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Preface 
It is a pleasure to present Volume 46 of Scandinavian Forest Economics containing papers 
and abstracts based on presentations at the 2016 Biennial Meeting of the Scandinavian 
Society of Forest Economics (SSFE) May 25th-27th, 2016 at Oscarsborg, Drøbak, Norway. 
Around 65 scholars attended the meeting, which took place in beautiful spring weather at the 
Oscarsborg hotel&resort, situated at the former fortress of Oscarsborg. 
 
On behalf of SSFE I thank our keynote speakers Professor Eric Hansen, Oregon State 
University and Managing Director Kjell-Arve Kure, Norske Skog Saugbrugs, for interesting 
and carefully prepared presentations. Futhermore, the programme contained 63 oral 
presentations given in parallel sessions during the two days at Oscarsborg. More than 20 
Ph.D.-students participated, most of them with oral presentations. 
 
At this Biennial meeting, the programme started with a one-day excursion, on Wednesday 
May 25th, oriented around different uses of forest biomass. We thank the hosts and 
contributors (Trefokus, Oslo Airport Avinor, Borregaard and Student Society Ås) for 
interesting and well-thought presentations during that day. 
 
Prior to SSFE 2016, EFINORD / SNS – NKJ, on the 24th of May, arranged a joint one-day 
seminar at Gardermoen with the title “Sustainable production of forest biomass for the 
Northern Europe in a climate change context”. This was announced as a side-event to SSFE 
2016. Together, these two events formed the “Forest-based bioeconomy week - FBBW”, an 
event to be set up annually by the SNS-CAR NOFOBE. NOFOBE is a so-called Centre of 
Advanced Research, with SSFE as a partner and funded by SNS. NOFOBE will be operative 
2016-2020. The next FBBW is scheduled to be held in Lappeenranta, Finland during the 
week 12th-16th of June, 2017. 
 
METLA (Finnish Forest Research Institute) has for a number of years hosted and managed 
the SSFE-webpage. After the merger of METLA into LUKE (Natural Resources Institute 
Finland) this was not anymore possible. Thus, the board of SSFE decided to set up a new 
web page for the network. Please visit the SSFE web page at: www.ssfe-network.org 
I take this opportunity to thank METLA for the generous service of hosting the SSFE web 
page up to now. 
 
This year, SSFE also decided to invite contributors at the Biennial meeting to submit 
manuscripts to a Special Issue (SI) of Journal of Forest Economics. The review process for 
the SI is ongoing and the plan is to have the SI ready by the fall of 2017. 
 
The organisers and the participants wish to express their sincere gratitude to Samnordisk 
skogforskning (SNS) for indispensable financial support to the Biennial meeting. A special 
thank goes to Cathrine Glosli for careful and efficient work in editing and preparing the layout 
of this volume. 
 
Ås, December 2016 
 
Hans Fredrik Hoen  
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1. Landscape Economics Rides Again 
Price, C.1 
 
190 Farrar Road, Bangor, Gwynedd LL57 2DU, UK, c.price@bangor.ac.uk 
 
Abstract 
In 1978, Macmillan published the monograph Landscape Economics. Since then, economic 
evaluation of environment has become popular, with many applications to aesthetic values. 
New techniques have been applied, and old ones developed. Costs and opportunity costs of 
landscape creation and preservation are important in themselves, and imply the resulting 
benefit. Good landscape, especially that with trees, also saves costs of social disaffection and 
bad health, and attracts income from development and tourism. Benefits may be directly 
assessed through expert consensus, entry fees and voluntary donations, including premium 
payments for provenanced products, and by willingness to pay house prices and travel costs. 
There may be difficulty in apportioning value among landscapes’  attributes. In theory 
contingent valuation solves this, though some of its problems remain, as do those in its 
variants contingent referendum and choice experiments. Revisitation of Landscape 
Economics finds that much has changed over 40 years, but much has remained the same, 
especially the need for economists to collaborate with other disciplines. 
 
Keywords: landscape economics, costs, implied benefits, payment, contingent valuation 
 
Introduction 
In 1978 Macmillan published my monograph titled Landscape Economics. 
 Those were exciting times for environmental economics. In the UK, Margaret Thatcher 
had assumed leadership of the Conservative Party, with a message in her handbag that 
markets were all you needed to allocate resources. Debates raged about whether you could 
measure landscape values, and, if so, in what terms (Carlson, 1977; Ribe, 1982). There were 
both violent polarisations and (less often) amicable collaborations between economists, 
political scientists and psychologists on the wider matter of environmental evaluation. 
Economists had begun to explore the power and potential of hedonic pricing (Griliches, 1971) 
to apportion implied price among the attributes of a complex product (Lancaster, 1966). 
 Some case studies had already valued landscape degradation or restoration through 
questionnaire techniques (Brookshire et al., 1976; Randall et al., 1978). Issues were 
translocated from welfare economics, such as whether the appropriate measure was 
willingness to pay to prevent landscape deterioration, or compensation for suffering it 
(Gregory, 1986). Hedonic pricing had been applied to trees’ effect on house prices (Payne & 
Strom, 1973). Even these had been preceded by an expert system for valuing urban trees, 
based on seven attributes related to visual impact (Helliwell, 1967). This claimed no basis in 
theoretical economics, but came to be accepted as a professional standard for giving cash 
values. 
 At that time I joined a controversy over which of three possible routes electricity 
transmission lines should take through an area of high landscape quality in Scotland’s Western 
Highlands. No existing technique offered a feasible way of constructing a cost–benefit analysis 
– particularly in the short available time – so I compiled an approach drawing on them all, 
combined with a quantified form of professional judgement. The ensuing document was 
presented at the public inquiry; formed the basis of a journal article (Price, 1976); which itself 
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was diversified and expanded as Landscape Economics. A reviewer described the proposal 
as “topical, adventurous and well worth publishing”. But that was not the market’s assessment, 
and much of the print run of 1000 was remaindered. 
 And that seemed to be the end of the topic, until, in his 1989 Reith Radio Lecture, the 
Duke of Edinburgh (the UK queen’s consort) told the nation that “It seems that economists 
have no way of valuing the amenity of the landscape.” His research team had informed him 
badly. By 1994 a literature review (Price, 1994a) listed 250 papers on the subject, most 
published before the Duke’s ill-founded statement had been broadcast. 
 Since then, environmental economics has become more mainstream (e.g. Watson & 
Albon, 2011). Many researchers have treated landscape within environmental evaluations. 
Wheels have been reinvented in novel configurations. Scandinavian Forest Economists have 
contributed much to the debate. From time to time I have revisited the book’s themes of cross-
disciplinary integration (Price, 1993, 2008). These have been central to consultancy reports 
(Cobham Resource Consultants & Price, 1991; Price, 1991; Land Use Consultants et al., 
2002). They reappear in numbers of book chapters that I have been asked to contribute (Price 
2007a, 2010, 2011, 2012a, 2012b). But if any other author has engaged critically with what I 
argued, I have not been made aware of it. 
 A proposal by Springer – new owners of Macmillan – for an electronic reprinting 
activated a long-held ambition for a second edition. So what has changed over the 40 years 
since the first edition was written? What justifies expansion from the original 60,000 words to 
the proposed 100,000? 

 Theoretical discussions of techniques already existing, and many case studies using 
them, have been published, engendering new and sharpened critiques. 

 New techniques of valuation, or significant variants, have been applied. 
 I have reflected on the ideas advanced by my enthusiastic younger self. 

This paper considers some key elements of these changes, and presents an orderly account 
of the now-available valuation techniques. 
 
Costs as an indicator of values 
The costs of creating, maintaining, or refraining from exploiting (=opportunity costs) a 
landscape are a subject in themselves. But as such they are part of the routine economics of 
construction and of land use. Labour, capital, raw materials, enterprise, oncosts, overheads 
should not be treated differently, when the outcome is an aesthetic one. Costs also offer insight 
into the values placed on the existence of high-quality landscape. 
 
Costs of preserving, restoring and replacing landscape 
The industrialisation of the past 200 years has brought our current affluence. When attempts 
are made to protect existing landscape (“for the benefit of future generations”), the normal 
counter-argument is that modification of landscape generates local income and jobs, and 
foreign exchange earning at national level. Protection means forgoing these benefits, though 
discounting and sustainability are in opposition over whether delaying exploitation is as 
significant as preventing it. In detailed forest management, choice of slow-growing but 
aesthetic species sacrifices not only timber revenues, but also carbon fixing potential. 
Retention of picturesque tree cover, in the face of many threats from tree diseases, brings 
expenditure on some one or other control method. If we value a landscape sufficiently, we 
may restore it to its pre-exploitation state, as required after mineral extraction in the UK. Or 
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lost landscape – as with woodland destroyed by new roads – may be replaced by similar-
looking woodland (Bowers & Hopkinson, 1996). 
 If these different costs are deemed worthwhile, it implies that society values the 
aesthetic benefits at least as highly as the costs of retaining them. For example, when Dutch 
elm disease (Ophiostoma novo-ulmi) threatened southern Britain’s trees, annual expenditure 
of £9.60 per tree was incurred by public authorities, with perhaps 50% increased survival 
probability. The capitalised cost, over a 50-year presumed life, implied a £(2006)1350 benefit 
per tree (Price 2007b). The only necessary underpinning assumption is that decision makers 
were rational, public-spirited and well-informed .... 
 The further problem, for replacement woodland features, is how long they take to 
establish. To compensate for a hectare of mature oak (Quercus) woodland lost to motorway 
development requires its replacement to have been planted 200 years ago, with a cost, 
including compound interest, of £2000  1.05200 = £34,585,162. While such retrospective 
adjustment is not possible, the accounting fiction at least indicates what costs would have 
been – quite sufficient to justify realignment of the motorway. 
 Similar problems undermine the plausibility of the much-used CTLA (frequent 
revisions) and allied approaches to tree valuation. They fail to make a credible link between 
costs incurred and benefit ultimately imparted. If there is doubt about whether tree cover is 
sufficiently important, or when there is a hiatus between loss of landscape and its restoration 
or replacement, an independent means of assessing benefit is needed. 
 
Value of actions to save costs 
We are on firmer ground when the existence or creation of aesthetic values may itself save 
costs, although often reasons remain for querying the results. Sullivan (2001) shows that trees 
in disadvantaged urban areas improve positive social interaction. In 2011 in England, riots 
cost taxpayers at least £133 million in policing and compensation. In London alone, riots cost 
retailers £300 million in damage and lost sales. What part a better aesthetic environment might 
play in reducing such costs has not been estimated. 
 Good urban and rural environments are also considered to encourage healthy exercise 
– though how important trees are in constituting a suitable environment is less agreed. In so 
doing, they save society the costs associated with unfitness and obesity. However, 
maintaining health for longer does not avert eventual morbidity and death, and if this route for 
valuing landscape is taken, it should include health scenarios of those who stay healthy longer, 
and what the costs of eventual degenerative diseases are, compared with those of conditions 
like heart disease and diabetes. 
 Mental health and well-being are also promoted by a green environment (Grahn & 
Stigsdottir 2003). Famously, (reaping more than 3000 citations), Ulrich (1984) found that 
having trees in view from a hospital ward window speeded recovery from surgery. He did not 
monetise the value, but it would be around €500 for each day of earlier discharge. 
 
Value of landscape as a benefit-attracting attribute 
Creating high-quality green infrastructure is often advocated as a way to attract business into 
an area, with generation of jobs and local tax revenue. This argument should be used with 
caution, however, as attracting business to one area entails withdrawing or diverting it from 
another area, so entails transfer of benefits rather than creation. 
 A more robust argument is that doing business in an attractive environment in itself 
constitutes a more pleasurable lifestyle, whose benefits might be assessed by considering the 
differentials of rents in more attractive locations. Contented workers may also be more 
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productive, losing less working time through stress and boredom, so that good landscape 
increases output. On the other hand, it could be argued that the tranquillity of a good working 
landscape might lead workers to reassess their work–life balance, and opt to work less and 
enjoy their environment more. 
 The same suite of arguments applies to “holiday landscapes”. Better-looking 
destinations attract more tourists and more local expenditure. People may work harder, so as 
to afford more holidays in such locations. They may return refreshed, more able to engage 
with longer hours of more productive work. On the other hand, some local expenditure may 
be diverted from less attractive locations. And the attractions of moving to a high-quality 
landscape may induce early retirement. 
 Finally, as discussed later, attractive environs increase house prices, and thereby also 
increase the tax base.  
 
Direct assessment of benefits through markets 
Entry fees 
Where limited access makes it excludable, landscape may be a market good, (Price, 1994b). 
Spectacular viewpoints for cliffs and waterfalls, landscaped private parks and public arboreta 
all command substantial entry fees. Arguably, the difference in embodied landscape features 
could be related to differences in entry charge, as might be revealed by a hedonic approach.

Table 1: Adult admission charges to UK national tree collections 
         Month 
Place December July October 
Bedgebury National Pinetum £3 £3 £3 
Westonbirt National Arboretum £0 £6 £5 

Source: Forestry Commission (pers.comms, 2007) 
 
What do the figures in table 1 suggest? Perhaps, that people are willing to pay for trees in 
variously-coloured leaf? But if so, can the implied benefits be transferred to other contexts? – 
an issue revisited in the next sub-section. 
 
Hedonic house pricing 
Hedonic pricing undoubtedly allows a good aesthetic environment to be translated into a 
premium on house price. But it is questionable whether that premium can be decomposed into 
sub-premia for each aesthetic attribute, which can then be re-assembled into a premium for a 
good view in another location, with attributes combined in different proportions and 
compositions. For example, the UK Woodland Assurance Standard (UKWAS, 2006) specifies 
that 10% of planted forest area should be of broadleaves: but the effect of that proportion 
depends more on its arrangement than on the percentage cover. Judgements by landscape 
professionals of overall quality (Henry, 1999) may be more reliable. 
 There are, besides, distributional issues. The premium for houses with good views 
depends on the income of people who can afford them. And that premium is then also a 
premium for living in a neighbourhood of similarly affluent people: the high price guarantees 
that poor people cannot afford to become neighbours. Moreover, the premium expresses the 
difference between living in a beautiful landscape and living in a squalid one, and thus 
measures also the cost – social as well as aesthetic – of ghettoes. 
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Hedonic travel cost 
When Landscape Economics was published, the travel cost method (Clawson & Knetsch, 
1966) was still fashionable for rural environmental evaluation. The financial outlay on travel to 
a desirable destination – and particularly its distribution within the user population – expressed 
willingness to pay for the experience offered. Again, however, the issue arose of how to 
apportion willingness to pay among the destination’s attributes, and how to compile a value 
for a modified or new destination. Hanley & Ruffell (1993) described the results of their 
attempted ascription of value to forest characteristics as “disappointing”. The problem 
becomes deeper for the multi-destination visits embodied in a holiday. 
 Political manoeuvring has undermined the method: once, a reviewer for Land 
Economics rejected a paper because “people don’t do the travel cost method any more”. The 
riposte, that we were doing it, fell on deaf editorial ears. Undaunted, Bergin & Price (1994) 
estimated the willingness to pay of travellers, to access landscapes of various quality, as 
defined by a planner, Fines (1968), and as judged by others with aesthetic experience and 
expertise. The results were applied in several case studies (Thomas & Price, 1999; Land Use 
Consultants et al., 2002; Price & Price, 2009). 
 
Voluntary donations 
In defiance of economic theory, people make voluntary contributions to support valued assets, 
which they could access as free riders (Marwell & Ames, 1981). Collection boxes in maintained 
landscapes are deemed worth placing by the UK’s National Trusts. The Woodland Trust, 
which permits free access to its robust properties, is supported by optional membership fees 
and by donations ranging up to £5000 in a year. Price (2007b) converts available figures to 
an equivalent of £130 per year per hectare of native woodland – the landscape feature that 
the Trust prizes. Still, the issue remains, of what attributes of woodlands the donors actually 
desire. 
 It might seem that purchase of provenanced consumer goods – e.g. cheeses whose 
wrappers display contented cows grazing in Arcadian landscapes, or timber from sustainably 
managed forests – is a market transaction. Formally, it is so, but still the premium paid for 
such products is voluntary: purchasers may enjoy such landscapes as free riders on the 
payments of others (though in economic theory of no rational others). All that can be 
purchased is a warm glow (Price et al., 2008). 
 Apart from this separation between purchase of product and consumption of 
landscape, the problem remains of attributing implied value. What is purchased at a premium 
is a kilogramme of cheese, whose wrapper depicts a landscape. How many kilogrammes – 
over what period – of cheese are produced from a contented cow? How many cows, over that 
period, graze contentedly on a hectare? How many hectares are depicted in the landscape? 
So do purchasers have even an approximate idea of how cheese maps to landscapes, 
quantitatively? And beyond that, how many features constitute the landscape? and does equal 
value accrue to each of them? 
 A clearer attribution of value is achieved by follow-up questionnaires and focus groups: 
but in descriptive rather than quantitative terms. 
 
Stated preference 
In recent decades, environmental valuation has been dominated by the contingent valuation 
method (CVM) and its variants. CVM potentially solves the problems outlined above, of 
decomposition and recomposition of aesthetic valuations, by posing a specific hypothetical 
change in a specific location, often supported by visualisation of what the change would be 
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like (Willis & Garrod, 1993). Hence the influence of defined attributes can, it is supposed, be 
isolated. The respondent is asked what payment (for landscape improvement) or 
compensation (for landscape degradation) would allow them, in Alan Randall’s words (1994) 
“to stay pat” – maintain the same level of welfare – following the proposed change. CVM thus 
avoids the problem of apportioning benefits that exists in HPM, provenancing and entry 
charge, by representing proposed changes, such as introduction of electricity transmission 
lines into a particular landscape (Navrud et al., 2008), or managing forests in an alternative 
way to the present. 
 CVM is also praised for its ability to incorporate the passive use values – option, 
vicarious use, and existence values – of those not actually visiting landscapes, yet might be 
willing to pay for their protection. (Noteworthily, but less recognisedly, voluntary contributions 
also include such values.)  
 The problems of CVM have been well-known and widely discussed, even from before 
Landscape Economics: e.g. guiding (including emotive cue words in questionnaires); hostility 
(to the idea of money-valuation of environment); start-point bias (suggesting what may seem 
a “reasonable” initial value); strategic bias (respondents trying to further their own interests by 
their answers). But to know these and discuss them is not to resolve them. I would particularly 
pick out symbolic and part–whole (embedding) biases, where a particular site, species, or 
issue is used as an emblem for all environmental concern (Kahneman & Knetsch, 1992). 
These are readily demonstrated (Price, 2000; Macmillan et al., 2006), but not easily removed. 
Perhaps the most intractable bias is “retrograde information bias” (Price, 1999). Lack of 
information has long been identified as a cause of inadequate valuation of ecosystems’ 
elements (e.g. Bishop & Welsh, 1993). It is less obviously a problem for landscapes, whose 
attributes are evident to their viewers. Probably the more serious problems arise from excess, 
or asymmetrical information (Price, 2015): 
 

 headlining (a particular case of part–whole bias, in which the “issue of the moment” 
becomes the focus of general environmental concern, only to recede into insignificance 
when another issue arises). This has been very noticeable as a succession of tree 
diseases have hit Britain and caused brief furore (de Bruin et al., 2014);  

 encouraging inclusion of non-landscape values, such as biophysical ecosystem 
impacts; and in so doing ... 

 ... creating in people’s minds the impression that they are experts in valuing processes 
about which they know almost nothing; 

 displacing the sample’s mindset. “By informing a subset of the population, sensitising 
them to a particular issue, encouraging reflective thought, we make them precisely 
atypical of the population across which the extracted values are later aggregated” 
(Price, 2015). 

 
When these ideas were first presented (Price, 1999), the CVM establishment reacted: first 
with anger (“you shouldn’t rock the boat, we’ve got a good thing running here”, “you’re 
proposing an anti-democratic hiding of information”; later by ignoring them (“if we don’t 
mention this, it won’t be a problem”). The ideas have not, to my knowledge, ever been 
seriously and specifically addressed, refuted or resolved. 
 That is why I continue to repeat the critique (Price, 2000, 2014, 2015). 
 Since publication of Landscape Economics, some promising variants of CVM have 
been devised. Choice experiments do mitigate headlining, polarising and part–whole bias 
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problems, by offering choices among different amounts of attributes in a confined context. The 
packages are not either “environment” or “money”, but different combinations of “environment 
and money”. Still, there are the problems of strict separabilility of attributes, and of symbolic 
values (where an attribute may be favoured at a token level, because the respondent places 
a certain cognitive rather than affective value on “supporting it” (Nielsen et al 2007). 
 Contingent referenda address the strategic bias problem, by proposing specified 
changes to be funded by taxation, on which respondents “vote”. Respondents who consider 
themselves particularly aesthetically sensitive still have a strategic incentive to overstate their 
willingness to pay, and so to move the burden of supporting landscape onto less-sensitive 
others (though Brookshire et al. (1976) had found little evidence of such bias). It is also argued 
(Ovaskainen & Kniivilä, 2005) that the approach defuses hostility bias against questions which 
draw the environment into the consumerist world, by posing the choice in a public context 
(Sagoff, 1988). The problem arises, however, that emphasis on respondents’ role as citizens 
may induce a response based on vicarious valuation for “all society”. What would self-
interested citizens vote for? Answer: the policy that favours their own interests. What should 
good citizens desire? Answer, the well-being of the whole body of citizens. How is that best 
assessed? Answer: by each citizen accurately presenting his or her own self-interest, and 
these responses’ being aggregated. What does the good citizen vote for? Answer: maybe self-
interest, tinged with consideration for the public good, as may be induced by the format of the 
question. Perhaps the “citizen” format accidentally retrieves the desired “consumer” valuation? 
(Price, 2006). 
 Some possibilities for optimism exist here, but only with a careful, non-partisan 
examination of the processes of human minds and political systems. 
 
Conclusion 
I conclude that much has changed, but that some things – many things – have remained the 
same since Landscape Economics was published. I still believe that the valuations of 
economists need to be attributed more thoughtfully to landscape features and changes in 
them: by incorporating the integrative abilities of landscape professionals in viewing how the 
whole landscape changes; by seeking the help of psychologists in understanding the 
meanings and satisfactions that consumers derive from aesthetic experience; and by 
consulting with political scientists in blending the results into a wider context of public decision 
making. “Interdisciplinary” is not just a word to unlock research funding: it is a state of mind 
which is generous enough to welcome the insights and revelations of other experts. 
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Abstract 
Many ways of pricing CO2 fluxes into or out of the atmosphere have been proposed. Among 
them has been valuation of social costs resulting from climate change, which have complex 
time profiles. Such long-term cost streams have normally been capitalised at the prevailing 
social discount rate. Controversy attends whether that rate should decline through time. If so, 
capitalising social costs becomes more laborious. Under a declining rate the capitalised social 
cost of a future flux is not only higher initially, compared with that at a fixed rate: it also rises 
through time. Thus in forestry evaluations the declining rate has a double effect: it raises the 
social cost of carbon in later time, and this social cost along with other value flows are 
discounted less heavily. The complex fluxes arising from tree growth and wood product 
volatilisation require a large economic workbook. Under discount protocols of the UK, France 
and Norway, these effects significantly alter forest’s profitability. For a moderately productive 
Scots pine crop, without carbon values the project is loss-making for all three countries, 
whether a constant or declining discount rate is used. Using a constant rate and a constant 
carbon price brings modest profitability in all cases. A declining discount rate greatly increases 
profitability, even with a constant carbon price. Using the declining rate to price carbon as well 
as to discount cash flows brings further increase, as much as doubling profitability. Thus 
double application of the declining discount protocol is not just a theoretical refinement, but 
significant for results. 
 
Keywords: carbon price, declining discount rate 

Introduction 
Since atmospheric CO2 levels and associated climate change became publicly acknowledged 
issues, economists have sought to establish an economic price for a unit of CO2 flowing into 
or out of the atmosphere (carbon flux), by a variety of methods. The resulting price can be 
used in cost–benefit analysis or other forms of social appraisal of projects.  
 During the same period, the long-running debate on the social discount rate acquired 
a new dimension: arguments were advanced, that discount rates should be reduced, 
successively, for periods in the more distant future. Partly these arguments derived from 
sustainability considerations (Kula, 1981; Bellinger, 1991; Li & Löfgren, 2000); partly from 
summation of results from differently discounted streams of cost and benefit (Price & Nair, 
1984; Weitzmann, 1998); partly from long-known psychological propensities (Elster, 1984; 
Benzion et al. 1989; Ainslie, 1991; Loewenstein, 1993). Price (2004, 2005) offers critiques of 
these arguments. 
 This paper examines the results of combining two particular features of these important 
debates: the social cost of carbon; and the schedules of declining discount rates now 
mandated by governments of the UK (HM Treasury, 2011), France (Lebègue et al., 2005) and 
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Norway (Det Kongelige Finansdepartment, 2014). It derives profiles of resulting carbon prices, 
and shows the consequences for the social profitability of forests. 

Carbon prices and the social cost of carbon 
During the past 25 years, several distinct approaches have been proposed to pricing CO2 in 
the atmosphere (Cline, 1992; Price & Willis, 1993; Valatin & Price, 2014). 
1. The effect of a constraint on economic growth, designed to reduce net CO2 emissions – 

bottom-up (technological possibilities) approach. 
2. The effect of a constraint on economic growth – top-down (economic modelling) 

approach. 
3. Extra cost of using low- or zero-carbon energy sources. 
4. Cost of sequestering CO2 from the atmosphere. 
5. Cost of altering the radiative balance, so as to counter warming effects. 
6. Cost of lost production, direct damage and required defensive spending resulting from 

climate change. 
7. Tax or other monetary intervention required to achieve a target level of CO2 emissions or 

atmospheric concentration. 
Approaches 3 – 5 are termed “mitigation costs”, policy focusing on the cheapest means of 
achieving a given reduction in global warming potential. Approach 6 is termed “the social cost 
of carbon” (SCC), and was favoured by the UK government until a few years ago (Clarkson & 
Deyes, 2002). Approach 7 is now adopted by the UK government, the relevant price being the 
one that would lead to EU net emissions standards’ being achieved. 
 
Protocols for including forestry fluxes 
In forestry, many evaluations have used one or other of the above approaches to pricing 
(Price, 1990; Pearce, 1991; Price & Willis, 1993; Olschewski & Benitez, 2010). There are two 
possible protocols. The first can be applied if the following conditions are all met: 

 fluxes through a period are regular (as for carbon fixing during a phase of forest 
growth), or follow an exponential process (as with decay from wood products); 

 carbon price is constant or follows an exponential process; 
 discounting follows an exponential process. 

Under these conditions, compact equations exist for fluxes discounted over a period, or even 
in perpetuity (Price & Willis, 1993). 
 The operational problem for forestry applications is that carbon fluxes neither occur at 
a single point in time, nor are spread out at a constant rate over time. With irregular sequences 
of fluxes, prices and discounting, a second solution is needed. Each separate carbon source 
or sink in each year is quantified, priced and discounted individually, then summed. The 
protocol is simplified if each year’s fluxes, from whatever sources or sinks, are summed, before 
being priced and discounted (Price & Willis, 2015). Doing so resolves the computational 
nightmare identified in Price (2012a). This second protocol is less elegant, but more general. 
 
The profile of social cost of carbon 
A flux of CO2 into or out of the atmosphere has complex consequences through time. 
Increased or reduced atmospheric concentration respectively accelerates or retards uptake 
by the oceans. This effect does not follow a simple negative exponential process, but depends 
on successive movement through various oceanic sinks. Siegenthaler & Sarmiento (1993) 
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approximate the process as the sum of five negative exponentials, whose resultant is shown 
as the “remnant atmospheric CO2” curve in figure 1. 

Figure 1: Physical changes following CO2 emission 
  
Uptake into terrestrial ecosystems also seems to be increasing (Lindner & Karjalainen, 2007), 
but the dynamics in relation to atmospheric CO2 concentration are not well quantified. Although 
not included in this model, they could be in principle, without much changing the paper’s 
conclusions. 
 The CO2 remaining in the atmosphere causes temperature rise, through the much-
cited but still-contested greenhouse effect (Arrhenius, 1896). The scientific and political 
consensus now seems to be that the effect is real, and significant for human welfare. However, 
owing to Earth’s thermal inertia, particularly that of the oceans, temperature adjustment is not 
instantaneous, but moves annually towards equilibrium at about 5% of the difference between 
present and equilibrium temperature. The resulting change from initial temperature is also 
shown in figure 1. 
 The relationship between CO2 concentration and temperature rise is not linear, nor is 
that between temperature rise and the economic damage predicted to ensue. Thus the long-
term cost of an individual unit of atmospheric CO2 depends on how economic and political 
factors affect the global rise of CO2 concentration. No predictions are offered here, the working 
premise being that the mapping from CO2 concentration to economic damage is approximately 
linear (Price, 1994). Other research teams may develop sophisticated probabilistic models of 
the relationship between incremental CO2 concentration and incremental economic damage. 
Onto that model might be built the effects of declining discount rate, as recorded below. The 
economic effects will persist, irrespective of the physical model, though with somewhat 
modified quantitative importance. 

The effect of declining discount rate 
The discount schedules applied are as in table 1: 

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

0 100 200 300 400 500

Pr
op

or
tio

n 
of

 o
ri

gi
na

l v
al

ue

Lapse of time (years)

Remnant 
atmosph-
eric CO2

Present 
temper-
ature 
change

2



22

Table 1: Discount schedules of UK, French and Norwegian governments 
Period (years from present) UK France Norway 
0-30 3.5% 4% 4% 
30-40 3% 2% 4% 
40-75 3% 2% 3% 
75-120 2.5% 2% 2% 
120-200 2% 2% 2% 
200-300 1.5% 2% 2% 
300-  1% 2% 2% 

The UK’s schedule is used to demonstrate the effect on SCC. 
 For comparative purposes, “constant discount rate cases” use the initial discount rate, 
as shown in table 1 for years 0-30. Consistency of carbon costing across cases is achieved 
by the following protocol. 
1. The reference level is the effect of permanent addition of 1 tonne of CO2 (tCO2) into the 

atmosphere, once thermal equilibrium is established. An initial annual cost is set to 1, in 
arbitrary units. 

2. This annual cost is never achieved following emission of 1 tCO2 into the atmosphere. The 
effect is lagged by thermal inertia, and mitigated by oceanic uptake of CO2. Thus the 
actual cost in each year is proportional to change from initial temperature, as shown in 
figure 1. 

3. Each future year’s cost, up to 500 years, is discounted by the combination of rates 
appropriate to periods. For constant rate cases, the process uses the normal discount 
factor. As an example of treatment under the UK’s declining discount schedule, the year’s 
cost during year 250 is discounted backwards by a factor of 
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i.e. at 1.5% from 250-200 years, 2% from 200-120 years, 2.5% from 120-75 years, 3% 
from 75-30 years, and 3.5% from 30-0 years. (A quotient rather than exponential format 
of discounting is used, as this is the UK Treasury’s practice.) Figure 2a shows the profile 
of discounted costs resulting from a flux in AD 2016. Note that by the time the temperature 
has adjusted, oceanic uptake and discounting have reduced the cost from the initial 1: 
hence the rising then falling profile. 

Figure 2a: Year-wise cost resulting from emission of 1 tCO2 in 2016 
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4. All individual annual costs are summed over 500 years. This period suffices for later costs 
to be discounted to insignificance, even at the low discount rates applied to distant times: 
figure 2a shows this too. 

5. Summed discounted cost is adjusted by a scaling parameter, such that for each country, 
and for each discounting protocol (both constant and declining), the summed discounted 
cost for a 1 tCO2 flux in 2016 (year 0) is £20. This moderate value lies in the middle of 
social costs of carbon found in the literature (Stern, 2006; Nordhaus, 2007; Tol, 2013).   

6. Using the same protocol and the same case-specific scaling parameter, SCC for a flux 
that occurs in each of the next 500 years is calculated, discounted to the time of CO2 flux. 
For example, a carbon flux occurring during AD 2116 has a stream of predicted annual 
costs during AD 2116, 2117, 2118 ..., respectively not discounted, discounted over 1 year 
at the discount rate appropriate to 101 years in future (2.5%), over 2 years at the rates for 
101 and 102 years in the future (both 2.5%) .... The result for the AD 2116 flux is plotted 
in figure 2b. 

Figure 2b: Year-wise cost resulting from emission of 1 tCO2 in AD 2116 
  
Note that, because lower discount rates are applied to the costs of this later flux, the peak 
discounted cost is considerably higher than for the AD 2016 flux, and the period after which 
discounted costs become insignificant is prolonged from about 200 years to about 300 years. 
7. The costs for fluxes occurring in the next 350 years are collected, and plotted as the solid 

line in figure 3a. 

Figure 3a: SCC, different discount treatments, UK schedule. 
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From figure 3a note the following: 

 as intended, the capitalised social cost of a present-day flux is £20; 
 as expected – given the declining discount rate profile applying to subsequent years – 

the social cost rises as fluxes, and their consequent costs, occur in successively later, 
less-discounted years; 

 as perhaps expected, there are cusps in the function at the times (30, 75, 120, 200 
and 300 years) when the discount rate changes; 

 because the discount rate does not change after 300 years, the sum of discounted 
costs is constant thereafter. 

 
To show the relative importance of these future prices for present decisions, they are 
themselves discounted back to AD 2016, the base year of decisions (long-dashed line in figure 
3), These prices may be compared with a constant £20 price discounted to that base year 
(short-dashed line). The two lines do not diverge much in the first few years, but do so 
significantly by what would be the middle of a temperate crop rotation, when carbon fluxes are 
at their greatest. Thus discounting at a declining rate in calculating SCC would be expected to 
influence forestry evaluations significantly: this will be demonstrated later. 
 It might be asked why two-stage discounting (back to the year of flux, then back to the 
present) is advocated. The alternative protocol is: 
1. for each year’s summed carbon flux, the social cost arising in each following year is taken; 
2. each of these elements of cost is discounted all the way to the base year at whatever is 

the appropriate combination of rates. 
Thus for a flux occurring during AD 2116, the social cost occurring during AD 2117 is discounted 
back by a factor of 
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i.e. at 2.5% from AD 2117 to 2091, 3% from AD 2091 to 2046, and 3.5% from AD 2046 to 2016. 
The discounted social cost for AD 2117 is identical to that for the first protocol, in which social 
cost is discounted by a factor of 

)25.01(
1

 
in giving an element of price discounted to AD 2116; then further discounted by a factor of 
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to the base year, AD 2016. The same identity exists for every element of social cost, so also 
for every summation of elements. 
 The identity of the results having been demonstrated, it is simply a matter of efficiency 
and transparency which approach is used. The following favour the first protocol. 

 It provides a fixed table of future prices which can be used immediately – and indeed 
at a later date – for any future flux, then discounted to any desired present or future 
reference point. 

 With such a table in ready view, the process of including carbon fluxes in the evaluation 
becomes more transparent. 

 It clarifies that the SCC rises through time because of the discounting protocol, which 
seems not to have been noted till now. 
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 It offers a slight economy in computation, in that all the hundreds of elements of social 
cost are aggregated at the time of flux, then discounted as a single entity to the base 
year. 

 It allows priced future carbon fluxes to be added to the other cash flows at a particular 
future time, prior to discounting of them all. (The proviso is, that carbon values are to 
be treated by the prevailing discount protocol, a matter presently in discussion (Valatin 
& Price, 2014).) 

Particularly given the extensive calculations involved in forestry appraisals, many referring to 
a given year’s carbon price, the first protocol is used. 
 
Applying the protocol elsewhere 
Norway’s discount schedule produces more rapid growth of SCC, almost doubling in 75 years. 
Thereafter the cost is constant because the discount rate does not change. Now the difference 
between the discounted initial price and the discounted future price is very marked, by a factor 
of 2 by the time when a forest crop’s carbon fluxes are at a maximum. 

Figure 3b: SCC, Norway’s discount schedule 

For France, the difference becomes dramatic earlier, as the only change is approached at 
time 30, from 4% discount rate to 2%. 

Figure3c: SCC, different treatments of discounting, using France’s rates 
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Effect on social profitability of forestry 
The difference caused by applying declining discount rate to SCC is illustrated for a planted 
crop of Scots pine (Pinus sylvestris) with mean productivity of 6 m3 per hectare per year. 
General UK figures for costs and revenues are used, along with carbon parameters for the 
species, and its products. (This includes the products’ decay or combustion, and their 
displacement of high-embodied-carbon materials in other sectors.) The predetermined 
rotation of 90 years is quite close to the optimum for most of the circumstances modelled, and 
it is maintained across cases so as to emphasise that different results are due only to different 
treatment of carbon price. The crop is replanted at the end of each rotation. 
 Without including carbon effects, the crop is not socially worthwhile, whether a constant 
3½% discount rate is used, or one declining according to the UK’s protocol. When a fixed 
carbon price is added, the crop is profitable with a constant discount rate, more so with a 
declining one, and even more so when that declining rate is applied to deriving the SCC. 
 Table 2 shows results for the same Scots pine crop and cash flows, but with the 
discounting protocols advocated for Norway and France included. 
 
Table 2: Effect of discounting protocols on profitability  
  NPV over 500 years (£) 
Discount protocol Carbon price UK  Norway France
Constant None –1869 –2059 –2059 
 £20/tCO2 623 77 77 
Declining None –1557 –1744 –1179 
 £20/tCO2 1102 548 1488 
 Rising from £20/tCO2 1632 1316 2725 

Note: “constant” means that the initial discount rate set for the country is maintained through 
the indefinite future. 
Note the following. 

 Without carbon effects, the crop is not worthwhile, whether using a constant discount 
rate, or one declining according to country protocols. 

 Without carbon effects, the declining discount protocol has only a small effect on 
profitability in the UK and Norway. 

 The effect on profitability is greater in France, where the rate declines greatly and early, 
though not sufficiently to bring profitability. 

 When a fixed carbon price is added, the crop is profitable with a constant discount rate, 
though only marginally so in Norway and France. This confirms a common perception, 
that carbon accounting is key to forestry profitability. 

 With declining discount rates, but a constant carbon cost, profitability increases 
sharply, particularly for France (for reasons already noted). 

 When the declining rate is used also to calculate SCC, profitability increases even 
further, about doubling in France and Norway. 

 The effect in the UK is less dramatic, because the discount rate there declines more 
slowly. 

 In all cases, declining rate has greater effect through altering carbon cost than through 
treating fixed cash flows more leniently: 
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Table 3: Differences brought about by changing discount protocol 
 UK Norway France 
Effect through fixed cash flows £–1557 

–£–1869 
£–1744 
–£–2059 

£–1179 
–£–2059 

Effect through altering SCC £1632 
–£1102 

£1316 
–£548 

£2725 
–£1488 

 
Other failures to double-discount 
Applying a declining schedule of discount rates to derive the SCC evidently affects real-world 
evaluations significantly. Failing to do so understates the value of CO2-mitigating activities 
such as forestry, or the cost of net-emitting activities such as fossil fuel burning. 
 In the past economists have also failed to incorporate the effect of changing the 
discount rate on SCC (including in analyses where discount rate is constant through time for 
each evaluation run). For example in sensitivity analyses Pearce (1991) and van Kooten et al. 
(1995) vary the discount rate for carbon fluxes in forestry evaluations, without recalculating 
the embodied carbon price in line with the varying discount rate. Cline (1992) calculates IRRs 
of carbon-inclusive investments, without noting that the carbon price should become a variable 
in such calculations. 
 
Other causes of changing carbon price through time 
The conventional wisdom has long been that the annual SCC increases through time. Cline 
(1992) and Fankhauser (1995) relate this to increasing world product’s being threatened 
proportionally by climate change. Tol (2009) also projects higher SCC through time, as 
detrimental effects of climate change increasingly outweigh beneficial ones. 
 The declining discount effect is additional to this rising annual cost effect. In order to 
focus on the declining discount effect, the rising annual cost effect has been omitted in the 
calculations above. To show the additive effect, an annual price rise of 2.3% until AD 2100, 
consistent with findings from the literature by Anthoff et al. (2011), is applied to the previously 
used annual SCC, in conjunction with the UK’s declining discount schedule. This yields the 
profile shown in figure 4. Compare this with the profile in figure 2a, where annual SCC does 
not increase. The summed social cost for a flux at AD 2016 is now £55, not £20.  

Figure 4: Rising annual SCC combined with UK discount schedule 
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Figure 5 shows the profile through time of the summed social cost. The maximum value 
reached is more than £400 – a greater proportional increase than that of the base date’s £55 
summed social cost. 

Figure 5: The effect of rising annual cost on the profile of summed cost 

Carbon prices may also be projected to change through time if they represent the shadow 
price of achieving a succession of emissions reduction targets (e.g. Department of Energy and 
Climate Change, 2009). Such prices result from data for a single time-period, so are 
independent of discount rate at the time of flux. The associated cash flows are, however, 
discounted under the declining rate protocol, where this is deemed appropriate. 
 
Conclusions: discount rate and profitability 
The importance of discount rate for forestry profitability has long been known. Samuelson 
(1976) discovered, not this effect, but the 125 years of economic history in which the effect 
had been known (Price, 2012b). 
 Some results above are evident in previous analyses which have used increasing CO2 
prices (Price & Willis, 2011). Some are evident in previous analyses which have used 
decreasing discount rates (Hepburn & Kondouri, 2007). This paper may be the first to combine 
the dual effects of declining discount rates on the social profitability of forestry. 
 Within forestry, the effect will further extend optimal rotations that are already extended 
by including a fixed carbon price, and to intensify other effects of the carbon price. Moreover, 
as the SCC may continue to rise into successor rotations, the successive lengthening of 
rotations under declining discount rates (Price, 2011) may be enhanced. 
 Fair comparison of forestry with other land uses or investments, requires that their 
prices too should be adjusted, particularly for long-term fossil-fuel-displacing investments. On 
the other hand, fossil-fuel-exploiting projects will be further disadvantaged by adjusting carbon 
prices. 
 If the advocates of declining discount rates truly believe in them, then this is another 
computational knot for them to untie, and another set of changed conclusions to countenance. 
Or we might wonder once again, about whether such efforts are worthwhile, when the case 
for declining discount rates is still so open to challenge. 
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Abstract:  Several national governments now require the discount rate for public projects 
with long planning horizons to decrease over the life of a project. Theoretical results that 
characterize the impacts of a declining discount rate on optimal harvest age and land 
expectation values in the Faustmann Model are presented.  New results include:  proof of 
the existence of optimal harvest ages and land expectation values, comparative statics 
results, conditions that must be satisfied for multiple optima, and proof that harvesting is 
never optimal immediately before a decrease in the discount rate. 
 
Keywords:  declining discount rate, Faustmann Model, multiple harvest ages, non-optimal 
neighborhoods

 
1. Introduction 

Recently national governments including France and the United Kingdom have 
adopted national policies that require the discount rate for public projects with long planning 
horizons to decrease over the life of each project.1 Given the length of optimal rotations in 
temperate forests, optimal harvest ages for public forest projects will often need to be 
evaluated using two or more successively smaller discount rates.  If forest land values are 
defined as the net present value (NPV) of as infinite stream of benefits as in Faustmann 
models, then land values for public projects will always need to be evaluated using two or 
more successively smaller discount rates for projects.   

Previous studies simulate the impacts of a declining discount rate on optimal harvest 
age and land values (Hepburn and Koundouri 2007,  Price 2011, 2014).2 The results of 
these studies differ from typical Faustmann results.   In typical Faustmann models harvest 
age is constant across all rotations. With a declining discount rate optimal harvest age first 
increases as the discount rate declines, and then becomes constant after the discount rate 
becomes constant.  Rotations of the same length generate different land value depending on 
when the rotation starts.  The studies also note the possibility of multiple optimal harvest 
ages for a given rotation, which also contrasts with typical Faustmann models in which there 
only one optimal harvest age for each rotation. 
 An important limitation of previous studies is the lack of a mathematically-based 
theoretic foundation for the simulation results. In these studies the existence of a sequence 
of optimal harvest ages and land expectation values are assumed rather proved.  Similarly, 

1 It matters not whether forest economists or other economists think that declining discount rates are a 
good idea, what is important, is that the UK and France have adopted declining discount rates for 
evaluating public projects with long time horizons. Denmark and Norway are considering adopting a 
declining discount rate for public projects.   
2 A declining discount rate has been analyzed more extensively in the non-forestry economics 
literature.  An incomplete list of previous research includes Bayer 2003, Gollier 2002, Henderson and 
Bateman 1995, Kula 1981, 1984, Li  and Löfgren 2000,  Price 2004, 2005, 2008, 2011, 2014, Price 
and Nair 1985, Strotz 1956, Sumaila and Walters 2005, Weitzman 1998.
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although multiple optimal harvest ages for a specific rotation are simulated, the conditions for 
when multiple optimal harvest ages for a specific rotation exist have not been demonstrated.    
 The first goal of this manuscript is to provide a mathematically-based foundation for 
previously reported simulation results.  To address this goal, in the context of an extended 
Faustmann Model, the existence of and conditions for a sequence of optimal harvest ages 
and land expectation values are proved, comparative statics results for stumpage price, 
regeneration costs and each discrete declining discount rate are derived, and the general 
conditions which must hold for multiple optimal harvest ages to arise in a single rotation are 
described.  The second goal is to demonstrate when the discount rate is declining in discrete 
steps as mandated by current laws, it will never be optimal to harvest a rotation immediately 
before a decline in the discount rate. 

2. Background and Notation  
The UK declining discount rate schedule is: 
Table 1 UK declining discount rate schedule 

Years 0-30 31-75 76-125 126-200 201-300 > 300 
Discount rate 3.5% 3.0% 2.5% 2.0% 1.5% 1.0% 

 
France has a less complex schedule.  The discount rate is 8% for 0-30 years and 4% for 
years greater than 30.  

Compared to a typical Faustmann Model the inclusion of a declining discount rate 
greatly complicates the notation required for effective analysis. Table 2 presents notation 
that characterizes a declining discount rate for the first rotation of an extended Faustmann 
Model.   

Table 2 Notation for a declining discount rate for the first rotation 
Name Period 1 Period 2 . . . Period k1 . . .
Length [t0, t1] [t1, t2] . . . . . .
Period Discount
Rate

r1 r2 . . . . . .

Cumulative
Discount Rate

. . . . . .

