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A B S T R A C T

Assessing the value of changes in environmental conditions using stated preference valuation 
studies requires accurate quantification and communication of outcomes that affect human 
welfare. Using a stated choice experiment to estimate primarily nonuse value of changes in 
biodiversity per se, i.e., as an inherent characteristic of an ecosystem, we employ a composite 
metric known as the Biodiversity Intactness Index to capture and communicate the multifaceted 
nature of biodiversity. However, using complex ecological indices to value abstract concepts 
might make respondents more susceptible to effects related to the framing of the choice context, 
thereby raising concerns about validity. Employing a split sample design, we find that value 
estimates depend on the spatial context in which biodiversity improvements are presented: the 
larger the spatial scale, the smaller the value. Varying the range of the biodiversity improvement 
attribute in additional split samples, we find that in two out of the three tested spatial framings, 
the results are insensitive to the presented attribute range. Respondents thus appear to react to 
the absolute, rather than the relative, size of the improvements presented. The results from these 
two spatial framings also exhibit sensitivity to scope, supported by both internal and external 
scope tests. These findings might alleviate some of the validity concerns associated with 
employing abstract ecological indices in stated preference valuation studies.

1. Introduction

Biodiversity is a complex and multifaceted concept, encompassing not only the variety of all living organisms but also the intricate 
interrelationships among them (UN, 1992). Hence, coming up with measures that encompass all its aspects is difficult (Mace, 2005), 
and a diversity of measures have been suggested and used in natural science (Marshall et al., 2020). Within the environmental 
valuation literature, simple indicators have most often been used (Strange et al., 2024). It has been noted that these indicators are not 
measuring biodiversity per se, but rather the biological resources that are a manifestation of biodiversity, i.e., the individual species or 
habitats that are used as indicators (Laurila-Pant et al., 2015; Pearce, 2001). This has been one of the critiques of the derived value 
estimates (Bartkowski et al., 2015). Recent studies also show that people hold a holistic perception of biodiversity (Bakhtiari et al., 
2014; Uggeldahl et al., 2025), further highlighting that the simplistic indicators used in past stated preference studies are unlikely to be 
appropriate indicators linking the biophysical change to human welfare (see, e.g., Boyd et al. 2016, Johnston et al. 2012 and Schultz 
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et al. 2012 for work on linking indicators), especially when the focus is on the nonuse value of biodiversity (Boyd et al., 2023). Hence, 
composite, more comprehensive, biodiversity indices need to be used that better capture the underlying value of biodiversity as a good 
in itself, rather than as an intermediary good that underpins the value of other ecosystem services.

Apart from better representing the underlying good, an additional benefit of using composite ecological indices in valuation is that 
some of these are, by design, generalizable and transferable across space, which in theory increases the usability of the value estimate 
for, e.g., benefit transfer. However, in practice the use of composite indices of biodiversity might increase the cognitive burden on the 
respondents, which might be why past studies have relied on simpler indicators. The increased cognitive burden is likely to make 
respondents more susceptible to researcher induced effects (Scott, 2002), such as effects related to the framing of the choice context. 
Framing effects are understood to arise when the presentation format of substantively equivalent information about a choice scenario 
leads to systematically different choice outcomes (Kahneman, 2002). Such effects have been documented in different fields related to 
human judgment (Scheufele and Iyengar, 2014). In stated preference research, the term “framing” has sometimes been used to also 
cover effects related to information provision and changes to the decision context. Faccioli and Glenk (2022) provide a classification of 
this literature and note that relatively little research exists on how the framing of objectively equivalent descriptions affects stated 
preferences and welfare analysis.

We explore two effects related to the framing and the scope of biodiversity improvements in stated choice experiments (SCE): the 
framing of the spatial scale of the good – which we refer to as a “spatial framing effect” – and the effect of attribute scope, or quantity of 
the good – which we refer to as “attribute range effects”. These two effects are particularly relevant for the generalizability of value 
estimates obtained using spatially explicit, scalable, indices.

A spatial framing effect might occur when the size of the area over which an index is calculated, and subsequently presented to 
respondents, affects the elicited values of otherwise equivalent changes in biodiversity. While spatial scope effects, which occur due to 
changes in the geographic extent or location of the good, have received substantial attention in the literature (e.g., Spencer-Cotton 
et al., 2018), spatial framing effects have to our knowledge not previously been investigated.

Attribute range effects are observed when value estimates are affected by the range of the attribute levels presented, e.g., when 
differences in the overall range of biodiversity improvements presented across choice sets lead to systematic differences in elicited 
values. While attribute range effects have received some attention in the past (Börger et al., 2025; Glenk et al., 2019; Luisetti et al., 
2011; Meyerhoff et al., 2015), it has not previously been tested when using complex, composite ecological indices which might be 
particularly susceptible to such effects. Furthermore, varying attribute range between split samples can also function as an external 
scope test, which is considered an important part of validity testing (Johnston et al., 2017). We use the difference in attribute range 
between splits to provide an overall validity check of the estimated values elicited using a composite ecological index, the Biodiversity 
Intactness Index (BII), to convey information about biodiversity improvements to respondents in our SCE. To our knowledge, this has 
not been formally done before. We thus also contribute to the relatively scarce literature on biodiversity valuation using composite 
indices (e.g., Weller and Elsasser 2018), and more generally to the literature on the use of ecological indices in stated preference 
research (e.g., Vossler et al. 2023, Johnston et al. 2011).

Our results provide compelling evidence for the existence of a spatial framing effect. Presenting changes in the index calculated 
over a smaller area (making the index change bigger in relative terms) results in a larger willingness to pay (WTP) compared to 
presenting the equivalent improvement as a change in the index calculated over a larger (national) area. This provides novel insights 
into the ongoing discourse on the importance of spatial information framing in stated preference surveys, as outlined in, e.g., Glenk 
et al. (2020). We also find attribute range effects, however only when the biodiversity index is calculated over a larger (national) area. 
Across the two treatments with only this larger spatial framing, we get different WTPs for improvements of the same size. The results 
indicate that respondents subjected to this spatial framing react more to the relative, rather than absolute, size of the presented im
provements, i.e., that the range of the attribute affects results. This suggests that presenting spatially explicit ecological indices at a 
smaller geographical scale better captures scope effects, as our results show no attribute range effects here.

The rest of the paper is structured as follows: The next chapter briefly reviews the relevant literature on framing effects related to 
the scope and scale of the good. Chapter 3 presents the empirical case used in the investigation, Chapter 4 presents the results, and 
Chapter 5 discusses and concludes.

2. Background

Alternative biodiversity indices can be thought of as different ways of framing specific ecological improvements, where the choice 
of index might impact how the ecological outcome is valued. Existing literature already provides evidence of framing effects in 
biodiversity valuation. For instance, Jacobsen et al. (2008) find large differences in biodiversity value estimates when describing the 
impact in terms of protected named species compared to a quantitative number of protected unnamed species. Respondents in 
environmental stated preference studies may be more susceptible to such researcher-induced effects, e.g., related to the framing of the 
choice context, due to their typically limited prior knowledge and experience with the good being valued and the valuation scenario 
(Glenk et al., 2019; Scott, 2002).

