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In December 2022, representatives adopted the Kunming-Montreal Global Biodiversity Framework (GBF). The
overarching goal of the agreement is to halt biodiversity loss and restore natural ecosystems — and a much-cited
target is the “30x30” target of protecting and restoring 30% of Earth by 2030. Salt marshes are highly productive
coastal ecosystems relevant for both biodiversity and climate change mitigation but have experienced historical

Biodiversit; . . . . . s
Climate cthge major losses and are among the habitats in need of protection and restoration. Currently, there is little knowledge
Management about how salt marshes are valued from a societal perspective, which has important management implications.

This is particularly the case in the Nordic region where awareness of these habitats is low. Using survey data from
Norway, Sweden, Finland, Denmark, and Germany, this study contributes understanding how citizens value salt
marshes by examining support for different management initiatives framed as contributing to the goal of either
biodiversity protection or climate change mitigation. Generally, both respondents primed with information about
the importance of salt marshes for biodiversity and for climate change mitigation were supportive of the man-
agement initiatives despite having little previous knowledge of salt marshes. For one initiative, respondents who
were informed of the importance of salt marshes for biodiversity were slightly more likely to support the
management initiative than those informed about the importance of salt marshes for climate change mitigation.
Our study provides guidance for assessment of trade-offs from a human valuation perspective, thus supporting
policy makers when considering arguments for salt marsh management within the context of the 30x30 targets
for protected areas.

1. Introduction of protecting and restoring 30% of Earth by 2030. The GBF exemplifies

the growing global attention to biodiversity loss and climate change,

Preserving biodiversity is now firmly understood as critical to solv-
ing the climate crisis (Portner et al., 2021, 2023), and as such, in recent
years, we have seen an increase in biodiversity preservation efforts
globally. Most notably, in December 2022, representatives adopted the
Kunming-Montreal Global Biodiversity Framework (GBF).! The over-
arching goal of the agreement is to halt biodiversity loss and restore
natural ecosystems, including a much-cited target — the “30x30” target
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and, for many, it provides hope for the preservation of vulnerable eco-
systems like coastal wetlands across the globe. Coastal wetlands, like
many other ecosystems, are facing two interlinked anthropogenically
driven crises; the climate crisis caused by excessive emission of green-
house gases (GHG) and the biodiversity crisis caused by habitat
destruction due to multiple stressors. Coastal ecosystems are in dire need
of sustainable management (Myers et al., 2019), and, fortunately,
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through the GBF, a focus on restoring and protecting natural ecosystems
has been agreed upon, with concrete targets, national commitments, and
deadlines.

The protection and restoration of coastal wetlands is a Nature-based
Solution (NbS) benefitting climate change mitigation and biodiversity
(Macreadie et al., 2021; Thorslund et al., 2017). NbS “are inspired and
supported by nature, they are cost-effective, simultaneously provide envi-
ronmental, social and economic benefits and help build resilience; such so-
lutions bring more, and more diverse, nature and natural features and
processes into cities, landscapes and seascapes, through locally adapted,
resource-efficient and systemic interventions. NBS must benefit biodiversity
and support the delivery of a range of ecosystem services” (European
Commission & European Research Executive Agency, 2023). While NbS
have great potential, it is important to highlight that achieving this
potential depends on the parallel decarbonization of the global economy
at unprecedented rates, and this potential is relatively small compared to
reductions that can be made by rapidly phasing out fossil fuel use
(Seddon et al., 2021). Nonetheless, the sustainable management, con-
servation, and restoration of coastal wetlands, among other ecosystems,
is critical for the provision of the ecosystem services required for human
security under a changing climate (IUCN, 2017).

Despite the importance of coastal wetlands, these ecosystems,
nestled at the interface between land and sea, are often outside public
consciousness (McKinley et al., 2020). In this study, we focus on salt
marshes, a type of coastal wetland. How ecosystems are perceived by the
public and key stakeholders can shape management practices and, as
such, should be explored (Guan et al., 2022; Villamor et al., 2014; Wang
etal., 2021). Limited comprehension of the ecological importance of salt
marshes and the ecosystem services provided by salt marshes may affect
public perception and valuation of these ecosystems, and in turn policy
action plans and states’ implementation of the 30x30 target of the GBF.
Understanding how the public values these ecosystems is, therefore, a
crucial step towards increasing support for their management and,
thereby, their ability to act as a well-functioning NbS (Josephs and
Humphries, 2018).

In this study, we examine how the public values salt marshes through
assessing their willingness to support different initiatives framed as
contributing to the goal of either biodiversity protection or climate
change mitigation. We conducted the survey with respondents from
Norway, Denmark, Finland, Sweden, and Germany. The purpose of the
study is twofold: (1) to identify if respondents receiving a priming text
about the importance of salt marshes for climate change mitigation are
more willing to support initiatives to manage salt marshes than those
receiving a text about the importance of salt marshes for biodiversity
protection and (2) assess what factors influence respondent answers.
Correspondingly, we address the following research questions in this
study.