Discount Factor . . . . . .

where 
 is the harvest age of the first rotation, when harvest is in period k1, 

k1 is the period in which the first rotation is harvested, 
rj is the interest rate in period j, 

 is the interest rate in the period in which the first rotation is harvested, 
tj-1  is the start of period j,  and 
tj is the end of period j. 

The first rotation is harvested during period k1.  Between tj-1 and tj the discount rate is rj which 
is t is the rate at which projects are discounted during period j.  rj may be thought as a 
marginal discount rate.  The cumulative discount rate reflects the rate at which benefits 
realized are discounted to time 0.  The cumulative discount rate is composed of three terms.  
The first term is active for the remainder of period ki-1.  The sum in the second term is the 
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cumulative discount rate for the periods between ki-1 and ki.  The third term is active for the 
portion of period ki before harvest.  The discount factor is the exponential of the cumulative 
discount rate. 

Similar to much of the previous research on optimal harvesting with a declining 
discount rate, we adopt standard assumptions from typical Faustmann Models including the 
objective of maximizing the NPV of bare land from timber production with respect to a set of 
harvest ages, constant regeneration costs, a constant stumpage price, and a concave 
volume function. To be considered forestland the land value must be non-negative for some 
set of harvest ages.3 
 With a declining discount rate both optimal harvest ages and land values vary over 
the planning horizon depending on when a rotation starts.  In preparation for demonstrating 
the existence of a set of optimal harvest ages using dynamic programming, a useful way to 
write the land value at the start of the first rotation when harvest is in period ki is:

(1a)

where  
is the harvest age of the first rotation, when harvest is in period k1, 

C is the regeneration costs of a rotation,  
 is the period in which the first rotation is harvested, 

L(0,  is the land value of bare land at the start of the first rotation if the rotation is 
harvested in the period k1, 
L ) is the land expectation value of bare land at the end of the first rotation is 
harvested in the period k1, 
p is stumpage price, and  
V(.) is the stumpage volume function. 

 The land value at the start of rotation i when harvest is in period ki is: 

= (1b)

where 
 is the harvest age of the ith rotation if harvested in period ki, 

 is the harvest age of the mth rotation; m < i,  
 is the period in which the ith rotation is harvested, 

 is the land value of bare land at the start of the of rotation if the 
rotation is harvested in the period ki and 

 is the land expectation value at time the end of the ith rotation.  
Note the difference between  and  and L ) and , where s 

.  and  are local optima;  specifically, the land value at time 0 if 

3 There are several hundred papers that study or apply the Faustmann Model. Foundational papers 
include Faustmann 1849, Pressler 1860, Ohlin 1921, Samuelson 1976.  For a review see Amacher et 
al. 2009. 
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the first rotation is harvested in period k1, and the land value at time s  if the ith 
rotation is harvested in period ki, respectively.  L ) and are global optimal, and are 
determined by choosing over all harvest periods the maximum of the local optima; 
specifically the maximum land value at time 0 and the value at time s , 
respectively.  The maximum land values are an extension of the land expectation value 
(LEV) defined in standard Faustmann models.4 

 Also note that in general ki-1 and ki-1 are in general different periods with different 
discount rates. ki-1 is the period during which the i-1 rotation is harvested, while  ki-1 is the 
period immediately before the period in which the ith rotation is harvested. If the ith rotation 
is planted and harvested in the same period, then ki-1 is not relevant and is not defined on 
the right-hand-side of (1b).  If the ith rotation is harvested one period after it is planted, then 
ki-1 = ki-1.  If the ith rotation is harvested two or more periods after it is planted, then ki-1 < ki-1 
 
3. Proof of the Existence of Optimal Harvest Ages and Land Expectation Values 
 Demonstrating the existence of optimal harvest ages and land expectation values 
requires a three-stage backwards recursive proof.  In the first stage the LEV and optimal 
harvest age are shown to exist for rotations that start and end during period N.   The 
second stage of the proof analyses rotations that are regenerated before tN, but harvested 
after tN.  That is, the rotations are regenerated before the discount rate reaches its minimum, 
but are harvested after the discount rate reaches its minimum.  In the second stage of the 
proof optimal harvest ages and the LEV at the start of the rotation are increasing but the LEV 
at the end of the rotation does not depend on harvest age.  The third stage of the proof 
analyses rotations that are both regenerated and harvested before tN.  In the third stage of 
the proof both optimal harvest ages and LEVs are increasing.5 
Stage I.  For every time after tN, the discount rate is rN.  With a constant discount rate, both 
harvest age and LEV are time invariant for every rotation that starts after tN.  (1b) reduces to:   

=   (2) 

where  
a —is the constant harvest age during period N which runs from tN to , and 
L( )—is the LEV during the period N which runs from tN to . 

Since both rotation age and LEV are constant (2) reduces to the typical Faust man 
LEV.  The well-known necessary conditions for optimal harvest age are:6 

   (3) 

The concavity of the volume function is sufficient to ensure the optimality of the harvest age 
in (3).  L( ) is computed directly from (2) after the optimal a  is determined. 
Stage II.  We now analyze rotations that are regenerated before tN, but are harvested after 
tN.  It was demonstrated in Stage I that for every rotation harvested after tN the LEV equals 

4 Chang (1998) presents a generalized LEV that depends on time. 
5 For simplicity the proof presented assumes that the discount rate declines in a finite number of 
discrete steps.  Finite discrete steps are consistent with current national policies.   However, with 
modification the proof may be extended to scenarios in which the discount rate declines continuously 
or in which there is an infinite number of discrete steps.  To extend the proof to continuously a 
declining discount rate requires replacing the assumption of a constant discount rate in period N, with 
an -  argument that computes the optimal harvest age and LEV to the desired level of precision. 
6 Similar to the Faustmann Model L( ) must be non-negative or the investment in regeneration costs 
should not be made.
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L( ).  Recalling that  s  , let aIN(s) be the harvest age of rotation i starting at time 
s when constrained to be harvested in period N. That is, aiN(s) satisfies:   

          (4) 
(1b) for the ith rotation becomes: 

=         (5) 

 
The local optimal harvest age, aiN(s), for every age between 0 and tN is either a 

corner solution or an interior solution.  For corner solutions, , that is, , 
equals the minimum age such that harvest occurs in period N.    For interior solutions, the 
harvest age exceeds this minimum age to be harvested in period, that is, , 
and the following necessary condition holds for the optimal harvest age: 

   (6a) 

  or  

       (6b) 

That is, the capital gain from an increase in stumpage volume from increasing harvest age 
equals the lost interest on both stumpage revenues and the land from delaying harvest.  
Note that this condition is similar to a Faustmann-type model in which after single rotation, 
the land is sold for a time invariant price that is different than the current land expectation 
value.  
Regardless of whether aiN(s) arises from an interior or a corner solution, it can be used to 
calculate land values L(s,N). 

L(s,N) are constrained optima, and will only be equal to the will be equal the 
unconstrained optima, L(s), if it is optimal to harvest the rotation regenerated at time s after 
tN. 
The following lemma demonstrates the existence of a time N such that for every time s in 
the period [ N,tN), L(s,N) = L(s).   
Lemma. If L( N,N) = L( N), then L(s,N) = L(s), for all s such that N  s < tN.   
Proof.  By contradiction.  Assume there exists an s such that  s  N, L( N,N) = L( N), L(s,N)  
L(s).  Since L( N,N) = L( N) either  or if  condition (6b) holds then 

. If  L(s,N) is not optimal, then the optimal unconstrained harvest age 
would be before tN,  Define ai(s), as the unconstrained harvest age for rotation i regenerated 
at time s.  By the non-optimality of L(s,N), ai(s) + s  < tN, or equivalently, ai(s) < tN –s.  Since  
s > N, ai(s) < tN – N   aiN( N).  However, this contradicts the optimality of L( N,N) = L( N), 
since it implies that aiN( N) should equal ai(s) < .#   
Stage III.  In Stage I the optimal harvest age and the LEV, L( ) were calculated for all 
rotations regenerated and harvested after tN.  In Stage II the harvest ages and land were 
calculated for all rotations regenerated after time N and harvested after tN.  The lemma 
establishes that there exists an interval ( N, tN) for the LEVs are known. In Stage III we 
continue using backwards recursion to determine the optimal harvest ages and LEVs for 
rotations both regenerated before N.   

In contrast to rotations regenerated after N, LEVs at the end of a rotation harvested 
before tN depend on optimal harvest age.  Recall that is the optimal harvest age of the ith 
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rotation when it is harvested in period ki.  Substituting s for  and making the 
dependence of optimal harvest age explicit in (1b) provides: 

=         (7) 

 
 

where   is the harvest age of rotation i starting at time s when constrained to be 
harvested in period ki.  Each  satisfies:   

         (8) 
The local optimum may be one of two corner solutions  or 

 or be interior.  If the local optimum is interior then  

          (9a) 

 

    

or 

    

 (9b) 
That is, the sum of the capital gain from an increase in stumpage volume and the 
appreciation of land value from delaying harvest equals the lost interest on stumpage 
revenues and the land from delaying harvest.   Similar to Stage II regardless of whether 

 arises from an interior or a corner solution it can be used to calculate land values L(s, 
ki)   
 Successive applications of the Lemma determine which local optima L(s,N) are the 
global optimal, L(s).  First the lemma is applied to demonstrate the existence of a time N-1 
such that for every time s in the period [ N-1, N), L(s,N-1) = L(s).  The application of the 
lemma is straightforward: , N,   and N, are replaced by , N-1,  and 

N-1, respectively. Then the lemma is applied again with , N-2,  and N-2, 
replacing , N,   and N.  The process is repeated successively until the first rotation 
and initial time are reached.   
 The result of the successive applications of the lemma determines a series of time 
intervals [ 11, 2), [ 2, 3) . . . [ i, i+1)  . . . [ N,tN) on which L(s,ki) = L(s).  That is, the LEVs and 
optimal harvest ages are known for all rotations regenerated between the initial time 0 and 
tN.  Combined with the results derived in Stage I and Stage II the LEVs and optimal harvest 
ages are known for all rotations regenerated between the initial time 0 and . 
 
4. Comparative Statics Results 
 Comparative statics results are derived using standard methodology7 for Stage I, 
Stage II and Stage III sequentially.   Since the optimal harvest age and LEV in Stage I 
correspond to the standard Faustmann Model with the discount rate equal to rN, the 

7 See Silberberg and Suen 1990, for discussion of standard comparative statics methodology. 
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comparative statics are well-known and well understood.8  The optimal harvest age for all 
rotations regenerated after tN varies inversely with both the discount rate rN and the 
stumpage price, and directly with regeneration costs. The LEV for all rotations regenerated 
after tN varies inversely with discount rate rN and regeneration costs and directly with 
stumpage price.   
  Comparative statics results hold for a neighborhood around an optimum.  For 
standard comparative statics methodology to be applicable the solution must be interior. For 
the solution to be interior during Stage II when rotations are regenerated before tN, but 
harvested after tN (6a) and (6b) must hold.  Similarly for the solution to be interior during 
Stage III when rotations are both regenerated and harvested before tN (9a) and (9b) must 
hold.   
 Chang (1998) provides considerable but not complete guidance on the signs of the 
comparative statics results for Stage II and Stage III optimal harvest ages specifically, the 
paper derives the comparative statics results for optimal harvest ages when LEVs depend 
on optimal harvest ages. For the relevant economic parameters of the models presented in 
this paper C, p and r1, r2 . . . rN, the analysis in Chang (1998) fully describes the impact of a 
shift in C.  As reported in Table 3 a shift in C in the current rotation has no impact on the 
optimal harvest age, while a shift in C in any future rotation directly impacts the optimal 
harvest age in the current rotation.  So an increase in C throughout the planning period, 
(0, ), with a declining discount rate increases the optimal harvest age in every rotation. 
 The comparative statics results with for p and usually one of r1, r2 . . . rN  are more 
complex than for C.  The results are more complex for two reasons than derived in Chang 
(1998).  First, as reported in Chang (1998), the impacts for both a shift in stumpage price 
and a constant discount rate are opposite depending on whether shift happens in the current 
rotation or in a future rotation.  If stumpage price increases in the current rotation, then the 
optimal harvest age of the current rotation increases.  If stumpage price increases in a future 
rotation, then the optimal harvest age of the current rotation decreases.  If the discount rate 
increases in the current rotation, then the optimal harvest age of the current rotation 
decreases.  If the discount rate increases in a future rotation, then the optimal harvest age of 
the current rotation increases.    

 Second with a declining discount rate every interior solution to determine optimal 
harvest age is in the middle of a period of a constant discount rate.  This implies that a shift 
in the discount rate in that particular period is a shift in both the current rotation and the next 
rotation, which is a future rotation.  This implies that for Stage II and Stage III the impact of a 
shift in the discount rate during which the ith rotation is harvested ambiguous.  The results 
derived by Chang (1998) hold during Stage II and Stage III for shifts in past discount rates 
which have no impact, and increases in future discount rates for increases optimal harvest 
age. 

As modeled above a shift in stumpage price occurs in both the current rotation and 
all future rotations.   Based on Chang’s results we would expect the impact of a shift in 
stumpage price to be ambiguous.   However as reported in Table 3 optimal harvest age 
varies indirectly with a shift in stumpage price throughout both Stage II and Stage III.   The 
results are derived in Appendix A and follow from sequential backward recursive arguments. 
 For Stage II and Stage III the impacts of parameter shifts on LEVs are similar to 
typical Faustmann Models.  An increase in regeneration costs decreases LEV.  An increase 

8 Amacher et al. 2009, Chang 1983, 1998, Clark 1976, Johansson and Lofgren 1985 are an incomplete list of
previous discussions of comparative statics results.
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in stumpage price increases LEV.   An increase in current or future discount rates decreases 
LEV, while an increase in past discount rates have no impact.  All comparative statics results 
are summarized in Table 3. 
 
 Table 3 Comparative Statics Results for a Parameter Increase 
Stage  Parameter Impact on Optimal Harvest Age  

at time s 
Impact on LEV  
at Time s 

I C Increase Decrease 
 p Decrease Increase 
 ri i < N No Impact No Impact 
 rN Decrease Decrease 

II C Increase Decrease 
 p Decrease Increase 
 rj < N-1 No Impact No Impact 
 rN-1 Ambiguous Decrease 
 rN Increase Decrease 

III C Increase Decrease 
 p Decrease Increase 
 rj < i No Impact No Impact 
 rj = i Ambiguous Decrease 
 rj > i Increase Decrease 

  
5. Multiple Optimal Harvest Ages 

In contrast to typical Faustmann models in which harvest age is unique when the 
discount rate declines over the planning horizon, it possible for there to be two harvest or 
more harvest ages to be optimal for the same rotation.  Multiple optimal harvest ages may 
arise, when two constrained land values for rotation i at time s equal the LEV at time s, that 
is, L(s) =  for h  i.  For simplicity and without loss assume that h = ki + 1 < 
N.  If both optimal harvest ages are interior solutions then 

     (10a) 

and 

  (10b) 

must hold simultaneously for multiple harvest ages to exist.   
A term-by-term comparison shows that it is possible that (10a) and (10b) hold 

simultaneously.   For the first terms of (10a) and (10b), we know by the concavity of the 
stumpage volume function, that is, as stumpage ages, volume growth decreases which 
implies: 

 >   

Whether the second term of (10a) or the second term of (10b) is larger is case 
specific with the magnitude of the decrease in the discount rate having a large influence, that 
is: 
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Whether the third term of (10a) or the third term of (10b) is larger is also case 
specific:  

  
The sign is ambiguous since  by definition and because stumpage volume 
increases as a rotation ages which implies . 

Similarly, whether the fourth term of (12a) or the fourth term of (12b) is larger is case 
specific: 

 
The sign is ambiguous since  by definition and because LEV at the end of a 
rotation increases as a rotation ages, that is,   Proof that 

 is presented in Appendix B. 
In summary, it is possible that both (10a) and (10b) may hold simultaneously.   

Although not presented here it is also possible that two corner solutions or an interior and a 
corner solution may generate multiple optima.  Note also that the greater the magnitude of 
the difference between  and , the more likely the differences of second, third and 
fourth terms calculated by subtracting (10b) from (10a) will be negative, which increases the 
likelihood  that (10a) and (10b) will hold simultaneously. 
 
6.  Non-Optimal Neighborhoods 

Harvest will never be globally optimal in the neighborhood immediately preceding a 
discrete decrease in the discount rate.  How extensive this neighborhood is  for each 
decrease in the discount rate depends on primarily on the magnitude of the decrease, and 
secondarily on stumpage price, regeneration costs and the stumpage volume function.   

The result arises from the discontinuity of the derivative of LEV with respect to 
harvest age that occurs from a discrete decrease in the discount rate.  The demonstration of 
the result evaluates the limit from above and the limit from below of the condition for optimal 
harvest age in (10a) and (10b) as time s approaches ki.  The limit from below describes the 
harvest rule if the rotation is harvested in period i.  The limit from above describes the 
harvest rule if the rotation is harvested in period i+1.   The limit from below is:  

     (11a) 

The limit from above is: 

  (11b) 

At the limit ki      ; 

Substituting the terms 
occurring in (11a) into (11b) provides: 

 (11c) 

Since by definition  , (11a) and (11b) cannot hold simultaneously.  Specifically, 
the last two terms of (11a) will be larger in absolute value than the last two terms of (11c), 
and hence the last two terms of (11a) will be more negative than the last two terms of (11c).  
This implies that (11a) will hold at younger age than (11c).  Since the functions and 
derivatives in (11a) and (11c) are piecewise continuous—continuous during each period ki—
regardless of what harvest age satisfies (11c), a younger harvest age will satisfy (11a).  
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Define this younger harvest age that satisfies (11a) as  – s.  Since condition 
(11a) is satisfied at , rotation i will be harvested if it is optimal to harvest in period ki, 
that is if , and it will never be optimal to harvest between  and .   

Although the existence of an optimal set of harvest ages and multiple optima, and the 
qualitative impacts of parameters may have been anticipated by from previous simulations 
and  research, to the best of my knowledge the existence of non-optimal neighborhoods has 
not previously been demonstrated.  It is possible that this lack of analysis is due to the 
nature of the result.   Previous simulations could not have produced harvest ages in non-
optimal neighborhoods, but may have had no reason to believe in the existence of non-
optimal neighborhoods. 
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Appendix A 
 (6a) is the necessary condition for optimal harvest age in Stage II.  A sufficient condition 
for the optimality of the harvest age is satisfied when the second derivative of (6a) is negative, 
that is:  

   (A.1) 

       

The concavity of the stumpage volume function ensures that both terms in the square 
bracket are negative. 

With the sufficient condition met, applying Cramer’s Rule implies that that sign of the 
comparative static result is the same sign as the partial derivative of the necessary condition 
with respect to the parameter of interest.  Differentiating (6a) with respect to p provides:  

   (A.2) 

       

Since stumpage volume is always positive and increases with age, the first term of the right-
hand side of (A.2) is positive and the second term of the right-hand side of (A.2) is negative.  
As reported in Table 3, we know that we know that L( ) increases with an increase in price, 
so , and   . 

Using (6b) substitute for   provides: 

     (A.3) 

             

The sign of  determines the sign of (A3). Expanding L( ) and simplifying the 

resulting first term, and evaluating the derivative in the second term  provides:   

   (A.4) 

       

  =   

  

That is, an increase in stumpage price decreases optimal harvest ages for those 
rotations harvested in period N. 
 (9a) is the necessary condition for optimal harvest age in Stage III.  A sufficient 
condition for the optimality of the harvest age is satisfied when the second derivative of (10a) 
is negative, that is:  

     (A.5) 

   

The concavity of the stumpage volume function ensures that the first and thirds terms in the 
square brackets are negative.  The fourth term in the square brackets is negative by the 
argument in Appendix B.   The sign of the second term in square brackets is ambiguous. 
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Similar to the analysis of Stage II in (A.1) through (A.4) if the sufficient condition met, 
applying Cramer’s Rule implies that that sign of the comparative static results is the same 
sign as the partial derivative of the necessary condition with respect to the parameter of 
interest. Differentiating (10a) with respect to p provides:  

   (A.6) 

  

Since stumpage volume is always positive and increases with age, the first term in the 
square brackets is positive and the third term in the square brackets is negative.  As 
reported in Table 3, we know that we know that  increases with an increase in 

price, so , and   .   The second term  is the 

just the left-hand side of (A.6) at later time.  From the analysis for Stage II we know that if 

  is negative.  Given this result if the sum of the other terms in 

the square brackets of (A.6) is negative, then by induction  is negative. 

Using (9b) to substitute for  provides:  

     (A.7) 

  

Since as demonstrated in Appendix B, LEVs increase with harvest age the first term in 
square brackets is negative.  Expanding  the second term becomes: 

  (A.8) 

 

Evaluating the derivative in the fourth term provides:   

   (A.9) 

   

The difference of the second and fourth terms is:   

    (A.10) 

} 

The first term of (A.10) inside the curly brackets,  is negative.  The difference of the 

second and third terms within the curly brackets   =   < 0.  

This implies that the sum of the first, third and fourth terms in square brackets are negative 
which implies that an increase in stumpage price decreases optimal harvest ages for 
rotations harvested in all periods.  
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Appendix B 
The demonstration of the claim  proceeds in four 

steps.   First, , we note that the values of   and  are equal at the 
instant in which the discount rate declines.  From (7) evaluating both  and 

 at  provides: 

 (B.1) 

 =  
At , , which implies  =    Although  and  
are local optima a global optimum at time  would equal a local optima.9 

Second, we note that since LEV is time invariant during period N, 
.  We also note that LEV’s vary inversely with the discount rate.  This 

implies that the highest LEVis L( ).   
Third, to demonstrate that within each period LEVs are non-decreasing, we need to 

show that for arbitrary time  with in a given period that L( ) increases as  increases during 

the period, that is, .   Define L( , ) as a land value at time  + , where  is arbitrarily 
small and positive, that is,  +  > .     Let  L( , ) be the land value at time a +  in which the 
optimal harvesting decisions made in L( ) are also made.  That is, if harvest of the current 
rotation occurs at time  + x for L( ), the harvest of the current rotation occurs at time  + x + 
 for L( , ).  

 From (7) define L( ) and L( , ): 

    (B.2) 
 

    
 

where  is the globally optimal harvest age and L( ) is the LEV for time .10  In general 
with the exception of period N,  is neither a locally nor globally optimal harvest age, 
and L( , ) is not an LEV, that is, L( , )   L( + ). 
 We first compare L( ) and L( , ), when ki = N: 

    (B.3) 
 

    
 

With a stationary volume function and a constant stumpage price 
 since by definition the harvest ages are equal.  Subtracting L( ) from L( , ) 

provides: 

(B.4) 

9 As discussed in the non-optimal neighborhood section of the paper,  will never be a global 
optimum at time . However,  may be a global optimal. 
10 In general  can be chosen small enough so that the both  and +  are in the same period and 
both x+  and x+ +  are in the same period.  However, the result is valid even if  is in the period 
before +   or x+  is in the period before x+ + .
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Which after factoring out for the common part of the discount factor (B.4) becomes: 

             (B.5) 
 

The first and third bracketed terms of (B.5) are positive, so the sign of (B.5) is determined by 
the second bracketed term.  Since , the second bracketed term is also positive, 
which implies that when ki = N from L( , ) > L( ).  That is, a possibly suboptimal land value 
at time  +  is larger than the LEV or optimal land value at time .  This implies for rotations 
harvested during period N but regenerated before period N, that is those rotations regenerated 

in the interval ( N, tN),  
Fourth, the backwards recursive process of (B.2) through (B.5) is repeated 

successively beginning with the interval (tj, N) such that tj < N < tj+1 until the initial time is 
reached.  Note that for the interval for times less than N, , 
which slightly strengthens the result.   After completion of the recursive process, we have 
demonstrated that  for the entire planning horizon, that is, 
from time 0 to . 
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Abstract 
It has been shown, for a generalised, unthinned commercial crop, that the UK’s schedule of 
declining discount rates leads to an optimal sequence of rotations in which later rotations are 
longer than earlier ones. This contrasts with the classic Faustmann sequence of unchanging 
rotations. France and Norway have also adopted schedules of declining discount rates, while 
Germany retains a uniform discount rate. Using typical real-world data for Norway spruce 
crops, of widely-ranging productivities in four countries, the following have been found. Under 
the French discount schedule, which declines from 4% to 2% after 30 years, the optimal 
sequence of rotations is in all cases identical to that determined under a uniform 2% discount 
rate. Under the Norwegian schedule, which reaches 2% only after 75 years, the first rotation 
is shorter than all subsequent ones for high productivity crops, but for low productivity crops 
all rotations may be equal. The uniform German discount, acting as a baseline, produces the 
expected constant rotation, shorter than under any of the other schedules. The UK schedule, 
which declines in small steps until 300 years, causes lengthening of succeeding rotations for 
all productivities, length stabilising only after 300 years. As should be expected, the later 
rotations for crops of given productivity are the same, when the final discount rate is the same 
for two schedules: earlier discount rates have no influence on rotation length. The irregularity 
of cash flow schedules caused some problems with the recursive optimisation algorithm, which 
need to be addressed by a revised protocol. 

Introduction 
The Faustmann rotation  the one which maximises the NPV of a perpetual series of rotations 

 has been a strong focus in forest economics. There is explicitly or implicitly considered to 
be a unique rotation, repeated endlessly, in unchanging conditions, and the one unvarying 
discount rate is a strong determinant of rotation length (higher means shorter). Newman 
(2002) can be referred to for a detailed survey. 
       By contrast, there has been a trend to considering that discount rates applied in project 
appraisal should decline through time. The arguments are: 
 human beings, for psychological reasons, employ lower discount rates for longer periods; 
 combining discounting protocols (for different consumer groups, different products, different 

scenarios for world futures or rates of return on investment) produces overall discount 
factors which imply declining discount rates; 

 political factors favour giving emphasis to long-term sustainability, while requiring only 
moderate sacrifice from the present generation. 

These arguments are laid out in detail in Price (2004, 2005, 2011). 
        
Governments are beginning to find these arguments persuasive. In 2003 the UK government 
adopted a protocol in which discount rates dropped stepwise from 3.5% initially, to 1% after 
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300 years (UK Treasury, undated). France (Lebègue et al., 2005), Denmark 
(Finansministeriet, 2013) and Norway (Det Kongelige Finansdepartment, 2014) have followed, 
with rates starting at 4% and dropping to 2% by different paths. The Netherlands and Sweden 
are considering adopting similar protocols. Germany, for the time being, has remained with a 
uniform 4% rate. 
 
The effect of the UK’s declining discount rate on the optimal sequence of rotations has been 
demonstrated by Price (2011), using an illustrative profile of final revenue. The purpose of this 
paper is to make comparisons of the discounting protocols of the UK, France, Norway and 
Germany, using empirical data for the four countries. It is a work in progress: as will be 
revealed, there have been problems with the previously used solution algorithm when it is 
applied to yield models which include thinning, crop formation costs or other irregularities of 
cash flow. It is intended that further results will be presented when the algorithm has been 
revised so as to give more flexibility, with the possibility that data and discounting protocols 
from further European nations will be included. 
 
Data 
Norway spruce (Picea abies (L) was adopted as the common species for all countries, but a 
wide range of productivity classes was used, with the expectation that this would result in 
variety of rotation length between countries. The model requires cash flows tabulated by year. 
Because of the problems with the optimisation algorithm, thinning revenues were aggregated 
with those of final felling, to produce some illustrative results. General management costs are 
not needed, as these are common to all rotations. 
       The authors each supplied data for their own country. For the UK, the yield table used 
was for a productivity of 16 m3/ha/year. It gives volume yields for felling in any year. The model 
was supplied by the UK Forestry Commission. The revenues were calculated from reports of 
standing timber sales (net of harvesting costs). 
       For France an intermediate fertility class was assumed. Prices came from two different 
sources: for small trees (diameter <20 cm) the mean price for 2002-2013 was computed from 
ONF data (French Forest National Service). As ONF does not provide a range of prices for 
different diameter classes above 25 cm, data from private forests were used, all being net of 
harvest costs. 
       For Norway, yield models were based on Blingsmo (1984), Tveite (1967, 1976, 1977) and 
Vestjordet (1967). Prices were differentiated between large and small diameter material. 
       German data were derived from Schober (1995) and Sachsen Ministry of Environment 
and Agriculture (2000). 
       The necessary inputs to the model were in tables by year, of intermittent thinning 
revenues, and the revenue that would be achieved if the crop was clear felled at that age. To 
allow a year-on-year optimisation, cash flow data were interpolated between actual data 
points, except for the UK, where year-on-year figures already existed. 
       The discount rate schedules are as in table 1 below. For Germany, a uniform 4% discount 
rate is used. 
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Table 1: Discount schedules used 

 
 
The processing model 
The data were read into an Excel spreadsheet, in which a backwards recursive process (also 
described in Price (2011)): 

 sets a series of rotations up to 1000 years, with an initial length of 200 years; 
 shortens the last rotation successively until NPV no longer rises; 
 shortens successively earlier rotations until NPV no longer rises; 
 iterates from the last rotation, additional rotations being inserted to fill up the 1000 

years; 
 continues until no further increase in NPV arises. 

Typically, the result stabilises within fewer than 100 iterations, if the only cash flows are those 
from final felling. 
       The original model passed tests of reasonableness and stability of solutions to variation 
in starting conditions. The model used here is adapted to read in tabular input from all the 
sources, and to use any of the contributing discounting protocols.  
Results 
UK cash flows: crop productivity 16 m3/ha/year 
First, results using the UK’s discount schedule are presented. The results have a sensible 
interpretation: the rotation lengthens as zones of lower discount rate are entered; except that 
it remains the same in 2% and 2.5% zones; after 300 years the discount rate is the same, as 
are the rotations. 

Figure 1: UK cash flows and discount rates 
 

Period (years from 
present)

UK France Norway

0-30 3.5% 4% 4%
30-40 3% 2% 4%
40-75 3% 2% 3%

75-120 2.5% 2% 2%
120-200 2% 2% 2%
200-300 1.5% 2% 2%
300- 1% 2% 2%
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Applying Norway’s schedule the same basic result is found, with rotation stabilising after the 
last fall in discount rate after 75 years. 

Figure 2: UK cash flows, Norwegian discount 

For the French schedule, the rate has already stabilised by year 30, so there is no change in 
rotation. 

Figure 3: UK cash flow, French discount 

For the uniform German schedule, the result is the expected constant rotation, of 46 years – 
in fact the Faustmann rotation. The same result was found by applying the standard land 
expectation value formulation. 
French cash flows: crop productivity 12 m3/ha/year 
As expected, the uniform French discount rate after 30 years means that all rotations are the 
same. The crop productivity is lower than the UK example, but cash flows have a similar 
profile, which accounts for the similarity of rotation. 

Figure 4: French cash flow and discount 
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For Norway’s discount schedule the rotation is the same, once the discount rate has become 
the same as France’s, after 75 years. 

Figure 5: French cash flow, Norwegian discount 

The uniform German discount rate again brings a uniform rotation, this time of 49 years. 
       Slightly surprising is the result of applying the UK’s discount schedule. With the lowest of 
the rates considered, the uniform length after 300 years, longer than for the other schedules, 
is as expected. But there is an unexpected dip for the rotation ending before 300 years. A 
possible cause is the increased opportunity cost of subsequent rotations. 

Figure 6: French cash flow, UK discount 

Norwegian cash flows, productivity 3.5 m3/ha/year 
A further surprise occurs with application of UK discount schedules to the data for Norway. 
The rotation is a very short 50 years for a low productivity crop, and there is no variation of 
rotation length as the discount rate drops. 

Figure 7: Norwegian cash flow, UK discount 
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This seems to result from the starting conditions: with the initial conditions set to a 60-year 
rotation, the following result was obtained.  

Figure 8: As figure 6 but 60-year initial rotations 

But in fact for the uniform 1% value of discount rate used in the later period of the UK’s 
protocol, the optimal rotation is 125 years. This dependence of rotation on starting conditions 
is a result not previously found. Some part of the explanation appears to be the existence of 
local maxima in the revenue curve, as shown below: 

Figure 9: Norwegian revenues 

When smoothed data are used, the result for the UK’s discount schedule is:  

Figure 10: Smoothed Norwegian cash flow, UK discount 
 
That for Norway’s schedule is: 
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Figure 11: Smoothed Norwegian cash flow, Norwegian discount 
that for France’s rates is: 

Figure 12: Smoothed Norwegian cash flow, French discount 
And for the uniform German 4%: 

Figure 13: Smoothed Norwegian cash flow, German discount 

The comments on previous cases apply. 
German cash flows, productivity 7.5 m3/ha/year 
With the German 4% rate, there is the expected uniform rotation. 
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Figure 14: German cash flow and discount 
 
The UK’s discount schedule, however, produces short, chaotic rotation lengths as the discount 
rate drops below 2% (the lowest rate used by other countries): the cause of this has yet to be 
identified. The UK’s schedule was therefore constrained to a minimum 2%, and the expected 
result was found. 

Figure 15: German cash flow, modified UK discount 
 
The same end-rotation of 97 years arises with France’s and Norway’s discount schedules, as 
all three protocols now share a 2% final discount rate.  
 
Discussion 
In general the results are in conformity with expectations from the whole body of work on 
optimal rotations with a fixed discount rates, and are consistent with one another. 
 Rotations are longer where a low discount rate prevails at the rotation’s end. 
 Lower productivity crops have longer rotations, though this is modified according to prices 

contributing to the cash flow profile. Germany’s cash flows take off more slowly than the 
other countries’, and this is reflected in longer rotations. 

 Variation through time will produce varying rotation. 
       The paper is intended to show in clear focus the effects of the different protocols on 
realistic cash flow series from different countries, in contrast with Price (2011), which used 
smooth, illustrative data. 
       The solution algorithm did not accommodate intermediate revenues, and inclusion of 
costs appeared, for unidentified reasons, to destabilise it. The stepwise, decremental solution 
protocol follows the one that has often been presented in forest economics papers: the optimal 
rotation (schedule) is that in which the disadvantages of shortening the present rotation are 
balanced by the advantages of bringing forwards successor rotations. But when data sets do 
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not show smooth time profiles, it is possible that suboptima may be identified. Moreover, some 
wholly unexpected aberrations occurred with low discount rates. 
       To deal with these problems, a new solution algorithm is needed which identifies the 
highest value within each rotation, given the opportunity cost of successor rotations. This is 
work still in progress. It would be desirable to incorporate such values as carbon sequestration, 
but there are major problems in doing this, especially when changing discount rates change 
the social cost of carbon (Price, in press). 
 
Conclusions 
Although the variation displayed is theoretically interesting, succeeding rotations in practice 
don’t change very much, partly because it is only in the case of the UK’s schedule that discount 
rates change well beyond a single forest rotation. And, as argued in Price (2011), succeeding 
human generations may revise rotations according to the rates prevailing when the decision 
must be made whether or not to fell a crop. Then, the Faustmann rotation under the discount 
rate initially prevailing may be adopted in practice.  
       Recursive models of the kind described and deployed are less reliable than might be 
thought. This is because real-world data are irregular, and may derail optimisation procedures, 
allowing local optima to be found, then embedded in the iteration process. For the UK’s yield 
model, which gave figures for each year, and was based on smoothed curves, the results were 
accountable across all discount protocols. Although values were interpolated for other yield 
models, this tended to be done in a manner that produced cusps at each real data point. This 
was the reason for some of the unexpected results. Work progresses on a more robust 
protocol for optimisation. 
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Abstract 
This paper examines the potential and cost of promoting forest carbon sequestration through 
payments to land owners for increasing carbon storage in their forests. We use a forest sector 
model based on intertemporal optimization to estimate the relationship between carbon price 
(the rate of payment) and the increase in carbon stock in the forests during different time 
periods. The results show that the net change of forest carbon stock is positively related to 
carbon price. The payment induced annual net carbon sequestration rate is declining over 
time in all carbon price scenarios, however. The net carbon sequestration during 2015-2050 
can be increased by 30.2 to 218.3 million tonnes CO2, when carbon price increases from 170 
SEK to 1428 SEK per tonne of CO2. The associated cost, in terms of reduced total benefits of 
timber and other non-timber goods, ranges from 71.5 SEK to 95.8 SEK per tonne of CO2. 
Changes in carbon storage in the forests beyond 2050 are small, irrespective of the carbon 
price.  
 
Keywords: forest sequestration; carbon price; timber harvest; carbon supply curves. 
 
 
1. Introduction 
Over the past years, using forests to mitigate the accumulation of atmospheric CO2 has gained 
a growing interest in scientific and policy discussions. The world's forests cover 31% of global 
land area and store an estimated 296 giga tonnes (Gt) of carbon in their biomass alone (FAO, 
2015). Apart from being a huge carbon pool, forests also play a significant role in the global 
carbon cycle, since they act as both major contributors and sinks of atmospheric CO2. Even 
though deforestation in tropical regions continues at a substantial rate, forests worldwide still 
serve as net carbon sinks (Pan et al., 2011). IPCC (2007) also recognizes that if properly 
implemented forests could offer an effective way to mitigate climate change through 
sequestration of carbon. 
 
However, carbon sequestration by forests has the characteristics of a public good, and thus 
is likely to be under-produced due to the lack of economic incentives for forest managers to 
take into account the carbon sequestration benefits in their managerial decisions. Generally 
speaking, forest carbon sequestration can be increased by creating more forests, by reducing 
the conversion of forests to other land uses, by adopting growth enhancing silviculture 
practices, by reducing the loss of forest biomass caused by nature disasters, and so on. 
Whether or not, and to what extent forest carbon sequestration should be increased depend 
on the marginal cost of doing so.  
 
About 70 % of the land area of Sweden is covered by forests, extending to over 28 million 
hectares, of which 23.2 million hectares are considered productive forestland. Forest growth 
as well as the standing volume has been steadily increasing since the 1920s, when the first 
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national forest inventory was conducted. The current annual growth exceeds 120 million m3 
and the total standing volume amounts to over 3 billion m3 (Swedish Forest Agency, 2014). 
Forest growth in Sweden is expected to maintain the increasing trend in the foreseeable future 
(Rosvall, 2007; Swedish Forest Agency, 2008). Compared with the total emission of GHGs in 
Sweden, which is about 58 Gt CO2 equivalents (Eurostat, 2015), the physical potential to use 
forests in Sweden to sequester carbon is huge. However, timber production is an important 
objective of forest management in Sweden. To what extent forest owners are willing to use 
the physical potential of forest carbon sequestration for the purpose of climate change 
mitigation depends on the benefit and cost of providing this service.  
 
The purpose of this paper is to assess the potential and cost of stimulating forest carbon 
sequestration through a payment scheme. To this end, we will modify a timber market model 
by including monetary incentive to forest owners for increasing carbon sequestration and use 
the model to simulate future timber harvest and forest carbon storage, as well as the benefits 
of timber and non-timber goods (other than carbon sequestration), associated to different 
carbon prices (the rate of payment). This analysis covers most of the productive forestland of 
the country. The results provide us estimates of the potential and cost of increasing forest 
carbon sequestration through carbon payment to forest owners. The remainder of the paper 
begins with a review of related previous studies, followed by a brief description of the model 
we employed. The estimation results are presented and analyzed in section 4. The final 
section summarizes the main findings and discusses potential extensions of the study. 
 
2. Previous studies 
The cost of carbon sequestration has been the subject of numerous studies in the field of 
forest economics. Richards and Stokes (2004) present a comprehensive review of the earlier 
works on this topic. They synthesize the results of various studies and conclude that the cost 
can range from $10 to $150 per tonne of carbon to fix roughly 2 Gt carbon per year. The 
markedly varying costs are confirmed by Stavins and Richards (2005) and van Kooten et al. 
(2009). 
One factor contributing to this wide range of cost estimates is the different models applied, 
which can be grouped into three broad categories, namely, bottom-up models, econometric 
models, and sector optimization models. Analyses using bottom-up models (e.g., Parks and 
Hardie, 1995) concentrate on measuring the operational costs of and the amount of CO2 
sequestrated by different forestry projects. Effects on the prices of forest products as well as 
the potential externalities of the projects under examination usually are excluded in the 
analyses. Econometric models are widely used to identify the preferences of forest owners 
when confronted with alternative land uses. Forest product prices are determined 
endogenously and used to estimate the relative returns and to assess the probability of land 
use changes (e.g. Lubowski et al., 2006). By using empirical data, econometric approaches 
can (at least in theory) provide more reliable predictions of land use changes in response to 
different policy options. Forest sector optimization models (e.g., Sohngen and Mendelsohn, 
2007) attempt to optimize the management of forests under different circumstance and, 
therefore, are capable of taking into account the behavioral response to changes in a wide 
range of socioeconomic factors, such as population growth, income growth, or some 
unexpected shocks. The different types of models have been applied in different contexts. A 
brief comparison of these models can be found in Sohngen (2010). 
 



58

Another factor accounting for the varying costs is the type of measures used to increase forest 
carbon sequestration. Much effort has been placed on afforestation and avoided deforestation, 
partly because of the fact that only afforestation and reforestation qualify for carbon sink 
projects under the Kyoto Protocol (Smith, 2002). For instance, Sohngen and Sedjo (2006) 
simulate the forest and land use decisions in response to exogenously given carbon price 
paths at the global level, and find that most carbon sequestration would originate from 
afforestation and reduced deforestation in tropical and temperate regions. They also stress 
that a higher sequestration level can be achieved by implementing rising carbon price policies. 
Several subsequent studies (e.g., Kindermann et al., 2008; Rose and Sohngen, 2011) have 
provided similar results. 
 
In addition to the consideration of land-use change as a possible means of reducing CO2 
emissions, many studies focus on the role of changing forest management practices in 
enhancing carbon uptake. For countries with relatively stable land use patterns and large 
endowments of forests, this option seems more applicable. Changing rotation age and thinning 
scheme are two commonly studied methods for managing forests to store carbon. For 
instance, Hoover (2007) concludes that, by altering the stand structure, thinning could promote 
timber growth and strengthen the adaptive capacity to withstand disaster risks and 
subsequently favor carbon sequestration. Liski et al. (2001) find that longer rotations could 
favor carbon sequestration at the cost of delayed timber revenues. The primary focus of these 
studies is how forest management practices should be changed in order to increasing carbon 
sequestration (to the optimal level). As such, they generally do not provide estimates of the 
cost of carbon sequestration. There are exceptions, however. One example is Im et al. (2007). 
They develop a theoretical model to examine forest owners' response to the carbon tax and 
demonstrate how forest owners will adjust harvest under a range of fixed carbon tax levels. 
Their results show that the introduction of a carbon tax leads to reduced harvest and enhanced 
carbon stocks, and the marginal cost of sequestering carbon in Oregon private forests is 
comparable with that of afforestation projects in some parts of the United States.  
 
Several studies show that increasing forest sequestration can be a cost-effective option to limit 
CO2 emissions within the EU (see, e.g., Gren et al., 2012; Münnich Vass, 2015). These studies 
optimize forest carbon sequestration from a social planer’s perspective, assuming that forests 
shall be used to minimize the total cost to reach a given emission target. Few have estimated 
the potential and the cost of increasing forest carbon sequestration when forest management 
decisions lie in the hands of landowners. Backéus et al. (2005) present a linear programming 
model for determining the optimal balance between timber production and carbon 
sequestration when forest owners get paid for carbon sequestration and pay for CO2 emission 
resulted from timber harvest. Results from a case study, which covers 3.2 million ha forests in 
northern Sweden, show that the average annual rate of sequestration (over a period of 100 
years) is 1.48 million tonnes of carbon and the net present value (NPV) of timber production 
is over 40 billion SEK when carbon price is zero. When carbon price approaches 1000 
SEK/tonne C (273 SEK/tonne CO2), timber harvest in the region reduces to zero, the NPV of 
timber production diminishes, and the average annual sequestration rate increases to the 
maximum level of 2.05 million tonnes. In the model of Backéus et al. (2005) timber prices are 
exogenous. In large-scale analyses, reduction in timber harvest could result in significant 
increases in timber prices, which presumably would affect the effects of carbon payment/tax. 
 
3. Method 
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3.1 The model 
Forest sector optimization models have a comparative advantage in describing the dynamic 
changes of the forests and their management. The economic model employed in this study 
belongs to this category. It is an extension of the Swedish Timber Market Model (STIMM) 
presented in Gong and Löfgren (2003) and Gong et al. (2013). STIMM is an intertemporal 
partial equilibrium model, which optimizes the timber supply function by maximizing the total 
surplus subject to forest growth and market clearing constraints. A distinctive feature of STIMM 
is that the timber supply function coefficients are dependent on the “policy context”, implying 
that a policy change could lead to changes in the coefficients of the supply functions. In other 
words, the elasticities of timber supply are endogenous, and a policy change could affect the 
behavior of forest owners indirectly through its impacts on the supply function (Gong et al., 
2013). 
 
The model consists of two submodels, a timber-market (TM) submodel and a forest-dynamics 
(FD) submodel. The TM submodel's primary function is to calculate the equilibrium prices and 
quantities of each timber assortment based on the demand and supply functions. The FD 
submodel describes the dynamics of the forests with respect to age-class distributions and 
total standing volume. Forests dynamics originate from natural growth governed by age-based 
growth functions and the annual timber harvest determined by the TM submodel. Briefly, 
application of the STIMM involves two steps. First, the model is solved to find the optimal 
values of the timber supply function coefficients. After the coefficients of the supply curves 
have been optimized, the model is run to simulate the annual harvests and prices of timber, 
the evolvement of the forests over time, and to calculate the management costs and benefits 
related to timber harvest or the states of the forests. For the purpose of policy assessment, 
these two steps are repeated for a benchmark scenario and for each policy option. Effects of 
different policy options are estimated by comparing the results associated with different 
scenarios. 
 
In the present analysis, we consider one composite timber assortment. Timber demand 
function in each year t is exogenously given, and has the following form:  

  (1) 
Where and  are coefficients. To mimic future price fluctuations, both coefficients are 
treated as normally distributed random parameters.  
 
The aggregate supply of timber in each year t is modelled as a function timber price, , and 
the standing volume of mature forests (stands which have reached the lowest allowable 
harvest age), : 

  (2) 
Where  is a shift parameter;  and are the inventory and the price elasticities of supply, 
respectively. The three parameters of the supply function (2) are treated as decision variables 
in STIMM, and their values are optimized by solving the model. 
 