This paper extends previous research on framing effects across different indices or indicators, by investigating potential framing 
effects related to using the Biodiversity Intactness Index. Specifically, we focus on framing effects caused by differences in the spatial 
scale, i.e., the size of the area over which the index is calculated. In the case of a biodiversity index, the impact of a proposed new 
project to increase protection in a specific nature area could be calculated at various spatial scales. For instance, the resulting change in 
the biodiversity index could be calculated at either (a) the specific nature area considered, (b) the region in which the nature area is 
located, or (c) the country in which the nature area is located. It follows that the calculated change in the index will be relatively larger 
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when using a smaller base area, i.e., in scenario (a), and result in a relatively higher numerical change in the index than if using option 
(c) – even though the actual project and the change in biodiversity is the same. The potential effect of spatial framing can thus arise 
because of the change in the spatial context, the corresponding change in the numerical presentation of the improvement this implies, 
or as a combination of both. This spatial framing effect is related to spatial scope effects as discussed by Spencer-Cotton et al. (2018). 
Spatial scope effects occur due to actual changes in the geographical context of the good, such as different regions, or changes in the 
geographic extent of the good, such as local, regional or national. Spatial scope effects are often confounded with “attribute scope” 
effects, i.e., changes in the quality/quantity of the good, as “increasing the geographic scale may also increase the amount of the good” 
(Spencer-Cotton et al., 2018, p. 835). The spatial framing effect considered in this paper can be thought of as a spatial scope effect, but 
without the confounding change in geographic extent or location of the underlying good. That is, we define spatial framing effects as 
the impact of presenting an identical change in biodiversity at different geographical scales. While spatial scope effects have been 
extensively explored (Logar and Brouwer, 2018; Rolfe and Windle, 2008; Spencer-Cotton et al., 2018; Van Bueren and Bennett, 2004; 
Vossler et al., 2023), the potential effects of spatial framing remain underexplored in the economic valuation literature. In theory, 
elicited values in a stated preference study should be unaffected by the spatial scale used to communicate the changes to respondents. 
However, inspired by, e.g., Van Bueren and Bennett (2004), we hypothesize that a larger geographical scale will make respondents 
more aware of a larger array of environmental issues and substitutes and, hence, result in a smaller WTP for the biodiversity 
improvement offered.

In addition to investigating the framing effect related to spatial scale, we also investigate the effects of attribute scope, namely 
attribute range effects. In the literature, particular attention has been given to the range of the cost vector (e.g., Börger et al. 2025 and 
Glenk et al. 2019) with less attention to the effect for non-price attributes (Meyerhoff et al., 2015; Luisetti et al., 2011). Generally, the 
findings regarding the cost vector indicate that changes in the range affect WTP (Glenk et al., 2019), but that this effect can be 
mitigated by using cheap talk and opt-out reminders (Börger et al., 2025). For non-cost attributes the results are more mixed. Luisetti 
et al. (2011) find evidence for attribute range effects, i.e., that respondents react to the relative, rather than absolute, levels of the 
attribute, violating a fundamental assumption underpinning SCEs. However, Meyerhof et al. (2015) find no effect of attribute range on 
the estimated preference parameters. Varying the attribute range can also be used for testing scope sensitivity, i.e., whether re
spondents’ stated values are increasing (or at least not decreasing) with increasing improvements in the quantity or quality of the good. 
Scope (in)sensitivity has long been at the center of the validity debate concerning stated preference research (Carson, 2012; Hausman, 
2012; Kling et al., 2012), and scope tests are thus considered an important part of validity testing (Johnston et al., 2017). While we do 
not expect that spatial framing effects will be affected by attribute range effects, or vice versa, we use a split sample experimental setup 
that combines variations in attribute range with variations in spatial frames. This enables us to test for scope sensitivity across different 
spatial frames, which we use to further evaluate the validity of value estimates obtained under different spatial framings.

3. Methods

3.1. The Biodiversity Intactness Index

It has been argued that the full extent of the concept of biodiversity cannot accurately be described with a single metric, and in 
practice, the design and use of biodiversity indices face data constraints (Mace, 2014; Pereira et al., 2013). A diversity of metrics have 
been suggested and used (Marshall et al., 2020), but one that stands out is the Biodiversity Intactness Index (BII), proposed by Scholes 
and Biggs (2005). The BII is endorsed by the Group on Earth Observations of the Biodiversity Observation Network and adopted by the 
Intergovernmental Platform on Biodiversity and Ecosystem Services as a ‘core’ indicator of progress toward the Convention on Bio
logical Diversity’s Aichi Targets (Martin et al., 2019). The BII is defined as “the average abundance of a large and diverse set of or
ganisms in a given geographical area, relative to their reference populations” (Scholes and Biggs, 2005). Here, “reference populations” 
refer to an unaltered, pre-industrial state, for which the current conditions in protected areas can be used as a surrogate measure. The 
BII has been estimated worldwide by, e.g., Newbold et al. (2016), Purvis et al. (2018) and Gassert et al. (2022), using observations of 
species and their abundances collected in the PREDICTS database (Hudson et al., 2017). The data is used to estimate a relationship 
between human activities – specifically land use change and intensification – and biodiversity. As such, the BII does not measure the 
absolute level of biodiversity, but the condition, naturalness and intactness of the area, implied by the current level of biodiversity (as 

Table 1 
Spatial framing and attribute range of the biodiversity improvement attribute across the six different versions of the survey. The 
change in biodiversity is described as numerical changes in the average BII.

Spatial framing:

“Small” “Large” “Small & Large”
Attribute range:

Narrow 4 – 19 0.010 – 0.045 4 – 19; 
0.010 – 0.045

Wide 4 – 38 0.010 – 0.091 4 – 38; 
0.010 – 0.091

Note that the range of the attribute on the same row represents equivalent changes in biodiversity, but presented at either a small 
(100 km2) or a large (42.000 km2, i.e., national) spatial scale, or a combination of both.
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predicted by the land use) relative to a theoretical intact baseline. However, it provides a scientifically sound, transparent, sensitive, 
dis-aggregable indicator of broad-sense biodiversity that can be compared with a baseline, applied at any spatial scale and readily 
interpreted (Purvis et al., 2018). Furthermore, it aligns well with people’s perceptions of biodiversity (Uggeldahl et al., 2025) and 
fulfils the criteria of a biophysical indicator of nonuse value suggested in Boyd et al. (2023).

3.2. Study design

Our study uses a three (spatial framing) by two (attribute range) version study design, resulting in six different versions of the 
survey, outlined in Table 1. Respondents were randomly allocated to one of the six versions. The three different spatial framings used 
to describe the biodiversity improvement were: 

• “Small”, where the improvement in biodiversity was described as an increase in the average BII for the specific area (100 km2) in 
which the change would occur.

• “Large”, where the same improvement in biodiversity was instead described in terms of an increase in the national average BII 
arising from improving biodiversity in the specific area (100 km2).

• “Small & Large”, where the improvement in biodiversity was described both in terms of the increase in the average BII for the 
specific area (100 km2), as well as the corresponding increase in the national average BII.

It is important to note that the different spatial framings all describe exactly the same physical improvement in biodiversity in a 
100 km2 area. The only difference between the versions is the spatial scale at which this improvement is presented to respondents. For 
instance, a 4-point increase in the average BII in a 100 km2 area is equivalent to a 0.01-point increase in the national average BII.1

Furthermore, as detailed in the following section, the information provided to respondents in the survey did not give any indication of 
exactly where the specific area was located, apart from stating that it was far from the respondent’s place of residence. It is also worth 
noting that the naming of the different spatial framings (“Small”, “Large” and “Small & Large”) was not used in the survey and is only 
used here to distinguish between the framings.

The spatial framing effect can be investigated by comparing estimates across the different spatial framing versions, given the same 
attribute range. Fig. 1 provides an example of a choice set, i.e., a policy alternative, showing the presentation of an equivalent change 
in biodiversity in the three different spatial framings. Table 1 outlines the resulting numeric differences in the improvements in BII 
used to convey the biodiversity improvement attribute to respondents.

