solid volume under bark  

1975 1995 2005 2007 

Sawnwood 21.7 32.3 37.2 38.2 

Pulp and Paper 35.0 40.6 46.1 47.9 

Plywood 0.3 0.3 0.3 0.3 

Fibreboard 1.3 0.4 0.3 0.3 

Particle board  1.4 1.0 0.7 0.9 

Deducted: Waste products from sawmills 

consumed in the pulp and wood-based panel 

industries 

8.0 11.4 12.3 12.7 

Industrial consumption 51.7 63.0 72.3 74.9 
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of products which impacts forest owner’s decisions and optimal harvests. In this chapter, I 

discuss future likely developments in global demand for Swedish roundwood resource, which 

needs to be considered in relation to the simulated future supply.    

Duvenmo et al. (2015) researched into the future drivers of global demand for wood products 

and roundwood resource based on scenarios outlined by Indufor (2012). In summary, their 

findings suggest a significant rise in demand of industrial roundwood until year 2050 with the 

main underlying reason for this development being both economic and population growth in 

emerging economies, far outweighing any eventual stagnation in the industrial world.  

Furthermore, the increasing economic development in emerging economies, in combination 

with effectivizations in agriculture, will according to their analysis somewhat shift land usage 

from agriculture to forestry. This can be attributed to rising economic opportunities associated 

with the high demand of roundwood and subsequent price increase.  

The report also suggests an increasing importance of sustainability as a driver of demand. It 

will remain an important issue in the developed world and through the connection to 

economic growth, importance will increase globally. This means questions of biological 

diversity and deforestation will rise and add pressures on the industry for sustainable 

production. The effects of this on demand can be both positive and negative. Demand for 

forest resources that have been produced without adequate environmental regard can be 

expected to decrease while there is a potentially substantial increase in demand from 

sustainable resource to substitute for products produced from fossil resources today.  

In their analysis, Duvenmo et al. (2015) specifies the likely development of global demand to 

be somewhere between the high demand and low demand scenario outlined by Indufor (2012) 

which I have summarized below.  

Low demand scenario assumptions 

I. GDP (per capita) and population growth will drive future demand for roundwood 

resource for industrial purposes globally.   

II. Forest products will be substituted for other products which will decrease demand. 

This reduction will neutralize the increase in demand as a product of the growth in 

GDP per capita, meaning the global consumption of forest products per capita will 

remain on the same level as today until year 2050.  

III. Slow progress in the field of climate and environmental action will result in no 

increase in demand for roundwood resource for industrial purposes.  
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High demand scenario assumptions  

In addition to the low demand assumptions, the following are also included:  

IV. GDP (per capita) will increase in all regions of the world. In developing countries 

in South-and Central America, Asia, Russia and Africa, the per capita consumption 

of forest products will increase with increasing per capita income. In developed 

countries (Japan, North America, Europe and Oceania) the reverse will occur, 

meaning the per capita consumption of forest products will decrease with rising 

GDP per capita.  

V. Demand for refined forest products form South-and Central America will increase. 

This will not happen for other regions.  

VI. Significant action for environmental sustainability will increase demand for 

roundwood resource in developed countries.  

The report states that due to continuous high and increasing global prices and demand, the 

Swedish industry can expect a promising market outlook. This potential can also be well 

realized due to the already high development of Swedish industry, both in wood resource 

management and industrial technology which makes the industry well suited to adapt to 

changes in demand and take advantage of new possibilities in production. Depending on the 

future level of commitment to environmental sustainability in Europe, the demand for 

Swedish forest products can potentially increase substantially, if environmentally sustainable 

production can be achieved.  

 

1.5   Certification  as a tool for proftability  

Seeing as the domestic demand for Swedish roundwood already surpasses supply, it can 

appear counterproductive of forest owners to want to further decrease their supply by 

engaging in certification. Considering the price premium on certified resource as the only 

reason, it would have to be substantial to make up for the losses in supply, as well as to make 

up for additional costs related to the strict regulations on forest management.  The willingness 

of public forest owners to instantly join the FSC when it was introduced in Sweden can be 

acclaimed to their commitment to maintain their responsibilities within “freedom with 

responsibility”. They are in themselves major actors, but their actions have a further ripple 
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effect reaching the entire Swedish market. The government expects them to take responsibility 

for sustainable forestry and in fear of regulation, participation with FSC is preferable. 

Regarding small individual owners, the question of certification is more personal and the 

decision to join or not can depend on many variables. When simulating a scenario of 

extensive forest certification, it is of interest to study this process and form an understanding 

of why owners might choose to certify and how the decision changes their management.  

In a study by Lidestav et al. (2011) logarithmic regression was used on survey data to study 

motivations behind forest owner’s decision to participate in certification, and if participation 

had an effect on forestry activity. Mainly if activity increased and became more standardized 

after a commitment to maintain certification requirements. They found the most prevalent 

reasons for certifying to be environmental and economic (see Table 4). A notable exception is 

that small forest owners claimed to be highly motivated by influence from forest owners’ 

associations. One reason can be that since their holdings are small, they are less invested and 

more likely to follow recommendations from their respective association.   

Table 4. Reported motives for joining certification schemes among different categories of 

forest owners (percent). The most common reasons are economic and environmental. Note 

that the sum can exceed 100% since respondents could indicate multiple motives.  Source: 

Lidestav et al. (2011) 

There are two main drivers behind the economic motive. First is the price premium that is 

often added through forest associations, which varies depending on both resource type and 

Motives for 

forest 

certification 

Women Men Resident Not 

resident 

Self-

active 

Not 

self-

active 

Large 

area 

Small 

area 

All  

Environmental 

motives 

37 49 39 37 48 40 54 0 34 

Economic 

motives 

50 49 42 34 51 44 54 0 36 

Moral motives 12 8 7 8 9 10 10 30 7 

Influence 

from forest 

owner 

association 

27 31 27 17 31 26 30 85 22 
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certification type. Second is the access to larger markets due to the industry demand for 

certified resource. This result coincides with international research on American small-scale 

owners by Mercker and Hodges (2007) who reported accessibility to international markets for 

sustainable recourse as a major factor contributing to the decision on whether to certify or not.  

Viewing this in relation to the future demand scenario specified by Indufor (2012) (see section 

1.4), we see that depending on the level of action to combat climate change, the demand for 

certified resource can be expected to be continuously or increasingly high. Forest owners’ 

associations are aware of this which might contribute to how they make recommendations to 

their members.  

Another reason examined by Lidestav et al. (2011) is the management benefits associated 

with following Green Forest Management Plans promoted by the owner’s associations. They 

reported that, controlled for other factors such as forest area, owner sex, residence on the 

property, etc. the disparity between management activities is lower among certified properties 

than among others. This indicates that at least a part of the difference in management is due to 

a standardization effect from certification and not because homogeneous owners that already 

manage their forests in a certain way choose to join while others do not. The difference is 

greater the first years after joining with more intensive management in the form of primarily 

thinning and clearing. The difference later diminishes but never disappears completely, except 

for final felling and clearing where eventually no significant difference can be observed.  

All together the Lidestav et al. (2011) study reports that among surveyed small forest owners, 

37% considered certification to have a positive effect on profitability while 28% reported no 

noticeable effect, 27% had no opinion and 5% considered the effect to be negative. They also 

report that respondents with a positive attitude towards certification increase from 65% to 

85% after having joined, indicating a general satisfaction with the programme.  

In conclusion, small forest owners manage their forests in different ways depending on the 

varying purposes of their ownerships. The attitude towards certification is in general positive 

but it relies on its perceived performance in promoting these various goals. Economic benefits 

rely on price premiums and market accessibility and to some extent on improved management 

practices associated with certification. Other owners that prioritize having a well-managed 

forest might join because of promotion efforts and green management plans from the 

respective owner association, and those that prioritize environmental sustainability join 

because it is the dominating decentralized approach to sustainability. Furthermore, private 
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forest owners and owner associations promote certification as a way of retaining control over 

forest management and to prevent stricter environmental regulation, something even 

individual small owners might sympathize with on moral grounds.  

