
 1 

Preferences for variation in forest characteristics: does diversity 

between stands matter? 

Anna Filyushkina, Fitalew Agimass Taye, Thomas Lundhede, Niels 

Strange & Jette Bredahl Jacobsen 

Published in Ecological Economics, 2017 

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.  
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1. Introduction 

Recreation is one of the most important services forests provide to society (Daniel et 

al., 2012; Pearce, 2001; Slee, 2005). Forest management plays an important role in 

designing forests and thus affects the potential recreational attraction of the site. 

Hence, understanding visitor preferences for different forest characteristics or attributes 

and their recreational values becomes imperative in order to integrate recreational 

interests in policy as well as in practical decision-making.   

A considerable body of literature in the field of preference research has provided 

insight into impacts of forest management on recreational values of forests (e.g. 

Schroeder & Daniel 1981; Zube et al. 1982; Brown & Daniel 1986; Jensen 1999a; Bliss 

2000; Holgén et al. 2000; Silvennoinen et al. 2001; Heyman et al. 2011; Nielsen et al. 

2012). Variation in forest and/or landscape characteristics may affect the recreational 

experience and thus the recreational value (Bell et al., 2005; Kaplan and Kaplan, 1989; 

Lee, 2001; Ode and Miller, 2011; Ribe, 1989). A number of studies have demonstrated 

preferences for visual diversity at a single stand level, e.g. that mixed stands in general 

are preferred over monocultures (see e.g. Willis et al. 2003; Nielsen et al. 2007b; 

Gundersen & Frivold 2008; Dhakal et al. 2012). However, a recreational experience in 

a forest most often involves visits to several stands and so far, it remains unanswered 

whether these findings can be extrapolated to forest level i.e. how the recreational 

experience is affected by diversity between multiple stands. Is it merely a simple sum 

of the recreational experiences and values of individual stand values or a more 

complex judgement? The need to examine the effect of variation between stands has 

been expressed numerously (e.g. Ribe 1989; Mattsson & Li 1994; Nielsen et al. 2007b; 

Gundersen & Frivold 2008). However, previous examples have mostly concentrated on 

preference comparisons without looking at the importance of this aspect relative to 
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other preferences for structures (e.g. Axelsson-Lindgren & Sorte 1987; Price 2007; 

Edwards et al. 2012a).  

The aim of this study is to evaluate the effect of variation within a stand and between 

stands on recreational preferences for forests in Denmark. Using a choice experiment 

(CE), respondents were asked to choose between sites for their next forest recreation 

visit from two alternatives – each made up by three drawings of forest stands that are 

characterized by tree species and height (as a function of age). Distance to the forest 

site was included as an attribute in order to estimate willingness to travel to the 

preferred forest. In addition, we asked respondents to create their ideal forest to visit by 

selecting drawings of three stands from a matrix of drawings, where each drawing 

could be chosen more than once. This was used as an internal consistency test for the 

CE findings. Finally, we calculated aggregated willingness to travel (AWTT) for a 

number of forests (composed of three stands) for a sample mean WTT and using 

individual posterior estimates. 

The remainder of this paper is organized as follows. Section 2 summarizes relevant 

literature on forest recreation and provides hypotheses for this study. Section 3 outlines 

the CE setting and data collection. Section 4 presents main findings and section 5 

provides a discussion of their implications for forest management.  

2. Literature review and hypotheses 

A number of studies shows that visual diversity or variation within a stand of a forest is 

an important determinant of recreational value of forests (e.g. Ribe 1989; Lee 2001; 

Gustavsson et al. 2005; Nielsen et al. 2007a; Dhakal et al. 2012). Variation has also 

been identified as a key cognitive factor that accounts for a considerable part of 

expressed preferences (Kaplan & Kaplan 1989; Nielsen & Jensen 2007; Bell 2009; 
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Ode & Miller 2011). The present study defines forest and stand variation as presence 

of different levels of one or several forest characteristics (be it spatial, biological or 

structural) that results in a visually diverse recreational experience. In the landscape 

perception literature this is sometimes referred to as “complexity” (i.e. abundance of 

variety, where structure is not simple), “richness”, “diversity”, or “contrast” (e.g. Kaplan 

& Kaplan 1989; Ode & Fry 2002; Bell 2009). Hence, the visual variation depends on 

several features, among others tree species, tree size, stand density, presence or 

extent of understorey etc.  This study focuses on two of them – tree species and tree 

height (age)1. The latter acting as a proxy for forest management system; i.e. stands 

consisting of trees of the same height (even-aged stands) often represent a clear-cut 

system, whereas stands comprised of trees of varying height (uneven-aged stands) 

indicate practice of single-tree selection systems. Variation may appear at different 

spatial scales; stand, forest, and landscape level. This study addresses it from both 

perspectives: within a stand and between stands.  