Table 1 also displays that to test for attribute range effects and to conduct external scope tests, we employed two different ranges for 
the biodiversity improvement attribute. One version featured a (relatively) narrow attribute range, while the other used an extended – 
and thus wider and partly overlapping – attribute range. The specific levels of the biodiversity improvement attribute are shown in 
Table 2.

Insensitivity to attribute range requires that the marginal willingness to pay (MWTP) estimated over the roughly overlapping range 
(4− 21) across the two versions, is equal. This implies that the WTP for the same improvement (e.g., 9 units) is the same across versions, 
i.e., not impacted by the presented overall range of improvements. Conditional on the insensitivity to attribute range, sensitivity to 
scope requires that the MWTP for improvements over 21 units in the wide range versions are positive, implying that the WTP for the 
larger biodiversity improvement levels (29 and 38 units) presented in the wide range should be higher than the largest improvement 
presented in the narrow range versions (19 units).

3.3. The survey

A long-standing critique of preference-based valuation of biodiversity has revolved around the public’s low knowledge and limited 
understanding of the concept of biodiversity (Hanley et al., 1995; Bartkowski et al., 2015; Farnsworth et al., 2015). To address this 
concern, the development of the survey used for collecting data in our SCE included investigating the public’s perception and un
derstanding of biodiversity and its value employing a separate Q-methodology study. The results, reported in Uggeldahl et al. (2025), 
are in line with previous findings (e.g., Bakhtiari et al., 2014), indicating that lay people’s perceptions of biodiversity to a large degree 
resonate with the academic and institutional definitions. This suggests that lay people may indeed be able to understand relatively 
comprehensive descriptions of biodiversity.

A draft of the survey was developed based on the findings from Uggeldahl et al. (2025), including inputs from the focus group 
discussions conducted therein. The survey consisted of a set of warm up questions, after which a general description of biodiversity was 
presented to respondents. This was followed by a description of how the BII measures biodiversity, and the status of biodiversity in 
Denmark using the BII was outlined (national average: 55.1). This included a description of how current land use types score on the 
BII.2 Following these descriptions, the valuation scenario and the attributes were explained to respondents. A full version of the survey, 
translated from Danish, is available in the online supplementary material.

The scenario in the choice experiment was framed as a referendum concerning a proposed policy to improve biodiversity in a 

1 As the surface area of Denmark is roughly 42 000 km2, and 4 * 100 km2 / 42 000 km2 = 0.0095
2 The BII values for Denmark, a raster map with cell size 100x100m, were obtained from Gassert et al. (2022), and land use data for Denmark, a 

raster map with cell size 10x10m cells, were obtained from Levin et al. (2017).
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100 km2 area in Denmark. As our focus was on the nonuse value of biodiversity per se, the exact location that would be affected by the 
policy was deliberately not specified, nor were the specific actions that would be commenced to deliver the improvement. This was 
done to avoid the specific location affecting the estimates, and to reduce potential effects that the actions for improving biodiversity in 
themselves may have on the respondents’ preferences for the policy (Czajkowski et al., 2009; Hanley et al., 2003). To ensure that the 
values expressed by the respondents were, as far as possible, reflecting only non-use values, the scenario explained that despite the 
precise location not having been decided on yet, the candidate areas were all located far from the respondent’s place of residence. This 
was implemented so that when the respondent’s postal code indicated they lived on the east (west) side of the Great Belt strait that 
divides Denmark, the candidate areas were said to be located on Jutland (Zealand) which is on the west (east) side of the Great Belt 
strait. While the strait can be crossed easily via an 18 km toll bridge, the toll is expensive, and it thus serves as a substantial barrier in 
the landscape (Olsen et al., 2020). Furthermore, the only information respondents had regarding the area was that it was somewhere 
on the other side of the Great Belt strait, compared to where they lived, i.e., either on Jutland (roughly 30 000 km2) or Zealand 
(roughly 10 000 km2).

The policy proposed in the referendum was described using four attributes (Table 2). The primary attribute of interest was the size 
of the improvement in biodiversity. Two other attributes were included to evaluate whether respondents perceived the improvement 
in biodiversity differently depending on the characteristics of the area where the change occurred. These attributes described the 
primary type of nature in the area, and the current level of biodiversity in the area. The fourth attribute described the cost of the policy 
to the respondents, using annual income tax as payment vehicle. After the attributes and the valuation scenario had been described to 
respondents, they were presented with six choice sets, each with two options: a “status quo” and a “proposed policy”, presented as a 
referendum to vote for or against the proposed policy. Examples of choice sets presented using the different spatial framings are shown 
in Fig. 1.

In terms of the experimental design of the choice experiment, a full factorial design consisting of 216 combinations was used. Using 
a full factorial design avoids potential issues related to misspecification of the priors in efficient designs (Walker et al., 2018), and 
implies that interaction effects, which are of specific interest for this study, are independently estimable (Holmes et al., 2017). The full 
factorial design was blocked into 36 blocks of six choice sets each. The blocking procedure secured attribute level balance, i.e., that 
each respondent saw the levels of each attribute equally many times. Respondents were randomly allocated to one of the blocks, and 
the order of the choice sets within blocks was randomized. The same experimental design was used across all six survey versions.

Following the choice set sequence, a series of follow up questions were asked about the respondents’ choices and perceptions of the 
valuation scenario.

The questionnaire was tested in a focus group interview with six respondents from the Copenhagen area, in addition to the pre
ceding qualitative work conducted in Uggeldahl et al. (2025), on which the initial versions of the survey were based. The survey was 

Fig. 1. Example of a choice set, showing an equivalent increase in biodiversity, for each of the spatial framings used in the paper (translated 
from Danish).

Table 2 
Description of attributes and levels used in the stated choice experiment.

Attribute Description shown to respondents (translated from Danish) Levels*

The primary nature type in the 
area (for)

Can be forest or open nature (e.g., meadows and heaths). The naturally occurring level of 
biodiversity will typically be higher in forests than in meadows and heaths.

Forest or open nature

Current biodiversity in area 
(cur)

Described by the biodiversity index, which can range from 33 to 57. 33, 42 or 57

The size of the improvement in 
biodiversity (imp)

“Small” spatial framing version: Measured as the increase in the average biodiversity 
index in the area. The increase can be between 4 and 38 and will occur over the next 10–20 
years.

4, 9, 13, 21, 29, 38

“Large” spatial framing version: Measured as the increase in the average biodiversity 
index in Denmark. Compared to the current national average of 55.1, the improvement can 
increase the average by between 0.010 and 0.091. The improvement will occur over the next 
10–20 years.

0.010, 0.021, 0.031, 0.05, 0.069, 
0.091

“Small & Large” spatial framing version: Measured as the increase in the biodiversity 
index in the area. The increase can be between 4 and 38. This corresponds to an increase in 
the average biodiversity index in Denmark between 0.010 and 0.091, compared to the 
current 55.1. The improvement will occur over the next 10–20 years.