 

2. Tools in modeling forest dynamics  

2.1   National Forest Inventory 

There are continuous efforts in estimating and forecasting the supply of wood for harvest. The 

first attempts at collecting forest information on a national level occurred already in the 19th 

century. Since then the process have been developed and into modern National Forest 

Inventories (NFI) that have come to cover increasing characteristics of the forest such as 

forest sustainability criteria and biodiversity (see ex. Barreiro et al., 2016). In countries where 

the forest industry is of high importance to the economy, NFI data is used to a high degree in 

analysis of harvesting potential. The Swedish NFI started to collect data on the state of 

Swedish forests in 1923. Since then, the sampling process has greatly improved. By 1983 the 

process of data collection on permanent sample plots started. This new approach differed from 

the previous temporary plots in that the same samples were measured and remeasured again 

later. In comparison the temporary plots differed between every sampling. The initial 

intention was for the remeasurement to take place on all plots every 5 years but because of 

budget reasons this did not happen. Instead they were partially remeasured or remeasured over 

a 10-year span.  Not until the 2003-2007 period were all plots established in 1983 remeasured 

in the same period. Since then have they been remeasured consecutively every five years, 

2008-2012, and 2013-2017. (Skogsdata, 2015)  

The reasons for introducing permanent plots was to increase the precision in estimating 

changes in the forest state. Temporary plots are sufficient and optimal for estimation of mean 

value differences between times. The permanent plots can however be used more precisely to 

estimate changes (see Ranneby et al., 1987). To meet both these needs, the Swedish NFI is 

comprised of both permanent and temporary plots, with the permanent plots making up two 

thirds of the total. The permanent plots are circular with an area of 314m2, meaning the radius 

is 10m. They are sampled in square or rectangular tracts in unison with research by Ranneby 

et al. (1987).  
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Figure 1. The NFI’s permanent plots. Small changes, even on individual           

trees, can be noticed in recurring measurements on the same plots.  

 

2.2   Two main approaches: Constant unit and Matrix  

There are two main approaches in use when modeling the dynamics of a forest. The most 

common way is to describe the forest as a set of units, trees or stands. These are examined for 

attributes such as species, diameter, height or age. The dynamics is then expressed as changes 

of these attributes over time. An example of this approach is the Heureka model (see 

Wikström et al., 2011) that is used in the Swedish Forest Agency’s forest impact analyses 

(SKA). The alternative main approach is to start in the definition of forest states by attributes 

and then assign the forest area into fitting states. Area is then allowed to move between states 

to illustrate dynamic changes. This approach is often referred to as matrix models. It has been 

used for a long time and in many implementations, such as by Buongiorno and Michie (1980), 

Nilsson et al. (1992) and Sallnäs (1990). They are relatively simple to implement on analysis 

of different scenarios and can be scaled up to encompass large areas of forest, for example on 

a national level. Within these models there is often a desire to find results that are comparable 

within Europe, something that is not straight-forward due to in part different approaches to 

silviculture practices. In later years progress has been made by Sallnäs et al. (2015) and 

Vauhkonen and Packalen (2017) to evaluate the matrix approach for uneven-and any-aged 

forests that are more commonly found in southern and central Europe to further increase the 

validity of the model in comparisons on a European scale.   
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2.3   Swedish Forest Agency impact assessment   

The Swedish Forest Agency and the Swedish University of Agricultural Sciences (SLU) 

collaborate to produce regular studies estimating future supply of wood based on assumptions 

of different scenarios in forest impact analyses. In the latest report (SKA 15) a version of the 

constant unit approach was used on data of NFI plots. The study uses trees as units on these 

test plots, where they are measured for growth, height, age, diameter, etc. Changes in 

management regimes consistent with different scenarios can then be applied and the results 

can be examined on a detailed level. In the presentation of the results the plots can then be 

aggregated on geographical region or ownership category and summarized. In their 

calculations, harvesting and other forestry actions are assumed to be performed every fifth 

year, and consistently they use 5-year spans for measurements of forest growth.  

 The study uses four scenarios for different estimates of future development. These are: 

“Current forestry”, “Current forestry – 90% harvest”, “current forestry – 110% harvest”, and 

“double nature conservation areas”. The first three are meant to mimic todays forestry 

practices with changes in harvesting levels to be slightly below or above regeneration rates. 

The fourth scenario is the most interesting when studying possible effects of increased 

certification scope. While the scenario is not designed with certification practices in mind, it is 

using a similar method of setting aside productive forest area from normal forestry. In the 

scenario the conservation areas are doubled and distributed over the balance regions. The 

decision on doubled conservation areas is not based in any current or planned environmental 

policy but rather a hypothetical to illustrate a high level of societal ambition for nature 

conservation. The simulation is performed in 10-year steps. The result over a 100-year 

simulation was a steady growth in harvesting for all scenarios which they mainly attribute to 

increased growth and timber stock, but also on climate change. In the scenario of current 

forestry, harvesting increased from 91 million m3/year from the year 2010-2020 step, to 120 

million m3/year a hundred years later in 2100-2110. For the “double conservation areas” 

scenario the levels are lower at 78 million m3/year for 2010-2020 and 98 million m3/year for 

2100-2110.  

 

2.4   Matrix model  

In a study by Eriksson et al. (2007) a Markov chain model was used on NFI data to simulate 

the Swedish wood supply if managed according to different interpretations of the FSC 
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standard. The purpose was to assess the likely effects of the adoption of FSC certification on 

short-and long-term wood supply. The study uses a data set of 21,301 sample plots from 1996, 

1997, and 1998 that are designed to correspond to the total productive forest area in Sweden.  

The data is used to set up four scenarios with different distributions of forest land categorized 

in three treatment groups: production forest, forest with nature-oriented modified 

management, and reserves. The forest owners are then assumed to be guided only by 

economic interest in their management decisions. Two scenarios are designed to mimic the 

situation if all forest area in Sweden was certified according to FSC. With the differences 

between the scenarios being the degree of forest area that is assumed to be managed as 

reserves or in modified management. They also included a scenario that is designed to mimic 

the current actual management to be used as a control for the model and for comparisons 

between the projections. A scenario to represent the maximum economic potential was also 

included, in which forest owners had no restrictions on management. This scenario was 

included to act as a further reference to the other scenarios and has no practical significance in 

modern forestry.  

The result relies on the solution to the management problem facing the forest owner, with the 

outcome in different projections being the aggregate of all owners’ actions. Management 

decisions are based on a previous study by Sallnäs and Eriksson (1989) that model optimal 

harvesting regimes for forest types given assumptions of prices and costs. For projection over 

time a model of forest growth is also necessary. The study here relies on the solutions by 

Sallnäs (1990). A stage structured Markov model was used to make the projections where 

assumptions of efficient markets and generalizable solutions over forests of the same state is 

used. This type of model allows all forest states to be optimally treated and inspected one-by-

one. All forest area within any given state can then be treated in an optimal way regardless of 

historic circumstances. The simulation process is set in three stages:  

1. From the NFI sample plots, compute the total forest area in each state of the model. 

This is the initial conditions of simulation and should define the forest according to 

traits that are important for management and forest growth. The forest states are 

defined by geographical region, owner category (non-industrial or other), site quality, 

species composition, age, volume, and thinning state. Different combinations of these 

comprise a total of 51,840 states.  

2. Set up the economic conditions in terms of prices and discount rates. This is needed to 

determine optimal treatment.  
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3. Make projections by solving the management problem for all forest states respectively. 

This projects the forest states into the next simulation period where, based on forest 

growth and owner management decisions, the forest area is distributed over the states 

in a different way. The procedure is repeated for the timeframe of the desired 

projection.   

