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A B S T R A C T   

Public acceptance of environmental compensation (offsetting) as a mechanism to address negative human im-
pacts on biodiversity and ecosystem services is critical. Given that “in-kind/on-site” compensation is rarely 
possible, proposals must address trade-offs with respect to design. We measure Swedish citizens’ support for 
compensation and analyze preferences for design attributes based on a choice experiment in which respondents 
choose between various compensation alternatives to address the hypothetical loss of green space due to urban 
development. We find citizens’ support for compensation is high, but the activity causing the damage affects 
acceptance. Our model suggests that several design attributes affect choice but size of the compensation area was 
valued highest, both in relative and absolute terms. Further, our results suggest that compensation should be 
primarily focused on creating or improving biodiversity and nature values in order to be in line with public 
preferences. Additionally, choice depends on interactions between attributes: a larger compensation site matters 
more when it is relatively further away; and the importance of size and distance from damage depends on 
whether compensation type focuses on nature or recreational values. Observable characteristics such as a re-
spondent’s age, income and education affect compensation design preferences, but perceptions and previous 
experiences have the largest effect on choice. Our findings suggest that public preferences are consistent with 
many of the general recommendations found in guidance documents, but local context may argue for alternative 
priorities with respect to certain species, habitats, and/or the wellbeing of certain groups. To engender broad 
support, compensatory offsets will need to balance scientific rigor with transparent involvement of the public.   

1. Introduction 

Increasing urbanization is leading to the removal of green space in 
cities, causing negative impacts on biodiversity and ecosystem services, 
including local access to recreation (McPhearson et al., 2015). Loss of 
green space in these areas results in negative impacts on health and 
wellbeing (WHO, 2016). Many cities are starting to recognize the 
importance of establishing and enhancing green spaces in order to 
counter these negative effects, and despite a general declining trend in 
urban vegetation cover there are reports of increased proportions of 
green urban space some areas in Europe and North America (Richards 
and Belcher, 2020), The offsetting of impacts to biodiversity and 

ecosystem services (in this article referred to as environmental 
compensation), may provide a mechanism to allow for development 
while counteracting a net loss of biodiversity and ecosystem services 
(OECD, 2018). We here use the term environmental compensation as 
actions taken to improve environmental resources, including any ser-
vices it may provide to other resources or to people, as a way of 
compensating for damage following urban development. In short, this 
type of compensation is “paid” in terms of resources rather than money 
(Cole, 2011) and may include measures such as habitat restoration, 
species rehabilitation and/or other resource enhancement to offset 
environmental damage. The compensation is paid to the general public 
by those responsible for the damage arising from land use development. 
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The legal requirement for environmental compensation varies from 
country to country but is generally motivated by the Polluter (Devel-
oper) Pays Principle (Koh et al., 2017): it shifts the burden of environ-
mental damage from the public to the developers, who must internalize 
compensation costs in their decision-making. A common requirement, 
however, is that compensation should only be considered in the final 
step in the mitigation hierarchy, after first “avoiding” and then “mini-
mizing” negative impacts (BBOP, 2012). 

Although compensatory offsetting has attracted criticism from ex-
perts (Karlsson and Björnberg, 2020), not least because it often fails to 
deliver the promised benefits (Josefsson et al., 2021), the question of 
public acceptance has received limited attention, perhaps because it is 
wrought with challenges associated with how it is defined. Previous 
studies have examined preferences from different angles which has 
resulted in different conclusions regarding public support, including 
farmers offering their land for offsetting (Vaissière et al., 2018), citizens 
with respect to migratory bird offsets (Burton et al., 2017), citizens with 
respect to resource-based compensation for wind development (Ker-
magoret et al., 2016), citizens for urban development affecting woodlots 
(Scholte et al., 2016), or compensation experts with respect to offsets as 
a way to achieve No Net Loss (EC, 2020). Pilgrim and Ekstrom (2014, 
p.8), who examine conditions for positive conservation outcomes, 
acknowledge that the No Net Loss criterion on which offsets are often 
based “…can have varying definitions depending on what biodiversity and 
human preferences are accounted for, and how they are accounted for.” 
Indeed, Griffiths et al. (2018) discuss the challenge of balancing 
ecological targets of No Net Loss with making people “no worse off” after 
a compensation project. In short, it appears that measuring public 
acceptance of compensation seems to depend on who you ask, how you 
define it, the setting in which it takes place, and the activity causing the 
damage. 

Arguably, the ideal compensation is “in-kind” and “on-site”, i.e., 
perfectly matches lost resources and services with gained resources and 
services (Cole et al., 2021). In practice, however, the development of a 
compensation project confronts a variety of trade-offs between different 
design attributes including e.g., the geographical scope of the project, 
the placement in relation to the damaged site, and the types of damaged 
values that should receive primary focus in the compensatory design. 
Lipton et al. (2008) identify additional factors that could be considered 
when selecting among competing compensation alternatives.1 People 
will inevitably differ with respect to what they think is the best way to 
choose among these trade-offs, but measuring people’s preferences for 
design is critical if compensatory offsets are to gain wide-spread 
acceptance as a way of addressing environmental loss. 

One way of addressing trade-offs is to develop a set of general prin-
ciples for how compensatory projects should be designed and for how 
the process should be implemented. This can be found for example in 
guidance documents such as BBOP (2012) Standard on Biodiversity 
Offsets, which notes the importance of adhering to the mitigation hier-
archy, the need to focus on avoidance for certain resources that cannot 
be compensated, the need to involve stakeholders in the 
decision-making process, etc. Guidance on compensation design in the 
EU, the US and on local levels often suggest, for example, that 
compensation sites be close to the damage site, be of similar habitat 
type, and consider habitat connectivity and overall landscape context. 
Further, the academic literature provides theoretical frameworks for 
compensation, including possible metrics for balancing loss and gain, as 
well as consideration of trade-offs (Griffiths et al., 2018). 

But general principles are not always sufficient, especially when 

trade-offs are complex or affected by local context. Our review of 
guidance documents suggests that, while many suggest case-by-case 
scrutiny, there are in fact examples of recommendations for how to 
manage specific types of trade-offs in compensatory offset design. We 
found at least three instances: 

First, guidance documents sometimes suggest that the size of 
compensation can be used to adjust for the fact that a compensation site 
is far away from the damaged site. A so-called scale multiplier (the size 
of a compensatory site in relation to the size of the damaged site) 
implicitly assumes that a compensation site should be larger, if it is 
further away: “Consider the potential need for an increased multiplier 
(Ms>1) if elevated spatial flexibility is allowed” (Moilanen and Kotaiho, 
2018, p. 27). Similar arguments are raised in Lipton et al., (2008, p. 
112): “[.] competent authorities may prefer to perform remediation near to 
the incident than further away; such distance-related preferences could be 
reflected in scalars.” 

Second, guidance documents sometimes suggest that the size of 
compensation can be used to adjust for the fact that a compensation 
project offers different resources than those that were damaged, i.e., 
“like-for-like” is preferred in principle, but differences can be 
‘compensated’ by size. For example, the use of Habitat Hectares as a 
metric suggests that habitat quality should be a factor in determining 
compensation, where the “quality” of the compensation may depend on 
e.g., the vegetation type restored or created (World Bank Group, 2016; 
Unsworth and Bishop, 1994). A lower quality (e.g. lower resemblance to 
the damaged site) implies a need for a larger compensation area. Lipton 
et al., (2008, p. 114) also recommend similarity between the compen-
sation and the damage, but allow for scalars to account for differences 
between the debit and the credit (e.g., an additional size offset when 
compensation is “out-of-kind”). 

Third, some guidance documents suggest human use of resources or 
ecosystem services should be compensated close to the damage site, 
whereas biodiversity values can be compensated further away. For 
example, in a report to the Nordic Council of Ministers, Moilanen and 
Kotiaho (2018, p. 40) write: “Comparatively local offsetting of ecosystem 
services would be generally desirable, but offsetting of biodiversity could 
possibly be allowed further away”. The Swedish National Board of Hous-
ing, Building and Planning state in a guide to compensation that “some 
ecosystem services may provide local benefits that cannot be compensated in 
an alternative location.” (Boverket, 2018). Helsingborg municipality in 
Sweden suggests the following for developers: “The principle of proximity 
has great importance for recreational values. For ecological values, another 
location may generate greater value” (Helsingborg Municipality, n.d., p. 
4). 

