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A B S T R A C T   

Understanding public perceptions on how management can help adapt forests to climate change is fundamental 
to the design of socially-acceptable policies. A binary discrete choice experiment in Norway and Sweden was 
conducted to elicit public preferences for biodiversity-augmenting changes in three forest management attributes 
(set-aside, proportion of uneven-aged tree stands, and number and type of tree species) compared to typical status 
quo conditions in family-owned production forests. Importantly, how self-constructed psychological (spatial, 
social, temporal and hypothetical) distances to climate change were associated with management preferences 
was investigated. Following integrated choice and latent variable modeling approaches to account for their la-
tency, our econometric results show that closer psychological distances to climate change were associated with 
increased support for biodiversity-augmenting changes in management attributes from status quo conditions of 
family-owned production forests. On average, the Norwegian public preferred larger set-asides and introducing 
one more broadleaved species, while the Swedish public favored changes in all attributes. The highest utility was 
derived from increasing set-aside areas from the status quo (5%) to 10% and 20% in both countries with 
respective average WTP of about 10 to 11 EUR/month in Norway, and approximately 10 to 14 EUR/month in 
Sweden. Findings point to universal acceptability of increasing set-aside areas in both nations, and public 
approval for uneven-aged and mixed forest management in Sweden.   

1. Introduction 

Management has an integral role in supporting the capacity of forest 
ecosystems to mitigate and adapt to climate change. Land management 
strategies that increase the storage of carbon on land, and utilization 
that supports long-term carbon fixed in wood products, are recognized 
for their potential to reduce net greenhouse-gas emissions (Behr et al., 
2015; Geng et al., 2017; IPCC, 2023). Public policy can enhance the 
forest sector’s capacity to mitigate and adapt to climate change impacts 
by promoting, among others, silvicultural practices that reduce the in-
tensity of timber harvesting and promote diversity in age and species 
composition, and in adopting cascade-use principles along the wood 
product value-chain (FAO, 2018; Verkerk et al., 2022). 

The ‘New EU Forest Strategy for 2030’ aims to adapt Europe’s forests 

to the new conditions, weather extremes and high uncertainty brought 
about by climate change (European Comission, 2021). The Strategy 
stresses biodiversity conservation goals over the supply of products 
sourced from European forests. Among other considerations, the Strat-
egy maintains that the possible loss of forest carbon sinks are unsur-
mountable to the benefits of additional carbon fixed in forest products, 
and silvicultural practices such as clear-cutting should only be used 
exceptionally (European Commission, 2021). However, reducing timber 
harvest to enhance forest carbon stocks and biodiversity may decrease 
wood product supply and its substitution potential with non-renewable 
or carbon-intensive products. It could plausibly lead to long-term 
decline in biome carbon storage due to lower investments in forest 
management (Duncker et al., 2012; IPCC, 2019). Such trade-offs may 
impair the social welfare of some stakeholders, particularly those 
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dependent on active forest management activities, timber harvest and 
industrial processing (Howe et al., 2014). The European forest industry 
and forest owners have criticized the Strategy for being excessively 
centralized and misinformed of the importance of wood products in 
achieving carbon neutrality (Gordeeva et al., 2022; EUSTAFOR, 2021). 

Motivated by this policy background and the fundamental role of 
understanding public preferences in the design of socially-acceptable 
forest management (Eriksson et al., 2013), we implemented a discrete 
choice experiment to elicit public preferences and willingness-to-pay 
(WTP) for biodiversity-augmenting forest management considering 
climate change beliefs. We surveyed the adult populations of Norway 
and Sweden, two Nordic European countries with a high share of family- 
owned forested area where production-oriented management practices 
are common. We focused on the general public as the largest stakeholder 
to forest management, anchored in longstanding Fennoscandic social 
and legal traditions (Bengtsson, 2004; Sheppard and Meitner, 2005). 
Both countries are endowed with boreal forests vulnerable to climate 
change, but also of considerable adaptation potential through alterna-
tive biodiversity-augmenting practices (Hof and Svahlin, 2016; Högberg 
et al., 2021; Reich et al., 2022). We inferred WTP for selected attributes 
using an increase in monthly taxes as an instrument that could channel 
resources to compensate landowners for likely losses in timber-related 
revenues. Specifically, we framed this compensation aimed at family- 
owned production forests as being the largest ownership class in both 
nations (Nordic Forest Research, 2020). Family-owned production for-
ests account for 78% (5,453,236 ha) and 48% (11,374,000 ha) of pro-
duction forests – defined as forested area with timber growth of more 
than 1m3/ha/year – in Norway and Sweden, respectively (Official sta-
tistics of Sweden, 2022; Statistics Norway, 2022). 

This study generates empirical results to inform a current forest 
policy issue, and makes a direct contribution to current understanding of 
how psychological distances to climate change as comprehensive mea-
sures of one’s climate beliefs are associated with stated forest manage-
ment preferences. Climate beliefs are known determinants of support for 
climate policy (Bergquist et al., 2022; Bumann, 2021; Drews and van 
den Bergh, 2016), but these have been understudied when examining 
forest management preferences. It remains a major knowledge gap 
considering the high level of European concern for climate change and 
the pivotal roles of forest management in climate strategies (European 
Commission, 2020). Here, we employed psychological distances to 
climate change to comprehensively measure how climate beliefs 
econometrically explain stated choices (Spence et al., 2012; Trope and 
Liberman, 2010). To the best of our knowledge, this is the first study to 
investigate the association between psychological distances to climate 
change and stated preferences for forest management. Next, we describe 
the theories framing our study, and our empirical approach to answer 
the following research questions: (1) what are the public’s preferences 
for selected attributes that constitute forest management strategies? (2) 
what are the statistical relationships between psychological distances to 
climate change and stated choice for forest management strategy? 

2. Theoretical framework 

2.1. Extended random utility 

Random utility maximization offers a framework to study explana-
tory factors to stated preferences using discrete choice experiments. In 
an experimental setting, choices made by participants from mutually 
exclusive and exhaustive alternatives can help discern their underlying 
preferences (Train, 1986). Preferences are subjective and comparative 
evaluations of alternatives that can be expressed in a utility function 
under completeness and transitiveness axioms, where utility is a latent 
variable manifested in observed choices (Ben-Akiva et al., 1999; Varian, 
1992). Random utility maximization posits that a rational utility- 
maximizing individual chooses an alternative that yields the highest 
utility among a set of given alternatives (McFadden, 1980). 

Utility functions have been conventionally considered as invariant 
and specified in terms of observable characteristics, such as attributes of 
the alternatives and individuals’ socio-demographic characteristics 
(McFadden, 2001). However, decision-making is a process highly 
dependent on a variety of factors, such as the context of decision-making 
situation and behavioral constructs of an individual including motiva-
tion, attitudes, perceptions, and beliefs (Ben-Akiva et al., 1999; 
McFadden, 2001). An individual’s behavioral constructs have profound 
effects in the decision-making process (Ben-Akiva et al., 1999). Several 
extended frameworks of choice models explicitly include behavioral 
constructs as viable elements of utility function (see: e.g. Ben-Akiva 
et al., 2002; Morikawa et al., 2002). The incorporation of behavioral 
constructs in choice models can increase construct validity and 
explanatory power of the models (Faccioli et al., 2020; López-Mosquera 
and Sánchez, 2012; Shan et al., 2019). 

Discrete choice experiments (DCEs) grounded on random utility 
maximization have been extensively used to elicit preferences for 
environmental goods and programs (Johnston et al., 2017). Yet, DCE 
studies in environmental domains infrequently incorporate behavioral 
constructs in their econometric models. Some studies reported evidences 
that environmental values and attitudes construct preferences (Aguilar 
et al., 2018; Börger and Hattam, 2017; Choi and Fielding, 2013; Faccioli 
et al., 2020; Hoyos et al., 2015; Milon and Scrogin, 2006; Ouvrard et al., 
2019). Somewhat recently, factors behind theory of planned behavior 
(attitudes, subjective norms, perceived behavioral control) have been 
used as predictors to the intention to perform environmentally-minded 
behaviors (Ajzen, 1991; Börger and Hattam, 2017; Nocella et al., 
2012; Ouvrard et al., 2019; Shan et al., 2019). However, there is a lack of 
agreement on how beliefs are associated with forest management pref-
erences in the particular context of climate change adaptation and 
mitigation. 