2.1. Preferences and variation within a stand 

Studies on recreational preferences show that the most important forest structure is 

related to tree age - older trees are preferred over younger ones (e.g. Ribe 1989; 

Lindhagen & Hörnsten 2000; Tahvanainen & Tyrväinen 2001; Gundersen & Frivold 

2008; Edwards et al. 2012b). According to the Danish study by Koch and Jensen 

(1988), this effect is more prominent in broadleaved than coniferous forests. A 

relatively low recreational value of young stands may partially be explained by a high 

density of trees inside the stand, which offers low possibility for visual and physical 

penetration of the stand. In contrast,  semi-open forests provide a better view and 

                                                           
1
 This study is focusing on “tree height” as it is a direct visual component (as opposed to age). 

However, the literature mainly refers to “tree age”. Thus throughout this paper we use the terms 

height when referring to our study, but it may be interpreted as interchangeable with age.  
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sense of safety than dense forests (Heyman, 2012; Kaplan and Kaplan, 1989) and may 

also be seen as more penetrable, for e.g. mushroom picking (Varela et al., 2015). 

However, there seems to be a large degree of heterogeneity in preferences. For 

instance, children and young people often favour more dense alternatives, and higher 

environmental knowledge often correlates with preference for more natural-looking 

sites (Gundersen and Frivold, 2008; Ribe, 1989; Tyrväinen et al., 2003). 

Variation in tree size and tree spacing in the stand has been identified to have a 

positive relationship with recreational values across Europe (Edwards et al., 2012a; 

Willis et al., 2003). Trees of varying height are preferred over even-aged scenarios in 

Denmark (Nielsen et al., 2007) and a study performed in Germany demonstrated an 

even higher importance of structural variation under winter conditions (Elsasser et al., 

2010).  

Public preferences for tree species may partly be attributed to cultural and regional 

contextual issues. In the present paper, Denmark is used as a case where in general 

broadleaved and mixed forests are preferred to conifers (Jensen, 1999a; Nielsen et al., 

2007; Termansen et al., 2013). It has been shown that monocultures appear to be less 

preferred due their limited variation (Abildtrup et al., 2013; Dhakal et al., 2012; Elsasser 

et al., 2010; Gundersen and Frivold, 2008; Ribe, 1989; Willis et al., 2003). However, 

the highest preference have been found for monocultures when they are of old age 

(Jensen, 1999b). 

2.2. Preferences and variation between stands 

In most cases, a recreational experience in a forest would imply that people are moving 

around in the forest and thus passing multiple stands. While uneven-aged mixed forest 

is found to provide the highest variation at a stand level, the visitor may perceive less 

variation if all stands in the forest are similar. This suggest forests comprised of 
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uneven-aged mixed stands may have a lower recreational value, than forests with 

more inter-stand variation (Lindgren, 1995). Findings of Mattsson & Li (1994) suggest 

that variation between stands of different ages (though each of them individually more 

or less uniform) is consistent with a higher non-market value. Moreover, openings in 

the forest provide space and visual access to more distant areas (Heyman, 2012; 

Kaplan and Kaplan, 1989).  

Existing studies focusing on the effect of variation between stands are limited and 

mostly confined to pairwise comparisons. Axelsson-Lindgren & Sorte (1987) compare 

in a Swedish study two trails with different extent of variation and conclude that the trail 

including many visually different stands had higher attractiveness among participants 

than the trail with lower visual diversity. Price (2007) found a similar result and 

stipulates that such results could be due to poor representation of visual progression 

through the forest. In the 1970s a sample of residents in the Oslo area reported that 

they preferred taking a walk in “a mixture of old and young forest” compared to taking a 

walk in “old forest” (Haakenstad (1972) cf Gundersen & Frivold 2008). In a study by 

