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1. Rationale 

Research on residential outdoor environments and health has grown 
in the past decades, contributing to better understanding of how 
different neighborhood characteristics promote health and well-being 
throughout the life course, with a potential to reduce health in
equalities (Björk et al., 2008; Bodin et al., 2009; Braubach et al., 2017; 
de Jong et al., 2012; Grahn and Stigsdotter, 2010; Hartig et al., 2014; 
Kaplan, 1995; Liu et al., 2019; Weimann et al., 2015a; Peters et al., 2020; 
Van den Berg et al., 2015). Noise and air pollution exposures have been 
linked to different adverse health events (Bodin et al., 2009; Liu et al., 
2019), while exposure to green outdoor environments has been found to 
have salutogenic effects through stress reduction, restoration (Kaplan, 
1995) as well as several other pathways (Braubach et al., 2017). Some 
studies pointed out the complexity of the associations between different 
outdoor environment exposures and health due to correlation of 
different exposures and other moderating factors playing a role in such 
associations (Weimann et al., 2017). Yet, a number of limitations mak
ing causal inference and policy implications uncertain have been iden
tified when it comes to environment and health links (Gascon et al., 
2016). 

Both, objective and subjective measures have been used to study 
associations between environmental exposures and health. While clearly 
associated, objective and perceived outdoor environment exposures 
likely contain different information, as the agreement between them, at 
least in case of greenness, tends to be low (de Jong et al., 2011). The 
advantage of using perceived versus objective aspects of greenness in 
epidemiologic studies is that the former is more likely to capture 
important effects on health-related behaviors, which is valuable infor
mation when planning new or reshaping already existing neighborhoods 
(Prins et al., 2009). 

Using explorative factor analysis in cross-sectional settings, eight 
perceived sensory dimensions (PSDs) have been identified as important 
qualities of green spaces that may support people’s health: serene, nat
ural, diverse, cohesive, cultural, open, sheltered and social (Grahn and 
Stigsdotter, 2010; Grahn et al., 2005). Methodological issues in their 
assessment should, however, be considered before they are used in 
epidemiological studies. Perceived outdoor exposure assessments are 
often based on single point assessments (Gascon et al., 2016), which may 
lead to bias. For instance, people with lower income tend to perceive 
their neighborhoods as less attractive and safe than those with higher 
income (de Jong et al., 2011; Kamphuis et al., 2010). Aggregating 

* Corresponding author. Department of Health Sciences, Faculty of Medicine Lund University, P.O. Box 157, 221 00, LUND, Sweden. 
E-mail addresses: giedre.gefenaite@med.lu.se (G. Gefenaite), kristoffer.mattisson@med.lu.se (K. Mattisson), patrik.grahn@slu.se (P. Grahn), per-olof.ostergren@ 
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individual self-reports into area-level estimates could overcome such 
bias. Furthermore, the exact formulation of the PSDs has been shown to 
be important to accurately capture the salutogenic potential (de Jong 
et al., 2012). In addition, collecting subjective measures is resource 
demanding and not feasible in register studies or large population 
cohorts. 

There is a need to address multiple outdoor characteristics in 
epidemiologic studies on health outcomes. The reasoning is that 
greenness, air pollution and road traffic noise often are spatially and 
temporally correlated (Klompmaker et al., 2019; Tenailleau et al., 
2016). Consequentially, single exposure models might be prone to 
confounding: recent research showed that the effect of green sur
roundings on diabetes type 2 attenuated when air pollution was 
included in the model (Klompmaker et al., 2019). Longitudinal studies 
on perceived multiple environmental exposures on health are rare 
(Pearce et al., 2016). 

To address the above-mentioned challenges related to outdoor 
environment exposure assessments and to facilitate epidemiological 
studies on links between neighborhood characteristics and health, we 
established the Scania outdoor environment database (ScOut) with 24 
environmental characteristics covering the residential areas of the Sca
nia region, southern Sweden. 