2.2. Psychological distances to climate change and preferences for forest 
management 

Psychological distances (PDs) are built upon construal level theory 
which posits that PDs are formed at multiple levels of an individual’s 
mental construals of particular events (Trope and Liberman, 2010). PDs 
refer to the extent to which an individual evaluates an event as nearby or 
far from one’s self, place, and the moment where one is; an event is 
likely to be perceived as more psychologically distant when it is 
construed at higher levels (Trope and Liberman, 2010). PDs are 
comprised of four dimensions: temporal distance representing the extent 
an event is perceived as temporally near or far; spatial distance repre-
senting geographical distance to an event; social distance representing 
perceived distance of an event to social groups to which one belongs; 
and hypothetical distance referring to perceived probability that an event 
will happen (Liberman and Trope, 2014). These distances are not con-
stant but subject to change by new information and events (Keller et al., 
2022). Multiple dimensions of PDs to climate change can overlap and 
change simultaneously (Maiella et al., 2020; McDonald et al., 2015). 

PDs to climate change are considered viable determinants of support 
for climate actions and their four dimensions can overlap and change 
simultaneously (Maiella et al., 2020; McDonald et al., 2015). It has been 
argued that closer PDs to climate change lead to increased support for 
climate action (Van Lange and Huckelba, 2021). Plausibly, closer PDs to 
climate change may lead to greater willingness to endorse mitigation 
and adaptation behaviors (Maiella et al., 2020; McDonald et al., 2015), 
pointing to their social acceptability. Several studies (Jones et al., 2017; 
Singh et al., 2017; Soliman et al., 2018; Spence et al., 2012) have re-
ported that climate change being perceived as closer in at least one 
dimension is associated with stronger intentions to adopt pro- 
environmental behaviors, including increased support for climate pol-
icy. Raising awareness on the proximity of PDs to climate change can 
increase public engagement and support for adaptive policy (Lee et al., 
2020; Scannell and Gifford, 2013; Van Lange and Huckelba, 2021). In 
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the context of our study, discerned relationships between PDs to climate 
change and DCE choices reflect on the overall association between 
perceptions of climate change proximity and preferred forest manage-
ment strategies. 

3. Methods 

Our methods included the development of a survey that incorporated 
a DCE following an orthogonal main-effects design. The DCE allowed us 
to elicit preferences for biodiversity-augmenting changes in selected 
forest management attributes, which were selected based on their 
prospect to adapt and mitigate climate change in the specific context of 
European Nordic forests of Norway and Sweden. The survey included a 
battery of questions to measure PDs to climate change. Socio- 
demographic information (e.g. gender, income, education level) was 
collected at the end of the survey. Self-reported survey data were 
gathered from a random sample of the adult population of Norway and 
Sweden and were analyzed using integrated choice and latent variable 
models. 

3.1. Binary discrete choice experiment 

The DCE was structured as a binary choice between two forest 
management profiles: one representing the status quo and another as an 
alternative strategy. We chose this relatively parsimonious design 
because it can increase response efficiency and consistency by relieving 
respondent fatigue. Our selection for a binary choice design also aimed 
at facilitating participants’ evaluation of clear contrasts between the 
status quo and varying alternative strategies. Further, a binary DCE is 
incentive-compatible1 (i.e. a truthful response to a question is the actual 
optimal strategy for a respondent) in the context of a public good, and its 
convergent-validity has been supported in empirical analyses (Carson 
and Groves, 2007; Weng et al., 2021). 

In the survey, the DCE was preceded by descriptions of prevalent 
forest management practices denoting status quo conditions, and 
descriptive information on how management could advance climate 
mitigation and adaptation goals. For instance, we explained that net 
carbon emissions might be reduced by increased harvest as it can create 
forest structures that sequester carbon more efficiently and in more 
forest products; increased biodiversity could enhance resiliency of for-
ests to climate disturbances. Explanations were accompanied by visual 
images to standardize knowledge. We also identified potential trade-offs 
when deviating from the status quo to alternative management attri-
butes. For example, we explained that increasing set-aside areas from 5 
to 10% may increase forest biodiversity, but may also decrease wood 
production, income to landowners, and tax revenues. 

Three attributes described status quo and alternative forest condi-
tions in the DCE: set-aside, tree age variation, tree species composition. 
Our attributes and levels – including those corresponding to 
biodiversity-increasing changes from the status quo – are outlined in 
Table 1. Base levels defined status-quo production-oriented management 
practices in Norway and Sweden. Alternative strategies had at least one 
attribute level that differed from the status quo. They represent scenarios 
for augmented forest biodiversity in comparison with the status quo, 
such as larger tree age class variability or species composition, but with 
plausible reduction in wood product supply. 

The identification of attributes and selection of levels was done after 
reviewing the scientific literature on family-owned production forest 
management (Gundersen and Frivold, 2008), and validated after 
consultation with Norwegian and Swedish forestry experts. Set-aside 
was defined as an area that a forest owner decides not to harvest to 
maintain biodiversity and growth of old-aged trees. Setting aside 5% of 
the total forest area was defined as a base level as it is the minimum 
requirement to be granted forest certification which is ubiquitous in 
commercially-managed Norwegian and Swedish forests (FSC, 2019; 
PEFC, 2022); alternative levels were 10% and 20%. Tree age variation 
was defined as variation in ages within a forest stand and expressed as 
proportions of even-aged and uneven-aged stand. Commercial forests in 
Norway and Sweden are dominated by even-aged stands (Savilaakso 
et al., 2021). Base levels corresponded to 70% of all forest stands as 
even-aged in Norway, and 90% of all forest stands as even-aged in 
Sweden; alternative levels were commonly defined as increasing the 
proportion of uneven-aged forest by 10% and 20% from the base level. 
Tree composition was operationalized as types and number of dominant 
tree species in a forest stand. Following the prevalent monoculture of 
coniferous species (e.g., Picea abies – Norway spruce or Pinus sylvestris – 
Scots pine) in Norwegian and Swedish production forests (Felton et al., 
2016), we set base level as one coniferous specie; alternative levels were 
defined as adding a coniferous or a broadleaved species to the base level. 

A fourth attribute in the DCE captured WTP for changes in forest 
management attributes instrumentalized as an increase in monthly 
taxes. These revenues would be used to compensate family forest owners 
for costs and revenue losses associated with changes in forest manage-
ment attributes. Respondents were informed that remaining at the status 
quo will not cause an increase in monthly taxes. This payment instru-
ment was chosen as one likely to be perceived as real and binding is 
required, along with information on who pays and payment methods 
and amounts (Johnston et al., 2017). Hypothetical taxation ranged 
across six levels from 0 to 500 NOK/SEK per month. 

An orthogonal main-effects experimental design was used to 
generate our binary choice sets (Kuhfeld, 2010). Our experimental 
design had a final statistical D-efficiency of 1.16 and contained 25 choice 
sets. We divided the DCE design into five blocks of five choice sets each 
to increase response efficiency without influencing expected utilities 
(Kuhfeld, 2010). A respondent was asked to answer only one complete 
block of five choice sets. We randomized the five blocks in an effort to 

Table 1 
Attributes, descriptions and levels used in the design of the discrete choice 
experiment.  

Attribute Description Levels 

Set-aside Areas that forest owners 
voluntarily decide not to harvest  

• 5% (base)  
• 10%  
• 20% 

Tree age 
variation†

Age variation within a group of 
trees in a forest stand  

• 90% even-aged stand 
(base), 10% uneven-aged 
stand  

• 80% even-aged stand, 
20% uneven-aged 

stand  
• 70% even-aged stand, 

30% uneven-aged 
stand 

Tree species 
composition 

Type and number of dominant tree 
species in a forest stand  

• One conifer (base)  
• Two conifers  
• One conifer and 

one broadleaved 
Monthly tax Tax paid to subsidize the 

implementation of a new forest 
management strategy  

• 0 (base), 50, 100, 200, 
350, 500 NOK(SEK)/ 
Month₸  

† 70% even-aged stand, 30% uneven-aged stand; 60% even-aged stand, 40% 
uneven-aged stand; 50% even-aged stand, 50% uneven-aged stand for the 
Norwegian survey considering its national context. 