Koch & Jensen (1988) Danes showed preference for forest areas that contained both 

broadleaved and coniferous stands, especially if the majority of stands were 

broadleaved. Findings of a recent  expert-elicitation study (Edwards et al. 2012) on 

recreational values of forests demonstrate positive or a bell-shaped relationship  

between recreational value and “variation between stands along the path” (for Europe 

in general and Nordic countries respectively). Finally, results of a recent choice 

experiment study performed in Poland suggest that the average respondent prefers to 

visit forests that are comprised of stands that vary in tree species composition and age 

structures (Giergiczny et al., 2015). So while a few studies indicate importance of 

variation between stands, no studies have evaluated it relative to the variation within 

stands. 
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2.3. Hypotheses of this study 

The main hypothesis of the present study is that variation matters. Not only variation 

within stands but also variation between stands affects the recreational value of a 

forest. Specifically: (1) Diversity in tree species composition across stands has a 

positive effect on recreational value; and (2) diversity in tree height across stands has a 

positive effect on recreational value. In addition, we expect preferences for tree species 

composition and height structures within the stand to follow same pattern, i.e. (3) mixed 

stands are preferred to coniferous and broadleaved stands and (4) stands with trees of 

varying height (uneven-aged stands) are preferred to stands with trees of same height 

(even-aged stands). The hypotheses are tested in two ways: by eliciting peoples’ 

preference in a CE, and by asking respondents to create their ideal forest.  

3. Method 

Discrete choice modelling is one of the main techniques used to estimate non-market 

values of environmental (ecosystem) services, including recreation (e.g. Adamowicz et 

al. 1998; Hanley et al. 1998; Scarpa et al. 2000; Hanley et al. 2002; Carlsson et al. 

2003). The method was initially developed for market analysis (Louviere et al., 2000). 

Its formulation is based on Lancaster’s demand theory (Lancaster, 1966) and 

McFadden’s Random Utility Maximization (RUM) framework (McFadden, 1973). We 

use a standard random parameter logit model with panel specification, whereby we 

allow for preference heterogeneity, see e.g. Train (1998) for details. Thereby we are 

able to estimate a utility parameter, β, for each attribute entering the estimation. 

The marginal rate of substitution between two attributes results in a marginal 

willingness to pay (WTP) when the denominator is a price. In this study, distance to be 

travelled is used instead of price and consequently willingness to travel (WTT) is being 

estimated using the following formula:  
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𝑊𝑇𝑇 =
−𝛽𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒

𝛽𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒
  

Note: it is possible to convert this to a WTP measure using a fixed cost per kilometer 

travelled(see e.g. Bakhtiari et al. (2014) for an example). 

3.1. Design of the choice experiment 

In choice experiment respondents were asked to choose between two forests for their 

next recreational visit (example of a choice card is presented in Figure 1). Each of the 

two alternatives were represented by drawings2 of a forest, each forest comprising 

three stands and the distance that one would have to travel to reach the forest. 

Presence of more than one stand in each alternative and their horizontal alignment was 

an attempt to reflect the experience of a recreational visit to a forest (visiting several 

stands) and not just a single stand. The drawings included a red pictogram to the right 

of each stand representing an adult person visiting the forest, enabling respondents to 

make a judgement on the scale and height of trees. Furthermore, each stand had a 

label containing information on tree species and their height. All of this was explained 

to respondents in the text accompanying the drawings. Finally, each choice card 

contained a possibility of opting out by choosing the “I would not visit either of these 

forests” alternative.  

                                                           
2
 The drawings of each tree are provided by Dr. Anders Busse Nielsen and are modified 

versions of those used in Nielsen et al. (2007b)  
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Figure 1: An example of a choice card. Text was in Danish, but here translated into 

English  

A full list of the attributes and attribute levels is shown in Table 1. Tree species and 

height reflected the extent of variation within a stand; from coniferous or broadleaved 

monocultures to mixed stands and from trees of the same height within a stand (newly 

established, low, and high trees) to trees of varying height. Coniferous stands are 

represented by Norway spruce, which is the most common coniferous species in 

Denmark. Similarly broadleaved stands are represented by beech, which is the most 

common broadleaved species. Mixed stands contain a mix of beech and Norway 

spruce in equal proportions. For each alternative two additional attributes were derived: 

tree species diversity and height diversity between stands. Distance to the forest site 

represents the cost factor, its levels were selected based on findings from other studies 

of stated travel distances (e.g. Jensen 2003; Bakhtiari et al. 2014).   
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Table 1: Attributes and levels with descriptions 

Attributes  Levels   Description 

Tree species  

1. Conifers* 

2. Broadleaves 

3. Mixed 

Each can take 

0, 1, 2, 3 

Number of stands of each type in the three 

stands (forest). 