R1: Are respondents who receive the climate change priming more
supportive of salt marsh management initiatives than those who
receive the biodiversity priming?

R2: What factors influence support for salt marsh management?

We hypothesized that there would be a difference in response be-
tween respondents who received different priming texts. This was
because findings from the Eurobarometer survey identified that Eu-
ropeans are more likely to say that climate change is one of the most
important environmental threats than the decline or extinction of
species and habitats, or of natural ecosystems (forests fertile soils)
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(European Commission, 2020a). In the following sections, we first
underscore the value of salt marsh habitats from an ecological
standpoint and briefly discuss approaches to measuring their value
before outlining the survey methods. We then report the results of the
survey with respondents from Norway, Denmark, Sweden, Finland,
and Germany.

1.1. Ecosystem services of salt marshes

Salt marshes are coastal wetlands that form the transition zones
between land and sea in many regions. On a global scale, salt marshes
are mainly found in temperate regions, whereas they are largely
replaced by mangrove forests in the tropics and have relatively limited
occurrence in the Arctic (Murray et al., 2022). Overall, salt marshes are
confined to low-energy shorelines, and they are usually subjected to
periodic flooding due to sea level fluctuations (Adam, 1990). With
flooding, fine sediments are deposited on the surface of a salt marsh,
leading to slow rise in their elevation.

Knowledge of the ecological functions and ecosystem services of salt
marshes is well consolidated in macrotidal areas in temperate zones,
such as the Atlantic shorelines. Due to greater variability in their
appearance and definition, knowledge gaps persist regarding the exact
distribution and the associated ecological functions and ecosystem ser-
vices of salt marshes located along the Baltic Sea and other Nordic areas
(Krause-Jensen et al., 2022; Ward, 2020). In Norway, for example,
smaller salt marshes locally occur on the shorelines of fjords, where
sediment deposition creates shallow areas for them to occur regardless
of the steep and deep shores (Martini et al., 2019). At the Baltic coast of
Finland and the eastern coast of Sweden, on the other hand, salinity is
very low and tidal amplitude small (cm), and thus, these ecosystems are
instead typically referred to as boreal coastal, seashore meadows or
grasslands (e.g., Grace and Jutila, 1999; Jonsdottir, 1991; Patsch et al.,
2019). Overall, the appearance and conservation of salt marshes differ
greatly between the Nordic countries (Dijkema, 1990). Thus, we hy-
pothesized that citizen support for salt marsh ecosystem services would
also differ between the countries.

Salt marshes are largely recognized for their role in carbon seques-
tration (Mitsch et al., 2013) and biodiversity support (Gibbs, 2000). Salt
marsh plants enhance sediment trapping, which is essential for
contributing to climate mitigation as the deposition of fine particles
enhances the long-term carbon burial. This carbon sequestration po-
tential is one of the reasons that salt marsh habitats are promoted via
conservation and restoration as a NbS to help mitigate climate change
while also supporting other co-benefits such as coastal protection
(Moller et al., 2014) and biodiversity maintenance, among others
(Friess et al., 2020). However, these features also make them vulnerable
to distinct climatic conditions, tidal amplitudes and flooding regimes.
Their location at the land-sea interface underpins their ecological
relevance in connecting terrestrial and aquatic systems and sustaining
both aquatic and terrestrial food chains. These marsh areas also provide
feeding and breeding grounds for migratory and resident bird species,
while also creating recreational areas for bird watching and hunting
(Friess et al., 2020). Furthermore, juveniles of commercially important
fish species use salt marsh creeks and reed beds as nurseries, food, and
shelter areas, hence supporting near-shore fisheries (Barbier, 2019;
Bostrom et al., 2017; Niemi et al., 2023). In addition, they also promote
refuge and food provision for a wide range of terrestrial fauna, such as
insects (Rickert et al., 2014).

Assessing how citizens value these ecosystems is important from a
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governance perspective (Costanza and Farber, 2002), as there are mul-
tiple threats to salt marshes. Coastal development (diking and urbani-
zation) can decrease salt marsh area. Changes to these salt marsh
ecosystems will impact their ability to not only take up and sequester
CO,, further accelerating effects of climate change (European Commis-
sion, 2020b; Simas et al., 2001), but also impact biodiversity. In addi-
tion, most of the Nordic salt marshes and coastal meadows are listed as
endangered or vulnerable in the European Red List of Habitats (Euro-
pean Commission et al., 2016). Understanding how citizens value salt
marshes’ contribution to biodiversity protection and climate change
mitigation is important when working to tailor management actions
within a UN member state setting as they prepare to submit their na-
tional reporting plans for the Kunming-Montreal Global Biodiversity
Framework.