Importantly, the recommendations that emanate from these guid-
ance documents are informed by experts from academic circles and/or 
other specialists in the field. The aim of this study has been to investigate 
how the public weighs compensation trade-offs and whether they are 
on-board with what the experts suggest. We are interested in assessing 
the public’s view on the need for compensation and the unavoidable 
valuation judgements implicit in scaling the type, size, and extent of a 
compensation project. Our analysis is based on a choice experiment, 
where respondents choose between various compensation alternatives 
to address the hypothetical loss of green space due to urban develop-
ment. The survey sample includes adults in urban areas in Skåne, a 
densely populated county in southern Sweden. Compensation for urban 
development in non-protected areas is not mandatory in Sweden, but 
nonetheless at least 24% of Sweden’s 290 municipalities currently work 
with, or plan to work with, compensation (Mellin et al., 2021). The 
national government conducted an investigation into the possibilities 
for increasing the use of compensation (SOU, 2017:34) and the Swedish 
Environmental Protection Agency has funded research on the topic from 
2018 to 2020 in order to facilitate future implementation. The survey 
measures the general acceptance of compensation and estimates the 
absolute and relative value of design attributes (size, type of compen-
sation, distance and current land use of the compensation site), 

1 A sample of these include the following: i) effect on public health and 
safety; ii) cost of each option, iii) likelihood of success of each option, iv) extent 
to which each option will prevent future damage and avoid collateral damage, 
v) social, economic and cultural concerns, vi) time needed for restoration, vii) 
extent of restoration of the damaged site (Lipton et al., 2008, p.108–109). 
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including how changes in attribute levels can affect the probability of 
choosing a compensation alternative. The results allow us to measure 
the extent of public support for compensation, factors that affect sup-
port, and provide new information on how best to design compensation 
projects generally to satisfy public preferences. 

Section 2 presents the specifics of the Swedish case study, including 
development of the survey mechanism. Section 3 presents experimental 
design considerations for the survey and the statistical model. Section 4 
presents and interprets results and Section 5 discusses the conclusions 
and major implications. 

2. Survey 

The full final survey can be found in Appendix A. Survey develop-
ment followed established guidance (Hensher et al., 2005; Johnston 
et al., 2017) concerning design (structure, information provided, etc.) 
and pre-testing (initial testing, focus group, pilot study, etc.). The survey 
was also tested and discussed among local city planners to ensure rele-
vance in this local context. We ran a pilot test with 140 participants in 
the fall of 2019, which resulted in further feedback and improvements. 
The final survey was completed in May 2020 through an online survey 
panel run by the survey company Norstat. Respondents are compensated 
by Norstat for their efforts in responding. The panel consists of 
approximately 100,000 individuals that have been recruited by random 
sampling and self-invitation is not allowed. The panel is maintained by 
replacing individuals who leave the panel, or are filtered out due to 
inactivity, by new random sample drawing from the Swedish adult 
population. Our stratified random sample from the panel included res-
idents from all 33 municipalities in Sweden’s southernmost County of 
Skåne (Fig. 1), ages 18 and older who live in a town or city of at least 
2000 people. 

Respondents first faced a series of questions about their use of green 
space and the extent to which they had been affected by urban devel-
opment. After introducing the concept of compensation, including 
follow-up questions to encourage retainment of information, we defined 
a compensation scenario involving urban development, followed by the 
choice sets and, finally, a series of demographic questions. 

The compensation scenario focused on urban development that was 
subject to compensation requirements. The damage scenario, which was 
described via illustration and text, involved construction of new apart-
ments in a hypothetical urban area in Skåne that resulted in the loss of 
existing green space, affecting both nature values and recreation values. 
Respondents were asked to assume that they lived in the direct vicinity 
of the development project. Fig. 2 shows how we illustrated the concepts 
of nature values and recreation values for the respondents. Further, we 
presented examples of compensation measures that could be used to 
address either recreation values (e.g., planting and thinning of vegeta-
tion; creating or improving hiking trails, walking paths or running 
tracks; creating or improving outdoor lighting, picnic tables and 
benches; and new playgrounds and space for sports) or nature values (e. 
g., creating or improving ponds for frogs and birds; measures to slow 
surging watering during storm events; active management of meadows 
to encourage wildflowers and pollinating insects; planting new decidu-
ous trees and taking care of and managing old trees; and placement of 
old logs as habitat for mushrooms, insects and birds). 

Each respondent faced six choice sets, each of which presented two 
alternative compensation designs to address the damage scenario. The 
respondent was asked to choose the one he or she preferred. Each 
alternative was defined by four attributes (Table 1): LOC defined 
whether the compensation site was located in an existing green area (in 
which case compensation would “improve” existing values) or in a gray 
area (former industrial site), in which case the compensation would 
“create” new values. SIZE defined whether the compensation site would 
be the same size as the damaged area or twice as big. DIST defined the 
distance from the damaged site to the compensation site, either 300 or 
900 m. Finally, COMP defined whether compensation was aimed at 

nature values, recreation values, or both. 
In preparation for the choice sets, respondents were provided with 

the following instructions (here translated to English from Swedish): 
“Imagine that a decision has already been made to permit the construction of 
the apartment buildings shown on the previous map. Further, it has already 
been decided that compensation measures will be implemented to address the 
negative impacts. The question becomes: which of the following compensation 
alternatives do you prefer. There is no ”right or wrong” answer – we want to 
know what YOU think!” An example choice set is provided in Fig. 3. 

3. Statistical approach 

A choice model (Holmes et al., 2017) is a stated preference approach 
that relies on a hypothetical experiment to generate data based on 
repeated observations of how individuals make choices. This statistical 
approach is based on random utility theory, which asserts that the 
probability of an individual selecting a given alternative (or consumer 

Fig. 1. Skåne, the southernmost County in Sweden, where all 33 municipalities 
were included in the survey sample. 
Image source: Public Domain attribution, Koyos, retreived from Wikime-
dia Commons. 
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product) is a function of both known and unknown variables 

(McFadden, 1980). An individual’s utility can be described as follows:  

Um = Vm + Ɛm                                                                         Eq. (1) 

where the unobservable utility, U, (satisfaction) from selecting 
choice alternative m is a function of both V, the representative compo-
nent of utility (attributes of the choice alternative that are observable to 
both the researcher and the individual) and Ɛ, the random component 
(unobservable to the researcher, but known to the individual). By 
assuming individuals maximize utility and by restricting the various 
sources of uncertainty into this single random component, we can 
redefine the problem as the probability that an individual selects alter-
native m. That is, choice becomes a random variable. 

Fig. 2. Illustration of nature values and recreation values for respondents.  

Table 1 
Choice attributes.  

Attributes Attribute Levels* 

LOC 0. Compensation site green area (“improve values”) 
1. Compensation site gray area (“create values”) 

SIZE 0. Compensation site same size as damage site 
1. Compensation site twice as big as damage site 

DIST 0. Compensation site 300 m from damage site (5 min walk) 
1. Compensation site 900 m from damage site (10 min walk) 

COMP 0. Compensation aimed at nature values 
1. Compensation aimed at recreation values 
2. Compensation for both values 

*Attribute level “0” (zero) indicates base level for use in interpretation. 

Fig. 3. Example Choice Set. This example varies only two attributes (COMP and DIST) across the two choice alternatives. Respondents were asked to select the 
alternative that they most preferred. 
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3.1. Statistical design 

The survey’s statistical design was based on the objective of 
measuring the main effects and four selected interaction effects. To 
ensure sufficient variation across the combination of attributes and 
attribute levels in Table 1, we rely on an orthogonal design (Hensher 
et al., 2005), which results in 24 choice sets (48 compensation alter-
natives). To reduce respondent burden we created four blocks, with 6 
choice sets in each survey version, ordering each of the choice sets in 
terms of increasing difficulty in each version (difficulty was based on the 
number of attributes whose levels differed between alternatives). In 
relying on our panel dataset (6000 observations from 1005 individuals), 
we implicitly assume independence among choices within a respondent 
(i.e., that a respondent’s choice is not affected by an unobserved bias). 

We designed our attributes and levels to avoid combinations that are 
unlikely to be experienced in the real world. We choose an orthogonal 
over an efficient design for several reasons: the unique combinations of 
attribute levels did not generate a large or unwieldy orthogonal design 
(which meant we could have sufficient variation without too many 
choice sets); we lacked sufficient prior information about sign, mean, 
and/or variance of our attributes (which precludes the primary benefit 
of an efficient design); and we had access to a large on-line panel (which 
meant that minimizing sample size was not a primary design criteria). 
Our orthogonal design may result in a slight loss of efficiency due to 
inclusion of some dominant alternatives (Choice Metrics, 2018). 