Sum of all tree species for the entire forest is 

3. 

Stand height  

4. Newly established* 

5. Low trees 

6. High trees  

7. Trees of varying 

height 

Each can take 

0, 1, 2, 3 

Number of stands of each height structure in 

the three stands (forest). 

Sum of all height classes for entire forest is 3.  

8. Tree species 

diversity across 

(between) stands 

 0, 1, 2 A derived attribute  

0= if all three stands have the same tree 

species composition  

1= if two out of three stands have the same 

tree species composition 

2=if all three stands have different tree 

species composition  

9. Tree height 

diversity across 

(between) stands 

0, 1, 2  

 

Derived attribute  

0= if all three stands have the same height 

structure   

1= if two out of three stands have the same 

height structure 

2=if all three stands have different height 

structure 

10. Distance to the 

forest 

1, 3, 6, 10, 15, 21, 

28, 36 

Travel distance (km) 

* Conifers & newly established stands are the reference levels.  



 12 

The statistical design is based on three stands each of which could be one of three 

species, four height levels, and then eight travel distances. We used the software 

Ngene to create choice cards by optimizing D-efficiency for a multinomial model with 

main effects and priors estimated based on the pilot sample. The design consisted of 

24 choice situations distributed with an ex-ante D-error of 0.188306. To test the specific 

effect of variation between stands,  we  constructed two derived attributes (tree species 

diversity  and tree height diversity across stands) which were determined from the 

levels present in the three stands. As these are created by a combination of the others, 

they are in fact an aggregate of interactions and therefore not included in the D-efficient 

optimization in Ngene. To ensure balanced representation of levels of the two derived 

attributes, eight extra choice sets were constructed manually maintaining balance of 

other attributes’ levels. Furthermore, attribute levels for 12 dominant alternatives were 

changed manually3. Based on the literature review presented above, a dominant 

alternative in this case is an alternative at short distance with preferred tree species 

types and height structures based on learnings form previous studies (e.g. forest 

stands consisting of mixed or broadleaved tree species and trees of high or varying 

height). The final design thus contained 32 choice cards distributed to four blocks, so 

that each respondent was presented with eight consecutive choice sets. Evaluation of 

the final design resulted in D-error of 0.151243. The order of the choice sets in each 

block was randomized between respondents. 

                                                           
3
 Instead of doing this manually restrictions could have been included to the Ngene code. 

However, it is our experience that restrictions sometimes cause the optimization process in 

Ngene to be problematic, and testing the effect of the manual swopping in terms of balance and 

d-error provides a more efficient design 
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As the design included the derived attributes, we wanted to test whether the design 

would bias results or not. To do so, we simulated 1000 answers to all choice sets 

based on a set of a priori set beta parameters. Following, we estimated a model based 

on these simulated answers. We were able to obtain parameters in the estimation for a 

variety of a priori set beta parameters and errors.  

3.2. Data and sampling  

The choice experimental data was collected in Denmark using a structured internet-

based questionnaire. Two focus group interviews, individual interviews and an online 

pilot survey involving a total of 133 respondents were carried out in order to test the 

survey instrument, evaluate attribute levels and adjust both. The main survey was 

administered online from May 19th to June 8th 2015 and was managed by a survey 

company. The company invited members of their online panel to participate in the 

survey, ensuring representativeness of the sample. A total of 3,665 individuals 

accepted the invitation of which 1,339 respondents were screened out and excluded in 

the survey procedures to maintain representativeness in terms of gender, age, location 

and income of the respondent. From the remaining 2,326 respondents, a total of 1,226 

respondents completed the questionnaire, which equals a response rate of 53%. 

3.3. Content of the questionnaire 

The questionnaire contained five sections. The first section assessed respondents’ 

recreational behaviour including frequency of visits to the forests, type of activities, 

transportation mode and details of their last forest visit. This also served as a means to 

let them consider actively their behaviour before expressing their preferences. This was 

followed by a section assessing respondents’ knowledge about common tree species. 

Half of the respondents received a small quiz asking them to identify and name 
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common tree species from drawings and categorize them into native and non-native. 

The other half were simply given information about common tree species growing in 

Denmark. We found no significant difference between the two splits in respect to scale 

factor of evaluating levels of attributes, hence, we used a pooled sample for analysis. 