₸ 1 NOK = 0.086 EUR (€); 1 SEK = 0.084 €. 

1 Incentive-compatibility requires other conditions, including (1) the survey 
question is consequential, i.e. the respondent interpret the result of survey as 
actually influencing one’s action and should care about the consequence of the 
action; (2) the payment instrument is coercive; (3) the choice sets in DCE are 
independent; (4) at most one policy can be implemented; (5) one-to-one cor-
respondence between the alternative strategy and possible policy, i.e. the 
alternative strategy in a choice set exactly describes only one possible policy 
(Carson and Groves, 2007; Vossler et al., 2012). 
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collect same number of samples for all blocks. Our questionnaires 
including a block of DCE sets are available as Supplementary 
Information. 

3.2. Measurement of psychological distances to climate change 

Items measuring PDs to climate change were adapted from Jones 
et al. (2017) and Spence et al. (2012) (Table 2). Following Maiella et al. 
(2020) and McDonald et al. (2015), we measured all four dimensions to 
allow testing mutual influences. Respondents were asked to use a 1 to 7 
Likert scale (1 = strongly disagree, 4 = Neither agree nor disagree, 7 =
strongly agree) to express agreement to each statement. 

3.3. Survey and data collection 

The survey was developed in English and translated to Norwegian 
and Swedish by native-speakers with expertise in the forest sector. It was 
pre-tested with about 20 individuals resembling our target population. 
We distributed our survey after amending several questions and de-
scriptions for clear layperson understanding following the pre-test. Our 
sample was comprised of Norwegian and Swedish residents at least 18 
years old. Data collection was conducted online by the market research 
company Syno International (2022) using consumer panels between 
June and July 2022. Online surveys may be susceptible to over- 
representation of certain demographic groups, but allow collecting 
samples at a relatively lower cost and higher response rates than mail 
surveys (Barrios et al., 2011; Kwak and Radler, 2002). Previous DCE 
studies have successfully applied online consumer panels to elicit WTP 
estimates for forests and other natural resources (e.g. Aguilar et al., 
2018; Giergiczny et al., 2015; Weller and Elsasser, 2018). Our survey 
had a final response rate of 46% for Norway and 53% for Sweden. 1420 
Norwegians and 2889 Swedish were invited to the online survey, and 
660 responses and 1517 responses were collected, respectively. Johnson 
and Orme (2010) suggests (n × t × a)/c ≥ 1000 as a general guideline to 
determine the sample size for a main-effects DCE, where n is the sample 
size, t is the number of choice sets per respondent, a is the number of 
alternatives per set and c is the largest number of levels for an attribute. 
A sample size exceeding 600, thus, sufficed to statistically generalize 
findings to Norway and Sweden in case of our DCE design. 

3.4. Econometric analysis 

Survey data were analyzed using an integrated choice and latent 
variable (ICLV) approach to econometrically model how participants’ 
choices were explained by DCE attribute levels underlying utility, and 
the association of PDs to climate change with the probability of choosing 
a particular alternative management strategy as latent explanatory 
factors. Our ICLV approach consisted of a measurement equation for 
latent PDs to climate change, a structural equation that explains latent 
PDs to climate change by observed socio-demographic characteristics, 
and a choice modeling equation that includes DCE attributes, latent PDs 
to climate change and observed socio-demographics as its components 
(Fig. 1). 

An ICLV is a suitable method to implement an extended random 
utility maximization framework as it contains latent psychometric 
explanatory variables to choice (Ben-Akiva et al., 1999). Earlier studies 
have incorporated psychometric items directly into a latent utility 
function (Aguilar et al., 2018; Börger and Hattam, 2017; Shan et al., 
2019), but this approach may be susceptible to inconsistent estimators, 
endogeneity, and/or inefficient estimators (Hoyos et al., 2015; Kim 
et al., 2014). ICLV avoids these issues when combining a latent variable 
model with discrete choice models and using a simultaneous estimation; 
the latent variable model allows identifying latent psychometric vari-
ables from sets of measurement items and capture the associations be-
tween latent psychometric variables and observed socio-demographic 
variables (Kim et al., 2014). Several empirical studies have applied ICLV 
to analyze discrete choices including latent psychometric variables 
(Alemu and Olsen, 2019; Groothuis et al., 2021; Soto et al., 2018). 

Our ICLV estimation procedures are described in detail next. We 
implemented confirmatory factor analysis (CFA) on each country sam-
ple to compare our measurement of PDs to climate change with the 
conceptual four-dimensional structure, prior to ICLV estimations. CFA is 
an appropriate method to check the measurement of latent variables 
with strong prior notions (Hair et al., 2010). Standardized factor 
loadings>0.7, composite reliability>0.7, average variance extrac-
ted>0.5, heterotrait-monotrait discriminant validity<0.85 were used as 
fitness thresholds to evaluate our CFA solutions (Brown, 2015; Hair 
et al., 2010; Henseler et al., 2015). 

CFA solutions guided our specification of ICLV measurement equa-
tion as follows: 

Iik = γPDi + ξi; ξi ∼ N(0, 1), (1)  

where Iik denotes the observed response of individual i on k-th mea-
surement item of PDs to climate change, PDi denotes latent PDs to 
climate change, γ is a parameter vector to be estimated, and an error 
term ξi following a standard normal distribution. Iik has ordered discrete 
values since PDs to climate change were measured using a 7-point Likert 
scale. Thus, we used an ordered probit link function in our measurement 
equations with threshold parameters τ1 … τ6: 

Ik =

⎧
⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

i1

i2

⋮

i7

− ∞ < PDi ≤ τ1

τ1 < PDi ≤ τ2

⋮

τ6 < PDi ≤ − ∞,

(2)  

where i1 < i2 … < i7 denote observed discrete values for k-th mea-
surement item in Ik. 

The structural equation examined the associations between latent 
PDs to climate and socio-demographic variables. It is specified in a linear 
form: 

PDi = ρZi + εi , (3)  

where Zi is a vector of individual-specific socio-demographic variables, ρ 
is a parameter vector to be estimated, and εi an idiosyncratic error term. 

Table 2 
Measurement items of psychological distances to climate change.  

Dimensions Variable Items†

Spatial Sp1 I believe climate change is likely to affect the local area 
where I live  

Sp2 I believe climate change is likely to affect the country 
where I live  

Sp3 I believe the effect of climate change is worse in other 
parts of world 

Social So1 Climate change will affect me and my family  
So2 Climate change will affect people whose income is 

similar to mine  
So3 Climate change will affect people whose income level is 

lower than mine 
Temporal Tem1 I believe climate change is happening now or will 

happen in my lifetime  
Tem2 I believe climate change will not happen in my lifetime, 

but sometime in future generations  
Tem3 I believe climate change is not likely to happen, and 

even if it does it might be in a remote future 
Hypothetical Hyp1 I am uncertain that climate change is really happening  

Hyp2 I am certain about the negative consequences of climate 
change  

Hyp3 I believe there is a substantial agreement among 
scientists that climate change is happening  

† Self-reported items measured in 7-point scale (1 = Strongly disagree, 4 =
Neither agree nor disagree, 7 = Strongly agree). 
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Our econometric modeling of the probability of the ith individual 
choosing an alternative strategy (Y = 1) over the status quo (Y = 0) was 
expressed as a random-effects binary logit (RE), since a central premise 
of our DCE is that a respondent chooses an alternative strategy if it 
provided a higher utility than the status quo, otherwise the status quo was 
chosen. This can be expressed as: 

Prob
(
Yij = 0, 1|Xj,PDi, Zi

)
=

exp
(
ωα + βXj + θPDi + δZi + vi

)

1 + exp
(
ωα + βXj + θPDi + δZi + vi

), (4)  

where j refers to choice sets presented to the ith participant, α denotes 
monthly tax attribute of alternative strategy at choice j, Xj denotes non- 
monetary DCE attributes vector of the alternative strategy at choice j, 
and ω, β, θ, and δ are parameters to be estimated. 

