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ARTICLE INFO ABSTRACT

Keywords: Evidence suggests that residential nature, e.g., greenness around the home, and nature-based recreation, e.g.,
Green space visits to specific natural locations, are beneficial for health and well-being. However, several studies report that
?lue SPI?C_E residential access is lower among socio-economically disadvantaged communities, potentially exacerbating
nequalities

health inequalities. We explored this issue in Austria, a relatively rural and mountainous country that also
contains several cities, including the capital Vienna with around 2 million citizens. Data were drawn from a
representative survey of the adult population across all nine Austrian regions (N = 2258) and explored socio-
demographic predictors of residential green and blue space (using satellite data on surrounding greenness and
distance to rivers and lakes), and visit frequencies to 12 different urban and rural green/blue environments. In
contrast to most findings elsewhere, which usually focus on relatively specific locations (e.g., cities), we found
little evidence of socio-economic inequalities in residential green/blue space at the whole country level. Further,
although frequent visits to specific environments were less likely among, e.g., people with lower vs. higher
education, other typically disadvantaged groups, e.g., those self-identifying as belonging vs. not belonging to an
ethnic minority, reported more visits to e.g., urban parks and rivers. Findings suggest that inequalities in nature
exposure may not be universal when considered at a country level.

Neighbourhood nature
Recreational visits
Austria

1. Introduction

There is growing evidence that nature around people’s homes (res-
idential nature including public and private green spaces), and spending
leisure time in natural settings (recreational use) positively affects a
variety of health- and well-being-related outcomes. These include
reduced stress, improved general and mental health, improved cognitive
functioning, better sleep, greater life satisfaction, as well as increased
prosocial and pro-environmental behaviors (Alcock et al., 2020; Jime-
nez et al., 2021; Twohig-Bennett & Jones, 2018). Some research sug-
gests that living near both green spaces such as urban parks and
woodlands and blue spaces such as rivers and the coast may be partic-
ularly beneficial for socio-economically disadvantaged individuals
(Garrett et al., 2019; Mitchell & Popham, 2008). To the extent that these

benefits can reduce socio-economic inequalities in health (Rigolon et al.,
2021), they have been described as having a so-called ‘equigenic’ effect
(Pearce et al., 2015; Wang et al., 2022). Although encouraging for policy
goals to increase the access to natural spaces, there is also evidence that
lower socio-economic status is linked to poorer nature access (Guan
et al., 2023), in part due to historical housing policies (Flournoy, 2021).
This in turn can lead to an unequal distribution of nature’s benefits
(Moran et al., 2021; Nesbitt et al., 2019), which may hinder nature’s
equigenic potential.

Studies on the access of nature access do not, however, paint a totally
clear picture. While reviews show that many studies do find more
vulnerable groups to be disadvantaged regarding green space either in
terms of amount, distance and/or quality (e.g., Rigolon, 2016; Sharifi
etal., 2021), some studies also found no differences or even the opposite
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effect (Nghiem et al., 2021; Sun et al., 2022; Xu et al., 2018). Sun et al.’s
(2022) review of inequity in urban green spaces, for instance, shows that
around 80 % of cities across the globe demonstrated unequal access to
green spaces, but major cities like New York, Sydney and Shanghai
found greater access to green spaces among lower socio-economic
groups. Similarly, in a comparative study of five European cities,
while income was positively related to green space access in four of the
cities (Brussels, Milan, Prague, Stockholm), in Birmingham access was
higher in lower income communities (Buckland & Pojani, 2023).

Given the growing urban population in many countries, a focus on
inequalities in urban green spaces and parks is understandable. How-
ever, an exclusive focus on cities tends to neglect the substantial number
of people who still live in more rural locations, many of which may also
be relatively deprived despite their high levels of green space coverage
(Wen et al., 2013). In Austria, for instance, education levels tend to be
lower in rural than urban areas (Statistics Austria, 2021). Since ~40 %
of the population live in these rural areas, a country-wide level analysis
of inequalities in nature access may produce different results opposed to
merely city-level analyses. Moreover, city boundaries may be misleading
in terms of nature access, use and exposure. In a country like Austria, for
instance, all of its major cities border significant nature areas including
mountains, lakes and woodlands (woods cover close to half the country;
BFW, 2018), which are regular recreational destinations even if just
beyond the city boundaries (Arnberger et al., 2018).

This last point highlights the fact that estimating neighbourhood
green space access, often using satellite-based estimates of Normalised
Difference Vegetation Index (NDVI) which detects green plant canopies,
and/or distances to the nearest park/greenspace using Euclidean or
network distance estimates (e.g., Holland et al., 2021; Mitchell et al.,
2011) represent only one approach to measuring people’s exposure to
nature (Bratman et al., 2012). A second general approach focuses on
exposure more in terms of time spent recreating in these settings, for
example via self-reported visits in the last week, month or year (e.g.,
Shanahan et al., 2016; White et al., 2019). In a study of over 71,000
people in England, for instance, 62 % of nature visits were further than 1
mile (1.6 km) from home (Elliott et al., 2015), even though most resi-
dential exposure studies use buffers of 300 m, 500 m or 1000 m. Further,
results from an 18-country survey by White et al. (2021) suggest that
spending recreational time in green and blue settings may be more
important for mental health than merely living near nature. Thus, if we
want to get a better understanding of societal-wide inequalities in
proximity to and use of green and blue spaces, and their implications for
health at a country-level, we need to think beyond merely residential
exposure of predominantly urban communities.