Sections three and four were aiming at capturing preferences for different forests using 

two methods: a choice experiment followed by a series of debriefing questions and an 

additional exercise where respondents composed their ideal forest for recreation 

respectively. In this additional exercise respondents were selecting three stands from a 

matrix of all drawings applied in the choice cards. The final forest could potentially 

consist of three similar stands, i.e. each stand could be chosen several times. The fifth 

section contained questions about their socio-demographic background.  

4. Results  

The socio-demographic characteristics of the samples were compared with the Danish 

population from Statistics Denmark4. We fail to reject the null hypothesis (at the 5% 

level) of equal samples for age and region, but not for gender, income, education and 

employment status (see Table A in Supplementary materials). The sample contains 

more women than in the national population, and more respondents in the lower 

income categories. Our sample has more respondents that have university degree but 

less in primary education; and more retired people but less that are in education.  

Most of the respondents (83 %) stated that they had recreational forest visits within the 

last year. The average frequency of visits is 28 times a year with a median of four times 

a year5. More than 50% of the respondents indicated that they visited forests within the 

                                                           
4
 www.statistikbanken.dk 

5 The sample contains respondents who reported visiting a forest more than 1000 times a year 

– probably they live close to forest in which they can walk several times a day. 
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last two weeks (of filling out the questionnaire). Most respondents stay in the forest for 

30-120 minutes. About 40 % of the respondents use their personal car to reach the 

forest while 13 % use bicycle and about 39 % travel on foot.  As for the mode of 

transportation that respondents considered while making decisions in the choice 

experiment, a total of 61% indicated that they made choices assuming the same mode 

of transport as in their last forest visit. The share of respondents considering traveling 

by car remains almost the same (45 %). However, the share of respondents 

considering to walk to the forest is only 21 %, and those considering to bike is 21 %. 

This might be the result of longer distances presented in the choice cards. We 

calculated the actual travel distance in their most recent recreational visit to a forest6. 

The mean travel distance is 4.2 km for walkers, 6.8 km for cyclists, and 14.5 km or 

those who used a personal car. In the choice modelling, we assume that potential shift 

in transport mode does not change the functional form for the distance parameters.  

The RPL specification used in this study assumes stable preferences for an individual 

across all choice cards (Train, 2003). Estimation was performed with 1,000 Halton 

draws in NLOGIT 5.0 software (Greene, 2012a). Between individuals, all the 

coefficients are assumed to be randomly and independently normally distributed except 

for the coefficient of distance, which is assumed to be fixed7. Tree species and height 

are dummy coded, whereas diversity indices and distance are coded linearly. A forest 

consisting of three coniferous stands is the reference for tree species, and thus 

variables ‘Broadleaves’ and ‘Mixed’ count the number of stands with broadleaves or 

                                                           
6
 In the first section of the questionnaire we asked respondents to point to location of their last 

forest visit and place of departure on a google map provided in the online interface. 

7
 A lognormal distribution of distance may be more appropriate, so we tested this and it did not 

cause any important change in the results. For ease of calculating WTT estimates, we therefore 

chose to keep it fixed.  
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mixed respectively instead (i.e. 0 to 3). For stand height, a forest consisting of 3 newly 

established stands is taken as the reference level, and the other variables like ‘Low 

trees’ are counting the number of stands in the forest from 0-3 with low trees. The 

constant of the regression, the ASC, is coded as dummy (= 1 for alternatives 1 and 2 

and 0 for the “not visiting either of the presented forests” alternative).  

Table 2 shows the parameter estimates and model performance characteristics. The 

adjusted McFadden’s R2 of the final estimation is 0.23,  which is considered as a good 

fit (Louviere et al., 2000). All estimated parameters are significant, and with exception 

of distance have a positive effect on attractiveness of forest sites for recreation. As 

expected, the coefficient for distance to a forest is negative. ASC represents a negative 

utility of visiting a forest comprised entirely of newly established coniferous stands at a 

distance of zero (with tree species diversity and height diversity across stands being 

zero).   
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Table 2: Output from Random parametric logit estimation  