Timber harvest consists of final harvest and thinning removals. Final harvest is carried out by 
cutting the oldest age class first and proceeding to harvest younger age classes until a desired 
harvest level is achieved. Thinning removal is determined based on the age-class distribution 
of the forests and some predetermined thinning programs (i.e. ages and intensities of 
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thinning). The age class distribution is updated by moving each post-harvest age class to the 
next higher age class. All sites harvested in each year are regenerated in the same year and 
move to the 1-year-old age class in the next year. The costs associated with these three 
activities together constitute the total management cost, of which harvest cost and thinning 
cost depend on the harvested volume/thinning area and regeneration cost depends on the 
total area of final harvest. The net present value (NPV) of the total surplus of timber production 
is formulated as:   

  (3) 

Where is the inverse demand function and  is the aggregate timber harvest in year 
t. is determined by the market clearing condition, and thus depends on the supply function 
coefficients.  is the age-class distribution of the forests at the beginning of year t.  
is the sum of harvest and regeneration costs. r is the discount rate.  represents the 
value of forests at the end of the simulation period, T. To calculate , we assume that, 
starting from year T, forest owners will convert the forests to a steady state with a uniform age-
class distribution in the most rapid approach and maintain this state to infinity.  
 
We consider a market based policy in the form of a yearly payment/fee for 
increasing/decreasing carbon stock in the forests, and assume that the size of the 
payment/charge is proportional to the net change of the carbon stock. In each year, a forest 
owner will receive a sequestration payment if the carbon stock in his or her forest increases, 
and pay an emission fee if the carbon stock decreases compared with the previous year. The 
present value of forest owners’ net income from carbon payment/fee is: 

  (4) 
where  is carbon price (the rate of payment) and  is the total standing stock of all forests 
at time t.  is the biomass expansion and conversion parameter (BECF), which is an estimation 
of the amount (tonne) of CO2 uptake when the standing volume increases by 1 m3. Changes 
in soil carbon are excluded in this study due to lack of empirical models to estimate the effect 
of forest management activities on soil carbon (Johnson and Curtis, 2001; Nilsen and Strand, 
2008). 
 
Besides carbon sequestration benefits, the value of other non-timber benefits is estimated 
using the following function: 

  (6) 

Where is the per ha value of non-timber services of age-class k (Gong and 

Guo, 2016), and is the area of age-class k in year t. 
 
All consumers and forest owners are assumed to act as price takers and will react in an 
economically rational way to price signals in a perfectly competitive market. We also assume 
that carbon payment incentives apply to all forest owners. Given these assumptions, the 
supply function can be optimized by maximizing the sum of timber production benefits 
(producer and consumer surplus) and carbon and other non-timber benefits. The 
mathematical form of the optimization problem: 

 (7) 

  
         Aggregate supply of timber for each year t 
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                  Inverse timber demand function 
                      Standing volume of mature forests 

                            A market clearing condition 
              Growth function of the forest 

                             Initial forest condition is given 
It should be noted that a change in the supply function coefficients  would change 
the total harvest volume in different years, thereby affects the age-class distribution of the 
forests and hence the present values of carbon payments and other non-timber benefits. By 
maximizing the objective function Z with respect to , we can derive the market supply 
function and subsequently simulate the equilibrium timber quantity, price and annual standing 
stock combining. 
 
3.2 Data  
The analysis is conducted at the national level and by using the data from the Swedish national 
forest inventory. The total productive forest area in this study is tailored from 23.2 to 19.5 
million hectares by excluding forestlands in national parks and nature reserves as well as 
forests older than 120 years. Based on the average mean annual increment of 5.3 m3/ha/year, 
forestland included in the analysis is divided into two types: low quality and high quality (Figure 
1). The initial forest inventory is estimated to be 2120.29 million m3. The lowest allowable 
harvest age in our model is set at 60 years, with a maximum stand age of 120 years above 
which trees are assumed to stop growing.  
 

 

Figure 1. Initial age-class distribution of the forests covered in the analysis, grouped by high and low 
productivity sites (Data source: Swedish Forest Agency, 2014).  
 
The mean value of 2 in the demand function is adopted from previous research (Brännlund 
et al., 1985). The mean value of 1 is determined based on the annual average price and 
harvest level during the past five years and the mean value of 2. The parameters are assumed 
to follow a normal distribution with a standard deviation of 5 % of the mean value (Table 1). 
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Table 1 Means and standard deviations of the demand function parameters 
Coefficient Mean Standard deviation

1 574150 28707.5 
2 -1.67 0.0835 

Regeneration cost in the low and high-productivity land is 7000 SEK/ha and 9000 SEK/ha, 
respectively. The harvesting cost is 160 SEK/m3 for thinning and 90 SEK/m3 for final felling. 
These data are extracted from the Swedish Statistical Yearbook of Forestry (Swedish Forestry 
Agency, 2014). We assume that thinning shall be conducted each year in 5% of the forests in 
age-classes 40-60. The thinning remove is 40 m3/ha for forests on low productivity sites and 
80 m3/ha for high-productivity land. According to the estimates by Petersson et al. (2012), the 
BECF for increment of standing volume in Sweden in different periods during 1990-2005 
varies between 0.85 and 1.22 tonnes CO2 per m3. The variation is likely due to a combination 
of sampling errors and real changes in BECF over time. In this paper, we set  equal to 1 
tonne CO2/m3. The discount rate used in the analysis is 3%.  
 
The model is implemented in Matlab and solved using the LGO global search solver in 
TOMLAB (Pintér et al., 2006). Optimization is conducted by using 100 scenarios of randomly 
generated demand functions. Once the supply function has been determined, another 1000 
demand scenarios are generated to run the simulation. All the results are calculated as an 
average over 1000 stochastic simulations. The simulation period is 100 years and we only 
focus on the results over the first four decades, which are most relevant from policy point of 
view. 
 
3.3 Carbon price 
IPCC (2006) suggests that an effective carbon price signal within the range of $20-80 per 
tonne of CO2 could bring sufficient economic incentives for producers to adopt many mitigation 
measures. We tested six different levels of carbon price to assess the potential impacts of 
providing economic incentives for forest carbon sequestration. The baseline scenario (with 
zero carbon price) serves as a benchmark against which each hypothetical scenario is 
compared. In scenario 5 carbon price is set at a quite high level of 1428 SEK per tonne of CO2 
in accordance with the carbon tax in Sweden. Carbon price in each scenario remains constant 
over time. The hypothetical scenarios examined in this paper are presented in Table 2. 
 
Table 2 Carbon price in different scenarios 

Label Carbon price 
(SEK/tonne CO2) 

Description 

SC0 0 Serve as a benchmark 

SC1 170 SEK ($20) 
A wide range of CO2 prices to examine the 
interaction between forest sequestration and carbon 
price 

SC2 340 SEK ($40) 

SC3 510 SEK ($60) 

SC4 680 SEK ($80) 

SC5 1428 SEK ($168) Carbon tax in Sweden 

 
4. Results 
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In our model, carbon payment alters forest owners’ harvest decisions, thereby changes net 
carbon sequestration as well as the magnitudes of other benefits and management costs. We 
start by examining the effects of carbon payment on the harvest level. Figure 2 shows that the 
harvest level decreases as the carbon price increases. However, the decline resulting from a 
marginal increase in carbon price is small when carbon price is low as well as when it is very 
high. When facing a low carbon price of 170 SEK/tonne CO2 (SC1), forest owners are reluctant 
to reduce the harvest level. As the carbon price doubled (SC2), the decline in harvest becomes 
noticeable. An increase of the carbon price from 340 (SC2) to 510 SEK/tonne CO2 (SC3) 
would lead to a further decrease in harvest in 2015 (the time when the hypothetical carbon 
payment is introduced) by 2.4 million m3. The additional decrease in harvest is only 0.8 million 
m3 when carbon price increases from 510 (SC3) to 680 SEK/tonne CO2 (SC4). The effect of 
increasing carbon price from 680 SEK/tonne CO2 on the harvest level is small relative to the 
increase of carbon price.   
 
Figure 2 also shows that the differences in harvest levels between different scenarios 
decreases over time, implying that the effect of carbon payment on the harvest level decreases 
with time. Leaving more trees unharvested in one year will result in a higher total standing 
volume in the next year, which in turn will cause the supply to increase. As time goes, the 
inventory effect accumulates, and will offset an increasing part of the negative effect of carbon 
payment on timber harvest. By 2050, the difference among different scenarios with respect to 
total harvest volume is less than 2.0 million m3, or 1.41% of the baseline level (SC0). Our 
result suggests that timber harvest level is far less sensitive to carbon price than previous 
analyses based on exogenous timber prices have indicated (see, e.g., Backéus et al., 2005). 
At the highest carbon price (1428 SEK/tonne CO2), the first year’s harvest is about 8.11 % 
lower than when carbon price is zero. 
 

 

Figure 2. Projected annual timber harvest in different scenarios. 
 
 

76

80

84

88

92

96

2015 2025 2035 2045 2055 2065 2075 2085 2095 2105 2115

Ti
m

be
r s

up
pl

y 
(m

ill
io

n 
m

3 )

SC0 SC1 SC2

SC3 SC4 SC5



64

 

Figure 3. Projected time paths of timber price in different scenarios. 

Timber price, on the other hand, is pushed up by the reduced timber supply (Figure 3). The 
price is 340-396 SEK/m3 in 2015 and gradually decreases to 330-345 SEK/m3 by 2050. Given 
that we have a fairly stable downward sloping demand curve, carbon price affects the harvest 
level and timber price just in the opposite direction. 
 
Figure 4 presents the cumulative net carbon sequestration with different carbon prices. The 
difference between the baseline and each of the other curves tells the cumulative increase in 
net carbon sequestration induced by carbon payment with different carbon prices. Recall that 
net sequestration in each year is proportional to the current annual increment in the total 
standing volume. Thus, the cumulative net carbon sequestration in each year t > 2015 is 
proportional to the difference in the total standing volume between year t and 2015. In the 
baseline scenario (SC0), the total standing volume is decreasing before 2020. Thereafter, it 
increases steadily and will reach the initial level shortly after 2030. Accordingly, the net 
sequestration is negative before 2025 and will be positive thereafter. The accumulative net 
sequestration by 2050 is 153 million tonnes CO2. It will come down to 163 million tonnes CO2 
by 2115 after it peaks to 330 million tonnes by 2070. 
 
The gap in the accumulative net sequestration between each scenario with a positive carbon 
price and the baseline scenario is widening with time in the initial phase of the simulation, but 
the rate of increase in the gap decreases with time (Figure 4). It means that an introduction of 
carbon payment would initially increase the annual net sequestration, but the effect is 
decreasing as time goes. Given enough time, the net annual sequestration will approach zero 
and the carbon stock in the forests will stabilize, though a higher carbon price will result in a 
larger steady-state carbon stock.  
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 Figure 4. Accumulative net CO2 sequestration with different carbon prices.   
 
Figure 5 presents a set of carbon “supply curves”, which more clearly show the effect of carbon 
price on net carbon sequestration during different time periods. The vertical axis is the price 
paid per tonne of CO2 sequestered and the horizontal axis is the increase (as compared with 
baseline scenario) in the net amount of carbon sequestered by 2020, 2030, 2040, and 2050, 
respectively. For example, the leftmost curve shows that a carbon payment of 340 SEK per 
tonne of CO2 would increase the net carbon sequestration during 2015-2020 by 8.7 million 
tonnes CO2. The increase in net carbon sequestration during this period would be 20.5 or 25 
million tonnes when CO2 price is 510 SEK or 680 SEK per tonne of CO2. For each time period, 
the slope of the supply curve is large when carbon price is low. The slope decreases sharply 
when carbon price passes 340 SEK, but increases quickly when price is above 510 SEK per 
tonne of CO2. This implies that the marginal effect of increasing carbon price on net 
sequestration is decreasing when carbon price exceeds 510 SEK per tonne of CO2.  
 

 

Figure 5. Forest carbon supply curves for different time periods during 2015–2050. 
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With a carbon price of 680 SEK per tonne of CO2, the average annual net sequestration during 
the periods from 2015 to 2020, 2030 2040, and 2050 will be increased by 5.00, 4.89, 4.66, 
and 4.22 million tonnes of CO2, respectively. The payment induced increase in net annual 
forest sequestration corresponds to 7-8% of Sweden's current annual carbon emissions.  
 
The increase in carbon sequestration is achieved by reducing harvest level, which cause the 
other benefits and costs of forest management to change. Figure 6 shows the trade-off 
between the NPV of total surplus (the sum of consumer and producer surplus of timber harvest 
and the other non-timber benefits) and the accumulative net carbon sequestration during 
2015-2050. The trade-off curve suggests that the marginal cost of increasing net sequestration 
during 2105-2050 first increases and then decrease as the accumulative sequestration 
increases.  
 

  

Figure 6. Trade-off between the NPV of total surplus and the accumulative net carbon sequestration 
during 2015-2050 when carbon price varies from 0 SEK to 1428 SEK /tonne CO2.  
 
Table 3 and Table 4 describe in more detail the effect of increasing carbon sequestration 
(through higher carbon price) on the NPV of the total surplus. Consumer surplus and producer 
surplus of timber harvest move in the opposite direction after the introduction of the carbon 
payments. Note that the producer surplus refers to forest owners’ profits from timber 
production (the NPV of timber revenues net of the NPV of management costs), where the 
income from carbon payment is excluded. It may appear strange that carbon payment would 
increase forest owners’ profits from timber production, as it causes the harvest level to 
decrease. The result is fully consistent with economic theory, however. Our model simulates 
the outcome of a competitive timber market. Economic theory tells us that market power on 
producer’s side would lead to lower output, higher price, and higher profit (Varian, 2014).  
Carbon payment affects the harvest level and the profits of timber production in a similar way 
as market power. The payment leads to a small decrease in aggregate harvest level, but 
causes a sufficiently large increase in timber price so that the profit becomes larger.  Similar 
results have been reported in Lecocq et al. (2011) and Caurla et al. (2013). The non-timber 
benefits increase with carbon price as well.  In our model, the non-timber benefits are positively 
related to the age of the standing stock. A high carbon price causes a larger reduction in 
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harvest level, which means that the area of older forest stands increases and so does the non-
timber benefits.  
 
Lower harvest level and higher timber price would cause the surplus of “timber consumers” to 
decrease. Table 3 and Table 4 show that the loss in consumer surplus is greater than the gain 
in producer surplus and non-timber benefits and, therefore, the NPV of the total surplus 
decreases when carbon price increases. In terms of the reduction in total surplus, the cost of 
increasing net sequestration through the payment scheme with a carbon price of 510-1428 
SEK/tonne CO2 is 127.9-148.0 SEK/tonne CO2 for the period 2015-2030 and 71.5-88.6 
SEK/tonne CO2 for 2015-2050. 
 
Table 3. Effects of carbon price on the NPVs of consumer surplus, producer surplus, and non-timber 
benefits, and on the accumulative carbon sequestration during 2015–2030.  

CO2 price Consumer 
surplus 

Producer 
surplus 

Non-timber 
benefits 

Total 
surplus 

CO2 

sequestration 
Social cost of 
sequestration 

SEK/tonne Billion SEK million tonne SEK/tonne 
0 675.0 246.2 88.3 1009.5 5.6  
170 668.6 250.2 88.5 1007.3 19.7 157.2 
340 664.0 253.4 88.7 1006.1 31.9 130.5 
510 649.5 263.1 89.2 1001.8 65.9 127.9 
680 642.0 267.2 89.4 988.7 79.0 148.0 
1428 631.3 274.6 89.9 995.8 107.7 134.4 

 
Table 4. Effects of carbon price on the NPVs of consumer surplus, producer surplus, and non-timber 
benefits, and on the accumulative carbon sequestration during 2015–2050. 

CO2 price Consumer 
surplus 

Producer 
surplus 

Non-timber 
benefits 

Total 
surplus 

CO2 

sequestration 
Social cost of 
sequestration 

SEK/tonne Billion SEK million tonne SEK/tonne 
0 1169.7 425.8 156.8 1752.3 153.8  
170 1159.8 432.1 157.6 1749.5 184.0 95.8 
340 1153.0 436.9 158.2 1748.1 210.0 73.7 
510 1132.6 450.8 160.0 1743.4 276.9 71.5 
680 1121.7 456.8 160.7 1739.2 301.4 88.6 
1428 1105.9 468.2 162.1 1736.2 372.0 74.0 

 
5. Summary and discussion 
This paper examines the potential and cost of increasing forest carbon sequestration in 
Sweden by providing forest owners a yearly carbon payment in proportion to the net increase 
in the carbon stock in their forests. The analysis covers about 90% of the forestland which can 
be managed for timber production in Sweden. Caron prices (the rate of payment) examined 
range from 170 to 1428 SEK per tonne of CO2. For each carbon price, we used a forest sector 
model STIMM to determine the optimal timber supply function and then use the obtained 
supply function to simulate the market equilibrium harvest level and timber price as well as the 
net change in forest carbon stock during 2015-2115. In the simulations, we also calculated the 
consumer surplus, forest owners’ profits from timber production, and the other non-timber 
benefits in addition to carbon sequestration. Simulation results for different carbon prices are 
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compared with the baseline scenario (when carbon price is zero) to assess the effects of 
carbon payment. The main results of the analysis are summarized as follows. 
1. In the baseline scenario, the net annual sequestration is negative during the first decade 

and is positive after 2025. It reaches the high level (about 265 million tonnes CO2) in 2070, 
and declines thereafter.  

2. Carbon payment reduces timber harvest and increases net sequestration. The effect is 
negligible when carbon price is below 340 SEK per tonne of CO2. A higher carbon price 
leads to a larger increase in net sequestration. However, the marginal effect of increasing 
carbon price is small when price is above 680 SEK per tonne of CO2. For all the tested 
carbon prices, the effect on carbon sequestration decreases with time. 

3. With a carbon price of 1428 SEK per tonne of CO2, the payment scheme can increase the 
average annual net sequestration during 2015-2030 by 5 Mt CO2. The increase in the 
average annual net sequestration during 2015-2050 is 4.2 Mt CO2. 

4. Implementing the carbon payment scheme would reduce the surplus of “timber 
consumers”, but increase the profits of timber harvest and the non-timber benefits other 
than carbon sequestration. In terms of the reduction in total surplus, the cost of increasing 
net sequestration through the payment scheme with a carbon price of 510-1428 
SEK/tonne CO2 is 127.9-148.0 SEK/tonne CO2 for the period 2015-2030 and 71.5-88.6 
SEK/tonne CO2 for 2015-2050.  

 
These results suggest that paying forest owners for increasing forest carbon sequestration is, 
from a social economic point of view, a cost-effective option to increase Sweden’s contribution 
to climate change mitigation. However, implementing such a policy would require transactions 
of large amounts of public funds to forest owners. The payment per tonne of increased CO2 
sequestration could be much higher than the carbon price, because the payment results in 
only part of the net sequestration forest owners are paid for. If carbon price is 680 SEK/tonne 
CO2, for example, the average annual net sequestration during 2025-2030 increases from 4.0 
to 7.64 million tonnes, which means a total payment of (680×7.64=) 5.2 billion SEK per year, 
corresponding to a price of 1424 SEK per tonne of increased CO2 sequestration.  
 
This paper focuses on the effect of a payment scheme on forest carbon sequestration and 
other benefits of forest management. The impacts of timber harvest on CO2 emission are 
ignored in the analysis. Although timber harvest reduces the carbon stock in forests, it does 
not increase the total emission by an equivalent amount. A considerable share of the carbon 
removed from forests will be stored in wood products. Production of wood products also 
reduces the demand for energy-intensive materials such as concrete and steel. Use of forest 
biomass in energy production would reduce the emission from fossil fuels. The analysis should 
be extended to include the carbon stock in wood products and the substitution effects in order 
to assess the full potential of using forests to mitigate climate.  
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6. How harmful is burning logging residues? Adding economics to 
the emission factors for Nordic tree species 
Rautiainen, A.1, Lintunen, J.1, Uusivuori, J.1  
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Abstract 
Replacing fossil fuels by logging residue based bioenergy has been proposed as a way to 
mitigate climate change. If residues are combusted for energy, their carbon content is released 
immediately. Residues, that are not combusted, decompose and emit carbon gradually. The 
relative harmfulness of bioenergy emissions therefore depends on how strongly we prefer the 
slow release of carbon to an immediate one. Two factors affect this judgment: (1) our time 
preference and (2) our expectations regarding the relative harmfulness of future carbon 
emissions. Neither aspect is included in established biomass emission factors. The Effective 
Emission Factor (EEF), outlined in this study, includes both aspects in a transparent and 
tractable way. We demonstrate the concept by deriving the EEFs for the logging residues of 
three Nordic tree species: Norway spruce (Picea abies), Scots pine (Pinus sylvestris) and 
silver birch (Betula pendula). We also examine the sensitivity of the results to variation in time 
preference and damage expectations. The derived factors can be used to compare the 
harmfulness of carbon emissions from residue-based bioenergy and fossil fuel combustion 
and to organize bioenergy carbon taxation consistently with the regulation of fossil fuels. 

Keywords: Emission factor, logging residues, bioenergy, carbon, time preference, social cost 
of carbon, Picea abies, Pinus sylvestris, Betula pendula   
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Abstract 
We study economically optimal carbon storage in size-structured forest stands using a 
generalized model that allows the choice between clearcuts and continuous cover forestry to 
be made endogenously. The ecological model applied in the study is a transition matrix model 
with empirically estimated Scandinavian growth data for Norway spruce. The detailed 
economic setup includes empirically estimated variable harvesting cost functions, and fixed 
harvesting costs that necessitate the optimization of thinning intervals. In addition to carbon 
storage in the stand, we consider carbon both stored in and released from sawlog and 
pulpwood products. We show that carbon pricing postpones thinnings and increases stand 
density by targeting harvests to larger trees. Carbon pricing increases rotation age and may 
imply a regime shift from clearcuts to continuous cover forestry. At continuous cover steady 
states, the average size of the harvested trees increases with carbon price. Valuing carbon 
storage is shown to increase the sawlog ratio of timber yields. We show that considerable 
carbon storage is maintained not only in the stand but also in timber products. 

Keywords: Carbon storage, carbon subsidy, continuous cover forestry, optimal rotation, 
unevenaged forestry JEL classifications: Q23, Q54 
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8. Optimal forest rotation with an increasing price on carbon 
Ekholm, T.1 

 
1VTT Technical Research Centre of Finland, Espoo, Finland, tommi.ekholm@vtt.fi  
 
Abstract 
Increasing the carbon sinks of forests could provide a potent way for mitigating climate 
change. The pricing of forest carbon flows, e.g. by crediting a forest owner for the carbon 
absorbed due to forest growth and taxing for the carbon released back to the atmosphere, 
would create an economically efficient incentive for the optimal management of forest carbon 
stocks. Earlier e.g. van Kooten et al. (1995) have provided an analytical solution for the optimal 
forest rotation under forest carbon pricing; and Pohjola and Valsta (2007) have analysed 
numerically the optimal timing of thinnings and final fellings. The results have indicated that 
the pricing of forest carbon flows would result in longer rotations and increased carbon stocks.  
 
These past analyses have assumed a constant price for carbon. This assumption, however, 
is in conflict with economic analyses of optimal mitigation strategies. It has been show that 
e.g. a cost-efficient strategy to limit temperature increase to 2°C would imply nearly an 
exponential increase in carbon price for the rest of the century (Ekholm, 2014). 
 
This presentation (based on Ekholm, 2016), analyses the rotation age that maximizes the bare 
land value under an increasing carbon price. For simplicity, a number of factors, e.g. thinnings, 
forest damages, uncertainties and changes in timber price are left outside the scope of this 
analysis. As the carbon price increases over time, the problem setting is not stationary and 
the optimal rotation age changes over time. First-order optimality conditions can be, however, 
presented in open form for this problem setting, allowing the calculation of numerical 
approximations for the optimal rotation age. 
 
Numerical examples are used to portray how the optimal rotation length and bare-land value 
depend on the initial level and growth rate of carbon price. The results indicate that a growing 
carbon price would lengthen rotations considerably, in some case to practically infinity; and 
also significantly increase the bare-land value. With some of the parametrizations, the land 
value was based solely on its potential to capture and store atmospheric carbon. Despite the 
somewhat theoretical nature of the setup, the results give interesting indications on the optimal 
management of forests – and more broadly on land-use – in the context of economically 
efficient climate change mitigation. 
 
Ekholm, 2014: Hedging the climate sensitivity risks of a temperature target, Climatic Change 127: 153-167. 
Ekholm, 2016: Optimal forest rotation age under efficient climate change mitigation, Forest Policy and Economics 

62: 62–68. 
van Kooten GC, Binkley CS, Delcourt G (1995) Effect of carbon taxes and subsidies on optimal forest rotation 

age and supply of carbon services. American Journal of Agricultural Economics 77: 365-374. 
Pohjola J, Valsta L (2007) Carbon credits and management of Scots pine and Norway spruce stands in Finland. 
Forest Policy and Economics 9: 789–798.
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biodiversity indicator 
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Abstract 
In this study we analyze optimal continuous cover forest management with dead wood as 
biodiversity indicator. We study mixed species stands consisting of Norway spruce, birch 
and other broadleaves. The analysis is based on an economic description of continuous 
cover forestry using a size-structured transition matrix model. For dead wood we use size-
specific decomposition rates, with lower limits on the total amount of dead wood varying 
between 0 and 40 m3 ha-1. The optimization problem is solved in its general dynamic form 
using gradient-based interior point methods. Increasing the dead wood volume requirement 
changes the total stand density only little, but increases species diversity. In addition, 
increasing the requirement has only a minor effect on the total harvested amount, but 
harvests shift from timber harvests to biodiversity fellings to maintain the dead wood volume. 
Due to the two independent control variables for timber and biodiversity fellings, with high 
levels of dead wood requirements two harvesting cohorts emerge: one for timber harvests, 
and the other for biodiversity fellings. Increases in dead wood requirement decrease the net 
present value of forestry income significantly. 
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10. Fungi diversity in Swedish forests: impact of site quality on 
standing volume and variability in forest growth 
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Extended Abstract 
The impact of biodiversity on forest ecosystem function and provision of ecosystem services 
has been investigated by many studies, but not the stability in these impacts. The main 
purpose of this paper is to estimate the effect of fungi diversity on standing volume and 
variability in forest growth. We use econometric tools for estimation of forest growth functions 
and volatility. Different functional forms were tested and a common feature was the 
assumption of a sigmoid shape in forest standing volume over time. We account for 
management practices, make use of time series data for a period of approximately 50 years, 
and calculate forest growth functions totally and for different regions in Sweden. Uncertainty 
is calculated as conditional variance of forest growth rate, and the biodiversity indicator 
together with management practices is used as explanatory variables. Fungi diversity was 
measured by means of a site quality index which reflects the potential of the average forest 
site in each forest zone. Admittedly, the index does not directly measure fungi diversity, but it 
is highly correlated with the diversity and is therefore regarded as a good approximation. The 
main advantage of the index is the availability for quite many years and for different forest 
zones. Neither site quality nor management practices showed any significant effects on the 
development in standing volume. On the other hand, significant impacts were obtained for 
their effects on growth rate in standing volume. This result supports that of a positive effect of 
tree species diversity on forest productivity. On the other hand, our regression results indicated 
that site quality also increases volatility in growth rate, where volatility was measured as the 
conditional variance in each time period. Our result thus point out a trade-off between increase 
in productivity and stability in forest growth rate of fungi diversity measured as site quality.   
 
Keywords:  fungi diversity indicator, site quality, forest growth, impact, variability, 
econometrics, Sweden 
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Scenario analysis can be a powerful tool for investigating future developments and how 
policy interventions might change trajectories to satisfy demands on the future state of 
affairs. In Scandinavian forestry, long term projections to serve policy makers have been 
around for a long time. Some show, or profess to do so, what would be the best utilization of 
the forest resource given set objectives, others what might happen under different 
circumstances. In the former case we have an optimal solution to a resource management 
problem that may show in what direction you may go or the limits for how far you can reach. 
The latter is more demanding in the sense that, to be of relevance for policy analysis, 
assessments need to encompass assumptions regarding what brings forest owners to act in 
a particular way in response to changes in scenario parameters, some of them reflecting 
policy interventions.  
 
The EU project INTEGRAL, active in 10 countries and conducting studies in a total of 20 
landscapes, based their long term projections on assumed forest owner behavior. Forest 
owners were modeled following theories on, in broad terms, economic rationality, new 
institutionalism, and the roles of beliefs and discourse, respectively. The typology was 
applied to the case study landscape of Vilhelmina municipality in Northern Sweden that is 
located close to the alpine region. Projections were made for three different scenarios that all 
are related to the role of rural communities and the extent of urbanization. Forest 
management activities and the provision of a few select ecosystem services are reported.  
 
The projections show that, based on essentially the same forest owner behavioral 
assumptions, the changes of the surrounding society have notable effects on what takes 
place in the forest. This shows the value of setting forest management in a scenario context. 
The next steps, not covered in this presentation, are to design policy measures that will 
counteract unwanted developments under the different scenarios. 
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Abstract 
Having different tree species in a forest is a well-known way for forest owners to diversify 
management and reduce their vulnerability to species specific risk, e.g. related to price (and 
thereby demand) uncertainty, windthrow and pests. From society´s perspective there are 
additional benefits from mixing species as recreationists prefer mixed forests (Filushkina et al, 
2016) and since protection services of forests depend on their stability at the landscape level. 
Therefore the question arises, which species mix forest owners actually apply and how this 
agrees with quantifiable uncertainties related to price? In this paper we apply a simple portfolio 
approach and analyse price uncertainty based on 100-year price series from Denmark for 
three main species: Norway spruce, beech and oak. We estimate variance and co-variance of 
investments in these species and examine how they relate to the financial market. Using data 
from a survey among forest owners, we compare the optimal portfolio with actual practice. We 
also use data from the National Forest Inventory to do a comparison at regional level, and with 
more detailed information of species and age distributions. Finally we analyse how the optimal 
portfolio has changed if using current prices as an indicator. 
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Abstract 
Uncertainty is present when a forestry decision maker (FDM) lack information that enables 
him quantitatively and qualitatively, deterministically and numerically, to predict changes in 
underlying assumptions and factors that may affect the outcome of a strategic decision. 
Objective risk is present when the FDM is able to determine the probability and consequence 
of change. In most cases, one has to rely on some sort of statistical analysis or other 
approximation based on implicit or explicit assumptions, which makes it more relevant to talk 
about subjective risk. Risk and/or uncertainty (R&U) in forestry are consequences of possible 
change(s) in i) the business environment ii) available technology, iii) the political environment, 
and finally iv) in the physical environment. Nordic timber-production oriented forestry typically 
involves long production cycles of as much as 150 years. Given such a long time-period, 
identification, parameterization, and determination of all possible changes and corresponding 
probabilities is impossible. It is therefore evident that considerable R&U is present in forest 
management planning.  
 
Methods that offers decision support regarding R&U in the business environment is often 
applied. The physical environment however, are frequently assumed to be constant. The 
physical environment consist of the climate, extreme weather incidents, soil conditions, 
ecological factors such as living conditions for pests and so on.  
There is high consensus amongst scientists about global climate change (CC) due to 
increasing levels of greenhouse-gases (GHG) in the atmosphere. However, there is 
uncertainty concerning the extent of future GHG-emissions. There is also uncertainty 
concerning the global climate models accuracy and ability to predict the climate response to 
GHG emissions. In addition, the development of a forest is dependent of the regional and local 
climate, not the global average. Therefore, regional climate predictions are crucial for 
predicting forest-development responses to CC. Regional and local climate prediction requires 
downscaling of global predictions. Downscaling ads uncertainty to the climate forecasts. There 
is also uncertainty regarding how forests will respond to the anticipated changes.  
 
As R&U increases, so does the need for support in the decision-making process. The overall 
objective of this literature review is therefore to identify methods and approaches that offer the 
FDM support when the physical environment is changing. The review is divided into the 
following parts:   

1. Methods that makes risk and uncertainty visible to the FDM.  
2. Methods that identify robust decisions under risk and uncertainty. 
3. Methods for decision-making when conditions are changing, and new information may 

become available.  
4. Methods that identify the FDMs attitude towards risk, and enables the FDM to choose 

decision support method accordingly.  
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Abstract 
With its long production cycles European forestry has to be considered as a long-term 
investment. Decisions like the choice of tree species or harvest ages fix a huge amount of 
financial resources and determine the productivity of a forest area for a long time. Basic 
forestry knowledge tells that forest stands will face many natural threats during their lifespan. 
Damage is usually followed by two effects: First of all harvesting costs will in general be higher 
compared to the regular use. As well plantation costs etc. will rise for the following stand. This 
counts especially for storm and fire damages. Furthermore the premature harvest will also 
lower timber quantities and qualities according to the threat and lower market prices. Summing 
up we can state that the economic expectations will not be fulfilled in a forced harvest. 
 
The probability of failure and the amount of loss have to be considered as main drivers of the 
expected risk. The difference in the financial outcome between a standard - risk free context 
and the expected failure can be considered as standard risk costs. Here, we only analyze 
survival risks. Other risks like timber market or uncertain political developments are excluded. 
It will be demonstrated how foresters can include survival risks in their calculation schemes 
when choosing the economic optimal tree species and optimal rotation ages. Expectation 
values will be calculated by the use of the following data: 

1. Survival probabilities, based on long-term forest damage inventories (age depending 
survival functions) 

2. Amounts of increased costs and lowered income in the case of a damage event, 
based on a survey within professional foresters and forest owners in Germany  

 
Using this data standard risk-costs comparing risk free and risky situations and the influence 
of the respective parameters are quantified. It will be shown, that the determination of 
economic optimal harvest ages has to face two expressions of risk: The current risk costs of 
the existing stand and the average risk costs of the potential successor. Thus risk costs can 
influence the adaption strategy in a different manner, by shortening or by lengthening the 
harvest age of the actual stands.  
 
Our findings show that the knowledge of survival risks and   the corresponding risk costs can
objectify the handling of risks. This will gain additional importance under the conditions of 
climate change. 
 
Keywords: Risk-costs, survival function, adaptation to risks, optimal rotation period 
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Abstract 
A primary focus of forest economics is determining when forest landowners should optimally 
harvest trees. Most optimal rotation analyses extend or evaluate Faustmann-type models, 
which are characterized by maximization of land value, even-aged management and the 
valuation of a single product. Among the hundreds of optimal harvesting papers, relatively few 
analyze uneven-aged management and even fewer address multiple timber product classes. 
Here a simple model of uneven-aged management with multiple products is developed.  The 
necessary and sufficient conditions for optimal intertemporal harvesting of the largest trees 
will be derived.    
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Abstract 
Forest carbon storage is an undersupplied positive externality of timber production. Socially 
optimal storage can be obtained by subsidizing sequestration. Realistic models show that 
subsidization based on moderate carbon values may more than double the stand level bare 
land value. Thus, subsidization may be expensive from a regulator’s point-of-view, as it 
requires paying for all storage including what would otherwise be obtained for free. To limit 
the cost burden, the regulator may follow the carbon offsets market protocol of Alberta, 
Canada and apply the additionality principle and subsidize only storage exceeding a baseline 
level. We show the analytical properties of optimal carbon storage at the stand level and how 
the additionality principle can be applied without compromising the incentives for optimal 
storage. At the stand-level this can be accomplished by complementing the subsidy system 
with an annual site productivity tax to reclaim excess subsidies for baseline storage. Next we 
derive the properties of optimal carbon storage at the market level and apply a market level 
age-structured model for even-aged forestry that besides of forestry and endogenous timber 
price includes endogenous land allocation between forestry and agriculture. The properties of 
economically optimal market level carbon storage are derived analytically. We show that the 
decentralized market equilibrium with the additionality principle that produces optimal solution 
at the stand level, yields distorted solution at the market level. The distortion can be avoided 
by applying more general land taxation irrespectively on whether the land is used for forestry 
or agriculture. 
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Abstract 
The rise of wooden multistory construction (WMC) in the Nordic countries has turned out to 
be the most evident construction-related new business opportunity in the emerging 
bioeconomy. Based on earlier literature, the future growth prospects for the rise of WMC are 
two-fold: first, laying in the concerns regarding environmental issues, as witnessed in a 
plethora of studies focusing on carbon footprinting, and second, caused by changing national 
building regulations. Related to the potential of increasing the usage of wood in multistory 
wooden construction, more information is needed on the role of end-user environmental 
awareness and acceptability of wood as a renewable and recyclable material as a driver 
towards future. This paper draws from a two-round Delphi study related to environmental 
sustainability and end-users as drivers of WMC in two countries (Finland and Sweden), 
particularly regarding perceived interplay between likelihood and desirability of environmental 
change factors. Using qualitative analysis of personal interviews in the first Delphi round, most 
expert panelists perceived the issues related to sustainable development to have increasing 
importance in the marketplace. However, the changing regulation reflecting the societal needs 
for sustainability is found to be the key driver for sustainability in WMC, but only few panelists 
saw the trend as echoing from changing individual consumer values. In the second Delphi 
round implemented with an online survey, the likelihood and the desirability of sustainability 
as a megatrend in housing is perceived to gain further impetus towards 2030, both in the form 
of consumer demand for sustainable living and with wood construction as a modern way of 
living.  
 
Keywords: wooden multistory construction, environmental friendliness, value chain, Delphi, 
foresight 
 
1. Introduction 

According to the European Commission (2011), building sector contributes to as high as 42% 
of final energy consumption, 35% of total GHG emissions, 50% of the usage of extracted 
materials and 30% of water consumption. Consequently, construction and buildings play a 
fundamental role when aiming at enhancing societal sustainable development. For example, 
by developing the construction and use of the buildings in the EU, total final energy 
consumption could be decreased about 40%, total greenhouse gas (GHG) emissions 35% 
and the use of extracted materials 50%, respectively (Herczeg et al., 2014). The changes in 
impacts caused by construction and the usage of buildings can be affected, e.g., by the 
selection and transportation of raw materials and products in construction projects as well as 
the utilization of energy during the usage of buildings to maintain the intended indoor climate 
and air quality (Häkkinen, 2007). The positive prospects for the rise of wood in multistory 
construction (WMC) lay in the concerns regarding environmental issues, witnessed in a 
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plethora of life cycle assessment studies focusing on carbon footprint (e.g., Upton et al., 2008; 
Gustavsson et al., 2010; Cabeza et al. 2014).  
 
In recent years, the positive trend in the diffusion of WMC in the Nordic countries has turned 
out to be among the most interesting new business opportunities in the emerging forest 
bioeconomy. For example, in Finland, the market share of wooden multistory apartments 
completed was 1% in 2010, whereas in 2015 the number had grown to 10%. In Sweden, there 
are local examples of strategic targets for 50% market WMC share in 2020. There are many 
reasons behind this increase, but in some studies (e.g., Hurmekoski et al., 2015), the increase 
in WMC activity is mainly credited to a change in the building regulation in 2011, which in case 
of Finland allowed in 2011 WMCs of up to eight stories to be built as compared to earlier three 
stories. Thus, in addition to environmental issues, also changing building regulation is bound 
to be one key driving force for the future of WMC. Based upon a backcasting futures study, 
Hurmekoski et al. (2016) concluded that only more stringent regulatory push for green building 
and the courage to take new roles among the wood element suppliers in the construction value 
chain could effectively boost the further diffusion of WMC. However, these authors were rather 
pessimistic that even the most effective measures could have only a gradual impact, and 
mainly through increasing number of successful reference projects.  
 
In previous studies for WMC, Roos et al. (2010) found that architects and structural engineers 
in Sweden value wood because of its strength, environmental friendliness, simple handling 
and appropriateness for use in conjunction with other materials. Hemström et al. (2011) 
assessed the perceptions, attitudes and interest of Swedish architects in the use of wood 
frames in multi-story buildings and found that architects and contract managers also associate 
it with several disadvantages and uncertainties, primarily with respect to fire safety, stability, 
durability, and acoustic properties. Regarding the changing trends in wood construction 
affecting the whole business, Wang et al. (2014) found in their study on the UK market that, 
as a part of the rise of green building, the trend in wood construction is changing from low 
value and low tech wood products to high tech and high value added products.  
 
Environmental quality of wood has been considered to be important by both consumers and 
companies selling construction materials (Toivonen, 2011; 2012, Hoibo et al. 2015). According 
to Toppinen et al. (2013), elements related to the environmental sustainability of wooden 
products in housing, the social acceptability of products and the aesthetic characteristics of 
wood can all be associated with a distinct consumer lifestyle, consisting of a complex interplay 
between consumer background, values and behavior.  
 
To get a better understanding on the relative importance between environmental sustainability 
and building regulation as driving forces for the future of WMC, this paper reports on results 
of a Delphi study in the context of value chains in Finland and Sweden. A special focus of the 
study is on evaluating the perceived interplay between likelihood and desirability of 
environmental value changes and regulatory factors in the context of WMC. Our more specific 
research questions are, (1) How value chain actors perceive different elements to characterize 
the sustainable future of WMC? and (2) What is the likelihood and desirability of sustainability 
related demand and regulatory aspects for the future of WMC towards 2030?  
 
2. Material and methods 
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Among various foresight approaches, the Delphi methodology has an established a position 
as an effective tool to gather expert opinions on a variety of problems in different domains 
under market and technology forecasting, especially in situations where expert opinions and 
views are the only source of information (Blind et al., 2001). The use of Delphi approaches is 
also gaining more ground in forest economics to complement quantitative approaches, as 
pointed out by Hurmekoski and Hetemäki (2013). For example, Pätäri (2010) explored the 
future of forest bioenergy in the interface between forest and energy industries. In a recent 
work aiming for packaging industry foresight, Olsmats and Kaivo-oja (2014) mapped the 
general trends and drivers and evaluated potential future demands, opportunities and threats 
for packaging. Sjølie et al. (2015) used expert information in analyzing the future development 
of Norwegian forest industry finding  that short-term shifts in economic and policy factors (such 
as lower emphasis on environmental issues and cheaper fossil fuels due to prolonged global 
recession) may crucially impact respondent’s assumption about the significance of these 
factors for the forest sector in the future. Pätäri et al. (2016) used industry expert Delphi panel 
to identify a greater demand for energy, volatility in the fossil fuel markets and increasing 
material resource scarcity as the most significant sustainability megaforces shaping European 
pulp and paper industry until 2030.  
 
Iteration, participant and response anonymity, controlled feedback, and group statistical 
response have been identified as the key characteristics of a Delphi study (Blind et al., 2001; 
Landeta, 2006). One of the key benefits of the Delphi method is that it is both easy to use and 
practical (Hatcher and Colton, 2007) allowing to bring together also geographically dispersed 
experts at least within two iterative rounds. Also anonymity of the respondents allows 
argumentation beyond the roles of the members of the panel and personal viewpoints can be 
brought up easily without group pressure (Linstone and Turoff, 2002). As regards 
disadvantages of the Delphi, it requires real commitment from the expert panel due to 
expectations of being involved in many rounds. In addition, finding the experts may prove 
difficult, as solid relevant expertise is required from each panelist together with the fact that 
there are no strict guidelines for sample size or conducting the overall Delphi process. Some 
variants of the methodology (such as Policy Delphi or Argument Delphi) highlight the 
importance of finding reasons for dissensus rather than striving for consensus among the 
Delphi panelists, which seems particularly valuable in situations characterized with changing 
industry strategies and market environments. 
 
To feed on our research questions, we conducted a dissensus-based expert Delphi study 
consisting of interviews (Round 1) and an online survey (Round 2). The time scale of the study 
was towards year 2030, which is of suitable length (15 years) in terms of this method. 
Additionally, 2030 is a target year in several EU and international policy agendas, including a 
European wide goal for 30% wood construction by 2030 (for more discussion, see Hurmekoski 
et al., 2015). 
 
The panelists were of Finnish and Swedish origin and they were required to have in-depth 
knowledge of the usage of wood in multistory construction in Nordic region. In the Delphi 
Rounds 1 and 2, the WMC value chain was broken into (1) forest ownership and raw material 
purchases, (2) wood products industry and primary processing, and (3) building industry. We 
tried to ensure sufficient and diverse expertise in the panel, but some difficulties were 
encountered with the access to personal interviews at the targeted high level of professional 
background in the relatively narrow context of this study. Altogether 18 experts were in the 
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Round 1 interviewed during October–December 2015 and responded to our Round 2 online 
survey in January 2016. As an exception for this, two panelists participated only in Round 1 
and one panelist in Round 2 as shown in Table 1. As can be seen, 15 of the total 19 of the 
experts had over 10 years of experience from either forestry, wood industry or construction 
sector and they acted in leadership or high professional expertise positions, which improves 
validity and reliability of the results. 
 
Despite our best efforts, the panel is more of Finnish origin (12 versus 7), male dominated (16 
versus 3), and the highest number of panelists are representing the middle of the value chain 
(Group 2 of wood industry participants). In Delphi studies, and especially in situations 
characterized with high requirements for an in-depth level of expertise, the composition of 
expert panel is more vital than its size. Moreover, the data collected through the interviews 
were found to saturate in terms of majority of aspects. Nevertheless, limits to generalizability 
of our findings are clearly important to keep in mind, and for example, no comparison across 
the two countries was implemented due to the limitations in panel composition and background 
characteristics. 
 
Table 1. Composition of the Delphi panel. 

Country Gender 
Years of 

Experienc
e 

Profession Type of 
Organization 

Participation 
in Rounds 

Finland Male 14 Senior Vice 
President Wood industry 1 and 2 

Finland Female 22 Director of CSR Wood industry 1 and 2 
Finland Male 31 Managing Director Forestry 1 and 2 
Finland Female 1 Executive Building Industry 1 and 2 
Finland Male 16 Owner Forestry 1 and 2 

Finland Male 15 Research 
Manager Forestry 1 and 2 

Finland Male 3 Field manager Forestry 1 and 2 
 

Finland Male 26 Production 
Director Building Industry 1 and 2 

Finland Male 5 Senior Vice 
President Wood industry 1 and 2 

Finland Male 22 Sales Executive Wood industry 1 and 2 

Finland Female 16 Planning  
Executive Building Industry 1 and 2 

Finland Male 23 Managing Director Wood Industry 
Association 1 

Sweden Male 21 Senior Advisor Forestry 1 and 2 
Sweden Male 15 Managing Director Wood industry 1 and 2 
Sweden Male 11 Managing Director Wood industry 2 
Sweden Male 11 President Wood industry 1 

Sweden Male 17 
Vice President 

Market 
Development 

Forestry 1 and 2 

Sweden Male 12 Academic expert Building Industry 
Expert 1 and 2 

Sweden Male 8 Sales manager Wood industry 1 and 2 
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Figure 1 elaborates the research process initiated by a careful literature review and gathering 
of the expert panel. Round 1 consisted of personal interviews, and the qualitative data were 
analysed using thematisation. The questionnaire (available upon request from authors) 
consisted of five different theme areas, but the analysis here focuses on one major section on 
sustainability aspects, although some general market environment and industry strategic 
issues were also interlinked to these. The Round 1 personal interviews lasted from 30 minutes 
to over 1 hour, and were conducted either face-to-face or by telephone, depending on the 
access to each expert.  
 