Notably, our unlabeled choice experiment excludes a cost attribute 
and an opt-out option. Respondents were told that the “costs of the 
measures were approximately the same for all alternatives and were paid for 
by the developer.” Johnston et al. (2017) suggest that robust welfare 
valuation include a cost attribute to ensure respondents respect budget 
constraints when studying the trade-off between money and other re-
sources like environmental quality. However, monetary valuation of 
attributes was not the primary focus of this study, since we were not 
trying to estimate the welfare impacts of requiring environmental 
compensation (see e.g., Breffle and Rowe, 2002; Garnett et al., 2018). 
Instead, we consider the case where environmental compensation is 
assumed to be required and focus on the preferred compensation design 
– including associated trade-offs between attributes – provided that 
compensation will be implemented. We thought the introduction of 
money into the choice decision may cause respondents to focus too 
much on “who” should pay, or distract them from the primary focus of 
weighing the merits of the attributes themselves. Burton et al. (2017) 
excluded a cost attribute based on similar reasoning, although Carlsson 
et al. (2007) found that preferences and relative value of attributes can 
change when excluding a cost attribute. Since the majority of compen-
sation requirements are motivated by the polluter pays principle – which 
suggests that developers are liable for providing compensation – we felt 
it was challenging to provide a convincing payment vehicle. In practice, 
regulatory burdens may influence the price of new housing, but this is 
not particularly realistic for survey respondents in existing housing. By 
excluding a cost attribute in our scenario, we assume the public, all else 
equal, prefers compensation over no compensation, given that devel-
opment takes place. We investigate instead respondents’ general pref-
erence toward compensation through more direct and open questions 
(see Section 4) and assess relative attribute values attributes based on 
marginal rates of substitution (see Section 3.2). 

We exclude an opt-out alternative, forcing respondents to choose 
between two compensation alternatives, which reflects our policy 
context where compensation is assumed to be required. Breffle and 
Rowe (2002) note that including the status quo increases respondent 
burden (more information to consider) while excluding it may result in 
the loss of information about how respondents trade-off attributes. 
Veldwijk et al. (2014) find that excluding an opt-out option results in 
only minor differences between the forced and unforced choice models; 
they also note that respondents seem to improve the learning and un-
derstanding of attributes in forced choice settings. Finally, Holmes et al. 

(2017) note that unlabeled alternatives are more robust when esti-
mating relative values based on marginal rates of substitution (as we do 
in our case), since all relevant information is included in the experi-
mental design (in the case of labeled experiments, ratios inherently 
involve uncertainty associated with the value provided by the label itself 
and is not controlled for in the design). Blamey et al. (2000), who 
compare labeled vs. unlabeled alternatives, further support this 
approach, concluding that “the inclusion of policy labels appears to have 
reduced the attention respondents give to the attributes” (p. 284). 

3.2. Statistical analysis 

We model the representative component in Eq. (1) using a binomial 
logit, a statistical model that attempts to explain a discrete dependent 
variable with two outcomes through linear regression (we rely on R’s 
GLM). The empirical specifications for the Main Effects-only model (ME- 
only, Eq. (2)) and the Main Effects plus selected Interaction Effects 
model (ME+IE model, Eq. (3)) assume the individual’s observable utility 
obtained from selecting compensation alternative A or B (response) can 
be explained by the dummy coded attributes defined in Table 1. The 
model coefficients (ẞ) indicate the weight, or importance, of each 
attribute for the individual’s choice. ẞ0 represents a constant that re-
flects the base level of utility when all attributes are set to their base 
level (“0” in Table 1) and is not directly interpretable. Both logit models 
are assumed linear and additive in the attributes. Since our scenario 
assumes only two alternatives per choice set we estimate generic rather 
than alternative-specific parameters. The model is solved using 
maximum likelihood estimation.  

(ME-only model) Choice (A or B) = ẞ0 + ẞ1*LOC + ẞ2*SIZE +ẞ3*DIST 
+ẞ4*COMP + Ɛ                                                                       Eq. (2)  

(ME+IE model) Choice (A or B) = ẞ0 + ẞ1*LOC + ẞ2*SIZE + ẞ3*DIST  
+ ẞ4*COMP +ẞ5*LOC*COMP + ẞ6*SIZE*DIST + ẞ7*COMP*SIZE 
+ẞ8*COMP*DIST + Ɛ                                                             Eq. (3) 

Since direct interpretation of model coefficients are not particularly 
useful when interpreting individual behavior (Ai and Norton, 2003; 
Hensher et al., 2005; Brambor et al., 2006; Mize, 2019), we extract other 
outputs of interest. For the ME-only model we consider three outputs: 

First, marginal effects represent the rate of change of the dependent 
variable (response) relative to the rate of change of an attribute. In the 
ME-only model this measures the effect of changing an attribute level by 
one unit (e.g., 0 to1) on the probability of choosing a compensation 
alternative, with larger numbers suggesting that an attribute has a 
higher absolute rank (value), in terms of effect on choice. We estimate 
Average Marginal Effects (AME), which calculates marginal effects at 
every observed value of the attributes in the dataset and then averages 
across the resulting effect estimates, thus capturing the full distribution 
of the covariate (rather than holding attribute levels constant at e.g., a 
reference or representative level, see Leeper, 2018). 

Second, we consider respondents’ relative ranking of attribute values. 
Since we exclude a cost attribute (see Section 3.1), we rely on a non- 
monetary currency: the marginal rate of substitution (MRS) measures 
how much of one attribute respondents are willing to give up in order to 
obtain more of another attribute, while remaining at the same utility 
level. In the ME-only model, the relative importance to respondents of e. 
g., LOC relative to SIZE, is based on the negative ratio of model co-
efficients (Hensher et al., 2005):  

MRS (LOC/SIZE) = - ( ẞ1 / ẞ2)                                                 Eq. (4) 

Using binomial categorical attributes, we assume that ”giving up” an 
attribute represents going from a value of 1 to 0, while “obtaining more” 
represents the opposite. Thus, a MRS of 1 (in absolute terms) means 
respondents obtain equivalent value (welfare) from both: the value of 
losing one attribute is equivalent to obtaining the other. A value of 0.5 
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means the attribute in the numerator is half as valuable as the attribute 
in denominator, while a value of 2 means the numerator is twice as 
valuable. When both attributes are positively signed (more of each is 
preferred), the MRS between them is negative, indicating that one of the 
attributes must be “given up” in order to get the other. 

Third, we consider differences in compensation preferences by 
interacting individual-specific variables with each of the attributes, 
providing a measure of observed heterogeneity (Hensher et al., 2005). 
Interactions in the ME-only model test if average preferences for the four 
attributes, all else equal, vary across groups, allowing us to consider 
whether things like income or attitudes affect preferences for the 
compensation design attributes. Statistical tests are described in the next 
paragraph. 

Finally, we estimate a choice model that relaxes the assumption that 
all other attributes are held constant. The ME+IE model considers how 
one explanatory variable (focal attribute) may be ‘conditioned by’ the 
level of a second explanatory variable (conditioning attribute) in their 
combined effect on choice probability (Brambor et al., 2006). It tests, for 
example, whether the focal attribute only has an effect on choice prob-
ability if the conditioning attribute’s level is/is not present. To deter-
mine the size and significance of interactions (for both observed 
heterogeneity in the ME-only model and for these attribute interactions) 
we follow Mize (2019), who suggests (1) a visual analysis of how pre-
dicted probabilities change across the range of the values for the con-
ditioning attribute and (2) statistical tests of first and second differences. 
A statistical test of first difference is the difference between two prob-
abilities measured at the locations where the attributes interact (test of 
marginal effects). A statistical test of second difference represents a 
measurement of whether one of the first differences is stronger or weaker 
than the other (test of interaction itself). 

4. Results 

We first present socio-demographic variability in our sample (4.1) 
and then analyze variation in respondents’ environmental attitudes 
(4.2). The first choice model, the ME-only model (4.3), focuses on three 
aspects: (a) marginal effects, which ranks in absolute terms each attri-
butes’ effect on choice; (b) marginal rates of substitution, which ranks in 
relative terms each attribute’s value (i.e., how much more respondents 
prefer attribute X over attribute Y); and (c) observed heterogeneity, which 
tests whether certain groups may have different compensation prefer-
ences. The second choice model, the ME+IE model (4.4), assesses 
attribute interactions, i.e. whether or not preferences for an attribute are 
dependent on other attributes. 

4.1. Sample description 

We received 1278 completed surveys after sending out to 4081 panel 
members (response rate 31%). A total of 1005 surveys responses were 
used for the final analysis after data cleaning, which involved removal of 
273 surveys. Removals were based on respondents who (1) were 
screened out because they did not live in a city with at least 2000 resi-
dents (n = 217) (2) took less than 5 min to complete the survey 
(n = 14); or (3) provided incomplete or nonsensical answers to all open 
text questions, suggesting a lack of effort or attention (n = 12) or 
exclusively answered alternative 1 or alternative 2 across all six choice 
questions (n = 30). The mean and median time to completion was 
approximately 15 min. 