Attributes Coefficient Standard error Z Prob |z|>Z*          

Broadleaves
a 

0.37*** 0.03     13.39   .0000       

Mixed
a 

0.51***       0.03    16.49   .0000       

Low trees
b
  1.07***       0.04     28.16 .0000       

High trees
b 

1.22***       0.04     28.89   .0000       

Trees of varying height
b 

1.48***       0.05     30.29 .0000       

Tree species diversity 

across stands 

0.23***      0.03     7.51   .0000      

Tree height diversity 

across stands 

0.24***       0.03      7.77 .0000       

Distance -0.10***       0.00    -32.22   .0000       

ASC -1.35***       0.14    -9.69   .0000       

Standard deviations     

Broadleaves     0.51***       0.03     15.40   .0000       

Mixed    0.29***       0.05      5.62  .0000       

Low trees 0.01 0.08      0.15   .8817       

High trees 0.56*** 0.04 12.57 .0000       

Trees of varying height 0.31*** 0.07 4.19 .0004 

Tree species diversity 

across stands 

0.27*** 0.08 3.50 .0000 

Tree height diversity 

across stands 

0.40*** 0.05 7.45 .0000 

ASC 2.52*** 0.11 23.01 .0000 

Log likelihood function               -8320.02 

McFadden Pseudo R-squared     0.23 

*** indicates P<0.001 

a)
 coefficients are for one of three stands being broadleaves or mixed instead of conifers 
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b)
 coefficients are for one of three stands being of low, high height or uneven-aged respectively 

instead of newly established  
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Table 3 presents the willingness-to-travel (WTT) estimates based on results from Table 

3 with standard errors calculated using the Delta method (Greene, 2012b). At stand 

level, we see that presence of broadleaved and mixed tree species as opposed to 

conifers would positively influence respondent’s WTT to a forest for recreation. They 

are willing to travel additional 3.62 km for having one broadleaved stand out of three 

and 4.98 km for mixed stand (in both cases instead of a coniferous stand). Thus, we 

cannot reject the 3rd hypothesis that mixed stands are preferred over pure broadleaves 

or conifers. Among stands where trees are of the same height, stands with higher trees 

are preferred over those with lower trees. People are willing to travel additional 10.38 

km and 11.85 km for seeing one stand out of three consisting of low or high trees 

respectively compared to newly established trees. Also, stands with trees of varying 

heights are favoured over stands with trees of same height, where people are willing to 

travel additional 14.35 km to experience one stand composed of trees of varying height 

compared to a newly established stand. Thus, we cannot reject the 4th hypothesis that 

stands with trees of varying height are preferred over those with trees of the same 

height. In conclusion, on a stand level respondents prefer more diverse stands both in 

terms of tree species composition and height structure.   
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Table 3: Estimated mean WTT and WTP across all respondents
a
 

Attributes WTT, km Standard 

error 

95% Confidence 

interval 

WTP
b
, 

DKK 

Broadleaves 3.62*** 0.27 3.10 - 4.15 14.48 

Mixed 4.98*** 0.30 4.39 – 5.57 19.92 

Low trees 10.38*** 0.34 9.72 – 11.05 41.52 

High trees 11.85*** 0.35 11.16 – 12.53 47.40 

Trees of varying height 14.35*** 0.41 13.55 – 15.16 57.40 

Tree species diversity across 

stands 

2.27*** 0.30 1.68 – 2.85 9.08 

Tree height diversity across 

stands 

2.30*** 0.32 1.67 – 2.94 9.20 

Note:  

a) 
The WTT for ASC is -13.5 km. Analytically this equals visiting a newly established coniferous 

forest. 

b) 
WTP was calculated using a transport conversion factor where 1 km = 4 DKK (“Federation of 

Danish Motorists in Denmark (FDM),” n.d.).  
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Variation in tree species and in height between stands positively affects the 

recreational attractiveness of the forest. People are willing to travel 2.27 km extra to 

reach a forest in which only two out of three stands are of the same tree species 

composition relative to of all of them being of the same species. Similarly, they are 

willing to travel 2.30 km extra to visit a forest in which two out of three stands have the 

same height instead of all of them having the same height. Thus, we cannot reject the 

first two hypotheses.  

The next question is if diversity between stands can outweigh diversity within a stand. 

As it is evident from Table 3, this depends on the exact composition of the forest, which 

in this case is limited to tree species composition and height of each stand. With levels 

of these attributes established for this study (Table 1) and forest assumed to be 

comprised of three stands, there are 364 possible forest combinations (where the order 

of forest types does not matter). We calculate the aggregated willingness to travel 

(AWTT) for each of these possible forests using the following formula: 

𝐴𝑊𝑇𝑇 = 𝐴𝑆𝐶 + ∑𝑊𝑇𝑇𝑖 ∗ 𝑁𝑖                                                                              

Where: i=attributes (WTT for each attribute), and N is the level of attribute (see Table 1 

column 2). 

