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Abstract 

A great deal of biodiversity can be found in private forests, and protecting it requires taking 

into consideration the preferences of key stakeholders. In this study, we examine and compare 

the valuation of forest attributes across the general public, private non-industrial forest owners 

and forest officials in Sweden by conducting a choice experiment. Our results indicate that 

citizens have a positive valuation of biodiversity protection. Moreover, their valuation is 

statistically higher than those of forest owners, implying that there is room for compensation. 

Interestingly, our results suggest that both forest owners and forest officials have a strong 

orientation towards production, with higher valuation than the general public of the common 

management practice of similar age and clear felling. Even though the Swedish Forestry Act 

regards production and environmental goals as equally important, we find that forest officials 

prefer management practices that promote production rather than biodiversity protection. 
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1. Introduction 

Biodiversity plays a key role in sustaining the functioning of ecosystems and thus in the 

provision of ecosystem services. Since a great deal of biodiversity is found in private forests, 

the way in which these forests are managed has major implications for biodiversity. 

Unfortunately, the supply of biodiversity usually goes unrewarded by markets, and protecting 

it comes at an opportunity cost to forest owners. This makes it unlikely to achieve biodiversity 

protection in the absence of further incentives to compensate forest owners for the potential 

productivity losses. 

 In addition, biodiversity protection on private forest land is a complex policy area where 

several legitimate competing interests and actors influence the outcome (Gritten et al., 2013). 

Two key stakeholders are the general public and forest owners, and these two groups often 

have different interests and values concerning the importance attached to production on the 

one hand and biodiversity and recreational opportunities on the other. In order to design 

effective policies for protection of forest biodiversity and ecosystem services, a better 

understanding of the preferences of forest owners and the public is needed. 1 

 However, preferences are endogenous and since forest policies in many countries are 

largely implemented through communication and personal contacts between forest owners 

and forest officials, it is likely that over time an understanding between the two groups is 

developed, narrowing the gap in preferences (Kindstrand et al., 2008). Further, forest officials 

are a heterogeneous group consisting of both public and private officials. In Sweden, for 

instance, forest owners generally have less contact with public forest officials today than a 

few years ago, and instead more contact with private officials at the forest owners’ 

associations or in the forest industry (i.e., the timber buyers) (Jönsson and Gerger Swartling, 

2014). 
                                                           
1 The role of policy makers is also to take scientific information into account and to provide not only 
compromises but also policies that find support in, e.g., ecological principles. 
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 In this study, we examine forest values among different forest stakeholders in Sweden by 

conducting a choice experiment (CE) involving citizens, non-industrial private forest owners, 

and forest officials working for the government, forest companies, and forest owners’ 

associations. Respondents were asked to choose among a set of productive forests shaped by 

alternative forest management practices, and thereby make trade-offs between management 

outcomes, biodiversity indicators, and costs. The specific research questions we aim to answer 

are: (i) Do different stakeholders have similar preferences for alternative forest management 

practices that lead to different biodiversity outcomes? (ii) Which dimensions of biodiversity 

(e.g., number of total or rare forest bird species) are valued the most? (iii) Are these 

dimensions valued the same across stakeholders?  

 Some previous studies have also examined forest values and beliefs among forest owners, 

the general public and forest officials in Sweden (see, e.g., Kindstrand et al., 2008; Nordlund 

and Westin, 2011; Eriksson, 2012; Eriksson et al., 2013; Hemström et al., 2014). These 

studies indicate that the interest groups have very heterogeneous preferences regarding 

biodiversity protection vs. production. For instance, in contrast to men/old people, 

women/young people value nature preservation higher than production (Nordlund and Westin, 

2011; Eriksson et al., 2012). Also type of forest ownership and familiarity with the 

environmental goods affect preferences for biodiversity (see, e.g., Lidestav and Nordfjell, 

2005; Eriksson, 2012; Eriksson et al., 2013).   

 A limitation of these studies is that they analyze values by means of rating and ranking 

tasks, which neither allows for a comparable measure of preferences (in a quantitative way) 

nor enables estimation of the willingness to pay (WTP) for various aspects of biodiversity 

protection. A CE provides a suitable framework for valuing preferences and has been used 

previously by Carlsson et al. (2011) and Rogers (2013) to compare citizens and EPA 

administrators in Sweden (marine reserves and clean air) and Australia (marine reserves), 

respectively.  
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 By using a CE approach, our study on forestry will not only allow us to estimate the 

preferences of different stakeholders, but also help guide the design of biodiversity policy in 

private forests by eliciting preferences for different components of biological biodiversity 

(e.g., total number of species, number of rare species, and geographical spread of 

biodiversity).2  

 As pointed out by Nunes and van den Bergh (2001), most studies on biodiversity 

valuation fail to apply economic valuation to the entire range of biodiversity benefits, 

providing a very incomplete perspective on the value of biodiversity protection. In contrast, 

our study considers a broad range of biodiversity components and also provides empirical 

evidence on the tradeoffs/synergies between the delivery of ecosystem services (e.g., biomass 

production) and biodiversity protection. Better insights regarding the relations between the 

perceived values of biodiversity and ecosystem services will help with designing strategies 

and policy tools that maximize opportunities for conservation of multiple ecosystem services 

and biodiversity and thereby contribute to resource efficiency. 

 The remainder of the paper is organized as follows. Section 2 describes the forest 

management in Sweden today. Section 3 describes the design of our choice experiment and 

Section 4 presents the theoretical framework and model specification. Section 5 and Section 6 

describe the data and the results, respectively, and finally Section 7 summarizes the paper and 

discusses some implications. 

 

2. Forest Management in Sweden 

In the Swedish society, the timber and pulpwood production is an important source of 

income with a total production value in 2011 of 23 billion EUR. The value added accounted 

for 2.2% of GDP in the same year (Swedish Forest Agency, 2014). The focus on economic 
                                                           
2 The design of biodiversity policy should also be based on a solid understanding of ecological processes and 
interaction among species. For instance, birds can influence the risk of insect outbreaks by acting as predators, 
and by quantifying this effect we may get an economic incentive to promote bird-friendly forest management, 
e.g., a forest with several tree species, and a mixture of size and age classes. 
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profitability and timber supply was manifested not only in the first national Forest Act, 

adopted in 1903, but also in the creation of governmental authorities responsible for 

implementing it (Lämas and Fries, 1995). In the first half of the 20th century, continuous cover 

forestry was tried in Sweden according to German practice, yet regeneration was less 

successful in Sweden than in Germany (due to climate and soil conditions) and the method 

was subsequently named “Green Lies.” Instead clear felling and planting was identified as the 

best way forward in Sweden. The strategy resulted in a substantial increase in the Swedish 

forest volume during the 20th century, of great benefit to the national economy (Ekelund and 

Hamilton, 2001).  

In addition, during the same period, private landowners formed forest owners’ 

associations aiming to balance the financial power of large industrial companies. Acting as 

producer cooperatives, the associations became important players in timber price negotiations 

and also primary forest management advisors for their members and key promoters of the 

“high-production” paradigm (Brukas and Sallnäs, 2012). 