Table 2 provides an overview of our sample and comparison to the 
eligible surveyed population: our sample is somewhat older, wealthier 
and more educated and includes a slight overrepresentation of men. 
Note, however, that the “sample vs population” discrepancy shown in 
the table for education and income is likely exaggerated because it is 
based on county-wide data, whereas our sample purposely oversamples 
the three largest cities (see XL in table). For example, the share with 
higher education levels in the three municipalities with the biggest cities 

in Skåne are 35 – 69% (SCB, 2020a). Income levels are among the 
highest in Sweden in some of the included municipalities in Skåne, but in 
the Malmö region income levels are below average (SCB, 2019). 
Compared to the population, our sample includes a slightly larger 
number of respondents from the three largest cities (55% vs. 47%) and 
slightly less from small cities (2000 – 9999; 20% vs. 22%), but otherwise 
is a fair representation of city size distribution across Skåne. We did not 
find any major deviation across the 4 survey blocks for these variables. 

4.2. Attitudes towards compensation 

Table 3 summarizes respondents’ understanding of, and attitudes 
toward, compensation. We discuss these findings below including 
consideration of how attitudes differ statistically across groups. We find 

Table 2 
Demographic statistics for survey sample compared to eligible population 
(n = 1005).  

Variable Definition Sample Population 

BIGCITY % in city size category (XL / L 
/ M / S)a 

55 / 10 / 16 / 
20 

47 / 12 / 18 / 
22b 

FEMALE Women (share)c 47.3 50.5b 

AGE Mean aged 53.9 49.2b 

EDUCATION % with University / higher 
degreee 

59 37–45b 

INCOME % earning > 42,000 SEK/ 
month 

22.0 11.3 in the 
region  

a Size categories: XL = 40,000 + (Malmö, Lund, Helsingborg); L =

25,000–39,999; M = 10,000–24,999; S = 2,000–9,999. 
b Denotes statistically different from survey sample at .05 level. 
c Seven respondents answered “other” to the question about gender. 
d Population comparison based on the 86% of Skåne residents aged 18 +

(n = 1,110,000) (SCB, 2020b). 
e Population comparison includes individuals with at least some post- 

secondary education. Range reflects two population statistics, where lower 
value reflects ages 16 + and higher reflects 25–64 (SCB, 2020a). 

Table 3 
Attitude variables for survey sample (n = 1005).  

Variable Definition % in 
sample 

AWARE aware of environmental compensation 24 
ATT.GREEN worried about locally disappearing green space 

(agree or partially agree) 
45 

AFF.NONE not affected by urban development - in terms of 
nature or recreation values 

36 

AFF.NAT affected negatively by urban development – 
exclusively in terms of nature values 

8 

AFF.REC affected negatively by urban development – 
exclusively in terms of recreation values 

3.5 

AFF.BOTH affected negatively by urban development – both in 
terms of nature and recreation values 

15 

ACCEPT2 Agree that compensation should be required for 
urban development 

69  

Believe compensation for recreation shoulda  

IMP.REC ”leave 
it be”  

• incorporate nature’s attributes (“leave it be”) 48 

IMP.REC 
“improve”  

• be actively managed (“improve it”) 10  

Believe compensation for nature should place top 
priority onb  

IMP.NAT.HAB  • habitat for plants and animals 39 
IMP.NAT.BEN  • benefits nature provides (clean water, air, 

pollination, avoid floods) 
44 

IMP.NAT.VISIT  • preferences of people who may visit the area 16  

a Respondents selected from a scale between 1 (strong focus on nature’s at-
tributes “leave it be”) and 9 (strong focus on active management “improve it”). 
48% selected either 1, 2, or 3. 10% selected either 7, 8, or 9. 

b Respondents ranked the three options on a scale of 1–3. 39% ranked habitats 
first; 44% ranked benefits first; and 16% ranked visitation first 
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that 24% are familiar with the concept of environmental compensation, 
although this may be an overestimate given the “self-proclaimed” nature 
of the question and lack of follow-up to confirm true understanding. Men 
were more likely to be aware (26.9% vs 21.1%) than women (χ2, 
p = .04). 

Nearly half of all respondents appear concerned that green space is 
disappearing (ATT.GREEN) but the intensity of concern varies by group. 
We find a strong correlation with city size: concern about green space 
increases in a constant linear fashion as city size increases across four 
size categories (χ2, p < .001). Other groups that show greater concern 
are females (χ2, p = .003), younger respondents (χ2, p = .002), and 
those with higher education levels (χ2, p = .028). Note, however, that 
age is inversely correlated with education (very old age groups tend to 
have lower levels of education, p < .001). 

The exclusively negative effects of urban development were more 
likely to impact respondents in terms of nature values, rather than rec-
reation values (8% vs 3.5%). However, positive impacts from urban 
development, while rare, are proportionately more likely for recreation 
than nature (15% to 8%, not shown in Table 3), which may be explained 
by new urban development creating recreation-friendly environments, 
rather than creating new nature. 

The importance of compensation design attributes varies depending 
on the focus of the project. When developing a compensation project 
aimed at recreation values (IMP.REC), it was more important to follow a 
“leave it be” approach by incorporating nature’s existing attributes like 
forest patches, boulders to climb on, bushes, naturally formed trails, 
wild meadow flowers, etc., rather than actively improving it with e.g. 
park benches, playgrounds, outdoor lighting, ball fields, easily acces-
sible walking paths, etc. Overall, 48% leaned towards “leave it be”, 10% 
towards “improve it”, and 42% were somewhere in the middle. When a 
project aimed instead at nature values (IMP.NAT), the benefits nature 
provides people was most important (top ranked by 44% of re-
spondents). Nearly as important was habitat for plants and animals (top 
ranked by 39% of respondents), while attributes for visiting the site were 
far less important (top ranked by 16% of respondents). 

Nearly two-thirds (64%) of respondents thought that compensation 
as a general concept was a good idea (Fig. 4(a)). At this stage in the 
survey, respondents had been given a very brief overview of the concept. 
The following groups were more willing to accept compensation as a 
good idea: Parents (χ2, p = .005), younger individuals (χ2, p = .006), 
dog owners (χ2, p = .02), medium to higher income groups (χ2, 
p = .003), and those with more than a high school education (χ2, 
p = .07) (note income and education are positively correlated). Females 
were more likely to think compensation is a good idea (and less likely to 
think it is a bad idea) than males (χ2, p = .01). Finally, those that are 
aware of environmental compensation were more likely to accept it and 
less likely to be uncertain (χ2, p = .002). Note, however, that being male 
is positively correlated with awareness, see above. 

We identified motivations for acceptance based on an obligatory 
open-ended follow up question. For example, among respondents who 
opposed the idea (n = 114), common reasons were along the lines of ‘not 
possible to compensate’ (n = 35); ‘compensation project is too far away’ 
(n = 22); or ‘development on green areas should be avoided’. Less 
common reasons were ‘wrong to buy permit for exploiting nature’ 
(n = 10) and ‘risk that compensation is not good enough’ (n = 8). 
Among respondents who supported the idea (n = 640), the dominant 
share of responses indicated general support such as ‘we need to protect 
nature’. However, respondents also mentioned that ‘compensation can 
make it possible to develop and simultaneously protect nature’ (n = 34), 
and that ‘compensation requirements will make it more difficult to 
develop sites with high nature values, or could increase awareness of 
nature when developing’ (n = 44). 

Later in the survey respondents answered a similar question about 
acceptance but this time for the specific urban development scenario 
described in the choice experiment (Accept2, Fig. 4(b)). Answers were 
based on a five-point scale that allowed for some degree of uncertainty. 

The finding that only 2% (n = 23) rejected this policy outright suggests a 
high level of acceptance for compensating green space lost to urban 
development (an additional 2%, n = 22, were “more against than for”). 
We found that females (χ2, p = .05), parents (χ2, p = .05), and those that 
are aware of compensation (χ2, p = .07) were more likely to accept 
compensation for urban development (again, males more likely to be 
aware, see above). Further, high and low levels of education are corre-
lated with reduced acceptance, compared to moderate levels of educa-
tion (χ2, p = .009). 