 

 
Figure 1. Stages of data collection and analysis. 
 
A summary of the findings from the Round 1 was sent as a feedback to the respondents before 
sending them a link to the second round online questionnaire about a week later. The second 
round was more structured and consisted of 42 statements with  a 5-point Likert scale and few 
open-ended questions. After preliminary processing the results from the second stage, 
feedback was given to the panelists by summarising the key findings of the overall Delphi 
study and thanking the panelists for their active participation in the Delphi process. 
 
3. Results of Delphi rounds 

3.1 Round 1 personal interviews 
Sustainability is a very broad topic, which can be discussed, e.g., from the viewpoints of 
different dimensions. Overall, in the conversations the climate change related regulation and 
general attention to these matters were seen as main drivers for the growing popularity of the 
WMC. For the most part, the discussions only concerned the environmental aspects of 

Literature review and identification of research objectives

Design of the 1st interview round and assembly of the expert 
panel

1st Delphi round 
(personal interviews)

Feedback to the first round panelists

Formulation of the 2nd round questionnaire based on the 1st 
round interviews

2nd Delphi round 
(online survey)

Analysis of the results and final feedback to the panelists
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sustainability, even though one interviewee did discuss social aspects as well. However, this 
panellist talked about employee safety as a topic that used to have a greater importance in 
the WMC value chain. Both WMC’s effect on biodiversity and on climate change were 
identified, but for the most part, the panellists saw potential in the aspects related to climate 
change and overall ‘greenness’ of the WMC. One panellist stated that for those consumers 
who are the most concerned about climate change, wood building in general is a positive 
matter, whereas those concerned about biodiversity might not view the wood-based 
construction industry positively. The role of regulation and a range of existing environmental 
policies driving societal sustainability were not elaborated really further at all, which was 
slightly unexpected, but perhaps simply associated with practical orientation of panellists. 
 
All interviewees viewed sustainability as an area that was either already important, or at least 
is growing in importance, but the underlying cause of that importance was an area in which 
the panellists had differing views. When asked about how the environmental consciousness 
of the consumers affect the industry, some saw it as having an effect, whereas others saw 
institutions such as governments and NGO’s as the drivers for the demand for more 
environmentally friendly products. However, due to the nature of the construction industry 
overall, the end users and their views were seen to have only marginal importance in the 
construction planning process. Several panellists did see consumer demand for green building 
as growing, and possibly having more importance in the future, as the following example 
shows “It just may be that the demand from consumers will direct our actions more in the 
future. – This is important to the younger people” (Sustainability executive from a Wood 
industry company, 22 years of experience, Finland) 
 
More scepticism towards sustainability as a driver was identified among interviewees working 
in the building industry. One of them perceived green building certificates merely as a tool to 
‘keep property owners calm’, while another one stated that they ‘build green only because that 
is what they personally want to do’, and the third one saw that ‘environmental aspects are 
merely an undercurrent and that quality and aesthetics matter the most’. The decision 
regarding what type of projects are undertaken is dependent on the end user and their 
willingness to pay for certain aspects of a building, at least from the perspective of the builder. 
This is elaborated by the following quotes: “It starts from the consumer, what the consumer is 
willing to pay for is what we will do” (Executive from a building company, 26 years of 
experience, Finland); and “I wish to believe that consciousness is growing through positive 
things. – Being ecological in combination with comfort (of living) will create pleasure.” 
(Executive from a building company, 1 year of experience, Finland) 
 
The most potential aspect linked with sustainability was seen as stemming from the ecological 
nature of the wooden building material. Very few panellists saw that this potential is already 
well captured in WMC marketing and communication, and on the contrary, some pointed 
explicitly that it is not utilized sufficiently. For example, two panellists blamed the wood 
processing industry for not using [forest] certificates more effectively as a sales tool. One 
panellist saw that sustainability is a competitive advantage of WMC, but only once the building 
requirements are technically met, wood-based solutions are in terms of the competitiveness 
at the same level as when based upon alternative materials. The following quote illustrates 
this: “It [sustainability) is a thing that will get us passed [other materials) if we can get to the 
same level in terms of competitiveness and technical knowhow.” (Executive from a wood 
industry company, 5 years of experience, Finland)  
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Overall, sustainability and the use of green building schemes were viewed as growing in 
importance in the future, as well as offering potential for spreading WMC. The main issues 
were concerned with how to capitalize on sustainability in the marketplace. Some panellists 
saw that the wood industry itself is not capable of building successful products that utilize the 
positive environmental aspects to their advantage. Some interviewees saw that the positive 
effects that WMC has on the issues discussed under the sustainability umbrella are taken for 
granted within the industry itself. Others perceived with some arrogance that ‘the end users 
do not properly understand sustainability, or that is only a small part of the decisions that go 
into the process of choosing housing’. One Swedish panellist felt that ‘there are too few 
positive examples that could build consumer understanding’. Furthermore, some panellists 
were sceptical about whether consumers actually are willing to pay anything for sustainability, 
as the quote below demonstrates: “It [choice of material] is only a discussion about price” 
(Sales manager for a wood industry company, 9 years of experience, Sweden) 
 
In few cases, one channel to improve consumer alignment with sustainable living was seen to 
originate from locally produced food. This was brought on by the growth of environmental 
awareness based on these everyday choices, as was elaborated by an interviewee:“…more 
natural way of living, such as locally produced food, this kind of lifestyle., … for these people, 
wood has some kind of status.” (Academic expert, 12 years of experience, Sweden), and 
“I think this sustainability will enable a stronger local industry, an example is Swedish milk, 
which is like sacred for consumers, and it is a little bit same as for wood industry operating 
with low margins. If we don’t find support to local products, then we are drying out the industry”. 
(Executive at wood industry company, 15 years of experience, Sweden) 
 
3.2 Round 2 online survey 
In the Round 2, sustainability related aspects in the WMC were further evaluated by 
elaborating both likelihood and desirability of ten statements (the rest of the Delphi survey is 
not reported here, but the reader is referred to Röhr 2016). Most of the statements of Delphi 
Round 2 were based on issues commonly raised in the Round 1 interviews, so when there 
was very little spontaneous speech about regulatory aspects, these were not emphasized here 
either. In addition, some new issues raised by only a few panellists in the Round 1 were also 
taken into account as they opened up possibilities for more general reflection.  
 
According to the breakdown of responses in Table 2, the sustainability aspects are expected 
to increase significantly in importance towards 2030, but in general, the desirability aspect was 
given higher value than the likelihood of its occurrence, indicating the role of uncertainty in 
external market environment.  
 
Overall, the panellists saw it both highly likely and desirable that consumers of the 2030 will 
be driven by the aim to find more sustainable solutions for housing.  However, there would 
seem to be still room for sustainability to grow as a driver for purchase decisions regarding 
housing, and this avenue as a selling argument was seen as a very desirable one among the 
industry professionals. The panellists were in total agreement that it is desirable that by 2030 
there will be counting for life cycle costs of buildings rather than purchase prices in large-scale 
building projects, and its’ likelihood was also very high (76%). This topic was already 
discussed in Round 1, and it seemed to cause diverse opinions as some respondents saw 
that currently it is difficult for wood to compete on a purchase price only. The main channels 
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through which the competitiveness of wood material based building solutions could increase 
in the future were growing consumer demand for sustainable living and with emergence of 
wood construction as a modern way of living. Also it was seen that regulatory environment is 
needed to create favorable development in building sector, for example via the emergence of 
hybrid building material based solutions.  
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Table 2. Likelihood and desirability of the WMC towards 2030. Scale: Low 1-2, Medium 3, 
High 4-5 in the 5-point Likert scale 

Statement   Likelihood 
(%) 

Desirability 
(%) 

By 2030, the consumer demand for sustainable 
living is a significantly stronger driver for wood 
construction 

Low 0 0 
Medium 24 12 
High 76 88 

By 2030, consumers will see wood construction as 
a modern way of building 

Low 0 0 
Medium 12 6 
High 88 94 

By 2030, the housing regulation has become more 
suited for large-scale wooden buildings 

Low 6 6 
Medium 35 0 
High 59 94 

By 2030, life cycle costing of buildings will have 
significantly more effect on the decision making in 
large-scale building projects than purchase price 

Low 0 0 
Medium 24 0 
High 76 100 

By 2030, most building renovation in the urban 
space will involve wooden building solutions 

Low 0 0 
Medium 29 18 
High 71 82 

By 2030, large-scale wooden construction, such as 
wooden multistory building projects, has become 
the most important segment within wood 
construction. 

Low 12 0 
Medium 29 29 
High 59 71 

By 2030, sustainability has become a megatrend in 
the housing market 

Low 0 0 
Medium 29 6 
High 71 94 

The future of wood building is in hybrid buildings, 
using jointly other materials such as concrete and 
steel where it brings the most benefits. 

Low 0 0 
Medium 12 24 
High 88 76 

Future certification schemes will be difficult to 
manage for smaller businesses, due to the  
bureaucracy involved 

Low 0 65 
Medium 24 18 
High 76 18 

The importance of wood as a construction material 
will be mainly based on its environmental impact 

Low 24 41 
Medium 35 24 
High 41 35 

 
Regarding building certification, especially on the complexity of future schemes that was 
raised by a couple of the respondents in Round 1, a clear majority (76%) of the panellists saw 
that the bureaucracy involved in the certification schemes will be difficult to manage for smaller 
businesses in the future. In fact, no respondent saw this as an unlikely future. Simultaneously, 
65% of the respondents saw this future as either undesirable or very undesirable. The last 
claim in Table 2 “The importance of wood as a construction material will be mainly based on 
its environmental impact” reached very scattered responses. As the question discussed below 
regarding environmental impact vs. personal health suggested, health was seen as a stronger 
driver when only these two choices were presented.  
The discussion about the main reasons why an end-user would prefer to live in a wooden 
building was something that came up frequently during the Round 1 interviews. To further 
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highlight this topic, the Round 2 included a specific question that was aimed at understanding 
more about the two selling points: the respondents were asked “Which of the following do you 
see as the main rationale for living in a wooden building for consumers: A. The building is 
environmentally friendly or B. The building has significant health benefits in comparison with 
other alternatives”. Based on the responses, personal health benefits as the main rationale for 
choosing wood over other possible materials in housing were surpassing generic 
environmental benefits (see Figure 2).  
 

 
Figure 2. Choice between two alternative benefits arising from WMC. 
 
Environmental aspects seem to be more important choice criteria amongst the 
professionals,as identified as mid-category of wood-industry processors since four out of six 
panellists identified it to be their main rationale. Amongst the panellists identified as forestry 
professionals and representatives of building industry, the majority preferred “the health 
benefits arising from wood”-argument. Due to the small number of panellists, the insights from 
Figure 2 are naturally just indicative and deserve future research. 
 
4. Discussion 

Sustainable development is a key topic in the acceptability of forest bioeconomy and in the 
society in general. Despite this, there is quite limited understanding on the interlinkage 
between environmental sustainability and building regulation as driving forces for the future of 
the use of wood in construction business. This study has aimed at eliciting some new insights 
on the future of WMC based on a Delphi approach among value-chain actors in Finland and 
Sweden. 
 
As environmental attitudes in society tend to develop through increased knowledge and even 
experienced discomfort and harm from environmental problems, it is foreseen that a greater 
proportion of consumers is likely in the future to search out for more environmentally friendly 
alternatives in housing. Overall, based on the results of Rounds 1 and 2, most panellists 
perceived the importance of the issues related to sustainable development to play increasing 
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role in the housing market, but it was not evident to what extent this would be originating from 
recognition of the actual end user needs. According to the panellists, the growing emphasis 
on wood as a sustainable building material in WMC was mainly driven by changing regulation, 
and only few of them voiced it as echoing from changing more sustainability oriented 
consumer values. It also became quite evident that they wished for a favorable regulatory 
environment towards year 2030 in order to enhance positive development for the use of wood 
in the multi-story building sector. Despite this, the actual uptake of wood in multi-story 
construction could still take considerable time and effort (see also Hurmekoski et al. 2016), 
and happen, for example, via the emergence of hybrid building material based solutions.  The 
Round 2 results confirmed the weight of perceived likelihood of sustainability-driven WMC to 
be lower than the desirability of the foreseen development. However, the panellists saw it both 
highly likely and desirable that consumers of the 2030 will be more driven by the aim to find 
sustainable solutions for housing. In parallel, as mentioned, there was a high uniformity that 
favorable regulatory environment is also needed to create positive development in the WMC 
sector. 
 
These findings are somewhat in line with earlier consumer studies on wooden products in the 
Nordic context. For example, Roos and Nyrud (2008) found the “green” consumers for 
Swedish and Norwegian DIY-markets for flooring and decking were more often women, had 
higher level of education, and preferences for a product warranty. According to Toivonen 
(2011), for example, consumers relate domestic origin as an interlinked attibute with 
environmental quality of (wooden) products. Holopainen et al. (2014) found consumers in 
Finland to associate their needs to acquire more information with environmental effects of 
wooden products to social aspects of sustainability, including legal origin and employee 
responsibility.  
 
Based on the observed few differences on how the future of WMC was perceived across value 
chain stages, it would be interesting in the future research to also focus on analyzing the future 
of WMC rather as a business ecosystem consisting of a richer network of actors (Pulkka et al. 
2016). Furthermore, various options for orchestrating new business model development 
(Brege et al. 2014) should be investigated in more depth. From this perspective, it would be 
necessary to draw evidence from practical examples on construction projects in certain 
locations to gather more specific and up-to-date understanding on the structure and 
functioning of wood-based construction ecosystem in both countries and beyond them.  
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Abstract 
Natural and business ecosystems are complex and dynamic service systems that interact 
through the utilization of ecosystem service offerings for human well-being. Currently, natural 
and business sciences have not developed a shared and common set of service-based terms 
or concepts for discussing ecosystem service offerings in the process of value co-creation. In 
this study, the ecosystem service approach was compared with marketing science’s service-
dominant logic. The terminology and concepts were harmonized, and the two approaches 
were then integrated into a service-dominant value creation (SVC) framework. The 
incorporation of natural ecosystems includes accounting for the flow of positive and negative 
impacts through associated value networks. Therefore, the term value-in-impact was 
proposed to describe these value flows. A case study of the global forest-based sector was 
then presented, demonstrating how to discuss current research challenges using the 
proposed framework. In conclusion, a shared service-dominant approach provides an 
opportunity for deeper inter-disciplinary discussion between natural and business sciences. 
This study represents a contribution towards the development of a holistic service science that 
includes consideration for natural ecosystems. The SVC framework also addresses many of 
the multidimensional challenges noted by previous sustainability frameworks. 
 
Keywords: Service-dominant; Ecosystem service; Service science; Value creation; 
Ecosystem; Ecosystem service cascade 
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Vedel, S.E.1, Bredahl Jacobsen, J.1, Jellesmark Thorsen, B.1 
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Abstract 
Landowners’ decisions to accept or decline environmental contracts for promoting ecosystem 
services such as biodiversity conservation or recreation cannot be understood based on 
traditional utility models of economic agents who maximize profit. As many other groups in 
society, forest owners are heterogeneous and may be driven by different sets of objectives. In 
practice, this may lead to different management practices on each property 
resulting in different provision levels of ecosystem services. Using a CE study of Danish forest 
owners willingness to enter environmental contracts with specific ecosystem service provision 
levels. The ecosystem services are closely linked to Natura2000 policies and current policy 
debates regarding forests as an important resource for both recreation and habitat for many 
species in decline. We show that, in addition to the current provision level of specific 
ecosystem services, the owners’ tendencies to hold social preferences has a significant 
reducing effect on how much compensation they require for ecosystem service provision. 
Furthermore, we are able to provide a differentiated picture depending on what type of 
ecosystem the owner is confronted with. 
 
Keywords: Payment for Ecosystem services, WTA, biodiversity, forestry, social 
preferences, recreational access. 
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20. Swedish Non-industrial Forest Owners Attitudes toward 
Environmental Consideration 
Widmark, C.1  
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Abstract 
In Sweden, forests are a defining feature of Swedish landscapes as forests cover about 55 %. 
Forests are important to Swedish culture, historical heritage, and economy. Forests not only 
contribute to the economy, it is also an important provider for eco-system services. However, 
evidence show that biodiversity is being lost. In 1993, Swedish forest policy was deregulated 
and new legislation marked a notable paradigm shift: nature conservation was given equal 
status to timber production. Consequently, the success of environmental goals, thus improving 
the forest as an ecosystem services, rely heavily on the understanding and actions of 
individual forest owners. One important actor is the non-industrial private forest (NIPF) owners, 
as they own about 50 % of forests. Recent data shows that the trend of environmental 
consideration in Swedish forests is declining, leading to two research questions: why is 
Swedish environmental policy not working as well as expected, and what underlying aspects 
of forest managers can be found behind the failure? The Theory of planned behaviour (ToPB) 
(Ajzen), offers a framework to study the forest owners’ attitudes and behaviour, building upon 
attitudes and perceived control beliefs. The study targets 3000 NIPF owners in Sweden using 
a postal survey (giving a response rate of 43 %). 
 
This paper is the first part of the project, and it aims at examining the motivation for owning a 
forest estate. By using a Principal Component Analysis and cluster analysis, the paper creates 
a NIPF owner typology, based on the owners’ reasons for owning forests. The paper also aims 
at studying each of the typology’s attitudes toward environmental issues.  
 
The preliminary results show that there are five main motivations for owning forests: 
production-oriented, recreations, multi-objective, traditionalists and passive owners. The 
production-oriented owners are focusing on production and economic return of their property, 
while recreationalists value production and environmental goals equally, while economic 
return is secondary. The multi-objective owners have mixed goals, while the passive owners 
typically do not value any certain goal. These four categories are all identified in the few 
previous studies available. The novelty of this study is the fifth group: the traditionalists. They 
value protection goals and consumption high, but also pointing at factors e.g., inheritance, 
passing on the forest to the next generation and cultural heritage. This result highlights the 
importance of forest tradition in Swedish forest management.  
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Abstract 
Halting the loss of biodiversity is a global challenge calling for a wide range of nature 
conservation means. International agreements to mitigate the climate change and the need to 
ensure the sustainability of forest use in the boosting bio-economy as well as the challenging 
situation of Finland’s economy call for ecologically more efficient, socially more acceptable 
and financially less burdensome solutions. To tackle the problem, the Forest Biodiversity 
Programme for Southern Finland (METSO programme) was developed in Finland. There have 
been around 70 000 hectares set under protection schemes and 4000 hectares of nature 
management projects done within the METSO programme. The conservation efforts are 
focused on state and privately owned forests that mostly have been in economic use during 
the last century. 
 
To further progress with the METSO programme, new knowledge is needed to allocate scarce 
forest advisory and communication resources to those forest owners most likely to be 
interested in protecting their forests. To feed this process, relevant questions to be answered 
are: what kinds of factors determine the forest owners’ tendency for nature conservation; and 
how are these forest owners identified and best encouraged to proceed with forest protection? 
 
We conducted a mail survey about forest owners’ views on voluntary forest biodiversity 
protection and opinions about forest advisory services in March 2014 in Northern Karelia, 
Finland. We received 297 responses with 29% response rate. The data were analysed to 
identify patterns indicating tendency to participate in a voluntary forest protection scheme or 
to prioritize nature-oriented forest management regimes. Forest owners’ earlier experience 
from voluntary protection was combined with their experiences of and expectations for forest 
management planning and advisory services. 
 
The study indicates that forest owners who are more likely to participate in conservation 
actions or manage their forests in nature-oriented manner also are more active in forest 
management and felling and more informed about their forest properties. Furthermore, 
preferences concerning the format in which forest owners wish to receive information 
regarding conservation in their own forest differ statistically significantly between those who 
have gained earlier experience in conservation programmes and those who haven’t. 
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Hence it is of most importance that forest management service providers actively offer nature-
oriented forest management services. Also more resources are needed to educate both forest 
owners and forest professionals about nature-oriented forest management and conservation 
programmes. New, innovative fora and ways to communicate should be sought to reach the 
absentee forest owners.  
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investment: evidence from Finland 
Hujala, T.1, Ovaskainen, V.1, Hänninen, H.1, Mikkola, J.1  
 
1Natural Resources Institute Finland (Luke), Finland, teppo.hujala@luke.fi   
 
Abstract 
Cost sharing has been widely used to encourage the management of family forests. The EU 
Forest Strategy underlines the need to strengthen sustainable forest management. In the 
current economic situation, however, public subsidy funds may be reduced. This calls for a 
critical assessment of the performance and effects of cost sharing. While there is evidence of 
its capacity to promote management activities, it still remains open whether subsidies induce 
additional private investments or substitute private capital by public funds. The latter will take 
place if cost-share funds are used for investments that would be made without public funds as 
well. 
 
This presentation re-examines this issue in the case of Finnish family forest owners’ pre-
commercial and restoration thinnings using data from a nation-wide mail survey (n=3,801). 
Besides basic owner and forest characteristics, the data included information on stand 
improvements made, public subsidy received, personal assistance received, and possession 
of a forest management plan. A two-step model of cost-share participation and stand 
improvements was used to account for the endogeneity of cost-share participation. 
 
The estimated models showed that cost-share participation was related to personal 
assistance, monetary objectives, and size of holding, and clearly encouraged forest owners’ 
engagement in and extent of stand improvements. Cost sharing had a notable quantity effect 
conditional on engagement in stand improvements, while the information-based instruments 
(personal assistance and forest management planning) typically had “triggering” effects on the 
decision whether to invest at all. 
 
The inducement or crowding out of private capital was analytically shown to depend on the 
relative magnitude of forest owners’ response to cost-share incentives in each specific 
situation. In the present Finnish case evidence suggests that cost sharing has had an 
inducement effect on private investment. In other words, public cost sharing has been 
successful not only in bringing about an increased acreage of management activities, but also 
in inducing additional investments of private capital in forest management. This is likely related 
to the advanced personal assistance that has promoted the awareness of and participation in 
cost sharing. Personal assistance has probably also had a direct effect on forest owners’ 
understanding of the benefits of timber stand improvements.  
 
The findings suggest that cost sharing can be a useful component in a balanced policy mix 
especially when combined with informational instruments within a supportive institutional 
context. 
 
Keywords: Cost sharing; Family forests; Policy instruments; Probit model; Tobit model; 
Two-step estimation 
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Abstract  
Increased harvest is high on the political agenda in many European countries to meet 
environmental and socio-economic objectives. This is also the case for Norway, where timber 
harvests are well below growths and maximum sustainable yields. Three-quarters of the 
productive forest area is owned by individuals divided on totally 128 000 properties. However, 
on more than half of these properties, no timber was harvested for sale during the last fifteen 
years. The objective of this study was to assess to which private extent non-industrial forest 
owners in Norway  will harvest more facing hypothetical price uplifts. We constructed two-
stage models of the probability of harvest increase and the quantity of harvest response. We 
focused on active forest owners, who have harvested timber for sale during the last fifteen 
years, and inactive owners, who have not. The results indicate that for both owner groups, 
significant variables included reasons for owning forests and knowledge of a key policy 
instrument. However, while price was significant among active owners, it was not among 
inactive owners. For active owners, the probability of increase harvest rose with productive 
forest area and lessened by owner being female. Once the decision to harvest was taken, the 
hypothetical harvest volume decreased with forest area, which could be explained by higher 
growing stock on smaller properties. To be effective, forest policies need to consider that small 
and inactive landowners are disproportionally less price-responsive than others. This group of 
owners and their motivations for forest ownership deserves more attention in forestry 
research. 
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Abstract 
In the last years, forest owners’ passivity has been a topic of an intensive debate in Finland. 
From the forest industries point of view, the timber supply should be spurred with policy 
measures. On the other hand, many forest owners see that the timber demand is not sufficient 
in some areas and that the timber prices are too low. The debate has been accelerated due 
to the investment decisions and investment plans of the forest industry companies. These 
projects would increase the timber demand substantially.  
 
Aim of this study is to analyze the reasons for non-industrial private forest owners’ inactivity in 
the timber cutting and forest stand improvement. The goals of this study are 1) to profile the 
passive owners based on their sociodemographic characteristics, motives and characteristics 
of their forest estate, 2) to compare the passive and active forest owners based on the profiles, 
and 3) to analyze how the forestry professionals see the reasons for forest owners’ inactivity 
and how their interpretation of the phenomenon differs from the forest owners’ views.  
 
The study utilizes the findings of behavioral economics, especially cognitive anomalies in 
structuring the questionnaires and in the analysis of the results. The cognitive anomalies are 
behavioral characteristics that cause irrational choices in decision making.  
 
The study uses a database of about 29 000 passive forest owners, who have not conducted 
a timber felling or used cost sharing for stand improvements during the last ten years. The 
database includes information about forest owner’s and forest estate’s characteristics. The 
study uses a sample of 10 000 active forest owners as a reference group. In addition, we have 
conducted surveys for forestry professionals and for forest owners.  
 
The results of the database analysis and the forestry professional survey showed that there 
are various reasons behind the inactivity in forestry. For example, the inactivity is more 
common in the areas where the productivity of the forest land is lower. The forestry 
professionals see that the most common reasons for the inactivity are, for example, that the 
forest owners are not aware of the economic possibilities of their forests, they want to wait for 
the higher price and they don’t have need for money at the moment. These and the other 
findings will be compared to the views of the forest owners’. The preliminary results of the 
forest owner study will be available in May. 
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Abstract 
Despite decades of research and educational initiatives, many non-industrial private forest 
owners (NIPFs) do not manage their forest stands to maximize the net present value of bare 
land as analysts suggest that they should.  A well-developed explanation for the divergence 
between professional recommendations and land owner behavior is that in addition to timber 
production, land owners value forest amenity values, and actually are maximizing land values.  
We propose an alternative explanation based on landowner utility rather than amenity values.  
Specifically, landowner effort is necessary to reach the optimal level of silviculture investments 
or financial rewards, and it is possible that the required landowner effort has a high opportunity 
cost.  To begin developing this explanation, we qualitatively analyze a simple lifetime utility 
model of discounted streams of income and leisure.  Utility is maximized with respect to the 
landowner’s efforts.  An important set of results trace possible implications of the opportunity 
cost of landowner effort on Faustmann rotation age, and suggest that landowners may be 
maximizing utility rather than land values when landowner efforts are considered suboptimal.  
The comparative statics results of regeneration costs, stumpage price, interest rate and 
maximum landowner efforts depend on the exact form of the required landowner efforts.  
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Abstract 
The urgent need to mitigate climate change creates both opportunities and challenges for 
forest biomass utilization: it provides substitutes for alternative materials and fossil energy, but 
reduces forest carbon stocks due to wood harvesting. We assessed the life cycle carbon 
balance of constant wood utilization scenarios over upcoming 100 years in Finland, 
considering various structures of forest industry and avoided emissions through substitution 
of alternative products. Parameter uncertainties and sensitivities were explored using 
stochastic simulation. The results show that wood utilization may increase or decrease the 
overall net carbon emissions. However, significant decrease in net carbon emissions is very 
or exceptionally unlikely. Most of the uncertainty is due to assumptions regarding the influence 
of wood harvesting on forest carbon stocks and avoided emissions through substitution for 
alternative construction materials. These assumptions should be outside the range of our 
current knowledge for the conclusions to be reversed. Managed forests are an important 
source of renewable materials and energy deeply required by society, but our results imply 
that the trade-off between the avoided emissions through substitution and forest carbon sink 
means that wood utilization is not an effective measure for acute climate change mitigation. 
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Abstract 
The objective of this study is to assess the costs and the climate change mitigation potential 
of selected forest management strategies in Germany with the help of input-output analysis. 
Different input-output methodological concepts are combined and applied in a relatively novel 
fashion. A physical input-output table (PIOT) that shows the wood-based fiber flow through 
the economic system of Germany forms the core of the model. Some forestry-based mitigation 
policies (e.g. changing rotation lengths, protection of forests) lead to shortages in flows of 
roundwood to the economic system. These contracting effects visible in the PIOT are then 
linearly transferred to value added figures of the different sectors of the economy. The financial 
costs of the mitigation measures can be estimated as the aggregate of the value added losses 
in the German forest-based industries. 
 
Keywords: Input-output analysis; forest-based industries; input-output analysis; Germany 
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Abstract 
Forests are important part of the natural carbon cycle, and offer substantial opportunities of 
climate change mitigation through enhanced carbon sequestration of existing forests and of 
reforested land, and of more substitution of fossil-fuel based energy carriers and materials. 
There is an ongoing debate of which part of the forest sector (i.e., forestry, forest and 
bioenergy industries) climate policies should target in order to be cost-effective. However, 
other aspects of policies are also of interest, as distributional impacts across geographical 
areas and groups of agents. In this study, we compare a set of policies with regard to climate 
change mitigation cost-effectiveness and distributional impacts across regions and groups of 
agents in the forest sector. Policies include carbon tax/subsidies to forests and the whole 
sector and subsidies to bioenergy and wood construction. Norway, with vast forest resources 
and well-developed forest and bioenergy industries, is used as a case-study. We utilize a 
partial equilibrium model of the Norwegian forest sector with detailed data to simulate the 
behavior of forest owners, industries and consumers with resulting impacts on forest 
management and growth, harvest, wood processing, consumption, trade, greenhouse gas 
fluxes and albedo effects for 19 counties over the next century. The results provide insight for 
policy-makers designing climate change mitigation policies in forest-rich countries.  
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Abstract 
In forest economics literature leakage effects of forest conservation have been identified both 
at a global and national scales, when protection of land in one region leads to intensified timber 
harvests in another region. We analyze the effectiveness of forest conservation at national 
scale in a case where forest owners derive both monetary and amenity values from forests. A 
partial equilibrium model FinFEP (Finnish Forest and Energy Policy) is used to form scenarios 
with and without a government imposed forest land conservation program in Finland. We find 
that a strong leakage impact exists connected to national land conservation programs. 
Following simulated conservation programs where 50 000 – 450 000 ha of private land with 
over 100 year old forests were put under protection, the total area of old-growth forests (> 100 
years) increased only between 33 % - 37 % of the initially protected land area.  For sensitivity 
analysis, we varied the coverage of the conservation program, investment and final product 
demand scenarios. The results indicate that the effectiveness of forest conservation depends 
on the capacities of forest and energy industries, the size of protected area and the demand 
of the final goods. Moreover, conservation policy effectiveness is influenced by the 
distributional structure of private non-industrial forests between profit minded and amenity 
minded owners. 
 
Keywords: conservation, forest and energy industries, leakage, non-industrial private 
forests, partial equilibrium model, voluntary conservation 
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Abstract 
Boosting sustainable and competitive forest-based bioeconomy requires new models for 
networked service business. In a situation when forest industries are increasing their wood 
procurement, the additional timber needs to be bought from those family forest owners who 
have so far been less interested in wood sales. 
 
A potential solution for this challenge is forest leasing – an all-inclusive service that enables 
outsourcing the administration of forestry as well as operational wood sales and forest 
management decisions and their implementation on family-owned forests, however keeping 
the holding in individual ownership. While selling “easiness” for forest owners (lessors), the 
leasing service would provide service enterprises (tenants) with cutting reserve and 
opportunities to make use of economies of scale when pursuing profitable forestry. 
 
The forest leasing service is, however, no simple answer: alongside justifiable benefits for both 
forest owners and service providers it carries a number of attitudinal, practical, administrative 
and economic-theoretical issues that need to be resolved. This presentation will shed light on 
the potentials and doubts of forest leasing that have come up when investigating the 
operability of the new type of service in the Finnish conditions. 
 
The viewpoints contemplated are based on discussions with a feedback panel (n=10), 
comprising individual forest owners, forest service entrepreneurs and representatives from 
forest management associations and property management branch. The study has applied 
the approach of experimental development, in which the proposed service characteristics and 
rent calculations on pilot holdings have been evaluated with the panel. The preliminary results 
of the survey to forest owners (n=663), targeted to North Karelia and Päijät-Häme regions in 
southern Finland, indicate that five percent of forest owners are interested to lease their forest 
property, which corresponds to some 15 000 holdings nationwide. An online questionnaire to 
potential service providers, in turn, evidenced a high interest (72%) towards offering a leasing 
service to forest owners. 
 
As a key finding, the trust on the service provider plays a crucial role in forest owners’ minds. 
The state of forests at the end of the contract period arouses great suspicion. It matters who 
is the contract partner and how the quality of forest management is assured. 
 
The relationship between the lessor and the tenant can be analyzed with the Principal-agent 
theory, which is characterized by asymmetric information and the dilemma of whose interests 
are advocated when making the outsourced operational decisions. Based on the theory it can 
be shown how different contractual arrangements in forest leasing will perform differently in 
terms of how effectively they provide managerial incentives, and how risks are divided 
between the two parties. 
  



113

Keywords: business models, family forests, principal-agent problem, service contracts, trust 
 
References 
Kurttila, M., Hujala, T., Hänninen, H. & Kumela, H. 2016. Family forest owners’ opinion on 
potential forest leasing service in Finland. In: Weiss, G. et al. (eds.) Forest ownership 
changes in Europe: trends, issues and needs for action. Book of Abstracts, Final Conference 
of the COST Action FP1201 FACESMAP, Vienna, Austria, 7–9 September 2016. pp 83–85. 
  



114

31. Cost function approach to water protection in forestry 
Miettinen, J.1, Ollikainen, M.1, Nieminen, M.2, Valsta, L.1 
 
1University of Helsinki, Finland, jenni.miettinen@helsinki.fi   
2Finnish Forest Research Institute, Finland  

Abstract:  
The European Water Framework Directive (WFD) requires all polluting sectors to enhance 
protection of water bodies in a cost-efficient way. River Basin Management Plans need to be 
identified in order to reach a good environmental status in all water bodies at latest by 2027. 
This article examines three different water protection measures used in forest management; 
buffer zone, overland flow field and sedimentation pond. We specify marginal abatement cost 
functions separately for each of the three water protection method. In an empirical analysis, 
we determine marginal costs at various levels of nutrient and sediment abatement. We use 
Finnish data from nitrogen, phosphorus and sediment retention capacity of the buffer zone, 
overland flow field and sedimentation pond, and the associated costs of these water protection 
methods. Finally, using the results from the empirical application, we compare marginal 
abatement costs in forestry to marginal abatement costs in other polluting sectors, such as 
agriculture and municipal waste waters.  
 
Keywords: final harvesting, improvement ditching, nutrient load, sediment load, buffer zone, 
overland flow field, sedimentation pond, water protection 
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Abstract 
The purpose of this contribution is an updated analysis of the State Forest Enterprises (SFEs) 
in Europe, with a focus in Northern countries. As forests owned/managed by the State, SFEs 
have traditionally played a major role in the forest sector in European countries, which is 
influenced by their developments. However, even though State forest makes almost 50% of 
forestland in Europe, it is a bit aside of scientific interest (while many researches have studied 
private forest ownership).In this descriptive study, we show trends in the current management 
of the SFEs in Europe based on the information provided by SFEs online, through their 
association EUSTAFOR. We searched on published reports and contents of webpages 
between September 2015-February 2016. In some cases, local experts have been contacted 
for additional information. Content analysis was used for analyzing collected information, 
organized by categories (economic, labor practice responsibility, environmental).  
 
Results show, as expected, that SFEs function mainly as profit companies, in the meanwhile 
taking care about public forest goods. Typically, there is one large SFE per country (e.g. 
Metsähallitus in Finland manages 9.13 mil ha of land), but there are exceptions (e.g. Lithuania 
has 42 SFEs with an average of 0.025 mil ha of land). Many enterprises in addition to the main 
forest activities develop new business area, such as renewable energy, real estate, consulting, 
and extraction of natural resources. However, this innovation attitude is mainly of Northern or 
Central-Northern Europe (e.g. ÖBF, Coillte), while Central-Southern European SFEs are still 
more conservative in the way they are managed and in their goals. However, it is difficult to 
compare SFEs: some have different kinds of reports, others present basic info on their web 
pages. Nordic SFEs are good examples of presenting information both to the public and to 
experts (e.g. Metsähallitus, Statskog). Among the main problems for a more clear 
understanding of SFEs, their role and performances in Europe are that: (i) reports are usually 
in local languages; (ii) different sets of indicators are used in different countries; (iii) reports 
are not regularly updated. The absence of common reporting system makes practically 
impossible the comparison of SFEs. The comparison would help to identify enterprises 
strengths/weaknesses, exchange best practices and improve their performances. The 
adoption of a common template for periodical reporting, with predefined set of indicators will 
also allow to communicate to the large public the importance of these forest enterprises, would 
be very useful. 
 
Key words: State Forest Enterprise, forest governance, European forestry. 
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Abstract 
State forest institutions in Poland, where 80% of the forest is state owned, bear high 
responsibility for the sustainable development of this natural resource. By coping with multiple 
challenges, they strive to fulfill economic, ecological and social goals. In this paper, it was 
examined how far these goals are met and which strategic option(s) can be identified for the 
future. The 3L-Modell was applied in order to evaluate comprehensive performance of the 
National Forest Holding State Forests (“State Forests”) that manages the state-owned forest 
as well as the Ministry of Environment, which is an authority responsible for the forest-related 
issues in Poland. The field study relied on a mix of techniques (document analysis, semi-
structured interviews, survey, participating observation) and the data, collected between 2014 
and 2015, showed achievements of both institutions clearly: (i) requirements of sustaining 
forest stands are met in the practice; (ii) the “State Forests” makes profits and has enough 
resources for the active management of forests and goal achievement, bearing that way some 
independence from the public budgets and political interventions; (iii) improving cost efficiency 
could vastly contribute to the stability of the “State Forests”, which is true for its marketing as 
well the fact that it does not put forward innovative products from forests yet; (iv) both, the 
“State Forests” as well as the Ministry compete for the role of a speaker for forestry (which 
reflects the traditional forestry view), what can contribute making forestry more visible in media 
and political discussions; (v) mediating all conflicting interests in the forest is not a goal that is 
strongly followed by forest institutions in Poland yet. Based on these results, one strategic 
option would refer to the challenge of becoming a mediator of all interests in forest, whereas 
second option could go in the direction of improved efficiency and additional revenue 
generated through the new forest goods.
 
Keywords: political evaluation, criteria and indicators, state forest institutions, Poland 
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Abstract 
One of the forest owners’ associations’ activities is an economic co-operation in timber sales. 
Small non-industrial private forest owners sometimes need additional support or 
encouragement for active forest management.  
 
According to the Estonian Forestry Development Plan until 2020, for the end of period (2020) 
the forest owners associations have to sell 5 million m3 of timber. To motivate small non-
industrial private forest owners as well as forest owners’ organizations for active forest 
management and timber sales, a state support system for forestry association was launched 
in 2009; the latest changes were made in April 2014. One of the additional support aims is to 
increase the self-sufficiency of forestry associations. The organizing of the joint-sales is one 
of the three supported activities, but there are certain limits for applying for the support: a) 
gradually (yearly) increasing minimum amount of members in forestry association; b) 
maximum amount of support for all supported activities is 100 € per member of association; 
c) maximum sum per sold m3 is depending from type of sales (1) 0.2 €/m3  in case of organizing 
the public auctions of transferring the cutting rights of forest; 1.554 €/m3  -  (2) arranging the 
transferring of forest logging rights on the basis of the volume of harvested assortments; - (3) 
organizing the logging and sales of harvested assortments. A formula for calculating the 
maximum support of joint-sales includes the different coefficients for the type of cutting, the 
average harvested volume per ha, the number of private persons (forest owners) served by 
an association.  
 
Based on the data of 2010 – 2013, the amounts of jointly sold timber have yearly increased. 
Estonian local forest owners associations established two commercial associations for timber 
trade (in 2009 and 2013) as sales channels, with the aim of getting the best price for bigger 
quantities and long term contracts. For getting the forestry association support, bigger 
organizations have actively increased the number of members, few associations have 
merged, and the smallest ones would like to remain independent without support. According 
to the data of 4 different forestry associations for the period of 2012 – 2013, in cases where 
the timber assortments were sold, the average joint-sales support has been 1.21 €/m3  in 
thinning and 0.86 €/m3  in clearcutting.  
 
In February and March 2014, before the official approval of the last changes in private forestry 
support system, the survey among the representatives of private forestry was carried out. The 
qualitative part includes 4 long and several short interviews with the leaders of forestry 
associations. A quantitative semi-structured internet based survey was targeted to the private 
forestry consultants, staff and board members of local forestry associations (n=26). The 
private forestry specialists and representatives of associations have diversified opinions about 
the state support for organizing the joint sales of timber. 62 % of respondents have an opinion 
that country like Estonia needs the state support for the joint sales, 54 % thinks that it is needed 
in current economic conditions. The general opinion of discontented respondents is that 
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instead of supporting the sales of timber from clearcuts and supporting of associations, the 
support has to go directly to the forest owners and only clearings and pre-commercial thinning 
have to be supported; in current case the government subsidies are distorting the free market.  
Only 23 % of respondents indicated that the special support was the reason for starting joint 
sales in their associations. While the satisfaction with the setup and the implementation of 
state support was asked, no respondents were fully satisfied, 38.5% were rather satisfied, 
19.2 % remain neutral, 30.8% were rather dissatisfied and 11.5% were fully dissatisfied. 77% 
of the respondents had an opinion that the joint sales support has given a positive impact to 
the Estonian private forestry and forest owners. 
 
Keywords: joint-sales, forest owners association, state support, forest policy 
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Abstract 
The majority of existing studies of recreational preferences and forest characteristics focused 
on single stand attributes and demonstrated that people prefer stands with visual variation. 
However, it may be too simple since most people experience more than one stand when 
visiting a forest. This study aims at evaluating the effects of variation both within and between 
stands on recreational values. A choice experiment (CE) was applied to elicit people’s 
preferences for forest types on their next recreational visit. Each alternative is presented with 
drawings of three forest stands which differ with respect to tree species, height (age) and 
distance to the site, the latter representing the cost factor – willingness-to-travel. Respondents 
also compose their ideal recreational forest by selecting three types of stands from the 
catalogue of drawings. We find that mixed tree species are preferred compared to 
monocultures. Stands with trees of varying height (uneven-aged stands) are preferred over 
stands consisting of trees of the same height (even-aged ones). Variation between stands is 
found to contribute positively to recreational value, and in some instances, this may outweigh 
contribution of variation within a stand. Comparing respondents’ composition of their ideal 
forest with elicited preferences from the CE, confirm these findings.  
 
Keywords: outdoor recreation, choice experiment, variation, forest structure, forest 
management, visual diversity 
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Abstract 
In Finland ‘bioeconomy and clean solutions’ have become a key strategic vision for building 
the future economy as envisioned by the current government. In this strategic vision, forest 
resources are regarded as the basis for the Finnish bioeconomy. Whereas this political 
bioeconomy discourse focuses significantly on technical and economic solutions, the views of 
the people who are the targets of policy measures and who have a role in the governance 
process are less often heard. In this paper local bioeconomy governance agents’ views on 
innovative bioenergy entrepreneurship are explored. In total 33 local bioeconomy governance 
agents were interviewed in rural Eastern Finland in 2010-2011.The thematic interview focused 
on exploring their perceptions on the current and future situation of bioenergy 
entrepreneurship in one rural municipality with abundant forest resources and diverse forest 
related entrepreneurship. Qualitative approach was used in data analysis. The preliminary 
findings suggest that implicit and explicit cultural expectations, agency of individual local 
actors, and economic sustainability are some of the factors that the local bioeconomy agents 
associate with the innovativeness or a lack of it in local bioenergy entrepreneurship. Overall, 
the results of this study contribute to a better understanding of what type of issues are 
important for people in rural areas in the context of bioenergy entrepreneurship, which issues 
may matter in local bioeconomy development and governance dynamics, and how the future 
expectations of local people are, particularly in the context of bioenergy. In the end, these 
findings may help in building more effective context specific policies for future bioeconomy, 
particularly in rural areas. 
 
Key words: bioeconomy, bioenergy, governance, innovativeness, rural development 
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Abstract 
This study concludes a review of the services research and economic literature about the 
political, economic, social, technological and environmental (PESTE) developments related to 
the increasing role of services, and discusses the findings vis á vis to the issues raised in the 
forest-based sector. Two distinct approaches for further investigations on services are 
proposed: a linear value-added chain analysis to make the role of services visible in the 
present forest-based sector processes, and an explorative foresight analysis to elaborate the 
profound changes that the reviewed literature indicates in production and distribution modes, 
business models and operation logics.  
 
Keywords: services, forest-based sector, environmental scanning, system change, 
foresight 

 
Introduction 
Increasing role of services has been recognized in the forest-based sector, including: new 
opportunities in service businesses, such as nature-based tourism, education and training, 
and consultancy (Hetemäki, 2011); growing importance of business-to-business services in 
the forest industry (Toppinen et al., 2013; Viitamo, 2013); role of environmental credentials 
and other intangible aspects for the wood products industry (Toivonen et al., 2005; Räty et 
al., 2014); innovations in new products and services (FTP, 2013; Näyhä et al., 2014); and 
increasing attention to ecosystem services and related payment mechanisms (FOREST 
EUROPE, 2011; EC, 2013; UNECE/FAO, 2014).  
 
As the list of items already illustrates, the concept of services is multidimensional. Emerging 
services include service definitions that stem from different fields, such as ecosystem services 
and services business, mixed definitions combining tangible goods with intangible services or 
addressing service activities within the manufacturing-processing industries. Recently also the 
service conceptualizations have been discussed, for example, how services are included in 
the European-level bioeconomy-related strategies (Pelli et al., n.d.) and how both business 
ecosystems and natural ecosystems could be considered within a service-dominant value 
creation framework (Matthies et al., 2016).  
 