After a 10-year simulation the result of the scenario where the entire Swedish forest area was 

certified according to FSC was a 9% lower annual harvest than in the current scenario. In the 

scenario with more extensive implications on management from FSC the annual harvest was 

15% lower. This result correspond well with earlier studies, ex. Lundström et al. (1997) that 

used a method of rules to mimic forest management practices to estimate harvesting levels. 

These rules did however not take economic decisions into account which meant forest 

activities could be applied even when it meant a loss for the forest owner. This use of an 

economic framework in a Markov model provided a different approach to the forest 

management problem to be applied in scenarios. Since the time of the study, further 

developments in the model framework and use of statistical software has opened new ways to 

use the method more extensively.  

 

2.5   European Forestry Dynamics Model (EFDM) 

Many countries use their own tools in forest dynamics projections and their results are not 

always comparable. This problem gave rise to the development of the European Forestry 

Dynamics Model (EFDM) (see Packalen et al., 2014). It was jointly developed by the Finnish 

Forest Research Institute (METLA, now LUKE) and SLU to serve as a harmonized method of 

forest scenario modelling across Europe. The model is especially useful because it is 

applicable in countries that does not yet have a national method of their own. EFDM relies on 

a matrix modeling approach such as outlined by Sallnäs (1990) because it provides simple and 

flexible solutions to diverse management and growth conditions. It is optimized for managing 

NFI data like other common models, such as Heureka (see Wikström et al., 2011) . In the first 

phase of testing by Packalen et al. (2014), the model was used in five countries, Austria, 

Finland, France, Portugal and Sweden to cover a range of ecological and socio-economic 

conditions in Europe. In all tested countries the EFDM was considered a feasible modelling 

approach, especially where traditional models had difficulties, such as when modeling 

uneven-aged forestry. Further testing of the model on uneven-aged forests have been 



18 
 

conducted by Sallnäs et al. (2015) and recently on any-aged forests by Vauhkonen and 

Packalen (2017) with satisfactory results.  

 

3. Modeling forest owner behavior  
 

3.1   The profit maximizing owner management problem 

At the core of the simulation is the forest owners’ decisions regarding the management of 

their property.  Researchers have used a variety of methods to estimate management activities 

for use in simulations. The early matrix model by Eriksson et al. (2007) relied on a solution to 

the management problem specified in Sallnäs and Eriksson (1989). All forest owners were 

assumed to be profit maximisers in the sense that they seek the greatest net present value of 

their holdings. The problem is thus a specification of the classical Faustmann-Ohlin theorem 

for optimal forest rotations but adapted to the matrix setting. Three assumptions underpin the 

management problem here. First, that owners expect current price levels to persist when 

deciding optimal treatment. This is consistent with an assumption of efficient timber markets. 

Second, they assume all forest owners encounter the same economic conditions for treatment 

of a specific type of land, regardless of ownership category. From this assumption it follows 

that financial markets are efficient, and all owners encounter the same interest rate. The third 

assumption is that owner decisions are made separately for each holding and are not affected 

by constraints or objectives spanning the entire estate. This is important to allow area free 

movement between states during the simulation.  

In period 𝑡, the forest management problem consists of maximizing the net present value in 

the following way.  

𝑚𝑎𝑥 ∑ (𝑛𝑖𝑘 + 𝑑 ∙ ∑ 𝑇𝑖𝑗𝑘 ∙ 𝑒𝑗) ∙ 𝑦𝑖𝑘
𝑡

𝑗∈𝐼𝑖𝑘     (2) 

Subject to  

𝑥𝑖
𝑡 = ∑ 𝑦𝑖𝑘

𝑡         ∀𝑖 ∈ 𝐼𝑘      (3) 

𝑦𝑖𝑘
𝑡 ∈ 𝐾𝑖         ∀𝑖 ∈ 𝐼        (4) 

Where 𝑛𝑖𝑘 is the net revenue of treatment 𝑘 of forest belonging to state 𝑖. 𝑑 is the one-period 

discount factor and 𝑒𝑖 is the expected value of forest and land of state 𝑖. 𝑇𝑖𝑗𝑘 is the probability 

of an area residing in state 𝑖 in period 𝑡 to be found in state 𝑗 in period  𝑡 + 1 when subject to 



19 
 

treatment 𝑘. 𝑥𝑖
𝑡 is the area residing in state 𝑖 in period 𝑡 and 𝑦𝑖𝑘

𝑡  is the area in state 𝑖 that is 

subject to treatment 𝑘 in period 𝑡. Equation (2) thus gives the transition of areas between 

states when going from period 𝑡 to period 𝑡 + 1. (3) ensures that the whole forest area is 

treated and (4) that each treatment is from the set of permissible treatments 𝐾𝑖.  

In an infinite time horizon, the expected value of each state is derived by solving the 

following set of equations. Assuming optimal treatments and constant prices.  

𝑒𝑖 = 𝑚𝑎𝑥𝑘∈𝑘𝑖
{𝑛𝑖𝑘 + ∑ 𝑑 ∙ 𝑇𝑖𝑗𝑘 ∙ 𝑒𝑖𝑗 }       ∀𝑖 ∈ 𝐼   (5) 

The management problem underlying the Eriksson et al. (2007) simulation is in this way the 

optimal solution for a profit maximizing forest owner, where the initial economic conditions 

are specified and expected to persist throughout the simulation, and decision-making is made 

separately for each forest holding. The decision to harvest is thus when the value of harvesting 

is greater than the discounted value of not harvesting and letting the forest grow and gain 

value. Or in other words when the forest growth is equal to the interest rate, or the opportunity 

costs of a delay.  

As long as the optimum timber profits are positive, and greater than the value of land for 

alternative uses the manager solution to (5) will identify profit maximizing harvest dates, 

volumes and regeneration efforts. We can now deduce that in a scenario where the price or 

interest rate would increase at some point in time, the profit maximizing forest owners would 

change their behavior and harvest earlier. Or contrary, if harvesting costs increase it would be 

beneficial to prolong rotation time. These relationships form the mechanism through which 

market conditions influence owner behavior regarding management. The aggregate of forest 

owner behavior in turn decide the changing market supply of wood resource.     

 

3.2   Heterogeneous owner behavior models 

Simulation based on the assumption that all forest owners are solely interested in present 

value maximization have a risk of being misleading when conducting a study of this scope. A 

variety of studies (see ex. Richnau et al., 2013; Hengeveld et al., 2014; Rinaldi et al., 2015) 

have shown great heterogeneity in forest owner behavior due to the varying objectives of their 

ownership which in turn affect their decisions regarding management and responses to 

changes in market forces. A study by Johnson et al. (2007) identified different management 

strategies depending on owner category and used this in modeling forest structure, timber 
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production and socio-economic effects in a province in USA and found that forest structure 

diverged increasingly over time between ownership types. A scenario analysis of a forest 

landscape in the Netherlands by Hengeveld et al. (2014) accounted for ownership types by 

differentiating their responses to climate change, which resulted in different management. 

Rinaldi et al. (2015) proposes an early framework of linking a behavioral harvesting decision 

model to EFDM to account for owner types in long-term and large-scale analyses. The study 

argues existing Decision Support Systems (DSS) lack this crucial information on owner 

heterogeneity which lead to inaccurate analysis of how policy impact forest resources and 

timber markets.   