1.2. Measuring value

Following the discussion of Costanza and Farber (2002), if value is
defined as “contribution to a goal”, then natural systems have value if
they contribute to a goal. As Costanza and Farber (2002) state, a major
goal of human interaction with natural ecosystems is the support of
human welfare, and “this goal is the criteria against which human ac-
tivity and the conditions of natural systems are often measured.” We
take this definition of value as a point of departure. While some scholars
measure the value of ecosystem services in terms of monetary units (see,
for example, Barbier et al., 2011; Breaux et al., 1995; Costanza et al.,
2014), even Costanza et al. (2014) acknowledge that monetary esti-
mates are not “... the only, or even the best way, to understand the value
of ecosystem services”, but rather one of many different approaches for
measuring value. The IPBES embraces many different values (e.g.,
intrinsic, anthropocentric, etc.) (Pascual et al., 2017). Instead of
focusing on monetary based ‘willingness to pay’ as a measure of value, in
this study, we examine value through citizens ‘willingness to support’
different management initiatives framed as either positive for biodi-
versity protection or climate change mitigation. Both the initiatives
framed as positive for biodiversity protection and those framed as pos-
itive for climate change mitigation are presented to respondents as
supporting human welfare. ‘Willingness to support’ studies, can, in cases
such as this, provide a better governance understanding by focusing on
how citizens interact with policies instead of price hikes (e.g., Wan et al.,
2015).

Table 1

The different panels. Respondents in the biodiversity panel also received infor-
mation on biodiversity in scenarios 1, 2, and 3. Similarly, respondents in the
climate change panel also received information on the climate in scenarios 1, 2,
and 3. The scenarios are further specified in Table 2.

Panel Main framing text

Biodiversity Tidal salt marshes could potentially be important areas for
biodiversity because they are a good habitat for birds, bees,
butterflies and a variety of other species, both plants and animals.
Often, there are rare, protected species in these marshes.
Biodiversity is the backbone of life. It is as essential for humans as
for environmental and climate protection. Biodiversity is vital in
terms of protecting people’s health and in sustaining our economy.
However, biodiversity is declining at an alarming rate: according to
scientists, around 200 species become extinct every day.

Tidal salt marshes could potentially be important habitats when it
comes to addressing climate change because they could store large
amounts of CO; and removing CO, from the atmosphere will help
to mitigate climate change.

The latest data from leading scientists show unprecedented changes
in the world’s climate. According to the latest report of the
Intergovernmental Panel on Climate Change (IPCC), global
warming is causing increased, and in some cases irreversible,
changes to rainfall patterns, oceans’ currents and winds in all
regions of the world.

Climate
change
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2. Methods
2.1. Survey design

The study involved approximately one thousand respondents in each
country, making the total sample size for all five countries 5045. In
Norway, N = 1007, in Sweden N = 1006, in Denmark N = 1012, in
Finland N = 1010, and in Germany N = 1010. The respondent profiles
are detailed in Appendix Fig. 1. The respondents in each country were
randomly assigned to one of the two following panels (with different
priming). Respondents in the first panel were presented with a priming
text that highlighted the importance of salt marshes for biodiversity and
information about biodiversity. Respondents in the second panel were
presented with a priming text highlighting the importance of salt
marshes for climate change mitigation and information about climate
change (Table 1). Respondents were split equally into each panel, with
50% receiving the biodiversity panel and 50% receiving the climate
change panel. The statements on biodiversity and climate change miti-
gation (see Table 1) were based on text from the European Union’s
website (European Council, n.d.-a, n.d.-b). The statements were modi-
fied to increase similarity. They were chosen because they target citizens
and succinctly describe climate change and biodiversity.

A workshop conducted in the BiodivERsA-funded NordSalt project
with natural science researchers in each of the respective countries
highlighted different ways citizens may be called on to support salt
marsh management. Three scenarios were used. The scenarios tested
respondents’ willingness to support initiatives to manage salt marshes
despite 1) a potential decrease to their house value (i.e., by letting reeds,
common salt marsh plants, block their view), 2) a personal inconve-
nience, or 3) taxation (Table 2).

Following the scenarios, as shown in Table 2, respondents were
asked a binary question to determine their willingness to support. The
questions were binary because, in real life, respondents would have to
choose to support or not to support the initiative.

The questionnaire was translated from English into Norwegian,
Danish, Swedish, Finnish, and German. The translation of the ques-
tionnaire from English to each country’s national language followed a
set procedure inspired by Forsyth et al. (2007), which included

Table 2
Scenarios presented to the respondents and corresponding questions.

Scenario Text

1 You own a house on the coast and there is a salt marsh in front of your
house. There are tall reeds that grow in the marsh. The reeds block your
view and, therefore, lower your house value. Cutting the reeds could
potentially have a negative impact on biodiversity/the climate®. Would
you keep the reeds or cut them down?

- I would keep the reeds
- I'would cut them down

2 In the summer, you often swim in the sea. There is a salt marsh near
where you usually swim. There’s an initiative to conserve this salt marsh.
This could potentially have a positive impact on biodiversity/the
climate®. However, if the salt marsh is conserved, you cannot swim at
your usual swimming spot and would have to walk 10 min more to get to
another spot. Would you support this initiative?