Mixture of concepts and lack of data about the role of services has kept the forest-based sector 
analyses focused mainly on existing products and their value-added chains, whereas services 
and related opportunities gain less attention (Hurmekoski & Hetemäki, 2013; Hetemäki, 2014; 
Näyhä et al., 2015). However, new value-added services are explicitly mentioned along with 
new products in the forest-based sector strategic research agendas (e.g. FTP, 2013), forest 
strategies (e.g. EC, 2013), and bioeconomy strategies (e.g. Ministry of Employment…, 2014). 
There is a clear need to study further the developments related to services and explore the 
opportunities and challenges that emerge for the forest-based sector. To this aim this paper 
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seeks to answer the following questions: 1) how increasing role of services is described and 
evidenced in the services research and economic literature, and 2) what drivers and possible 
change factors are identified in the materials including technical reports produced in the 
international forums, such as the EU and OECD.   

 
RESEARCH DESIGN  
Target of this study, services, is an evolving concept. Services are no more clearly distinct 
from physical products by their intangible, heterogeneous, inseparable or perishable 
characteristics (Zeithaml et al., 1985); digital services can be standardized, modularized and 
also stored. Interaction between the producer and user, and the consequent change of 
condition has been proposed as a distinct characteristic of services (Miles, 1993; Daniels & 
Bryson, 2002). With this notion the definition of services can also be seen applicable to 
ecosystem services (cf. Matthies et al., 2016). 
 
Increasing role of services is typically described as the high share of service sector in gross-
domestic product (GDP), national value added and employment: with these metrics the share 
of services is over 70% in developed economies (OECD, 2005). From the economic analysis 
point of view “services” can be addressed as services industry sector, but also as services 
activities or functions carried out in any sector of the economy, as services outputs produced 
in any sector of the economy, and as services occupations held in any sector of the economy, 
including activities outside market transactions, i.e. individuals and households (Daniels & 
Bryson, 2002). This brings forward the challenge in assessing the impact of services; services 
are distributed across all socio-economic sectors (Coombs & Miles, 2000). Furthermore, also 
metrics are changing. Statistical nomenclatures have been refined to reflect the emerging new 
service industries, for example in information and communication (EC, 2009). But data 
collection is also grouped under new themes, for example, data on environmental goods and 
services to support sustainable development policies (EU, 2011). 
 
In order to address this multifaceted field of investigation – services as emerging phenomenon 
– we review services research and economic literature how the increasing role of services is 
described and evidenced, and which factors are identified affecting the developments. The 
outside-in view is typical for environmental scanning, i.e., seeking understanding about 
external forces, their developments and how their interaction may affect the operating 
environment (Choo, 2001; Gordon & Glenn, 2013). The two questions defined for this study 
demonstrate the dual nature of an environmental scanning exercise: the purpose is to collect 
evidenced data on past and present developments, but at the same time keep an eye on early 
warnings of possible changes in order to build preparedness for action, to grasp an opportunity 
or to avoid difficulties ahead (Schultz, 2006).  
 
Data sources for the review are purposefully chosen outside of the forest-based sector and 
forest research field: the services sector analyses include studies on services industries and 
service sector innovation, and the service business research agendas target on services 
industry companies, but also service activities and outputs for example in manufacturing. 
Economic studies and technical reports include materials from international organizations, 
such as the European Union (EU), the Organisation for Economic Co-operation and 
Development (OECD), the World Trade Organization (WTO), the United Nations Industrial 
Development Organization (UNIDO) and the World Bank (WB), and economic research 
institutes and agencies. The study aims not to be exhaustive, but to identify key issues 
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documented across the source materials, and to compare the findings with the issues raised 
in the forest-based sector investigations.  
 
In the analysis the data is categorized into the political, economic, social, technological, and 
environmental aspects of increasing role of services. PESTE analysis is often carried out in 
the beginning of a foresight study in order to map out global trends and identify core issues 
for further investigation, which in turn can include both quantitative and qualitative analyses 
(Schultz, 2006; Gordon & Glenn, 2013). The results presented next according to the PESTE 
categories are summarized in the annexed table. The foresight analysis perspectives are 
discussed in the end of the paper. 

 
RESULTS 
 
Political developments: trends, drivers, change factors 
The increasing role of services, tertiarization of the economy, is described as the increasing 
share of the services sector in GDP and employment, while the role of the primary production 
and manufacturing-processing sectors is decreasing (De Backer et al., 2015). This 
development of a post-industrial economy or service economy has been discussed critically, 
because historically services sector has showed lower productivity growth and technological 
innovation than manufacturing (Miles, 1993; Daniels & Bryson, 2002). The manufacturing 
versus services debate continues at the same time as the role of knowledge-intensive services 
has been found important for the economic growth (Miles, 2005; Kox & Rubalcaba, 2007; 
OECD, 2007; EC, 2011). There is a close relationship between manufacturing and knowledge-
intensive business services. Better coordination of different policy fields, such as industry, 
trade and innovation, is targeted by re-industrialization policies (OECD, 2005). For example, 
the EU industrial policy targets to increase the GDP share of manufacturing activities from 
app. 15% to 20% by 2020 (EC, 2012). Measures toward this aim include improving internal 
markets for services (EC, 2010), as well as seeking means to enhance service innovation (EC, 
2011) and business services in particular (EC, 2014b). In international collaboration, services 
are part of trade negotiations. Services are needed in coordination of production in the 
internationally dispersed supply chains, global value chains (GVC), but their role is more 
diverse and services themselves have become modularized and traded internationally 
(Kommerskollegium, 2010; Low, 2013; Gallouj et al., 2015). Several international initiatives 
aim at improving means to assess these ever more complex international trade flows (OECD-
WTO, 2012).  
 
Possible change factor relates to the evolving GVCs: what is called as “increasing role of 
services” can also be perceived as a part of more profound changes underway (Zysman et 
al., 2010; Baldwin, 2013; Nielsen et al., 2013). Changes become more rapid and unpredictable 
due to the multiplication effects accumulating from internationally dispersed supply chains and 
development of enabling technologies. Consequently, small change in one policy area in one 
country or economic region may have radical impact on industry on the other side of the globe 
(Baldwin, 2013).  
 
Economic developments: trends, drivers, change factors 
Changing international economy dynamics of de-industrializing North and industrializing South 
leads economic emphasis to shift to the emerging economies, which become competitors on 
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high-value added products and develop also their services sectors (EC, 2010; De Backer et 
al., 2015).  
 
The borderline between traditional economic sectors has become blurred: In Europe the 
average service content of manufactured goods produced in the EU is estimated to amount to 
nearly 40% of the total value of final manufacturing goods (Stehrer et al., 2014). This figure 
does not include services produced and sold also by the manufacturing companies 
themselves; a trend which is called servitization in manufacturing. Analysis on company 
financial data shows that app. 30% of manufacturers with over 100 employees offer services 
globally (Neely et al., 2011).  
 
Overall quantification of services faces several difficulties (Low, 2013). The services sector 
includes very heterogeneous activities, which cannot all be described with same attributes. 
For example the argument on low productivity of services does not describe knowledge-
intensive services, where high productivity growth rates have been detected in ICT, finance 
and insurance (Zysman et al., 2011; De Backer et al., 2015).  
 
To overcome this challenge of measuring services transactions or the input of services to other 
production sectors, intangible value creation or knowledge-based assets (OECD, 2013) are 
proposed as a means to grasp the ubiquitous nature of services embedded in value creation. 
Product-level value-added analyses have been carried out on several types of products, 
recently also in the services sector (Kenney, 2013; Sturgeon et al., 2013; Ali-Yrkkö & 
Rouvinen, 2015). Although the analyzed products vary considerably, it can be concluded that 
the tangible production is often less significant than the intangible value creation: in GVCs it 
is the developed countries with high value-added services that collect the main share of value 
added.  
 
Possible change factor relates to the above discussed system change that the enabling 
technologies drive for production and distribution. Zysman et al. (2011) call this the algorithm 
revolution that changes how value is created, distributed and captured throughout all 
economic sectors: activities can be coded, replicated, analyzed, modified and customized, 
and the feedback loops to customer processes enable creation of new services. Service mode 
spreads to all operations, thus, including physical goods and new materials engineered for 
specific tasks (Zysman et al., 2011; Nielsen et al., 2013).  

 
Social developments: trends, drivers, change factors 
Increasing role of services can be described as emerging service-based economy or 
experience economy (EC, 2011). In developed economies ageing population creates demand 
for personal services, including new types of services. In emerging economies domestic 
demand supports increase of manufacturing and related services, but the increasing middle 
class also consumes more services (De Backer et al., 2015). International trade in services, 
including tourism, increases. For example, the EU industrial policy recognizes healthcare 
industries along with the above mentioned manufacturing and associated services (EC, 2010), 
and tourism is one of the sectors where the performance of developing internal market is 
assessed (EC, 2014a). 
 
In addition to the economic and demographic drivers, an important factor for the increasing 
role of services is the way how pervasive enabling technologies are in our every-day lives. 
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Technology enables new economic transactions, such as growing numbers of web-based 
services, but it also changes what is exchanged and by whom (Ostrom et al., 2010; Gallouj et 
al., 2015). Consumer-to-business (C2B) exchange has become valuable as the data on 
consumption and usage has become a tradable resource. Furthermore, services are 
exchanged in enabled consumer-to-consumer (C2C) transactions, such as Airbnb.  
 
Innovations are not only innovations in products or services, but applications develop through 
use, and changing practices spread from one context to another. In services research 
emphasis is turning on service systems (Maglio & Spohrer, 2008; Vargo et al., 2008; Ostrom 
et al., 2010; Gummesson & Grönroos, 2013). New business models and modes of value 
creation combining technological and social innovation are researched. For example, 
transformative services for human and societal welfare and for sustainable development are 
recognized as an emerging field where services can contribute (Ostrom et al., 2010; EC, 
2011). 
 
Possible change factors relate to the pattern and speed of (technological) innovations finding 
new, even surprising, applications in different contexts. Also consumer practices and 
preferences change: customized private services which are designed by usage data can also 
have an impact on what is expected from public services and administration (Gallouj et al. 
2015; cf. Schultz, 2006).  

 
Technological developments: trends, drivers, change factors 
Research on services defines three approaches how technology and services connect 
(Coombs & Miles, 2000; Gallouj & Savona, 2009; Change et al., 2014): a technologist or 
assimilation view addresses innovation in services merely as adoption of new technology; 
demarcation or differentiation view emphasizes the special character of services in innovation 
which is more interactive and processual than development of tangible products; integrative 
or synthesis view approaches products and services together because the new aspect of 
technology concerns both. Also the idea of a “service economy” can be described as an 
evolution of these three approaches how services are described in relation to tangible products 
and to technologies (Chang et al., 2014).  
 
The services sector and service business literature reviewed for this study focus mainly on 
ICT and digital technologies, while the economic analysis already recognize the emerging bio- 
and nanotechnologies, convergence of old and new technologies and hybridization or, for 
example, mix with the Internet of Things. In other words, ICT and digital technology is foreseen 
to be combined with new bio- and nanotechnology applications and materials that would lead 
to emergence of totally new types of products and services (Low, 2013; De Backer et al., 
2015). This would change profoundly the way how production and distribution is organized.   
 
Possible change factor in technology relates to commoditization of technology, rapid 
innovation and market cycles (Baldwin, 2013). The rapid changes include also threats, i.e., 
whether the technological possibilities create widespread benefits or adverse effects (Zysman 
et al., 2011). 
 
Environmental developments: trends, drivers, change factors 
Service-based or sharing economy has been described as replacing tangible goods with the 
use of intangible services. Such development could lead to less material use and less negative 
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impact on the environment (OECD, 2000). This however is detected not as a straightforward 
equation: increasing use of intangible services does not necessarily lead to decreasing use of 
tangible resources; availability of easy-to-use services may even lead to increased 
consumption of renewable and non-renewable resources because increasing service volumes 
require new infrastructure and related products (Heiskanen et al., 2003; Djellal & Gallouj, 
2015). Knowledge-intensive services are developed in the field of resource efficiency, for 
example for improved monitoring and maintenance services for manufacturing or hospitality 
sectors. But transformative services are also directed to consumers in order to support more 
sustainable lifestyles, such as practices related to use of energy, water or waste management 
(Ostrom et al., 2010).  
 
Overall, environmental developments are not very much elaborated in the reviewed materials. 
Possible change factors can be defined from the policy processes, such as integration of 
sustainable development goals into re-industrialization policies, and the emerging markets for 
clean tech and other types of environmental goods and services (EC, 2010; EU, 2014). Also 
natural resources can be understood as a potential change factor: access to critical raw 
materials is crucial not only for the infrastructures but also for related services and operability 
of the digital economy (EC, 2010).  
 
DISCUSSION AND CONCLUSIONS  
The above analysis based on services research and economic literature reveals different 
interpretations about the increasing role of services. Two interlinked drivers are highlighted 
across the PESTE categories: globalization and technological development. The 
developments, however, can be interpreted as a trend of increasing services within the present 
production paradigm or as a symptom of a more profound system change.  
 
Although there are issues identified both in the reviewed materials and in the forest-based 
sector (e.g. the increasing role of B2B services and opportunities in tradable services such as 
tourism and knowledge-intensive services), there are several points where the sector-specific 
views do not meet. Services research and economic analyses describe the connection 
between services and manufacturing sectors in terms of performance, growth and innovation, 
but similar interlinkages between service companies and the primary production sector are 
not discussed in the reviewed materials. Services related to management and supply of 
natural resources—or ecosystem services—were elaborated in the EU documents as an issue 
of market creation for environmental goods and services (EC, 2010). Noteworthy the economic 
analysis or service sector research reviewed in this study did not discuss either natural 
hazards or services and service innovations related to early warning systems, hazard 
prevention, mitigation and recovery. These are examples where the analyses on services and 
primary production sectors could connect better. Furthermore, the observation in services 
research on the changing role of users and beneficiaries in value creation in B2C, C2B and 
C2C contexts, can also be evidenced in nature conservation and the recent means how 
biodiversity issues are promoted: For example the World Wildlife Fund’s live video feed 
#norppalive from Lake Saimaa drew wide attention in Finland to conservation of Saimaa 
ringed seals (Yle, 2016). Thus, emerging services do no more refer to “services business”, 
“services companies” or “market creation” in conventional terms, but rather, unfold several 
modes how value can be created in different contexts. 
 
In the reviewed materials natural resources were included under the topic of resource 
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efficiency, but especially in the services research materials there was no distinction made 
between renewable and non-renewable resources. The forest-based sector, in turn, highlights 
use of renewable materials as one of the core benefits in bioeconomy and the role of forest 
sector crucial in securing sustainable management of forests and maintenance of ecosystem 
services (EC, 2013). Although bioeconomy was not specifically mentioned in the reviewed 
materials, the above PESTE analysis opens quite a different view on the future bioeconomy 
led by technological advancement and socio-economic developments. Biorefineries can be 
understood as business ecosystems where resources become integrated in a novel way: not 
only does one party’s waste become another party’s resource, but also data, knowledge and 
experience become resources in the new processes (Pelli et al., n.d.). The material and 
immaterial becomes blurred, and definitions to separate “intangible services” from “tangible 
products” become more and more redundant. This change cannot be described as a structural 
change in economy, but in fact also the metrics become redefined how to measure the 
changes ongoing.  
 
To conclude the analysis, there is need for two distinct approaches for further investigations 
about services in the forest-based sector. For the first, the role of services needs to be made 
visible and recognizable in the present forest-based sector processes. By this we mean the 
existing production paradigm for manufacturing processes. For example, value-added 
analyses of selected forest-based sector products could serve this purpose (see Ali-Yrkkö & 
Rouvinen, 2015) and contribute to assessment of short to medium-term opportunities and 
challenges that the forest-based sector actors face. However, an analysis of longer future 
horizons needs to explore also the more profound changes in production and distribution 
modes, and how these developments may effect on forest sector actors and use of forest 
resources. Here the forest sector foresight analyses could benefit from connecting with futures 
studies (Hurmekoski & Hetemäki, 2013). For example, the analyses on long-term socio-
economic cycles have already elaborated ideas how the era after industrial and information 
society could look like (Linstone, 2011; Wilenius, 2015). Many of these ideas, however, may 
seem too radical in the light of present-day knowledge. As an alternative, the services research 
approaches to service systems provide an analytic framework for investigating future business 
models and modes of value creation in specific case contexts; thus, connecting today’s 
processes and networks into a wider system view. Such system investigations could also be 
a means to extend the forest-based sector vocabulary from accustomed metrics of “services” 
to emerging services, and discuss the opportunities and challenges ahead. 
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Annex: Summary of the Political, Economic, Social, Technological, and Environmental 
(PESTE) developments, drivers and possible change factors identified in the reviewed 
materials.  
 

 Increasing role of services Drivers Change factors 
P tertiarization, service 

economy 
(re)industrialization policy 

 
blurred manufacturing and 
services integrated 
policies 
 
profound system change 

rethink policymaking 

economic drivers, 
globalization (incl. 
international collaboration), 
technological development 
(mainly ICT, but also other 
enabling technologies 
coming fore) 

adverse impacts 
caused by increasingly 
interlinked policies 
across sectors and 
across national 
borders 

E tertiarization, service 
economy 

opening markets for 
services 
 
blurring of economic sectors 
and interlinked production 
processes; recognition of 
intangible assets and value 
creation 

globalization + technologies 
= trade in tasks in global 
value chains (GVCs);  
dynamics in emerging 
economies, shift in global 
powers 

less predictability in 
economy due to GVCs 
evolution and complex 
interdependencies  

S increasing demand for 
services, changing lifestyles: 
service-based or experience 
economy;  
not only b2c, but also c2b 
and c2c transactions;  
new types of servicing based 
on algorithms collecting 
usage data 

demographic changes: 
ageing population in 
developed countries, raising 
middle class in emerging 
economies, urbanization; 
global connectedness; 
technology embedded in 
everyday; technology-in-use 
evolution, shorter rotation 
time in innovations 

quick changes in public 
perceptions and 
spread-out of 
phenomena through 
social media; impact 
on modes of 
governance 

T knowledge-based economy: 
technology-led innovation in 
services and/or technology-
in-use evolution and 
dissemination of new 
practices through services 
 

ICT, digital technologies, IoT, 
but also hybridization and 
convergence of technologies 

new production and 
distribution paradigm. 
combining ICT with 
bio- and 
nanotechnology 
applications and new 
types of materials  

E service-based economy 
reducing pressure on natural 
resources; 
service systems and 
transformative services on 
human and social wellbeing 
but also to improve resource 
efficiency and sustainability 
in production, businesses 
and consumption 

decreasing resources, need 
for resource efficiency; 
sustainability requirements  

resource scarcity and 
access to critical 
resources; 
sustainable 
development and 
environmental policies 
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Abstract 
Sustainable development and sustainable value chains provide opportunities for sustainable 
trade and market development. Green international sustainable development initiatives 
represent growth combining environmental, social and economic targets. Forests and forest 
products have remarkable possibilities constituting a resource in the green initiatives which 
give opportunities in the value chain and in competitiveness within the forest sector and forest 
industry.  
 
Nordic countries have collaboration in the way towards sustainable development. Policy has 
a remarkable role in the value chain from forests. There is a link with relevant regulations. 
Forests and forest products have significant opportunities in green initiatives. Customers have 
an important role in the value creation and for the quality. In this literature review, sustainable 
development is highlighted with a European Union and Nordic emphasis taking into 
consideration the policy point of view in the value chain and the CSR and the initiatives of Bio-
economy, Green Economy and Green Growth. Sustainable development in an international 
framework has been studied as an overview and analysis in the context of forests and forest 
products.  
 
Keywords: Forests and forest products, Policy, Value chain, Bio-Economy, Green initiatives, 
Competition, CSR 
 
 
Introduction 
The New European Union Forest Strategy 2013 highlights value chains in the 
competitiveness. The New European Union Forest Strategy 2013 includes guiding principles 
which cover sustainable forest management and multifold role of forests. (The New EU Forest 
Strategy 2013) In Finland, value chain approach has an extensive characteristic in an 
international context (Kokkonen, Marja 2009). Stakeholders have an important role in the 
value creation. Stakeholder engagement in value creation in business is in an important role 
for companies. A company can have a role in business as well as playing also a role as an 
actor in the society. (Myllykangas, Päivi 2009)  
 
The Corporate Responsibility approach provides internationally an opportunity for business, 
business associations, governments, trade unions, intergovernmental organizations and non-
governmental organizations (NGOs) to enhance standards in business conduct and 
management (Corporate Responsibility: Private Initiatives and Public Goals 2001).  
 
 
Policy framework in value chains in Bio-economy with stakeholders 
Bio-economy Strategy for Europe includes promotion of markets and competitiveness within 
the Bio-economy sector. There are expectations for innovation in biotechnology and 
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biorefineries with new markets of bio-based products. (Commission Staff Working Document 
2012)  
 
Forest sector offers value added growth in bioeconomy (Ollikainen, Markku 2014). The 
strategy of the Green Growth of the OECD strives for the economic growth (Towards Green 
Growth 2011). There are significant benefits in partnerships and collaboration with 
stakeholders. The role of stakeholders including private sector is emphasized. (The Nordic 
Region – leading in green growth: Report by the Nordic prime ministers’ Working Group for 
Green Growth 2011) 
  
According to “The Nordic Bio-economy Initiative 2013-2018” Nordic Bio-economy Initiative 
may enhance sustainable green economic growth with growth including innovative business 
and improved use of biomass. It contains regional and international collaboration. Sustainable 
use of Nordic biomass focuses on the whole value chain. The initiative includes an opportunity 
for a Nordic dialogue on national Nordic and European preferences in implementing 
bioeconomy. (The Nordic Bioeconomy Initiative 2013-2018 2013)  
 
The new EU Forest Strategy for forests and the forest-based sector in 2013 includes 
contribution to the green economy and the Bio-economy. It also contains FLEGT and EU 
Timber Regulation. Strategic goals include promoting sustainable forest management in 
Europe and globally and highlighting the role of forests in the transfer to a green economy. 
The Commission emphasizes competitiveness and sustainability of forest-based industry, bio-
energy and Green Economy in the European Union. The strategy highlights market growth 
and internationalization of the forest-based industry products of the EU, competitive value 
chain and the contribution to the bio-based economy. (The new EU Forest Strategy 2013)  
 
The importance of forest certification, Corporate Social Responsibility (CSR), carbon markets 
and ecosystem services are accentuated and the role of the Green Economy for forest 
products highlighted. Especially efficiency in the production and management techniques is 
accentuated as well as the importance of proactivity in the business environment and business 
system innovations of the companies in the forest sector. There is a need for the forest sector 
companies to be more innovative. (Hansen, Eric et al. 2012) 
 
It is stated in The Bioeconomy Action Plan 2012 “COMMUNICATION FROM THE 
COMMISSION TO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE EUROPEAN 
ECONOMIC AND SOCIAL COMMITTEE AND THE COMMITTEE OF THE REGIONS 
Innovating for Sustainable Growth: A Bio-economy for Europe”  STRATEGY FOR 
“INNOVATING FOR SUSTAINABLE GROWTH: A BIOECONOMY FOR EUROPE" that Bio-
economy has a significant potential with the opportunity to maintain and establish economic 
growth,  diminish fossil fuel dependence, and enhance the sustainability in economic and 
environmental primary production and processing industry (The Bioeconomy Action Plan 2012 
- COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE 
COUNCIL, THE EUROPEAN ECONOMIC AND SOCIAL COMMITTEE AND THE 
COMMITTEE OF THE REGIONS 2012). In 2012, the European Commission adopted a 
strategy “Innovating for Sustainable Growth: A Bio-economy for Europe”. This Bio-economy 
Strategy supports production systems where greenhouse gas (GHG) emissions are reduced. 
The regional approach and contribution, private investments and public-private partnerships 
are highlighted. (Innovating for Sustainable Growth 2012) High technology, efficacious wood 
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procurement and customer focus are sources of competitive advantage. Corporate 
responsibility may be perceived as a source of value creation. (Li, Ning 2012) 
 
Sustainable development and competitiveness in forest-based markets nationally and 
globally analyzed with stakeholder approach and the CSR 
Promoting of certified forest products has a link in competitive products. Forest certification is 
connected to a wide range of sustainable development characteristics. (Holopainen, Jani 
2012). Certification can enhance sustainability. According to the research results, the EU 
Timber Regulation has had the opportunity to enhance relations between customers and 
suppliers in the value chain. Finnish wood industry companies use forest and CoC certification 
strategies that meet customer expectations; SMEs that do not yet have traceability systems 
are in need of legality verification systems. (Holopainen, Jani et al. 2015). Even if enterprises 
in the forest sector would not see engagement in social and environmental responsibility 
having competitive benefits, it might be valuable because it could also mean quality. (Hansen, 
Eric et al. 2013) 
Environmental performance in products and with product communication can enhance 
competitiveness in the forest industry (Developing sustainable forest industries 2011). Forest 
industry development is facing new challenges and opportunities and companies enhancing 
environmental performance with industrial ecology are able to do environmentally responsible 
promoting which may create new marketing opportunities (Aarras, Nina 2006).  
The main forces which have an influence on the forest industry development in State of the 
World’s forests 2011 of the FAO show that there exists opportunities in economic growth and 
globalization; there are strengths in environmental characteristics of a product, in the 
prospects of innovation and in the adjustment and rule of raw material supply. Strategic 
reaction to driving forces having influence on the forest industry might be opportunities and 
strengths both in the initiatives in green building and green packaging, and on the other hand 
in the development of bioenergy and biomaterials. (State of the World’s forests 2011)  
 
The role of the high-value products is highlighted and the role of climate change with related 
policies is accentuated having a link to customer preferences and regulations. The role of 
forest owners is highlighted. (Jonsson, Ragnar 2011) With certification schemes it can be 
possible to regulate markets. (Bernstein, Steven and Cashore, Benjamin 2012).  
 
Improving the competitive situation of a company is linked to product quality when compared 
to competitors. Competitive position can be enhanced with service, logistics and intangible 
products in Nordic countries. Research results show that intangible product quality can mean 
“Behaviour and Image”, “Serviceability and Environment” and “Reliability”. (Toivonen, Ritva et 
al. 2005).  
 
 
Ecosystem services and Bioeconomy in the value chain and policy 
Forest management and utilization of wood in products have a significant role. Maximizing of 
the carbon stock in wood products is highlighted. Taking into consideration the climate change, 
there are opportunities and challenges in biomass utilization of forests. (Soimakallio, S., 
Saikku, L., Valsta, L. and Pingoud, K. 2016)  
 
Competitiveness may be improved by high value, quality and sustainability of forest products 
(Korhonen, Jaana 2016). Clean technology and energy technology have a remarkable 
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importance in Finland (Energy and Climate Roadmap 2050 2014). The new use of forest-
based biomass enhances competition and influences markets (Söderholm et al. 2009). 
 
Value chain with the CSR 
It is important for a company to have a responsible brand which may help to enhance value 
creation in the value chain. (Näyhä et al. 2014).  
Corporate responsibility may be approached as a business value and be integrated in the 
corporate strategy by the companies in the forest sector. Corporate Responsibility may be a 
source of competitive advantage for forest-based companies.  (Li, Ning 2012)   
 
European Union constitutes internationally the largest market for solid biomass in the ECE 
Region. Sustainable forest management, SFM, is part of responsible private initiatives. 
(Forests in the ECE Region: Trends and Challenges in Achieving the Global Objectives on 
Forests 2015).  
 
Countries which have large forest resources can easily respond to the demand for wood in 
the Bio-economy sector. The main driver of export growth in all grouped goods in the 
European Forest Sector Outlook Study (EFSOS) area in 2003 2008 is the world market effect. 
(Competitiveness of the European Forest Sector 2014)  
 
Wood products markets follow the quality demand (Toivonen, Ritva 2011).   
Certification schemes and principles may guarantee sustainable production and use of 
biomass and bioenergy if they constitute the whole value-added chain. (Mikkilä et al. 2014) 
Forest sector offers to the bioeconomy growth with high technology and high value add with 
traditional and new products and bioenergy (Ollikainen, Markku 2014). 
 
 
Conclusions 
The Bio-economy concept has a significant potential to create economic growth and 
environmental sustainability and enhance sustainable development. Technological 
development has a significant role in the new sustainable product framework responding to 
policies like the climate change mitigation policy framework. Climate change and forest sector 
policies are interlinked. Green policies have a connection to the CSR. Forests and forest 
products with new products in the value chain form an opportunity for competitiveness. New 
products in international and national markets, especially in trade and export markets and in 
competitiveness are highlighted in the policy framework. 
 
In the value chain, quality constitutes an important role. Quality has a significant importance 
for the markets and for the exports. Quality and value chain have importance in the 
competitiveness. Customer demand has an important role in the value creation and for the 
quality. The renewable natural resource of forests provides an opportunity. In the value chain, 
new forest products and innovation represent opportunities in the competitiveness and 
sustainable development where enhancement can be done with stakeholders. Sustainability 
can be seen in the stakeholder communication framework in forest certification. Corporate 
social responsibility has importance in the value chain for the markets. Customers have a 
significant role in the sustainable development, value chain and markets. 
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Abstract 
CSR is in a remarkable role in an international and national policy aspect enhancing the 
sustainable development and competitiveness in green policy. Forest Law Enforcement, 
Governance and Trade, FLEGT, represents Corporate Social Responsibility framework and 
constitutes a significant policy with a wide stakeholder collaboration in the sustainable 
development framework and proposes many national and international collaborative 
processes. FLEGT has significance for national and international markets and the sustainable 
development framework. Corporations have multiple roles in the CSR in sustainable 
development. Forest Law Enforcement, Governance and Trade gives an important role for 
stakeholders in markets. Stakeholder collaboration may enhance the policy framework.  
 
Green approaches and the CSR are in a significant role in an international and national policy 
and local aspect enhancing the sustainable development and competitiveness in the green 
policy framework. Competitiveness is highlighted in an international and national policy 
framework. Dimensions of sustainability cover value chains within the Bioeconomy. Important 
goals of the EU Bio-economy strategy cover research, policy and markets. Especially a good 
interaction is a target between innovation and bio-economy supporting policies. 
 
Keywords: Forests and forest products, Sustainable development, CSR, EU, Policy, 
Competition, Green Economy, Bio-Economy, Green Growth 
 
Introduction 
In this research article, forest policy and sustainability in the forest-based markets and the 
CSR in the international and European Union policy framework are explored and analyzed. 
The study is broadly outlined and it is based on research articles, research literature and 
organizational information. Several academic sources are included, for example Proquest, 
Academic Search Complete (EBSCO), Agris, CAB Abstracts, SCOPUS (Elsevier), Web of 
Science (ISI) and Google Scholar and Internet sites. This study is essentially a literature 
review and a qualitative study. It concentrates at the same time on interpreting statistical 
information from statistics.  
 
Theoretical framework 
The Corporate Social Responsibility, CSR, has developed as an internationally renounced 
concept and approach towards climate change framework and sustainability issues (Wang, 
Lei and Juslin, Heikki 2011). Business includes a role for innovation and sustainability and an 
extended role in the concept of Corporate Social Responsibility, CSR (Kleinschmidt et al. 
2014). Firms have a role in also the framework of environmental concerns (Cohen et al. 2014).  
 
International rules, international norms and discourse, markets in companies in the markets 
and direct access to domestic policy-making processes have significance in the way of 
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internationalization. International rules cover EU Forest Law Enforcement, Governance and 
Trade, FLEGT, with VPAs, voluntary partnership agreements, with foreign exporting countries. 
(Bernstein, Steven and Cashore Benjamin 2012)  
 
European Union and the role of the private sector 
In Finland, the volume of growing stock has increased for many decades (Finland’s forests 
2015). 
 
The New EU Forest Strategy was adopted in 2013 (The new EU Forest Strategy 2013) with 
the Resolution in 2015 and supports mechanisms combatting illegal logging. At the same time 
it also highlights the approach towards green economy and value of forests. (The new EU 
Forest Strategy 2013) The Resolution highlights the role of the EU forest strategy in the 
sustainable management and the multi-functionality of forests economically, socially and 
environmentally. (A new EU Forest Strategy - European Parliament resolution of 28 April 2015 
on ‘A new EU Forest Strategy: for forests and the forest-based sector’ (2014/2223(INI)) 2015) 
The new EU Forest Strategy in 2013 includes goals for competitiveness and sustainable 
forestry and enhancing ecosystem services. It states that member states should use the 
opportunities by the new Rural Development Regulation and give precedence to investments 
in reforming forestry technologies,  optimizing the sector’s contribution to the bio-economy,  
ameliorating the resilience, environmental value and mitigation potential of forest ecosystems. 
The strategy highlights the role of legislation and international initiatives, small forest owners 
and market-based private-sector tools such as certification. (The new EU Forest Strategy 
2013).  
 
In the EU Forest strategy, the Council of the EU highlights the synergy between sectors and 
coherence between policies in forests, mitigating and adapting to climate change, in 
biodiversity conservation and in preventing desertification. (New EU Forest strategy: 
conclusions adopted by the Council 2014). Taking into consideration the European Union with 
the contribution with stakeholders and the CSR, the policy of the European Union highlights 
the initiatives of the private sector which are grounded on precepts of Corporate Social 
Responsibility, CSR. It accentuates that the private sector has a significant role to play in 
combating illegal logging. (COMMUNICATION FROM THE COMMISSION TO THE COUNCIL 
AND THE EUROPEAN PARLIAMENT FOREST LAW ENFORCEMENT, GOVERNANCE 
AND TRADE (FLEGT) PROPOSAL FOR AN EU ACTION PLAN 2003). 
 
Sustainable trade in the EU FLEGT policy framework 
Illegal logging is a comprehensive and up-to-date issue internationally. The role of small and 
medium-sized enterprises is highlighted. Applicable legislation constitutes environmental and 
forest legislation in forest management and biodiversity conservation and trade and customs. 
(Regulation [EU] No 995/2010 of the European Parliament and of the Council of 20 October 
2010 laying down the obligations of operators who place timber and timber products on the 
market 2010) 
 
According to the Regulation (EU) No 995/2010 of the European Parliament and of the Council 
of 20 October 2010 laying down the obligations of operators who place timber and timber 
products on the market (REGULATION (EU) No 995/2010 OF THE EUROPEAN 
PARLIAMENT AND OF THE COUNCIL of 20 October 2010 laying down the obligations of 
operators who place timber and timber products on the market (Text with EEA relevance)), 
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there are 22 items to be taken into consideration whereof 20 items were imported from various 
countries outside EU to Finland in the year 2010 (FLEGT-lisätoimiasetuksen kansallisen 
toimeenpanon työryhmän muistio 2012).  
 
Statistical information by Finnish customs between 2006 and 2010 shows the following items 
representing the highest amounts of euros altogether in the following imports: 

Russia: 2 911 290 509 €, item 4403: 1 829 566 562 €, item ”4403 Wood in the rough, 
whether or not stripped of bark or sapwood, or roughly squared” 

China: 100 671 604 €, item 9403: 38 937 799 €, item “9403 Wooden furniture” 

Uruguay: 95 055 526 €, item 4403: 47 017 870 €, item “4403 Wood in the rough, whether 
or not stripped of bark or sapwood, or roughly squared” 

Brazil: 73 181 098 €, item 4401: 28 435 827 €, item ”4401 Fuel wood, in logs, in billets, in 
twigs, in faggots or in similar forms; wood in chips or particles; sawdust and wood waste and 
scrap, whether or not agglomerated in logs, briquettes, pellets or similar forms” 

Canada: 60 410 991 €, item 4401: 25 371 093 €, item ”4401 Fuel wood, in logs, in billets, in 
twigs, in faggots or in similar forms; wood in chips or particles; sawdust and wood waste and 
scrap, whether or not agglomerated in logs, briquettes, pellets or similar forms” 

Belarus: 54 162 238 €, item 4403: 51 375 172 €, item ”4401 Fuel wood, in logs, in billets, in 
twigs, in faggots or in similar forms; wood in chips or particles; sawdust and wood waste and 
scrap, whether or not agglomerated in logs, briquettes, pellets or similar forms” 

USA: 49 345 757 €, item 47 and 48: 21 431 177 €, item “4407 Wood sawn or chipped 
lengthwise, sliced or peeled, whether or not planed, sanded or end-jointed, of a thickness 
exceeding 6 mm” 

Norway: 41 606 335 €, items 47 and 48: 22 686 094 €, item “47 and 48 Pulp and paper of 
Chapters 47 and 48 of the Combined Nomenclature, with the exception of bamboo-based 
and recovered (waste and scrap) products” 

Malaysia: 31 153 218 €, item 9403: 21 142 464 €, item “9403” Wooden furniture. 

In this timeframe, both Russia and Uruguay and Belarus have highest amounts in € in item 
4403. The item 4403 includes Wood in the rough, whether or not stripped of bark or sapwood, 
or roughly squared. Instead, both Brazil and Canada have highest amounts in € in item 4401 
which includes Fuel wood, in logs, in billets, in twigs, in faggots or in similar forms; wood in 
chips or particles; sawdust and wood waste and scrap, whether or not agglomerated in logs, 
briquettes, pellets or similar forms. Instead, China and Malaysia have the highest amount in € 
in item 9403 in Wooden furniture.; whereas the USA and Norway in item 47 and 48 which 
covers Pulp and paper of Chapters 47 and 48 of the Combined Nomenclature, with the 
exception of bamboo-based and recovered (waste and scrap) products. 
China is the biggest importer of wood furniture in the world (Suurlähetystön raportti: Kiinan 
metsäteollisuus kehittyy – sekä vienti että tuonti kasvussa 2016). 
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Import (€) in items outside the EU to Finland constitute altogether between 2006 and 2010 
the following: 
Item 4401 altogether 447 640 843,00 € 
Item 4403 altogether 1 937 236 738,00 € 
Item 4407 altogether 395 673 148,00 € 
Item 4408 altogether 41 333 887,00 € 
Item 4409 altogether 12 656 162,00 € 
Item 4410 altogether 1 982 454,00 € 
Item 4411 altogether 17 828 168,00 € 
Item 4412 altogether 163 735 225,00 € 
Item 4413000 altogether 118 723,00 € 
Item 441400 altogether 5 059 435,00 € 
Item 4415 altogether 3 664 035,00 € 
Item 4418 altogether 42 204 595,00 € 
Items 47 and 48 altogether 384 768 784,00 € 
Item 9403** altogether 122 057 358,00 € 
Item 94060020 altogether 1 682 552,00 €  
(FLEGT-lisätoimiasetuksen kansallisen toimeenpanon työryhmän muistio 2012). 
Items 4401, 4403, 4407 and 4412 and 47 and 48 and 9403 (4401 Fuel wood, in logs, in 
billets, in twigs, in faggots or in similar forms; wood in chips or particles; sawdust and wood 
waste and scrap, whether or not agglomerated in logs, briquettes, pellets or similar forms; 
4403 Wood in the rough, whether or not stripped of bark or sapwood, or roughly squared; 
4407 Wood sawn or chipped lengthwise, sliced or peeled, whether or not planed, sanded or 
end-jointed, of a thickness exceeding 6 mm; 4412 Plywood, veneered panels and similar 
laminated wood; Pulp and paper of Chapters 47 and 48 of the Combined Nomenclature, with 
the exception of bamboo-based and recovered (waste and scrap) products, 940330, 
940340, 94035000, 940360 and 94039030 Wooden furniture) include biggest amounts, 
hundreds of millions or more in €.  
 
In 2015, forest industry utilized 87 % of Finnish round wood (Total wood consumption 2015). 
Certification and other third-party verified schemes may be taken into account in processes of 
risk assessment and mitigation, especially if they apply the law and have third-party-
processes, CoC in the supply chain verified by a third-party, field visits and controls by a third 
party (COMMISSION IMPLEMENTING REGULATION (EU) No 607/2012). The EU negotiates 
voluntary partnership agreements with partner countries (REGULATION (EU) No 995/2010 
OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 20 October 2010 laying down 
the obligations of operators who place timber and timber products on the market (Text with 
EEA relevance)).  
 

EU Regulation and sustainable trade 
The EU Action Plan for Forest Law Enforcement, Governance and Trade (FLEGT) in 2003 
introduced a process and plan through which the European Commission proposed to address 
the widening problem of illegal logging and trade related to it (COMMUNICATION FROM THE 
COMMISSION TO THE COUNCIL AND THE EUROPEAN PARLIAMENT FOREST LAW 
ENFORCEMENT, GOVERNANCE AND TRADE (FLEGT) PROPOSAL FOR AN EU ACTION 
PLAN 2003). The Forest Law Enforcement, Governance and Trade (FLEGT) is an Action Plan 
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of the European Union combating the illegal logging and trade related to it. It was established 
in 2005. (COUNCIL REGULATION (EC) No 2173/2005 of 20 December 2005 on the 
establishment of a FLEGT licensing scheme for imports of timber into the European 
Community). Commission Regulation (EC) No 1024/2008 of 17 October 2008 (COMMISSION 
REGULATION (EC) No 1024/2008 of 17 October 2008 laying down detailed measures for the 
implementation of Council Regulation (EC) No 2173/2005 on the establishment of a FLEGT 
licensing scheme for imports of timber into the European Community) constitutes procedures 
for the implementation of the FLEGT licensing scheme. It includes a prerequisite for importing 
timber products in the FLEGT scheme in order to have a license that have they origin in partner 
countries. According to the Regulation (EU) No 995/2010 of the European Parliament and of 
the Council of 20 October 2010 (in “Annex I”  Timber and timber products as classified in the 
Combined Nomenclature set out in Annex I to Council Regulation (EEC) No 2658/87 (with 
reference to Council Regulation (EEC) No 2658/87), to which this Regulation applies in the 
REGULATION (EU) No 995/2010 OF THE EUROPEAN PARLIAMENT AND OF THE 
COUNCIL of 20 October 2010 laying down the obligations of operators who place timber and 
timber products on the market (Text with EEA relevance)) laying down the obligations of 
operators who place timber and timber products on the market, there exists 22 items whereof, 
22 wood and 20 of wood products were imported from various countries to Finland in the year 
2010; from Russia particularly 13 items. (FLEGT-lisätoimiasetuksen kansallisen 
toimeenpanon työryhmän muistio 2012).  
 
 
Stakeholder dialogue and the international sustainable framework 
Schmithüsen et al. highlight the coordination between the policy framework in the forest and 
energy sectors, climate change framework and environmental protection and trade-offs 
between stakeholders in the European context (Schmithüsen et al. 2014, p. 56) and state that 
private sector can play an important role in supplying resources which also develops 
competition (Schmithüsen et al. 2014, p. 58) Importance of wide multi-stakeholder dialogue in 
the VPAs in the FLEGT process is an up-to-date theme. There exist commercial and 
conservation incentives and political economy and policy-making processes. Collaboration in 
national and international work supports policy development. (Cashore et al. 2014)  
 
Corporations have an important role in the sustainable development agenda and goals 
(Agenda 2030: the Sustainable Development Goals 2015). European Union has a strategy on 
the CSR which is the European Commission Strategy on CSR (Growth – CSR 2015). 
European Union pursues to the sustainable development within the trade and states that trade 
policies and agreements may have important effects on the economy, as well as social and 
environmental including policy development and regulatory aspects. The EU strives for 
international sustainability in trade with partner countries globally. (Trade – Sustainable 
development 2015) CSR has a significant role in the sustainable development with 
stakeholders and is strategically more and more important in competitiveness of enterprises 
(Yritysten yhteiskuntavastuuta koskeva uudistettu EU:n strategia vuosiksi 2011–2014). 
Voluntary agreements are a key in international processes of FLEG framework (Growth – 
Internal Market, Industry, Entrepreneurship and SMEs – Sustainable Forest Management 
2015).  
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Private sector – CSR, forest owners and competitive goal – Business with resources in 
a national and international policy framework 
Overall, sustainable development orientation is seen preferable for corporations. (Heikkurinen, 
Pasi and Bonnedahl, Karl Johan 2013). Sustainable Market Orientation can provide 
opportunities in producing important advantages for primary and secondary stakeholders that 
can last long time (Mitchell et al. 2010). Forest industry has a significant role in the sustainable 
development worldwide. Forest industry has faced an increasing demand for responsible and 
transparent business practices. Stakeholders in the market have demand the Corporate Social 
Responsibility from companies. A positive impact of company's proactivity on corporate social 
performance exist according to research results. When a corporation invests in the CSR, it 
may be a prerequisite for the competitiveness to be proactive. This may mean a practice for a 
responsible business and incentives to invest in CSR already early that would benefit the 
society. Proactive companies have met the demand for increased responsibility more rapidly. 
(Tuppura, Anni, Toppinen, Anne and Jantunen, Ari 2013)  
 
In the future, services and diversity of ecosystem services and forest products have 
opportunities to provide a much larger amount of possibilities for different opportunities in the 
forest sector bioeconomy sector providing sustainable economy. Diversity and services are 
the keys to the success in the future. Internationally large amount of NIPFs in Finland forms a 
competitive factor for Finland. (Hetemäki, Lauri and Hänninen, Riitta 2013). Private forest 
owners’ role in providing ecosystem services is significant and has importance in economic, 
social and ecological sustainable development (Hytönen, Marjatta 2015).  
 