To address these issues, we used data from a representative sample of
the adult population across the whole of Austria, which looked at both
residential and recreational exposure to a wide range of urban and rural
green and blue spaces. Our focus was on potential inequalities in access
and use as a function of a diverse set of socio-demographic predictors.
Such an investigation is a first step in better understanding equalities
and inequalities in exposure, which can be used later to explore asso-
ciated health and well-being impacts. Building on prior research into
nature contact, we explored the role of factors such as sex, age, income,
education, work status, longstanding limiting illnesses, ethnic minority
status, car access, private outdoor space, household composition,
marital status, presence of children and dog ownership (e.g., Boyd et al.,
2018; Lenaerts et al., 2021; Lin et al., 2014). Moreover, we explored a
much more diverse range of urban and rural nature settings than has
been considered in most prior research in order to go beyond generic
statements about ‘greenness’ and ‘nature’ to provide more specific evi-
dence pertaining to a range of natural settings (Holland et al., 2021).

Given the exploratory nature of the analyses, we did not have specific
hypotheses. Rather we had a broader set of research questions pertain-
ing to whether any given socio-demographics may be related to any
given residential or recreational exposure metrics. Previous work in the
UK, for instance, has found that women, older adults, those with
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longstanding limiting illnesses and those from ethnic minorities tend to
visit nature in general less often than comparable groups, potentially
exacerbating inequalities in health (Boyd et al., 2018). However, this
earlier study did not consider the possibility that specific types of nature
may buck the overall trend. For instance, while it may be true that
people from ethnic minority backgrounds visit nature overall less, it may
also be the case that there are specific locations such, as urban green/-
blue spaces, which they are more likely to visit (Arnberger et al. 2021),
with implications for urban park design to encourage greater use among
these communities as means of health promotion.

2. Method
2.1. Sample and procedure

Data collection was an extension of the BlueHealth International
Survey (BIS) on green and blue spaces and health (Grellier et al., 2017).
Although the original survey collected data from 18-countries during
2017-2018, data collection in Austria was only conducted later in
October 2020. Data for the original BIS and the Austrian sub-sample was
collected on-line by an international market research company using
established internet-panels. Full methodological details of the BIS are
available on the Open Science Framework website: https://doi.
org/10.17605/0SF.10/7AZU2. Data was collected in accordance with
relevant guidelines and regulations, and informed consent was obtained
from all participants. Ethical approval was granted by the University of
Exeter Medical School’s Research Ethics Committee (Ref:
Augl6/B/099). The total Austrian sample of N = 2514 was stratified to
be representative in terms of age, gender and federal state. There are
nine federal states including Lower Austria, Upper Austria, Styria, Tyrol,
Carinthia, Salzburg, Vorarlberg, Burgenland, and the city of Vienna, a
state in its own right. Due to missing data on some variables our final
analytical sample was n = 2258. A comparison of the original and final
samples, alongside Austrian national averages, is presented in Supple-
mentary Table S1 and it shows that the final sample continued to be
broadly representative of the adult Austrian population. The
geographical spread of participants, based on home location, is pre-
sented in Fig. 1.

2.2. Questionnaire

The full survey asked participants a range of questions but here we
only describe variables that are of interest for the current study (see
Supplementary Table S2 for further details).

2.2.1. Residential nature

Participants indicated their home location via a Google Maps
application programming interface. The exact location was only recor-
ded to three decimal points (approx. 75 m precision) on latitude and
longitude to reduce the ability to identify individual homes. Full details
of collection and processing of green and blue space data surrounding
these residential addresses can be found in the technical report of the
main BIS study (Elliott & White, 2020).

Greenness within 1 km. For green spaces, the Normalised Difference
Vegetation Index (NDVI) was used with data taken from MODIS Terra
satellite imagery (https://modis.gsfc.nasa.gov/). From the respondent’s
home location, we derived the average amount of photosynthetically
active vegetation in a 1000 m radial buffer, in terms of % of residential
green space landcover (which does not differentiate between public and
private sources). This percentage was used (as a linear outcome vari-
able) in the model predicting green space coverage as a function of
different socio-demographics. When used as a predictor, in the models
estimating nature visits, this residential green space landcover was
divided into quartiles in order to explore potentially non-linear re-
lationships (lowest quartile = ref).