- Yes, I would support the initiative
- No, I would not support the initiative

3 There is a dike (a type of physical barrier) in your town that is keeping the
salt marsh from expanding inland with sea level rise. Would you support
an initiative to remove this dike and let the salt marsh expand? This could
potentially have a positive impact on biodiversity/the climate®.
However, this will also mean that your taxes will increase slightly. Would
you support this initiative?

- Yes, I would support the initiative
- No, I would not support the initiative

2 Different treatment, see Table 1.
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translation, review, initial adjudication, and final review and
adjudication.

The survey was programmed by YouGov, an online polling company
who fielded it via an online questionnaire in Norway, Denmark, Sweden,
Finland, and Germany. All respondents were 18-+ years of age. YouGov
selected a representative sample based on age, gender, and geographical
location. The survey was fielded in September 2022. Each programmed
survey was reviewed by at least two people before fielding. The ques-
tionnaire translations were also reviewed by You Gov. Following stan-
dard procedure in Norway, we notified the Norwegian Agency for
Shared Services in Education and Research regarding the processing of
personal data. Approval was received prior to fielding, and before re-
spondents filled out the questionnaire they were informed of their rights
as well as the purpose of the study.

2.2. Data analysis

Respondents’ willingness to support initiatives to manage salt
marshes was compared using percent of responses split by panel (primed
with information on climate change and biodiversity respectively). T-
tests with a 95% confidence interval were used to statistically examine
whether the mean responses were different between panels (with will-
ingness to support coded as “1”, and not willing to support coded as “0”).
We assumed equal variances in stimulus groups and a normal distribu-
tion. As the study design was balanced and survey data were weighted to
account for sociodemographic differences across groups, the samples
were assumed to be independent. The data was weighted by YouGov
based on gender, age, and geographic data.

In addition to questions about willingness to support, we asked re-
spondents questions about their background knowledge on salt marshes,
how much time they spend in nature, how worried they are about
climate change and biodiversity loss, how much they value the envi-
ronment, and whether they are aware of living within a 1-h drive of a
salt marsh. Number of responses were split by panel to assess whether
panels were overrepresented by respondents with more interest in the
environment or concern about biodiversity loss or climate change. Chi-
square tests were used to test for the independence of background var-
iables (time spent in nature each week, concern about biodiversity loss,
concern about climate change) and respondents’ willingness to support
in each scenario. We explored whether the amount of time respondents
spent outside is independent of their willingness to support initiatives to
manage salt marshes following the three scenarios presented. In addi-
tion, we explored whether respondents’ willingness to support in each
scenario is independent of respondents’ concern about biodiversity loss/
climate change (see Fig. 1).

Societal context (represented by respondents’ country) was pre-
dicted to influence respondents’ relationship to the environment. To test
this hypothesis, ordinal regressions were used to analyse the influence of
respondents’ country of origin on their (1) perceived importance of
climate change, (2) perceived importance of biodiversity loss, and (3)
perceived overall importance of the environment. Ordinal regressions
are used to predict ordinal response values where the ordering of values
is important. For the questions “How worried are you about climate
change/the loss of biodiversity?”, the ordered levels were: “extremely
worried” < “very worried” < “somewhat worried” < “not very worried”
< “not worried at all”. For the question “Generally, how important is
protecting the environment to you personally?”, the ordered levels were:
“not important at all” < “not very important” < “somewhat important”
< “very important” < “extremely important”. The responses “not sure”
were not included in these analyses as they were not possible to order.

To test the effect of sociodemographic variables (gender, level of
education, country of origin, age of respondent, self-reported income)
on respondents’ willingness to support, we used multivariate, general-
ized linear models with binomial distributions. Sociodemographic var-
iables were included in models as fixed effects. Chi-squared tests were
used to test the independence of sociodemographic variables. We used
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tests of independence to avoid the inclusion of dependent variables and
the complexity of interpreting results with multicollinearity. The initial
full model included all variables that were independent (as determined
by chi-squared tests, Appendix Table 2). Akaike’s Information Criterion
(AIC) values were used to determine variable inclusion, with non-
significant variables being removed from models (Burnham, 2015).
Selected models therefore only included sociodemographic variables
that significantly influenced proportion of people willing to support
initiatives to manage salt marshes.

All analyses were conducted in R (version 4.1.2; R Core Team, 2022).
R scripts used to perform data analyses are available in a public GitHub
repository (link available following publication). Ordinal regressions
were fit using the “ordinal” package (Christensen, 2015).

3. Results

Most of the respondents (see Fig. 1) were willing to support initia-
tives to manage salt marshes in all three scenarios and across both
treatment groups (Fig. 1). However, whether the management initiative
was framed as important for biodiversity or for the climate had a sig-
nificant effect only under one specific scenario; respondents primed with
information about the importance of salt marshes for biodiversity were
slightly more willing to keep reeds that block their view from their house
(and thereby potentially lower their home value) than those presented
with information about the importance of salt marshes for climate
change mitigation (Fig. 1 panel a; scenario 1).