Green stakeholder communication is part of enhancing the policy framework. (FLEGT-
lisätoimiasetuksen kansallisen toimeenpanon työryhmän muistio 2012) Finland has new forest 
act (1.1.2014) which aims to promote the economic, ecological and social sustainability, good 
yield and biodiversity. New Forest Act (1996/1093) is striving to enable sustainable 
development and to strengthen stakeholders’ like private forest owners’ roles and 
competitiveness. Forest owners are more and more independent decision makers in Finland. 
(Forest Act 1093/1996; amendments up to 567/2014 included) Responsibility for the 
environment may be ensured with statutory regulations, international agreements, 
environmental commitments and in forest certification standards. (Metsähallitus 
Environmental Policy 2015) 
 
Companies can achieve competitive advantage with a stakeholder orientation which is well-
defined (Li, Ning 2012). Regional clusters are important in innovation. There is significance of 
relationships and collaboration for the competitiveness. In economic performance, they 
highlight the role of institutions, management and organization. (Clark and Tracey 2004) With 
knowledge of the markets and decisions on location of the factory with the availability of raw 
material can be a source of competitive advantage for firms (Vlosky, R. P. 2011). Innovation 
is seen as a most important factor for the competitiveness of the enterprise, and the 
technological development has a crucial importance. The importance of the innovation 
process in the entire supply chain is highlighted, and the collaborative process has importance 
in the competitiveness of the company. (Karttunen, Kalle 2015) 
 
Markets and business, policy with the CSR and stakeholders 
Bio-economy strategy strives for enhancing stakeholder engagement as well as markets and 
competitiveness. (Bioeconomy strategy 2012) Taking into consideration the sustainable 



144

development in the forest sector - with stakeholders including buyers and traders - where 
quality of the products has importance, green construction, innovations and bio-energy have 
promising opportunities. The sustainable forest management is in a key role. (Forest Products 
Annual Market Review 2012 2013)  
 
New Finnish Forest Act gives more freedom to forest owners in management practices. 
Customer has an important role in the value creation in the markets of forest products. (Mattila, 
Osmo 2015)  Results show that there is demand for certified products in diverse stakeholder 
groups. (Holopainen, Jani et al. 2015)  
 
The target of the Bio-economy Strategy of the European Union is to support a global approach 
to more sustainable resource use (Innovating for Sustainable Growth: A Bioeconomy for 
Europe 2012). The Action Plan covers Commission's tasks in the implementation of the Bio-
economy Strategy objectives, and is constituted on the Seventh Framework Programme for 
Research and Technological Development (FP7), Horizon 2020 and other policy initiatives like 
European Innovation Partnerships EIPs which belong to the framework of business supporting 
services. (COMMISSION STAFF WORKING DOCUMENT - Accompanying the document 
Communication on Innovating for Sustainable Growth: A Bioeconomy for Europe 2012) Within 
the EU Bio-economy Strategy investments, stakeholder collaboration, new markets and 
competitiveness are highlighted taking into consideration climate change and natural 
resources (Research & Innovation – Bioeconomy 2012).  
 
 
Conclusions 
In Finland, private forestry is encouraged. Private forest owners’ role for resources and 
competitiveness is vital in Finland. Large part of Finnish forests is owned by private forest 
owners.  
 
The EU Bioeconomy strategy highlights competitiveness, markets and stakeholders. Green 
communication has an important role in the business and competitiveness. The EU policy has 
an important role in the sustainable development framework worldwide. The EU policy 
strategies strive for sustainable development and competitiveness. Quality constitutes a 
significant factor for the international markets. Certification belongs to the quality. 
Forest Law Enforcement, Governance and Trade FLEGT represents Corporate Social 
Responsibility framework and constitutes a significant policy with a wide stakeholder 
collaboration in the sustainable development framework and proposes many national and 
international collaborative processes. FLEGT has significance for national and international 
markets and the sustainable development framework. Green communication is in a significant 
role. Proactivity in the CSR can be found in the FLEGT policy framework. CSR has a role in 
the sustainability in forests and forest products. CSR can be in a remarkable role in an 
international and national policy aspect enhancing the sustainable development and 
competitiveness.  
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ANNEX I, REGULATION (EU) No 995/2010 OF THE EUROPEAN PARLIAMENT 
AND OF THE COUNCIL of 20 October 2010 laying down the obligations of 
operators who place timber and timber products on the market (Text with EEA 
relevance): “Timber and timber products as classified in the Combined 
Nomenclature set out in Annex I to Council Regulation (EEC) No 2658/87, to which 
the Regulation (EU) No 995/2010 applies: 

- 4401 Fuel wood, in logs, in billets, in twigs, in faggots or in similar forms; wood in 
chips or particles; sawdust and wood waste and scrap, whether or not agglomerated 
in logs, briquettes, pellets or similar forms 

- 4403 Wood in the rough, whether or not stripped of bark or sapwood, or roughly 
squared 

- 4406 Railway or tramway sleepers (cross-ties) of wood 

- 4407 Wood sawn or chipped lengthwise, sliced or peeled, whether or not planed, 
sanded or end-jointed, of a thickness exceeding 6 mm 

- 4408 Sheets for veneering (including those obtained by slicing laminated wood), for 
plywood or for other similar laminated wood and other wood, sawn lengthwise, sliced 
or peeled, whether or not planed, sanded, spliced or end-jointed, of a thickness not 
exceeding 6 mm 

- 4409 Wood (including strips and friezes for parquet flooring, not assembled) 
continuously shaped (tongued, grooved, rebated, chamfered, V-jointed, beaded, 
moulded, rounded or the like) along any of its edges, ends or faces, whether or not 
planed, sanded or end-jointed 

- 4410 Particle board, oriented strand board (OSB) and similar board (for example, 
waferboard) of wood or other ligneous materials, whether or not agglomerated with 
resins or other organic binding substances 

- 4411 Fibreboard of wood or other ligneous materials, whether or not bonded with 
resins or other organic substances 

- 4412 Plywood, veneered panels and similar laminated wood 

- 44130000 Densified wood, in blocks, plates, strips or profile shapes 

- 441400 Wooden frames for paintings, photographs, mirrors or similar objects 

- 4415 Packing cases, boxes, crates, drums and similar packings, of wood; cable-
drums of wood; pallets, box pallets and other load boards, of wood; pallet collars of 
wood 

(Not packing material used exclusively as packing material to support, protect or 
carry another product placed on the market.) 
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- 44160000 Casks, barrels, vats, tubs and other coopers’ products and parts thereof, 
of wood, including staves 

- 4418 Builders’ joinery and carpentry of wood, including cellular wood panels, 
assembled flooring panels, shingles and shakes 

- Pulp and paper of Chapters 47 and 48 of the Combined Nomenclature, with the 
exception of bamboo-based and recovered (waste and scrap) products 

- 940330, 940340, 94035000, 940360 and 94039030 Wooden furniture 

- 94060020 Prefabricated buildings”.  
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Abstract 
For policy formulation, it is important to find out what young people, represented here by 
students, want from the future of forests in Finland. Our study analyses this with the help of 
an online survey based on the idea of a mind map. The data was collected in Helsinki 
metropolitan area in autumn 2015. The results of the study indicate no single uniform vision 
for future forest. The policy challenge is to find the balance between different uses of forests, 
and between different user groups. The cultural and social values related to forest were also 
seen in resulting visions, that should be also important in future forest policy. The online mind 
map tool proved to be motivating way of collecting data, and it also seems to support 
respondents to comprehend complex issue in a tangible way. 
 
Keywords: future forests, mind map, visions 
 
Introduction 
Forest sector is in many ways important in the Finnish society. The sector brings about 20 
percent of the total Finnish export income and at regional level, it is important source of 
employment and income. Globalization is strongly changing the sector, but bio-economy trend 
creates a lot of new possibilities (e.g. Hetemäki & Hänninen 2013, Hänninen et al 2013). Bio-
economy strengthens multiple uses of forests emphasizing biodiversity as well as social and 
cultural factors in the use of forests. Bio-economy also implies increasing use of wood for 
industry products and bioenergy. Advancing all these factors is the government target in the 
National Forest Strategy 2025 (2015). For policy formulation it is, however necessary to have 
information on the citizens, especially young people’s, preferences and hopes related to 
forests their future use.   
 
Young people will be the future decision-makers and users of forests, which is why it would 
be important to find out what they want from the future of forest already now. The long rotation 
periods in Finnish forests mean that it takes a long time for forests to respond, for example, to 
changes in management practices implied by changing perceptions of the society. Despite the 
importance of the topic, there is very little previous research on young people’s perceptions of 
forest in Finland. Mäkijärvi (2009) analyses what young people think about forests, using a 
small data set collected with group interviews. The young people in this study had positive 
views of forests and commonly associated it with peacefulness and recreation. They rarely 
thought about economic points of forests, such as the use of wood in industry production. 
Rämö et al. (2009) find out that young people tend to highlight recreation and diversity of forest 
nature when choosing management practises. Economic uses were emphasised when the 
young people had more knowledge about the subject. Halder (2014) focused on school 
students’ (aged 14 to 17 years) perceptions on use of forest-based bioenergy in Finland. The 
students were rather sceptical about using forest biomass for energy purposes, and did not 
see it as an environmentally friendly way of producing energy. From other surveys not focused 
on young people can be mentioned Pätäri (2010) who discusses the possible developments 
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of forest energy industry, and on a basis of an expert Delphi study. Future perspective on 
outdoor recreation in Finland is studied in Neuvonen et al. (2016).  
 
A study that strictly focuses on students’ (as representative of young people) views of future 
of forests is Nummelin et al. 2016 (manuscript) which analyses what students in Sweden think 
about the future of forests. Our article aims to shed similar light on the perceptions of Finnish 
students, whose views about the future of forests is very little known.  
 
This article tries to answers two main questions:  

- What are students’ visions and preferred features of future forests? 
- Are there background factors, such as gender, study subject and hobbies, which can 

explain differences in visions of future forests?  
 
The chapters are ordered as follows. Data and methods describes how the data is collected. 
Data analysis presents further processing of the data and method for clustering. Results 
chapter presents results on variables, clusters and categories. Background data of 
respondents is analysed followed by analysis of mind maps from more detailed level to larger 
scale. Summary and conclusions summarizes the results and concludes.  
 
Data and methods  
The data collection was done by an online survey based on the idea of mind map. It provides 
a more interactive alternative compared to traditional surveys and should make answering a 
survey more interesting for the respondent, thus improving motivation. Additionally, the tool 
makes it easier for the respondent to answer questions about complex issues (for further 
details see Riala and Nummelin 2015).  
 
At the start of their mind map drawing respondents got three questions: “What features of the 
future forest are important to me?”, “What products will I use from the forest?” and “What will 
I do in the forest?”. A set of starting variables were also given to respondents. Each respondent 
got 6-12 starting variables, drawn randomly for each respondent from a pool of totally 79 
variables divided into six categories (see appendix A for the variables). This ensured coverage 
of a wide variety of topics to inspire the respondent. The list of starting variables was obtained 
from an expert panel, consisting of researchers working in Finland and Sweden. 
 
The respondents were then asked to create their own mind map about the future of forest by 
removing starting variables irrelevant to them, by creating new variables important to them, 
and by drawing connections between variables which are related. They were able to indicate 
if some variables were more important than others. Additionally, the survey had two 
photographic questions and general background questions. 
 
The same survey method was used in Nummelin et al. 2016 (manuscript) in Sweden. The 
methods differed only by language and the formulation of country specific background 
questions. The online survey was sent to 7000 students from the University of Helsinki and to 
3000 Social Science and Arts and Natural Science students, and to 1000 Agriculture and 
Forestry students. The ages of the University of Helsinki students were limited to 30 years or 
less and the Metropolia sample to youth students. In this article answers from all students are 
used as a single data set.  
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The survey invitations were sent to the sample by email on 7 and 8 September 2015. The 
authors sent the emails to the students at University of Helsinki, while a Metropolia employee 
sent them to the students at Metropolia. Reminders were sent to University of Helsinki sample 
three weeks later. It was not possible to send reminders to Metropolia sample due to privacy 
reasons. The invitation contained information about the study, link to the online survey, 
information about possibility to win a prize (raffle of two iPad minis), and contact details for 
further information.  
 
Data analysis 
The data analysis began with processing the data into a more suitable form. At the start, we 
had 3484 different variables in the data set obtained from the mind-maps. After correcting 
spelling mistakes, we had 3454 different variables. Then we changed words into their basic 
form by using Open Source Finnish Morphology (OMorFi) tool. In cases where this resulted in 
two or more alternative basic forms, we manually chose the one that made most sense in our 
data. After this, we had 3279 different variables. We compared the similarity of variables by 
calculating Jaccard index for each pair of variables. Then, we built a similarity network of 
variables, where links were weighted according to Jaccard index. The network was clustered 
by using modularity as a criterion in Gephi (https://gephi.org/). This helped in finding similar 
variables, although the final decisions about similarity were made by the researchers. After 
combining similar variables, we had 2862 different variables. Finally, we excluded the few 
answers by people over the age of 35, and were left with 2827 different variables. The analysis 
in this article uses these as a data set. General statistical analysis was performed using R 
statistical software. 
 
We used clustering to find more interconnected groups of variables in the mind maps. This is 
very common tool used in networks analysis. Before clustering we combined all the individual 
networks (one for each response) as a one gigantic network called megamap, by adding all 
the different variables (from individual mind maps) in the network as nodes and calculating 
how often they occur in the responses and adding link connecting variables in individual 
networks and calculating how often some connection between a pair has occurred in answers.  
 
We used Jerarca software (Aldecoa & Marín 2010) for clustering. Commonly clustering in 
network analysis is done by allocating nodes to clusters and then calculating “goodness” of 
clustering based on a chosen measure.  We used measure called Surprise, which measures 
how unexpected the clustering is (Arnau et al. 2005).  We found 114 clusters, which included 
components from two or more respondents, and consisted of three of more variables.  We 
calculated for each answer the share of variables which were included in these 114 clusters 
(coverage). We did this to ensure that the clusters capture enough of the data and can be 
used in further an analysis. The coverage was over 71% for three quarters of respondents, 
meaning that the clusters capture good share of data. 
 
The research team qualitatively evaluated the internal consistency of clusters and given a 
name to describe their content. The clusters were also categorised to belong one of the 
following categories, Biodiversity, Forest feature, Production/ Business, Products, Recreation 
by research team 
 
We used the importance ratings given for variables in the answers to determine which clusters 
were the most important for respondents. First, we calculated the distribution of importance 
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for each variable. Then, we combined individual distributions of importance for variables in a 
cluster to get cluster importance distribution. We used following coding (1= important, 2 = more 
important, 3 = most important) to calculate the expected value of importance for cluster.  
 
Bayesian logistic regressions were used to analyse if the occurrence of cluster in an answer 
was explained by background factors. It was done the clusters having components from more 
than 70 respondents. There were 38 that kind of clusters.  The background factors used 
included gender, distance to forest, how often and for how long the respondent visits a forest, 
favourite forest environment, major study subject, family forest ownership, living place 
category, and eight hobby factors. The hobby factors were sport, outdoors, socializing and 
food, technology and gaming, cultural and design, travel, academic, and environment, animals 
and forest (compiled out of 19 detailed hobby factors, which were based on open answers). 
The R statistical software with packages “brms” and “rstan” were used to compute Bayesian 
logistic regression. Both R packages are interfaces to use Stan software (Stan Development 
Team. 2016) without knowledge of Stan’s syntax. The Bayesian logistic regressions MCMC-
sampling was done Stan’s NUTS-sampler with 4-chains with 60 000 iterations each and with 
20 000 iterations burn in. We used independent Cauchy distributions for prior-distributions for 
all the parameters in the model. The scale parameter for Cauchy distribution was 10 for 
constant and 2.5 for all the other parameters. The location parameter for Cauchy distributions 
was 0 for all the parameters in the model.  These prior-distributions can be considered as 
weakly informative (for priors see e.g. Gelman 2008). The convergence of MCMC-sampling 
(see e.g. Cowles 1996) was examined using Geweke Z-score (Geweke 1992), Gelman 
Rubin's convergence diagnostics (Cowles 1996) and also with looking autocorrelations in 
MCMC- chains.  
 
Results 
 
Background data 
We got 758 answers in total. We excluded answers where no changes had been made to the 
mind map (i.e. the answer contained only the start-up variables and no added links), and were 
left with 742 answers. We also decided that adding just one link and not adding or removing 
variable did not make the answer valid and after excluding people aged over 35 we were left 
with 728 answers. This is the data set used in the study. This results in a response rate of 
7.3% for sample which is very low (table 1). This means that there are limits on how far the 
results can be generalised to the entire student population.  
 
Both genders have similar age distributions in data. The gender distribution, however, is very 
uneven. When comparing university students, women are statistically significantly 
overrepresented in comparison to the sample (one-proportion z-test, p=0.000). Metropolia 
students in the data have ratio 68 % women, 32 % men, but we have no gender data of the 
sample to compare it to. When we compared the gender distribution of our data to the 
distribution of all students in higher education where women account for 54 % (Official 
Statistics of Finland 2014b), women are overrepresented our data with their share of 60% 
(one-proportion z-test, p=0.000).  
Table 1 shows the distribution of respondents according to place of study and major subject. 
The major subjects have been coded from open answers. The distribution of major subjects 
for Metropolia students is close to that of entire Metropolia (Metropolia 2009). By contrast, the 
distribution of major subjects for university students differs from that in the sample statistically 
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significantly (chi-squared goodness-of-fit test, p=0.000). The data includes a lot of responses 
from students of Natural science, which may have an impact on the results. The ratio of 
Metropolia responses to university responses differs statistically significantly from the ratio of 
samples (chi-squared goodness-of-fit test, p=0.000). This can be partly caused by the fact that 
reminders were only sent to university students, which should have prompted them to answer 
more actively. 
 
Table 1 Distribution of respondents according to place of study and major subject and response rate 
(n=720) 

Institute Major subject Count in Data Data (%) Response 
rate (%) 

Metropolia Natural science 126 17.5  
Metropolia Social science or Arts 39 5.4  

Total Metropolia 165 22.9 5.5 
University Forestry 33 4.6 3.3 
University Natural science 338 46.9 11.3 
University Social science or Arts 184 25.6 6.1 

Total University 555 77.1 7.9 
Total Natural science 464 64.4  
Total Social science or 
Arts 

223 31.0
 

Total Forestry 33 4.6  
Grand total 720 7.3 

Almost half (49.3%) of the respondents reported that they or their family own forest, while 
50.3% stated they did not and less than percentage (0.4%) did not answer the question. Men 
reported forest ownership (53.1%) a little more often than women (46.6%). The difference was 
statistically significant (chi-squared goodness-of-fit test, p=0.006). Forestry students had the 
highest rate of forest ownership (60.6%) when compared to other major subjects. The 
difference was not statistically significant and might be the result of relatively small number of 
responses from forestry students. Forest ownership was more common among respondents 
who had grown up in rural environments. The rate of ownership was 85.5 % for students who 
had mostly lived in countryside (n=80) and 58.2 % for those who had lived in a countryside 
population centre (n=103).  
 
Greatest share of the respondents (46.6 %) had lived most of their life in the Helsinki 
metropolitan area. The second most common background (27.6 %) was living in a town or 
village with population of less than 50,000 people. The Helsinki metropolitan area is 
overrepresented in comparison to the population distribution of Finland, where its share is 20.2 
%. (Official Statistics of Finland 2014a, Helsingin kaupunki 2015) 
 
The students’ favourite environments are shown in figure METSÄKUVAT (see appendix B). 
Most of them preferred an old-growth forest with visible deadwood. It was followed in a tie by 
a photo of a managed forest and a photo of a fell environment. Photos of regenerated clear-
cut sites were the least popular. The preferences of men and women differed statistically 
significantly (chi-squared goodness-of-fit test, p= 0.000).  
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The respondents reported the pattern to visit to forest. The most common was going to forest 
a couple of times a week and spending 30-60 minutes there. It was chosen by 12 % of 
respondents. Visiting forests for 30-60 minutes was overall the most common, followed by 
visits lasting hours. The students visited forests quite frequently. Only 17 % visited forests less 
often than monthly. 
 
Individual variables 
The respondents like berries and mushrooms. The top ten most common individual variables 
have four different variables related to these or picking of them. The wood-based products 
among the most common variables are very traditional forestry products, i.e. paper products 
and firewood. Another non-wooden forest product among the most common variables is game. 
The most common variables also include some more surprising ones. Public right of access 
is common, and it is also a traditional feature of Finnish forest use. The respondents also seem 
to value solitude and tranquillity as features of forest a lot. The hiking was the traditional 
recreational activity belonging to top ten. Overall, the most common variables represent a 
rather traditional view of forests and their use.  
 
The starting variables that were removed most often represent two distinct categories: niche 
hobbies and variables related to working in the forest. All of the hobbies on this list are 
resource intensive. They require a lot of time (playing live action role-playing games), or are 
expensive (riding a horse, ride a snowmobile, ride motocross or a beach buggy), or require 
permits (hunting). Thus, they are unlikely to be as widely popular as for example hiking (among 
the most common variables). The respondents were not very interested in forest-related work. 
This lack of interest spans traditional work in forestry, research, and newer occupations, such 
as forest tourism. As expected, Forestry students did not remove forest work related variables 
as often as others. However, there are only a handful of Forestry students in the data, meaning 
that we cannot state anything definite about the difference. 
 
Categorisation of clusters and connections between them 
The results of combining individual mind maps as one network (megamap) and clustering 
nodes in that network are seen in figure 1 showing connections between found clusters and 
categories of clusters. The clusters are grouped by category.  
 
The largest number (39) of clusters belongs to Forest feature category also with the highest 
number of variables (342). The categories Recreation and Products hold the highest number 
of respondents in clusters with only minor difference (679 and 681), note that each respondent 
can belong to many categories. Products is an interesting category with only 14 clusters (131 
variables in clusters) and so many respondents in the clusters. If compared to Recreation 
which had 323 variables in clusters. The smallest category with all aspects is 
Production/Business with only 12 clusters, 404 respondents and 113 variables in clusters. In 
figure 1 we can also see that Recreational clusters had the most links with in category. The 
Recreational clusters were also strongly connected to Forest Feature category. Forest 
Features were also strongly connected to Biodiversity category. The Production/ Business 
category is most evenly connected between other categories.  
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Figure 1. Clustering of the variables using Surprise measure and categories of clusters. Links 
between clusters and links between cluster categories. The size of the ball indicates the importance of 
cluster. The ordering of clusters in category shows the number of respondents who have components 
in the cluster. The ordering rolls clockwise from the highest number of respondents to lowest. The 
colour represents the category of the cluster. The darker links represent more links between clusters. 
Wider coloured links represent more links between cluster categories. Colours for nodes and 
categories are: orange is Biodiversity, pink is Forest Feature, green is Production/ Business, pale blue 
is Products and dark blue is  Recreation 

Cluster occurrence explained by background factors 
The convergence of MCMC- sampling (see e.g. Cowles 1996) in estimation of Bayesian 
logistic regression was examined using Geweke Z-score (Geweke 1992), Gelman Rubin's 
convergence diagnostics (Cowles 1996) and also with looking autocorrelations in MCMC- 
chains (model parameters) in lags 1, 5, 10, 25 and 50. The Geweke Z- scores (first fraction 
was 10% and second 50%) The cases where Geweke Z-scores indicate non-convergence at 
the same time chains are determined converged using Gelman and Rubin’s test. Geweke-Z 
score detects non-convergence in chains it affects only one chain 169 cases.  There were only 
11 cases where if affects 2 chains on 1254 variable estimations (38 clusters and 33 variables 
per model). The problems of convergence are apparent in cases where explaining background 
variable is rare and explained cluster is rare. The autocorrelations indicate little bit slow 
convergence in estimations. In practical purposes we conclude that the MCMC-chains are 
acceptably converged, for discussions of convergence of Markov chains see e.g. Gill (2002).   
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The Bayesian logistic regression models for cluster occurrence are summariser in figure 2. 
The figure shows the background factors in which we are 80 % sure either decrease or 
increase the likelihood of the cluster occurrence.  
 
The background factors which were found to belong the most models where “Lived most of 
life small town” (belonging to 21 models), “Major subject Forestry” (20), “Time spend in forest 
days (20), “Gender woman” (19) and “Family owns forest” (19).  The least of often models had 
factors “Time spent in forests 15-30 mins” (8) and “Lived most of life countryside” (8).  The 
factors that were often included in the model can be split into two groups. “Lived most of life 
small town” and “Major subject Forestry” represent background factors that are relatively rare 
in in sample (see table 1) while “Gender woman” and “Family owns forest” are common in the 
data.  A bit surprisingly, the most often included hobby indicator was “sports” (18 models) 
followed by indicators for “environment and animals and forest” (16) and indicator for 
technology and gaming (16).  We expected that outdoor hobbies affect more the occurrence 
of clusters however the indicator for outdoor hobbies was found in only 12 models. 

Figure 2 The Bayesian logistic regression models for cluster occurrence in the answers. Only 
background factors which we are 80 % sure either increase or decrease the likelihood of cluster 
occurrence are shown. The coloured vertical lines are to help show which background factor affects. 
(Coefficient constant is removed for clarity) 
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Summary and conclusions  
The respondents’ visions presented the forest as place to do recreational activities, produce 
both wooden and non-wood products as well forest offering non- tangible services, as 
environment which needs to be protected and preserved for future. This result was also in line 
with the most favourite forest environments, that the respondents chose from 8 photos. These 
were old growth forest, managed forest and fell environment.   
 
The resulting visions are complex and consider ecological, social and economic aspects of 
forests to be important in the future. The results indicate that the young people have partly 
traditional and partly novel hopes and visions. This might reflect their background knowledge, 
their practices of use of forest today, and also traditional things that are often associated to 
forest. The most common variables that appeared in the analysis of mind map were: “picking 
mushrooms and berries”, “hike”, “paper products” and “tranquillity”, which all are quite 
traditional factors. For example, new forest based bio-economy products were not in this list. 
Respondents were not interested in working in forest or in forest research, either. Only forestry 
students recognised these activities.  
 
Novel parts of the visions can be seen in emergence of clusters i.e. appearance of variables 
which are more interconnected to each other. These clusters can be interpreted as larger 
themes. We also found clusters describing “bio-economy” and “heritage of forest industry”. It 
is intriguing, that the occurrence of these clusters could be explained by similar background 
factors. Could this also indicate that different aspects of uses of forest are seen as somewhat 
traditional even though they are in other context seen novel? This could also mean that people 
who see certain traditional forest themes important are more adaptive to certain new ideas 
and themes.  
 
The resulting visions contain various different elements, and the joint vision of respondents 
can be seen in Figure 1. The recreational uses of forests and features appeared commonly in 
cluster results and in individual variables. Clusters in recreational category have strong links 
to other recreational clusters and forest feature category clusters. This can be interpreted as 
recreational clusters requiring certain aspects, such as public right of access, from forests. 
The environmental issues were taken in to consideration in future visions e.g. in clusters 
specifically mentioning biodiversity, balancing protection of forest and use of forest as well as 
concerning conservation of large carnivores. Also the clusters with the highest importance 
included environmental issues like sustainability and biodiversity. Biodiversity category (see 
Figure 1) is strongly connected to forest feature and recreational category, which highlights 
the connected structure of different aspects of future forest visions. This can be seen in two 
levels in the figure between clusters and categories.  
 
The background factors affecting the occurrence of selected clusters are shown in figure 2. 
The differences in visions were partly explained by quite traditional background factors like 
gender and family forest ownership or background factors which describe hobbies of 
respondent (e.g. if respondent does sports). For example, gender (woman) increases the 
occurrence of cluster “Protection of species and recreational use of forests”. Further, living in 
small town and visiting forests less often decreases the occurrence of the same cluster. 
Also, how often the respondents visit forest and how far away they think the forest is, affects 
what kind of visions they draw. The distance to forest also might indicate what kind of forest 
the respondents have had on mind when describing future visions.  Large number of 



158

respondents were living Helsinki metropolitan area and there is at least urban forest in 
bicycling distance. If the respondents however indicated that the forest is further away, this 
might indicate that they hope larger uninterrupted forest land to be part of their visions.  
 
The results of the study indicate no single uniform vision for future forest. Instead, young Finns 
do have a quite a lot hopes and wishes. In policy formulating and forest planning, it is 
necessary to be aware of many smaller visions which are supporting and competing with each 
other. The policy challenge is to find the balance between different uses of forests, and 
between different user groups. A lot of new uses and users for forests will appear with the 
development of future bio-economy (e.g. Hetemäki & Hänninen 2013, Hänninen et al. 2013). 
The cultural and social values related to forest are seen in resulting visions, that should be 
also important in future forest policy.  
 
The generalisation of the results to all young people in Finland is limited. The sample consisted 
of students in higher education. Women and the Helsinki metropolitan area were 
overrepresented. To improve generalizability, it is necessary to enlarge data collection to have 
a more representative sample. The online mind map tool proved to be motivating way of 
collecting data, it also seems to support respondents to comprehend complex issue in a 
tangible way. 
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Appendix A: Starting variables 

Category Variables 
Activities walk; ride a horse; hike; go on trips; cycle; run; do orienteering; ski; walk the dog; 

fish; hunt; pick mushrooms or berries; ride a snowmobile; ride motocross or a 
beach buggy; watch birds; meditate; play live action role-playing games; learn 
about the nature  

Products paper products; toilet paper, sanitary towels etc.; wood for building houses; wood 
products for interior decoration; firewood; transport fuel; berries; mushrooms; 
game; medicines; bioplastic; wild food 

Policy public right of access; forestry provides livelihoods in the countryside; forest 
contributes to the fresh water provision; reindeer husbandry is taken into account; 
forest reduces effects of climate change; relics (e.g. ruins) are protected when 
using the forest; forests are managed in a way that promotes game; forest 
management takes into account the protection of large carnivores; forests are 
managed in a way that preserves biodiversity; forests are managed in a way that 
disasters are avoided (e.g. storms, fires) 

Business employed in forestry; work with tourism in the forest; manage my own forest; work 
with forest conservation; live near a forest; work in forest research; forest is a 
good working environment; forest as a source of income; manage reindeer 
sustainably; run berrypicking and/or mushroom picking company in the forest; 
managed forests 

Biodiversity deadwood; old trees; both coniferous and deciduous trees; trees in different sizes; 
many tree species; old-growth forests; conservation of biodiversity; conservation 
of threatened species; conservation of threatened habitat types; conservation 
areas; nature management in commercial forests; peatlands; herb-rich forests; 
water in the forest landscape 

Culture spiritual environment; inspiring; favourite place; beautiful view; tranquillity; 
untouched nature; solitude; recovery; narratives; history; rest; games; memories; 
traditional knowledge 
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Appendix B: Figure METSÄKUVAT 

Figure 

METSÄKUVAT Favourite environments chosen by the respondents. (n=719)
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Abstract 
The paper aims to determine the possibilities of combining forest sector modelling (FSM) and 
qualitative foresight approaches in the context of changing forest products markets. The issue 
is demonstrated through selected cases on wood construction. The cases indicate that, for 
example, fiscal policies for internalizing the externalities of the production of construction 
products may not favor wood construction, unlike commonly perceived. However, the model 
structure does not allow further conclusions to be drawn, without major alteration of the 
models. The triangulation exercise therefore suggest that it might be worth pursuing the uptake 
of alternative modelling frameworks for the purpose of assessing structural changes in the 
forest products markets. That is, the effort of revising the models to address the issue of 
structural changes may exceed the utility, compared to the uptake of alternative, more suitable 
modelling frameworks, such as agent-based modelling. This finding implies that the sector is 
currently lacking the tools for coherently assessing and monitoring the ongoing ‘creative 
destruction’, i.e., the balance of stagnating or declining mature intermediate product markets 
and the growing niche markets in the interfaces of other sectors. 
 
Keywords: foresight; forest sector model; triangulation; wood construction 
 
Introduction 
Method triangulation refers to the simultaneous use and comparison of alternative research 
approaches, methods and data in the study of the same phenomenon. The triangulation of 
methods serves particularly future-oriented research: Because the future remains unknown, it 
makes sense to pursue as many different approaches as possible to get a holistic view of the 
problem (For-learn 2016). Further, as noted by Gordon & Glenn (2009), diverse methods can 
identify affecting factors which any of the techniques alone might have missed.  
 
Yet, due to the opposite nature of quantitative and qualitative research approaches, 
combination rarely occurs in practice (Varho & Tapio 2013). According to Lüdeke (2013), 
researchers tend to take one of the two following positions: Either only quantitative methods 
are regarded as truly scientific or quantitative methods tend to obscure the reality of the 
phenomena under study because they underestimate or neglect the non-measurable factors. 
 
As further argued by Lüdeke (2013), quantitative approaches allow to manipulate the 
information in consistent and reproducible ways, combining figures, comparing data, and 
examining rates of change, which allows for much greater precision than simply talking about 
increases or decreases. Yet the operational range of models, i.e., products and services 
(dependent variables), affecting factors (independent variables), and the impact of the 
affecting factors (elasticities), typically remains fixed. The inability to present phenomena 
numerically does not mean that they are necessarily less tangible or less significant. Table 1 
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summarizes the advantages and disadvantages of the qualitative and quantitative 
approaches. 
 
Given the strong arguments of the proponents of both of the two approaches, the most fruitful 
direction may be to accept both premises: Since quantitative approaches are always variable-
oriented (Lüdeke), they require complementary qualitative analysis, but quantitative analysis 
may outperform unstructured thinking. Along these lines, Fortes et al. (2015) suggest a 
framework for combining and comparing qualitative and quantitative approaches (see Fig. 1). 
The framework suggests exploring, whether the conclusions from the different lines of 
research conflict each other, and whether there are results that would have remained 
unnoticed by using one of the approaches only. Furthermore, the results of one method can 
be used to focus the research conducted by other means. 
 
Using the framework by Fortes et al. (2015) as a starting point, the paper aims to identify the 
possibility of (i) combining and (ii) comparing descriptive and quantitative research 
approaches, in the context of long-term forest sector outlook studies. Specifically, we focus 
on the connections between various qualitative scenario analysis techniques and forest sector 
modelling (see, e.g., Latta et al. 2013), the two most commonly applied alternative research 
orientations within this domain (see Hurmekoski & Hetemäki 2013). To the best of our 
knowledge, this is a new research frontier in the forest sector, not explicitly done before. 
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Table 1. Strengths and weaknesses of quantitative and qualitative research approaches (based on 

author’s judgment, Lüdeke 2013 and For-learn 2016) 
 

Quantitative approach Qualitative approach 

Strenghts - Tied to data and theory 
- Numerical estimates 
- Interdependencies 

- Allows a large and diverse set of factors to 
be covered 
- May give good overview and context 

Weaknesses - “Light” assumptions: What, why, 
who, how and when could cause 
the deviation from BaU? 
- Fixed operational range 

- Based on judgment 
- Significance and impact of individual factors 
uncertain 
- Interdependencies 

 

Figure 1. Process for combining quantitative and qualitative methods and comparing the outcomes 

(based on Fortes et al. 2015). 

 
Methods and data 
The study takes the case of wood construction, drawing on the previous research efforts of 
the authors, to demonstrate the practical possibilities of combining FSM and qualitative 
research approaches. Figure 2 presents the overall framework for the qualitative data analysis, 
based on Hurmekoski (2016), feeding the qualitative assumptions for the scenarios computed 
with a partial equilibrium forest sector model. 
 
The case analysis focuses on Norway and uses the NorFor model (Sjølie et al. 2011). The 
scope is chosen due to the qualitative studies having indicated that construction is such a local 
business that a European scope would yield results of only limited relevance. The Norfor 
model is also considered to be the fittest for this purpose, as it includes the carbon flows in 
the sector. 
 
The NorFor model maximises social welfare by simulating the behaviour of three groups of 
agents: forest owners, forest industry and consumers of wood products. Forest owners are 
assumed to maximize the profit from selling timber and harvest residues and the utility from 
owning old-growth forest, industry to maximize the profit and consumers to maximize the utility 
from consuming wood products. The model simulates how these groups of agents adapt to 
changes in economic and policy frames (‘what if’ scenarios), based on perfect foresight 
(intertemporal optimization) in 5-year periods to year 2100. 
 

Foresight Define hypotheses / assumptions FSM 

Quantitative 
scenarios 

Qualitative 
scenarios Interprate differences 
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Figure 2. Qualitative framework (based on Hurmekoski 2016). 

The study presents two cases on wood construction, one with an explorative and one with a 
normative approach. The explorative emphasis, based on Hurmekoski et al. (2015), followed 
top-down scenario analysis and bottom-up innovation diffusion analysis based on secondary 
data, determining such issues as: What are the drivers and barriers in the operational 
environment of wood construction affecting the potential diffusion? How does wood 
construction compare to other building practices, and how are the attributes of wood 
construction perceived by the potential adopters? The results comprise four distinct scenarios, 
with different rate of regulatory and cultural acceptance for wood construction and of 
competition within the construction sector, resulting in four different levels of wood construction 
diffusion. 
 
The normative emphasis, based on Hurmekoski et al. (2016), took a backcasting approach 
based on a two-stage Delphi survey, with the aim of exploring: What are the key hindrances 
for the diffusion of wood construction and green building? Which strategy and policy 
orientations appear viable for pursuing the long-term targets set by the industries? Three 
particular vision targets towards 2030 were considered (FTP 2012): Tripling the market share 
of wood construction; doubling the value added of the woodworking industries; and reducing 
the embodied energy and carbon of construction products by 30 %. The 19 interviews yielded 
a total of around 650 identified factors, with numerous potential variables to feed modelling. 

Case studies 
 
Case1: Moving downstream in the construction value chain 
The backcasting study identified two major pathways towards the three vision targets, one 
based on gradual process change and standardisation and the other based on moving 
downstream in the construction value chain (Hurmekoski et al. 2016). Only the latter pathway 
was considered to be able to meet the targets by 2030. Furthermore, the measures for 
pursuing market share and value added, such as industrial prefabrication, standardisation, 

Scenario analysis: 
Outlook for construction and the 

operating environment  
(based on secondary data) 

Technology diffusion 
analysis: 

Attributes of technology and 
perceptions towards it  

(based on secondary data) 

Delphi / Backcasting: 
How to meet  

long-term targets… 

Delphi / Backcasting: 
…set by the industries 
(based on interviews) 

Top-down (market pull) 

Bottom-up (technology push) 

Explorative Normative 
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and shifts in the value chain, were found to be interconnected, thus potentially leading to 
meeting both of the targets by adopting the same measures. 
 
Therefore, the case explores the consequences for the forest sector, particularly for the trade 
balance, value creation and carbon flows, if the market share of wood construction was to 
triple by 2030 (210 % increase in sawnwood demand, as 70 % of sawnwood end uses relate 
to construction). 
 
Case 2: New technologies under more stringent environmental regulation 
One of the main findings in the qualitative studies was that the impact of the possible increased 
competition within the construction sector on the future outlook of wood construction is 
typically ignored (Hurmekoski et al. 2015). The issue is made more severe if considering the 
potential effect of more stringent environmental policies that are typically considered to lend a 
competitive advantage for wood construction: In LCA studies, it makes a significant difference, 
what wood is being compared to. It appears that the GHG emissions of cement manufacture 
could be reduced by 20–70 % compared to Portland cement (e.g. Hasanbeigi et al. 2012). 
 
Thus, the case examines the consequences of correcting the market failure of environmental 
externalities by introducing a carbon tax for the first stage production of construction products 
(100 €/t for sawnwood), while assuming the uptake of more advanced competing technologies 
(the substitution coefficient of concrete diminished by 50 %). The carbon tax is set on a high 
level, compared to the long-term level of the ETS price per permit (around 7 €/ton), since the 
socially optimal level for CO2 emissions has been suggested to be as high as 140 $/ton in the 
industrialized countries in order to reflect the true societal costs of the emissions (OECD & 
IEA 2014). 
 
Table 3 summarizes the assumptions for the NorFor model for exploring the two cases. A total 
of four scenarios were run: 1) Reference scenario with no changes, 2) Increased demand 
scenario, 3) carbon tax scenario, and 4) carbon tax scenario, with the uptake of green 
concrete. 
 
Table 3. Summary of the case study assumptions. 

 Demand for 
sawnwood 

CO2 tax 

1 Moving downstream in value 
chain: Establishing developer firm 
for wood construction 

15 % per 5-year 
interval 2010-2030; 
5 % per 5 year 
interval 2030-2050; 
2050- no additional 
demand growth 

 

2A Levying a CO2 tax for the 
production of construction products 

 100 €/ton of 
carbon 

2B Levying a CO2 tax, while 
simulating competition (alkali-
activated concrete or similar) 

Sawnwood-concrete 
carbon substitution 
coeff. -50 % 

100 €/ton of 
carbon 

Results 
Figure 4 shows the sawnwood demand development under the four scenarios up to 2050. The 
most significant finding is that the notable demand increase for sawnwood increases the 
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domestic production of sawnwood only by 0.5 million m3, while the rest of the 2 million m3 
demand increase is satisfied by imports. This is in strong contrast with the initial strategy of 
the woodworking firms of moving downstream in the value chain by establishing a developer 
firm specializing on wood construction, i.e., managing the whole value chain. 
The results on the producer surplus suggest that the tripling of the market share of wood 
construction would not cause the value added to double. Instead, the NorFor model suggests 
the effect to be 27 %. However, the model covers only the intermediate products, which have 
relatively minor importance for the value creation in the value chain. 
 

Figure 4. Sawnwood demand. 

Figure 5 shows the carbon flows under the four scenarios. The model suggests that the 
scenario with elevated demand for sawnwood results in more potential for climate mitigation 
compared to the uptake of carbon tax. Furthermore, the substitution effect under the carbon 
tax is close to the reference scenario, when comparing sawnwood to more advanced concrete 
products. However, the results are only very indicative, as the competition in the construction 
sector is not properly represented in the model. 
 
Table 4 summarizes the similarities and differences of the qualitative and quantitative 
approaches for the selected cases. 

Figure 5. Carbon flows. 

Discussion 
The pathways for further research could include repeating the results on a European scale, 
integrating the secondary processed products in the model, or introducing an entire 
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construction end use module to NorFor. However, each of these directions pose further 
challenges. Firstly, the nature of the results would be unlikely to be much affected in a 
European level study. Also, currently there are no European level models that could simulate 
the carbon flows within the sector. 
 
Table 4. Summary of case comparisons. 
 

Qualitative outcomes NorFor outcomes Similar 
Supply and 
demand 

”Managing the whole value 
chain” 

Demand increase increases 
production by 0.5 Mm3 and imports 
by 2 Mm3 by 2050 

No 

Market share ”The means of pursuing 3x 
market share and 2x value 
added are very similar” 

Demand increase results in 27 % 
growth in surplus (price increase) 

No 

Carbon flow “The uptake of competing 
green construction products 
could severely affect the 
market prospects of wood 
construction” 

The demand (and CO2 reduction 
potential) of wood construction is 
close to the reference, even if a 
carbon tax is introduced 

Yes 

Secondly, the inclusion of, for example, engineered wood products or construction elements 
would either require reshaping the demand equation, possibly by the uptake of Bayesian 
econometrics, so that it would at least indirectly capture the driving forces (substitution) for the 
products in the growth phase of the life cycle, or they would have to be addressed only by 
exogenous S-curve or similar alternative projection techniques. 
 
Thirdly, introducing a construction sector end use module with a formal presentation of the 
competition between sawnwood, concrete, bricks, etc. would be needed to shed further light 
on the possible impacts of environmental policies (cf. Moiseyev et al. 2013). However, this 
might be more demanding compared to for example an energy module, as the preferences 
and demand factors in construction are not homogeneous between regions and because 
some of the affecting factors appear elusive, such as risks, or culture and traditions (e.g., 
Hurmekoski 2016). That is, costs may be only secondary decision criteria. 
 
Concluding, the results point to somewhat disheartening findings on the ability to use the 
qualitative framework in directing FSM. Firstly, perhaps the most interesting aspect of the 
results would be to compare, if both the model and the qualitative study would point to the 
likelihood of meeting the vision targets set by the industries. However, the model is not built 
to shedding light on these types of questions. Rather, the model is useful for exploring the 
impacts, should the targets be met. Moreover, modelling the effects of certain pathways 
towards the targets remain beyond the operational range of the models. For example, the FSM 
have difficulties in modelling the uptake of industrial prefabrication, because cost reduction is 
possible mostly in downstream production and construction, not in the production of 
intermediate products. Moreover, of the two possible ways of affecting value added (cost 
reduction, increasing price), the latter options would appear to be a more valid option in the 
Western economies. This would translate to developing new products and increasing the role 
of product-related services (Näyhä et al. 2015). 
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Finally, the demand elasticities would require urgent updating, in order to be able to move 
from “extra demand growth” assumptions to formally defined demand equations. The first step 
in this process could be to apply Bayesian econometrics (e.g., Hetemäki & Obersteiner 2001). 
 

Conclusions 
The paper explores the theoretical possibility and practical options of combining qualitative 
futures studies and forest sector modelling (FSM). The results suggest that the forest sector 
models ought to be modified in a fundamental way in order for them to provide robust analysis 
for the types of scenarios addressed in this paper. That is, FSM are useful for providing 
realistic estimates of ‘what if’ policy impacts, particularly for identifying leverage points for cost-
effective policies and interactions between the different segments of the sector (Sjølie et al. 
2016). In contrast, their ability to inform about the current or expected market-driven changes 
in the demand side of the markets appears rather limited. 
 
Models can be efficient tools for thinking. However, what is built in the model directly affects 
the nature of issues considered in the results. It follows that alternative modelling frameworks 
are needed for addressing, e.g., new demand patterns, structural changes, or more generally 
the diversification of the forest-based sector. That is, forest economics is currently lacking the 
tools to coherently assess and monitor the balance of stagnating or declining mature 
intermediate product markets and the growing niche markets in the interfaces of other sectors. 
However, the combination of FSM and foresight is not futile, as the triangulation of methods 
entails also an aspect of interdisciplinary learning, which ought not to be overlooked. 
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Abstract 
The past decades have witnessed a dramatic increase in the demand for China’s wood 
products, both domestically and internationally. However, domestic limited timber resources 
cannot meet the fast-growing demand for wood products, so China has to import a large 
quantity of roundwood. This has made China become the most important player in the global 
trade of wood products both as an exporter of value-added wood products and as an importer 
of timber. In recent years, due to the increasing competition from lower-cost producer 
countries and stakeholder requests for corporate social responsibility, the factors of 
competition have changed for the Chinese wood product companies. Based on that, this paper 
aims to ponder the characteristics of the business environment of China’s wood products 
industry from potentially applicable theoretical views, in reflection of its potential to make 
adjustments in business strategies to support Chinese companies’ sustainable 
competitiveness in global markets. A systematic combining method was used for data 
gathering and analysis, with the external opportunities and threats being collected from the 
literature review and being analyzed with Porter’s Diamond Model, and the internal strengths 
and weaknesses being gathered from managers of the Chinese wood products companies 
and being analyzed with Porter’s Value Chain Model. 
 
Keywords: Sustainability, shared value creation, China, wood products companies. 
 