However, during the last part of the 20th century, concern about the loss of biodiversity 

resulted in a general increase in the demand for forest conservation in order to prevent local 

extinction of species and degradation of species composition. For instance, the Swedish 

Forest Act from 1993 (currently in effect) establishes that production targets and 

environmental objectives should be of equal importance. As stated in the first paragraph of the 

Forest Act of 1993, “The forest is a national and renewable resource. It shall be managed in 

such a way as to provide a valuable yield and at the same time preserve biodiversity.” This is 

to say that preservation of natural and environmental values should be prioritized to the same 

extent as forest production values.  

The ecosystem services provided by the forest landscapes depend on the composition of 

tree species (monoculture or mixed forests), the management, and the logging practices. For 
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instance, forests managed to maximize productivity of biomass (timber, pulpwood, and 

bioenergy) are often monocultures of Norway spruce or Scots pine, with the common 

management practice of similar age and clear felling.3 However, such monocultures have low 

biodiversity. An alternative would be to have a more heterogeneous forest landscape, with a 

mix of different tree species and uneven ages. Yet, such a forest landscape creates trade-offs 

between forest productivity and biodiversity.4 These trade-offs between a highly productive 

private forest and other ecosystem services, and in particular biodiversity, make it unlikely to 

achieve the two objectives stated by the Swedish Forest Act in the absence of further 

incentives to compensate forest owners for the potential productivity losses.5 Insights on 

forest values among different stakeholders are crucial in order to understand the opportunity 

costs of biodiversity conservation to private forest owners as well as the potential for creation 

of markets for compensation. 

 

3. The Survey 

The surveys, including the choice experiment (CE), were developed in close cooperation with 

both social and natural scientists and different forest experts. Focus groups and survey 

pretests using online surveys were conducted with both citizens and forest owners. The final 

survey contained background information about Swedish forests, a description of the 

attributes and the levels, six sets of binary choice questions, and a questionnaire.  

                                                           
3 Even though Norway spruce and Scots pine are the most commonly planted tree species (Scots pine is also 
commonly regenerated by seed), other species are planted if the main purpose is to produce bioenergy – although 
the tops and branches of spruce and pine are also frequently harvested to produce bioenergy. 
4 This type of forest landscape also produces other ecosystem services such as storm and pest protection 
(Christiansen and Bakke, 1988), recreational values and water flows. However, these are out of the scope of this 
study. 
5 In Sweden there are currently both public and private forest protection compensations. However, they are not 
directly intended to protect biodiversity in the same way as defined in our paper. For instance, there are two 
forms of government programs (e.g., natural conservation and habitat protection agreements) compensating 
forest owners for voluntary refraining from harvesting areas of particular environmental interest. Further, the 
Forest Stewardship Council (FSC) and the Programme for the Endorsement of Forest Certification (PEFC) offer 
around 1.1-2.1 EUR per m3 of forest products conditional on several criteria, e.g., that at least 5% of the 
productive forest area is set aside for biodiversity conservation and that an extended consideration of biodiversity 
and social aspects in managed areas are taken (SÖDRA, 2014).  
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 In all questionnaires, the CE was presented as the first part. The questionnaire to citizens 

then continued with a set of questions about their relationship with the forest and some socio-

economic questions. The forest owners were given a similar but slightly longer questionnaire 

that in addition included questions regarding their own forest property. The forest officials’ 

questionnaire included specific questions regarding their role as forest officials. 

In the CE, the respondents faced six choice sets, each with two different response 

alternatives. Each alternative had six attributes. The attributes and levels are summarized in 

Table 1. We use age and structure of the forest as well as tree species composition as 

management outcomes. We use forest birds as an indicator of biodiversity in the production 

forest, as it has been shown to be a good indicator of biodiversity (Bibby, 1999). It is also an 

indicator used in policies regarding biodiversity in Sweden.6  

Since most forest in Sweden is privately owned, we let the market price of one of the main 

products from forest production reflect the increased cost of management. Thus, the cost 

attribute was expressed as an increase in household expenditures on paper products.7 We 

started from the average consumption of paper products of 315 EUR8 per year for a two-

person household to create the cost attribute levels.9  

 As pointed out by Christie et al. (2006), valuation of biodiversity using direct elicitation 

of people’s preferences requires the use of appropriate language to convey the meaning of 

biodiversity to the respondents. This can be quite a challenge, since biodiversity is a concept 

with complex underlying ecological ideas. In our CE, three different dimensions of 

biodiversity are valued: total number of forest bird species (as a proxy for species diversity), 

number of rare forest bird species (as a proxy for the number of species that are unique to 

                                                           
6 Other indicators are dead wood, old forest, and fraction of broadleaved trees. 
7 The main reason for using paper is that large changes in the management of private forests would imply (at 
least in the short run), ceteris paribus, higher costs and lower revenues, which in turn ultimately would lead to 
higher consumer prices for goods such as toilet paper, packaging, diapers, sanitary napkins, and other paper 
products.  
8 In the survey, we used the local currency, SEK. The exchange rate was 9.5 SEK /EUR in January 2015. 
9 Calculations are based on data from Statistics Sweden 2014, http://www.scb.se/en_/. 

http://www.scb.se/en_/
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forest ecosystems with very high biodiversity), and geographical spread of biodiversity (as a 

proxy for the diversity of natural habitats in the managed parts of the forest). Pictures were 

used to help respondents visualize the outcome of each alternative. Figure 1 shows an 

example of a choice set given to the citizens.  

 

Figure 1. Choice set example. 

If you could only choose between these two representative production forest areas in Sweden, which area would 
you prefer given the costs involved? Please mark  your choice for the alternative that you prefer. 

 

 

 

 

 

 

 

 

 

          Exchange rate: 9.5 SEK /EUR in January 2015. 

   

 In an effort to keep the number of attributes and the experimental design manageable, we 

did not include characteristics of productive forest that are not directly important to the 

research questions. Instead we kept these attributes fixed for all choice sets and informed the 

respondents of this in the survey instructions. The first attribute that was held constant is size. 

Forest managers and ornithologists emphasized that a 100 hectare forest includes a great deal 

of biodiversity represented in a potential high number of forest bird species.  

 The second fixed attribute is recreation. This is an important consideration when 

respondents think about the value of forests yet has already been studied extensively (e.g., the 

recent studies by Campbell et al., 2014 and Ovaskainen et al., 2012). The third fixed attribute 
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is distance to home. Proximity to environmental amenities has been found to increase 

willingness to pay (WTP) (see, e.g., Costanza et al., 2007). We therefore set the distance to a 

30-minute drive from the respondent’s home or, in the case of the forest officials, from the 

respondent’s work. 

 The CE was almost identical for the three respondent groups, with the exception that the 

forest officials were asked to make their choices based on their recommendation as 

professionals and not as individuals. Thus, we are not interested in their private preferences, 

even if this could of course influence their choice.  