Blue space presence within 1 km. For blue spaces, we used data from


https://modis.gsfc.nasa.gov/
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Lower Austria

Home Locations and Land Cover

- Home Locations of Participants
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[ Blue Spaces (Rivers and Lakes)
Green Spaces

Upper Austria
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Fig. 1. Spatial distribution of home locations of the analytical sample. Note. We re-grouped a Corine Land Cover (CLC) Classification into three main categories to
visualise that the homes locations of survey participants are mostly located in (larger) settlement areas. Austria is in general characterized by well distributed green
and larger blue spaces areas. Whereas the CLC allows for a broader depiction of the land cover fitting for the purpose of visualisation, smaller rivers are missing from
this data for instance. That is why NDVI for green spaces and distances to blue spaces (rivers, lakes) is based on ECRINS for the analysis. Map Sources: CLC 2018;
Umweltbundesamt GmbH & European Union, Copernicus Land Monitoring Service 2018, European Environment Agency (EEA), with funding by the European Union;

Carinthia Styria

data.gv.at — for borders.

the European Catchments and Rivers Network System (ECRINS) data-
base (European Environment Agency, 2012) to assign Euclidean dis-
tances from the home location to the nearest lake and river (or canal,
waterway etc). ECRINS data are derived from CORINE Land Cover (CLC)
data, the EU Water Framework Directive (WFD), and the EU Catchment
Characterisation Model (CCM). Rivers are modelled within catchment
areas and thus have no minimum width. Lakes have varying minimum
mapping units depending on the original data source, spanning 25 m?
(CCM) to 500 m? (CLC). Due to the highly skewed distributions (77 % of
people lived within 1 km of a river, while only 8 % lived within 1 km of a
lake), two binary categories were created: River present within 1 km
Yes/No; Lake present within 1 km Yes/No.

Perceived presence of blue space within 10-15 min walk. In addition to
this objective measure, we included a subjective measure. Respondents
were asked how much blue space there was within a 10-15 min walk
from their home, which approximates to 1 km (Smith et al., 2010).
Answering options were “not sure”, “none”, “a little” and “a lot”, and
were collapsed into a binary variable (“yes, at least some” vs. “no, none
or not sure” = ref). In the final sample, 81 % reported to have blue space
available within a 10-15 min walk. Point biserial correlations between
perceived presence of blue spaces and objective proximity of rivers and
lakes within 1 km were both low (rpp <.12) reducing the chance of
multicollinearity in regression models. Perceived green space proximity
was not collected as part of the survey.

2.2.2. Recreational visit frequency to urban and rural green/blue natural
environments

A list of 29 green/blue urban/rural spaces with accompanying im-
ages were presented to participants (Supplementary ‘Questionnaire’ for
more information). Given that eight of these were marine settings and
Austria has no coastline, they were not considered further (only a
handful of, presumably holiday visits, were recorded). For each of the
remaining 21 settings, participants were asked how often they visited

such locations in the last four weeks for recreation. Response options
were 1) Not at all; 2) Once or twice; 3) Once a week and 4) Several times
a week. Following earlier research (e.g. Shanahan et al., 2016), we
collapsed the first two responses together and the last two responses
together to create a binary variable for each location of “visited > once a
week” vs. “visited < once a week” in the last 4 weeks. The percentage of
respondents visiting each of the locations is presented in Fig. 2 and
ranged from 43 % (woodlands) to 2 % (ice rinks). Given that further
analyses of rarely visited locations would be statistically unreliable, we
focus here on the most frequently visited 12 environment types, i.e.
those with > 15 % of respondents visiting > once a week.
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Fig. 2. Percentages of respondents visiting 21 different natural environments >
once in last four weeks. Note: The line represents our cut-off at > 15 % of re-
spondents visiting > once a week.
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2.2.3. Socio-demographic predictors

Following earlier research, models explored: a) demographic factors,
specifically sex and age; b) socio-economic issues, i.e., household in-
come, education level, work status, longstanding limiting illness, and
self-perceived ethnic minority status; ¢) access to private outdoor spaces
(green private outdoor space, non-green private outdoor space,
communal gardens) and car ownership; and d) household composition,
i.e., marital status, number of individuals at home, presence of children,
and dog ownership. Region was also added as a covariate, with Vienna
as the reference category because it is by far the most urban and densely
populated state allowing us to compare exposure as a function of rela-
tively urban vs. rural locations. Detailed information on wording and

Table 1
OLS/Binary Logistic regression models predicting residential green/blue space.
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collapsing of response categories to aid statistical analysis can be found
in Supplementary Table S2.

2.3. Statistical analysis

To explore socio-demographic predictors of residential green and
blue spaces, we conducted three regression models with all covariates
included. The green space model predicted the % of greenspace within
the 1 km buffer and, thus, we used an ordinary least squares (OLS)
approach. The two blue space models predicted the odds of a river or a
lake being present vs. absent within a 1 km buffer using binary logistic
regressions. Binary logistic regressions were also used to predict

Greenness within 1 km!