1. Introduction 
The last few decades have witnessed a dramatic increase in the demand for China’s wood 
products, both domestically and internationally. This has further pushed China’s wood 
products industry to expand its production capacity (Wan et al., 2015). Today, China has 
become the world’s most important producer and exporter of value-added wood products 
(Ganguly and Eastin, 2011). Plywood, wooden furniture and wood flooring are China’s most 
important value-added wood products (Wan et al., 2011). The United States and the European 
Union are the two biggest importers of China’s value-added wood products. However, China’s 
domestic timber resources are limited. In order to meet the fast-growing demand for wood 
products, China has to import a large quantity of roundwood. This has made China become 
the largest importer of unprocessed logs and semi-processed lumber globally (Ganguly and 
Eastin, 2011). New Zealand and Russia are two main log suppliers, while Russia and Canada 
are two major lumber suppliers to China (International WOOD Markets Group, 2016). 
Abundant labour supply and low production costs have traditionally been regarded as the main 
source of competitive advantage for the Chinese wood products companies in global 
competition (Han et al., 2009). However, this perception has been changed due to rising costs 
of production factors such as labour, raw materials and energy, rapid technology transfer, 
increasing corporate environmentalism, and the anti-dumping actions taken by importing 
nations (Han et al., 2009). In the meantime, the global economic crisis still has profound 
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impacts on the Chinese export-orientated companies (Cao et al., 2010). The combination of 
these factors has wiped out healthy profit margins experienced by Chinese manufacturers. 
China’s wood products industry is now facing tougher times.  
 
Thus, there is an urgent need to study new sources of competitiveness and potential for the 
Chinese wood products companies, especially from a sustainable perspective. So far, only a 
few studies have addressed China’s wood products industry and market in an international 
context, including the four recent ones by Han et al. (2009), Wan et al. (2011), Yang et al. 
(2012), and Wan et al. (2015). These studies have explored the global competitiveness of 
China’s wooden furniture industry, the economic factors affecting the demand, supply and 
exports of China’s plywood, the cluster distribution and export competitiveness of China’s 
wooden furniture industry, and the strategic transformation process of Chinese value-added 
wood products companies, respectively. The objective of this paper is to introduce avenues 
and methods to examine the external opportunities and threats as well as the internal 
strengths and weaknesses for the Chinese value-added wood products companies from a 
sustainable perspective. This perspective attempts to take into account of economic, 
ecological and social sustainability aspects into Chinese companies’ business operations to 
strengthen their position in global markets. 
 
2. Theoretical Views on Sustainable Value Creation and Gaining Sustainable 
Competitiveness 
To study the characteristics of the business environment, we argue that Porter’s (1990) 
Diamond Model is appropriate for assessing the external opportunities and threats for the 
Chinese wood products companies, and Porter’s (1985) Value Chain Model with a shared 
value creation emphasis (Porter and Kramer 2006; Porter and Kramer 2011) could be applied 
to evaluate the internal strengths and weaknesses for Chinese companies when seeking for 
competitiveness based on the simultaneous consideration of economic, ecological and social 
acceptability of business operations. 
The Diamond Model consists of four main interrelated elements that form the competitive 
context of the company, namely: factor conditions, demand conditions, related and supporting 
industries, firm strategy and rivalry. In addition, Porter stated two additional elements that 
influence each of the four elements: government and chance. 
 
The Diamond Model illustrated in Figure 1 describes each of these elements in detail. For 
example, as a result of globalization, the competitive context of companies is not delimited to 
the circumstances in their home market but is expanded to the international business 
environment. No matter in developed economies or in emerging economies, well-trained 
workforce, sufficient natural resources, and advanced technical knowledge and market 
intelligence enhance company productivity (factor conditions), sophisticated and well-
educated local customers boost the demand for specialized and innovative products and 
services, which will thus support company competitiveness (demand conditions), proximity of 
capable local suppliers of raw materials, components, machinery and services enhance the 
responsiveness and exchange of information abreast with lowering, for example, 
transportation costs (related and supporting industries), good governance and transparent 
disclosure of corporate practices reveal dubious local competitors (firm strategy and rivalry). 
In addition, appropriate government policies (e.g., subsidies and taxes) and chances (e.g., 
radical innovations and revolutions) may also affect the characteristics of the business 
environment of companies (Porter, 1990). These six elements influence companies’ 
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opportunities to enter and operate in global markets, and they can promote or impede the 
creation of competitive advantages of companies. 
 

Figure 1. The Diamond Model illustrating the elements forming the competitive context of the 
company (Modified from Porter, 1990; Porter and Kramer, 2002). 

 
From the internal perspective of the company, the concept of value chain (Porter, 1985) is 
used to describe all the activities needed in business processes to serve customers and 
markets (e.g., Kaplinsky and Morris, 2001). The activities can be implemented within a single 
firm or divided among different firms, within a single geographical location or spread over wider 
areas (globalvaluechains.org, 2011). According to Porter and Kramer (2011), shared value 
refers to the simultaneous consideration of the advancement of ecological and societal 
conditions in addition to economic competitiveness when conducting business practices, with 
the aim of enhancing firm competitiveness. In Chinese companies, for example, consideration 
and communication of ecological and social aspects of business operations have traditionally 
been weak, which has affected their reputation and potential to operate in global markets 
(Lattemann et al., 2009). The Value Chain Model illustrated in Figure 2 shows how different 
activities can be connected to shared value creation within businesses, from raw material 
acquisition to product design and manufacturing, to marketing and sales, and finally to end-
use, recycling and waste management. In other words, the given model shows how economic, 
ecological and social aspects can be integrated into businesses in manufacturing industries 
for shared value creation. 
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Figure 2. The Value Chain Model illustrating the company’s shared value creation (Modified from 
Porter, 1985; Porter and Kramer, 2006; Porter and Kramer, 2011). 
 
3. Data and Methods 
Due to the complexity and novelty of the research problem, in data gathering and analysis, a 
systematic combining approach (Dubois and Gadde, 2002) based on the process of the 
simultaneous consideration of empirical circumstances in the external environment, theories 
and the cases were employed. Compared with linear approaches, research design is strongly 
guided with predetermined theoretical questions, and the systematic combing approach 
enables more flexible matching of theory with reality. In our study, it means the conceptual 
integration of the Diamond Model and the Value Chain Model, which provides a profound view 
of complex empirical phenomena (for similar application, see Matthyssens et al., 2009), as 
illustrated in Figure 3. In fact, it is entirely new to study simultaneously the external competitive 
elements within the business environment of the Chinese wood products companies and the 
internal strengths and weaknesses of the case study companies within this industry. The latter 
aims to integrate in the global value chains (GVCs) more profoundly by taking into account 
economic, ecological and social sustainability aspects in their value creation activities. 
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Figure 3. Implementation of the systematic combing approach in applying theories and concepts to 
study empirical circumstances in the business environment and companies. 

The material of the study is composed of the literature review data that provide information 
about the external business environment of the Chinese wood products companies and the 
qualitative interview data gathered from managers of the Chinese wood products companies 
and used to assess their shared value creation activities and potential. Both the literature data 
and the interview data were analysed qualitatively, with the former using the Diamond Model 
and the latter using the Value Chain Model. The literature data were compiled from scientific 
databases, statistics and different reports with the purpose of acquiring a holistic view on the 
theoretical and empirical characteristics of the external business environment of the Chinese 
wood products companies. These data comprised the elements of the diamond model. 
 
For the internal part, we focused on the branches of plywood, wooden furniture and wood 
flooring as they are China’s most important value-added wood products. In the data collection 
for this part, we used a case study method, that is, a selective sampling was used to acquire 
the internal company-level managerial information that was unavailable from public sources. 
The criteria for such data collection included size and location of the company as well as 
company managers’ willingness and availability to participate in face-to-face interviews for our 
study. The data collection was targeted at the medium and large-sized wood products 
companies11 in two specific locations of China – Provinces of Guangdong and Heilongjiang. 
These two regions were of interest because Guangdong Province in South China is one of the 
most advanced regions in the field of wood processing in China (Luo et al., 2009) and the 
forest-rich Heilongjiang Province in Northeast China has strong traditions in timber producing 
and wood processing industries in China (Sun et al., 2005). The selection of this geographical 
area and industry segment was based on the assumption that the medium to large-sized 

11 The classification of small, medium and large wood products companies in China was based on the 
criteria detailed by Sun and Chen (2003), which is according to companies’ fixed capital. The fixed 
capital of a small, medium, and large wood product company is less than 20 million RMB, 20-50 
million RMB, and over 50 million RMB, respectively. 



176

companies in the two regions had a certain variation of competitiveness and they were likely 
to actively conduct strategic activities relevant to our study (Stiles, 2001). 
 
The interviewed company managers were members in companies' top management teams 
and they were responsible for the firm-level strategic decision-making related to, inter alia, 
general management, raw material procurement, production, and marketing.  The instrument 
we used to collect the interview data was the semi-structured questionnaire, comprising a 
variety of closed and open/open-ended questions relevant from the theoretical views of the 
study. These questions were organized in three thematic sections: general information about 
companies (e.g., the establishment year and products), shared value activities of companies 
(e.g., sourcing and procurement of wood raw material, product design and manufacturing, 
marketing and sales, and end-use, recycling and waste management), and managerial 
opinions on the future goals for the development of their companies. 
 
4. Potential for Studying the Sustainability of the Chinese Wood Products Companies 
from Both Internal and External Perspectives 
In assessing the business potential for the Chinese wood products companies to enhance 
their competitiveness, companies should recognize it through the lens of sustainability 
thinking, that is to say, by developing sustainable business and creating shared value. 
Therefore, the characteristics of the business environment and value chains that were once 
regarded as the source of Chinese companies’ competitiveness may have already 
deteriorated. This is due to changes in customer preferences and global competition, as well 
as increasing ecological and social awareness. 
 
First, from the external perspective, some examples of the elements presented in the Diamond 
Model indicate the requirements for the Chinese wood products companies to change their 
business thinking and operations in order to gain sustainable competitiveness and build long-
term growth. Tracing back the history, China's wood products industry is very fragmented, with 
relatively low investment levels and simple technologies. In accordance with its leading status 
in traditional labor-intensive manufacturing industries, the development of the Chinese wood 
products companies has been based on low-cost labor and raw materials (Yuan and Eastin, 
2007), so they mainly produce lower value-added wood products. In terms of factor conditions, 
the availability of raw material as such is not sufficient for gaining sustainable competitiveness 
in the responsible markets if the forests are not sustainably logged and managed. Similarly, 
exploitation of low-cost workers may not only decrease production efficiency but is also not 
socially acceptable. As a matter of fact, in today’s Chinese market, there are serious problems 
with the quality, legality and sustainability of timber and wood products, which are caused by 
outsourcing wood materials and labor-intensive business operations from lower-cost 
countries. This may impede the sustainable development of China’s wood products industry. 
However, Chinese farmers’ higher enthusiasm for afforestation devote to ensuring raw 
material supplies, rising environmentalism has driven customers and wood products 
manufacturers to consider using certified wood products, and large salary increases in China 
may attract more skillful workforce. All these could not only enhance the acceptability of 
Chinese companies’ business operations in global markets but also create notable business 
potential for Chinese companies in serving higher value-added product markets.  
 
With regard to demand conditions, due to the adverse impacts of the global financial crisis, 
there has been a weaker demand for wood products in international markets, which has 
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challenged the exports and global expansion of China’s wood products. However, the 
increasing demand of the Chinese emerging middle class for high-end differentiated products 
offers the Chinese wood products companies a possibility for domestic learning, which can be 
exploited when entering more demanding international markets. In addition, this increasing 
demand also provides Chinese companies with an opportunity to gain higher profits. All these 
encourage some Chinese companies to change their business strategies, that is, to shift from 
export orientation to a focus on domestic markets. 
 
Second, from the internal perspective, seeking for sustainability may also require companies’ 
changes in their business thinking, which could boost new types of competitiveness. For 
example, companies’ reporting practices on quality management (ISO-9001 Quality 
Management Certification) and environment management (ISO-14001 Environment 
Management System Certificate) can ensure product quality and ecological sustainability. In 
addition, companies’ profound relationships with their key stakeholders such as academics 
may not only promote the development of technological skills, but also offer possibilities to 
recognize new ways of managing companies and employing both tangible and intangible 
resources (Wan et al., 2015). Moreover, by collaborating with different stakeholders, 
information dissemination will be enhanced and continuous workforce learning will be driven. 
It will therefore promote operation efficiency and value creation potential of companies. 
Furthermore, by integrating shared value thinking into companies’ value chains, the 
possibilities for creating the “Responsible Chinese Brands” in international markets are 
supported. 
 
All in all, our experiment indicates that the Diamond Model and the Value Chain Model could 
be well appropriate to recognize the potential of the Chinese wood products companies’ 
sustainable business and shared value creation. By using both models through the lens of 
sustainability thinking, entirely new aspects affecting the characteristics of the external 
business environment and the internal business operations of Chinese companies could be 
identified. By gathering profound literature data on the current business environment of 
China’s would product industry and the interview data from the Chinese wood product 
companies, new scientific views, for example, whether Chinese companies’ strategies are 
moving more sustainably, and if so, in what aspects, could be reached. In addition, from the 
perspective of global competition, this information could also be employed when trying to see 
future paths for global competition in wood products industry as a whole.   
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Abstract: This paper investigates European citizens’ perception related to forest ecosystem 
services (ES), which has been in a previous study identified to be one of the key hot topics in 
the forest sector communication. The ES, addressing the need to maintain viable forests 
ecosystem services to also benefit human well-being, was considered as an emerging 
communication topic, which is still lacking of both content and awareness among stakeholders. 
As the global awareness on ES is building momentum, this topic represents a prime example 
of an issue that needs to be communicated better by the sector in the future, and thus merits 
more in-depth analysis on how it is currently actually being perceived among the European 
stakeholders.  
 
In order to investigate stakeholder perceptions, we used a structured questionnaire, which 
was available as an online survey during May-Setember 2015 in four European countries 
(Austria, Germany, Finland and Slovenia) in English and in all national languages. We 
developed a 5-point Likert-scale on (1) forest ecosystem services of 24 items covering 
provisional, regulating, socio-cultural, and supporting services; (2) various forest sector 
businesses’ impacts on ecosystems and respondents’ related information needs and (3) how 
responsibly they perceive forest industry companies to act in relation to their impacts on the 
environment. Altogether 297 valid responses were received and the data was analysed using 
decriptive statistics, exploratory factor analysis and ANOVA testing respondent background 
differences across ES dimensions.   
 
Based on the results, respondents showed highest agreement levels (90-99%) for the 
importance of regulating and supporting ES, such as effects on regulating air quality, water 
quality and climate change, or supporting water cycling and soil health. The respondents’ 
perceived need for information on forest sector business impacts to ES found to be high, 
whereas their views on the level of actual forest sector sustainability performance was much 
more divided, which would seem to represent a legitimacy gap. In the second stage, we 
conducted a factor analysis on the dimensionality of ES categorisation and found it to be three-
dimensional.  The first factor combined variables that support livelihood and regulate the 
ecosystem, the second factor was characterized through the provision of goods and services 
(excluding wood) and the third factor included items on socio-cultural benefits, which seems 
a rather logical structure. A follow-up analysis revealed some statistically significant 
differences between respondents’ socio-demographic characteristics and the three 
dimensions of ES, for example the provisioning services were found to be more important for 
females or respondents that did not derive income from the forest-sector. Our results work 
also as a case study to specify better communication towards different target audiences and 
to help in identifying potential legitimacy gaps when targeting the general public by forest-
sector related communication in Europe. 
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Abstract 
Although the US forest sector is historically highly cyclical with high reliance on housing 
demand, the turmoil caused by the recent global financial crisis is unprecedented and 
represents a unique situation within which to study firm response to decline. The literature 
provides two competing theories explaining firm response to decline, either by centralizing 
authority, focusing on efficiencies, and increasing formalization, a response akin to a turtle 
taking refuge within its shell or becoming more innovative and introducing changes in the 
organization and/or its products in order to counteract decline. Innovative companies are those 
that are more likely to create and/or adopt new products, processes, and business systems in 
their operations. This study is based on 142 US wood products (SIC 24) manufacturers that 
previously participated in a 2013 study focusing on innovativeness in response to the 
recession. Based on preliminary analysis (n=62) we find that the global financial crisis may 
have a lasting “innovativeness effect” since responding firms maintain a higher level of 
innovativeness than they did before the crisis. As has historically been the case, process 
innovativeness is more important with respect firm performance than product innovativeness. 
Finally, responding firms maintain an innovation strategy that is exploitation focused rather 
than exploration focus, a finding that is similar to historical work on business level strategies. 
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45. Forest products markets under change 
Hetemäki, L.1,2, Hurmekoski, E.1 
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Abstract 
The forest-based sector, particularly in the North America and Western Europe, are facing 
perhaps the largest structural changes for more than a century, due to the combined effect of: 

 the changing global competitive advantages, with a remarkable share of forest industry 
investments going to fast-growing markets in Asia, or low-cost production regions such 
as South America 

 the declining demand for communication paper products and stagnating demand for a 
number of other forest products in the OECD countries 

 record long economic downturn, particularly in Western Europe, and its impacts on the 
structure of the forest products industries 

 the emerging bioeconomy and new products and services that are expected to provide 
new opportunities and diversify the industry 

 
Comprehensive market analyses related to the trends in the global forest products industry 
seem to come in a surprisingly short supply. The forest products markets long-term outlook 
studies are rarely published in scientific journals. They tend to be published regularly by 
consulting companies. FAO and UNECE produce forest sector outlook studies, typically every 
5 years. Research on the forest industry market outlook takes place less systematically and 
typically focuses on one particular product category or region. 
 
The purpose of this review is to help to fill the gap in academic research by providing an 
overview on how the global forest products markets are changing, and what is the scale of 
changes that can be expected. The review highlights selected ongoing and expected changes. 
In addition, the review analyses the implications of the ongoing changes to the methods and 
research on the topic. The discussion takes a long-run perspective, with the emphasis on 
structural issues rather than on business cycles. 
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46. Global impacts of European forest conservation and bioenergy 
policies 
Moiseyev, A.1, Solberg, B.1, Kallio, M.2 
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Abstract  
Several scenarios were defined to analyze changes in the carbon emission flows related to 
the wood harvest and wood based forest products manufacturing in the different global 
regions. For the analysis we use a revised version of the partial equilibrium model for the 
global forest sector, the EFI-GTM model. The results of the scenario analysis provide insights 
into changes in the carbon emissions from the harvest, trade and production of the wood 
based products as a result of (i) forest conservation and (ii) increased use of wood biomass 
for energy, which are compared to the business as usual scenario.  The main changes in the 
global carbon emissions are coming from reallocation of the sub regional harvests and 
changes in the trade of wood and wood based products. Reallocation of forest products 
manufacturing also play a role in the changes of the carbon emissions. 
 
  



184

47. Impacts of a large wood-based biorefinery plant on markets and 
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1Department of Ecology and Natural Resource Management, Norwegian University of Life 
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Abstract  
Biorefineries are often put forward as an important prerequisite of the future bio-economy, for 
bio-based materials to replace fossil fuels and chemicals. Like the European Union, Norway 
is working on its bioeconomy strategy. As in many countries on the northern hemisphere, 
Norway has extensive forest resources with large potentials of intensified use. However, the 
impacts of increased use of wood for biorefineries on other wood-based industries and carbon 
sequestration are to a large extent unclear.  
We intend to fill part of this void by simulating the installation of a biorefinery plant that will be 
producing 150 thousand tons of biofuel per year, in the forest sector market model NorFor. In 
the NorFor the objective function is to maximize the present value of discounted net social 
payoff, i.e. producer surplus plus consumer surplus minus transport and capital costs. 
Samuelson’s theory about net social payoff within interregional trade in spatial equilibrium 
models, as well as the theory for economically optimal harvest age (Faustmann, 1849) are the 
fundamental pillars for NorFor model. 
Production of biofuel (50% gasoline and 50% diesel) was kept constant for the simulation 
horizon until year 2100. Our scenarios were based on the types of wood input used for biofuel 
production reflecting current technological solutions (coniferous roundwood, sawmill residues, 
mix of coniferous roundwood and sawmill residues, hardwood roundwood and finally 
harvesting residues). Therefore, together with the base scenario, that assumed no biorefinery 
plant, we ended up with totally six scenarios.  
The results show that the mix of wood input is very important for the wood industry and not 
least the carbon balance. Increased demand for harvest and sawmill residues increased 
harvest level what was most likely related to higher stumpage price. We conclude that there 
is a need for rather detailed models to analyze properly the impacts of biofuel plants. Models 
such as NorFor that includes the main products flows, retain consistency across the sector, 
and includes environmental attributes are able to capture all complex mechanisms like inter 
alia choice of forest species, choice of competition for the fiber between various users, 
connections between sawmilling, mechanical pulp industry, forest owner behavior and many 
others.  
 
Key words: Forest sector, forest sector modeling, partial equilibrium, wood markets, carbon 
sequestration, bioenergy 
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Abstract 
Due to public policies and governmental support, European demand for wood pellets in last 
two decades has increased, with a high potential to grow more in the future.  The main product 
in pellet market are industrial pellets, produced in large pellet factories and mainly used for 
co-firing and combined heat and power production. However, high and premium quality wood 
pellets, mainly used for heat production in private households and residential heating systems 
are produced in small scale pellets factories and purchased from domestic traders with 
regional supply chains in small delivery volumes. Small scale pellet production could be 
business niche for private forest owners with small, but stable annual wood resource flow or 
production system for private household owners where pellets are produced for own use and 
surplus is sold in domestic market or to closest consumers. Raw material could come from 
pre-commercial thinning, which so far has not been done in large scale. Some of the produced 
pellets, depending on the market situation, could be sold as litter material for animals. During 
this study small scale pellet production costs were calculated and different raw material 
resource flows were analyzed. Different pellet market options were discussed and different 
tree mixes for pellets were tested. Main small scale pellet production cost positions (electricity, 
raw material prices, labour costs, taxes, etc.) were compared between Baltic states to highlight 
the biggest differences and common things between countries.   
 
Keywords: small scale pelletizing, pellets, Baltic pellets, home made pellets.   
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Abstract 
Portfolio models have been primarily used in strategic decision-making to support resource 
allocation between business units. They aid analysis by organizing information and creating 
classification frameworks for the units in the portfolio. In purchasing management, they offer 
the potential to improve allocation by identifying which products and suppliers warrant greater 
attention than others.  
Based on Olsen and Ellram’s (1996) development of Krajlic’s supplier portfolio model (1983), 
Helstad (2006) made an initial adaptation of the method to industrial wood supply. Based on 
these studies, master’s students at the Industrial wood supply program at SLU have used the 
portfolio approach as a part of their annual review of supply strategies for Swedish wood 
supply organizations. Over a 5 year period numerous organizations have been analyzed, 
resulting in a variety of methods being tested.    
This paper presents methodology and results from the 2015 review and compares these to 
earlier studies within the same organization. The case concerns an integrated forest products 
company operating both saw- and pulp mills, with a focus on pulp-based products. Data was 
gathered through in-depth interviews with key managers planning and coordinating the 
company’s wood supply. The portfolio model was applied in two steps; first positioning the 
company’s raw material sources and second positioning the specific suppliers. In step 1, the 
respondent listed raw material sources and graded these with weighted criteria to position in 
a matrix according to strategic importance and procurement difficulty. In step 2, the same 
approach was used to position suppliers in a matrix according to their attractiveness and 
relationship strength.  
In contrast to earlier studies, the current study was more focused on pulpwood supply for key 
pulp products.  For step 1 earlier studies had categorized the wood assortments, while the 
current study categorized the sources for the main pulpwood assortment. For step 2 the 
current study also included a greater variety of weighted criteria. Consequences for results 
and interpretations are discussed.    
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Summary 
For the forest-based sector, growing public awareness related to environmental and social 
issues has created a great need to build and secure the legitimacy of operations through 
transparent business processes and trustful stakeholder relationships. The stakeholder 
system of the European forest sector is multi-faceted comprising various groups of 
stakeholders (e.g., governments, consumers, financiers, NGOs, employees, natural 
environment, general public and forest owners) with interactions to different hierarchical levels 
of sustainability, i.e., societal, sectoral, corporate and product sustainability. In this study, 
forest-based sector communication with its stakeholders at different hierarchical levels of 
sustainability in the European context is being analyzed by employing Laswell’s linear model 
of communication comprising five sequential elements, i.e., communicator, message, 
medium, audience and effect. The material comprises international peer-reviewed journals 
published in 2005–2015 searched from the ScienceDirect database by using search words for 
titles, abstracts and keywords that has been analyzed with a systematic literature review 
approach. 
 
According to the results, governments are active communicators at all levels of hierarchical 
sustainability (i.e., societal, sectoral, corporate and product sustainability). Abreast with 
governments, only forest-based sector as a whole (societal and corporate sustainability), 
forest owners (societal sustainability) and NGOs (product sustainability) act as communicators 
with a purpose of having an effect on some other stakeholders groups in connection with the 
forest-based sector acceptability issues. The results show that in the period of interest, 
consumers, financiers, employees, natural environment, general public, scientists, 
construction sector, environmental technicians, designers or architects have acted as an 
audience, but in the scientific literature they have not been identified as active communicators 
implementing purposeful information exchange on particular topics. Regarding acting as an 
audience, the most popular groups of stakeholders targeted by communication have been 
general public (societal, corporate and product sustainability), NGOs (sectoral and product 
sustainability) and forest owners (sectoral and corporate sustainability). 
 
As a general finding of the study it can be said that literature emphasizes the role of 
stakeholder communication for forest sector sustainability and acceptability, but no specific 
information seems to exist on how to communicate and build a heterogeneous forest-based 
sector image in eyes of different stakeholders. This refers to the need of paying more 
theoretical and empirical attention on communication and image building processes by, e.g., 
recognizing the specific communication needs of different stakeholders via two-way and 
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proactive information exchange and by tailoring the forest-based sector communication and 
image building by sending well-specified messages for well-targeted audiences. 
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Abstract
International trade of roundwood is an integral part of globalized forestry sector. Finland is one 
of the largest roundwood importing countries globally, with roughly 80 % of its import volume 
coming from Russia. Nevertheless, previous econometric studies on the integration of round 
wood markets in the Baltic Sea region have mainly focused on the Nordic countries or on 
comparing the Nordic countries with the Baltic States. From the Finnish perspective, a problem 
with the earlier studies has been the lack sufficient number of observations for reliable 
statistical inference concerning import prices, as monthly statistics on imported wood only 
cover the period starting from 2002.  From methodological perspective, earlier studies have 
mainly used bivariate analysis, which may cause a loss of information.  
 
The purpose of this paper is to provide updated information on the short-run and equilibrium 
relationships between imported and domestic wood prices in Finland. We focus on four 
softwood assortments simultaneously, including domestic and imported sawlogs and 
pulpwood for spruce and pine. The possible effects of the duties imposed on exported Russian 
wood in 2007–2012 at monthly level are accounted for. Bounds testing approach by Pesaran 
et al. (2001) and Johansen maximum likelihood method (Johansen, 1988), and monthly 
observations in 2002–2014 are used.  
 
Pesaran et al. (2001)  ARDL approach indicates that prices of imported wood are affected by 
the price development of domestic stumpage prices, while the long-run development of 
Finnish stumpage prices seems to be less affected by the prices of imported wood. According 
to Johansen maximum likelihood approach, Finnish pine pulpwood price is weakly exogenous 
to the other pulp wood prices. Based on the three co-integrating equations model for all eight 
prices, Finnish pine pulpwood price is weakly exogenous also with respect to prices of 
imported and domestic sawlogs. Overall, domestic prices seem to be predominantly weakly 
exogenous, regardless of the model specification. In comparison to previous research, we 
conclude that it is important to consider sawlog and pulpwood price determination in the 
market simultaneously and to use monthly data to capture market dynamics under changing 
import taxation to avoid a loss of information in modelling the market price behavior for policy 
or any other purposes.  
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Abstract 
Digitalization has challenged also the traditional business models of Finnish woodworking 
industry. The industry is characterized by small indigenous businesses that typically operate 
at the lower end of the value chain and without direct access to ultimate users of their products. 
The focal point of our research is the adoption of new information and communication 
technologies in business practices of small businesses summarized by the overarching 
concepts of e-Commerce and digital marketing. We address barriers of diffusion by asking 
businesses about their perceptions about costs and benefits as well as needs of appropriate 
information and support in the form of joint digital strategy of the industry.  
 
We first interviewed 13 companies and industry stakeholders to draw the landscape of 
digitalization in the business and to build up an online questionnaire for the companies for the 
second stage. The call to answer the questionnaire was distributed through mailing lists and 
collected manually on WOOD 2015 fair. Total number of responses on questionnaire was 31.  
 
The annual turnover of the companies was usually less than 2 me (66% of responses) and 
companies operated on domestic  markets (82%). 18 companies produced primary wood 
products and/or supplies for construction value chain, the rest produced home oriented or 
outdoor products  or services for industry.   
 
Digital tools were used about 80% of the respondents, mostly in marketing, but only a handful 
of companies were actually selling their products online. Own internet pages appeared as the 
minimum measure, but social media was used just by 8 companies. More than half of the 
respondents made use of digital tools on financial management and about 1/3 in controlling 
orders.  
 
The respondents were asked to put their company in adopter categories by Rogers (2003). A 
question to identify the company on the scale from early to late adopters of digital tools was 
used to figure out key measures and target groups that industry level digital strategy should 
build on. We found some evidence that distribution of small companies is skewed towards 
laggards.             
 
The companies expect that changes due to digitalization are generally more profound in B2B 
than B2C. The companies appear to rely on their competitiveness to prevail abroad.  The flip 
side, entry of global competition on domestic markets, is seen more probable but less 
important consequence of digitalization. It is obvious, that companies need more digital 
support to make use of global markets.      
 
Full analysis of results is still to be processed, but we can already conclude that micro and 
small companies in woodworking industries need practical support. No massive investments 
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are needed. To ensure competitiveness of the industry, the digitalization strategy should build 
on tailored counselling of elementary tools of modern digital business.                   
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Abstract 
The development of widely accepted base for timber/wood trading on the Internet has been 
long and colorful. Although there are many obvious advantages of an electronic Internet 
market. To develop one trusted and used system has been more demanding than anybody 
could expect. We can identify the advantages of the market place for both the buyers and 
sellers quite well. Timber trading could become more efficient. Internet portal simplifies 
marketing for both sides and can lead to reduced timber procurement costs. This can be 
achieved through accurate stand depiction, so that prospective buyers would be in a position 
to make offers even without seeing the stands. For sellers it provides an easy way to inform 
the buyers of the forest sites they are willing to harvest. Also,one marketing channel is enough 
for the seller. The ideas of creating an electronic market place were created already in early 
1990’s. First prototypes are over 15 years old. First widely used supply portal, Puumarkkinat.fi 
started in 2013 and next generation market place will start later this year. In this presentation 
we analyze what have been main technical challenges and also the attitudes of users in 
different times that have made the establishment of the Internet market place so difficult.  
 
Keywords: electronic timber trading, timber markets, wood markets, Internet 
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Abstract 
The article does not criticise REDD for neglecting rights of indigenous people, or lack of 
concern for co-benefits like biodiversity. Rather, the critique is directed at the gradual shift 
away from conditionality, from output-based to input-based payments, and from deforestation 
to afforestation. The original idea of a marketplace for reduced GHG emissions where poor 
people could act as producers and sellers rather than recipients of development aid has 
disintegrated. REDD seems to have been degraded to a system of national bi-lateral 
negotiations between bureaucrats and (corrupt) politicians at the higher level, and traditional 
development assistance plantation projects at the local level. Lamenting this development is 
probably a sign of economic naivety. Setting up an institution like an international market for 
services as difficult to monitor as reduced emissions, has shown to be immensely more 
complicated than anticipated. 
 
Keywords: emission, conditionality, externality, institutions 
  
Introduction 
When the concept of payment for environmental services (PES) was introduced more than 10 
years ago (Landell-Mills & Porras 2002, Gómez-Baggethun et al. 2010), my first reaction was 
enthusiastically optimistic. Finally, someone had come up with a way in which rich people 
could pay poor ones for highly valued services instead of distributing donations and 
development assistance. The poor would have a chance to produce and sell instead of acting 
like beggars (Nustad 2003).  
 
REDD was conceived as a special case of PES. Reduced emissions from deforestation and 
forest degradation was the environmental service, and it could be delivered by many poor 
countries in the South. A global system of national emission reduction targets, emission quotas 
for industries in the North, and a market mechanism for quotas (both private and public) would 
make it possible for people in the South to sell emission reductions.In my first interactions with 
the Norwegian Ministry of Foreign Affairs right after the Bali Conference in 2007, bureaucrats 
were very clear on limiting REDD payments to reduced deforestation and degradation, and 
that reforestation or afforestation would not be considered. I liked it, because I had seen so 
many unsuccessful plantation projects in East-Africa (Skutsch 1985). 
 
Already at that time, the ministry put much emphasis on the co-benefits of REDD, e.g. 
protection of biodiversity and poverty reduction (Brown, Seymour & Peskett 2008). Later, 
REDD initiatives have been criticised (Griffiths 2008, Lemaitre 2011, Marino & Ribot 2012) for 
weakening the rights of indigenous people. I shall not deal with such concerns here. 
 
Internalising an externality 
Payments for environmental services (PES) are incentives offered to farmers or landowners 
in exchange for managing their land to provide some sort of ecological service. A PES scheme 



195

is a voluntary, conditional agreement between a “seller” and a “buyer” over a well-defined 
environmental service (Wunder 2007). These programmes, or schemes, promote the 
conservation of natural resources in the marketplace. 
 
I think this definition captures the essence of PES as it was originally understood. To me the 
phrase conditional payment is pivotal. Additional services such as carbon sequestration or 
storage should be paid for when delivered just as we pay for coffee when we leave the store 
or load it on to the truck at farm gate. One may discuss practical ways of measuring carbon 
sequestration, e.g. number of hectares planted, number of tonnes biomass accumulated, or 
net change of carbon stock during a certain period, but payment should be conditional on 
some quantified service delivery. The way REDD+ projects are implemented in East-Africa 
these days (Peskett et al. 2011, Merger et al. 2012, Mahanty et al. 2013, Dokken et al. 2014) 
seems to involve little conditionality. 
 
My impression is that most REDD+ projects in East-Africa are designed as interventions in 
rural communities with tree planting as a major activity. Improving people’s livelihoods is an 
important objective. I am tempted to put forward two critical questions already here: 1) Why is 
the focus on rural communities, while urban people consume most charcoal and timber, and 
2) why are most projects engaged in tree planting, while the major problem is GHG emissions 
from deforestation and forest degradation. 
 
I do not know the details of payment arrangements in the implemented REDD+ projects – they 
may vary considerably. However, within an economic paradigm one would understand 
deforestation and forest degradation as activities undertaken by direct agents because the 
activities are profitable to the said agents (Parks et al. 1998). Because climate change does 
not affect those agents much, and their activities result in emissions that are marginal in the 
global picture, we may think of GHG emissions as negative externalities of deforestation and 
forest degradation (Araya & Hofstad 2014). REDD+ payments are meant to internalize these 
costs (Angelsen 2007). 
 
If rural people clear forests for agriculture, or cut trees for charcoal production, these activities 
must be profitable as seen by those people. If a PES scheme is required to induce tree 
planting, this is an indication that tree planting is not as profitable without the scheme as the 
best alternative – often cropping and/or grazing. If it were not for the payment, planting trees 
would reduce people’s livelihood since it reduces the land available for cropping or grazing. 
On the other hand, those who pay for REDD+ schemes do not want to pay more than what is 
required to ensure delivery of the services in demand. This applies both to governments in the 
North and to NGOs in the South. One argument for REDD+ has been that it is a cheap way of 
reducing GHG emissions (Stern 2006, Eliasch 2008). Seen in the market context, it is not 
likely that tree planting as part of REDD+ projects will improve rural livelihoods considerably. 
Financing institutions and project organizers are not likely to pay CO2 prices that will make 
tree planting immensely profitable. 
 
Paying for what, to whom, in which way? 
When Angelsen et al. (2009) prepared a report on REDD to the Norwegian government in 
2009, they realised that implementing a functioning PES system based on conditionality in the 
major deforesting regions of the South would not be possible. They came up with the idea of 
a three-phase approach to REDD. Phase 1 would include initial support allowing countries to 
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develop strategy, strengthening institutions, and start demonstration activities. Phase 2 would 
be financed by funds, and payments would be output-based, but performance would not 
necessarily be monitored only based on emissions against reference levels. Phase 3 would 
be financed by rewarding performance based on quantified forest emissions and removals 
against agreed reference levels. The authors envisaged Phase 1 to start in 2010, Phase 2 the 
year after in some countries, and Phase 3 from 2016 onwards. They assumed that there would 
be a COP commitment to Phase 2 in Copenhagen December 2009. We now know that this 
did not happen, and that the Amazon Fund (2015) is the only funding mechanism that works 
according to the ideas of Phase 3. Most REDD+ activities must still be characterised as part 
of Phase 1. 
 
Establishing a payment mechanism is a major challenge for the REDD strategies of states 
with less sophisticated monitoring capacity than Brazil. It requires detailed information about 
changes in the carbon stock of forests, appropriate incentives given to decision makers to 
undertake activities that reduce deforestation and degradation, and that the flow of information 
and incentives are embedded within a set of effective institutions to ensure good governance. 
 
Table 1. Strengths and weaknesses of output- and input-based benefit distribution systems under 
national REDD+ 

Strengths Weaknesses Strengths Weaknesses

Baselines
Simple, parcel
based
measurement

Individual baseline
needed

Baseline not
required

Economic
efficiency

Only pay for added
carbon

Costly construction
of baselines

All participants
receive payment
Small amount per
participant

Merit
based
equity

Payment based on
performance

Would not deliver
merit based equity

Forest
owners

Others
No payments to
actors outside
forests

Payments can be
made to actors
outside forests

Poverty
based
equity

May not benefit
poor if their rights
are not recognised

Easier to favor poor
people and
communities

Accuracy
Requires high
accuracy and
verification

Lower
requirements

Transaction
cost

High Low

Data
requirem

ents

Right
based
equity

Output based benefit distribution Input based benefit distributionCriteria

Forest ownership is often collective and confused in many deforesting countries

Technical
issues

Political
issues

Source: Skutsch et al. (2014) 
 
Skutsch et al. (2014) discussed strengths and weaknesses of payment systems based on 
output (reduced emissions) or input (activities aimed at emission reductions). Their findings 
are summarised in Table 1. The table hints why most pilot projects, at least in Phase 1, are 
input-based rather than output-based. There may be some conditionality since there is 
normally some control of actual planted area, or number of seedlings planted. Projects would 
commonly have an estimate of potential carbon sequestration based on plantation targets, but 
there will hardly be any measurement of actual carbon stock at given time intervals. 
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Forestry projects in Africa did not become popular, or much demanded, within the CDM 
mechanism (Desanker 2005, Jindal et al. 2008). One reason for this may be that financial 
transactions in African countries are seldom transparent and often prone to corruption. 
Another reason is that long-term storage of carbon in trees is not very safe. Planted trees may 
easily be browsed, burned, or cut. Leakage is also a problem with small-scale REDD+ projects 
since deforestation or forest degradation may accelerate in other locations because of the 
project. If this happens, the overall effect on GHG emissions is zero.  
 
Considering tree planting as an investment by rural households, a peasant investor would be 
concerned about immediate expenses and future revenues. In a well-established market for 
forest products like eucalyptus poles or softwood logs, the investor is fairly certain that there 
will be demand for the output after 10-20 years when trees are mature. In the recent market 
for carbon sequestration, future payments are much more uncertain. Rural households do not 
know whether there will be a demand for carbon storage 20 years from now, much less of the 
price they may expect. Nobody knows for sure who owns the carbon 20 years from now. The 
state might even decide to expropriate the forest or the stock of carbon. There is a 
considerable political risk attached to forest investments in many African states. In this 
situation, rural households demand immediate payments for the future environmental service 
of carbon sequestration and storage. Otherwise, there would be no planting. The uncertainty 
is passed on to the buyer – the financing organization.  
 
So, what are we paying for? Do we really pay for environmental services, and which services? 
If it was REDD+ we wanted to pay for, I’m afraid we do not get what we pay for, at least it is 
highly uncertain whether the planted woodlots will increase the stock of carbon stored in 
African vegetation permanently. The trees may have other benefits, improving biodiversity (if 
the right type of trees are planted), reducing erosion, or supplying wood. We have paid for 
such projects before. We did not call it REDD+. If payments are well above the opportunity 
cost of land used for woodlots, livelihoods of some – or many – rural households may improve 
because of the projects. Many voters in Europe and elsewhere are in favour of policies to 
support poor people in the South (Tvedt 2007). They may be happy to finance rural 
development and environmental conservation in Africa. Therefore, a transfer of income 
implemented as tree planting projects may well be a policy that can be sustained for many 
years to come (Berthélemy 2006). I am in doubt, however, whether it is correct to label those 
projects as PES. “If you remove the results-based payments, you remove the linchpin of what 
makes REDD different from traditional forestry projects”, Frances Seymour said in an interview 
with Development Today (2013b).   
 
Norwegian politicians, from Erik Solheim (SV) in 2008 to Vidar Helgesen (H) in 2015, have 
persistently argued that since Norwegian financing of the Amazon Fund is strictly conditional, 
it has also been a causal factor of reduced deforestation in the Brazilian Amazon. Norwegian 
insistence on conditionality has been a driver behind the success of reduced deforestation in 
Brazil – they say. I have argued that reduced deforestation in the Amazon started already 
around 2005 during Marina Silva’s period as minister of environment in Brazil. Furthermore, 
transfer of Norwegian funds was very limited until 2012 because the Brazilian Development 
Bank (BNDES) did not find good projects of forest protection ready for implementation. My 
thinking is that deforestation in the Amazon would have been reduced irrespective of 
Norwegian financing. Norwegian contributions are not a cause of reduced deforestation in the 
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Amazon, but a remuneration for something that happened due to internal political 
developments in Brazil. Seymour & Birdsall (2014) argued that the promise of Norwegian 
contributions had a significant impact on that process. I doubt it. 
 
Who pays? 
Rich countries in the North like Denmark (Mather, Needle & Coull 1998) and the rest of Europe 
(Kaplan, Krumhardt & Zimmermann 2009) were deforested centuries ago. Anthropogenic 
emissions of GHG have increased tremendously since the industrial revolution. Annual CO2 
emissions per capita in Norway are now (2014) 43 times as high as they are in Tanzania 
(Olivier 2015). Under such circumstances, poor countries in the South find it obvious that rich 
countries in the North must pay for reduced deforestation in the South (Redclift & Sage 1998). 
Some analysts in the North argue that it is cheaper to reduce GHG emissions from 
deforestation in the South than reducing such emissions from industry and transport in the 
North (Gullison et al. 2007). The Norwegian International Climate and Forest Initiative (NICFI) 
is an indication that the government accepted this line of argument and has been willing to 
pay for REDD. This policy was not altered although the Norwegian government changed from 
a red-green majority to a blue-blue minority coalition in 2013. 
Seymour (2013a) referred to the “narrative of disappointment” surrounding REDD. There has 
been a gap between the commitments and hopes for huge financing for REDD and the lack 
of money. Many political leaders have been left waiting for funds to materialize. Early this year 
we read that finance of REDD in Tanzania is about to dry up after a period of quite spacious 
budgets for pilot REDD projects (Kaijage & Kafumu 2016).  

 
Conclusion 
Establishing an institution like an international market for services as difficult to monitor as 
reduced emissions, has shown to be immensely more complicated than I anticipated. To some 
extent, I think I had a realistic view of the difficulties involved in monitoring deforestation, and 
degradation particularly (Romijn et al. 2012). When deforestation is slow, changes in forest 
area are often smaller than the confidence interval of forest area estimates (e.g. Hansen et al. 
2009). Landsat and Spot imagery is commonly unable to detect changes in biomass density 
– a requirement for estimating forest degradation, so better technologies needs to be 
developed (Brown 2002).   
 
Officials of NICFI would probably say that I have been overly pessimistic about the likelihood 
of reducing agricultural expansion into tropical forests (Hofstad 2008). However, some 
colleagues (Cavanagh & Benjaminsen 2014, Muradian et al. 2013) would insist that I was 
terribly naïve in assuming that a market for reduced emissions could be established both 
internationally and within poor countries in a few years’ time. In addition, it should have been 
clear to me, and others, that fragile states in East-Africa (Hydén 1980, Brockington 2007) 
would have serious difficulties implementing REDD policies and controlling what happens in 
remote forest areas (Karsenty & Ongolo 2012)12. 
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Abstract 
This study introduces a case from Hutan Harapan, the first forest restoration in Indonesia 
established in 2007 on a former timber plantation. It is home to Batin Sembilan, one of the 
most marginalized indigenous communities in Indonesia. This study aims to investigate 
economic contribution of different land use types surrounding the study area. Household 
surveys were implemented on the 5 out of 10 groups of Batin Sembilan (total of 39 
households). The survey was applied three times with 4 months recall periods from February 
2014 until February 2015 using the prototype PEN (Poverty and Environmental Network) 
questionnaire developed by the Center for International Forestry Research (CIFOR). The 
collected data showed that 29 households maintained their economic reliance on natural 
forests. The average income derived from natural forest source was still important (293 
USD/aeu, 36% of annual total income). However, as an adaptive action to the rapid land use 
change, all sampled households were generated income from the non-natural forest income 
sources. Non-natural forest sources were the most important income source which earned in 
average 533 USD/aeu (64% of annual total income). This study illustrates the livelihoods 
transformation which indigenous communities have to undergo to survive.  
 
Keywords: Forest restoration, indigenous community, income sources, livelihoods 
 

Introduction 
Income derived from natural forests contributed 22% to the total household income of 8,000 
households spread over 24 developing countries [1]. Its importance to many households 
remains, despite concern over continuing deforestation and forest degradation. Deforestation 
and forest degradation, however, pose a significant threat to the ecosystems and well-being 
of forest-dependent communities [2]. Lairds et al. [3] found that indigenous households are 
often much more dependent on a diverse range of habitats and species than non-indigenous 
households. In 2008, Sunderlin et al. [4] showed that there were approximately 20 million 
Indonesians residing in and around forest areas, of whom around six million depend on forest 
resources. However, data on forests and poverty in Indonesia are scant [5], and no previous 
study has focused on the benefits of forest restoration to household income. 
 