To create the choice sets, we followed standard practice in the choice modeling literature 

(Adamowicz et al., 1997; Adamowicz et al., 1998; Louviere et al., 2000). We created 36 

choice sets using a D-0 design (efficient with coefficient priors equal to zero) in Ngene 

(Vermeulen et al., 2008; Kuhfeld, 2010). The D-0 design was used to create exactly the same 

design for the three respondent groups. We could have used the coefficient values for the 

overall sample as priors, but as forest owners and citizens were found to have differences in 

their preferences (different coefficient values) in the pre-study, we decided to keep coefficient 

priors at zero.  

We created a block design where the 36 choice sets were separated into blocks of six 

choice profiles, yielding six unique surveys with six choice questions each. In order to 

account for possible ordering effects, we reversed the order of the questions in half the 

surveys and obtained 12 unique versions of the survey. Moreover, to reduce the hypothetical 

bias, a cheap-talk script was included (Carlsson et al., 2005: List et al., 2006). 
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Table 1. Attributes and levels in the choice experiment. 

Attribute Description to respondents Levels 

Age and structure 

In a forest where clear felling is used, the forest is harvested every 60-100 years, resulting in a 
forest divided in stands with the same age and height of the trees within each stand. In a non-
clear felling forestry (i.e., continuous forestry), some selected trees in the forest are harvested 
every 15-30 years, giving a different-aged forest with varying tree height. 

Forest stands of even-aged forest with the 
same tree height and density.  
 
Different-aged forest with different tree 
heights and density. 

Composition of tree species 

The most common tree species in Sweden are spruce, pine, and birch. The composition of the 
various tree species in a production forest affects its resistance to various disturbances such as 
storms and insect damage, which can lead to lost revenue from the forest. A production forest 
consisting of only one species can have greater difficulty resisting such interference, 
compared with a forest composed of several tree species. A more mixed composition of tree 
species and ages, however, implies more costly forest management. 

100% spruce 
50% spruce and 50% pine  
33% spruce, 33% pine, and 33% hardwood 

Total number of forest bird 
species 

Biodiversity in production forests can be measured in the number of species of plants, 
animals, and fungi. Since it is difficult to measure all of these species, forest birds, birds that 
are heavily dependent on forest appearance and composition for their survival, are used as an 
indicator of biodiversity in the Swedish production forest landscape. Biodiversity can be 
stated as the total number of forest bird species in a production forest area, or as the number of 
rare forest bird species which indicates the number of species found only in production forest 
areas with higher biological quality. 

15 forest species  
25 forest species  
40 forest species 
 

Number of rare forest bird 
species 

0 unusual forest species  
5 unusual forest species  
10 unusual forest species 

Geographical spread of 
biodiversity 
 

In a production forest area, biodiversity can be either concentrated in a few specific places or 
scattered throughout the area as described in the maps below. Each black dot represents a 
smaller area of production forest area where biodiversity is high. 
 
 
 
 
 

Biodiversity is concentrated in a few 
specific places in the area.  
 
Biodiversity is scattered throughout the 
area. 

Cost - Increased spending per 
month and household 

Achieving certain properties in a production forest area requires different management 
measures. Considerably changing the current way of managing forest will imply higher costs 
and less revenue, which will ultimately lead to higher consumer prices for goods such as toilet 
paper, packaging, diapers, sanitary napkins, and other paper products. 

+5.3 EUR/month (63.2 EUR/year)  
+10.5 EUR/month (126.3 EUR/year)  
+17.4 EUR/month (208.4 EUR/year)  
+24.2 EUR/month (290.5 EUR/year)  
+31.6 EUR/month (379 EUR/year)  
+36.8 EUR/month (442.1 EUR/year) 
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4. Theoretical Framework and Model Specification 

We base the analysis of the choice experiment on a standard random utility approach in 

which discrete choices are described in a utility maximization framework (McFadden, 1974; 

Manski, 1977). In this model, the utility of an individual’s choice consists of one observable 

deterministic component and one unobservable stochastic component. The utility for 

individual q choosing alternative i can be expressed as: 

𝑈𝑖𝑖 = 𝒙′𝒊𝜷 + 𝜀𝑖𝑖,   (1) 

where 𝒙′𝒊 is a vector of the attributes describing alternative i, namely forest age and structure, 

composition of tree species, total number of forest bird species, number of rare forest bird 

species, geographical spread of biodiversity, and cost. The focus of our estimation is 𝜷, the 

vector of parameters for the attributes. 𝜀𝑖𝑖 is the stochastic term representing the unobservable 

part of the utility. Individual q chooses alternative i over alternative j if 𝑈𝑖𝑖 > 𝑈𝑗𝑗. 

 The parameters are estimated using a random parameter logit model in Nlogit 5.0 where 

the panel properties, i.e., that the same respondent is making repeated choices, are taken into 

account (Train, 2009; McFadden and Train, 2000). This model allows for unobservable 

heterogeneity. We assume that all parameters other than the cost parameter are normally 

distributed. To estimate the parameters, we rely on simulation methods as the unconditional 

probability that an individual chooses a particular alternative in a choice set is given by the 

integrals of the standard logit probabilities over all possible values of 𝛽 (for details see Train, 

2009). The model is estimated using 500 Halton draws.  

 In the present paper the focus is on investigating different stakeholders’ preferences for 

alternative forest management practices with different biodiversity outcomes and, further, 

which dimensions of biodiversity are valued the highest and whether these dimensions are 

valued the same across stakeholders. We estimate the model in equation (1) separately for 

each sample, and from comparisons between samples we obtain the marginal WTP for the 
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attributes by taking the ratio between the attribute parameters and the cost parameter. Note 

that the WTPs obtained for the forest officials are not their private WTPs; instead they should 

be interpreted as their professional preference for the attributes.  

 To ensure that any differences found in preferences between stakeholders are not due to 

differences in socio-economic characteristics, we control for the characteristics we have for 

all samples. Further, to explain potential differences within each sample, we also estimate 

models for a series of observable characteristics that are specific for each sample. The 

characteristics are detailed in Table 2. 

Table 2. Observable socio-economic characteristics. 

Variable Description All 
samples Citizens Forest 

owners 
Forest 

officials 
Gender Dummy for male. X    
Age In years. X    
Education Dummy for university education X    
Urban area Dummy for living in a city with more 

than 20,000 inhabitants. 
X    

Occupation Dummy for employed (including self-
employed) (1). 

 X X  

Household income Monthly net income in 100 EUR.  X X  
Distance to closest 
forest 

Kilometers from home  X   

Familiarity with 
forest 

Dummy if one or more visits per 
month. 

 X   

Forest size Dummy for forest property larger than 
200 ha. 

  X  

Forest owners’ 
association 

Dummy for membership in a forest 
owners’ association. 

  X  

Resident Dummy for those who live in the 
municipality where their forestry 
property is located. 

  X  

Inheritance Dummy for inherited forest property.   X  
Main decision 
maker 

Dummy for main decision maker of the 
forest management, used as a proxy for 
self-employed work on their holdings. 

  X  

Forest related 
education 

Dummy for forest related education.    X 

Public forest 
officials 

Dummy for officials with a public 
policy role.(2) 

   X 

(1)  Not employed or self-employed are, e.g., retired, self-employed, student, unemployed, or on maternity leave. 
All forest owners are registered private operators; hence some income could still be coming from the forest 
property.  