4, 9, 13, 21, 29, 38 and 0.010, 
0.021, 0.031, 0.05, 0.069, 0.091

Cost of the policy (cost) The cost is financed through an increase in the annual income tax. It will be used exclusively 
to pay for the implementation of the policy. The size of the payment depends on the 
household’s income and is therefore not the same for everyone. You should consider whether 
your household is willing to pay the amount for the described policy.**

100, 250, 600, 1000, 1500, 2400 
DKK/household /year

* For the narrow attribute range versions, the range of the biodiversity improvement attribute was approximately halved. The levels used in these 
versions were 4, 6, 9, 11, 15, 19 (small spatial framing) and 0.010, 0.014, 0.021, 0.026, 0.036, 0.045 (large spatial framing)

** All respondents were shown the same price levels. The last two lines in the description were included to avoid respondents engaging in ap
proximations of aggregate costs of the proposed alternatives, something a few respondents indicated doing in the focus groups, and only to consider 
whether the individual cost of the proposal outweighs the value they hold for it.
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adjusted based on the received feedback,3 after which seven individual, cognitive interviews were conducted online with respondents 
from across the country, who answered an online version of the survey before the interview. Before the main data collection, a pilot 
survey with 195 completed responses, roughly distributed equally between the three different spatial framing versions, was conducted, 
after which final adjustments to the survey were made. The focus group and cognitive interviews, as well as the pilot study, indicated 
that the description of biodiversity generally matched the respondents’ perceptions of biodiversity, although some respondents 
indicated that the focus on nonuse values made the choice sets “challenging, but not impossible, to answer”.

3.4. Econometric approach

Responses to the discrete choice experiment are modelled based on the principles of Lancaster’s characteristics theory of value and 
random utility theory (McFadden, 1973). In each choice set, k, a respondent, n, is assumed to choose the alternative, i, that maximizes 
their utility, where the utility is derived from the attributes of the good, and not from the goods per se. The utility of an alternative can 
thus be expressed as: 

Unik = αpnik + βxnik + εnik (1) 

where p denotes the cost attribute, x the vector of non-cost attributes, and α and β are the corresponding coefficients to be estimated. 
The random term, ε, is added as the analyst never directly observes utility. While the utility is often specified to be linear in parameters 
as in Eq. 1, the attributes themselves can have non-linear effects, e.g., when expressed in natural logarithmic form, or through in
teractions with other attributes or socio-economic characteristics.

By assuming that the unobservable parts of utility are independently and identically distributed extreme value, the probability of 
respondent n’s sequence of choices can be represented by the conditional logit model: 

P(yn|pnxn) =
∏K

k=1

exp(αpnik + βxnik)

∑J

j=1
exp(αpnjk + βxnjk)

(2) 

where yn is the sequence of choices observed over the K choice tasks. However, more flexible models such as the random parameters 
logit (RPL) model, have become standard practice within choice modelling. RPL models allow the preference parameters, βn, to vary 
within the population, according to a distribution specified by the researcher. Usually, a normal distribution is assumed for many 
preference parameters when there is no strong a priori or theoretical expectation regarding the parameter’s sign. The choice proba
bilities are approximated through simulation by taking draws from the assumed distribution. For more information see Train (2009).

The coefficients estimated through models such as the one specified in Eq. 2, indicate the effect of each observed variable relative to 
the variance of the unobserved factors (the scale parameter). Because the scale factor can vary between samples, the coefficients from 
different samples are not directly comparable. However, what is usually of interest in environmental valuation is not the coefficients 
themselves, but the ratio of the non-cost coefficients to the cost coefficient, i.e., the MWTP for changes in the non-cost attributes. 
Taking the ratio of the coefficient cancels out the effect of scale, and hence, WTP estimates between samples are directly comparable. 
To bypass the extra step of first estimating a model, and then calculating the ratios of the estimated parameters and the standard errors 
of these ratios, the model in Eq. 2 can be specified in WTP-space, as opposed to preference space (Train and Weeks, 2005). Denoting the 
WTP as wn= βn/αn the probability of the choice sequence represented by the RPL model becomes4: 

P(yn|pn, xn, θ) =
∫ ∏K

k=1

exp(αnpnik + (αn wn)xnik)

∑J

j=1
exp

(
αnpnjk + (αn wn)xnjk

)f( wn|θ) d(βn) (3) 

where f(wn| θ) represents the distribution of potentially random parameters, and θ the parameters of the distribution. In our case the 
non-cost parameters are assumed to follow a normal distribution, with mean b and standard deviation σ, and the cost parameter is 
assumed to be log-normally distributed, following standard practice. While the estimated WTP is scale invariant and can be compared 
across samples, the cost coefficient, α, is not, as it is still estimated relative to the scale parameter (Train and Weeks, 2005).

In the analysis, utility of an alternative is generally defined as (dropping the subscripts for brevity): 

U = αcost( − cost+ imp(βimp + βcur∗impcurrent + βfor∗impforest)+ βSQSQ) (4) 

indicating that the attributes describing the characteristics of the area, i.e., the current level of biodiversity (current) and the primary 

3 The respondents indicated that the BII provided an intuitive way of measuring biodiversity, but lacked references points indicating what was a 
“good”, or “good enough” level, subsequently making the choice scenarios hard to answer. It was thus decided to provide some reference points for 
the BII, and descriptions of the average BII for different land use types in Denmark was included in the survey, available in the supplementary 
material. Respondent also found the survey quite text heavy, which resulted in a slight rewriting and shortening of the description, and some of the 
non-essential text being placed behind clickable pop-ups in the online version of the survey.

4 Note that in estimation, the values for the cost attribute are entered as negative, given the theoretically assumed disutility for cost.
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nature type in the area (entered as dummy variable forest, compared to open nature), only enter as interactions with the improvement 
attribute (imp). These attributes are characteristics of the area that are not affected by the proposed project, and therefore they do not 
vary within a choice set. Hence, they are not identifiable in themselves, but only through interaction with attributes that vary between 
the alternatives. We chose the interaction with the improvement attribute, as this yields intuitive interpretation and policy relevance, i. 
e., answering how the MWTP for biodiversity improvements is affected by the characteristics of the improved area. An alternative 
specific constant (SQ) is included for the status quo alternative, i.e., voting against the policy, and captures the effects on choices not 
captured by the attributes. The increased tax payment associated with the policy is described by cost.

In Eq. 4, the marginal effect of imp is assumed to be constant across the range of the improvement attribute, i.e., same for larger and 
smaller improvements. Note, that given the interaction with the attributes describing the characteristics, the marginal effect of imp is 
not constant, but depends on the levels of these characteristics. However, initial analysis based on a dummy coding of the improvement 
attribute, i.e., without making any assumptions regarding the functional form, indicated that the marginal effect of imp was not 
constant, but declining in the size of the improvement (see S.2 in the supplementary material). Given this dependence of the marginal 
effect of imp on the magnitude of presented change in biodiversity, a piecewise linear specification was used, ensuring that the MWTP 
is estimated over a roughly equal range for the wide and narrow attribute range versions. This enables a direct comparison of the 
MWTP estimates between the versions, and thus a test of the effects of attribute range. The utility for these models is specified as: 

U =αcost(cost + d(imp ≤ 21)βimp≤21imp+(1 − d(imp ≤ 21))(21 ∗ βimp≤21 + βimp>21(imp − 21))+ imp(βcur∗impcurrent
+ βfor∗impforest)+ βSQSQ)

(5) 

where d(imp ≤ 21) is an indicator taking the value 1 if the biodiversity improvement level for the alternative is above or equal to 21, 
and 0 otherwise. This specification allows for a “kink” at 21 units, which was chosen because it most closely equalizes the ranges 
between the wide version (improvement levels: 4, 9, 13, 21, 29, 38) and the narrow versions (improvement levels: 4, 6, 9, 11, 15, 19). It 
should be noted that for the narrow attribute range versions, Eq. 5 reduces to Eq. 4. To simplify model estimation and presentation, 
only a linear effect is estimated for the interactions of improvement with the current level of biodiversity and the nature type.