Sotirov et al. (2017) draw on decision-making theories in social sciences and empirical 

evidence from Europe to suggest how economic, sociological, and psychological rationalities 

can be combined to build behavioral models of forest owner decision-making, which include 

responsiveness to socioeconomic and policy changes. They constructed a framework of 6 

owner profiles based on how they prioritize in their ownership and manage their forests (see 

table 5). In terms of long-term simulations of timber production and biodiversity conservation, 

they found that research based on this type of framework accounts for more differentiated and 

realistic forest management practices in comparison to the standard forest modeling 

approaches.  
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Table 5. Forest owner behavioral models. All forest owner behavior cannot be characterized 

by a single model. It is therefore preferable to identify different management profiles. Source: 

Sotirov et al. (2017) 

 

Just like Eriksson et al. (2007) this study uses a matrix model to simulate future forest supply, 

but there are significant advantages in using pairwise observations from NFI over an 

assumption of profit maximizing forest owners that behave according to a theoretical 

framework. With pairwise observations, actual owner behavior is observed which means all 

varying objectives and management strategies regarding their holdings are observed in the 

type of forestry activity conducted between the observations. The forest natural growth is also 

incorporated by measuring the annual increment between observations. Due to the 

extensiveness of NFI data, an accurate picture of forest dynamics can be estimated and 

assumed to be unbiased in its representation of large land areas containing various owner 

profiles. When running a simulation on NFI data alone, it is assumed that the economic 

conditions regarding market structure, prices and interest rates that impact owner behavior 

between the observations will remain throughout the simulation. It is in a sense the same 

process as in Eriksson et al. (2007) where economic conditions are initially specified, and 

each simulation step is a repetition of itself, but on a forest that vary from step to step 

depending on growth and management. The difference is that the economic conditions are 

Type Forest management behavior 

“Optimizers” Intensive profit-oriented even-aged forestry while respecting 

(minimal) rules.  

“Traditionalists” Low intensive, close-to-nature forestry based on family tradition, 

local knowledge and sporadic needs. 

“Maximizers” Highly intensive (short rotation) profit-oriented forestry; Sometimes 

without respecting rules (e.g. “illegal loggers”). 

“Passives” Passive/little management due to lack of interest in forestry 

according to urban values and life style.  

“Multi-

functionalists” 

Medium intensive, mixed-objective forestry in respect of 

professional forestry rules and norms.  

“Environmentalists”  Passive non-intervention and/or extensive forest management due to 

environmental core beliefs and values.  
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implied through observing owner behavior, which also captures management profiles other 

than those maximizing profits. Here it is important to keep in mind that if the initial 

circumstances facing the forest owners are expected to change in the future, the simulation 

will not be able to correct for this. 

 

4. EFDM structure  
 

At its core the EFDM is a simple area-based matrix model of the type used by Eriksson et al. 

(2007). This means it is forest area that transition between fixed defined states, not trees or 

stands, providing flexible quantitative solutions in evaluating changes in forest resources 

under diverse management policies or socio-economic conditions. Because of this and the 

ability to customize hypothetical scenarios, it provides a useful approach to the problem of 

evaluating future forest development when increasing conservation efforts.  

The EFDM is a Markov model defined by factors, activities and transition probabilities. For 

even-aged forests commonly found in Sweden, the state-space is usually defined by age and 

volume classes (see ex. Eriksson et al., 2007; Nilsson et al., 1992). These form an age-volume 

matrix that is common for all different forest types, which in turn is defined by characteristics 

such as species composition, region, ownership (public/private) and site quality.  
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Figure 2. Matrix structure of the EFDM. Each combination of static factors constitutes   

a specific forest type. These are in turn allowed to vary according to age and volume.  

 

During the simulation process, the initial area distribution over states change due to the 

transition probabilities. These in turn depend on the specific forestry activity that has taken 

place. The area residing in each state is split according to the activity probabilities, meaning 

the initial state is essentially split into three parts according to the probabilities for activities 

“final felling” and “thinning” with the area receiving no management making the third 

activity. The areas of the activity-specific state-space are then modified according to transition 

probabilities associated with the activity. These activity-specific state-spaces are then finally 

merged back into one again to describe the entire forest state after one simulation step. Figure 

3 illustrates the transition over one time-step. 
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Figure 3. One time-step in EFDM. Here only one forest type is illustrated, with all forest area 

distributed on the age-volume matrix in the initial state. The initial state is then split according 

to activity probabilities and transition according to respective transition probabilities. Finally, 

the state matrices are combined after the activity-specific transitions to produce the state-

space after one simulation step.  

 

Activity probabilities  

The activity probabilities are proportions of forest area residing in a specific state-space cell 

that must be subject to respective activity in the simulation step. The sum of probabilities is 1 

so that the entire area receives some form of management activity, including no management 

at all. The probabilities should be realistically defined based on real management practices 

either from expert-knowledge, research or inventory records, depending on the type of 

management that is simulated and what data is available.  

 

Transition probabilities  

Within the EFDM framework, the transition probabilities are achieved from examining the 

differences in observations between two points in time. Ideally there is a sufficient amount of 

observations categorized in every state of the matrix to achieve accurate probabilities with the 

simple formula s/(s + f) where s is the number of successes and f is the number of failures. 

As the number of observations decreases this becomes less accurate. In the model the number 

of states can easily outnumber the observations, making this approach unreliable at best.  

A way to get around that problem while still retaining much of the practicality of simple 

proportions and avoid the problem of missing data is to use a recursive Bayesian procedure. 

The idea is to use information form NFI pooled over different factors as a prior. More finely 

classified data is then used as observations. Here, the Beta distribution make out the conjugate 



25 
 

prior for the probability of a Bernoulli trial, meaning the prior distribution is defined by 

parameters α and β and they change to α + s and β + f after observing s successes and f 

failures. The posterior mean is then (a + s)/(a + b + s + f).  

Consider a case of “no management” activity where the transitions occur from age class 𝑖 and 

volume class 𝑗. Let us assume here that the volume class is the third largest from the defined 

factors and that there are only three possible transitions: to remain in current state or to move 

up to either one of the two larger levels. In the pooled data over all factors there are 𝑁1 

observations starting in the age-volume class (i, j) and 𝑘1 of those moved to the specific 

volume-class under consideration. If a weak prior is used, say 𝛼 = 1 and 𝛽 = 2, the first order 

estimate is given by the parameters 𝛼1 = 1 + 𝑘1 and 𝛽1 = 2 + 𝑁 − 𝑘1, resulting in            

(1 + 𝑘1)/(3 + 𝑁1). Now consider a division of 𝑁1 among the levels of the most influential 

factor and pick one of those levels. On that factor level, there are then 𝑁2 observations starting 

in (i, j) and 𝑘2 of them moved to the volume class under consideration. We now get          

(1 + 𝑘1 +  𝑘2)/(3 + 𝑁1 +  𝑁2) by using α1 and 𝛽1as prior parameters. The same process is 

then continued for the rest of the factors. In the end, what this arrives at is a sum of 

frequencies from successive divisions, weighed differently. In the case of 5 factors, the 

frequency corresponding to a full combination of certain levels of the five factors is counted 5 

times. The one corresponding to pooling over the fifth factor is counted 4 times and the one 

corresponding to pooling over the fifth and fourth 3 times and so on. The process is repeated 

for all ages, volumes, transitions and factor levels. (Sirkiä, 2012)  

In the case there is no observations at all (𝑁1 = 0) the probability estimates will be 1/3. This 

should however not become an issue because it can only happen in a factor level and age-

volume combination that is very rare in practice. When the model is used in simulation these 

observations should therefore not significantly affect the results. (Sirkiä, 2012)  

Creating transition probabilities for areas subjugated to “thinning” activity requires the 

prerequisite of “no management” probabilities explained in the previous section. EFDM uses 

the assumption that after a thinning activity has taken place, the plot volume drops a specified 

number of steps and then continues to grow in the same manner as other forest in the age-

volume class. The effects of thinning on growth is thus not differentiated within the states. 

When producing the transition probabilities, the number of drops that result from thinning 

need to be specified in a vector with the length corresponding with the number of volume 

classes. Area that receives the thinning treatment will decrease in volume and then take the 
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properties of the new state it is moved to (see ex. Renats and Sallnäs, 2014). The size of 

volume to be removed by thinning needs to be specified beforehand.     