(2)  Officials at the Swedish Forest Agency in contrast to private officials at a forestry company or a forest 
owners’ association. 
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We estimate models including interaction terms between socio-economic variables and the 

attributes, specified as  

𝑈𝑖𝑖 = 𝒙𝒊′𝜷 + �𝒙𝒊′𝒛𝒒�′𝜹+ 𝜀𝑖𝑖,  (2) 

where in addition to equation (1), �𝒙𝒊′𝒛𝒒� is a vector of interaction terms between the 

attributes and socio-economic variables, and δ captures the heterogeneity in preferences for 

the attributes that is due to individual characteristics. When controlling for observable socio-

economic characteristics between the samples, the parameters in equation (2) are estimated 

using random parameter logit models. However, when we explore the observable 

characteristics within samples, we end up with a large amount of interactions and the random 

parameter model tends to not converge. Hence, we estimate the parameters in equation (2) 

using multinomial logit models10, which apply maximum likelihood estimation.  

 

5. Data 

The data was gathered in the spring of 2014. For the citizens, we use survey responses 

from a questionnaire sent out by mail, with an option to respond online, in March 2014 to a 

random sample of 4,000 men and women aged 18-84, selected from the Swedish census 

registry (SPAR), which includes all persons who are registered as Swedish residents. In total, 

1,215 individuals returned the questionnaire, of which 1,104 were available for analysis since 

respondents who had not answered any of the choice questions were dropped.11  

For the forest owners, we use survey responses from a questionnaire sent out by mail, with 

an option to respond online, in March 2014 to a random sample of 6,000 individuals. We used 

                                                           

10 Another reason for using the multinomial logit model is that any relevant interactions in this model should also 
turn up in the random parameter logit, and if not, the random parameter logit model does a poor job of 
uncovering relevant interacting factors.  
11 The response rate is 30%, corrected for those who had not received the questionnaire due to returned mail. 
Seventy-eight percent answered on paper, the rest online.  
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two sampling frames. The first consisted of forest owners who participated in courses, 

counseling, and information meetings organized by the Swedish Forest Agency. The second 

consisted of forest owners registered by the Swedish Land Survey (Lantmäteriet) and the 

Swedish Forest Agency. The selection was random and consisted of 3,000 individuals from 

each sampling frame. In total, 2,627 forest owners returned the questionnaire, of which 2,398 

were available for analysis.12 

For the citizens and the forest owners, the collection consisted of four rounds. The first 

round consisted of a notification postcard informing about the upcoming survey. A link and a 

personal code were provided in the postcard for those who wished to complete the survey 

online. The second round consisted of the survey including an information letter and a return 

envelope with postage paid. The third round was a reminder and the fourth a resending of the 

survey. 

For the forest officials, we use survey responses from an online questionnaire sent out in 

May 2014 to a census of 1,139 recipients. The census consisted of forest officials in a register 

we compiled by searching the internet for contact information for forest officials at different 

levels all over Sweden, including governmental agencies, forest companies, and forest 

owners’ associations. The participants received an e-mail with an invitation to take part in the 

online survey. In total, 544 forest officials returned the questionnaire, of which 387 were 

available for analysis.13 

Table 3 presents some descriptive statistics of the samples of citizens, forest owners, and 

forest officials (both for the whole sample and for public and private officials separately). We 

find that most of the samples differ significantly from each other when it comes to distribution 

                                                           
12 The response rate is 44%, corrected for those who had not received the questionnaire due to returned mail. 
Eighty-six percent responded on paper, the rest online. 
13 The response rate is 53%, corrected for those who had not received the questionnaire due to the email 
bouncing. The large difference between the number of received questionnaires and the number of questionnaires 
available for the choice experiment analysis is due to the fact that the former include respondents with 
incomplete responses, i.e., non-response to the choice experiment part, rendering their questionnaires ineligible 
for analysis. 
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of gender, age, education, and living in a metropolitan area. The forest sector in Sweden is 

generally male dominated where most owners and officials live outside the metropolitan 

areas. Forest owners are generally older than other stakeholders and public forest officials are 

generally older than private officials. Forest officials on average have more education 

compared with the other stakeholders, and public officials have the highest rate of university 

education. 

 Comparisons between the citizen and forest owner samples with the respective national 

populations are found in Appendix Table A1.14 In general, both samples are fairly 

representative of the populations. However, compared with the population at large, the citizen 

sample is slightly older and has more education and higher disposable income, and the 

individuals in this sample are also less likely to live in a metropolitan area. This is not 

surprising as the questionnaire is focused on forest and the interest in forest-related issues 

may be higher among people living closer to forested areas.  

 There are almost 330,000 non-industrial private forest owners in Sweden. Comparing our 

sample with the national population of forest owners, we find an under-representation of 

females and younger forest owners in the sample. We also find an over-representation of 

larger forest owners, members of a forest owners’ association, and forest owners living in the 

municipality where their forestry property is located, all of which may imply a larger degree 

of engagement in forest activities.  

 These differences mean that some precaution needs to be taken when drawing general 

conclusion regarding the populations.  

                                                           
14 Descriptive statistics for the population of forest officials are not presented as the total population was selected 
to receive the survey and there is no data on individual characteristics available for those who did not answer the 
survey. 
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Table 3. Descriptive statistics of the samples of citizens, forest owners and forest officials. 

 
Sample of 
citizens 

(1) 

Sample of 
forest owners 

(2) 

Sample of 
forest officials 

(3) 

Sample of public 
forest officials 

(4) 

Sample of private 
forest officials 

(5) 

P-valuesd 
H0: 1=2 

P-valuesd 
H0: 2=3 

P-valuesd 
H0: 4=5 

P-valuesd 
H0: 2=4 

P-valuea 
H0: 2=5 

Gender 
Male 
Female 

 
47% 
53% 

 
79% 
21% 

 
90% 
10% 

 
80% 
20% 

 
95% 
5% 

 
<0.01 

 

 
<0.01 

 

 
<0.01 

 

 
0.72 

 

 
<0.01 

 
Age 

18-30 years 
31-45 years 
46-60 years 
61-75 years 
75-84 years 

 
13% 
19% 
25% 
32% 
11% 

 
1% 
8% 
26% 
52% 
13% 

 
8% 

35% 
44% 
13% 

- 

 
5% 
27% 
46% 
23% 

- 

 
10% 
39% 
43% 
8% 
- 

 
<0.01 

 

 
<0.01 

 

 
 

<0.01 
 
 

 
<0.01 

 

 
<0.01 

 

Metropolitan location 
Stockholm, Gothenburg and Malmö 
Other 

 
26% 
74% 

 
7% 
93% 

 
3% 

97% 

 
1% 
99% 

 
3% 

97% 

 
<0.01 

 

 
<0.01 

 
0.23 

 
0.02 

 

 
0.06 

 
Education 

Completed 9 years 
Completed 12 years 
University education 

 
19% 
36% 
45% 

 
23% 
34% 
43% 

 
1% 
8% 

91% 

 
2% 
2% 
95% 

 
1% 

11% 
88% 

 
0.04 

 