Forest cover loss in Indonesia reached 16 million ha during the period 2000–2012 [6]. Sumatra 
has experienced intensive forest conversion and had lost 70% of its forested area by 2010 [7]. 
The dominant drivers of forest loss in Sumatra are related to expanding global markets for 
pulp, timber and oil palm [8-12]. In a response to widespread deforestation, the Indonesian 
government amended the forest law so that logging concessions could be converted into forest 
restoration concessions. In 2007, the first forest restoration concession, Hutan Harapan, was 
granted; it covered 98,555 ha of Sumatran rainforest previously subject to logging. This article 
investigates the following questions: What is the economic contribution generated from 
different income sources offered by several land use types? 
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Study Area 
The first forest restoration license issued by the Indonesian government allows the concession 
holder, a company called PT. REKI set up by the NGO Burung Indonesia (BirdLife Affiliate), 
to manage the remaining forest through the sustainable harvest of non-exploitative resources, 
while supporting the livelihoods of the indigenous people (Batin Sembilan) residing in the 
concession area. Hutan Harapan is surrounded by three oil palm plantations on its 
northeastern perimeter and five timber production forests along its remaining borders. 
 
Batin Sembilan formerly followed a nomadic hunter-gatherer way of life. Traditionally, Batin 
Sembilan considered land as communal property, although ownership could be claimed over 
particular fruit trees (Durio zibetinus) and bee trees (Koompassia excelsa) [13].Their 
historically high reliance on forests for a livelihood made the Batin Sembilan particularly 
vulnerable to large-scale land transformation [14]. After intensive logging in the 1980s followed 
by the transmigration scheme, most Batin Sembilan now live on state land (hutan negara) 
within or in the vicinity of a forest restoration concession. The forest restoration 
concessionaire, PT. REKI, has negotiated conservation agreements with the Batin Sembilan 
groups, permitting them to utilize a designated area within the Hutan Harapan and to collect 
NTFPs [15]. 

 
Method 
Data Collection 
Quantitative data were collected using a simplified-PEN (Poverty and Environmental Network) 
questionnaire developed by CIFOR (Center for International Forestry Research). It aims at the 
systematic collection of high-quality and comparable data from a variety of tropical and 
subtropical forest settings using similar definitions and methodologies [16]. Meanwhile, 
qualitative data were collected through Group Discussions (GD), key informants interviews 
(KII), and direct field observations as well as informal random checking and visits to 
interviewed households judged to be cases of possible over- or under-reporting. “A household 
is defined as a group of people (normally family members) living under the same roof, and 
pooling resources (labor and income)” ([16], p. 21). 
 
The PEN household questionnaires were conducted three times with four-month recall periods 
so that a whole year’s income could be recorded. This is also a way to cover different seasons; 
dry and rainy seasons influence the peak and slack harvesting periods of most harvested 
forest and non-forest products as well as agricultural products. The repetitive visits to the same 
households are chosen to obtain in-depth data, to enhance accuracy and reliability, and 
thereby to improve the quality of the data [17]. The more detailed execution of data collection 
and recall period are illustrated in Table 1. 
 
Table 1. Execution of data collection. 

Time 
Frame Month Type of Questionnaire 

t  4 November 2013 (limit of recall period for the 1st 
data collection)  

t March 2014 (1st data collection was started—
limit of recall period for the 2nd data collection) 

A1 (1st Annual Household 
Survey), V1 (1st Village Survey), 
H1 (1st Household Survey) 

t + 4 July 2014 (2nd data collection was started—limit 
of recall period for the 3rd data collection) H2 (2nd Household Survey) 
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t + 8 November 2014 (3rd data collection was started) 
A2 (2nd Annual Household 
Survey), V2 (2nd Village Survey), 
H3 (3rd Household Survey) 

 
A total number of 228 Batin Sembilan households living in 10 groups and five groups (indicated 
by stars) were sampled (Figure 1). Five out of ten indigenous groups were randomly selected 
as sample groups, with consideration of accessibility and household presence when the data 
collection took place. The selected indigenous households represent households in which 
both husband and wife were born from indigenous Batin Sembilan parents. The 39 households 
selected were chosen carefully to avoid households that were established through strategic 
mixed-ethnicity marriage, which became a popular adaptive strategy to cope with recent rapid 
land use change in this study area. The inclusion of strategic marriage households in the 
indigenous households’ sample could introduce different adopted livelihood strategies from 
their semi-nomadic lifestyle to the more modern way of life. 

 
Figure 1. Location of study area. Black stars show location of sampled Batin Sembilan. 

 
Definitions of Variables and Income Calculation 
The concept of income used in this article was defined as the total of both cash and 
subsistence incomes. The definition of income is adopted from what is outlined in the PEN 
technical guidelines ([18], p. 17), and is defined as “the return to the labor and capital that a 
household owns, used in own production and income-generating activities (self-employment 
or business) or sold in a market (e.g., wage labor)”. Remittance income, gift/support from 
friends and/or relatives, pensions, and subsidies from government (including those in the form 
of cash, livestock, and staple food) are also included in the income definitions. The definition 
of natural forest used in this study is also adopted from the PEN technical guidelines ([18], p. 
11): “forest consists of indigenous (native) tree species and managed only to a very limited 
degree”. This represents restoration management. Meanwhile, rubber plantation is 
categorized under planted forest as defined by FAO ([19], p. 8) as “forest predominantly 
composed of trees established through planting and/or deliberate seeding” and in this study 
is listed under non-natural forest. The valuation method implemented for forest, agriculture, 
and non-environmental products reported in this study were based on local-level prices. All 
local prices were gathered at household level during the interview, and then matched with the 
information recorded from FG and KII. This valuation method has the advantage of capturing 
real price as revealed by a real transaction found in the field [17]. All income variables and 
total assets are presented in USD/aeu (adult equivalent unit). 
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Statistical and Econometric Analyses 
This study employs a categorization of income unlike that used in similar PEN studies. While 
making the distinction between forest income and environmental income, this study identifies 
natural forest income and non-natural forest income as follows: 

(a)  Natural forest income = Natural forest + Forest-derived product + Forest wage + Forest 
business 

(b) Non-natural forest income = Rubber plantation + Agriculture + Non-forest wage + Non-
forest business + Non-forest environmental + Livestock + Others 

 
The rationale was based on an ecological perspective aimed at obtaining a complete estimate 
of income (in cash or kind) generated from the restoration area which represents natural forest. 
However, the definition of all income sources other than from natural forest investigated in this 
study remained the same, so that potentially the results will be compatible with global 
comparative studies. 
 
Income data from all sources and socio-economic variables were keyed into Microsoft Excel© 
sheets and analyzed using STATA MP13. All income data gathered in this research were 
recorded in Indonesian currency (IDR) and converted into USD prior to the analysis to assist 
in comparative presentations. The currency converter used was 1 USD = 12,086 IDR, which 
represented the average of the highest and the lowest values of the chosen currency during 
the period of data collection. OECD adult equivalence scales were applied to present the 
generated income and assets owned by households in a proportional way. This assigns a 
value of 1 to the head of household, 0.7 to each additional adult and 0.5 to each child (<14 
years old at the time of data collection). This scale was proposed for possible use in Indonesia 
as one of the countries that has not yet established its own equivalence scale [20]. 
 
Results 
Income Characteristics  
Table 2 presents a breakdown of the contribution of different income sources to total net 
annual household income for Batin Sembilan. The contribution from non-natural forest 
resources is almost double than that from natural forest resources. On average, the 
indigenous groups derived 36% income from natural forest resources. Direct forest products 
harvested from natural forests remained the second main income source for the Indigenous 
group and contributed 29% (238 USD/aeu) of their annual net income. Aside from natural 
forest income contribution, the Indigenous, were all highly dependent (31%) on non-forest 
wage income (274 USD/aeu). Non-forest labor engaged in was mostly daily labor in oil palm 
plantations (Figure 2).  

 
Figure 2. Type of employment 
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Table 2. Household income breakdown of three ethnic groups. 
No. Income Sources Batin Sembilan

No of HH Absolute (USD/aeu) Income Share (%) 

A Natural Forest Source 29 293.1 35.9 

1 Direct Forest Product 28 238.3 29.3 
2 Forest-derived Product 8 36.2 3.7 
3 Forest Wage 2 18.6 2.9 
4 Forest Business 0 0 0 
B Non-Natural Forest Source 39 532.9 64.1 

1 Planted Forest (Rubber) 17 99.7 13.5 
2 Plantation Wage 8 37.2 4.7 
3 Agriculture 8 24.9 2.4 
4 Non-Forest Wage 26 273.9 31.1 
5 Non-Forest Business 5 22.7 2.8 
6 Non-Forest Environmental 31 29.9 4.2 
7 Livestock 0 0 0 
8 Others 14 44.6 5.4 

 
Gap-Filling Function between Different Income Sources
In this study area, the rainy season (H1) drives timber felling from the restoration site, as the 
Indigenous households use the flowing river current to transport logs. Non-forest wages 
appear to fill a gap in Batin Sembilan household income when income from direct forest 
products declines during the slack harvesting period. Figure 3 shows that the Batin Sembilan 
use non-forest wage income and direct forest income as substitutes in their income portfolio 
to compensate for the seasonality of both income sources.  

 
Figure 3. Gap filling between income sources in Batin Sembilan 

 
 
Discussion 
Dependence on Forest Income 
This study is the first to provide forest reliance in a restoration area in Indonesia. Overall, the 
Indigenous households had a relatively high natural forest income (36%). This result shows 
that the Batin Sembilan have a tradition of natural forest-related activities which require skills 
and experience (e.g., hunting, collecting forest fruits, and honey harvesting). A non-forest 
wage was the most important income source within Indigenous households (31%). Hence, 
though Indigenous households rely to a high degree on traditional natural forest uses, they 
have taken up paid labor in surrounding timber and oil palm plantations, and this has now 
become an important income source. 
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Batin Sembilan groups generated 29% of their income from direct forest products harvested 
from the restoration site, and received 14% of their income from smallholder rubber 
plantations established within the restoration site. This confirms an earlier study from West 
Kalimantan that important income sources there were non-timber forest products (58%), 
rubber plantations (21%) and fruit gardens (9%) [21]. None of the Batin Sembilan 
households generated income from forest businesses. Forest businesses require relatively 
high amounts of capital investment. This study has revealed the continued importance of 
forest resources for indigenous Batin Sembilan households. The Indigenous groups reside 
within the forest restoration area, and this might influences access to the forest.  
Seasonal variations and religious festivals resulted in gaps of income from rubber and non-
forest businesses. Batin Sembilan recorded daily labor at oil palm plantations 45%. 
However, towards the end of data collection period, plantations laid off workers due to a 
dramatic drop in the rubber price from 0.7 USD/kg during H1 to 0.4 USD/kg. Batin 
Sembilan’s households sought to maintain their income from non-forest wages at higher 
levels when their income from direct forest products dropped. They also preferred to 
generate income through informal forest-based livelihood strategies, which required less 
interaction with outsiders. 
 
Some relevant policy implications can be drawn from these findings. Overall, the results 
show that the indigenous groups have maintained much of their traditional way of life despite 
the forest conversion. Forest restoration activities should take the livelihoods of the 
indigenous households into consideration in the restoration activities. More needs to be done 
to improve the livelihoods of indigenous households, possibly by improving their collection 
and or cultivation of high-value forest products. 
 
Conclusions 
This work provides the first comprehensive income quantification of households living within 
a forest restoration concession in Indonesia. The study shows that secondary and restored 
lowland rainforests remained essential for indigenous livelihoods. Besides forest incomes, 
indigenous households mainly generated income as daily laborers in oil palm and rubber 
plantations. Non-forest wages contributed as the most important for total annual incomes. In 
order for the forest restoration concession to improve the livelihoods of the Batin Sembilan, it 
is suggested that PT. REKI secure its access and rights to harvest NTFPs within the 
concession area; continue and up-scale its support for the marketing and sale of high-value 
NTFPs collected by Indigenous groups; and engage the Batin Sembilan in the patrolling and 
protection of the concession area by offering reasonable incentives.  
 
Several limitations are acknowledged by the authors. Most of the respondents interviewed 
had difficulty recalling precise quantities of subsistence or cash income, especially for 
agriculture products (paddy, vegetables, and spices). To avoid misleading interpretation of 
the results and conclusions, total incomes from those products presented in this article 
represent total income, in both cash and kind, converted into value (USD/aeu). The selection 
of five indigenous groups was influenced by considerations of accessibility and household 
presence in the periods when data collection took place, and therefore might lead to 
systematic bias.  
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Abstract: 
Managing forest resources in developing countries often involves conflict. Usually, most of 
forest resources are state owned, de jure, and used and managed by village communities de 
facto. This leads to strategic interactions between state agencies and villagers. The two 
stakeholders, who might be able to obtain a compromise solution with cooperation, often end 
up with worse conditions for both. We can describe and better interpret this with the help of 
game theory. The study reviews the applicability of non-cooperative game with prisoner‘s 
dilemma to strategic interactions between state and a village community in northern Zagros. 
The results of the non-cooperative game and the actual situation known as business as usual 
were different. This might indicate that the structure of the game between the Iranian state 
and local communities is cooperative.  
 
Keywords: bio-economic; Pareto-optimal, Nash equilibrium, Ghamishale, dominant strategy 
equilibrium 
 
1. Introduction: 
Decision-making problems in forest management often involve several objectives. Most of 
these objectives are conflicting meaning that any improvement in one objective can only be 
obtained at the cost of another. Maximizing economic benefit obtained from timber harvesting, 
maximizing recreational values or minimizing environmental damages due to forest harvesting 
are examples of such conflicting objectives. The problem of conflicting objectives becomes 
even more complicated when different stakeholders with different sets of preferences and 
priorities are involved. In this case, conventional optimization techniques might fail to provide 
insight into the strategic behavior of different stakeholders.  
 
Most literature on decision-making problems in forest management uses traditional 
optimization models such as bio-economic, goal programming and multi-objective models to 
identify the optimum resource use. This might be because these models are easily 
understandable by foresters and forest engineers who tries to optimize either a single objective 
function or several conflicting goals with a set of constrains. However theses models presume 
the existence of one decision maker or perfect cooperation among different decision makers. 
In this case, the models assume that the different stakeholders proritize what is best for the 
system without considering what is the best for each individual. This assumption may be 
unrealistic especially in forest management problems in developing countries. 
 
In many developing countries, forest resources are formally owned by the state (Thomas 
2008) and managed by some public agencies. The main aim of these agencies is to protect 
and manage forests as well as enforce property rights (Shahi and Kant 2007; Soltani and Eid 
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2013). Since forests are common pool resources, de facto, and local communities living in or 
near forests are dependent on these resources (Soltani et al. 2014), it is difficult and costly for 
state agencies to exclude local communities and their livestock from using these resources. 
This leads to strategic interactions between state agencies responsible for forest management 
and local communities living in surrounding areas of forest resources. The most popular 
approach to deal with multi-objectives multi-stakeholders decision problems is a special field 
of game theory.  
 
Game theoretic models have been extensively used to analyze conflicts and rivalry in common 
pool resources (e.g. Adams et al., 1996; Clark, 1980; Hannesson, 1995; Kronbak and 
Lindroos, 2007; Levhari and Mirman, 1980; Madani, 2010; Munro, 1979; 2009; Raquel et al., 
2007; Suzuki and Nakayama, 1976; Thoyer et al., 2001; Wang et al., 1988). Few specific 
cases of forest management have been analyzed by game theoretic models (e.g. Angelsen et 
al., 2001; Kant and Nautiyal, 1994; Lise, 2001; 2005; Mohammadi Limaei, 2010; Shahi and 
Kant, 2007). However, game theoretic models have not been well integrated in the system 
behavior analysis for forest management problems. There is a lack of knowledge about the 
value of application of non-cooperative game theoretic models in forest resource problems. 
This study is an effort in this direction by framing the analysis as a conflict between two 
agencies, namely a state agency and one village community. The main aim of the study is to 
illustrate the utility of game theory in forest management and combine game theory with bio-
economic models.  
 
The study aims at answering the following specific research questions: 

1- Do state and village community in Zagros region of Iran attain Nash equilibrium? 
2- How do different weights assigned to the state’s forest management budget affect the 

game structure?  
 

2. Material and methods 
2.1. Case study 
The study deals with a conflict between the Iranian state and a village community located in 
northern Zagros named Ghamishale. The village is located 25 km southeast of Marivan and 
101 km northwest of Sannandaj in Kurdistan province. The forest territory surrounding the 
village is formally state owned but is used and managed by villagers based on traditional rules 
(Soltani and Eid 2013). A long history of forest utilization, existence of traditional forest 
management practices, local communities forest dependence and conflict between official law 
(de jure) and customary laws that dominate actual resource use (de facto) make Ghamishale 
and FRWO a classic example of forestland governance in developing countries.  
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Figure 1. Study area in village of Ghamishale  
 
2.2. Methods  
A game is non-cooperative when players compete and make decision independently whereas 
in cooperative game players make decision together allocating benefits from cooperation. 
Non-cooperative game theory is considered one of the standard tools of economic analysis. 
Prisoners’ dilemma is probably the most common quoted example of non-cooperative games 
with only two players (Rapoport and Chammah, 1965).  
In this paper, we focus on only non-cooperative game with the prisoner’s dilemma structure 
between two players namely Ghamishale village community and Forest, Rangeland and 
Watershed Organization (FRWO) of Iran (local-state game). We assume that each player in 
the game will select a strategy with a probability of one (a game with pure strategy). We also 
assumed that the non-cooperative game between FRWO and the village community is a 
simultaneous-move game, so none of the players has a chance to learn each other’s private 
information. Information becomes central when players move in sequence (Rasmusen and 
Blackwell 1994). In sequential-move games, the second player can observe how the first 
player moved before making his own decision.  
 
To generate the payoff matrix for the local-state game a dynamic non-linear bio-economic 
model developed by Soltani et al. (2015a) was used (Table 1). The model was run for a period 
of 20 year (2011-2031). Maximization of net present value of income flows from charcoal 
production and livestock husbandry (NPV) was considered the village community‘s payoff and 
measured in 106 IRR (IRR=Iranian Rials, 1 USD = 30,180 IRR March 2016). The biomass in 
the end of planning period (Blast) measured in m3ha-1 is a simple index for biological stability 
and was considered as state payoff. The larger the value of the index, the higher the payoff 
for the state. Village community has two strategies, namely C and D. The first strategy C 
implies that villagers continue to adhere to their own traditional rules. These rules have been 
developed and used over thousand years (Soltani and Eid 2013) and define where, when and 
for what purposes the forests can be used and accessed by village’s members. Villagers 
traditionally divide the adjoining forest into three parts (Soltani and Eid 2013). The part located 
close to the settlement is considered for goat production while the area located in higher 
altitude with better grass availability is allocated for sheep production. The third part is located 
furthest from settlement and is considered for firewood collection and charcoal production. 
Village council is responsible to make, modify and maintain the rules. Villagers may drop these 
rules and defect, which gives strategy D. State can pose a strict ban on wood harvesting and 
control forest strictly (high control level symbolized with H), control forest harvesting at current 

Iran with location of Kurdistan 
province  

 

 Village of Ghamishale 
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level (moderate control level represented with M) and may not intervene in forest management 
at all (no control level as shown with N). The total number of combinations of strategies 
represented as equilibria are therefore six; namely CH, CM, CN, DH, DM and DN. Note that 
CH, CM and CN refer to when the village community opts to follow traditional rules in forest 
management, and DH, DM and DN correspond to equilibria when villagers abandon those 
rules. The equilibrium CM refers to the current situation (business as usual shown as BAU) as 
the village community follows traditional rules and state control forests at current moderate 
level. It means that state is aware of some illegal harvesting committed by some members of 
the village community. However, state realizes that the complete exclusion of villagers and 
their livestock is nearly impossible. Therefore, state is practicing a relaxed ban on villagers’ 
access to forest. The fundamental characteristics of the bio-economic model that was used to 
calculate the pay-offs of the game are presented in Table 1.  
 
Table 1: Dynamic non-linear bio-economic model of charcoal production and livestock husbandry 
(Soltani et al. 2015a) 
Model component        Description  
Objective  
Maximization NPV Net present value of income flow from charcoal production and 

livestock husbandry over a period of 20 years (2011-2031) 
Constraints  
1-State control  - High control: strict ban on charcoal production 

- Moderate control: villagers make charcoal in areas with 
lower probability of being caught by forestry guards 

- No control: ban on charcoal production is lifted 
2-Traditional rules  - Livestock grazing and browsing are restricted to some areas 

in specific periods of year. The area and time is decided by 
the village council. 

- Charcoal production and wood harvesting is restricted to 
dead trees. 

- Felling alive trees is not allowed.  
- Villagers are concerned about the sustainability aspect of 

their forest use. 
3-Carrying capacity - The number of livestock cannot exceed the carrying 

capacity.  
4-Labor availability  - The required labor cannot exceed the village labor plus 

those can be hired.   
5-Non-negativity  - All decision variables must be positive 

 
3. Results 
Table 2 shows the resulting nominal payoff matrix for state-local game with prisoner’s dilemma 
structure. Each cell has two values. The first value (left) represents local community’s net 
present value of income generated from forest and livestock (NPV) and the second value 
(right) is state’s payoff (forest biomass at the end of planning period). The village community 
chooses a row, either C or D, and simultaneously state chooses one of the columns H, M or 
N.  The preference of player 1 is indicated by the downward pointing arrow in Table 2. 
Defection and abandon rules is indeed always better for the village community since 
39311>39310, 57910>43032, 70606>49054. Hence, D is a dominant strategy for the village 
community. In the same way, the high control (H) is a strategy that dominates M and N 
strategies. No rational player will choose a dominated strategy since the player will always be 
better off when changing to the strategy that dominates it. The unique outcome in this game, 
as recommended to utility-maximizing players, is therefore DH with payoff 39310 IRR for the 
village community and 37.7 m3ha-1 for the state.  
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However, H is a very expensive strategy for the state to implement and authorities are aware 
that they do not have required financial and human resources. Therefore, it is necessary to 
include the implementing cost for the state‘s strategies. In the absence of accurate cost and 
budget information, the ordinal payoff matrix for local-state game is made and presented in 
Table 3 to include the state restriction regarding budget. The strategy combination DN gives 
the highest NPV to village community therefore it has the highest ordinal payoff of six, while 
the CH combination is least preferable to villagers, which gives the payoff of one. The payoff 
for state contains two ordinal values; the first value corresponds to biological payoff in ordinal 
form (ranging from one to five) and the second value represent the budget payoff (varying 
from one to four). The strategy S has the highest biological payoff (five) while it has the lowest 
budget payoff (one or two) for the state since implementation of this strategy is very costly. 
The strategy S is more expensive to implement if it combines with the strategy D of the village 
community. To find the state payoff, it is possible to add the two values with different weights 
assigned to each value. Suppose that the state gives the same weights to each value (Table 
3a), D and H are the dominant strategies for village community and state. Therefore, the game 
has the strategic equilibrium DH which is the Nash equilibrium. The Nash equilibrium of the 
game is Pareto inferior to CM and CN equilibria, which are the two Pareto optimal solutions of 
the game. 
 
Table 2.The cardinal payoffs matrix for a non-cooperative game 

  State (FRWO) – Player 2 
 

  H M N 
 
Village Community-
Player 1 
 

C 39310   
                37.7    

43032     
              32.6   

49054     
                 24.6    

D  39311  
               37.7    

57901      
                10.3    

70606     
                   1.0  

C = local communities follow traditional rules; D = local communities abandon traditional rules; H=state 
implement ban on forest harvest; M= state implement a relax ban on forest harvest; N= state removes 
ban on forest harvest 

 
 
 
 
 

If the state is more concerned about the budget and gives a weight higher than one to budget 
payoff, then the structure of the game may change. If the state gives a weight of 1.2 to budget 
payoff, then none of state’s strategies dominates the other (Table 3b). In this case, the state 
may choose either H or N and the game has two Nash equilibria DH or DN. If budget is given 
a weight of 1.5 or higher by the state, then the strategy of N is a dominant strategy for the 
state and the strategy combination of DN is the Nash equilibrium and Pareto-optimal of the 
game (Table 3c). DN also represents the “tragedy of commons” (Hardin 1968) since defection 
from traditional rules combined with absence of state control leads to serious forest depletion. 
 
  

Nash equilibrium Dominant strategy 
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Table 3.The ordinal payoffs matrices for a non-cooperative game with different weights to management 
budget 
  State – Player 2 (FRWO) 

a  H M N 
 
Village 
Community-
Player 1 
 

C       1   
               5+2=7    

     3     
              4+3=7   

      4     
            3+4=7    

D        2   
               5+1=6    

     5                    
              2+3=5    

     6     
               1+4=5  

Equal weight of one is assigned to both state’ payoffs 
 
b  State – Player 2 (FRWO) 

  H M N 

 
Village 
Community-
Player 1 
 

C      1   
      5+(1.2×2)=7.4    

      3     
   4+(1.2×3)=7.6   

        4     
   3+(1.2×4)=7.8    

D       2   
      5+(1.2×1)=6.2  

      5                        
2+(1.2×3)=5.6    

       6     
   1+(1.2×4)=5.8 

Weight of 1.2 is assigned to management budget 
 
c  State – Player 2 (FRWO) 

  H M N 

 
Village 
Community-
Player 1 
 

C       1   
      5+(1.5×2)=8    

     3     
  4+(1.5×3)=8.5   

      4     
     3+(1.5×4)=9    

D      2   
    5+(1.5×1)=6.5  

     5                       
2+(1.5×3)=6.5    

       6     
     1+(1.5×4)=7 

Weight of 1.5 is assigned to management budget 
  
C = local communities follow traditional rules; D = local communities abandon traditional rules; H=state 
implement ban on forest harvest; M= state implement a relax ban on forest harvest; N= state removes 
ban on forest harvest   
 
 

 
 
 

  

Nash equilibrium Pareto-optimal outcome Dominant strategy
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4. Discussion 
Game theory can provide insights for understanding strategic behaviors in forest management 
problems and conflicts, which often are multi-criteria multi-decision-makers problems. It can 
reflect human behavior and socio-economic characteristics of the conflicts. Bio-economic 
models are able to solve multi-criteria problems but these models are incapable of handling 
multi-decision-makers problems. Therefore, to study forest resource problems it may be useful 
to combine game theory and bio-economic models. Game theory can predict if the optimal 
solution in forest management conflict is reachable. Game theory can explain why 
stakeholders opt for an odd strategy and decide “irrationally” in specific conditions. In this 
study, strategic interactions between the state and a village community in Zagros region of 
Iran has been used as an example. The results of the study can be used to understand 
conflicts between the state and local communities in developing countries where the state is 
the formal owner of the forests while villagers are the real users.  
If the village community opt to defect and abandon their traditional rules and the state 
passively observes what happens, forest density is depleted in a few years’ time through 
charcoal production for sale. In this way forest capital is transformed into monetary values that 
can be reinvested in other businesses at the alternative rate of interest. This is what makes 
the option of abandoning the rules so tempting to villagers. 
We measured forest density, and we noted that traditional rules are followed (Soltani et al. 
2014). We also found that the state practices a kind of moderate-level control (Soltani et al. 
2015b). In our game theoretic analysis we found that abandoning the traditional rules is a 
dominant strategy right now, and that strict control or no control are the best options for the 
state depending on the severity of the budget limitations of FRWO. Therefore, we were left 
with two unresolved questions; 1) villagers probably anticipate the degradation of the forest if 
rules are abandoned, but why do they decide to stick to traditional rules in spite of the 
economic gain of initial wood harvesting, and 2) why does FRWO practice moderate-level 
harvest control when the game suggests either high or no control level? 
 
Since the results of non-cooperative games does not agree with the actual situation, we 
conclude that the assumption of a non-cooperative game does not hold true. This might be 
because the game between the two players has been repeated several times. This provides 
opportunities for the two players to learn from previous experiences. Village people have 
several thousands of years’ experiences with both forestry and animal husbandry in this 
region. They also have interacted with various feudal rulers and different state organizations 
over the last few hundred years (Yachkaschi et al. 2010). Undoubtedly, they see forest 
management as a repeated game. Many scholars have shown that users often construct rules 
to manage resources in an efficient and sustainable manner (e.g. Agrawal 1999; 2001; Berkes 
1989; Brandon and Wells 1992; Hanna et al. 1996; Ostrom 1990; Pagedee et al. 2006; Wily 
2004). In addition a number of cases of successful community-based resource management 
have been recognized and well documented (e.g. Agrawal and Yadama 1997; Gibson et al. 
2005; Mbwambo et al. 2012; Pagdee et al. 2006; Zoysa and Inoue 2008).  
 
The results of the local-state game suggests that the optimal strategy for the state is either to 
control forests strictly or not intervene in forest management at all. The choice depends on the 
weights assigned to biological stability and management budget. However, if state control 
forest resources strictly and impose a strict ban on wood harvesting, this strategy may be 
counterproductive for forest density (Salehi and Eriksson 2010; Soltani et al 2014), and may 
not be attractive in the long-term. If the state opts for high control strategy, villagers’ welfare 
will be negatively influenced. The strategy is also expensive to implement. However, it is 
unclear why the state opts for strategy M that is to control forest harvest in a moderate way. 
One explanation may be that there is also a game going on between the regional offices of 
the FRWO on one hand and the central authorities in Tehran on the other. It could be that 
local forest staff understand that passive management would work well in combination with 
traditional rules applied by villagers, but strict control is demanded by head office. A 
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compromise within FRWO may then be to spend a limited budget on forest control in the 
districts.   
 
5. Conclusion 
Normally, forest management is a long-term activity. This may be due to the biological 
dynamics of forest resources themselves, but also due to socio-economic development, or 
changes in political priorities. We have studied a case where the state owns the forest de jure, 
but local village communities make most decisions on forest management de facto. By using 
game theory and bio-economic modelling in combination we have been able to study 
strategies and pay-offs of both parties. In a game played once, abandoning traditional 
management rules seems to be a dominant strategy for the village because large volumes of 
wood are available for harvesting in the first few years. If budget limitations are important to 
the state, a passive management strategy may be preferable to the state. This will make short-
term degradation of forest resources possible. It is not evident, however, why the village 
community follows traditional rules which is the dominated strategy and state continues the 
present level of moderate control of forest harvesting which does not improve biological 
stability of the forest much. 
We think that our example indicates that a combination of bio-economic modelling and game 
theoretic analysis may be useful for organizations responsible for forest management in states 
where forests are centrally owned, but used by local communities. Under such conditions, 
state-local conflicts may easily develop. The combined use of bio-economic modelling and 
game theory may enhance managers’ understanding of the conflict and their ability to choose 
strategies that may be beneficial both to their own organization and to the local communities.  
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57. Optimal Decision-making – Adaptation to Climate Change in the 
Agricultural Sector in Ghana 
Møller, L.R.1 
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Denmark, leam@dtu.dk  
 
Abstract  
This paper develops a framework for applying Bayesian updating. The paper takes a 
hypothetical decision-making approach, where a farmer must choose between three different 
agricultural systems (dryland crops, irrigated crops and livestock) under the trajectory of three 
different climate scenarios based on the two variables temperature and precipitation. Bayesian 
updating of beliefs is applied in order to model the irreversible decision farmers have to make, 
when faced with the complexity of climate change.  
 
Data on the three agricultural systems are borrowed from a case from Ghana and are based 
on the assumption that the farmer will choose the system with the highest net revenue. The 
paper takes as its starting point the farmer’s simulated subjective beliefs in the likelihood of 
each of the three possible climate scenarios, and it then shows how these beliefs can be 
updated with a gradual increase of knowledge of the realised climate development. These 
gradual changes comprise simulated climate developments produced in a Monte Carlo 
simulation within a MATLAB2013b environment.  
 
The results show that when the beliefs of the farmer (the decision-maker) are contrary to the 
direction of the realised climate development, Bayesian updating of beliefs allows for an 
adjustment of such beliefs, as more information becomes available to the farmer, helping him 
make the optimal choice between agricultural systems considering the influence of climate 
change. 
 
Key words: Bayesian updating, Monte Carlo simulation, climate change, adaptation, 
agriculture, uncertainty. 
 
  



219
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Mlumbilo village, Tanzania 
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Abstract  
REDD+ stands for Reducing Emissions from Deforestation and Degradation plus enhancing 
forest carbon stocks, sustainable management and conservation of forests. It is a climate 
change mitigation mechanism through which governments in tropical developing countries 
receive payments based on achieved forest based emissions reductions or increased 
sequestration of carbon. REDD+ payments are likely to influence the optimal land-use in many 
tropical localities. We choose Mlumbilo village in Tanzania to illustrate the potential effects of 
REDD+ incentives on optimal allocation of land for crop cultivation and forest. The village 
consists of five main land use types; closed woodland, cropland, cultivated woodland, open 
woodland and residential area. Optimal use of the village’s land was determined using a non-
linear dynamic programming model that maximizes the net present value of the incomes from 
the main activities in the village. Optimization was based on two scenarios regarding REDD+ 
payments: payments for carbon sequestration, or for carbon storage. Carbon prices up to 15 
USD/MgCO2e were considered. The results show that when payment was made for carbon 
storage, the amount of biomass harvest, particularly in the closed woodlands, declined over 
time. However, none of the payment types had an effect on the optimal allocation of the 
village’s land.  
 
Key words: Land-use; Non-linear programing; Optimal; Optimization; REDD+ 
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59. Estimating the Benefits of the Interrelationship between Climate 
Change Adaptation and Mitigation – A Case Study of Replanting 
Mangrove Forests in Cambodia 
Møller, L.R.1, Jacobsen, J.B.2 
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Abstract  
The paper demonstrates welfare benefits of climate change adaptation leading to mitigation 
in a case study of mangrove forest replantation in part of the coastal wetland areas of the 
Peam Krasaop Wildlife Sanctuary in Cambodia. The community is suffering from climate 
change, which is destroying their livelihoods. We simulate the mangrove destruction, based 
on available information and expected damage. Mangrove destruction is accelerating as fewer 
hectares of mangroves remain. Replanting mangrove forests is a means to adapt to climate 
change, which protects the local community. The marginal value of climate change adaptation 
is the capability of the replanted and existing mangrove forest to protect the local community 
from the impact of climate change, lowering the ‘expected damage cost’ (EDC). The benefit is 
the marginal avoided EDC of replanting one extra hectare.  
The marginal benefit of climate change mitigation is estimated by the amount of carbon 
sequestrated in the replanted area. The monetary value is calculated according to different 
‘carbon prices’. 
The paper concludes that the social benefit of replanting is positive if one looks at adaptation 
alone and even more so if mitigation is included.  Consequently, considering adaptation and 
mitigation benefits jointly leads to higher replanting intensities than considering adaptation 
alone. Payment for mitigation needs to be implemented if it is to attract private decision 
makers.  
 
Keywords: Synergies; Adaptation, Mitigation; Expected Damage Costs; Climate Change 
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60. Effects of industrial plantations on ecosystem services and 
livelihoods: perspectives of rural communities in China 
D’Amato, D.1, Rekola, M.1, Wan, M.2, Cai, D.1, Toppinen, A.1 
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2School of Foreign Languages, Jiangxi University of Finance and Economics, China 
 
Abstract 
This paper addresses the current research void on local community perspectives of changes 
in ecosystem services associated with rapid land use transformation, especially in the context 
of plantation-based forestry. This interview-based study, conducted in southern China, aims 
at assessing the views of rural communities on: 1) the effects of Eucalyptus industrial 
plantations on selected ecosystem services and on local development; and 2) opportunities 
for future community livelihood development, based on the relations with the government and 
the forest company. We analysed data from semi-structured interviews with 70 villagers on 
perceived changes in ecosystem services after the establishment of plantations, and their 
future expectations of local livelihood. Most interviewees lamented negative environmental 
impacts of the industrial plantations, especially on soil and water. The worsened environmental 
conditions of the land surrounding industrial plantations induced several villagers to switch 
from agricultural crops to household plantations. In absence of destructive typhoons, 
household plantations brought some benefits such as more free time, higher income or 
employment opportunities. Nonetheless, more than half of the interviewed villagers 
considered the overall situation worsened compared to prior the establishment of the industrial 
plantations. Interviewees’ expectations for the future included financial support and capacity 
building for household plantations and crops, support to local roads and schools, and more 
employment opportunities. Some interviewees also suggested solutions should be 
implemented for improving degraded water quality, while other stated that plantations activities 
should be reduced. Even though context-specific, our findings may be of broader interest as 
applied knowledge for further developing corporate sustainability practices. In particular, we 
discuss the potential of value sharing mechanisms between the company and the local 
community, based on sustainability-oriented activities, such as multiple-purpose plantations. 
 
Keywords: Ecosystem services; China; Community livelihood; Eucalyptus; Industrial 
plantations. 
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level? Empirical evidence from Nepal. 
Walelign, S.Z.1, Jiao, X.1 
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Abstract 
Rural people in developing countries are highly reliant on environmental resource extraction 
to maintain and improve their livelihoods and this has been seen as the culprit for the failure 
of most conservation initiatives. Past estimates on environmental reliance and its link to rural 
poverty have informed on the current state of the problem. However, recent empirical 
evidences in this field have largely lacked the ability to tell us how environmental reliance is 
likely to persist in the medium and long-term and how this affects rural livelihoods. This in turn 
has policy implications for sustained poverty reduction and environmental conservation. 
Employing an environmentally augmented panel data-set from Nepal, we use household 
income and asset data to analyse the environmental reliance dynamics, identify distinct long-
term environment reliant groups and examine differences in their livelihoods in rural Nepal. 
We employ parametric and nonparametric models and find no evidence for the presence of 
environmental reliance trap in the study population, meaning that all households will converge 
to a single environmental reliance equilibrium level in the long-term. Based on the single 
equilibrium, we identify two dynamic environmental reliant groups: households situated below 
and above the equilibrium. Environmental income is very important – both in absolute and 
relative terms - to households above the equilibrium, while it is the second least important 
source to households below the stable equilibrium. The probability of being above the 
equilibrium (highly environmental reliant in the long-term) is mainly negatively associated with 
households’ land and non-land physical and financial asset endowment while environmental 
reliance change is mainly negatively associated with households’ social capital. This indicates 
that enhancing households land and non-land physical and financial asset possession and 
promoting social reciprocity in the community enable environmental reliant households to 
engage in non-environment based livelihood activities and consequently reduce households’ 
reliance on environmental resources.  
 
Key words: Environmental reliance, dynamics, rural livelihood, environmental reliance traps, 
asset, income,  
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poverty alleviation in the tropics come true? Examining the 
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Abstract 
Within the governance of global forest resources, plantation forestry is a hot topic and focus 
of passionate debate. Driven by national and international, even contradictory, commitments 
to economic development and landscape restoration, public and private efforts have 
introduced such fast-growing plantations to the tropics. Africa, Asia and Latin America receive 
consistent flows of investments from China, Europe and North America to meet the increasing 
demand for wood fibres and biofuels. Simultaneously, large-scale monocultures are 
recognized as efficient means to increase carbon pools and release pressure from intact 
forests. Globally, planted forests have proliferated from 168 mha in 1990 to 278 mha in 2015. 
 
Tree plantations are deemed to address rural poverty by means of financial support to 
infrastructures and employment opportunities. However, community displacement, limited 
employment, and ecosystem service trade-offs have been reported. Forest ecosystem 
services such as material provision and watershed protection are critical to communities that 
rely on forests for food, income, shelter, and recreation. 
 
Literature on the local socioeconomic effects of plantation forestry is abundant, but scattered. 
There are no systematic reviews on the topic, and only few consider the indirect effects of 
ecological changes. We aim to assess the evidence on the direct and indirect effects on 
poverty by following the novel CEE guidelines for evidence synthesis in environmental 
management. 
 
We scope all peer-reviewed and English-language studies using primary data, and look for 
relevant grey papers, as per our review protocol [1]. Final database will consist of ca. 40 
independent studies. Then, we employ a meta-analysis to draw synthesis, identify knowledge 
and methodological gaps, and point the way forward. 
Initial screenings of the literature shows a range of effects on local poverty, regarding income, 
employment, and trade-offs in access to ecosystem services. Heterogeneity of the results 
could be explained by a) context-specificity, including the institutional background and b) 
diversity of the methods employed in literature, including the variables used to determine local 
benefits and costs. Former land-use (e.g. degraded land), management (e.g. tree species, 
rotations), location (remote, close), and the locals’ access to these forests appear to explain 
the impacts to some extent, whereas plantation managers’ commitment and social 
responsibility play a role. 
 
The evidence requires further inspection, but we expect to highlight existing practices to better 
integration of plantation forestry and local needs, which requires new approaches to landscape 
planning, and temporally and spatially far-reaching optimisation of the ecosystem service 
provision. 
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Abstract 
This paper explores the socio-economic impacts of industrial forest plantations on rural 
communities in Niassa, Mozambique. The household survey data of 218 observations from 
five villages were analyzed using binary and multinomial logistic regression analyses. 
According to the results of the study forest plantations have threatened the basis of traditional 
rural livelihoods by reducing the availability of natural resources and through the relocation of 
agricultural plots. However, investments have also supported the diversification of livelihood 
strategies in the communities by providing formal employment and by increasing business and 
trading activities. As growing population and traditional agricultural practices have led to the 
overexploitation of natural resources, non-natural resource-based livelihood strategies 
increase the resilience of a household. The majority of respondents reported plantations to 
have either no overall impact or a positive impact on the well-being of their household. Socio-
economic household characteristics only marginally explain respondents’ perceptions of the 
impacts of forest plantations but perceptions differ significantly between individual villages. 
Our study concludes that private forest plantations have the potential to positively impact local 
people’s wealth and well-being, if enough emphasis is given to minimizing the negative 
impacts.  
 
Keywords: industrial forest plantations, rural communities, ecosystem services, sustainable 
livelihoods, private investments, logistic regression analysis 
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matters, but policies might matter more. A framed field experiment. 
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Abstract: An increasing number of fires in the Brazilian Amazon forest are threatening the 
benefits of Brazil’s successful efforts in reducing deforestation, as well as the livelihoods of 
local populations. A wide literature describes the impact of climate on fire occurrence and 
propagation, however the role of ignition sources is still understudied. Fires have a wide range 
of causes, but they are frequently related to the agricultural use of fire in preparing land for 
crop cultivation or pasture. Fire use and control are a typical example of a coordination 
problem, since their effectiveness and return for one farmer depends on the neighbors’ 
actions. Here we use a framed field experiment to test the ex-ante impact of three standard 
fire mitigation policies in reducing fire use and increasing fire control: command and control 
(CAC), payment for environmental services (PES), and community based fire management 
(COM). Policies are tested in two fire risk scenarios: stable and increasing drought frequency. 
Experiments are conducted with 576 smallholder farmers in the South-Eastern region of Parà 
during October and November 2015. External validity is checked by comparing experiment 
and real life choices. We found that increasing draught frequency reduces investments in fire 
control and critically reduce COM impact, however PES and CAC significantly reduce overall 
fire risk with any draught risk treatment. CAC is effective in increasing investments in fire 
control, but PES shows a crowding out effect. The policy space to slow down fires in the 
Amazon is wider than expected. 
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Author: Colin Price

Dear Colin, Things don’t seem to have worked out again. We asked our travel 
agent to get us to Garder – somewhere or other. We heard that there was a railway station 
there. Nordic came into it too. So here we are at Gare du Nord. No sign of a conference. 
Geoffrey mentioned Radisson Bleu to a native, but all he could suggest was Moulin Rouge 
or some such place. Anyway, we decided to spend a few days here. Hope to join you in 
Denmark in 2018. Regards, Tim  

Dear friends, I bring my normal pensive 
list of matters for report. 

And, though I hope it’s comprehensive, 
you’ll also find it’s rather short. 

One verse –  no more –  per presentation 
will lightly trespass on your powers 

of consciousness and concentration: 
I should be through in seven hours. 

 
First, the field trip: Gardermoen 
was where we’d landed anyway, 

which made it easier to join, 
and register, and start the day 

with talks on ethical and skilled eng- 
agement with the carbon curse; 

bio-jet and bio-building 
stopping problems getting worse; 
beams as long as tall sequoias, 

piers and pipelines toured by bus – 
yet hosts seemed useless as employers: 

jobs for engineers and sawyers, 
chemists, cooks and even lawyers, 

but not economists like us. 
 

Professor Eric Hansen gave a s- 
tern injunction, that tree logs 

should be diversified, to save us 
from complacency like frogs’; 

gender, innovation, linking 
with the need to understand 

the way of ambidextrous thinking 
… but, on the other hand …. 

 
Then the group-based working sessions 

went ahead in parallel: 
optimising; risk; regressions – 
and descriptive tales as well. 

Joint forest management, where “joint” meant 
REDD: at best a dream, at worst 

a narrative of disappointment 
not REDD-ily to be reversed. 
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I could have heard the business cycle 

talked about, for Oregon. 
But my own paper’s look-alike 

allured me – so I joined Group One, 
where price for carbon sequestration 

changes problems solved today, 
but that of optimal rotation 
never seems to go away. 

 
Then, after lunchtime intervened, 

scenario analysis 
showed models checked and data cleaned 

to answer questions such as this: 
what baseline business is as usual? 
what else could be done? and why? 

what assumptions turn out crucial 
for the whole world’s wood supply? 
Then a change of scale: two nearby 

working groups discussed the factors 
perhaps increasing harvests here, by 

active and inactive actors. 
The next was me: I put to bed 

the issue of a landscape’s rank; 
but cannot tell you what I said: 
my short-term memory is blank. 

The last part of the group work sessions 
made the commons problem vexed, 
and left kaleidoscope impressions: 

one talk colliding with the next. 
 

The papers scheduled for tomorrow, 
except as abstracts, don’t appear, 

thus instead I mean to borrow 
from some themes of yesteryear. 
And so I hope you’ll be contented 

with these thoughts from earlier times – 
along with words I have invented 
just to give the needed rhymes. 

 
I didn’t hear co-integration 

talked about, or if I did, 
the memories were of short duration, 

along with those of education, 
and forest folks’ participation 
in issues that they live amid. 

Wildlife values were less mentioned 
than they have been in the past: 
creatures cute, or ill-intentioned, 

in life’s drama’s diverse cast. 
 

Norway nurtures troll and troll-ess 
(like mosquitoes, females BITE 

from under bridges, seeking solace 
in these places lacking light). 
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Elf and goblin, ogre, ogress, 
work upon our childhood fears … 

But all our words are “work in progress” – 
answers come in two more years. 
Birds and beetles, pretty flowers 
flourishing with timber crop … 
I could go on for seven hours: 
just the same, I think I’ll stop. 
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