The results from the t-test provide support for the hypothesis that
responses differed between panels; more respondents in the biodiversity
panel were willing to support than the sample as a whole (t-test: df =
5043, t-value = 2.46, p-value = 0.01; t-threshold = 2). However, there
was no significant difference between panels in respondents’ willingness
to support to keep salt marshes via effected recreational swimming area

Climate change group

Biodiversity group.

Climate change group

Biodiversity group

Climate change group

Biodiversity group.

o o & &
© ® E3 ® N

Not willing to support Willing to support

Fig. 1. Percent of responses to questions about respondents’ willingness to
support initiatives to manage salt marshes following priming about either the
importance of salt marshes for retaining biodiversity or the importance of salt
marshes for addressing climate change. Panel a shows response percentage for
willingness to support an initiative despite a potential decrease in home value
(scenario 1), panel b willingness to support an initiative despite decreased
convenience for a recreational activity (scenario 2), and panel ¢ shows will-
ingness to support despite an increase in tax to pay for the removal of dikes
(scenario 3). Weighted survey data were used to account for differences across
demographic groups. Between panels, we detected a difference in the propor-
tion of survey respondents willing to support the initiatives for scenario one (a),
but not for scenario two (b) or three (c).
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Table 3

Effects of respondents’ sex, country of origin, and age on their response to the
survey scenarios. Selected models are indicated with bold Akaike’s Information
Criterion values.

Scenario Treatment group Sex Country Age AIC value
1 X X X 5632.40
X X X X 5632.20
X X 5636.60
X X X 5636.50
X 5648.10
X 5732.00
2 X X X 4354.70
X X 4368.90
X X 4375.00
X X 4377.30
3 X X 6688.2
X X X 6694.60
X 6699.40
X 6707.40

(t-test: df = 5043, t-value = 0.22, p-value = 0.82, Fig. 1 panel b; scenario
2) or via increased taxes for removal of dikes (t-test: df = 5043, t-value =
—0.99, p-value = 0.32, Fig. 1 panel c; scenario 3).

The exact percentages are presented in Table 3. From visual in-
spection, the number of responses to background questions regarding
environmental knowledge and values did not reveal clear differences
between the two panels (Fig. 2). Most respondents did not know what a
salt marsh was before the survey was conducted (Fig. 2a), spent
approximately 1-6 h in nature each week (Fig. 2b), were very or
somewhat worried about the loss of biodiversity (Fig. 2c), were very or
somewhat worried about climate change (Fig. 2d), report protecting the
environment is somewhat important to them, and were not aware of a
salt marsh being located in the proximity of where they lived (Fig. 2e).
From tests of independence, we found respondents’ willingness to sup-
port management initiatives across all three scenarios was dependent on
their responses to questions on how much time they spent in nature, how
much they worried about climate change, and how much they worried
about biodiversity loss (see Appendix Table 1).

We found there was a relationship between the variables from tests of
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independence (see Appendix Table 2). Thus, full models that explained
these relationships included the variables sex, country, and age (and
excluded the two variables self-reported income and highest education
level obtained). Models fit for scenario one also included stimulus group
as a fixed effect due to differences in responses between groups detected
by t-tests (also see Fig. 1). Models fit for scenarios two and three did not
include the effect of priming, as we did not find support for the hy-
pothesis that responses to these survey questions differed between
panels.

Overall, the ordinal regressions indicated respondents’ concern
about climate change and biodiversity loss as well as the importance of
the environment was significantly influenced by their societal context
(represented by respondents’ country of residence). For all models fit,
Hessian numbers were <10000 indicating models were uniquely iden-
tifiable (Christensen, 2015). German survey respondents were the most
worried about climate change, biodiversity loss, and placed the highest
importance on the environment (see Appendix Table 3). German re-
spondents were, however, no more likely to report previous knowledge
about salt marshes, more time outside per week, or knowledge that they
lived in the proximity of a salt marsh from visual inspections of counts of
responses to questions split by country (Appendix Fig. 2). Nordic re-
spondents were more similar in their responses to the questions about
concerns about climate change (Finnish and Danish respondents did not
respond significantly differently) and biodiversity loss (Norwegian and
Danish did not respond significantly differently) as well as importance of
nature (Swedish and Danish did not respond significantly differently)
(See Appendix Table 2 for complete list of coefficients and significance
levels).