First we calculate AWTT using sample mean WTT from Table 3. For example, applying 

the above equation  to a forest consisting of two stands of mixed tree species of 

varying height and one high broadleaved stand (Figure 2b) results in following: 

AWTT=ASC + 1*WTTbroadleaves + 2*WTTmixed +1*WTThigh_trees + 2*WTTtrees_of_varying_height + 

1*WTTtree_species_diversity_across_stands +1*WTTtree_height_diversity_across_stands = 45.2 km.  

Forest consisting of three stands with tree species of varying height (Figure 2a) has 

slightly lower AWTT (44,5 km), but the difference is not significant. A forest with 



 22 

maximum species diversity across stands but no height variation has a little lower 

AWTT of 35.2 km (Figure 2c), whereas a forest with maximum height diversity and no 

species diversity is a lot lower (24.2 km, Figure 2d). Figure A in the supplementary 

materials shows the distribution of AWTT for all 364 combinations for a sample mean 

WTT, and as is seen a number of them lie relatively close. 

 

Figure 2: Examples of forests representing different combinations of tree species, stand height, 

tree species diversity, and height diversity. Note that each forest is assumed to be comprised of 

three stands. 

To analyse heterogeneity in this respect, we also calculate every respondent’s AWTT 

for each of the 364 possible forests combinations of three drawings using the posterior 

individual coefficients from the RPL estimation and AWTT equation. Only 14 % of 

respondents chose a combination consisting entirely of stands of trees of mixed 

species and varying height (Fig. 2a). Thus, diversity across stands matter, and may 

outweigh diversity within a stand. In most cases however, presence of high trees or 

trees of varying height with species variation between or within stands results in an 

AWTT in the high end.  

As a consistency check of findings from the choice experiment, we use the result of 

people’s constructed ideal forest. As shown in Table 4 around 50 % of the respondents 

composed a forest, which consists of drawings that represent either two types of tree 

44.5 Km 45.2 Km 

35.2 Km 24.2 Km 



 23 

species or two types of height structures. 95 % of the respondents composed an ideal 

forest with an estimated AWTT, which lies within a 95 % confidence interval of the 

AWTT for the most preferred forest estimated based on the posterior beta parameters 

from the CE. Thus, the construction of ideal forest supports the findings of the choice 

experiment that variation between stands matter.  
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Table 4: Results from creating the ideal forest exercise: percentage of respondents considering 

levels of diversity in tree species composition and height in three stands they chose 

Level of diversity across three stands Attribute 

Tree species 

composition, % 

Tree height, % 

“0” – All three stands share the same 

level of the attribute 

19.5 33.3 

“1” – 2 stands have different levels 48.1 51.9 

“2” – All 3 stands have different levels 32.4 14.8 

 100.0 100.0 
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5. Discussion  

This study aims at evaluating the effect of variation in two forest characteristics (tree 

species composition and tree height structure) both within a stand and between stands 

on recreational value of a forest. Different levels of these two forest characteristics 

define the management (silvicultural system) that is being applied. Thus, the main 

motivation is to contribute to the understanding of how forests can be managed in order 

to better accommodate societal recreational preferences.  We found that, within a given 

stand, mixed tree species are preferred to broadleaved and broadleaved are preferred 

to coniferous. In general, stands comprised of higher trees are preferred to those 

consisting of lower ones and stands of trees of varying height are preferred to stands of 

tree with same height. This is consistent with findings of previous studies (e.g. Ribe 

1989; Nielsen et al. 2007b; Gundersen & Frivold 2008; Giergiczny et al. 2015).  

If these findings were to be extrapolated from stand level to forest level without any 

additional considerations, the preferred forest would be comprised entirely of similar 

stands of uneven-aged mixed tree species. The question is whether a forest like this 

would have the highest recreational value? In order to analyse the effect of variation 

between stands on recreational value of a forest; our study’s choice experiment 

specification also contained two diversity indices (tree species composition and height) 

that reflect variation between three stands. We find that both diversity in tree species 

and height structure between stands are positively contributing to individuals’ choice of 

a forest to recreate in. The estimates for both diversity measures across stands are 

approximately of the same magnitude. For tree species composition, the magnitude of 

diversity between stands is compatible with the difference between two levels of 

variation within stand (broadleaved monocultures and mixed tree species) which 

indicates that in some instances monocultures could be preferred over mixed stands. 