2. Designing ScOut: data sources, sample size, measurements 
and development 

2.1. Data sources, sample size and data management 

To build the ScOut database, we included five population studies (de 
Jong et al., 2011; Weimann et al., 2015b; Carlsson et al., 2006; 
Östergren et al., 2000; Rosvall et al., 2009; Torngren et al., 2020) con
ducted in the Scania region in southern Sweden during 2008–2020 
where the participants rated their own neighborhood outdoor environ
ment (for details about the assessments see Table 1 and the next sub
section of this article): two cross-sectional Scania public health surveys 
conducted in 2008 and 2012 (n = 26994 and 18852, respectively), and 
two cohort studies: follow-up surveys in 2010 (n = 7917) and 2016 (n =
6897, of whom 47% participated in 2010) for the Scania public health 
cohort (SPHC), and the BIG3 population cohort study with recruitment 
between 2013 and 2019 (n = 18331). All baseline participants in the 
respective studies were randomly selected from the Swedish total pop
ulation register. The participants were between ages 18 to 80 in the 
cross-sectional Scania public health surveys and SPHC, and ages 45 to 75 
in the BIG3 study. Only the respondents with available data on their 
dwelling coordinates in Scania, sex and age were retained 
(78991/91460: 86%). 

The five studies were obtained as five separate datasets, with 
different names of the variables and answer categories. Each data source 
was 1. checked for errors, cleaned and text variables converted into 
numeric values; 2. recoded to harmonize the variable names and answer 
categories accross the datasets; 3. assigned a study identifier; and 
eventually 4. pooled together to run the final data checks and analysis. 
The harmonized list of exposures is provided in Table 1. 

2.2. Perceived outdoor environment characteristics 

In total, ScOut included 24 perceived outdoor environment charac
teristics: PSDs (n = 8), blue environments (n = 1), noise (n = 5), air 
pollution (n = 3), infrastructure (n = 4) and general neighborhood (n =
3). For the formulation of the items, data sources and answer categories 
see Table 1. 

Eight perceived sensory dimensions (PSDs) have been identified as 
distinct qualities of green spaces that may support people’s health 
(Grahn et al., 2005; Grahn and Stigsdotter, 2010) that have been 
assessed in the data sources used to build ScOut. PSDs (serene, natural, 
diverse, cohesive, cultural, open, sheltered and social) were measured 

within 5–10 min walk (corresponding to a distance of approximately 
300 m) from home (Grahn and Stigsdotter, 2010; Grahn et al., 2005). 
PSDs and an additional item on presence of blue environments were 
assessed on a 4-point ordinal scale (disagree completely, disagree, agree, 
agree completely) and “do not know/cannot say”. Due to limitations in 
their original formulations (Stoltz et al., 2012), the PSDs of natural and 
cohesive were reformulated in 2012, 2016 and BIG3 surveys, and only 
the revised items were included in ScOut. Followed by a previous study 
(Björk et al., 2014), the answers “agree” and “agree completely” indi
cated that the quality was present and were merged, with all other op
tions and missing answers merged and indicating that the quality was 
absent. 

Perceived noise and air pollution were assessed by self-reported 
distinct items such as annoyance from different noise sources (neigh
bours, road traffic, railway, air traffic, wind power) and smells (car 
exhausts, wood burning, industry) on 4- or 5-point ordinal scales 
depending on the survey. Due to different operationalization of these 
items in 2008 survey (see Table 1), these data were excluded. In 2012 
and 2016 surveys the questions measuring annoyance from noise com
plied with the ISO/TS 15666 standard, while the formulation and 
answer options in 2010 were slightly different. As suggested by previous 
research (Bodin et al., 2012), to be able to combine the data using 
different scoring scales, we considered the most extreme answer option 
to indicate the annoyance from noise or air pollution, other answer 
options indicating limited or absent annoyance. As the question for
mulations for air pollution annoyance were similar, we treated them the 
same way. 