Eq. 4 included an error component at the ith level (vi) that follows a 
normal distribution and is assumed to be uncorrelated with other 
explanatory variables (i.e. random-effects for every individual) (Train, 
2009; Wooldridge, 2010). Use of random-effects is not common in the 
analysis of DCE data but justified in our case of binary discrete choice 
(Conaway, 1990; Kjaer, 2005). The inclusion of this idiosyncratic term is 
due to the panel structure of our data since every respondent answered 
five choice tasks. Random-effects is one way to control for unobserved 
individual-specific effects in panel models (Wooldridge, 2010). Several 
studies, largely within health economics, have empirically applied RE to 
analyze binary DCE data (Černauskas et al., 2018; Chavez et al., 2020; 
Tappenden et al., 2007). Indeed, RE can be considered as a simplified 
mixed logit where choice probability is the mixture of a logistic distri-
bution and a normal distribution (specified for the error component vi), 
with DCE parameters (β) fixed across individuals (Brownstone and 
Train, 1998; Greene and Hensher, 2007; Train, 2009). ICLV estimates 
eqs. 1 to 4 simultaneously using maximum likelihood. We estimated 
ICLVs for the Norwegian and Swedish sample separately, with standard 
errors clustered at ith level to reflect on the multiple choices observed per 
respondent. 

As a degree of robustness to our results regarding attribute prefer-
ences and WTP, we also ran a more parsimonious RE to our DCE re-
sponses with attributes and socio-demographic variables as its 
systematic components. This RE model that excluded PDs (partly due to 
empirical challenges in computational estimation) allowed us to discern 
whether DCE attribute coefficients were statistically different between 
countries. We implemented Chow-like test of equality of coefficients 
(Chow, 1960) after pooling Norwegian and Swedish data to test the null 
hypothesis (H0): 

βP = βN = βS, (5)  

where βP is a coefficient vector from the pooled data, βN is a coefficient 
vector from the Norwegian data, βS is a coefficient vector from the 
Swedish data, and alternative hypothesis (H1) being βP ∕= βN ∕= βS. 

Post ICLV and RE estimations, we calculated marginal willingness-to- 
pay (MWTP) to quantify the perceived utility for DCE attributes (Juu-
tinen et al., 2014). It can be used to assess trade-offs an individual makes 
in his or her choice between the attribute levels (Boxall et al., 1996). 
MWTPs were obtained as marginal rate of substitutions between non- 
monetary attributes and monthly tax attribute: 

MWTPm = −

(
β̂m

ω̂

)

∀m ∈ M. (6)  

where M = {set-aside, tree age variation, tree composition} and m are its 
elements, β̂m and ω̂ denotes estimated coefficients for non-monetary 
DCE attributes and the monthly tax attribute from eq. 4, respectively. 
All estimations were conducted in Stata MP 18.0. 

4. Results 

4.1. Descriptive statistics 

Table 3 shows descriptive statistics of our sample which can 
considered as an adequate representation of the adult population in both 
countries. Our sample had nearly equal gender representation with a 
slightly higher proportion of males. The average respondent age was 
about 45 in both countries. Some 42% of Norwegian and 38% of Swedish 
respondents self-reported having a bachelor’s or higher academic de-
gree. These values correspond with those reported in official statistics at 
EU level with minor deviations. Tests reveal that the gender proportions 
in both country samples are not significantly different from the values 
reported in official EU statistics, but average ages are slightly lower. 
Official EU statistics in 2022 reports that proportion of male and female 
was 50.5% and 49.5% in Norway and 50.3% and 49.7% in Sweden; 
average age of adults over 18 years old were 48.6 for Norway and 49.7 
for Sweden, and 42.2% of adults (18–69 years) in Norway and 41.4% in 
Sweden have tertiary education (Eurostat, 2022). 

4.2. Confirmatory factor analysis 

We obtained the same three-latent variables solution for both 
countries after omitting items with low internal consistency. Our solu-
tion had sufficiently acceptable fitness thresholds except for a slightly 
lower factor loading of Hyp3 than the threshold in the Swedish sample 

Fig. 1. Depiction of the integrated choice and latent variable model used in this research.  
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(Table 4). Sp1, Sp2 and So1, So2 were loaded on the first latent variable; 
this can be interpreted as spatial and social proximity to climate change 
(SpSo-P). Tem3R and Hyp1R (reverse-coded Tem3 and Hyp1) were 
loaded on the second latent variable; this represents temporal and hy-
pothetical proximity to climate change (TemHyp-P). Reverse-coding of 
Tem3 and Hyp1 was to ensure that the second latent variable could be 
interpreted in terms of proximity as other latent variables. Hyp2 and 
Hyp3 were loaded on the third latent variable; this represents 

hypothetical proximity to climate change (Hyp-P). 

4.3. Integrated choice and latent variable model 

4.3.1. Measurement and structural equations 
Table 5 shows coefficients, standard errors and p-values of our 

measurement and structural equations of latent PDs to climate change. 
All measurement items for SpSo-P were positive and strongly significant 
in both countries (p < 0.001), indicating that SpSo-P can be interpreted 
as spatial and social proximity. Different from our CFA solutions, only 
Tem3R was used to measure TemHyp-P due to non-convergence of the 
models when Hyp1R was included. Tem3R has a positive and significant 
coefficient in both country samples (p < 0.05). This indicates that the 
interpretation of TemHyp-P in our ICLVs is actually limited to temporal 
proximity (henceforth referred to as Tem-P). Regarding Hyp-P, Hyp2 
was significant in both country samples but Hyp3 was significant only in 
the Swedish sample (p < 0.001). This indicates Hyp-P can be interpreted 
as hypothetical proximity with a stronger connotation in the Swedish 
sample. We also estimated an ICLV where all the items comprising SpSo- 
P, Tem-P and Hyp-P were loaded onto a single latent variable (Ov-P), 
since multiple dimensions may jointly change overall perceived distance 
to climate change (Maiella et al., 2020; McDonald et al., 2015). All 
loaded items were positive and significant in both countries (p < 0.001), 
indicating that Ov-P may be interpreted as overall proximity (encom-
passing spatial, social, temporal and hypothetical dimensions) to climate 
change. 

Structural models show that latent PDs to climate change are 
explained by observed individual socio-demographic characteristics. 
Spatial and social proximity was positively associated with education (p 
< 0.05) but had an inverse relationship with age in the Norwegian 
sample (p < 0.001); in the Swedish sample, being male was the sole and 
negative predictor (p < 0.001). Temporal proximity had a significant 
and positive relationship with age in both countries (p < 0.05); in 
Sweden, being male had an inverse relationship but education and age 
were positively related (p < 0.05). Hypothetical proximity was posi-
tively correlated with education in the Norwegian sample (p < 0.001); 
in the Swedish sample, being male had a negative relationship (p < 
0.05), while education had a positive association (p < 0.001). Overall 
proximity was positively associated with education (p < 0.05) and had a 

Table 3 
Descriptive statistics of socio-demographic profiles of respondents by country.   

Norway (n = 660) Sweden (n = 1517) 

Gendery (%)   
Male 50.76 49.97 
Female 48.79 49.51 
Not reported 0.45 0.53 

Agey‡ (years) 44.94*** 
(6.23) 

45.83*** 
(16.30) 

Annual household income₸ (%) 
< 400,000 NOK 
(< 300,000 SEK) 

30.15 27.16 

400,000– 700,000 NOK 
(300,000– 600,000 SEK) 

35.15 41.73 

700,000– 1.2 million NOK 
(600,000– 900,000 SEK) 

26.21 20.76 

> 1.2 million NOK 
(> 900,000 SEK) 

6.67 9.49 

Not reported 1.82 0.86 
Education⁑ (%)   

Elementary 6.36 6.53 
Secondary 34.09 36.39 
Post-secondary 16.21 18.52 
Bachelor’s degree or equivalent 29.09 27.09 
Master’s degree or equivalent 12.73 10.55 
Ph.D. or equivalent 1.06 0.66 
Not reported 0.45 0.26  

† Binomial test or two-sided t-test of equal means (* p < 0.05; ** p < 0.01; *** 
p < 0.001) between country sample and corresponding values reported in offi-
cial EU statistics. 