The selected best model fit survey responses to scenario one was the
full model which included the respondents’ stimulus group, country,
and age (Table 3). There was no significant effect of sex for explaining
differences in responses to scenario one. The full model and model with
stimulus group, country, and age (but not sex) were within two units of
each other and therefore performed similarly (AAIC = 0.20). The model
excluding sex was selected following the rules of parsimony. The
selected model for survey responses to scenario two was the full model
with differences in responses between sexes, respondent country, and

a b c
1500
1000 -
@
5
.g 750 600
S 1000
o
g 500 400
5
5 500
é 250 200
5
Z 0 0
0 > 3
& & & & & S S N ) < S) S 4
> ° @ S RN G SR KPS $5 ¢ 0
hN
K V\"&o DR & (& P S & ¢ &
d e f
2
< 750 900 1500
kel
f=4
I 600
@ 500 1000
b 300
3 250
Qo
£ o 500
= Sy Sy RN Sa S &
0 £ T e S5 &
S S & S S o R 0
3 < ) § ® ® N ®
S B 6@“\\&@6 IO @ © @
F® R < &

Biodiversity group

Climate change group

Fig. 2. Number of respondents’ answers to the questions: “Before you read the above definition of a salt marsh, did you know what a salt marsh was?” (panel a), “In
an average week, how many hours would you say you spend in nature (for example, in the woods, by the sea, etc.)?”” (panel b), “How worried are you about climate
change?” (panel c), “How worried are you about the loss of biodiversity?” (panel d), “Generally, how important is protecting the environment to you personally?”
(panel e), and “Consider where you live. Are you aware of any salt marshes within a 1 h driving distance of where you live?” (panel f). Responses are split by panel
(light blue for those primed with information about the importance of saltmarshes for retaining biodiversity, dark blue the group primed with importance of salt

marshes for addressing climate change).
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Fig. 3. Estimates from selected generalized linear models as proportions of respondents willing to support initiatives to manage salt marshes from selected models for
each scenario presented in the survey. Blue lines represent model fitted values with the associated shaded areas representing fitted values’ 95% confidence intervals.

age all detected. The removal of any variable led to worse model fit. The
selected model fit survey responses to scenario three included survey
respondent’s sex and country. There was no significant difference
detected in responses across age groups.

A higher proportion of older respondents (i.e., 60+ years of age),
German respondents, and respondents receiving the biodiversity prim-
ing were willing to support the management initiative that could
decrease their house value (scenario 1) (Fig. 3a—c). Female respondents,
German respondents, and older respondents were more likely to support
the initiative that led to changes in their recreational area (scenario 2)
(Fig. 3d-f). Finally, a higher proportion of female respondents and
German respondents were willing to support the initiative that led to
higher taxes (scenario 3) (Fig. 3g-h).

4. Discussion

This study contributes to understanding how citizens value salt
marshes by examining support for management initiatives framed as
contributing to the goal of either biodiversity protection or climate
change mitigation. It also examines the factors influencing respondent
support. To our knowledge, this is the first study examining willingness
to support salt marsh management initiatives in a Nordic context, thus
complementing studies on coastal wetlands examining willingness to
pay and willingness to support outside the Nordic context (Bauer et al.,
2004; Johnston et al., 2005; Voltaire et al., 2017). Our results provide
useful guidance for policy makers when considering arguments for the
management of areas within their jurisdictions, such as salt marshes, as
well as other coastal ecosystems, within the context of the 30x30 targets
for protected areas of the Kunming-Montreal Global Biodiversity
Framework. Understanding what types of management initiatives gain
most public support and the factors associated with this support can help
states reach their individual targets in the global framework. The
Kunming-Montreal Global Biodiversity Framework will, in turn, help to
improve management practices and the governance of vulnerable
ecosystems.

Particularly when facing the challenging dilemma of having to
consider global targets and legally binding agreements on both climate
change and biodiversity protection measures, insights on public per-
ceptions can be useful. Our results demonstrated that both respondents
primed with information on the importance of salt marshes for biodi-
versity and those primed with information on the importance of salt
marshes for climate change mitigation were, on average (>50%), willing

to support all three initiatives to manage salt marshes. The general
support for all initiatives either reflects that most people care about
these habitats or that the costs — both indirect and direct monetary costs
—are low enough that respondents can afford to be generally supportive.
Future quantitative studies should investigate how response changes
when the direct monetary costs are higher. Nonetheless, these results
show that the public are supportive of initiatives to manage salt
marshes, an important finding for policy makers.

Interestingly, respondents were generally supportive of the man-
agement initiatives even though most respondents did not know what a
salt marsh was before starting the survey. Previous knowledge of salt
marshes was low across all the five countries included in the study; the
highest knowledge of salt marshes was in Finland, where 49% of Finnish
respondents said they knew what a salt marsh (called coastal meadow in
the Finnish translation) was before starting the survey. We originally
hypothesized that, because the overall appearance and conservation of
salt marshes differs largely between the Nordic countries (Dijkema,
1990), public knowledge would also differ between the Nordic coun-
tries. The terminology for naming these habitats is also diverse across
these countries (Krause-Jensen et al., 2022), likely also contributing to a
lack of recognition of salt marshes as a common ecosystem type. As
mentioned, though, while knowledge differed in these regions, it still did
not appear to affect support. The finding that respondents do not need to
have previous knowledge of a salt marsh to support management ini-
tiatives will be important for managers and policy makers when it comes
to gathering public support for the implementation of the 23 biodiver-
sity targets, including that of 30x30 target. This finding is consistent
with Manson et al. (2021) who found that respondents familiarity with
marine reserves did not influence their public support for marine re-
serves. Rather, support was related to concern for the ecological integ-
rity of the area positivity towards limiting some human uses of the ocean
(Manson et al., 2021).