We also included four distinct items regarding general services, 
cultural activities, recreational possibilities and public transportation in 
the neighborhood. Answering “yes” indicated presence of the charac
teristic versus “no”, “no opinion” or a missing value indicating its 
absence. We have furthermore assessed three items of neighborhood 
safety, coherence and satisfaction on a 4-graded ordinal scale. The two 
most extreme answer options indicating the presence of the character
istic were collapsed and indicated positive replies, while all other 
answer categories and missing values were collapsed and indicated 
negative replies. 

2.3. Reliability analysis 

For items serenity, species richness, cultural history, noise from road, 
train and air traffic that were available in both 2010 and 2016, we 
assessed the differences between the proportions of agreement in the 
non-movers within SPHC with McNemar test, as well as Cohen’s kappa, 
the latter adjusted for the agreement by chance (Table 2). There was 
little (0–5%) difference based on positive proportions between 2010 and 
2016 indicated by the McNemar test. Cohen’s kappa for three PSDs 
assessed was around 40%. 

As we knew when the majority of the Scania surveys were mailed 
(September – October in 2008 and 2010 vs November – January in 2012 
and 2016), we used the data source as a seasonality indicator. As data for 
the BIG3 cohort were collected throughout the year, we defined sea
sonality based on the individual survey scanning in dates as April to 
October, and November to March. To explore whether there were sea
sonal effects, we inspected the odds ratios (OR) of the data source for 
three PSDs (serene, diverse and culture), with 2008 survey and the time 
window of April to October for BIG3 as references. We expected that the 
OR would be similar between 2008 and 2010 surveys and would point 
towards more positive replies than the 2012 and 2016 surveys. We 
interpreted the OR of the seasonality indicator in the BIG3 dataset in the 
same way, expecting to see higher OR, and so more positive replies 
between April and October. We regarded the OR ≥ 1.5 (or ≤ 0.67 if 
inversed) as indicating a marked seasonal difference that might require a 
different approach when handling the data. 

We did not find indications for seasonality based on the size and 
direction of the effects (ORs for seasonality indicators were between 
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Table 1 
Included items (n = 24), survey questions in English, data availability across five data sources and answer options.  

Item Survey question in English Data source Answer options 

2008 2010 2012 2016 BIG3  

Think of nature within 5–10 min walking distance from where you live. For example this can be 
green spaces, parks or forest areas. Do you agree with the following statements?  

Choose an option from each line! 
Nature in the area where I live …       

Serene … is quiet, one can hear nature’s own sound x x x x x Completely disagree - Disagree - Agree - Completely agree - Do not 
know/No opinion 

Natural (original) … is wild, it has developed without human impact x x    Completely disagree - Disagree - Agree - Completely agree - Do not 
know/No opinion 

Natural (revised) … has nature that is wild and fascinating   x x x Completely disagree - Disagree - Agree - Completely agree - Do not 
know/No opinion 

Diverse … has a large diversity of animal and plant species x x x x x Completely disagree - Disagree - Agree - Completely agree - Do not 
know/No opinion 

Cohesive (original) … is a large cohesive area x x    Completely disagree - Disagree - Agree - Completely agree - Do not 
know/No opinion 

Cohesive (revised) … forms a large and coherent area, separated from the outside world   x x x Completely disagree - Disagree - Agree - Completely agree - Do not 
know/No opinion 

Cultural … makes you feel the historical heritage, for example ancient monuments, old trees, 
constructions 

x x x x x Completely disagree - Disagree - Agree - Completely agree - Do not 
know/No opinion 

Open … has an open area for, for example, ball games or picnics    x x Completely disagree - Disagree - Agree - Completely agree - Do not 
know/No opinion 

Sheltered … has a cosy and safe place for relaxation or children’s free games    x x Completely disagree - Disagree - Agree - Completely agree - Do not 
know/No opinion 

Social … has a meeting place with entertainment activities, people moving, catering or kiosk    x x Completely disagree - Disagree - Agree - Completely agree - Do not 
know/No opinion 

Blue environments … is close to the sea, lakes, or streams, which offers relaxation    x  Completely disagree - Disagree - Agree - Completely agree - Do not 
know/No opinion 