The effect of spatial framing is evaluated based on the estimated MWTP for biodiversity improvements, across the different spatial 
framings for the versions with an identical attribute range. The effects of attribute range will be evaluated by comparing the MWTP 
estimated over the same range (≤21 units of improvement), between the versions with the same spatial framing, but where the range of 
the improvement attribute differed. Assuming no attribute range effects are found, i.e., identical MWTP for biodiversity improvements 
≤ 21 units, an external scope sensitivity test can be conducted by evaluating whether the MWTP for biodiversity improvements over 21 
units are positive (or non-negative in the weakest form of the test), indicating that respondents are willing to pay more for the larger 
improvements presented in the wide range version compared to the narrow versions.

External scope sensitivity can also be evaluated based on the results from a model with dummy coding of the imp attribute (S.2 in 
the supplementary material). Note however, the slightly different model specification used, as the attributes relating to the charac
teristics of the area are interacted with the alternative specific constant for the proposed policy alternative. With this specification, 
scope sensitivity requires that the WTP for the larger improvement levels shown in the wider attribute range split (21, 29, 38) are 
larger, or at least equal to, the WTP for the largest level shown in the narrow range split (19) within the same spatial framing.

4. Results

4.1. Description of the sample

The data was collected by extracting a representative random sample of 34,874 Danish citizens aged 18–75 from the Danish Central 
Person Register. The selected citizens were sent an invitation to participate in the survey via their digital mailbox, the main 
communication channel between Danish public authorities and citizens, which all citizens in Denmark aged 15 and older are required 
to have. This avoids the potential coverage errors associated with using online panel providers (Bonnichsen and Olsen, 2016). The 
survey could be completed on mobile phone, tablet or computer, which was done by 53 %, 45 % and 2 %, respectively.

The invitations to participate in the survey were sent on 14 December 2023. On 4 January 2024 reminders were sent to respondents 
who had not yet opened the questionnaire. The data collection closed on 21 January 2024. In total 6357 respondents completed the 
survey, resulting in a response rate of 18.2 %, varying between 17.5 – 18.7 % across the different versions. The median response time 
was 12.4 min (5 % trimmed mean: 14.1 min).5 For the final sample used in the subsequent analysis, protesters and strategic re
spondents were removed. These were identified based on follow-up questions targeting respondents who either chose the “status quo” 
(potential protesters) or the “proposed policy” (potential strategic respondents) option consistently across all six choice sets. If the 
follow-up questions for these respondents indicated that they were not revealing their true preferences, they were removed from the 
sample (see statements used to exclude respondents due to protesting or strategic behavior in Tables S.4.1 and S.4.2 in the supple
mentary material). The rates of protesters and strategic respondents are shown in Table S.1 in the supplementary material, along with 
the demographic characteristics of the final sample. Protest rates were found to be statistically higher in the “Large” spatial framing, 
compared to the “Small” spatial framing. No statistically significant differences in the amounts of strategic respondents, or 

5 The median (5 % trimmed mean) time spent on the introduction and warm up questions, consisting of 6 screens, was 3 min (3.4 min), the 
description of biodiversity and choice scenario, consisting of 8 screens, 3.4 min (3.9 min), and the first choice set 40 s (45 s).
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sociodemographic variables were found between versions when respondents who did not want to disclose income are excluded. 
Removing protest- and strategic respondents resulted in an effective sample of between 732 – 785 respondents across the different 
versions.

When asked about the description of biodiversity presented in the survey, 89 % of all respondents (85–91 % across versions) 
indicated that the description corresponded well or very well with their prior perception of biodiversity. No significant differences in 
views regarding the description were found across the six split samples.

4.2. Perceptions of the scenario

If respondents embed different things into biodiversity improvements depending on the spatial framing, this might affect how they 
perceive the magnitude and consequences of the improvements presented in the scenarios. After completing the six choice sets, re
spondents were asked about their perceptions of the size of the improvement in biodiversity offered in the first choice set. Specifically, 
respondents were asked to indicate on a scale ranging from “very small” to “very large”, how they perceived the magnitude of the 
improvement in biodiversity both for the 100 km2 area in itself, as well as for the overall biodiversity in Denmark. The attribute levels 
in the first choice set were shown again to respondents when answering these follow up questions.

Fig. 2 illustrates the shares of respondents that perceived the size of the improvement as small/very small or large/very large. 
Panels A and B in Fig. 2 display respondents’ perceptions of the size of the improvement with respect to the biodiversity in the 100 km2 

area. Respondents in the “Large” spatial framing (both in the wide and narrow attribute range versions) perceive the improvement to 
be smaller than when the other spatial framings are used, as confirmed by a Chi-square tests (p-value <0.05). Note that respondents in 
the “Large” spatial framing were not explicitly provided with any information regarding the size of the change in biodiversity in the 
100 km2 area itself, but only on the implication for the overall biodiversity in Denmark (see Fig. 1). No significant difference in the 
perceptions between respondents in the “Small” and the “Small & Large” spatial framing (both when comparing the wide and narrow 
attribute range versions) are found.

Displayed in panel C and D in Fig. 2, the perceptions regarding the size of the improvement in terms of the biodiversity in Denmark 
show a similar tendency in the survey versions using a wide attribute range (panel C), but here significant differences are found 
between all three spatial framings base on chi-squared tests. In the survey versions using a narrow attribute range (panel D), however, 
respondents in the “Large" and the “Small & Large” spatial framings perceive the improvements for biodiversity in Denmark to be 
relatively smaller than respondents subjected to the “Small” spatial framing.

While not directly evident from Fig. 2, respondents in the narrow attribute range versions (panels B and D) perceive the 
improvement in biodiversity to be smaller than respondents in the wide versions (panels A and C). The difference in perceptions 
between the wide and narrow attribute range versions are significant for the “Small” and the “Small & Large” spatial framings, 
irrespective of whether the perception of the size of the improvement concerns the specific area (panels A vs B) or the whole of 
Denmark (panels C vs D). This is a first indication that respondents in these versions are scope sensitive, i.e., react to the size of the 
presented improvements, as larger improvements have been shown in the wide range attribute range versions. The difference between 
the wide and narrow versions was not significant in the “Large” spatial framing.

4.3. Estimation results

Table 3 presents estimation results for the RPL models for the six versions of the survey, with utility specified according to Eq. (5), i. 
e., where the effect of imp for the wide attribute range versions is estimated with a piecewise linear specification. In the model 
specifications, utility is specified in WTP-space and all non-cost attributes as well as the alternative-specific constant for the status quo 
are modelled as normally distributed random parameters with a mean parameter and a standard deviation parameter being estimated 
for each attribute. The cost attribute is also modelled as a random parameter, though assumed to follow a log-normal distribution. All 
models are estimated using the Apollo software in R (Hess and Palma, 2019) with 2000 MLHS draws (Hess et al., 2006).