In addition, there was little to no difference in response of those who
received the biodiversity priming versus those who received the climate
change priming. This was a surprising result, since we had expected that
there would be a larger difference between panels. This expectation was
based on the Eurobarometer survey, which found that Europeans are
more likely to say that climate change is one of the most important
environmental threats than the decline or extinction of species and
habitats, or of natural ecosystems (forests fertile soils) (European
Commission, 2020a). The priming did have significant effect under
scenario one (see Fig. 1, panel a), but the difference was relatively small
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with the biodiversity panel results showing 76% of respondents to be
willing to support the initiative whereas only 73% of respondents in the
climate change panel were similarly willing (see Appendix table 4).
Surprisingly, given the results of the Eurobarometer survey, the biodi-
versity primed group was significantly less likely to cut down reeds,
which was presented as having a positive impact on biodiversity. One
hypothesis for this result is that people who were told of the value of
plants in the biodiversity priming text are more likely to consider the
value of the reeds themselves when deciding whether to keep or remove
them. Another hypothesis is that it may be easier for respondents to
conceptualize the consequences of cutting the reeds for local biodiver-
sity (i.e., loss of birds, etc.) and harder for respondents to conceptualize
the impact of cutting the reeds for global climate change (Weber, 2010,
2016). Future studies should investigate different types of biodiversity
framing as well as how response changes when respondents are not
primed with information about the importance of these habitats.
Investigating citizens’ perspectives on the different scenarios from a
qualitative perspective could also add value to future studies. However,
the current result that respondents were not more willing to support
initiatives framed as important for climate change mitigation than those
framed as important for biodiversity protection is interesting for policy
makers, as they need to present management options to their
constituents.

We presented three scenarios with direct or indirect costs to re-
spondents. The scenarios with the least direct monetary cost gained the
most public support. The scenario that received most support (scenario
2) targeted personal convenience. It was arguably the least burdensome
on respondents as it would have had a non-monetary impact and likely
only impact citizens at a specific time of the year (i.e., during summer
swimming season). The first and third scenarios, on the other hand,
which received the least support, targeted indirect (home value, sce-
nario 1) and direct (taxation, scenario 3) monetary support. Direct
monetary support to manage salt marshes appears to be difficult to
attain based on these results. This is in line with willingness to pay
studies on coastal erosion (Alves et al., 2015; Tourlioti et al., 2021),
which found that respondents were largely unwilling to pay for coastal
erosion protection via a fee. Tourlioti et al. (2021) suggest that the
public to prefer volunteering activities and public awareness actions
over direct monetary contribution. Taking this into consideration, when
suggesting actions that require direct monetary contributions from cit-
izens, policy makers should work on how to make these actions more
appealing to constituents.

Age, gender, and country were factors that did in fact influence
respondents’ support for management initiatives, though to a minor
extent (see Fig. 3). A slightly higher proportion of older people were
willing to decrease their home value (scenario 1) or be personally
inconvenienced (scenario 2) to support a management initiative. A
slightly higher proportion of women than men were also willing to be
personally inconvenienced (scenario 2) and to increase their taxes
(scenario 3). This follows trends seen in the literature, where women
are more likely to display environmentally friendly attitudes than men
(Brough et al., 2016; Davidson and Freudenburg, 1996; Rice et al.,
2020). Respondents in Germany stand out as slightly more supportive
of management initiatives than those in other countries. German re-
spondents were in fact also more worried about both climate change
and biodiversity loss and placed the highest importance on the pro-
tecting the environment (see Fig. 3 and Appendix Fig. 2 c-e). For the
purposes of political agenda setting, risk perception is critical, as
increased concern in the public about a given topic can lead to higher
influx of media attention, influencing the salience of a given topic, and
thereby set the agenda for policy making (Brown and Deegan, 1998;
McCombs and Shaw, 1972). We have also seen this in results from
studies on support for initiatives associated with worry or concern for
the climate (Pleeging et al., 2021), the environment (Davidovic et al.,
2020; Royne et al., 2011), and plastics specifically (Tiller et al., 2022).
National and regional differences are important to consider when
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working with specific management initiatives (see, for example Abe
et al., 2022), but also when designing policy (Prystay et al., 2023;
Thomas et al., 2022; Tonin and Lucaroni, 2017). Considering the
contextual setting (e.g., country, age, gender) is especially important
when working to increase citizen support for actions that require
direct monetary contributions, which in this study received the least
support from respondents.