Noise – neighbours In 2008: In the past three months have you felt annoyed by one of the following at close 
proximity to your home? Noise from neighbours 
In 2012 and 2016: If you think about the last 12 months, when you are at home, how much are 
you disturbed or bothered by: Noise from neighbours 

x  x x  In 2008: Yes, at least once a day - Yes, at least once a week - Yes, more 
seldomly - No, never  

In 2012 and 2016: Not at all disturbed - Not very much disturbed - 
Disturbed quite a lot - Disturbed a lot - Extremely disturbed 

Noise – road traffic In 2008: In the past three months have you felt annoyed by one of the following at close 
proximity to your home? Noise from road traffic 
In 2010: Are you bothered by noise from road traffic, trains or flights? Road traffic 
In 2012 and 2016: If you think about the last 12 months, when you are at home, how much are 
you disturbed or bothered by: Noise from road traffic 

x x x x  In 2008: Yes, at least once a day - Yes, at least once a week - Yes, more 
seldomly - No, never  

In 2010: Not at all - Not very much - Quite a lot - A lot 
In 2012 and 2016: Not at all disturbed - Not very much disturbed - 
Disturbed quite a lot - Disturbed a lot - Extremely disturbed 

Noise – train traffic In 2008: In the past three months have you felt annoyed by one of the following at close 
proximity to your home? Noise from train traffic 
In 2010: Are you bothered by noise from road traffic, trains or flights? Noise from trains 
In 2012 and 2016: If you think about the last 12 months, when you are at home, how much are 
you disturbed or bothered by: Noise from train traffic 

x x x x  In 2008: Yes, at least once a day - Yes, at least once a week - Yes, more 
seldomly - No, never  

In 2010: Not at all - Not very much - Quite a lot - A lot 
In 2012 and 2016: Not at all disturbed - Not very much disturbed - 
Disturbed quite a lot - Disturbed a lot - Extremely disturbed 

Noise – air traffic In 2008: In the past three months have you felt annoyed by one of the following at close 
proximity to your home? Noise from air traffic 
In 2010: Are you bothered by noise from road traffic, trains or flights? Noise from flights 
In 2012 and 2016: If you think about the last 12 months, when you are at home, how much are 
you disturbed or bothered by: Noise from air traffic 

x x x x  In 2008: Yes, at least once a day - Yes, at least once a week - Yes, more 
seldomly - No, never  

In 2010: Not at all - Not very much - Quite a lot - A lot 
In 2012 and 2016: Not at all disturbed - Not very much disturbed - 
Disturbed quite a lot - Disturbed a lot - Extremely disturbed 

(continued on next page) 
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Table 1 (continued ) 

Item Survey question in English Data source Answer options 

2008 2010 2012 2016 BIG3 

Noise – wind power In 2012: If you think about the last 12 months, when you are at home, how much are you 
disturbed or bothered by: Noise from wind power   

x   In 2012: Not at all disturbed - Not very much disturbed - Disturbed 
quite a lot - Disturbed a lot - Extremely disturbed 

Air pollution – car 
exhausts 

In 2008: In the past three months have you felt annoyed by one of the following at close 
proximity to your home? Car exhausts 
In 2012 and 2016: If you think about the last 12 months, when you are at home, how much are 
you disturbed or bothered by following: Car exhausts 

x  x x  In 2008: Yes, at least once a day - Yes, at least once a week - Yes, more 
seldomly - No, never  

In 2012 and 2016: Not at all disturbed - Not very much disturbed - 
Disturbed quite a lot - Disturbed a lot - Extremely disturbed 

Air pollution – wood 
burning 

In 2008: In the past three months have you felt annoyed by one of the following at close 
proximity to your home? Wood burning smoke 
In 2012: If you think about the last 12 months, when you are at home, how much are you 
disturbed or bothered by following: Wood burning smoke 

x  x   In 2008: Yes, at least once a day - Yes, at least once a week - Yes, more 
seldomly - No, never  