‡ Standard deviations in parentheses. 
₸ Income criteria for Swedish sample in parentheses. 
⁑ University education of 3 and 4 years considered Bachelor level in Sweden. 

University education of 5 years is considered Master level. 

Table 4 
Standardized factor loadings, composite reliability, average variance extracted and heterotrait-monotrait discriminant validity of latent variables in the measurement 
model of PDs to climate change, by country.  

Latent variables Items Standardized factor loadings CR AVE HTMT 

SpSo-P TemHyp-R Hyp-P 

Norway (n = 660) 
SpSo-P Sp1 0.833*** 0.882 0.654  0.189 0.382  

Sp2 0.843***       
So1 0.829***       
So2 0.722***      

TemHyp-P Tem3R 0.774*** 0.819 0.701 0.189  0.456  
Hyp1R 0.896***      

Hyp-P Hyp2 0.775*** 0.715 0.558 0.382 0.456   
Hyp3 0.718***       

Sweden (n = 1517) 
SpSo-P Sp1 0.884*** 0.915 0.732  0.239 0.382  

Sp2 0.901***       
So1 0.860***       
So2 0.772***      

TemHyp-P Tem3R 0.898*** 0.799 0.678 0.239  0.479  
Hyp1R 0.742***      

Hyp-P Hyp2 0.853*** 0.717 0.578 0.382 0.479   
Hyp3 0.655***      

SpSo-P: spatial and social proximity; TemHyp-P: temporal and hypothetical proximity; Hyp-P: hypothetical proximity. 
CR: composite reliability; AVE: average variance extracted; HTMT: Heterotrait-monotrait discriminant validity. 
* p < 0.05; ** p <0.01; *** p < 0.001. 
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negative relationship with age (p < 0.001) in the Norwegian sample, 
while had an inverse relationship with being male (p < 0.001) in the 
Swedish sample. 

4.3.2. Choice models 
Table 6 shows coefficients, standard errors clustered at the ith 

respondent level, p-values, and goodness-of-fit indicators (Log-likeli-
hood, Akaike information criterion, Bayesian information criterion) of 
choice component of our four ICLVs and RE. ICLV 1 included SpSo-P, 
ICLV 2 included Tem-P, ICLV 3 included Hyp-P, ICLV 4 included Ov-P 
as a latent variable, respectively. In all ICLVs, variances of the error 
term of latent PDs to climate change were constrained at one to identify 
the model (Groothuis et al., 2021; Vij and Walker, 2016). RE included 
DCE attributes and socio-demographic variables as its components but 
latent PDs to climate change were excluded. Strong statistical signifi-
cance of random-effects in all models support controlling for unobserved 
individual-level effects, and points to evidence of unobserved hetero-
geneity at the respondent level. Much higher absolute values of 
goodness-of-fit indicators of ICLVs than REs reflect on the greater 
complexity of ICLVs. 

We found significant effects of latent PDs to climate change on the 
stated choice across all ICLVs. Overall, our results indicate positive re-
lationships between psychological proximity to climate change and 
preference for biodiversity-augmenting changes in forest management. 
In the Norwegian sample, all types of climate proximity were associated 
with higher probability to choose an alternative strategy compared to 
the status quo (p < 0.001). Similar patterns were found in the Swedish 
sample, with temporal proximity not as strongly significant as the 
Norwegian case (p < 0.05). 

Positive and significant coefficients of DCE attributes levels suggest a 
higher utility compared to the status quo levels (e.g. baseline set-aside: 

5%), and negative and significant coefficient of monthly tax attribute 
shows disutility associated with higher taxation payments. Size, sign, 
and significance of coefficients of DCE attributes were not considerably 
different between ICLVs and REs except for ICLV 2 in the Swedish 
sample. Norwegian respondents attached higher utility for increasing set 
aside areas to 10% and 20% (p < 0.001) and preferred introducing one 
more broadleaved species (ICLV 1, 2, 4, and RE, p < 0.05); but they were 
indifferent to changes in other attributes in all ICLVs. Swedish re-
spondents showed higher utility for changes in all of the forest man-
agement attributes, irrespective of model specifications. While we point 
to some differences in mean values, we cannot conclude that DCE 
preferences were statistically different between the two samples. Results 
from a Chow-like test of equality of coefficients revealed that DCE co-
efficients were not statistically different (χ2 = 15.34, degree of freedom =
11, p = 0.168) between countries. 

We also found significant effects of socio-demographic variables on 
stated choice. In the Norwegian sample, education had a positive and 
significant association with probability to choose an alternative strategy 
in ICLV 1 and 2, and RE (p < 0.05); age was negatively associated in 
ICLV 2 and 3, and RE (p < 0.05). In the Swedish sample, education had a 
positive relationship with stated choice for alternative strategy in ICLV 
1, 3, 4 and RE (p < 0.01); age did not have a significant effect in any of 
the ICLVs. Gender and income were not significant in any of ICLVs and 
REs in both countries. 

4.4. Marginal willingness to pay (MWTP) 

Table 7 shows MWTP point estimates, standard errors and p-values 
across estimated models, by country. There were no large differences in 
estimated MWTP values between models. The public in both countries 
commonly had the highest MWTP for increasing set aside to 20% of total 

Table 5 
Measurement and structural equations of integrated choice and latent variable models by country.   

Norway (n = 657) Sweden (n = 1509)  

SpSo-P Tem-P Hyp-P Ov-P SpSo-P Tem-P Hyp-P Ov-P 

Measurement component 
Sp1 1.715***   1.661*** 2.171***   2.054***  

(0.180)   (0.158) (0.152)   (0.129) 
Sp2 1.753***   1.904*** 2.355***   2.436***  

(0.163)   (0.161) (0.147)   (0.153) 
So1 1.785***   1.625*** 1.887***   1.856***  

(0.183)   (0.147) (0.110)   (0.102) 
So2 1.158***   1.141*** 1.359***   1.349***  

(0.117)   (0.112) (0.080)   (0.078) 
Tem3R  1.483***  0.295***  0.563**  0.486***   

(0.073)  (0.064)  (0.165)  (0.044) 
Hyp2   0.864*** 0.927***   2.656*** 1.121***    

(0.142) (0.081)   (0.559) (0.066) 
Hyp3   2.661 0.775***   0.882*** 0.734***    

(1.728) (0.076)   (0.069) (0.050)  

Structural component 
Gender − 0.086 0.067 0.039 − 0.069 − 0.219*** − 0.320* − 0.132* − 0.216*** 
(Male) (0.084) (0.099) (0.100) (0.083) (0.054) (0.132) (0.057) (0.054) 
Education† 0.173* 0.136 0.336*** 0.202* 0.059 0.331* 0.208*** 0.086  

(0.088) (0.104) (0.090) (0.088) (0.056) (0.138) (0.060) (0.056) 
Age − 0.010*** 0.006* − 0.005 − 0.010*** 0.001 0.017** 0.003 0.001  

(0.002) (0.003) (0.003) (0.002) (0.002) (0.005) (0.002) (0.002) 
Income‡ 0.088 0.107 − 0.028 0.074 0.037 − 0.068 − 0.001 0.029  

(0.092) (0.111) (0.094) (0.091) (0.058) (0.124) (0.063) (0.058) 

SpSo-P: spatial and social proximity; Tem-P: temporal proximity; Hyp-P: hypothetical proximity; Ov-P: overall proximity to climate change, a combined measure of 
SpSO-P, Tem-P, and Hyp-P. 
Standard errors in parentheses. 