5. Conclusion

Coastal ecosystems including salt marshes will play an important
role as we tackle the interconnected, anthropogenic crises of biodiver-
sity loss and climate change. This study has provided insight into citi-
zens valuation of salt marshes by examining support for different
management initiatives framed as contributing to the goal of either
biodiversity protection or climate change mitigation. Understanding
citizen support management initiatives, and the factors influencing
support, can help to tailor management actions within a UN member
state setting as they prepare to submit their national reporting plans for
the Kunming-Montreal Global Biodiversity Framework, where many of
the targets have a 2030 deadline for successful implementation. These
decisions on biodiversity will increasingly be coupled with initiatives by
the same states to report on progress on nationally determined contri-
butions towards the effective implementation of the Paris Agreement —
sometimes in stark contradiction with the former. As such, policy
makers increasingly will have to take at times unpopular decisions
regarding area use and protection and restoration of ecosystems to
comply with global legally binding agreements and targets and, thus,
insights on how their constituents will react to these can provide helpful
insight.
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Appendix 1

Appendix table 1

Results from tests of independence between answers to background questions on respondents and their responses to each of the scenarios on will-
ingness to pay for salt marsh conservation. Chi-squared are reported followed by p-values. Statistically significant p-values (i.e., with an alpha
threshold below 0.05) indicate that the two variables are not independent (significance code: *).

Time spent outside Concern about biodiversity Concern about climate change
Response to scenario 1 45.93 (<0.01)* 437.57(<0.01)* 415.34(<0.01)*
Response to scenario 2 28.64(<0.01)* 474.43(<0.01)* 414.18(<0.01)*
Response to scenario 3 19.89(<0.01)* 441.2(<0.01)* 597.43(<0.01)*

Appendix table 2

Chi-squared tests of independence for sociodemographic variables. Chi-squared are reported followed by p-values. Statistically significant p-values (i.e.,
with an alpha threshold below 0.05) indicate that the two variables are not independent (significance code: *). Smaller than expected frequencies were
detected between education level groups so the smallest number of variables were pooled logically (i.e., respondents with a doctorate were pooled with
respondents with a masters, respondents who had not finished high school were grouped with the “other” category) before the chi-squared test was

performed.
Sex Income Age Country
Income 63.88 (<0.01)* - - -
Age 3.83(0.43) 84.23 (<0.01)* - -
Country 0.60 (0.96) 176.09 (<0.01)* 20.43 (<0.20) -
Education level 26.06 (<0.01)* 588.33 (<0.01)* 155.93 (<0.01)* 720.61 (<0.01)*

Appendix table 3

Results from the ordinal regressions fit to responses to the questions: “how worried are you about climate change?” (worry about climate change), “how worried are
you about the loss of biodiversity?” (worry about biodiversity loss), “generally, how important is protecting the environment to you personally?” (importance of
environment), with respondents’ country of origin included as predictor (n = 5045). Results are shown in comparison to those from Danish respondents (top level
factor).

Question Predictor Coefficient Std. error z-value P-value Significance
Worry about climate change Finland —0.08 0.83 —-1.00 0.32 n.s.
Germany —0.73 0.09 —8.52 <0.01 i
Norway 0.45 0.08 5.55 <0.01 i
Sweden 0.24 0.08 2.85 <0.01 it
Worry about biodiversity loss Finland —0.54 0.08 —6.43 <0.01 el
Germany —1.08 0.09 —12.53 <0.01 ok
Norway —0.02 0.08 —0.28 0.78 n.s.
Sweden —-0.18 0.08 —2.09 0.04 *
Importance of environment Finland 0.27 0.09 3.19 <0.01 ok
Germany 1.03 0.09 11.78 <0.01
Norway —0.30 0.08 —3.52 <0.01
Sweden 0.15 0.09 1.80 0.07

Appendix table 4

Percent of responses to questions about respondents’ willingness to support initiatives to manage salt marshes
following priming about either the importance of salt marshes for retaining biodiversity or the importance of salt
marshes for addressing climate change.

Panel Group Willingness to support Percent
A Biodiversity group Not willing to support 24
Willing to support 76
Climate change group Not willing to support 27
Willing to support 73

(continued on next page)
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Appendix table 4 (continued)

Panel Group Willingness to support Percent
A Biodiversity group Not willing to support 16
Willing to support 84
Climate change group Not willing to support 16
Willing to support 84
C Biodiversity group Not willing to support 39
Willing to support 61
Climate change group Not willing to support 38
Willing to support 62
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Appendix Fig. 1. Depicting raw counts of number of survey respondents grouped by sociodemographic variable. Panel “a” shows the number of male and female
respondents, “b” shows respondents’ highest education level completed, “c” the country respondents live in, “d” respondents’ age, and “e” self-reported income level
(for their country). Note the y-axis scale varies across panels. .
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Appendix Fig. 2. Count of responses to the questions “Before you read the above definition of a salt marsh, did you know what a salt marsh was?” (panel a), “in an
average week, how many hours would you say you spend in nature (for example, in the woods, by the sea, etc.)?” (panel b), “how worried are you about climate
change?” (panel c), “how worried are you about the loss of biodiversity?” (panel d), “generally, how important is protecting the environment to you personally?”
(panel e), and “consider where you live. Are you aware of any salt marshes within a 1 h driving distance of where you live?” (panel f). Distributions of number of
respondents are split by county.
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