We see that a forest comprised of three similar stands of mixed tree species gives a 
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slightly lower AWTT than one consisting of two stands of mixed tree species and one 

broadleaved monoculture stand. Regarding height (age), the diversity across stands is 

not enough to outweigh the difference in AWTT within a stand. However, considering 

the uncertainty in the estimates, the differences are not significant, leading us to 

conclude that variation between stands with regard to both height and species, can 

outweigh lack of variation within a stand and vice versa. 

This study assumes that variation between stands contributes linearly to utility. 

However,  Axelsson-Lindgren (1995), Ode & Miller (2011) and Edwards et al. (2012a) 

find that too much or too little diversity may have a negative effect on the recreational 

value of forests. To allow for a different functional form two additional models were 

estimated: a) with a log specification of the diversity indices which can reflect 

diminishing marginal utility and b) a specification with dummy coding of diversity. In 

doing so, only minor improvements have been reached in terms of the log-likelihood 

function (by four units in log specification and seven units in dummy specification) from 

the original linear specification; and it does not lead to different conclusions. 

Consequently, assuming linearity seems reasonable.  

In this study we showed respondents three stands beside each other. It is possible that 

the absolute positioning (left, middle, right) as well as the relative one (what is next to a 

given stand) matters for the variation measures. While we find no significant difference 

between attributes allowing them to vary between absolute positioning, we do find that 

relative positioning may have an effect89. However, this was not included in the design 

of the survey, and as we are talking about third-order interactions, without explicit 

                                                           
8
 We tested it by creating a dummy for whether the stand next to a given one was identical or 

not, and then interacting this with the diversity measures.  

9
 These two extra models can be obtained from authors upon request. 
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consideration in the design, results may be biased. To what degree respondents took 

specific positioning into account is unknown – we only know for certain that they were 

asked to consider each stand as a representation of proportion of a forest. In order to 

fully answer this issue, we would need other ways to present the forest structural data, 

e.g. based on video visualizations or actual habits.  

Basing the study on drawings involves a level of abstraction, which is higher than if 

photos were used. However, it makes the illustrations less sensitive to light conditions 

and positioning of individual trees and easier to control different aspects of the content 

and thus was considered as more suitable for this study. Yet, other options exist, which 

may improve respondents’ ability to better capture the reality. One such option is to 

invite respondents into an actual forest and let them chose their most preferred 

recreational paths. Also, findings could be checked by performing comparison with 

actual recreational habits of respondents. We leave such possible extensions to future 

research.  

An obvious question is to what degree these findings can be transferred to other 

countries. Looking at the results from Edwards et al (2012a) comparing preferences for 

forest structure for recreation by a Delphi study, tree size and species variation are 

some of the important attributes in most countries investigated. This speaks for results 

being transferable. The study is carried out in Denmark; a country where forestry has 

been dominated by even-aged monocultures. Consequently, it is likely that this 

anchoring would make the preference for variation between stands more pronounced. 

But to what degree remains an open question. 

In this study we focused on recreational values of variation. However, people may have 

other values associated with variation in height or species – namely a non-use value in 

the form of e.g. naturalness (see e.g. Czajkowski et al. (2009), Campbell et al. (2014)). 
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It is unlikely that they are distinguishable from recreational values per se, but by 

focusing on transport distance as in this study we are likely to have higher emphasis on 

only the recreational values than in e.g. Nielsen et al. (2007) or the above mentioned 

studies using a monetary payment vehicle. 

Findings of this study contribute to the on-going debate regarding the choice between 

even-aged or uneven-aged forest management and add to the question of striking a 

desired balance between public goods and production of timber. On one hand, stands 

of uneven-aged mixed tree species provides the highest variation within a stand and is 

on average the most preferred option at that level, supporting the argument for close-

to-nature management or at least application of selection silvicultural systems. On the 

other hand, variation between stands also positively contributes to recreational value of 

forest. One could suppose that if close-to-nature forestry is implemented everywhere, it 

might reduce the variation on a forest level and result in loss of a portion of the 

recreational value. Even though results of the current study do not support a 

hypothesis that a mix of stands in different ages of clear-cut forestry is preferred on a 

between stands level, presence of least favoured stands is unavoidable and could be 

beneficial for recreation due to inter-stands variation. Also, trees in mature age in even-

aged forest management are associated with relatively high recreational value. Thus, 

for management it suggested to promote both types of variation (within and between 

stands) through a variety of forest characteristics and management regimes. Finally, 

since variation is important for the recreational experience, the management should 

also allow the visitor to experience other types of variation, e.g. visual transparency 

allowing the visitor to observe geological and topographical variation.     
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