River within 1 km? Lake within 1 km?

b 95 % CIs for b OR 95 % ClIs for OR OR 95 % CIs for OR
(Intercept) 0.44 0.41, 0.48 7.65 0.15
Demographic factors
Sex (ref = female; n = 1136)
Male (n = 1122) -0.01 -0.03, 0.00 1.08 0.87,1.34 1.08 0.78, 1.51
Age (ref = 18-29 yrs; n = 474)
30-39 yrs (n = 403) -0.00 -0.03, 0.02 0.83 0.57, 1.20 0.99 0.57,1.71
40-49 yrs (n = 428) -0.01 -0.03, 0.02 0.89 0.61, 1.29 1.04 0.60, 1.80
50-59 yrs (n = 492) -0.00 -0.02, 0.03 0.81 0.57,1.17 0.77 0.44, 1.36
60 + yrs (n = 461) 0.02 -0.01, 0.05 0.62 0.39, 0.98 1.13 0.55, 2.27
Socio-economic related factors
Income category (ref = low; n = 484)
Moderate (n = 764) 0.02 -0.00, 0.04 0.82 0.60, 1.11 0.74 0.48,1.14
High (n = 585) 0.03 0.01, 0.06 0.81 0.57,1.16 0.61 0.36, 1.03
Missing (n = 425) 0.02 -0.00, 0.04 0.88 0.62, 1.25 0.47 0.27, 0.81
Education (ref = Higher education; n = 523)
No or primary (n = 904) 0.03 0.01, 0.05 0.91 0.68, 1.20 0.71 0.47,1.10
Secondary or further (n = 831) 0.02 0.00, 0.04 0.91 0.69, 1.19 0.84 0.56, 1.27
Work status (ref = In paid work; n = 1219)
Unemployed (n = 199) -0.02 -0.05, 0.01 1.20 0.78,1.87 1.10 0.58, 2.01
In education (n = 136) -0.01 -0.05, 0.02 1.45 0.91, 2.40 0.75 0.34,1.49
Retired (n = 457) 0.00 -0.02. 0.03 1.39 0.95, 2.04 0.87 0.48, 1.60
Long-term health-related absence (n = 103) -0.01 -0.05, 0.03 0.74 0.46, 1.22 0.96 0.38, 2.11
Military service (n = 68) -0.03 -0.08, 0.01 1.90 0.96, 4.13 0.77 0.25,1.90
Missing (n = 76) 0.02 -0.02, 0.06 1.54 0.82, 3.11 1.50 0.63, 3.20
Longstanding limiting illness (ref = No; n = 1296)
Yes (n = 952) 0.02 0.00, 0.03 0.92 0.74, 1.15 1.10 0.78, 1.55
Self-identified ethnicity (ref = Ethnic majority; n = 2046)
Ethnic minority (n = 137) 0.01 -0.02, 0.04 0.71 0.47, 1.08 0.74 0.34, 1.46
Do not know (n = 75) 0.03 -0.01, 0.07 1.04 0.57, 2.05 0.62 0.18,1.59
Access to resources
Private outdoor space (ref = None; n = 227)
Communal garden (n = 213) -0.02 -0.05, 0.01 1.24 0.77, 2.02 1.09 0.56, 2.13
Non-green private outdoor space (n = 524) -0.01 -0.03, 0.02 0.87 0.58, 1.30 0.80 0.44, 1.47
Green outdoor space (n = 1294) 0.02 -0.01, 0.05 0.62 0.42, 0.91 1.15 0.66, 2.06
Car access (ref = No; n = 381)
Yes (n = 1877) 0.02 0.00, 0.05 1.02 0.74,1.38 0.82 0.53, 1.30
Household composition
Marital status (ref = No partner; n = 861)
Partner (n = 1230) -0.01 -0.03, 0.01 0.92 0.68, 1.24 0.95 0.61, 1.49
Missing (n = 167) 0.01 -0.02, 0.04 1.20 0.76, 1.93 0.75 0.36, 1.44
Number of individuals in household (ref = 1; n = 581)
2 (n = 845) 0.01 -0.02, 0.03 1.07 0.76, 1.50 1.02 0.62, 1.69
3+ (n=832) 0.02 -0.01, 0.04 0.88 0.60, 1.30 1.11 0.61, 2.00
Children in household (ref = No; n = 1717)
Yes (n = 512) 0.02 -0.01, 0.04 1.38 0.99, 1.94 0.95 0.56, 1.60
Dog ownership (ref = No; n = 1746)
Yes (n = 512) 0.02 -0.00, 0.03 1.15 0.90, 1.48 1.16 0.79, 1.68
Home-location related predictor
Federal state (ref = Other regions; n = 1785)
Vienna (n = 473) -0.20" -0.22, — 0.18 0.357" 0.27, 0.46 1.28 0.85, 1.90
R? .233 Cox & Snell R? .044 Cox & Snell R? .010
Adj. R? .223 Nagelkerke R? .067 Nagelkerke R? .024

Note. N = 2258. b = unstandardised coefficient. OR = Odds Ratio; CIs = confidence intervals.

*p < 0.05. ** p < 0.01. *** p < 0.001.