The results for the piecewise linear specification applied for biodiversity improvements indicate that improvements up to 21 units 
on the BII (βimp≤21), which is roughly the range for which the wide and the narrow attribute range versions overlap, have a significantly 
positive impact on the mean WTP in all split samples except for the wide attribute range version for the “Large” spatial framing. The 
estimates for the standard deviation (σimp≤21) indicate significant heterogeneity regarding the effect of improvements in all survey 
versions. For the wide attribute range versions, considering the main effect of larger improvements (over 21 units on the BII), the 
parameter estimates for the mean (βimp>21) are insignificant for the “Small” and the “Small & Large” spatial framings, while they are 
significant for the “Large” spatial framing. The insignificant estimate for βimp>21 in the “Small” and the “Small & Large” implies that 
respondents do not derive additional value from improvements over 21 units. However, the effect of imp also depends on the inter
action terms. The aggregate effect on MWTP is shown in Table 4. That βimp≤21 > βimp>21, adheres to the standard assumption of 
diminishing marginal utility. However, it should be noted that we only find decreasing marginal utility in biodiversity improvements, 
not in the overall level of biodiversity, as the mean estimates for βcur∗imp in the “Small” and the “Small & Large” spatial framings are 
insignificant. The contrary results in the “Large” spatial framing (wide attribute rage version), i.e., βimp>21 > βimp≤21, implies that 
respondents derive more value from the final units of larger biodiversity improvements (as also evident from the dummy coded model 
presented in S.2 of the online supplementary material). Only in the “Large” spatial framing and narrow attribute range version is the 
current level of biodiversity (βcur∗imp) found to have a negative and significant effect on the MWTP of biodiversity improvements, which 
would imply a diminishing marginal utility of biodiversity, as could be expected based on economic theory. Many of the associated 
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estimates for the standard deviation (σcur∗imp) indicate significant heterogeneity among respondents.
Similarly to the current biodiversity in the area, the mean effects of the primary nature type (βfor∗imp) are insignificant at the 5 % 

level for all but one version. In the “Small” spatial framing with a narrow range, respondents are willing to pay about 10 DKK more for 
every unit the BII is improved in forested areas compared to open nature areas. There is considerable heterogeneity in preferences for 
the nature type, though not in the wide attribute range version of the “Small” spatial framing and in the narrow attribute range version 
of the “Large” spatial framing.

The estimates for the mean effect of the SQ (βSQ) are negative and significant for all split samples. This indicates that respondents 
across versions generally prefer the proposed policies over the current situation regardless of the attributes and levels of said policies, 
though also here subject to considerable heterogeneity across respondents. While the estimates for the improvement attribute rep
resents preferences for biodiversity improvement on the intensive margin, the SQ can be thought of as capturing preferences on the 
extensive margin (i.e., the WTP for any policy change, which can also be interpreted as a dissatisfaction of current policy). The SQ 
coefficients are significantly different between spatial framings (p-value < 0.046), except between the narrow attribute range versions 
of the “Small” and the “Small & Large” spatial framing (p-value: 0.11), being largest in absolute terms for the “Large” spatial framing, 
followed by the “Small & Large” and the “Small” spatial framing.7 This indicates that the spatial framing also influences the extensive 
margin of choice, which to some degree can be seen as compensating for the lower MWTP observed for the “Large” spatial framing. 
Generally, the relatively large estimates of the SQ coefficients in all versions indicate a strong preference for any biodiversity 
improving project, irrespective of the attribute levels. This could also indicate issues with the identification of RPL models as discussed 

Fig. 2. Shares of respondents perceiving the size of the improvement as large or small. Respondents were asked to indicate their perception of the 
improvement in the first choice set displayed to them. As choice set order was randomized, all improvement levels were presented roughly the same 
number of times, and the perceptions illustrated in the figure thus reflect averages over the different improvement levels shown in the first 
choice set.

6 Standard errors for the difference between parameter estimates based on Paternoster et al. (1998).
7 The differences in SQ coefficients within the same spatial framing were not significant (p-value > 0.13).
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in Walker (2002). However, these model identification issues generally relate to SCEs with more than two alternatives. Furthermore, 
the estimates from MNL models (see S.4 in the online supplementary material) are of similar magnitude.

Table 4 presents the MWTP of a one unit increase in the BII of a 100 km2 area, calculated at the levels of the current biodiversity 
presented in the survey, and assuming the area is primarily open nature. The calculations include the effect of the current level of 
biodiversity also for the splits where this was found to be insignificant based on Table 3. Comparing the main effects of biodiversity 
improvements up to 21 units across spatial framings suggest the presence of a spatial framing effect. Mean MWTP for improvements up 

Table 3 
Results from RPL models in WTP space for all versions of the survey, with utility specified as in Eq. (5) – piecewise linear effect of biodiversity 
improvements. Parameter estimates for all non-cost attributes indicate marginal WTP in DKK/household/year. 100 DKK = 13.4 EUR.

Spatial framing (attribute range): Small (wide) Small (narrow) Large (wide) Large (narrow) Small & Large 
(wide)

Small & Large (narrow)

Attribute: ​ ​ ​ ​ ​ ​
Means of random parameters ​ ​ ​ ​ ​ ​ ​ ​ ​
αcost 0.78 *** 0.93 *** 1.32 *** 1.30 *** 0.87 *** 1.37 ***
s.e. 0.08 ​ 0.11 ​ 0.21 ​ 0.14 ​ 0.12 ​ 0.15 ​
βimp≤21 50.64 *** 53.85 *** 7.84 ​ 28.03 *** 35.37 *** 46.27 ***
s.e. 7.83 ​ 10.77 ​ 11.48 ​ 2.12 ​ 6.47 ​ 10.69 ​
βimp>21 9.52 ​ ​ ​ 8.89 ** ​ ​ -2.47 ​ ​ ​
s.e. 7.24 ​ ​ ​ 3.72 ​ ​ ​ 7.08 ​ ​ ​
βcur∗imp 0.14 ​ 0.25 ​ -0.11 ​ -0.40 *** 0.18 , -0.07 ​
s.e. 0.12 ​ 0.21 ​ 0.07 ​ 0.02 ​ 0.10 ​ 0.15 ​
βfor∗imp 3.75 ​ 10.26 * 5.21 , -2.35 ​ 4.40 , 6.20 ​
s.e. 2.33 ​ 4.76 ​ 3.02 ​ 2.35 ​ 2.30 ​ 4.87 ​
βSQ -409 *** -548 *** -1060 *** -979 *** -622 *** -728 ***
s.e. 66.83 ​ 63.31 ​ 91.38 ​ 39.75 ​ 77.39 ​ 93.04 ​
Standard deviations of random parameters
σcost 0.55 *** 0.88 *** 1.50 *** 1.57 *** 0.97 *** 1.23 ***
s.e. 0.12 ​ 0.16 ​ 0.28 ​ 0.22 ​ 0.18 ​ 0.20 ​
σimp≤21 40.63 *** 55.29 *** 25.26 ** 11.95 *** 39.70 *** 56.33 ***
s.e. 6.94 ​ 6.29 ​ 9.85 ​ 1.07 ​ 3.47 ​ 5.96 ​
σimp>21 23.89 , ​ ​ 0.18 ​ ​ ​ 18.74 ​ ​ ​
s.e. 14.24 ​ ​ ​ 1.79 ​ ​ ​ 14.28 ​ ​ ​
σcur∗imp 0.27 , 0.23 ​ 0.11 ** 0.05 *** 0.08 ** 0.07 **
s.e. 0.14 ​ 0.26 ​ 0.04 ​ 0.01 ​ 0.03 ​ 0.03 ​
σfor∗imp 3.99 ​ 33.78 *** 5.93 * 1.12 ​ 10.38 * 37.94 ***
s.e. 4.07 ​ 9.77 ​ 2.85 ​ 0.84 ​ 4.47 ​ 6.08 ​
σSQ 769 *** 868 *** 1038 *** 1100 *** 987 *** 940 ***
s.e. 65.70 ​ 51.63 ​ 65.87 ​ 43.61 ​ 55.31 ​ 69.37 ​
# respondents 756 ​ 758 ​ 734 ​ 732 ​ 778 ​ 785 ​
Final LL 2296 ​ 2353 ​ 2246 ​ 2242 ​ 2434 ​ 2341 ​
Rho-squared 0.270 ​ 0.253 ​ 0.264 ​ 0.264 ​ 0.248 ​ 0.283 ​

Note: Simulations done using 2000 MLHS draws, standard errors constructed using the robust sandwich estimator. The estimates for the non-cost 
attributes have been rescaled to DKK from 1000 s DKK used in estimation. ’***’ indicates significance at the 0.001 level; ’**’ at the 0.01 level; ’*’ 
at the 0.05 level and “,” at the 0.1 level.