Respondents that were “unsure” for Accept2 (n = 288 or 9%) indi-
cated open-text motivations that could be categorized as follows: 
‘complexity/case specificity or uncertainty of the effects from imple-
mentation’ (n = 60); ‘lack of knowledge about compensation in general, 
or that experts should decide instead’ (n = 21); ‘fear of losing important 
values at the construction site itself’, ‘concern over a “license to thrash”‘, 
a ‘preference for development on ‘gray’ lands instead, or preference for 
avoiding rather than repairing the damage’ (n = 41); and ‘the risk of 
high costs, less possibilities to develop housing, or skepticism of the need 
for compensation’ (n = 40). 

Although a direct comparison of the questions in Fig. 4 is not 
possible, a general trend can be seen toward more rather than less 
acceptance in the second question. This trend, including a reduction in 
“unsure” responses, may be due to the fact that responses to the latter 
question came after respondents gained a deeper understanding after 
engaging in the choice experiment exercise. 

We also asked respondents about their support for requiring 
compensation across a variety of damage-causing activities that results 
in the loss of green space. A statistically significant difference in re-
sponses (p=<0.0001), suggests that acceptance is: (1) lowest when 
compensating impacts from biking and walking paths (38%) and schools/ 
hospitals (73%); and (2) highest for roads/railroads (83%), oil spills ( 
87%), and industrial development (90%). This finding suggests a reluc-
tance to embrace regulatory requirements for compensation when the 
impact causing the loss may also provide public benefits and/or is 
simply perceived as minor. 

Finally, we assessed the types of environments to which respondents 
were most attracted by providing four images and asking “in which of the 
following environments would you prefer to spend an hour tomorrow?” (See 
Appendix A). We found that 4% preferred an urban setting/town square; 
32% an urban park; 47% a trail and wooden bridge in a forest; and 18% 
a pristine and untouched forest. In the specific context of the question, 
this suggests that respondents preferred green areas over urban areas 
generally, but also preferred the picture representing “accessible” nature 
over “pristine” nature for their visits. 

4.3. Choice model results 

The vast majority of respondents appeared to understand the choice 
scenarios presented: 73% agreed or partially agree that it was “easy to 
understand the difference” between choice alternatives while 60% 
found it “easy to choose” between the choice alternatives. Table 4 pre-
sents results of the two choice models. Diagnostic tests suggest that the 
ME-only model does a good job in predicting respondents’ choice of 
compensation, even if the ME+IE model captures slightly more varia-
tion. For example, model accuracy for both models were in line with the 
66% accuracy found in Bishop et al. (2000), who estimated a choice 
model in a very similar setting involving resource trade-offs (accuracy 
compares true vs. false classifications between what the model predicts 
and the actual choices made). The lower (closer to zero) log likelihood 
(LL) value, lower AIC value, and higher pseudo r2 suggest slightly better 
performance from the ME+IE model. 

4.4. Main effects-only model 

All five coefficients in the ME-only model are statistically significant 
at the .001 level and suggest that respondents prefer the following, all 
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else equal: compensation in gray areas via creation, rather than 
compensation in green areas via improvement (LOC); a compensation 
area that is twice as large as the damage, rather than of the same size 
(SIZE); a compensation site that is 300 m away rather than 900 m 
(DIST). Finally, when faced with an “either/or” choice, respondents 
prefer a focus on nature values, rather than recreation values (COMP1 
Nat->Rec) and, as expected, prefer compensation for both values, rather 
than focusing exclusively on nature values (COMP2 Nat->Both). Note 
that we rely on two dummy variables when modeling COMP: As the base 
level of the attribute is nature values, COMP1 represents a change from 
nature values to recreation values, and COMP2 represents nature values to 
both values. 

Table 5 provides estimates of Average Marginal Effects (AME) that 
include measures of uncertainty (standard errors are estimated based on 

the Delta method via R’s Margins package; see Leeper, 2018). All AMEs 
are statistically different from zero and signs are, as expected, identical 
to the coefficients in Table 4. While changes in the attributes LOC and 
COMP1 from 0 to 1 have similar effects on the probability of choosing a 
compensation alternative (approximately 5%, with overlapping confi-
dence intervals), changes in DIST lead to a 10% change in probability, 
and changes in SIZE and COMP2 result in over 20% change in 
probability. 

Table 6 provides estimates of the marginal rates of substitution 
(MRS), or relative ranking of attributes, including measures of uncer-
tainty (standard errors are approximated using the R package “Delta-
Method”; see Fox et al., 2020). The unique MRS values are provided in 
the upper right of the table, while symmetric and equivalent values are 
provided in the bottom left (e.g., − 0.95 is equivalent to − 1.05). The 95% 
confidence intervals can be used to test for the probability that the MRS 
between two attributes is significantly different from 1, which allows us 
to say whether the relative value of one attribute is likely different than 
another. 

For example, the value of DIST measured in units of LOC is the rate at 
which respondents are willing to give up DIST (DIST=1 becomes 
DIST=0) in order to get more LOC (LOC=0 becomes LOC=1) and is 
equal to 1.87 (-(− 0.43 / 0.23)). DIST is almost twice as valuable as LOC: 
i.e., if respondents had to give up DIST (going from 300 m to 900 m), 
they would not be (equally) compensated by obtaining LOC (going from 
green to gray). The reverse is also true; MRS(LOC/DIST)= 0.53. The 

Fig. 4. Two questions regarding acceptance of 
compensation. Accept1: “Compensation mea-
sures are designed to strengthen nature values 
and/or possibilities for recreation. They cannot 
be used to motivate a development project that 
would otherwise not have been permitted. Do 
you think this type of compensation seems to be 
a good or bad idea?” Accept2: “Think of the 
scenario involving development of apartment 
buildings, as described above. To what extent 
are you for or against compensation measures 
aimed at addressing impacts on nature and 
recreation values?”.   

Table 4 
Model estimations.   

ME-only model ME+IE model 

Coefficient Log-odds CI (95%) P-value Log-odds CI (95%) P-value 

Intercept -0.65 -0.74–− 0.56 < 0.001 -0.67 -0.81–− 0.54 < 0.001 
LOC 0.23 0.15–0.30 < 0.001 0.07 -0.06–0.20 0.302 
SIZE 1.01 0.93–1.09 < 0.001 1.26 1.10–1.41 < 0.001 
DIST -0.43 -0.50–− 0.35 < 0.001 -0.58 -0.74–− 0.43 < 0.001 
COMP1 (Nat->Rec) -0.21 -0.30–− 0.12 < 0.001 0.24 0.06–0.43 0.010 
COMP2 (Nat->Both) 0.96 0.87–1.05 < 0.001 0.66 0.47–0.85 < 0.001 
LOC1:COMP1    0.28 0.10–0.47 0.003 
LOC1:COMP2    0.19 0.00–0.38 0.047 
SIZE1:DIST1    0.18 0.03–0.34 0.022 
COMP1:SIZE1    -0.82 -1.01–− 0.64 < 0.001 
COMP2:SIZE1    -0.12 -0.31–0.07 0.218 
COMP1:DIST1    -0.33 -0.52–− 0.15 < 0.001 
COMP2:DIST1    0.58 0.39–0.77 < 0.001  

Observations: 12,060 
Pseudo R2 ¼ .117 
LL value: − 7618.455 (df=6) 
Null Deviance: 16,720 
Residual Deviance: 15,240 
AIC: 15,250 
Accuracy: 64.0% (95% CI: 62.9 – 65.3)* 
Accuracy (split): 61.9% (95% CI: 60.7 – 63.2)* 

Observations: 12,060 
Pseudo R2 ¼ .131 
LL value: − 7521.044 (df=13) 
Null Deviance: 16,720 
Residual Deviance: 15,040  
AIC: 15,070 
Accuracy: 64.2% (95% CI: 63.0 – 65.4)* 
Accuracy (split): 62.7% (95% CI: 61.4 – 63.9)* 

Nr of individuals = 1005 
* P-value for comparison of accuracy estimations to the No Information Rate (approximately 50%) is < 0.0001 

Table 5 
Average Marginal Effects (AME) (ME-only Model). AMEs measure the percent 
change in the probability of choosing a compensation alternative when the 
attribute level increases from 0 to 1, approximated using the Delta method.  

Attribute AME (95% CI) Z-value p-value 

LOC 0.047 (0.03 –0.06) 5.85 < 0.0001 
SIZE 0.230 (0.21 − 0.25) 26.98 < 0.0001 
DIST -0.094 (− 0.11 to − 0.07) -11.03 < 0.0001 
COMP1 (Nat-> Rec) -0.050 (− 0.07 to − 0.03) -4.46 < 0.0001 
COMP2 (Nat-> Both) 0.217 (0.20 − 0.24) 20.76 < 0.0001  
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MRS of SIZE and COMP2 are each worth four times as much as LOC, 
suggesting that gaining LOC does very little to compensate an individual 
when losing these two attributes. Only one unique MRS in Table 6 is 
statistically equivalent in terms of utility: COMP1/LOC (and LOC/ 
COMP1) include 1 in the confidence interval. 