1 Calculated from NDVI within 1 km, treated as linear. 2 Calculated from the ECRINS database, treated as binary (River/Lake within 1 km: Yes/No).
Due to the application of the Benjamini-Hochberg procedure, some p-values are not significant, even if the CIs do not include 0 (OLS) or 1 (logistic regression).
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whether or not individuals had visited the 12 specific locations > once a
week (in the last four weeks) as a function of our socio-demographic
predictors. Covariates, which were included in all models, included
the geographical and socio-demographic predictors listed above. As-
sumptions were tested and are presented in the Supplementary Mate-
rials. To reduce the chance of false discovery across these 15 different
regressions, alpha error correction for multiple hypothesis testing was
applied using the Benjamini-Hochberg procedure (Benjamini & Hoch-
berg, 1995). Due to word limits, significance levels and 95 % Confidence
Intervals are only presented in the full results tables in the Supplemen-
tary Materials (all coefficients reported in the text are significant to at
least p < .05). Statistical analyses were performed using R statistical
software (Version 4.1.1).

3. Results
3.1. Models predicting residential green/blue space

There was little evidence of socio-economic related inequalities in
residential green and blue spaces in Austria (see Table 1). Of the main
markers of socio-economic status, neither household income, work
status, illness status, nor ethnicity, were significantly related to resi-
dential green space. Those with the lowest level of education lived in
areas with significantly more greenspace within 1 km (b = 0.03;
ref=Higher education). Living in Vienna was associated with signifi-
cantly less residential greenspace compared to all other Austrian regions
(b = —0.20). Living in Vienna, which lies directly on the Danube, was,
however, associated with higher odds of having a river within 1 km of
home (OR = 0.35). No other significant predictors of residential blue
spaces emerged, and the amount of variance explained was small for
both models (Rivers: Nagelkerke R = 6.7 %, Lakes: Nagelkerke R* = 2.4
%). For greenspace, explained variance was substantially greater adj. R*
= 22.3 %.

3.2. Models predicting green/blue space visits

Figs. 3-5 present the results for all 12 settings grouped into urban
green spaces, rural green spaces and blue spaces. Estimates are
expressed as odds ratios with “< once a week” (=ref) vs. “> once a week”
in the last 4 weeks including 95 % Confidence Intervals. Full models are
presented in Supplementary Tables S3, S4 and S5.

3.2.1. Urban green spaces

Local neighbourhood parks. The two greenest quartiles were associ-
ated with lower odds of visiting local urban parks at least once a week
than the 1st (least green) quartile (3rd: OR = 0.55; 4th: OR = 0.50),
whereas the subjective measure of residential blue space was associated
with higher odds (OR = 1.59). Respondents self-identifying as belonging
to an ethnic minority (OR = 1.78), and dog owners (OR = 1.93) had
greater odds of visiting local neighbourhood parks at least once a week.

Large urban parks. Subjective residential blue space was associated
with higher odds of visiting large urban parks at least once a week (OR =
1.89). Moreover, self-reported ethnic minority status (OR = 1.98) was
linked to higher odds.

Community gardens. People with access to a communal garden (OR =
2.68), and green private outdoor space (OR = 6.65), had greater odds of
visiting community gardens at least once a week. Importantly, in-
dividuals with a longstanding limiting illness also had higher odds of
visiting community gardens (OR = 1.42).

Playgrounds. Those living within 1 km of a lake (OR = 1.63), and
those self-reporting residential blue space (OR = 1.60) had higher odds
of weekly playground visits. Being 50 + yrs old was associated with
lower odds of weekly visits compared to < 30 yrs (50-59 yrs: OR = 0.36;
60 + yrs: OR = 0.42). Car owners (OR = 1.63), people with access to a
communal garden (OR = 2.95), and, perhaps least surprisingly, in-
dividuals with children (OR = 2.80), had higher odds of visiting
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playgrounds at least once a week.

Explained variance was significant for all models with Nagelkerke R>
ranging from 8.8 % for local neighbourhood parks to 18.3 % for
playgrounds.

3.2.2. Rural green spaces

Farmland. Subjective residential blue space was associated with
greater odds of weekly farmland visits (OR = 1.60). Odds were also
greater if the person had a moderate income (OR = 1.59; ref=low), ac-
cess to a communal garden (OR = 3.13), non-green private outdoor
space (OR = 2.45), and green private outdoor space (OR = 5.19), and
owned a dog (OR = 2.60).

Woodland. People living in the 4th (vs. 1st) quartile of residential
greenness (OR = 1.56), and with self-reported residential blue space (OR
= 1.80) had higher odds of visiting woodlands at least once a week.
Living in Vienna was associated with lower odds (OR = 0.60) compared
to the rest of Austria. The age group 30-39 yrs had lower odds,
compared to adults < 30 yrs (OR = 0.65). In contrast, odds for weekly
woodland visits were higher among car owners (OR = 1.72), those with
(vs. without) access to green private outdoor space (OR = 2.11), and dog
owners (OR = 1.90).