No statistical estimation is needed to produce transition probabilities for the forest that 

receives the final felling treatment. It is assumed the whole area is harvested and therefore 

goes to age-volume class 1-1.  

Given a set of fixed states 𝑆, a set of activities 𝜅, and the transition probabilities 𝑝𝑖𝑗, the area 

matrix model is:  

{
𝑋𝑗

𝑡+1 = ∑ 𝑥𝑖
𝑡

𝑖,𝑘  ∙  𝑝𝑖𝑗(𝑘𝑡)  ∙  𝑎𝑖𝑘
𝑡      𝑎𝑙𝑙 𝑖, 𝑗 ∈ 𝑆, 𝑘 ∈ 𝜅

∑ 𝑎𝑖𝑘
𝑡

𝑘 = 1   𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑   𝑎𝑙𝑙 𝑖 ∈ 𝑆, 𝑘 ∈ 𝜅
   (1) 

where 𝑥𝑖
𝑡 is the area in state  𝑖 ∈ 𝑆 at time t,  𝑝𝑖𝑗(𝑘𝑡) is the probability of an area residing in 

state 𝑖 at time 𝑡 is found in state 𝑗 at time 𝑡 + 1 if subjected to management activity 𝑘𝑡 at time 

𝑡. 𝑎𝑖𝑘
𝑡  is the portion of area in state 𝑖 that is subject to activity 𝑘 ∈ 𝜅 at time 𝑡. This area 

constraint makes sure that in each step of the simulation the whole forest area is treated, and 

none is gained or lost during the simulation. (Sirkiä, 2012) 

 

5. Preparing the simulation 
 

I have based the model on 17040 permanent plots from Swedish NFI. They are carefully 

adapted to represent the state of Swedish forests and made specifically to be used for 

estimating changes in forest dynamics. In other words, the data is suitable for this type of 

research. The plots are small with areas of only 314m2, meaning they constitute a minuscule 

part of the total productive forest area in Sweden. Intuitively, this indicates problems with the 

possibility to generalize data to represent all forest. Through careful sampling this problem is 

however greatly mitigated. The NFI statistical error in the estimation of total timber stock is 

close to 1%. Systematic error is a more complicated problem to tackle but through control 

measurements some deviations can be estimated. One being that the timber stock most likely 

is underestimated by around 1% due to mistakes in the measuring process (see Skogsdata, 

2015). 

The representativeness of the plots on all forest area can be further improved by combining 

field data with remote sensing data (see Mcroberts et al., 2012; Tomppo et al., 2008) and 
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methods of weighing averages. In Sweden, maps of all forest area have been produced by 

combining remote sensing data and field data from the Swedish NFI using the 𝜅 Nearest 

Neighbor method (𝜅NN) (see Fridman et al., 2014). A simpler method that is used by ex. 

Vauhkonen and Packalen (2017) is to use known regions of productive forest land and divide 

the area with the corresponding number of sample plots located in the region. Due partly to 

time limitations and to the strict confidentiality surrounding the location of the permanent 

plots, the first approach is difficult for me to use. Therefore, I use the later approach for my 

simulation, which should be sufficiently accurate for my purposes. The Swedish NFI contains 

a relatively large number of permanent plots spread over regions that can be categorized 

according to management conditions. Access to detailed information of this kind should mean 

that the use of averages does not induce a too large loss of valuable information.    

I rely on data from a report by the Swedish Forest Agency  “Skogsdata” (2012) when 

assigning area to NFI plots. It includes detailed information on productive forest land on a 

per-county level, allowing me to differentiate between 31 Swedish counties. I can thereby 

accurately assign forest area to plots depending on size of the productive forest land in each 

corresponding county, producing an accurate map of Swedish forests.  

 

5.1   State-space 

The EFDM model relies on classification of forest area into “forest types” of less 

heterogeneous categories that share a similar growth pattern and where similar management 

activities can be expected. The forest types constitute the basic state-space and characterize 

types of forest area. They should include one state for every combination of factors.  

In addition, there are variables spanning the entire state-space that constitute the timber stock. 

These vary depending on the type of forestry practices of the country. For uneven aged 

forests, age and stem number is commonly used (see ex. Sallnäs et al., 2015; Vauhkonen and 

Packalen, 2017) while age and volume is the standard for even-aged forests, commonly found 

in Sweden and other Nordic countries (see ex. Packalen et al., 2014).  

I have classified the factor for age into 25 levels as steps of 5 years (0, 5, 10, …, 12, 120+) 

with the upper level being unbounded. This is to correspond with the differences in time 

between the pairwise observations. It also determines the length of one simulation step in the 

analysis.   
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Assigning volume levels generally requires more consideration. Forest growth differs 

depending on age and ideally this should be reflected in the volume categorization. One way 

to achieve this is to base the volume levels on a previous established growth function. In the 

guidelines for EFDM (see Renats and Sallnäs, 2014) an example case study is mentioned 

where such an approach is used, relying on a Chapman-Richards growth function. There is 

however no definitive solution to how these levels should be defined. The importance lies on 

balancing the risk of errors resulting from having too few, or in other words too “broad” 

volume classes or the opposite by having too many, “narrow” classes.  

One important risk of using broad classes arises during the thinning treatment. The forest area 

that receives thinning decreases by one volume level, but this might be too much if the width 

of volume observations is large. Using narrow classes is less of a problem when it comes to 

practicality, but it means the number of observations in each level is lower. This in turn is a 

major problem when calculating activity probabilities. 

Following the example of Vauhkonen and Packalen (2017) I am categorizing volume based 

on the values of the 10th, 20th, …, 90th and 95th quantiles of observations. This approach 

ensures an equal amount of observations in each category and increasing class width in higher 

volume classes, in unison with the approach of using a growth function. The exception is the 

last two classes that are split in half. The reason is that the volume differences in the upper 

levels of the spectrum is far greater than the others. The problems of broad classes become a 

concern that justifies the split.  

The constant factors of the state-space, constituting forest types, are geographical region, 

owner category, soil fertility, and species composition. The decision on these factors is based 

on the growth model specified by Sallnäs (1990) and are chosen because they are the most 

important factors differentiating forests on growth pattern and forestry actions. Similar 

categorization is used in the constant-stand-approach when applied on the Swedish setting in 

SKA 15.  Factors does not necessarily have equal importance everywhere and can for this 

reason vary somewhat when the model is adapted in different countries. Sallnäs et al. (2015) 

did for example use altitude as a factor for Austrian conditions due to the importance of 

mountainous terrain. A full description of the factors can be found in Appendix.  
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5.2   Activities 

The activities that are included in the simulation are “no management, thinning, and final 

felling”, which are common to include in this type of matrix models (see ex., Eriksson et al., 

2007; Nabuurs et al., 2001; Sallnäs et al., 2015; Vauhkonen and Packalen, 2017). The 

majority of observations has received no management between the pairwise observations and 

this data forms the basis in the estimation of all conditional transition probabilities. I have 

defined the thinning activity as a process of moving area down one volume category and then 

letting it resume growing in the new state according to a “no management” regime. Here lies a 

potential problem in classifying the amount of volume that is to be removed so that the 

thinning treatment will have a realistic effect wherever it is happening and under what owner 

category.  

If volume levels are defined with the total productive forest area as only consideration, it is 

unreasonable to assume reducing the volume with one level will be equally representative 

over the different parts of the country. To correct for this problem, I am using different 

coefficients when converting volume level to m3 after the simulation based on geographical 

region. A reduction of volume by one level will then have unequal impact on removed actual 

volume based on where the reduction occurred in the country. Because volume levels are 

produced by taking percentiles of the actual plot volumes, they can be made to more 

accurately represent data in this way. According to the general thinning guidelines from the 

Swedish Forest Agency (see Agestam, 2015), thinning should and is performed to reduce 

volume by 20-40%, depending primarily on how many times the area has been thinned before. 