† Below bachelor or equivalent = 0; Equal or above bachelor or equivalent = 1. 
‡ Norway: <700,000NOK/year = 0, ≥700,000NOK/year = 1; Sweden: <600,000SEK/year = 0; ≥600,000SEK/year = 1. 
* p < 0.05. 
** p < 0.01. 
*** p < 0.001. 
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Table 6 
Results from random-effects model and choice equation part of integrated choice and latent variable models by country.    

Norway      Sweden       

ICLV 1 ICLV 2 ICLV 3 ICLV 4 RE  ICLV 1 ICLV 2 ICLV 3 ICLV 4 RE 

Attributes₸ 

Set aside  0.456*** 0.453*** 0.460*** 0.456*** 0.449***  0.503*** 0.684*** 0.499*** 0.501*** 0.497*** 
10%  (0.120) (0.123) (0.122) (0.121) (0.120)  (0.076) (0.173) (0.076) (0.076) (− 0.075) 
Set aside  0.487*** 0.485*** 0.485*** 0.487*** 0.472***  0.702*** 0.943*** 0.694*** 0.701*** 0.684*** 
20%  (0.133) (0.134) (0.133) (0.133) (0.132)  (0.088) (0.220) (0.088) (0.088) (− 0.087) 
+Uneven-aged  0.032 0.029 0.033 0.033 0.025  0.321*** 0.404** 0.308*** 0.319*** 0.304*** 
10%  (0.127) (0.129) (0.128) (0.127) (0.127)  (0.089) (0.132) (0.089) (0.089) (− 0.088) 
+Uneven-aged  − 0.122 − 0.128 − 0.119 − 0.121 − 0.125  0.256** 0.320* 0.245** 0.253** 0.246** 
20%  (0.124) (0.126) (0.125) (0.124) (0.124)  (0.085) (0.124) (0.085) (0.085) (− 0.085) 
One more  0.185 0.186 0.181 0.185 0.18  0.393*** 0.531** 0.394*** 0.394*** 0.383*** 
Conifer  (0.126) (0.128) (0.127) (0.126) (0.126)  (0.088) (0.158) (0.089) (0.088) (− 0.088) 
One more  0.274* 0.282* 0.269 0.274* 0.271*  0.327*** 0.448** 0.330*** 0.328*** 0.319*** 
Broadleaved  (0.137) (0.139) (0.138) (0.137) (0.136)  (0.090) (0.149) (0.090) (0.090) (− 0.089) 
Monthly tax  − 0.004*** − 0.004*** − 0.004*** − 0.004*** − 0.004***  − 0.004*** − 0.006*** − 0.004*** − 0.004*** − 0.004***   

(<0.001) (<0.001) (<0.001) (<0.001) (<0.001)  (<0.001) (0.001) (<0.001) (<0.001) (<0.001)  

Socio-demographics 
Gender:  0.159 0.083 0.092 0.154 0.115  0.109 0.524 0.047 0.115 − 0.035 
Male  (0.193) (0.198) (0.195) (0.193) (− 0.196)  (0.120) (0.412) (0.121) (0.119) (− 0.122) 
Education† 0.407* 0.446* 0.316 0.381 0.515*  0.430** 0.054 0.345** 0.410** 0.471***   

(0.200) (0.203) (0.204) (0.201) (− 0.201)  (0.125) (0.328) (0.128) (0.125) (− 0.129) 
Age  − 0.010 − 0.019** − 0.013* − 0.010 − 0.015*  − 0.001 − 0.031 − 0.002 − 0.001 0.000   

(0.006) (0.006) (0.006) (0.006) (− 0.006)  (0.004) (0.021) (0.004) (0.004) (− 0.004) 
Income‡  0.035 0.029 0.102 0.039 0.088  − 0.007 0.152 0.017 − 0.002 0.011   

(0.207) (0.214) (0.208) (0.206) (− 0.212)  (0.132) (0.263) (0.133) (0.131) (− 0.136) 
Random-  4.360*** 4.576*** 4.390*** 4.317*** 4.582***  3.719*** 6.993* 3.810*** 3.670*** 4.041*** 
effects⸸⸸  (0.522) (0.556) (0.531) (0.518) (0.543)  (0.295) (3.077) (0.303) (0.292) (0.315) 
Constant  0.158 0.143 0.167 0.160 0.138  − 0.308 − 0.384 − 0.299 − 0.308 − 0.294   

(0.319) (0.324) (0.320) (0.319) (− 0.317)  (0.217) (0.301) (0.218) (0.217) (− 0.215)  

Latent variables 
SpSo-P  0.553***      0.660***       

(0.114)      (0.070)     
Tem-P   0.542***      1.810*       

(0.132)      (0.744)    
Hyp-P    0.587***      0.629***       

(0.128)      (0.076)   
Ov-P     0.596***      0.694***       

(0.116)      (0.071)  
Obs.  3285 3285 3285 3285 3285  7545 7545 7545 7545 7545 
n  657 657 657 657 657  1509 1509 1509 1509 1509 
Log-likelihood  − 21,211.612 − 7785.978 − 12,692.706 − 37,391.121 − 1815.550  − 46,523.000 − 17,634.454 − 28,378.942 − 81,593.609 − 4297.257 
AIC  42,515.223 15,621.955 25,449.412 74,916.200 3657.100  93,137.998 35,318.908 56,821.883 163,321.2 8620.513 
BIC  42,795.691 15,774.383 25,644.520 75,324.700 3736.363  93,456.715 35,492.124 57,043.600 163,785.4 8710.586 

SpSo-P: Spatial and social proximity; Tem-P: Temporal proximity; Hyp-P: hypothetical proximity. Ov-P: overall proximity to climate change, a combined measure of SpSO-P, Tem-P, and Hyp-P. 
Standard errors clustered at individual-level in parentheses. 
AIC: Akaike information criterion; BIC: Bayesian information criterion. 
* p < 0.05; ** p < 0.01; *** p < 0.001. 

₸ Reference level: set-aside 5%; 70% uneven-aged and 30% uneven-aged for Norway (90% uneven- aged and 10% even-aged for Sweden); one conifer. 
† Below bachelor’s degree or equivalent = 0; Equal or above bachelor’s degree or equivalent = 1. 
‡ Norway: <700,000NOK/year = 0, ≥700,000NOK/year = 1; Sweden: <600,000SEK/year = 0; ≥600,000SEK/year = 1. 
⸸ Variance of the estimated random effects. 
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forest area from the status quo of 5%. MWTP for increasing set aside area 
to 10% and 20% were 9.65– 9.89€/month and 10.24– 10.52€/month 
among Norwegian respondents, and 9.73– 9.83€/month and 13.49– 
13.73€/month among Swedish respondents, respectively. MWTP of 
Norwegian respondents for adopting one more broadleaved species was 
5.88– 6.01€/month, but the estimate was not significant in ICLV 3. 
MWTP for adjusting the proportion of uneven-aged stands were only 
statistically significant (p < 0.01) in the Swedish sample. On average, 
Swedish respondents were willing to pay 5.79– 6.27€/month and 4.77– 
5.01€/month to increase the proportion of uneven-aged tree stands by 
10% and 20%, respectively; and 7.56– 7.70€/month and 6.29– 6.43€/ 
month for adding one more coniferous species and one more broad-
leaved species, respectively. We cannot say mean Norwegian and 
Swedish public’s MWTPs were statistically different since Chow-like test 
of equality of coefficients were not significant (section 4.3, Integrated 
choice and latent variable model). 

5. Discussion 

5.1. Public preferences and marginal willingness-to-pay for selected forest 
management attributes 

Our results show that both Norwegian and Swedish public seemed 
willing to accept less intensive area management practices that could 
increase biodiversity. Both the Norwegian and Swedish public showed 
the strongest preference for increasing set-aside areas compared to 
prevalent status quo levels. This may reflect on common public percep-
tions in Nordic countries (Gundersen and Frivold, 2008) toward 
reducing the footprint of forest operations (e.g. tailoring the size of clear 
cuts without infringing public accessibility and visual enjoyment of 
forest structures). 