Meadows. Living in the two greenest quartiles (3rd: OR = 1.56; 4th:
OR = 1.63), and having perceived blue space access (OR = 1.69) were
both associated with greater odds of weekly meadow visits, a particu-
larly important aspect of rural Austria. In contrast, living in Vienna was
related to lower odds of visiting meadows compared to the rest of
Austria (OR = 0.49). Visiting odds of people aged 50-59 yrs were lower
compared to the < 30 yrs group (OR = 0.65). People with a longstanding
limiting illness (vs. no illness) also had lower odds (OR = 0.77), while
people with moderate income (OR = 1.5; ref=low), private green out-
door space (OR = 2.39), a car (OR = 1.57), and a dog (OR = 2.72) had
greater odds of visiting meadows at least once a week, than those
without.

Mountains. Again, the 3rd (OR = 2.18) and 4th quartiles (OR = 2.97)
of residential greenness, and self-reported residential blue space (OR =
1.87) were associated with greater odds of weekly visits to mountains.
Respondents who had no or primary education (OR = 0.64; ref=Higher)
had lower odds of visiting mountains at least once a week.

Explained variance was significant for all models with Nagelkerke R?
ranging from 12.2 % for mountains to 20.2 % for meadows.

3.2.3. Blue spaces

Urban rivers. Those who reported a blue space within a 10-15 min
walk of home had greater odds of weekly visits to urban rivers than those
who did not (OR = 2.01). Car access (OR = 0.63) was linked to lower
odds, while self-reported ethnic minority status (OR = 2.21) was asso-
ciated with greater odds of visiting urban rivers at least once a week.

Rural rivers. As with urban rivers, those with self-reported blue space
access within a 10-15 min walk also had substantially higher odds of
weekly visits to rural rivers (OR = 3.01) than those who did not. In-
dividuals with (vs. without) a dog (OR = 1.87) also had significantly
higher odds of visiting rural rivers at least once a week.

Lakes. Living in the 4th quartile (vs. 1st) of residential greenspace
(OR = 1.69), and within 1 km of a lake (OR = 2.28), as well as reporting
blue space within a 10-15 min walk (OR = 1.60) was associated with
higher odds of visiting a lake at least once a week. Individuals with high
vs. low income also had greater odds (OR = 1.82).

Small water bodies. Those living in the greenest quartile (OR = 1.74;
ref=1st quartile), and those with perceived blue space access (OR =
2.61) had greater odds for visiting small water bodies at least once a
week. Moreover, access to a communal garden (OR = 2.21), non-green
private outdoor space (OR = 2.12), green private outdoor space (OR =
2.58), as well as car access (OR = 1.80), and dog ownership (OR = 2.03)
were associated with greater odds.

Explained variance was significant for all models with Nagelkerke R
between 7.3 % for lakes and 11.9 % for small water bodies.
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Fig. 3. Logistic regression models for recreational visits to four types of urban green space (> once in last four weeks). Note. N = 2258. Due to the application of the
Benjamini-Hochberg procedure, some p-values are not significant, although the CIs do not include 1. ORs are plotted on the log scale.
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Fig. 4. Logistic regression models for recreational visits to four types of rural green space (> once in last four weeks). Note. N = 2258. Due to the application of the
Benjamini-Hochberg procedure, some p-values are not significant, although the CIs do not include 1. ORs are plotted on the log scale.

4. Discussion use of, green and blue spaces reported in several studies were also
present in Austria, we used a nationally representative survey to explore
In an effort to understand whether inequalities in proximity to, and socio-demographic predictors of both residential green and blue space as
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Fig. 5. Logistic regression models for recreational visits to four types of blue space (> once in last four weeks). Note. N = 2258. Due to the application of the
Benjamini-Hochberg procedure, some p-values are not significant, although the CIs do not include 1. ORs are plotted on the log scale.

well as visits to 12 different urban and rural, green and blue settings. In
contrast to some findings elsewhere (e.g., Guan et al., 2023; Nesbitt
etal., 2019; Schiile et al., 2019; Wiistemann et al., 2017), we found very
little evidence of socio-economic related inequalities in residential green
space coverage or proximity to blue spaces in Austria as a whole. The
amount of green space near individual’s homes and proximity to both
rivers and lakes was similar regardless of age, gender, income, work
status, health status, nor marital status. People without (vs. with) a
university degree were actually more likely to live in greener areas,
probably reflecting the fact that average education levels tend to be
lower in more rural areas in Austria (Statistics Austria, 2022).

The results for our second type of exposure, recreational visits, were
more nuanced. Perhaps unsurprisingly, individuals living in more rural
areas were more likely to regularly visit more rural locations (e.g.,
mountains and meadows) and those living in Austria’s major city Vienna
were more likely to visit urban green and blue spaces. In addition,
perceived proximity of blue spaces within a 10-15 min walk of home
was also associated with more visits to all four blue spaces that we
explored as well as all green spaces we examined except community
gardens.

In terms of gender, we found no significant differences between men
and women in visitation rates. According to existing research on gender
differences in outdoor recreation, women, although being more con-
nected to nature, are less likely to engage in outdoor recreation (Rosa
et al., 2023). Potential reasons might be higher barriers, for example fear
of crime (Zanon et al., 2013), and gender role socialization that makes
women more likely to feel limited in outdoor recreation (Godtman Kling
et al., 2020). Our results do not support these findings, and potential
differences in geographical and cultural influences in the Austrian
context compared to those previously studied could be explored in
future research.