Removing too little volume is unprofitable and removing too much increases the risk of 

damages on remaining forest from storms. A volume reduction by one level should remove 

actual volume by somewhere within that range no matter where in the country it is performed. 

I used this as a reference for defining accurate thinning levels.  

In general, the choice to divide forest area into regions is a common way of generalization. 

The SKA 15 use a similar method of dividing the country into balance regions where the 

regions are defined by having similar growth and management practices. All area within a 

region can then be assumed to receive the same type of management. I divide the country into 

regions for the same reason, but I generalize one step further. The number of NFI plots 

becomes small in comparison to the number of possible simulation states if many regions are 

used. This in turn is a problem when defining activity probabilities based on regions. 
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Therefore, I am using 4 broader regions with more observations in each: North Norrland, 

South Norrland, Svealand, Götaland. See figure 4. 

 

 

Figure 4. Regions used in setting up the simulation. Volume levels                   

and activity probabilities are different depending on region.   

 

Ideally there would be enough observations within any specific state to accurately estimate 

activity probabilities but due to the relative few observations of thinning and final felling in 

comparison to no management, this is not to be considered accurate. I have therefore pooled 

observations on states over static factors. Activity probabilities are then calculated and applied 

on all states of the same age-volume level. The pooling is performed only on observations 

within the same regions because of the similar management practices which should lead to a 

minimal loss of information.  

 



31 
 

5.3   Transitions  

The plots that received no management between the pairwise observations are identified and 

separated from the rest. They are classified according to factor identity both regarding 

constant factors and the respective age-volume matrix. They are then inserted into the 

estimation procedure within the EDFM software. The procedure is a recursive Bayesian 

algorithm that was developed within the EFDM project (see p.12). The probabilities are thus 

derived from counts of specific transitions of the plots between states.  

There is no need to separate the estimation procedure on regions as I did for the activity 

probabilities because the region information is already included in the static factors, or “forest 

types”. No transitions are assumed to occur between forest types in the estimation. When it 

comes to geographical regions, this assumption is entirely unproblematic as permanent plots 

per definition will not change location. However, over a five-year period there is always a 

chance that ownership categories change as result of trade between corporations and small-

scale owners. Tree composition could theoretically also change between observations but that 

is unlikely if no management occurred. When it comes to thinning actions, they could be 

focused on maintaining or achieving some specific forest traits, meaning the tree composition 

can change between observations due to human intervention. The probability of changes 

occurring in these factors is further increased depending on the length of the simulation. In 

tune with previous studies on a national level (see. ex., Eriksson et al., 2007; Packalen et al., 

2014) and on a European level (see ex. Nabuurs et al., 2007) I am keeping forest types 

constant over the simulation, meaning transitions only occur within each forest types specific 

age-volume state-space.  

Transitions due to thinning is estimated from the no management transition matrices within 

the EFDM software. Forest area that receives thinning treatment is reduced by 1 volume level 

and move to the corresponding state. For final felling I am assuming all volume is removed 

and the entire area is moved to age-volume level 1-1.  

 

5.4   Scenarios 

The simulation is run two times on different scenario assumptions. These are “current 

forestry” and “full certification”. The only difference between them in the distribution of 

forest area that is managed as reserves, that is, cannot receive any forestry treatment.  
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Other studies often use different assumptions even when the same scenario is simulated. In 

matrix models it is common to use this approach of varying reserve area. Eriksson et al. 

(2007) did for instance differentiate forest management on three types of possible treatments: 

“Production forest”, “only thinning”, and “reserves”. The decision on treatment in turn 

depended on the distribution of reserves which could be varied to fit certain scenarios.  

The SKA 15 study further differentiates scenarios based on 4 categories that have impact on 

choice of treatment:  

- Reserves  

- Voluntary conservation  

- Areas of certain consideration 

- Normal production.  

Areas of reserves are the most straight-forward to identify as they are covered by formal 

protection and thereby noted in the NFI. The other three categories are mixed together 

because they rely on informal protection that is often chosen by forest owners or on the spot 

during harvest. SKA 15 applies rigorous methods to estimate the areas of voluntary 

conservation as accurately as possible. Their numbers are based on the study on voluntary 

conservation by Ståhl et al. (2012) but with some updates to the areas, specifically in regards 

to mountainous forests. Through consultation with the major forest owners’ associations they 

have determined the fraction of the voluntary conservation areas that receive some modified 

management and from this concluded the area that should be treated as reserves and what 

should be treated with modified management. 

The areas of certain consideration are more complicated to estimate. These are often smaller 

areas, for example close to streams, that are decided on the fly during harvest. The Swedish 

Forest Agency does not have access to forest owners individual harvesting plans and can 

therefore not differentiate between areas that are of voluntary conservation and those that are 

of certain consideration. In older research they solved this problem by simple categorization 

based on size. Areas larger than 0,5 hectares was considered voluntary conservation areas, and 

areas smaller than 0,5 hectares was areas of certain consideration. Through consultation with 

forest owners, this categorization has been modified to some degree in SKA 15. The 

categories are very similar, and it can seem arbitrary to put effort into the differentiation, but it 

has some importance in how the forest is managed. 
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For my purposes I do not initially take any consideration to these categories at all. They are 

important in practice but cannot be identified through NFI data alone. It should however not 

be a problem, at least not a serious one, in matrix models such as the EFDM. This is because 

despite no identification of conservation zones are made in the NFI they are not receiving any 

harvest or thinning treatment. They therefore still have impact through the activity 

probabilities when adapted into the model.  

I have used NFI data to represent the entire Swedish productive forest land, based on the area 

of 31 counties. The difference between scenarios is the distribution of reserve area. In the 

current forestry scenario, reserves are primarily the areas represented by NFI data. Some 

slight modification have been made by adding or removing reserves on a regional basis to fit 

official data from Skogsdata (2012). These areas are chosen at random on a regional level.  

The full conservation scenario requires more consideration. The reason is that the distribution 

of new reserves cannot be arbitrarily chosen. Instead it needs to accurately represent a 

situation where all forest area is certified. The land that is excluded from harvest due to 

certification is however not formal reserves but still need to be included in some way. Here, 

the SKA 15 use of the categories “voluntary conservation” and “certain consideration” 

becomes interesting as they make a basis of voluntary reserves that I can use and increase in 

the scenario.  

I am using data from SKA 15 current forestry scenario as a guide in assigning areas of 

voluntary conservation and certain care. In 2016 the total area of certified forests is 14.5 

million ha. This is the equivalent of 63% of all productive forest land. Of the certified areas, 

6.8% is regarded to be for voluntary conservation while the number is only 2.3% of the 

uncertified forests to make the total area 5.2%.  

In this scenario I modify the management of the 8.4 million ha uncertified forests. The 

voluntary conservation areas are increased to 6.8% of the area by adding 0.38 million ha 

additional area, distributed randomly on land with current normal forestry practices.  

In addition, the areas of certain care are estimated at 7% of the total productive forest land in 

SKA 15. There is currently no information on how much of this is on certified land. I have 

therefore decided to use the same distribution as for the voluntary conservation zones. This 

means an added area of 0.51 million ha is categorized as areas of certain consideration.  
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In total the scenario of full certification implies that 0.9 million ha of productive forest land is 

added to the category of reserves, and the area under “normal forestry” is reduced by 5%.  