In general, rows with low absolute numbers in Table 6 suggest those 
attributes are relatively more valuable with respect to the corresponding 
column attribute (denominator has an inverse effect on the value of a 
ratio). For example, the MRS for the SIZE and COMP2 rows are nearly all 
below 1 in absolute terms, suggesting that “trading in” any of the other 4 
attribute levels will demand a high price if one is to pay in terms of SIZE 
or COMP2. In contrast, the MRS for the COMP1 row are all greater than 
1 in absolute terms, suggesting that this attribute is relatively less 
important for respondents. Thus, the MRS estimates provide a non- 
monetary currency for each of the attributes, as they capture relative 
value. For example, while SIZE and COMP2 had the largest (absolute) 
effects on choice probability (23% and 22%, see Table 5), the MRS tells 
us that individuals also value these two attributes highly in terms of the 
other attributes: i.e., very little of these attributes are needed to ‘buy’ a 
lot of the other attributes like COMP1. 

Table 7 summarizes the change in predicted probabilities based on 
interactions between the compensation attributes and dummy variables 
that define relevant groups. The objective is to explore possible drivers 
for observed heterogeneity by focusing on “attribute-group” interactions 
individually, rather than analyze correlations across groups. Nonethe-
less, we identify some relevant cross correlations in the text below. 

A positive value in Table 7 indicates that particular group 
(dummy=1) has a stronger preference for the attribute relative to the 
preference of the rest of the sample (dummy=0); and similarly, a 
negative value indicates a weaker preference for that group. For 
example, whether or not a respondent lives in a BIGCITY does not affect 
preferences for the attributes LOC, DIST, and COMP2. However, 
compared to small city residents, big city residents have (1) relatively 
weaker preferences for larger compensation sites (− 3.8% less likely than 
small city residents to choose a larger size (SIZE); p = .04) and (2) 
relatively stronger preferences for nature values over recreation values 
when faced with an “either/or” choice (5.9% more likely to choose 
nature values over recreation values (COMP1): p = .02). These two re-
sults may be due to the fact that big city residents are used to living in 
dense urban areas where space is at a premium and nature values are, 
relative to recreation opportunities, lacking. 

The 24% of the sample that were previously aware of compensation 
(AWARE) had no significantly different preferences than those who 
were unaware. The difference in magnitude (strength of preference) 
among demographic-based groups generally falls in the range of 3–8%, 
while difference in attitude-based groups ranges from 4-26%, with many 
well over 15%. 

When interacting individual-specific variables we find some cases of 
heterogeneity in preferences (and relatively minor differences in 
magnitude and direction) for the attributes LOC and DIST. For example, 
wealthier individuals had slightly stronger preferences for the gray 
compensation sites over the green sites (6.1% more likely to choose), 

Table 6 
Marginal Rates of Substitution (MRS) between attributes, estimated using the Delta method. 95% CI in parentheses. All estimates are statistically different from 1 
except COMP1/LOC and its reciprocal LOC/COMP1.  

Table 7 
Observed heterogeneity: interacting attributes with individual-specific variables in the ME-only model. Values represent change in predicted probability (second 
difference). P-values are probability that the second difference is zero (two-sided t-test). Note that some of the variables are correlated with each other.  

Individual-specific variable LOC SIZE DIST COMP1 COMP2 

BIGCITY – - 0.038 (P = .04) – .059 (p = .02) – 
FEMALE – – – .052 (p = .057) – 
EDU (Univ Degree) – – – .053 (p = .05) -0.086 (p < .0001) 
AGE (>50) “older” -0.038 (p = .05) -0.055 (p = .003) .040 (p = .04) – – 
INCOME (>42,000 kr) .061 (p = .01) .064 (p = .005) – – – 
AWARE – – – – – 
AFF.NONE – – .042 (p = .036) -0.082 (p = .002) – 
AFF.NAT – – – .121 (p = .007)  
AFF.REC – .084 (p = .078) – – – 
AFF.BOTH – – – .202 (p < .0001) -0.143 (p < .0001) 
ACCEPT2 – .057 (p = .004) – .078 (p = .004) – 
ATT.GREEN – – – .150 (p < .0001) -0.097 (p < .0001) 
IMP.REC “leave it be” – -0.032 (p = .08) – .234 (p < .0001) -0.123 (p < .0001) 
IMP.REC “improve it” – – -0.055 (p = .08) -0.263 (p < .0001) – 
IMP.NAT.HAB – -0.040 (p = .03) – .155 (p < .0001) -0.082 (p = .0009) 
IMP.NAT.BEN – .053 (p = .005) – – 0.060 (p = .03) 
IMP.NAT.VISIT -0.042 (p = .10) – – -0.193 (p < .0001) – 

“–” indicates no significant interaction at .10 level. The sign associated with each second difference is confirmed by visual interpretation of the interaction, using the 
same approach illustrated in Fig. 5. 
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while older individuals had weaker preferences for the same (− 3.8%). 
Those that placed a high value on the experience of visiting nature- 
focused compensation projects (IMP.NAT.VISIT) favored instead green 
sites (the latter significant at the 10% level). Older respondents had 
stronger preferences for the nearby sites (4% more likely to choose), as 
did those that had not previously experienced negative impacts from 
urban development on nature or recreational values (AFF.NONE). 
However, those that favored active management of recreation-focused 
compensation (IMP.REC “improve it”) had weaker preference for the 
nearby sites. 

SIZE is more important for the wealthier (6.4%), but less important 
for the older (− 5.5%). Further, the importance of SIZE seems to vary 
across two other groups: For the 39% of respondents who believe that 
nature-based compensation projects should primarily benefit “habitat 
for plants and animals” (IMP.NAT.HAB), compensation size is less 
important (4% less likely to choose compared to those with other 
opinions on nature-based compensation). But for the 44% who believe 
that nature-based compensation projects should primarily benefit 
humans through e.g., clean water, air, pollination, flood mitigation, etc. 
(IMP.NAT.BEN), compensation size becomes more important (5.3% 
more likely to choose). 

Interestingly, we find that the strength of preference difference be-
tween groups begins to increase (as does variation in the direction) when 
interacting with the attribute COMP, particularly the COMP1 dummy 
variable. Some of the results are intuitive and generally follow the main 
effect for COMP1, but others raise interesting questions. For example, 
those with a university degree were 5.3% more likely to prefer nature 
over recreation.2 Those who had previously experienced negative effects 
from urban development on nature values (AFF.NAT, 8% of sample), 
had stronger preferences for the COMP1 attribute, i.e., 12.1% more 
likely to opt for compensation aimed at nature rather than recreation 
(compared to those who had not experienced these negative effects). 
Interestingly there was no significant difference in preferences for the 
AFF.REC group for the COMP1 attribute, suggesting that perhaps 
negative impacts on recreation from past urban development does not 
have the same effect on compensation preferences as impacts on nature 
do. 

Compensating for nature values over recreation was particularly 
important for the 69% who agreed that compensation should be 
required for the urban development scenario described in the choice 
scenario (ACCEPT2, almost 8% more likely). This preference was even 
stronger for the group of respondents that were worried about locally 
disappearing green space (15% more likely to prefer nature over rec-
reation, compared to those who were less concerned about green space). 
Females had stronger preferences than males for COMP1, as did higher 
educated respondents. Nearly 50% of respondents stated that incorpo-
rating nature’s elements into recreation-focused compensation projects 
was important (IMP.REC “leave it be”, Table 3); these respondents were 
over 23% more likely to prefer compensation for nature values rather 
than recreation (COMP1). In contrast, the 10% who thought active 
management of recreation-focused projects was important (IMP.REC 
“improve it”) were 26% more likely to prefer the opposite: compensa-
tion for recreation rather than nature values, which indicates a cross- 
over interaction effect (i.e., the groups had reversed preferences). Two 
other groups (defined in Table 3) that had weaker preferences for 
COMP1 were IMP.NAT.VISIT, who were 19% less likely to choose 
compensation for nature values over recreation, and AFF.NONE, who 
were 8% less likely. These groups with weaker preferences for COMP1 
were all linked by a penchant for recreation and/or active management. 