Average MWTP values for set-aside attributes showed that increasing 
it to 10% provided a similar gain in utility and the higher category (i.e. 
increasing set-aside to 20%) elicited a higher degree of utility to Nor-
wegians and Swedish participants (Table 7). In the Swedish sample, 
increasing set-aside area provided the highest utility among all 

attributes, followed by adjusting tree species composition and propor-
tion of uneven-aged tree stands. This might suggest that the Swedish 
public places greater importance on species diversity than diversifica-
tion of stand age structures. This finding seems congruent with those of 
Nordén et al. (2017), which reported that Swedish citizens were more 
willing to pay to diversify tree species than for changing forest stand age 
and structures through a DCE. 

5.2. Measurement and structural equations for psychological distances to 
climate change 

Our data provides a three-dimensional structure of psychological 
distances to climate change (Table 4). While such a structure is not 
identical to the conceptual four-dimensional structure of PDs to climate 
change (Liberman and Trope, 2014), it does not necessarily deviate from 
the conceptual structure since a degree of direct correlation among the 
dimensions of PDs to climate change exists (Spence et al., 2012). The 
loading of all the items constructing PDs to climate change onto a single 
latent variable (Ov-P, Tables 5 and 6) supports the argument that these 
multiple dimensions appear to be intertwined (Keller et al., 2022). 

Associations found between socio-demographic characteristics and 
PDs to climate change seem country-specific. While we found no sig-
nificant relationship between age and hypothetical proximity, Milfont 
et al. (2014) found an inverse association after surveying New Zea-
landers. The significant and negative association between being male 
and hypothetical proximity to climate change found by Milfont et al. 
(2014) was also found in our Swedish sample (Table 5, Hyp-P). 

5.3. Psychological distances to climate change and stated choice for forest 
management strategies 

Our results showed that all dimensions of psychological proximity to 
climate change were correlated with greater support for biodiversity- 
augmenting changes in forest management in both nations (Table 6). 
We contextualized our choice tasks in terms of climate strategy in forest 
management by explicitly explaining to participants that the forest 

Table 7 
Marginal willingness-to-pay estimates for selected forest management attributes, by model and country.  

Models Forest management attributes  

Set aside 10% Set aside 20% +Uneven-aged 10% +Uneven-aged 20% One more conifer One more broadleaved 

Norway 
RE 9.74*** 10.24*** 0.54 − 2.70 3.91 5.88*  

(2.67) (2.93) (2.75) (2.72) (2.73) (2.97) 
ICLV 1 9.84*** 10.50*** 0.69 − 2.64 3.99 5.91*  

(2.67) (2.93) (2.74) (2.71) (2.72) (2.97) 
ICLV 2 9.65*** 10.33*** 0.63 − 2.73 3.97 6.01*  

(2.68) (2.92) (2.74) (2.72) (2.73) (2.97) 
ICLV 3 9.89*** 10.43*** 0.70 − 2.55 3.88 5.79  

(2.68) (2.93) (2.75) (2.72) (2.73) (2.98) 
ICLV 4 9.85*** 10.52*** 0.72 − 2.62 4.00 5.92*  

(2.67) (2.93) (2.74) (2.71) (2.72) (2.97)  

Sweden 
RE 9.82*** 13.49*** 6.00*** 4.86** 7.56*** 6.29***  

(1.50) (1.74) (1.67) (1.67) (1.72) (1.76) 
ICLV 1 9.83*** 13.73*** 6.27*** 5.01** 7.68*** 6.39***  

(1.50) (1.74) (1.66) (1.66) (1.72) (1.76) 
ICLV 2 9.81*** 13.54*** 5.79** 4.59** 7.62*** 6.43***  

(1.52) (1.74) (1.67) (1.67) (1.72) (1.76) 
ICLV 3 9.73*** 13.52*** 6.01*** 4.77** 7.68*** 6.43***  

(1.50) (1.74) (1.66) (1.66) (1.72) (1.76) 
ICLV 4 9.80*** 13.71*** 6.25*** 4.96** 7.70*** 6.42***  

(1.50) (1.74) (1.66) (1.66) (1.72) (1.76) 

Unit: Euro/month; 1 Euro (€) = 0.086 NOK = 0.084 SEK. 
Standard errors in parantheses. 
Estimates were obtained by δ-method. 
* p < 0.05; ** p < 0.01; *** p < 0.001. 
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management profiles in our DCE aimed to address climate change. 
Previous studies conducted in different contexts suggest that psycho-
logical proximity to climate change was positively associated with 
increased support for climate policy (Singh et al., 2017; Spence et al., 
2012). Results from past studies and our own DCE point to how the 
public in both Norway and Sweden might deem biodiversity- 
augmenting changes in forest management as a more acceptable 
climate strategy than the status quo. Nevertheless, we offer a point of 
caution that our findings do not equate public preference for 
biodiversity-augmenting attributes to endorsement for particular 
climate strategies. 

Our findings come from the analyses of cross-sectional data from a 
survey conducted in the summer of 2022. Nevertheless, PDs to climate 
change are not constant but subject to change due to new information 
and events (Keller et al., 2022). Some empirical studies (e.g. Demski 
et al., 2017; Zanocco et al., 2018) have reported that exposure to 
extreme weather events has increased perceived proximity to climate 
change based on samples from the UK and the US, while others studies 
conducted in Germany and France did not find such statistically signif-
icant relationship (Gärtner and Schoen, 2021; Guillard et al., 2019). 
Given the increasing likelihood of more frequent and impactful climate- 
induced events (Stott, 2016), and our own empirical estimates denoting 
the association between dimensions of PDs to climate change and 
preferences for forest management contextualized as addressing climate 
change, we posit that biodiversity-increasing changes in forest man-
agement attributes will have greater public support in the future. 

5.4. Policy recommendations 

Among selected attributes and based on corresponding average 
MWTP estimates, forest management practices expanding set-asides 
garner a wider public approval than the status quo in both countries. 
Increased adoption of silvicultural methods such as continuous-cover- 
forestry (Kim et al., 2021; Lundmark et al., 2016) might receive a 
wider public support in Sweden as the Swedish public showed statisti-
cally discernible support for the promotion of mixed species and uneven- 
aged stand structures. Feasibility of implementing such biodiversity- 
supporting changes needs to be thoroughly investigated for their net 
costs and potential socio-ecological barriers that might be spatially 
variable to some extent. Besides, implementation of these changes 
should be made at forest owners’ volition and be likely combined with 
technical and financial support. 

We note that respondents may have negative connotations to status- 
quo forest management even though our DCE described that production- 
oriented management and wood products could contribute to climate 
mitigation. Yet, the latter role of forest management and wood product 
supply is often neglected by the public and may lead to negative eval-
uations (Ranacher et al., 2017, 2020). This point might also be reflected 
in past syntax of public preferences for Nordic forest attributes and 
management practices (Gundersen and Frivold, 2008). Wood product- 
oriented management and value-added systems are ingrained in 
Nordic economies and have a particular role to play in rural regional 
economies. Communication efforts to inform the public of carbon stor-
age and substitution effects of wood products could help increase public 
perception and the acceptability of a sector deemed integral to the 
bioeconomy goals in Nordic nations (Lindner et al., 2017). Nonetheless, 
we point to any communication effort with caution as scientific evi-
dence, risk and uncertainty on the role of forest products in climate 
mitigation need to be fully presented, and the interpretation of public 
messages can be highly sensitive to socio-economic conditions (John-
ston and Radeloff, 2019). 

We found no evidence that DCE coefficients and MWTP estimates 
were statistically different between the Norwegian and Swedish sam-
ples. But our results do not necessarily imply that preferences for forest 
management are homogeneous across both countries, nor that the lack 
of statistical evidence of differences might support a pan-European over 

national-level forest management approaches - as seems intended by the 
New EU Forest Strategy (Edwards and Kleinschmit, 2013; Gordeeva 
et al., 2022; Onida, 2020). While public opinion is an essential input for 
forest management policy, country-specific contexts such as wood pro-
duction level and a broad set of other natural and socio-economic con-
ditions are of central considerations. As noted by the European Council, 
a one-size-fits-all approach without taking country-specific contexts into 
account can be counterproductive to achieving climate mitigation and 
adaptation through forest management (European Council, 2021). 