In terms of age, distinct patterns were found. Given the tendency of
less visits to some rural green space among 30-59 yr olds it may be
important to facilitate the integration of more time-efficient and work-
compatible nature exposure into the daily working life through, e.g.,

greening work commutes and offices (Haaland & Konijnendijk van den
Bosch, 2015), providing workplace outdoor environments, or promoting
an outdoor break culture in offices (Lottrup et al., 2012). Nevertheless,
for most environments, no significant age differences were found, which
is of particular relevance for older adults, especially in terms of
vulnerability towards urban heat (Arnberger et al., 2017).

With regard to income, visits to lakes and small water bodies were
higher for the highest income group, and for small water bodies also for
moderate vs. lower income groups. Given that residential access to water
showed no income gradient in this analysis, this is clearly not a prox-
imity issue. However, it could indicate that visits to water bodies are
associated with higher costs. Other potential indicators of socio-
demographic inequalities showed mixed results. Individuals with low
levels of formal education (no/primary), although living in greener
neighbourhoods, were less likely to visit mountains than those with
higher (tertiary) education, and not significantly more likely to visit any
setting. This is in line with the findings of Muhar et al. (2007) that hikers
in the Austrian mountains tend to have high levels of education, and the
possibility that people with lower education may be in jobs where they
work longer hours to obtain a living wage resulting in less time available
for recreational nature visits that are relatively time-consuming like
mountain visits. A similar conclusion was reached by Boyd et al. (2018)
who found that the most common reason for fewer visits of natural
environments in the UK was being too busy at work. The implication is
that education level and job-related time pressures, rather than income
per se, might be more important drivers of nature use inequalities,
especially for environments with the potential for particularly high
health benefits, such as mountainous areas (Arnberger et al., 2018).

In terms of work status, however, there were no significant differ-
ences across the 12 location types, reiterating that inequalities in use in
Austria may be less than in other locations. Perhaps even more
encouraging was the finding that people with a longstanding limiting
illness, while less likely to visit meadows, were significantly more likely
to visit community gardens, and no less likely to visit any of the other
environments including all four blue spaces.
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The findings for ethnicity are perhaps the most encouraging in terms
of equality of visits. Specifically, although caution is needed because the
sample was relatively small, those who self-identified as being in an
ethnic minority were significantly more likely to visit local neighbour-
hood parks, large urban parks and urban rivers, and did not report
significantly fewer visits to any other setting. Previous studies in North
America, Europe, and in Vienna itself, suggest that ethnic minority
groups may use outdoor spaces more for social and child-related activ-
ities, such as picnicking, ball games, and socializing in large, family-
oriented groups, while hiking, jogging, and dog walking were less
popular (Arnberger et al., 2021; Derose et al., 2015). Although specific
activities were not considered here, the current results are broadly
consistent with this picture. Natural environments have been shown to
enhance social interaction, place attachment, learning of cultural cus-
toms and well-being of immigrant communities (Gentin et al., 2019),
and given the increasing migrant populations in cities, creating and
maintaining adequate urban natural environments is an issue of growing
importance. Thus, ethnic minority community’s preferences for more
developed park facilities, e.g., barbeque and picnic areas, should be
considered when planning urban natural spaces.

Furthermore, we observed a tendency for significantly more visits to
most rural green spaces as well as small water bodies among people with
access to some kind of private outdoor space. This may be because they
tend to live in the less dense urban and rural areas where having a
garden is more likely, or because they selectively chose to have a garden
because being outdoors is important to them (de Bell et al., 2020).
Importantly, having access to a car was associated with more visits to
playgrounds, woodlands, meadows and small water bodies. Although
whether to buy a car or not might partly be influenced by an individual’s
home location (e.g., less important in Vienna compared to a remote
Tyrolian mountain village), it might also partially reflect a person’s
socio-economic situation. According to Morris et al. (2020), lack of
private vehicle access is associated with 35 % less time spent on outdoor
recreation activities. This indicates that limited mobility due to a lack of
private car access may have the potential to amplify inequalities in
health and well-being in relatively rural locations, and local policies to
support better public transport links in general as well as more regular,
possibly subsidized, services for specific groups (e.g., older adults who
no longer have access to a car) might be a way to facilitate nature’s
potential to reduce such inequalities.

Broadly speaking there did not appear to be any household
composition-related inequalities in visits to green/blue spaces in
Austria, apart from people with children more often visiting play-
grounds. Finally, and consistent with findings elsewhere (White et al.,
2018), owning a dog was associated with significantly more visits to six
of our twelve locations.