Interactions with the COMP2 variable suggest some groups showed a 
weaker preference for this attribute (i.e., preferred compensating 

nature-values only, even when the alternative was to compensate for 
both values). For example, those with a university degree favored 
nature-only (8.6% less likely to choose both values than those without 
such a degree). We also found this effect, but with a higher magnitude 
impact, on choice for two other groups: those who had previously 
experienced impacts on both nature and recreation values from urban 
development (AFF.BOTH, 14.3% less likely to choose both values) and 
those that preferred more hands-off management of recreation-focused 
compensation (IMP.REC “leave it be”, 12.3% less likely to choose both 
values). These results reflect a reluctance to share a compensation site 
with “recreation activities” and/or a very strong preference for 
compensation that focuses exclusively on nature. On the contrary, those 
that believed nature-based compensation should benefit humans were 
more likely to choose both values (IMP.NAT.BEN, 6% more likely to 
choose both values). 

4.5. Choice model that includes interaction effects (ME+IE model) 

We find that four interactions between the attributes significantly 
affect choice probability, which means specific combinations of two 
attribute levels matter in a respondent’s choice. Fig. 5(a)–(d) plot the 
marginal effects for the focal attribute (X-axis) against the probability of 
selecting a compensation alternative (Y-axis), with the conditioning 
attribute shown on the right. The non-interacting attributes are aver-
aged over the levels found in the experimental design. Statistical tests of 
significance of the interaction effect (based on a second difference) are 
shown under each figure (see also Appendix B). 

In all four quadrants of Fig. 5 the probability of choice appears to 
depend on the specific level of the conditioning attributes, rather than 
changing systematically at all levels of the conditioning variable (i.e., 
the lines are not parallel). For example: 

Fig. 5(a). The downward-sloping curves imply that probability de-
creases as DIST increases (main effect), but the effect is ‘steeper’ for the 
lower curve, suggesting that the effect of DIST on probability is condi-
tioned by SIZE. A test of interaction (second difference) confirms that 
the effect of size is 4.3% points greater (p < .021) at 900 m 
(Δ = − 27.1%, p < .001) than at 300 m (Δ = − 22.8%, p < .001). Re-
spondents seem to have stronger preferences for a larger site when the 
compensation site is relatively further away. 

Fig. 5(b). The downward sloping solid lines are consistent with the 
main effect (COMP1), but the steeper slope for the lower curve suggests 
this effect is partially conditioned by current land use (LOC). A test of 
interaction confirms the effect of “gray” land use is 6.6% points greater 
(p = .011) at “recreation values” (Δ = − 8.3%, p < .001) than at “nature 
values” (Δ = − 1.7%, p = .302). In other words, respondents have a 
stronger preference for compensating recreation value (rather than na-
ture value) when the compensation site is gray. A test of interaction for 
the two upward sloping dotted lines (COMP2) cannot reject the hy-
pothesis that the effects are the same, suggesting no difference in pref-
erence when interacting LOC and COMP2. 

Fig. 5(c). The two solid lines show that the effect of SIZE is 19.6% 
points greater (p = .01) at “nature values” (Δ = − 32.0%, p < .001) than 
at “recreation values” (Δ = − 12.4%, p < .001). In other words, the 
preference for larger sites is particularly important when compensating 
for nature over recreation (COMP1). The two dotted lines show that the 
effect of SIZE is 5.6% points greater (p < .001) at “nature values” 
(Δ = − 32.0%, p < .001) than at “both values” (Δ = − 26.4%, p < .001), 
suggesting this is also true for nature over both values (COMP2). 
Further, the positive slope for COMP1 (solid light colored) indicates that 
when the size attribute is neutralized (“same size”) then respondents 
tend to choose recreation in the “either/or” choice (which, on average 
through the choice sets, they are unwilling to do: see marginal effect for 
COMP1 in Table 5). 

Fig. 5(d). The two solid lines show that the effect of DIST is 7.4% 
points greater (p = .003) at “recreation values” (Δ = − 19.4%, p < .001) 
than at “nature values” (Δ = − 12.0%, p < .001). In other words, 

2 Of the four education levels measured in our survey all preferred nature 
over recreation to some extent, except those with the lowest level (basic, or 
mandatory schooling), who preferred the opposite. 
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distance is relatively more important for recreation than for nature 
(assuming an “either/or” choice between compensating recreation or 
nature values). The two dotted lines show that the effect of DIST is 
13.8% points greater (p < .001) at nature values (Δ = − 12.0%, 
p < .001) than at both values (Δ = − 1.8%, p = .22). In other words, if 
provided with only one of the compensable values, they are sensitive to 
DIST, but if they are provided with both values, then DIST becomes 
unimportant to their choice. 

5. Discussion and conclusions 

5.1. Public attitudes towards environmental compensation 

Our survey of urban residents in Southern Sweden suggests that 
public support for environmental compensation is strong, particularly 
for urban development, industrial development, roads/railroads, and oil 
spills. The fact that compensation for development activities enjoys the 
same high levels of support as compensation for oil spills suggests that 
these preferences may not be reflected in Sweden’s current legislation: 
the ambiguity in compensation requirements (see Section 1) for urban 
development is in stark contrast to the regional and international de-
mands for compensating damages from oil and chemical spills (Envi-
ronmental Liabilities Directive - Directive 2004/35/CE: EC, 2004; 
Opaluch, 2020). Our findings are generally consistent with other studies 
in similar contexts. Burton et al. (2017) find that the majority of re-
spondents in Southern Australia do not object to offsetting for birdlife, 
and in fact prefer increased flexibility in design. Scholte et al. (2016) 

found that Scottish small-town residents generally accepted the notion 
that additional development should only occur if the loss of woodlots 
could be restored through compensation. Finally, a survey of European 
stakeholders found that a slight majority of respondents were positive to 
offsetting as part of a future EU initiative aimed at achieving No Net Loss 
(EC, 2020). Notably, these EU stakeholders expressed concerns about 
the potential misuse of offsets, with some conditioning their support for 
offsets on robust safeguards to ensure proper application of the miti-
gation hierarchy. Overall our study provides additional evidence that 
the public tends to support offsetting as a policy. Our sample was limited 
to urban residents because we thought this question was particularly 
relevant in areas where development pressure was high. It could be that 
rural residents have a different opinion. 

Our study highlights the public’s concerns about the misuse of 
compensation: 25% of respondents were uncertain whether the concept 
of compensation was good or bad, motivating their response with some 
form of “it depends,” citing contextual factors and acknowledging 
nuance. In short, acceptance does not appear to be a “zero or one” 
variable – any given individual may be positive to one compensation 
proposal but negative to another. This would argue for well-designed 
outreach programs and stakeholder involvement that underscore the 
consequences of ecosystem loss and the potential benefits of 
compensation. 

5.2. Public preferences for different compensation designs 

Our choice model suggests that the public has clear preferences 

Fig. 5. Effect on probability of selecting a compensation alternative when the focal attribute (X axis) is conditioned by another attribute in ME-only model. Results of 
statistical tests shown in Appendix B. Error bars show 95% CIs in predicted values. Non-interacting attributes are held at their average levels (see text). 
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related to the compensation design options presented in the survey: all 
else equal respondents prefer compensation that is closer to the damage 
site; bigger than the damage site; creates new values on previously built 
land (rather than improving green areas); and addresses all values lost 
from the development. These patterns, reflected in the estimated mar-
ginal effects, are not surprising as such but rather confirm the non- 
satiation assumption (“more is better”) in conventional economic the-
ory. Given our interest in ranking the relative importance of the attri-
butes, it is noteworthy that these measures were consistent with the 
estimated marginal rates of substitution and point toward a robust set of 
conclusions: preferences are strongest for the size of the compensation 
site (SIZE), followed by (in order of importance) compensation for both 
types of affected values (COMP2), distance between the damage and 
compensation site (DIST), compensation for nature values over recrea-
tion values, assuming a forced choice between one or the other 
(COMP1), and compensation by creating new values on gray lands 
rather than improving existing values on green lands (LOC). 

A preference for nearby compensation is consistent with citizen 
preferences for bird compensation in Australia (Burton et al., 2017), but 
not entirely consistent with the survey of EU stakeholders (EC, 2020), 
where only 40% thought distance was important as a general rule. The 
fact that respondents have a strong preference for SIZE supports the idea 
that it could be used as a “currency” to offset other unwanted attributes 
in compensation design (see also Moilanen et al., 2008). For example, it 
supports the use of a discount rate in habitat equivalency analysis 
(Unsworth and Bishop, 1994), which in practice increases the scale of a 
project when compensatory benefits are delayed (note that a positive 
time preference for natural resources was in fact supported empirically, 
see Breffle and Rowe, 2002). Similarly, this finding supports the use of 
additional size to account for increased risk, which can be found for 
example in the “gain to loss ratio” of 1.2:1 suggested for risky projects 
involving eelgrass restoration (NOAA, 2014). 