5.5. Limitations and future research 

Our study is not without caveats. Our empirical measurement for PDs 
to climate change might be susceptible to measurement errors owing to 
complexity of the concept and questionnaires in two different languages. 
For example, omission of Hyp1 in measurement equations in ICLVs 
compared to CFA in both samples may imply measurement errors in this 
item in both countries. Measurement error is a common challenge in 
multilingual survey with self-reported psychometric questions. We also 
acknowledge that, among others, the precision of our MWTPs is con-
strained to the specific framing and design of the DCE which are com-
mon issues for all empirical applications of DCE (Rakotonarivo et al., 
2016; Weng et al., 2021). Hence, we only referred to signs and relative 
size of our estimated MWTPs when drawing policy recommendations. 

We recommend future studies to investigate unobserved heteroge-
neity in perceived changes in utility arising from the implementation of 
alternative forest management attributes. Accounting for unobserved 
heterogeneity provide consistent WTP estimates and distributional ef-
fects of resource management decisions (Boxall and Adamowicz, 2002). 
Behavioral constructs other than PDs to climate change, such as envi-
ronmental attitudes, have been associated with heterogeneous levels of 
utility in forest and peatland management (Faccioli et al., 2020; Mel-
drum, 2015). Similar efforts in the context of climate change and forest 
management could guide to a more effective and legitimate climate- 
oriented national forest management. 

Several country-specific factors including forest history, wood pro-
duction levels and public interest on climate change and biodiversity 
may construct public preferences for forest management in different 
ways. Hence, future studies are advised to investigate public preferences 
and their explanatory variables in multiple European countries with 
different forest and socio-economic conditions and compare similarities 
and differences with robust methods. Such an effort could manifest 
Europeans’ perception on climate-oriented forest management and 
provide scholarly inputs on ongoing policy discussions on priority be-
tween national-level and European-level forest management. 

6. Conclusion 

Our study elicited public preferences for biodiversity-augmenting 
management attributes in family-owned production forests of Norway 
and Sweden. Forest management was described with three selected at-
tributes: set-aside, tree age variation, tree species composition. Partic-
ularly, we investigated how psychological distances to climate change 
were associated with preferences using integrated choice and latent 
variable approach. Norwegian respondents showed higher utility for 
increasing set aside areas to 10% and 20% and introducing one more 
broadleaved specie. Swedish respondents preferred increase in all at-
tributes. However, there was no evidence that preferences were statis-
tically different between countries. 

Psychological proximity to climate change was positively associated 
with the probability to choose biodiversity-augmenting alternative 
strategies. Everything else constant, respondents with closer social, 
temporal and hypothetical distances were more likely to choose alter-
native strategies. Temporal remoteness was inversely correlated with 
stated choice for alternative strategies. Our results show that, on 
average, the Norwegian and Swedish public both seemed to be willing to 
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accept larger set-asides that could increase biodiversity. Our findings 
suggest that psychological proximity to climate change correlates with 
greater support for biodiversity-augmenting changes in management of 
family-owned production forests. 

Our findings that greater psychological proximity to climate change 
was associated with preference for biodiversity-increasing changes may 
imply that demand for biodiversity in family-owned production forests 
might increase with exacerbating climate change impacts. Expanding 
set-aside areas will likely receive a wider public approval in both 
countries. Communication efforts to inform public of carbon storage and 
substitution effects of wood-based products could help increase the 
public’s perception and acceptability of wood production as an integral 
bioeconomy transition in Nordic countries. The indistinguishability of 
preferences between both countries does not necessarily support a one- 
size-fits-all European forest policy approach; country-specific forest and 
socio-economic conditions should be considered when crafting national 
forest management decisions. Future studies are recommended to 
investigate unobserved preferential heterogeneity associated with 
behavioral constructs other than PDs to climate change, and compare 
similarities and differences in preferences and their explanatory vari-
ables among European countries with different forest and socio- 
economic conditions. 
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Savilaakso, S., Johansson, A., Häkkilä, M., Uusitalo, A., Sandgren, T., Mönkkönen, M., 
Puttonen, P., 2021. What are the effects of even-aged and uneven-aged forest 
management on boreal forest biodiversity in Fennoscandia and European Russia? A 
systematic review. Environ. Evid. 10 (1), 1. https://doi.org/10.1186/s13750-020- 
00215-7. 

Scannell, L., Gifford, R., 2013. Personally relevant climate change: the role of place 
attachment and local versus global message framing in engagement. Environ. Behav. 
45 (1), 60–85. https://doi.org/10.1177/0013916511421196. 

Shan, J., Li, J., Xu, Z., 2019. Estimating ecological damage caused by green tides in the 
Yellow Sea: A choice experiment approach incorporating extended theory of planned 
behavior. Ocean Coast. Manag. 181, 104901 https://doi.org/10.1016/j. 
ocecoaman.2019.104901. 

Sheppard, S.R.J., Meitner, M., 2005. Using multi-criteria analysis and visualisation for 
sustainable forest management planning with stakeholder groups. For. Ecol. Manag. 
207 (1–2), 171–187. https://doi.org/10.1016/j.foreco.2004.10.032. 

Singh, A.S., Zwickle, A., Bruskotter, J.T., Wilson, R., 2017. The perceived psychological 
distance of climate change impacts and its influence on support for adaptation 
policy. Environ. Sci. Pol. 73, 93–99. https://doi.org/10.1016/j.envsci.2017.04.011. 

Soliman, M., Alisat, S., Bashir, N.Y., Wilson, A.E., 2018. Wrinkles in time and drops in the 
bucket: circumventing temporal and social barriers to pro-environmental behavior. 
SAGE Open 8 (2). https://doi.org/10.1177/2158244018774826, 
215824401877482.  

Soto, J.J., Márquez, L., Macea, L.F., 2018. Accounting for attitudes on parking choice: an 
integrated choice and latent variable approach. Transp. Res. A Policy Pract. 111, 
65–77. https://doi.org/10.1016/j.tra.2018.03.003. 

Spence, A., Poortinga, W., Pidgeon, N., 2012. The psychological distance of climate 
change. Risk Anal. 32 (6), 957–972. https://doi.org/10.1111/j.1539- 
6924.2011.01695.x. 

Statistics Norway, 2022. 10613: Forest Properties and Productive Forest Area, by Tenure 
Status, Contents and Year. Statbank Norway, SSB. https://www.ssb.no/en/system/.  

Stott, P., 2016. How climate change affects extreme weather events. Science 352 (6293), 
1517–1518. https://doi.org/10.1126/science.aaf7271. 

Tappenden, P., Brazier, J., Ratcliffe, J., Chilcott, J., 2007. A stated preference binary 
choice experiment to explore NICE decision making. PharmacoEconomics 25 (8), 
685–693. https://doi.org/10.2165/00019053-200725080-00006. 

Train, K., 1986. Qualitative Choice Analysis: Theory, Econometrics, and an Application 
to Automobile Demand, vol. 10. MIT press. 

Train, K.E., 2009. Discrete Choice Methods with Simulation. Cambridge University Press. 
Trope, Y., Liberman, N., 2010. Construal-level theory of psychological distance. Psychol. 

Rev. 117 (2), 440–463. https://doi.org/10.1037/a0018963. 
Van Lange, P.A.M., Huckelba, A.L., 2021. Psychological distance: how to make climate 

change less abstract and closer to the self. Curr. Opin. Psychol. 42, 49–53. https:// 
doi.org/10.1016/j.copsyc.2021.03.011. 

Varian, H.R., 1992. Microeconomic analysis, 3th ed. Norton. 
Verkerk, P.J., Delacote, P., Hurmekoski, E., Kunttu, J., Matthews, R., Mäkipää, R., 
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