 
<0.01 

 

 
0.01 

 

 
<0.01 

 

 
<0.01 

 

Type of education 
Forest related 
Non-forest related 

  
 

87% 
13% 

 
87% 
13% 

 
87% 
13% 

   
0.93   

Income (EUR) a 
Average disposable income per month 

 
3,170 EUR 

 
3,142 EUR     

0.07   
  

Type of forest official 
Public 
Private 

  
 

31% 
69% 

   
  

   

Large forest owners >200 ha 
Yes 
No 

 
 

13% 
87% 

 
  

  
   

Resident forest owner b 

Yes 
No 

 
 

73% 
27% 

 
  

  
   

Member of a forest owners’ association 
Yes 
No 

 
 

52% 
48% 

 
  

  
   

No. of observations c 1096 2398 387 109 242   
   

Notes: a The average income for the sample is generated from categorical data where the mean of each category is used. b Resident forest owners are those who live in the municipality where their 
forestry property is located. c There is some variation in number of observations due to missing values in some variables for the samples.d From Chi2 test and an unpaired t-test for income.
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6. Results 

In this section we describe the results of the CE and robustness checks. 

6.1 Results of the Choice Experiments 

 Three separate models were estimated, one for each respondent group.15 Table 4 reports 

the results of the random parameter logit models, which take into account the unbalanced 

structure of the panel as not all respondents answered all six choice sets.  

 In line with previous studies, we find that the preferences of forest owners and forest 

officials are closer to each other than those of citizens. In contrast, the citizens’ preferences 

are different, especially those related to forest age and structure and geographical spread of 

biodiversity. Both forest owners and forest officials have negative preferences for these 

attributes while citizens have a positive preference.  

 Table 4 also reports the coefficients of the standard deviations from the mean 

coefficients, which indicate the degree of unobserved heterogeneity. The coefficients of the 

standard deviation of the parameters are highly significant for all samples; hence, there is 

considerable heterogeneity in their preferences, even up to the point that there is a 

considerable probability of sign reversal. However, there does not seem to be any systematic 

difference between the groups in the pattern of the heterogeneity.  

 Considering that the forest officials work with forest and have better knowledge than the 

citizens about the impact of different management models, one might expect their preferences 

to be less heterogeneous. Yet this is not the case.  

  

                                                           
15 To test for order effects, separate multinomial logit models for block 1-6 and block 7-12 for each group are 
used. The likelihood ratio test leads to λcitizens = 7.32, λowners = 7.32, λofficials= 7.78. These values are smaller than 
12.59, the critical value of the χ2 distribution at the 5% significance level with 6 degrees of freedom. Hence, the 
hypothesis of equal parameters could not be rejected. In other words, there is no order effect in any of the 
respondent groups. 
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Table 4. Estimated Random Parameter Logit Models, standard errors in parentheses. 

Parameters Citizens (1) Forest owners (2) Forest officials (3) Public forest officials (4)  Private forest officials (5) 
Age and structure 0.344*** (0.067) -0.534*** (0.062) -1.288*** (0.138) -0.614*** (0.227) -1.472*** (0.170) 

Composition of tree species 1.140*** (0.071) 1.432*** (0.062) 0.773*** (0.094) 1.333*** (0.232) 0.606*** (0.102) 

Total number of forest bird species 0.270*** (0.049) 0.148*** (0.035) 0.237*** (0.073) 0.562*** (0.153) 0.096 (0.084) 

Number of rare forest bird species 0.576*** (0.054) 0.341*** (0.037) 0.325*** (0.082) 0.711*** (0.188) 0.198** (0.094) 

Geographical spread of biodiversity 0.244*** (0.064) -0.096* (0.050) -0.721*** (0.115) -0.747*** (0.222) -0.723*** (0.141) 

Cost -0.004*** (<0.001) -0.005*** (<0.001) -0.004*** (<0.001) -0.004*** (0.001) -0.004*** (<0.001) 

Standard deviation      

Age and structure 0.985*** (0.124) 1.808*** (0.099) 1.236*** (0.197) 1.286*** (0.365) 1.158*** (0.228) 

Composition of tree species 1.113*** (0.084) 1.305*** (0.072) 0.784*** (0.128) 0.842*** (0.286) 0.625*** (0.150) 

Total number of forest bird species 0.792*** (0.069) 0.775*** (0.056) 0.465*** (0.128) 0.453** (0.216) 0.359** (0.169) 

Number of rare forest bird species 0.776*** (0.077) 0.851*** (0.061) 0.753*** (0.129) 0.914*** (0.256) 0.651*** (0.155) 

Geographical spread of biodiversity 0.741*** (0.119) 1.073*** (0.083) 0.649*** (0.217) 0.391 (0.510) 0.715*** (0.221) 

No. of individuals 1 104 2398 387 109 242 

No. of observations 6 493 14 054 2 231 647 1442 
Log–Likelihood -3961.3 -8121.6 -1255.7 -348.0 -798.4 
R2 (constants only) 0.118 0.166 0.183 0.221 0.201 

***, **, * = statistically significant at 1%, 5%, 10%, respectively 
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Figure 2. Mean willingness to pay (WTP) in EUR per month for different forest attributes and mean WTP for a high biodiversity scenario 
compared with business as usual for citizens and forest owners; 95% confidence interval. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

* H0: 1= 2; p-value <0.01.   
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Table 5. P-values of a Bonferroni multiple comparison test16 of equal mean WTP between stakeholders. 

 P-values 
H0: 1=2 

P-values 
H0: 2=3 

P-values 
H0: 4=5 

P-values 
H0: 1=4 

P-value 
H0: 1=5 

P-values 
H0: 2=4 

P-value 
H0: 2=5 

Age and structure <0.01 <0.01 <0.01 <0.01 <0.01 0.17 <0.01 
Composition of tree 
species <0.01 <0.01 <0.01 <0.01 <0.01 0.58 <0.01 

Total number of forest 
bird species <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.13 

Number of rare forest 
bird species <0.01 0.36 <0.01 <0.01 <0.01 <0.01 <0.01 

Geographical spread 
of biodiversity <0.01 <0.01 0.48 <0.01 <0.01 <0.01 <0.01 

Comparing: citizens (1) and forest owners (2); forest owners (2) and forest officials (3); public officials (4) and private officials 
(5); citizens (1) and public officials (4); citizens (1) and private officials (5); forest owners (2) and public officials (4); forest 
owners (2) and private officials (5). 

  

 Since the scale parameters might be different between the models, we cannot make comparisons of the 

relative importance of attributes between different stakeholders. We therefore estimate and compare the 

willingness to pay (WTP) for the various attributes for each stakeholder separately. By dividing each 

attribute parameter with the cost parameter, we estimate the marginal WTP. The results are presented in 

Figure 2 and p-values of a Bonferroni multiple comparison test of equal mean WTP are presented in Table 

5. Figure 2 also includes the total WTP for the highest biodiversity scenario in our CE compared with 

business as usual, to highlight the room for compensation. 