 

6. Result 

6.1   Current forestry 

Timber stock 

Figure 5 illustrates the total timber stock when simulated according to current management 

practices. In the initial state, or year 2010, the volume is 2950 mill. m3sk which is lower but 

close to the actual level at 2969 mill. m3sk for the period (see Skogsdata, 2012). The initial 

state should be close to the actual timber stock from the way the volume levels are designed 

and multiplied to the entire area. The difference can likely be attributed to a bias somewhere 

in the classifications that are necessary for the simulation. It is likely a combination of small 

biases in the conversion first of volume to factor levels and then back to volume again for 

output generation after the simulation is completed. The difference is however small enough 

to not have any significant implication in the interpretation of the result. The small difference 

also signifies that NFI permanent plots adequately fit the task of estimating total standing 

volumes through the method of simple generalization of area on a per-county basis.   

As the simulation progresses it is relevant to linger a little in the first step at year 2015 

because it allows further comparisons to actual data. According to official statistics declared 

for in Skogsdata (2017) the timber stock increased to 3147 mill. m3sk which signifies a 

growth by 6% in the five-year period. By comparison, in the first simulated step the stock 

increased by 4.5% to 3083 mill. m3sk which implies a growth that at least initially is slower 

than reality.  

When the simulation progresses into the future, the timber stock initially grows at a fast and 

constant pace by around 2-4% in each step, having increased 29% in volume by year 2055. At 

that point the growth plateaus and decreases slightly for the following decades until it at year 

2085 starts to increase again. This indicates two primary developments. First and most 

important is that the forest have reached a on average high age which comes with higher 

probabilities of final felling. The total harvesting levels illustrated in figure 7 seem to confirm 

this by a steady increase in harvested volume until the peak in year 2060. The second period 

of increase in timber stock that starts in the year 2085 is the result of decreased harvested 
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levels after much of the old forest have been harvested, in combination with new forests 

starting to gain volume. Second, it indicates a saturation in the timber stock where annual 

growth to a higher degree is cancelled out by natural loss of volume due to calamities and age. 

Within the EFDM structure these probabilities come from the portion of the unmanaged forest 

that have lost volume between the pairwise observations. In the first steps of the simulation 

the losses are small in comparison to annual growth while later they play a more significant 

part.  

 

Figure 5. Total timber stock (mill. m3sk) over a hundred-year period.        

Simulated according to current forest management practices.  

 

In figure 6 the regions are examined separately for growth in timber stock. Here too does the 

initial distribution of volume closely resemble reality with only slight variations between 

values declared in Skogsdata (2012) and those in the simulation. As the simulation progresses 

there is initial growth in all regions and although with some variation they mostly follow a 

similar pattern. The difference is North Norrland which show a relatively steep increase that 

continues seemingly unhampered throughout the entire period. The most obvious reason for 

this is the low and almost linear harvesting levels in the region for the entire period as seen in 

figure 8. This further confirms the significance of harvesting level in the determination of 

timber stock and we can see that if harvesting does not increase, there is little preventing 

forest growth. The effect of saturation can be almost entirely discarded but it does seem to 
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have some marginal effect, as indicated by the slight decrease in increment despite harvesting 

staying level or slightly decreasing in the second half of the simulation.  

 

Figure 6. Regional timber stock (mill. m3sk) over a hundred-year period. 

Simulated according to current forest management practices. 

 

Harvesting 

Figure 7 illustrates total harvesting levels from thinning and final felling. The trend follows a 

similar pattern as the timber stock, with initially increasing annual harvesting levels that 

tapers off later in the simulation. At its peak by year 2060 the annual harvesting levels have 

increased 37.9% from the levels in 2010. After that, the increases fizzle out and we instead 

observe slight and irregular decreases for the second half of the period.   
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Figure 7. Annual total harvesting levels (mill. m3sk) from thinning and final      

felling over a hundred-year period. Simulated according to current forest 

management practices. 

  

At the start of the simulation in year 2010 the annual harvesting level is 58.6 mill. m3sk, 

which is significantly lower than the actual levels at 71.3 mill. m3sk. reported in Skogsdata 

(2012). The difference is large enough to conclude that there is an intrinsic problem of 

underestimation of forestry activities when basing simulations on NFI plots alone. The 

estimated initial timber stock is close to the actual number, which if activities are correctly 

represented should translate to correct harvesting levels. This affirms the necessity of 

combining NFI data with external information such as expert knowledge to produce accurate 

activity probabilities, as reasoned by ex Sallnäs et al. (2015).  

The only other possible contributing factors are the assumptions made in the definitions of 

activities. Final felling assumes a total removal of all forest volume and should be close to 

reality. If anything, it might lead to slight overestimations in harvest. Thinning is more far-

reaching in its assumptions by not differentiating between types of thinning, something that 

can be mitigated by for example like Sallnäs et al. (2015) use two definitions of thinning. This 

does however demand a clear distinction in NFI data that I did not find, thereby choosing a 

safer route.  

The harvesting levels in regions are illustrated in figure 8. The most striking initial 

observation is the gap between North Norrland and the other regions that remains throughout 

the entire simulation. As mentioned this explains how the timber stock can increase in the 
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region throughout the entire period while not in the others. Initial harvesting levels are lower 

in in all regions than in reality, but the order of volumes in regions and differences between 

them is roughly the same. The important difference is that actual harvesting 2007-2011 was 

larger in South Norrland than in Svealand which is contrary to my result. However, the 

difference between them is small.  

 

Figure 8. Annual regional harvest levels (mill. m3sk) from thinning and final         

felling over a hundred-year period. Simulated according to current forest 

management practices. 

 

6.2   Comparison with previous simulations 

So far, the comparisons of the simulation have only been with actual data in 2010 and 2015. 

This is a good way to test the simulation and confirm that it does not produce too surprising 

results. The problem is that the comparison is only possible to make in the initial state when 

data is available. For future measurements we only have other simulations to refer to.  

As discussed earlier, the most prominent attempt at simulating the development of Swedish 

forest supply is conducted by the Swedish Forest agency in their impact analyses. In their 

most recent simulation, SKA 15, they use a scenario similar to the one I do, with the purpose 

of measuring future forest development if managed according to current practices. Figure 9 

illustrates the timber stock in this scenario in both mine and the SKA 15 simulation from 2010 

to 2100. The figure also includes historical data since 1920 to illustrate that growth is not a 
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recent phenomenon but rather have been the trend through the last 90 years. The prominent 

difference between the two is that my simulation fluctuates more, with initially faster growth 

that later slows down while SKA grows at a more constant rate. 

 

Figure 9. Historical timber stock (mill. m3sk) between 1920 and 2010 and  

simulated future stock according to current forest management practices using 

EFDM and SKA 15 between 2010 and 2100. Source for historical prices: SKA 15 

 

This difference can most probably be ascribed to the lower harvesting rates in my simulation 

which would explain the initial growth spurt. As harvesting rates increase the growth rate 

subsequently slows down and prevents a continued fast growth rate for the rest of the period. 

In figure 10, the connection becomes more obvious when harvesting rates are compared in a 

similar way between the studies and historical levels. The SKA harvesting rate increases 

throughout the entire period but at different speeds with a noticeable initial period of constant 

harvest spanning 30 years. It is also noticeable that the SKA estimate does not predict 

eventual overharvesting, leading to a peak-harvest and reduced stock growth rate, which I 

have found.  
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Figure 10. Historical annual harvest rates (mill. m3sk) between 1940 and 2010 and 

simulated future harvests according to current forest management practices using 

EFDM and SKA 15 between 2010 and 2100. Source for historical prices: SKA 15 

 

6.3   Full certification 

Timber stock 

When the full certification scenario is simulated the result is overall similar to the one with 

current practices but with some interesting differences. In the first half century the forest is 

expected to grow faster than under current forestry. This leads to the volume peak in 2060 

being 101 mill. m3sk greater than the current forecast. Thereafter the difference stays roughly 

constant throughout the century. The reason for this is that the new areas of reserves impact 

the activity probabilities by making forestry activities less probable. In the beginning of the 

simulation this seems to have a significant impact leading to a faster growth in timber stock. It 

does however not reduce harvesting enough to produce unlimited growth, such as in the case 

of North Norrland. The equilibrium level is thus reached here too, but it occurs later in time.  