Table 4 
MWTP estimates (in DKK/household/year) for biodiversity improvements depending on the level of biodiversity in an area where the primary nature 
type is open nature. 100 DKK = 13.4 EUR.

Spatial framing (attribute range): Small (wide) Small (narrow) Large (wide) Large (narrow) Small & Large (wide) Small & Large (narrow)

Improvement (≤21) ​ ​ ​ ​ ​ ​
MWTP (at BII: 33) 55.3 *** 62.0 *** 4.3 ​ 15.0 *** 41.4 *** 44.0 ***
(s.e) 5.7 ​ 6.5 ​ 10.1 ​ 2.9 ​ 5.3 ​ 6.9 ​
MWTP (at BII: 42) 56.5 *** 64.2 *** 3.3 ​ 11.4 *** 43.0 *** 43.4 ***
(s.e) 5.5 ​ 6.2 ​ 9.8 ​ 3.1 ​ 5.3 ​ 6.2 ​
MWTP (at BII: 57) 58.6 *** 67.9 *** 1.7 ​ 5.5 ​ 45.7 *** 42.4 ***
(s.e) 5.6 ​ 7.0 ​ 9.4 ​ 3.4 ​ 5.6 ​ 5.5 ​
Improvement (>21) ​ ​ ​ ​ ​ ​
MWTP (at BII: 33) 14.2 ** ​ 5.3 ​ ​ 3.5 ​ ​
(s.e) 6.0 ​ ​ 3.6 ​ ​ 5.3 ​ ​
MWTP (at BII: 42) 15.4 ** ​ 4.4 ​ ​ 5.2 ​ ​
(s.e) 6.1 ​ ​ 3.8 ​ ​ 5.1 ​ ​
MWTP (at BII: 57) 17.5 ** ​ 2.7 ​ ​ 7.9 ​ ​
(s.e) 6.6 ​ ​ 4.3 ​ ​ 5.1 ​ ​

Note: Standard errors for MWTP estimated using the delta method. ’***’ indicates significance at the 0.001 level; ’**’ at the 0.01 level; ’*’ at the 0.05 
level and “,” at the 0.1 level.
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to 21 units are significantly higher in the “Small” and “Small & Large” spatial framing compared to the “Large” spatial framing, as can 
also clearly be seen from Fig. 3. The MWTP obtained in the “Small & Large” spatial framing falls in between the other two, though the 
difference from the “Small” spatial framing is not statistically significant, except when comparing MWTP between the narrow attribute 
range versions at the current BII levels of 42 (64.2 DKK vs. 43.4 DKK) and 57 (67.9 vs. 42.4 DKK), where the p-value for the difference is 
0.02 and 0.004 respectively.

We find that the MWTP estimates are insensitive to the presented attribute range, as a t-test fails to reject the equality of the 
estimated MWTP between the wide and the narrow attribute range versions in the “Small” and the “Small & Large” spatial framings, 
when evaluated over roughly the same improvement range (0–21 units). This is also clear from a visual inspection of Fig. 3 and 
eliminates concerns that respondents might be affected by the attribute level range used. No significant differences in MWTP between 
the attribute range versions in the “Large” spatial framing are found either, but the estimates themselves are also insignificant, except 
at the lower levels of current biodiversity (33 and 42) in the narrow attribute range version.

Finally, we find that the “Small” and “Small & Large” spatial framings pass external scope tests, i.e., that WTP for the larger 
improvement levels in the wide attribute range versions are larger than the WTP for the largest improvement in the narrow version. For 
the “Small” spatial framing, this is indicated by the positive and significant MWTP estimates for improvements over 21 units shown in 
Table 4. However, more direct tests can be conducted by comparing the results from models with the improvement levels dummy 
coded (see S.2 in the online supplementary material).8 These tests compare the highest WTP for an improvement level in the narrow 
attribute range versions with the WTP for the higher levels in the wide attribute range versions. In the “Small” spatial framing the WTP 
estimates for 29 and 38 units of improvement in the wide attribute range version are significantly higher than the WTP for a 19 units 
improvement in the narrow attribute range version (p-values 0.01 and 0.003, respectively). In the “Small & Large” spatial framing the 
WTP for a 38 units improvement is significantly larger than the highest WTP in the narrow attribute range version estimated for a 15 
unit9 improvement (p-value 0.01). These results imply that both the “Small” and the “Small & Large” spatial framings pass an external 
scope test. In the “Large” spatial framing, the results from the dummy coded model indicate insensitivity to scope. The findings 
regarding scope sensitivity align with the observations regarding perceptions of the size of the improvement between the narrow and 
the wide attribute range versions in Fig. 2. Taken together, this indicates that the spatial framing can also affect validity.

5. Discussion & Conclusion

Estimating the nonuse value of biodiversity requires a metric that captures the aspects of biodiversity affecting utility. Theoretical 
arguments (Boyd et al., 2023) and practical findings (Uggeldahl et al., 2025) indicate that more holistic metrics than previously used 
might be preferable for measuring and presenting biodiversity changes in stated preference studies. We use one such metric, the 
Biodiversity Intactness Index (BII) which is broadly endorsed by ecologists, in a SCE for estimating the nonuse value of biodiversity 
improvements in Denmark. In light of the concern that respondents might be more susceptible to context and framing effects when 
abstract concepts like biodiversity are measured using complex ecological indices, we test for potential effects of spatial framing and 
attribute range on WTP. Spatial framing effects have, to our knowledge, not previously been examined in the literature.

Our results clearly indicate the presence of a spatial framing effect, as the MWTP differs significantly depending on the size of the 
area over which the improvement is calculated, despite the actual size of the improvement being identical. When improvements are 
presented using smaller geographic aggregation levels (the “Small” spatial framing), we find that MWTP is higher compared to pre
senting at a larger geographic aggregation level (the “Larger” spatial framing). This result is similar to findings in the literature related 
to scope effects (e.g., Van Bueren and Bennett, 2004), where value estimates are found to be lower when the good was framed in a 
national context, versus a local context (although this framing effect is confounded with differences in scope and contextual aspects).

That the perception of the good is affected by the spatial context in which it is presented is also supported by follow-up questions: 
respondents’ perceptions of the size of the improvement differ depending on the spatial scale at which the BII is presented (Fig. 2). The 
differences in perceptions are also in line with the estimated MWTPs (Fig. 3).

In practical terms, one explanation for this effect is the difference in the relative size of the improvement compared to the 
benchmark between the spatial framings. Presented in the “Small” spatial framing, the improvement against the current baseline in the 
area will be bigger in relative terms, compared to the identical improvement measured against a national baseline. It might be that the 
bigger relative change in the “Small” spatial framing passes some threshold where it is concrete enough to be considered valuable for 
the respondent, compared to the more abstract and relatively smaller improvement in the “Larger” spatial framing. This argument is 
perhaps refuted by the finding that WTP on the extensive margin, i.e., including the negative WTP for the SQ option, to some degree 
evens out the differences in WTP between treatments. However, such a behavioral interpretation of the SQ involves an explicit 
assumption that the estimate represents the utility of the SQ alternative relative to the proposal alternative and is not just seen 
technically as a means of capturing the average effect on utility of any other factors not included in the model (Meyerhoff and Liebe, 
2009).