 According to a Wald test, the marginal WTP estimates are significant at a 1% significance level for all 

stakeholders and for all attributes. Citizens have positive WTP for all attributes, while forest owners and 

forest officials have negative marginal WTP both for a more diverse forest in terms of age and structure 

and for geographical spread of biodiversity in the landscape. All stakeholders have the highest marginal 

WTP for a more mixed composition of tree species followed by an increased number of rare forest bird 

species. Forest owners and private forest officials rank a more diverse forest in terms of age and structure 

as the least important attribute (with a negative marginal WTP), while citizens rank this attribute as the 

                                                           
16 Benjamini and Hochberg, 1995. 
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third most important. For public forest officials, geographical spread of biodiversity in the forest landscape 

is the least important attribute (with a negative marginal WTP). 

 Interestingly, the number of rare forest bird species is the highest valued dimension of biodiversity by 

all stakeholders.17 This attribute was explained to participants as an indicator of the number of species 

found only in production forest areas with higher biological quality. For forest officials in general, 

however, there is no statistically significant difference between their preferences for number of rare forest 

bird species and total number of forest bird species. For citizens, there is no statistically significant 

difference in value between total number of bird species and geographical spread of biodiversity. 

 To extend the analysis of the differences in marginal WTP between the respondent groups, Table 5 

reports the results of a Bonferroni multiple comparison test.18 Citizens have a significantly higher valuation 

of all attributes compared with forest owners, with one exception: forest owners generally have a higher 

valuation of forests with high diversity in terms of tree species. One reason for this might be that a more 

diversified forest in terms of tree species provides storm and pest protection (see, e.g., Christiansen and 

Bakke, 1988). 

 Comparing forest owners and forest officials, two stakeholders with close interaction, we see that 

forest officials generally put a lower value on forests with higher diversity in terms of age and tree species 

as well as on geographical spread of biodiversity. There is no significant difference between forest owners 

and forest officials in valuation of number of rare forest bird species. However, forest officials value total 

number of forest bird species higher than forest owners. 

                                                           
17 A pairwise Wald test of equal WTP for the three dimensions of biodiversity within each sample was conducted with the 
following results: WTP total forest birds=WTP rare forest birds (p-value=<0.01; <0.01; 0.36); WTP total forest birds=WTP 
geographical spread (p-value=0.72; <0.01; <0.01); WTP rare forest birds=WTP geographical spread (p-value=<0.01; <0.01; 
<0.01). P-values are presented for citizens, forest owners and forest officials respectively. 
18 An alternative to a Bonferroni-corrected test would be the equivalence test suggested by Poe et al. (1994), where the mean 
equality between two random distributions are tested based on the Krinsky-Robb procedure. The advantage with the Poe et al. 
(1994) test is that it does not restrict the distribution to a specific form. However, since the parameters in the mixed parameter 
logit model are already restricted to a normal distribution, we do not expect to gain much by diverting from the Bonferroni-
corrected test.   
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 Looking at public and private forest officials separately, we find that public officials value all 

attributes higher than private officials, except for geographical spread of biodiversity where there is no 

significant difference between their negative valuations. Further, we find that public forest officials and 

forest owners have similar negative marginal WTPs for diverse forest age and structure and similar positive 

marginal WTPs for mixed composition of trees. Private forest officials and forest owners have similar quite 

low WTPs for total number of forest bird species compared with other stakeholders. In contrast, public 

forest officials have higher preferences for biodiversity in terms of total number of forest bird species and 

number of rare forest bird species than both citizens and forest owners. These results indicate that there is a 

clear production focus both among forest officials and forest owners, where private forest officials have the 

strongest market orientation.  

 Finally, we compare the WTP for the highest biodiversity scenario between citizens and forest 

owners.19 We find that citizens have a significantly higher total WTP for this scenario compared with 

forest owners. This indicates that on average, there is room for compensation for more biodiversity 

protection.  

6.2 Observable Heterogeneity in Preferences Between Samples 

 One reason the results differ between the groups could be that the socio-economic characteristics are 

different. Forest officials are all highly educated and the sector is male dominate. Citizens are younger and 

live to a higher extent in metropolitan areas compared with both forest owners and officials. This should, 

however, not be seen as a sample selection problem per se, but could explain part of the differences in 

preferences.  

                                                           
19 This is calculated by taking the sum of the marginal WTP multiplied by the highest attribute level of each attribute.  
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 To control for socio-economic characteristics, we interact the attributes with age and with whether or 

not the respondent is male, has a university education, and lives in a metropolitan area. The estimated 

results are presented in Table A2 in the Appendix.20  

 The results show that the differences in preferences for the different attributes do not seem to be a 

simple reflection of the preferences of respondents with similar characteristics. For instance, we find that 

older forest owners and citizens have a higher preference for a more diverse forest.21 Similarly, university 

education has a positive effect on preferences for a more diverse forest for both forest owners and citizens 

compared with those with less education. Further, living in a metropolitan area does not seem to explain 

variation among stakeholders.22 The only interaction where we find the sign of the interactions goes in 

opposite direction is for males, where male forest owners, in contrast to citizens, value biodiversity less 

than female forest owners.  

6.3 Observable Heterogeneity in Preferences Within Samples 

 In Table 4, we find highly significant heterogeneity in preferences for the attributes in all samples. To 

explore this further, we add sample-specific interactions between socio-economic characteristics with all 

attribute parameters and estimated multinomial logit models using a backward regression approach; see 

estimated results in Table A3 in the Appendix. 23  

                                                           
20 The unobservable heterogeneity in preferences is still highly significant in all samples, indicating that there is still 
heterogeneity in preferences that we cannot explain. 
21 This result is in contrast to previous studies (e.g., Nordlund and Westin, 2011; Eriksson et al., 2012). However, even though 
young people might care about the environment quite a bit, they might also have tighter budget constraints, implying that their 
preference is smoothed by the fact that they have to pay for it (compared with studies that only ask for rankings). This result 
might also be related to preferences for landscape characteristics during childhood (e.g., Chawla, 2007). 
22 The interaction between metropolitan location and the rare forest bird species attribute is significantly positive only for forest 
officials, while the interaction between  metropolitan location and geographical spread is significantly negatively only for forest 
owners, compared with those in more rural areas. 

23 In the first step we use a full model with all interaction parameters, but since there may be multicollinearity between variables 
in the full model, which may disguise interesting patterns, we instead present the estimated results of a backward regression 
model in Table A3, including only the parameters that are statistically significant at a 10% level. The results are fairly robust for 
the two models in the sense that statistically significant coefficients in the full model also to a large extent are significant in the 
stepwise model (exceptions in all samples are some interactions between attribute parameters and university education. For 
forest owners, the exception is some interactions between attribute parameters and gender). All choice attributes are modelled as 
linear variables. 
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 For citizens, we find that familiarity with forests (measured as one or more visits to the forest per 

month) positively affects the valuation of a more diverse composition of tree species, total number of forest 

bird species, and number of rare forest bird species. Distance to the closest forest has no effect on the 

attributes.  