The development is illustrated in figure 11 of the total timber stock.  
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Figure 11. Total timber stock (mill. m3sk) over a hundred-year period.        

Simulated according to full certification and current management practices. 

 

In general, the same development can be observed all individual regions, although with some 

difference in the size of the divergence of the full certification scenario from the current 

forestry one before equilibrium is reached. This can be illustrated by the regions Svealand and 

Götaland in figure 12. Here we see that the difference in volume is greater for Götaland both 

due to faster initial growth but also by reaching peak divergence 10 years later in 2070. Most 

probably the reason for this greater divergence is due to the slightly larger areas of new 

reserves going to Götaland in combination with the region being the overall smallest. This 

means the impact of new reserves make the most difference for forestry practice, which is 

what we observe.  
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Figure 12. Timber stock (mill. m3sk) over a hundred-year period in Svealand       

and Götaland. Simulated according to full certification and current management 

practices. 

 

Harvesting  

The strong connection between harvest levels and timber stock growth is further confirmed by 

looking at the changes harvesting levels in the scenario. Initially, total harvesting is simulated 

at 2.8 mill ha lower than in current forestry due to the new reserves, but as the simulation 

progresses the difference is reduced slightly to between 1.6 and 1.8 mill ha. The reason for 

this is attributed to greater timber stock growth which means that even though a smaller 

percentage of forest is harvested, the larger and increasing total stock makes up for some of 

the difference. Notably it does not eliminate the difference over the period. Harvesting will 

start to catch up to current levels, but not reach it. Total harvesting levels are illustrated in 

figure 13.  
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Figure 13. Annual harvest levels (mill. m3sk) from thinning and final felling       

over a hundred-year period. Simulated according to full certification and current 

management practices. 

 

Perhaps the relationship is more noticeable when observing regions separately, illustrated by 

Götaland and Norrland in figure 14. Looking at Götaland, in the beginning of the curve we 

see a substantial reduction in harvested levels by 7 mill ha. As the timber stock grows, the 

harvesting rate increases faster than in the current forestry scenario, reducing the difference to 

an equilibrium around 3-4 mill ha by 2050 and remaining constant for the rest of the period.   

The same thing cannot be said when examining the development of North Norrland which 

both in values and shape differs most from Götaland. Here the initial difference in harvest is 

only 1 mill ha, almost nonexistent, due to the large total forest area and small relative increase 

in reserves. However, because the growth in timber stock is small, the harvest has no capacity 

to catch up to current forestry levels. Instead we see an increasing divergence to 3 mill ha by 

2030 which remains roughly the same for the rest of the period. It does cause some slight 

increase in timber stock growth but not enough to change the shape of the curve or establish a 

new equilibrium.   
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Figure 14. Annual harvest levels (mill. m3sk) from thinning and final felling       

over a hundred-year period. Simulated according to full certification and current 

management practices in Götaland and North Norrland. 
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7. Conclusions 

The EFDM structure provides a straightforward way of simulating different forest scenarios. 

Because it is based on NFI plots it is possible to tailor the simulations on many variables that 

the plots provide and combine it with information from other sources. The NFI permanent 

plots work sufficiently well to be generalized on all Swedish productive forest area and the 

resulting timber stock estimate differs insignificantly from reality.  

Basing the model entirely on the NFI plots is however not entirely unproblematic, mainly due 

to an underrepresentation of forestry activities. The initial simulated harvested volumes in 

2010 was 12.7 mill. m3sk lower than the actual numbers. This in turn resulted in a simulated 

fast initial growth period. Faster than both the historical trend and the comparable SKA 15 

simulation. The EFDM framework does however allow for this problem to be easily amended 

through inclusion of outside information as suggested by Packalen et al. (2014) and Sallnäs et 

al. (2015) and implemented in by ex. Vauhkonen and Packalen (2017). One way is by using 

studies on actual harvest levels in regions and modify volume removed from thinning and 

final felling to more accurately represent reality. Despite being a relatively simple and 

straight-forward solution, I chose to not implement it, partly due to the limited scope of this 

project, and my willingness to base the simulation solely on actual observations in NFI data.  

Another consideration is relating to the activity probabilities. There should ideally be many 

observations within each state to make unbiased and precise estimations of activity 

probabilities possible. When the factors are few this can be accomplished, but at the cost of 

not having as great precision in many variables for characterization of the forest. Caution 

should therefore be taken to the activity probabilities when many factors are used. Following 

the suggestions by Sallnäs et al. (2015) I pooled activities over all constant states in the state 

space, except for geographical region, to produce probabilities. The downside of less diversity 

in the activity probabilities turned out to be a rather small problem in general.  

North Norrland is the one region that stands out by having a seemingly small relationship 

between timber stock and harvesting levels. Intuitively and as observed in the other regions, 

harvests should increase as more volume is added to the stock. That this does not occur in 

North Norrland can be attributed to the few observations of forestry activities in the area, 

which in this case produced inaccurate activity probabilities.  

In the full certification scenario, simulated timber stock had a faster initial growth rate in all 

regions until it diminished and reached a higher equilibrium level by mid-century. This 
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difference was then kept roughly the same through the rest of the simulation. The 

consequence of this for total timber stock is an increase to a stable level at 3925 mill. m3sk, by 

2060, around 101 mill. m3sk higher than for the current forestry scenario.  

This difference is due the lower harvesting levels in all regions. In total, the difference in 

harvest is small and decreasing by 1 mill. m3sk in total through the period by going from 2.8 

mill. m3sk in 2010 to 1.8 mill. m3sk in 2100. This indicates that while increased forest 

certification would decrease harvests, the difference would diminish over time as more 

volume is added to the total timber stock, making the long-term economic effect of increased 

certification less significant. These numbers should be interpreted with caution as they are not 

based on actual activity probabilities. Harvesting levels are substantially lower than what is 

observed and can be expected in the future. There is however no reason to from this alone 

doubt the conclusion of long-term diminishing economic impact of forest certification. 

Accurate harvesting levels would still lead to the same relationship between timber stock and 

harvest rates, with a long-term diminishing gap in harvest. 
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Appendix 
 

The different classes below make up the forest state-space.  

Factor Value       

Region         

nn North Norrland    
sn South Norrland    

sv Svealand    
go Götaland    

Soil fertility m3sk / ha       

i <5    
ii 5-8    
iii 9-12    
iv 13-16    

Owner         

ab 
Public owners such as: The swedish church, private companies, public owners, 
government.  

priv Small scale private owners.    
Dominant 
species         

birch >70% birch    
contorta >70% birch    
spruce >70% spruce    
pine >70% pine    
mixed conifers >70% conifers    
mixed leaves >70% leaves    
mixed forest mixed forest    

Volume                
North Norrland, 
m3sk / ha 

South Norrland 
m3sk / ha 

Svealand, 
m3sk / ha 

Götaland, 
m3sk / ha 

1 2.61 1.39 3.76 5.47 

2 21.12 19.74 30.24 38.79 

3 42.31 51.06 62.84 81.48 

4 62.26 79.93 97.47 117.26 

5 83.43 109.25 130.04 153.07 

6 105.51 134.80 165.91 192.00 

7 127.93 168.04 204.28 234.88 

8 157.83 214.63 257.19 297.77 

9 215.93 288.65 344.67 394.48 

10 268.43 350.87 432.72 490.09 

11 >268.43 >350.87 >432.72 >490.09 

Age Upper limit, years       

1 5    
2 10    
3 15    
4 20    
5 25    
6 30    
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7 35    
8 40    
9 45    
10 50    
11 55    
12 60    
13 65    
14 70    
15 75    
16 80    
17 85    
18 90    
19 95    
20 100    
21 105    
22 110    
23 115    
24 120    
25 125+   

 