Although offering unique insights into (in-)equalities in access to and
use of natural environments across Austria, we also recognize several
issues and limitations. First, we recognise that these findings differ from
most previous research investigating inequalities in nature access/
exposure (e.g., Han et al., 2023) in two main respects: a) we included a
country-wide sample in a context where nearly 40 % of inhabitants live
in rural areas, as opposed to the majority of studies which focused on
cities and urban populations; and b) we also explored recreational visits
to 12 different types of urban and rural green and blue space settings,
where the majority of previous studies focused only on local green space
coverage and/or distance to urban parks. Our findings are thus not
directly comparable with most previous studies. Nevertheless, we would
argue that they perhaps give a more rounded, nuanced picture than
previously described and would suggest that future inequality in access
to nature studies also include populations beyond the city boundaries
and carefully consider their recreational and voluntary exposures given
that much of this will also be further from home than the typical buffers
(e.g., 500 m, 1000 m) used in these studies (Elliott et al., 2015).

We also recognise that our models explored socio-demographic
variables individually, rather than in combination. Further work could
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make greater efforts to explore such ‘intersectionality’ (Colley et al.,
2022) as it may be that certain combinations of vulnerability are still
relevant for inequalities in nature access and use even in the Austrian
context.

Much of our data is also self-reported, which raises issues of possible
recall or social desirability bias. Although our geographical exposure
metrics were based on satellite data, we were still relying on re-
spondent’s ability to accurately place their home location on the map-
ping tool. Further, recruitment through a paid online-panel might have
caused selection bias, e.g., by excluding people without internet access.
In general, while being broadly representative in terms of gender, age,
work status and region, the sample appears to not have been fully
representative of other factors, such as, e.g., ethnicity and education.
Also, in some demographic sub-groups, sample sizes were relatively
small (e.g., ethnic minority status: n = 135), which should also be
considered when interpreting the results.

Following earlier work (e.g. Shanahan et al., 2016), our measure of
visit frequency was based on a relatively simple distinction between
people who reported visiting the given locations at least once a week in
the past four weeks. Further work might look at more precise estimates
of time spent in specific settings through alternative self-report ap-
proaches, such as diaries or by tracking people’s movements over time.
It is possible, for instance, that more sensitive measures may be more
likely to uncover inequalities than the binary outcomes used here. We
also recognize that although participants were asked about recreational
visits, we cannot rule out the possibility of occupational visits being
included by respondents (e.g., by farmers, forestry workers, alpine
guides, etc.), and if these groups have lower incomes and education
levels it may be the case that they are masking inequalities in specific
recreational visits. We are also sensitive to the fact that locations are
rarely classifiable into distinct types and will often contain multiple
elements. For instance, most lakes will be connected to rivers, thus, a
visit to a lake may also be categorised as a visit to a river resulting in
some element of double-counting. Further work examining the complex
interplay of different environmental elements would help unpick this
issue. We further recognize that our loose classification of locations into
urban and rural green spaces is also open to scrutiny given, for instance,
that although community gardens and playgrounds were categorised as
‘urban’, from the pictures the participants saw we cannot conclude for
certain, whether they were interpreted as such given extensive local
greenery.

We further recognize that data were collected in October 2020, and
visits were related to the last four weeks. Thus, results are limited to
specific seasonal and weather conditions. Furthermore, this marks a
time when some COVID-19 related travel limitations were still in place.
Although access to natural spaces at this time was largely unaffected,
due to longer term closure of many hotels and catering facilities
including hill and mountain huts (important destinations in the Austrian
context), access to more remote areas presented significantly more
barriers than in a normal year (BMLRT, 2021)." What is worth
mentioning, however, is the increase in domestic overnight stays of 6.2
% during the period between June and October 2020. That is, more
Austrians spent their summer holidays in Austria due to the COVID-19
pandemic (BMLRT, 2021), and further surveys in future years will be
needed to see how representative our findings are of “normal” years.

5. Conclusions

To conclude, when looked at from a country-wide perspective we
found relatively little evidence of socio-economic-related inequalities in
either residential green and blue space exposure or recreational visits to
urban and rural natural environments in Austria, especially once a wider

! During 60 of the 274 calendar days before October a strict lockdown
including closure of the hotel industry was enforced.
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than usual range of potential destinations was considered. While lower
visit frequencies to several different locations were observed among
some groups (e.g., people with lower education, longstanding limiting
illnesses or without car access), for other typically disadvantaged groups
like people self-identifying as belonging to an ethnic minority, we even
found more visits to specific environments, such as urban parks and
rivers. The few inequalities we saw in visit frequencies do not seem to be
systematically linked to any inequalities in residential proximity to
natural environments either. Although, given a number of limitations
which means we remain cautious about over-interpreting these findings,
they raise the possibility that issues of nature-based equity may be more
apparent at smaller scales or within certain geographical contexts. When
examined at the country-level of a relatively rural country such as
Austria, evidence of such inequalities seems much less apparent. To
date, most of the literature on socio-economic inequalities in nature has
focused on residential nature exposure, but here we found relatively
little evidence that a lack of neighbourhood nature resulted in fewer
recreational visits. To the extent that such visits play an important role
in reducing health and well-being related inequalities, a key question for
future planners and health professionals is how to optimise the use of
existing green and blue spaces in the wider vicinity to support people
from all backgrounds maximise their contact with potentially health
promoting natural settings.
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