 For forest owners, the size of the forest property has a positive effect on the preference for number of 

rare forest bird species, while it affects the preferences for a more diverse forest in terms of age, structure, 

and tree species composition negatively. Further, we find that members of forest owners’ associations have 

higher disutility from a more diverse forest age and structure. Since a more diverse forest age and structure 

might imply potentially higher production costs, at least in the short run, one potential explanation for these 

results might be that large owners and members of forest owners’ associations are more involved than other 

forest owners in management activities (Eriksson, 2012).  

 Moreover, we find that for forest officials, forest education positively affects the valuation of more 

diverse forest age, structure, and tree composition. Interestingly, there is a highly significant difference in 

preferences between professionals in the private and public sectors. As we have seen before, public forest 

officials, e.g., officials at the Swedish Forest Agency, value a diverse forest in terms of age, tree species, 

and biodiversity (e.g., numbers of forest bird species and rare forest bird species) higher than do officials at 

forestry companies. 

  

7. Discussion and Conclusions 

In this study, we show empirical results regarding the preferences of three key forest stakeholders in 

Sweden: citizens, forest officials, and non-industrial private forest owners. According to the results, we can 

say that there is a demand for biodiversity protection and biodiversity-promoting forest management 

practices: citizens have a positive valuation of all forest attributes in this study (e.g., number of total and 

rare forest bird species, geographical spread of biodiversity, and forest diversity in terms of age, structure, 
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and tree species). Moreover, the general public’s valuation of these attributes is statistically higher than that 

of forest owners, implying that there is room for compensation. 

Further, we find significant heterogeneity in forest owners’ preferences. This is not surprising as it 

indicates the existence of a large range of variation in the opportunity cost of biodiversity protection. 

However, it implies that an efficient policy design should have incentives that vary across forest owners in 

order to promote participation by those whose forests have a higher biological value.   

One challenge in studies like this is to describe biodiversity to the public in an understandable way, 

since without such understanding the willingness to pay will be less informative. Our results indicate that 

citizens value different dimensions of biodiversity, confirming the view that studies that do not consider 

biodiversity in a broad sense fail to provide a more complete perspective of the value of biodiversity.  

 There is an ongoing debate regarding the benefits of land sparing (i.e., that biodiversity protection is 

geographically concentrated and separated from productive land activities) and land sharing (i.e., that 

biodiversity protection is geographically spread and integrated with productive land activities) (e.g., 

Fischer et al., 2014). To ensure geographical spread of biodiversity, policy makers would have to develop 

schemes where forest owners work in collaboration with each other and with local, regional, and national 

agencies. Our results show that such collaboration might be difficult to reach without further incentives as 

both forest owners and forest officials have negative preferences for geographical spread of biodiversity, 

due to potential productivity losses. To our knowledge, our study is the first to explore stakeholders’ 

preferences for land sharing vs. land sparing. Increased understanding in this regard can potentially 

broaden the perspectives of the benefits from these different approaches to biodiversity protection. 

 Forest with high diversity in terms of tree species is highly valued by both forest owners and forest 

officials. One reason for this might be that a more diverse forest in terms of tree species provides storm and 

pest protection. Even though such preference could be driven by production goals there are positive 

spillovers to forest biodiversity. 
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Interestingly, our results indicate that both forest owners and forest officials have a strong orientation 

towards production, with higher valuations of the common management practice of similar age and clear 

felling compared with the general public. Since the first half of the 20th century, continuous cover forestry 

has been seen as something that should be avoided and clear felling and planting has instead been decided 

to be the best way forward in Sweden.  

Even though production and environmental goals should be regarded as equally important according to 

the Swedish Forestry Act, we find that forest officials prefer management practices that promote 

production rather than biodiversity protection. The fact that this bias in preferences is particularly evident 

for private forest officials might lead to a continuous focus on production rather than biodiversity 

protection as forest owners have been shown to have more contact with private than public officials.  

Although public officials have higher preferences for biodiversity compared with their private 

counterparts, they also tend to prefer management practices that promote production. This conflict may 

have negative consequences for biodiversity protection, as public forest officials work directly with 

regulations and guidelines to impact how forest management is carried out in practice. 
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Appendix 
Table A1. Descriptive statistics of the citizen and forest owner samples and the respective populations. 

 Citizens sample (%) Population of Swedish 
Citizen24 (%) 

H0:Sample =Population 
P-valuesc 

Gender 
Male 
Female 

 
47% 
53% 

 
50% 
50% 

 
0.08 

 
Age 

18-30 years 
31-45 years 
46-60 years 
61-75 years 
75-84 years 

 
13% 
19% 
25% 
32% 
11% 

 
21% 
25% 
25% 
21% 
8% 

 
<0.01 
<0.01 
0.94 

<0.01 
<0.01 

Metropolitan location 
Stockholm, Gothenburg and Malmö 
Other 

 
26% 
74% 

 
39% 
61% 

 
<0.01 

 
Education 

Completed 9 years 
Completed 12 years 
University education 

 
19% 
36% 
45% 

 
24% 
41% 
35% 

<0.01 
<0.01 
<0.01 

Income (EUR) a 
Average disposable income per month 

 
3,170 EUR 

 
1,743 EUR 

 
<0.01 

No. of observations b 1096 7 511 093  

 Sample of forest owners 
(%) 

Population of forest 
owners25 (%)  

Gender 
Male 
Female 

 
79% 
21% 

 
62% 
38% 

 
<0.01 

 

Age 
18-30 years 
31-45 years 
46-60 years 
61-75 years 
75-84 years 

 
1% 
8% 
26% 
52% 
13% 

 
2% 
24% 
37% 
24% 
13% 

 
<0.01 
<0.01 
<0.01 
<0.01 
0.83 

Large forest owners >200 ha 
Yes 
No 

 
13% 
87% 

 
4% 
96% 

 
<0.01 

 
Resident forest owner b 

Yes 
No 

 
73% 
27%  

 
68% 
32% 

 
<0.01 

 
Member in a Forest owners’ association 

Yes 
No 

 
52% 
48% 

 
34% 
66% 

 
<0.01 

 

No. of observationsb 2398 329 541  
Notes: a The average income for the sample is generated from categorical data where the mean of each category is used.  
b There is some variation in number of observations due to missing values in some variables for the samples. b Resident forest owners are those 
who live in the municipality where their forestry property is located. c  T-test for continuous variables and binomial probability test for binary 
variables and for each category in categorical variables. 
  

                                                           
24 Data from Statistics Sweden 2013, http://www.scb.se/en_/. 
25 Data from Swedish Forest Agency (2014). 

http://www.scb.se/en_/
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Table A2. Estimation results of random parameter logit models with socio-economic characteristics; standard errors 
in parentheses. 