Other potential explanations for the spatial framing effects are that the “Larger” spatial framing might increase the number of 
substitute or complementary goods that the respondents consider or are indirectly reminded of when evaluating the proposed policies 

8 It should be noted that the dummy coded model differs slightly from the models in Table 2, as the attributes related to the characteristics of the 
area are interacted with the alternative specific constant for the “proposed policy” alternative.

9 In the narrow attribute range version of the “Small & Large” spatial framing, the dummy coded model showed the highest WTP for a 15 point 
improvement, however, this was not significantly higher than a 19 point improvement.
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(Van Bueren and Bennett, 2004). Being remined of an increased number of substitutes would likely decrease the value of an individual 
improvement. This explanation is consistent with the embedding effect, i.e., that respondents are willing to pay more for a good when 
assessed individually compared to when valued as part of a more inclusive package. It might also be that a “Larger” spatial framing 
indirectly serves as a reminder of the overall context and scale of the project, in a similar way as concluded in the study by Jacobsen 
et al. (2011), where WTP was lower when respondents were reminded that the considered nature restoration project only was a small 
part in the overall context of nature preservation plans.

Finally, the spatial framing might also be interpreted by the respondents as a cue regarding the institutional setting, i.e., the au
thority that might be in charge of delivering the improvement. If there is a preference for local authorities to manage local projects as 
found by Konisky (2011), that could affect respondents’ preferences for the project proposed in the survey. While we cannot rule out 
the possibility that respondents in the “Larger” spatial framing version might have misunderstood the fact that the presented im
provements referred to the national-equivalent biodiversity improvement of a change taking place in a given area of 100 km2, this 
issue was not observed during the pre-testing of the survey, nor indicated by answers to a follow up question concerning the perceived 
character of the improvement. Furthermore, this fact was stressed both in the information directly preceding the choice sets (see survey 
in the supplementary material), as well as explicitly stated in the choice sets (see Fig. 1).

Regardless of which of these explanations actually drive the effect, they all seem compatible with the finding that presenting re
spondents with both pieces of information in the “Small & Large” spatial framing yields welfare estimates that fall in between those 
obtained when presenting only a “Small” or “Large” spatial framing.

It should also be noted that the spatial framing is not only researcher induced but can also reflect a true underlying policy and value 
context. The context in which the policy is valued should naturally reflect the characteristics of the policy in question, and the nonuse 
value linked to that policy. This guidance should be seen along that of Boyd et al. (2023), who argue that the ecological metric should 
be measured at “geospatial scale linked to the existence value in question” (Boyd et al., 2023, p. 9). However, the policy context or spatial 
scale linked to the value might not always be clear. For instance, a policy can have a national goal, which is reached by local actions. 
Consider the improvement of biodiversity in an area as part of a policy only concerning this local area, e.g., the establishment of a 
national park. In this case the improvement in biodiversity should probably be presented using a “Small” spatial framing. However, if 
the improvement in the area is part of a national biodiversity policy, it supposedly has national importance (see, e.g., Jacobsen and 
Thorsen, 2010 for discussion of such aspects in the Danish context). In such a setting, informing respondents of both the “small” as well 

Fig. 3. MWTP for biodiversity improvement (for the first 21 units) depending on current level of biodiversity in the area where the primary nature 
type is open nature. Bands represent the 95 % confidence interval.
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as the “large” effects would seem like a reasonable compromise. This question resembles that of whether indicators should be pre
sented in cardinal or relative terms,10 where arguments for presenting both have been made on the grounds of increasing interpret
ability (Johnston et al., 2012).

In any case, our results corroborate the findings of Faccioli and Glenk (2022) in that the framing of objectively equivalent infor
mation can affect outcomes in stated preference research, and that practitioners should recognize and be aware of this, particularly 
during study development, where attribute framing decisions can sometimes be made rather arbitrarily. Our results indicate that the 
choice of spatial framing is not trivial, and that transferring marginal values across different spatial contexts might thus incur sub
stantial transfer errors. This may in part explain findings in past benefit transfer studies that transferring values across spatial scales 
and jurisdictional boundaries can have significant implications for transfer validity (e.g., Johnston and Duke, 2009; Van Bueren and 
Bennett, 2004).

Turning next to the construct validity of our findings, we find that in two of the spatial framings, the “Small” and the “Small & 
Large”, the marginal value estimates are insensitive to the presented attribute range, indicating that respondents react to the absolute, 
rather than relative, size of the presented improvements, eliminating concerns that respondents might be affected by the attribute level 
range used. This corroborates the findings in Meyerhof et al. (2015) but differs from Luisetti et al. (2011) and the general findings on 
cost vector effects (Glenk et al., 2019). However, contrary to past studies on attribute range, we have used a piecewise linear speci
fication and compare the effect of improvements when estimated over the same range, thus controlling for possible effects due to 
diminishing marginal utility. If the effect was assumed to be linear over the full range, the estimates in the wide versions would be 
significantly lower than in the narrow versions. Our results using the piecewise linear specification of the improvement attribute imply 
that the marginal value of an improvement depends on the size of the improvement. This can potentially lead to counterintuitive 
conclusions, such that the value of two sequential smaller projects in the same area would be higher than the value of a single project 
with the same combined improvement.

Furthermore, we find that our results are sensitive to the scope of the improvement, which is formally tested in an external scope 
test, which the “Small” and the “Small & Large” spatial framings pass. The fact that the value estimates from the “Large” spatial framing 
are sensitive to the presented attribute ranges as well as insensitive to scope, suggests that the spatial framing not only impacts the 
value estimates, but also compromise their validity.

In terms of further criteria related to construct validity, we conclude that our study passes the face validity test of WTP overshooting 
suggested by Glenk et al. (2024). Furthermore, income has the expected effect on WTP, with higher income individuals generally being 
willing to pay more for biodiversity improvements.11 In relation to the other C’s of validity assessment (Bishop and Boyle, 2019), 
content validity is enhanced by the rigorous qualitative work preceding the survey development (Uggeldahl et al., 2025), leading to the 
choice of a biophysically valid linking indicator. While convergent and criterion validity are harder to assess given the limited number 
of similar studies and the inherent lack of any “true” estimates for the nonuse values in question, the estimates largely have the sign 
which could be expected based on previous literature.

Finally, while our study has focused explicitly on non-use values, there is no theoretical argument for why such effects might not be 
present for use values. On the contrary, given that there is theoretical and empirical evidence for use values being affected by spatial 
aspects, we suspect that the spatial framing of the good is likely to also influence use values.

To summarize our findings for practical applications, we find that the use of the BII passes various validity tests, indicating that it 
can be a way to present changes in biodiversity in SCEs. In terms of how geographically explicit changes should be presented, our 
results indicate that presenting spatially explicit ecological indices at a smaller geographical scale, compared to only presenting at 
larger scales, seems to produce results that better adhere to standard validity criteria. However, whether to also include information 
regarding the effect on a large spatial scale is a question warranting further empirical scrutiny, and probably also depends on the policy 
question being analyzed. We conjecture that also including information about the effect on a larger spatial scale might improve the 
evaluability of the information (see Bateman et al. 2009 for a discussion of evaluability), as it should help respondents to better 
comprehend the magnitude of the proposed change.
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