5.3. Implications for guidance on environmental compensation 

Other findings help deepen our understanding of preferences and 
may support compensation guidance. When faced with a forced choice 
between compensating nature or recreation values (assuming both were 
damaged), respondents preferred a focus on nature values i.e., habitats 
and associated benefits related to air and water purification, pollination 
and water regulation (COMP1 in Table 5). Further, respondents showed 
a clear preference for “repairing nature itself” rather than on human use 
of an area per se. This primary focus on nature becomes even more clear 
when we asked respondents how a “recreation-focused” compensation 
project should be designed: again, the “nature” element of the experi-
ence was an important consideration. These results are relevant for the 
discussion on compensating people vs. compensating nature (e.g. Grif-
fiths et al., 2018), where our findings based on public preferences sug-
gest that focusing offsets on biodiversity and nature values may, to a 
great extent, also compensate people. There may, however, be important 
distributional aspects to consider since some groups in society may or 
may not feel compensated. Designing offsets to focus foremost on “na-
ture” is also consistent with the framework by Cole et al. (2021), who 
suggest directing compensation toward ecosystem structure and func-
tion whenever possible, as this is most likely to result in the delivery of 
valued ecosystem services and other benefits according to the cascade 
model. 

Even if the nature element is important generally, our results also 
suggest specific recommendations for designing recreation-focused 
compensation projects. We find that respondents prefer a balance be-
tween nature “as it is” and some form of low-impact management to 
improve accessibility. When asked what type of environment re-
spondents would prefer to visit, most indicated a preference for the 
picture chosen to represent “accessible” nature (in this case illustrated 
with a trail and a wooden bridge). While this particular decision situa-
tion is only indicative of preferences, at best, our findings in total seem 

to imply that although safeguarding biodiversity and ecosystem services 
is a top priority, accessibility to these areas is also important. In this 
context, active management that enhances the human experience seems 
motivated, while truly “wild” nature may be misaligned with what the 
majority of respondents would prefer. 

We also found that respondents’ choice of compensation depended 
not only on single attributes but also combinations of attributes. Meth-
odologically our study underscores the importance of including inter-
action effects in a choice model. Our approach for assessing interactions 
in terms of second differences is in line with recent recommendations 
(Mize, 2019), but in stark contrast to the way in which interactions are 
typically handled in other social science studies, including choice ex-
periments. For example, Ai and Norton (2003) note a high frequency of 
studies in which authors fail to assess adequately the statistical signifi-
cance and meaning of interaction effects. The fact that all four in-
teractions tested in our experimental design proved to be relevant in 
predicting probability of choice stands in contrast to the conventional 
assumption that interactions are rarely significant in choice models 
(Riera et al., 2012). The interactions also have practical implications 
that relate to the recommendations on how to address specific trade-offs. 
For example, we find that:  

i) A larger compensation site matters more when it is relatively 
further away, providing empirical support for guidelines found in 
the US and EU that suggest distance can be offset with more size 
(USFR, 1996; Lipton et al., 2008). The effect is, however, sensi-
tive to model assumptions and one of the weaker interaction ef-
fects found in the model (Fig. 5a).  

ii) A larger compensation site matters more when compensation 
focuses on “nature values” (Fig. 5c). This partly provides empir-
ical support for the idea that difference between debit and credit 
can be accounted for by increasing size (Lipton et al., 2008), 
although this pattern is related to nature values, in a specific 
scenario where both nature and recreational values are damaged 
by development.  

iii) The closeness to the compensation site matters more when 
compensation focuses on recreation values (Fig. 5d). This finding 
seems to be in line with guidance suggesting human use benefits 
should preferably be compensated nearby while biodiversity can 
be compensated further away (see introduction).  

iv) A gray (previously built) compensation site that creates new 
values matters more when compensation focuses on “recreation 
values” (Fig. 5b). This may reflect skepticism among respondents 
about the possibility of creating “nature values” on gray lands. 

5.4. Respondent heterogeneity 

Regarding respondent heterogeneity we find that some groups 
(defined by survey questions) have statistically different preferences for 
compensation design. For the characteristics that we tested, those 
defined by demographics (e.g., age, income, education, etc.) had rela-
tively minor effects on choice whereas those defined by attitudes 
resulted in stronger effects, suggesting that perceptions or other previ-
ous experiences have a significant effect on compensation design pref-
erences. Group differences were minor for the LOC attribute but both the 
direction and magnitude of preferences varied significantly across 
groups for the COMP1 attribute, suggesting that the forced choice be-
tween compensating nature or recreational values was particularly 
polarizing. Our approach does not capture unobserved heterogeneity, 
which could be measured with e.g., a mixed logit model. Such ap-
proaches are useful when a researcher lacks information a priori about 
preferences that may be relevant to the choice at hand. In our case, 
however, survey responses provided relevant and intuitive characteris-
tics to test. 

Hence, although the study’s results provide empirical support for 
existing guidelines, the effects estimated here should – just as the 
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guidelines themselves – be seen as general principles, rather than “one- 
size-fits-all” recommendations. Applying them directly is analogous to 
applying an “average value” in cases when a marginal value may be 
more appropriate (see e.g., Bockstael et al., 2000). For example, when 
monetizing habitat damages using average per hectare values from a 
valuation study, one should consider the fact that local scarcity of that 
habitat might argue for a higher marginal value (Cole and Moksnes, 
2016). Similar, if a construction project removes green space in a dense 
urban area resulting in loss of both nature and recreation values, the 
relative local scarcity of these values should be considered when 
designing the compensatory offset: i.e., if recreational opportunities 
abound near the damaged site, but natural habitats are rare, one could 
argue that the former be compensated further away, while the latter be 
compensated nearby, despite the results of our study. In practice, 
assessment of local preferences and/or specific management priorities – 
often spelled out in green infrastructure plans, species management 
plans, comprehensive development plans, etc. – may argue for deviating 
from the findings in this paper. 

5.5. Future research 

Beyond our confirmation of some existing compensation guidance, 
the main effects and interaction effects raise an interesting question in 
whether “gray” lands could be a solution to the problem of finding land 
for compensation, especially in urban areas. The finding that re-
spondents valued SIZE highly combined with rapid urban growth, sug-
gests this challenge may be greater in the future. Citizen preferences for 
developing compensation on ‘gray lands’ may offer a solution, while also 
suggesting a new policy direction: shifting the incentives so compensa-
tion projects focus more on “creating” new values on previously-built 
land, rather than the conventional approach of “improving” existing 
values on green space. In fact, offsetting policies in Germany suggest 
that developers should prioritize the removal of asphalt as a compen-
sation measure (Federal State of Saxony, 2009). Future studies could 
assess the availability of ‘gray’ lands across municipalities that may be 
ripe for compensation measures. An alternative approach could be to 
rely more on gray land instead of green for development itself, as is 
suggested by the French government plan to achieve net zero artifici-
alization, according to which construction on new green areas is 
discouraged (French Ministry of Ecology, 2018). 

Further research could dig deeper into other factors that affect public 
acceptance of compensation as well as identify and define additional 
compensation design attributes, including assessment of interactions 
between them. Such work could offer a path forward in addressing the 
challenging and unavoidable trade-offs that arise when in-kind/on-site 
compensation is not possible. It is also important to test the conditions 
under which damaging one type of environment and compensating with 
another may be acceptable – something that was not explicitly tested 
here. Finally, future research should assess the extent to which actual 
policy outcomes are consistent with public preferences and identify 
areas for improvement. BenDor and Steward (2011) assessed historic 
compensation projects related to water resources and showed that dis-
tance between loss and gain varied significantly across US states and, in 
North Carolina, urban areas accounted for most of the “loss” while rural 
areas received much of the gains. 

5.6. Concluding remarks 

Expert knowledge is unequivocally important for communicating 
environmental loss to the public and designing compensation alterna-
tives; otherwise, we risk the loss of ecological values, human benefits 
and even the credibility of the process itself. But public preferences are 
important if compensatory offsets are to be seen as relevant and desir-
able by the public. The challenge is in finding a balance where experts 
have the right degree of influence over technical aspects while also 
reflecting the public’s preferences. Our results suggest that this balance 

matters in practical terms, as evidenced by the 52% who believed 
compensation should not be required for damages caused by construc-
tion of walking/biking paths. An ecologist would likely find this inap-
propriate since ecosystem function is lost regardless of its cause, while 
the general public may nonetheless perceive minor negative impacts 
and/or significant positive impacts of this type of construction. This 
raises the question of when to rely on experts and when to rely on the 
public? To become a broadly-supported mechanism for addressing loss, 
environmental compensation must combine a scientifically-rigorous 
process with transparent involvement of the public. 
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