 
  Parameters Citizens Forest owners Forest officials 

Forest age and structure -0.076 (0.252) -1.402*** (0.396) -1.065 (0.780) 
Composition of trees 0.553*** (0.211) 0.962*** (0.285) 0.494 (0.594) 
Total number of forest bird species 0.363* (0.187) 0.489** (0.225) 0.544 (0.511) 
Number of rare forest bird species 0.656*** (0.195) 0.689*** (0.238) -0.102 (0.581) 
Geographical spread of biodiversity 0.096 (0.249) -0.433 (0.326) -0.033 (0.768) 
Cost -0.005*** (0.001) 0.003 (0.002) -0.005 (0.005) 
Interaction parameters    
Forest age and structure*Male -0.023 (0.137) -0.651*** (0.168) -0.312 (0.397) 
Composition of trees*Male 0.020 (0.114) -0.234* (0.122) -0.412 (0.321) 
Total number of forest bird species*Male 0.169* (0.099) -0.043 (0.095) -0.424 (0.266) 
Number of rare forest bird species*Male -0.099 (0.102) -0.208** (0.100) -0.109 (0.298) 
Geographical spread of biodiversity*Male 0.093 (0.132) -0.195 (0.139) -0.502 (0.414) 
Cost*Male <0.001 (0.001) -0.001 (0.001) 0.002 (0.002) 
Forest age and structure*Age 0.003 (0.004) 0.024*** (0.006) 0.013 (0.012) 
Composition of trees*Age 0.009*** (0.003) 0.013*** (0.004) 0.014 (0.008) 
Total number of forest bird species*Age -0.005* (0.003) -0.006* (0.003) 0.006 (0.007) 
Number of rare forest bird species*Age -0.002 (0.003) -0.004 (0.004) 0.005 (0.008) 
Geographical spread of biodiversity*Age -0.001 (0.004) 0.009* (0.005) -0.004 (0.011) 
Cost*Age <0.001 (<0.001) <-0.001*** (<0.001) <-0.001 (<0.001) 
Forest age and structure*Education 0.375*** (0.142) -0.200 (0.141) -0.585 (0.390) 
Composition of trees*Education 0.377*** (0.118) -0.148 (0.104) 0.008 (0.291) 
Total number of forest bird species*Education 0.207** (0.102) 0.203** (0.082) -0.347 (0.257) 
Number of rare forest bird species*Education 0.235** (0.105) 0.128 (0.086) 0.247 (0.293) 
Geographical spread of biodiversity*Education 0.180 (0.135) 0.070 (0.119) -0.107 (0.373) 
Cost*Education -0.001 (0.001) -0.001 (0.001) -0.002 (0.002) 
Forest age and structure*Urban 0.202 (0.140) -0.026 (0.161) -0.053 (0.319) 
Composition of trees*Urban -0.072 (0.116) 0.022 (0.117) 0.058 (0.240) 
Total number of forest bird species*Urban 0.066 (0.101) 0.037 (0.093) 0.173 (0.220) 
Number of rare forest bird species*Urban 0.017 (0.104) 0.063 (0.097) 0.447* (0.268) 
Geographical spread of biodiversity*Urban 0.092 (0.134) -0.236* (0.135) 0.103 (0.312) 
Cost*Urban 0.001 (0.001) -0.001 (0.001) -0.005** (0.002) 
Standard deviation    

Age and structure 1.016*** (0.127) 1.902*** (0.110) 1.013*** (0.215) 
Composition of tree species 1.108*** (0.086) 1.346*** (0.077) 0.783*** (0.135) 
Total number of forest bird species 0.797*** (0.072) 0.742*** (0.059) 0.349** (0.158) 
Number of rare forest bird species 0.812*** (0.081) 0.904*** (0.067) 0.695*** (0.148) 
Geographical spread of biodiversity 0.727*** (0.126) 1.139*** (0.091) 0.611*** (0.231) 

No. of individuals 1 032 2 118 293 
No. of observations 6 101 12 458 1 745 
Log–Likelihood -3 683.6 -7 098.1 -963.6 
R2 (constants only) 0.129 0.178 0.202 
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Table A3. Backward stepwise estimation results of multinomial logit models where choice attribute preferences are 
modeled as linear functions of respondents’ background characteristics; standard errors in parentheses. 

***, **, * = statistically significant at 1%, 5%, 10%, respectively.

 Citizens Forest owners Forest officials 
Means  parameters    
Forest age and structure 0.168*** (0.063)  -0.818*** (0.166)  -0.789*** (0.234) 
Composition of trees 0.084 (0.099)  0.305*** (0.115)  -0.108 (0.266) 
Total number of forest bird species 0.011 (0.056)  -0.077* (0.043)  -0.016 (0.062) 
Number of rare forest bird species 0.224*** (0.058)  0.208*** (0.037)  0.091 (0.074) 
Geographical spread of biodiversity 0.119*** (0.046)  -0.421** (0.201)  -0.123 (0.255) 
Cost -0.005*** (<0.001) 0.002** (<0.001) -0.002*** (<0.001) 
Interaction parameters    
Forest age and structure*Male  -0.241*** (0.069)   
Total number of forest bird species*Male 0.099** (0.048)    
Geographical spread of biodiversity*Male   -0.470* (0.263) 
Cost*Male  -0.001*** (<0.001)   
Forest age and structure*Age  0.014*** (0.003)   
Composition of trees*Age 0.006*** (0.002)  0.007*** (0.002) 0.008* (0.005) 
Geographical spread of biodiversity*Age  0.005* (0.003)  
Cost*Age  <-0.001*** (<0.001)   
Forest age and structure*University education 0.155* (0.079)   -0.925*** (0.299) 
Composition of trees*University education 0.138** (0.054)    
Number of rare forest bird species*Urban   0.340* (0.175) 
Geographical spread of biodiversity*Urban  -0.129** (0.066)   
Cost*Urban <0.001* (<0.001)  -0.002** (0.001) 
Forest age and structure*Employee -0.167** (0.078)    
Number of rare forest bird species*Employee  0.099** (0.044)   
Geographical spread of biodiversity*Employee  0.134* (0.071)   
Total number of forest bird species* Income  0.005*** (0.001)   
Cost* Income <0.001*** (<0.001)    
Composition of trees*Familiarity with forest 0.252*** (0.061)    
Total number of forest bird species*Familiarity with forest 0.120** (0.056)    
Number of rare forest bird species*Familiarity with forest 0.145** (0.064)    
Forest age and structure*Large forest owner  -0.388*** (0.087)   
Composition of trees*Large forest owner  -0.155*** (0.058)   
Number of rare forest bird species*Large forest owner  0.146** (0.062)   
Forest age and structure*Forest association member  -0.164*** (0.056)   
Cost*Forest association member  <-0.001*** (<0.001)  
Number of rare forest bird species* Inherited property  -0.095** (0.040)   
Forest age and structure*Forest related education   0.535* (0.286) 
Composition of trees*Forest related education   0.251* (0.141) 
Forest age and structure*Public official   0.735*** (0.162) 
Composition of trees* Public official   0.340*** (0.116) 
Total number of forest bird species* Public official   0.360*** (0.103) 
Number of rare forest bird species* Public official   0.386*** (0.121) 
No. of observations 5 200 10 391 1 709 
Log–Likelihood -3 244.6 -6 299.2 -937.0 
Pseudo R2 (adjusted) 0.097 0.124 0.200 
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