In 2012: Not at all disturbed - Not very much disturbed - Disturbed 
quite a lot - Disturbed a lot - Extremely disturbed 

Air pollution – 
industries 

In 2008: In the past three months have you felt annoyed by one of the following at close 
proximity to your home? Smells from industry 
In 2012: If you think about the last 12 months, when you are at home, how much are you 
disturbed or bothered by following: Smells from industry 

x  x   In 2008: Yes, at least once a day - Yes, at least once a week - Yes, more 
seldomly - No, never  

In 2012: Not at all disturbed - Not very much disturbed - Disturbed 
quite a lot - Disturbed a lot - Extremely disturbed 

Neighborhood 
satisfaction 

What is it like living in your neighborhood? x  x  x Very good - Quite good - Quite bad - Bad - Do not know 

Neighborhood safety Do you feel safe walking alone in the neighborhood at dark? x x x x x Very safe - Quite safe - Quite unsafe -Unsafe - Never walking alone 
when it is dark (the latter option only in 2008 survey) 

Neighborhood 
coherence 

Do you feel rooted and belonging to the neighborhood? x x x x  To large extent - To some extent Not really - Not at all 

General services Think about the environment where you live, do you think that there are good general services? x  x  x Yes - No–No opinion 
Cultural activities Think about the environment where you live, do you think that there are sufficient cultural 

activities? 
x  x  x Yes - No–No opinion 

Recreational 
possibilities 

Think about the environment where you live, do you think that there are good recreational 
possibilities? 

x  x  x Yes - No–No opinion 

Public transportation Think about the environment where you live, do you think that there is good public 
transportation? 

x  x  x Yes - No–No opinion  
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0.98 and 1.32). Additional analysis of the BIG3 cohort also did not 
indicate seasonal effect (ORs between 1.01 and 1.21). We therefore 
proceeded with pooling the data across the data sources. 

2.4. Area aggregation and scores of perceived outdoor environment 
characteristics 

Ecometric modelling and statistical analyses were performed with 
SPSS, version 26.0 (IBM Corp, Armonk, NY). The exact modelling details 
have been described previously (de Jong Kim et al., 2011, 2012). 
Geocodes of the residential addresses of the participants were used to 
group them into area units of 1 km2, resulting in 5472 different 1 km2 

areas covering approximately 97% of the total population in Scania. The 

proportions of positive assessments for each outdoor environment 
quality were then estimated in each area using a random effects logistic 
regression (ecometric) model with individual and area levels. Areas with 
very few individuals obtained a proportion similar to the overall mean, 
therefore areas with only one individual (n = 1952) were accepted. 

To avoid bias due to perception being affected by sociodemographic 
factors (de Jong et al., 2011; Kamphuis et al., 2010), the models were 
adjusted for demographic and socioeconomic characteristics as well as 
seasonality. These included age, sex (male, female), country of origin 
(Nordic (i.e. Sweden, Norway, Finland, Denmark, Iceland), other), ed
ucation (primary, secondary, college/university, other), economic dif
ficulties during the last 12 month (yes, no) and the type of residence 
(own house, condominium, rental/other). 

2.5. Correlations between perceived outdoor environment scores 

We assessed Spearman (rs) correlation coefficients between different 
characteristics on the area and individual levels and stratified them into 
negligible/weak (0 - <0.3), moderate (≥0.30 - <0.70) and strong (≥0.70 
- <1) (same intervals for negative rs). 

On the area-level, positive moderate correlations were found be
tween serene, natural, diverse, cohesive and cultural (Table 3, above the 
diagonal). These PSDs correlated negatively with social, general ser
vices, cultural activities and public transportation. Perceived air pollu
tion and noise from different sources generally exhibited moderate to 
strong positive correlations on the area-level. An exception was train 
traffic noise that was negatively correlated with all other noise and air 
pollution sources. Area-level correlations were overall weaker than the 
individual-level correlations (Table 3, below the diagonal), which could 

Table 3 
Spearman correlations of the area- and individual-level (above and below the diagonal, respectively) perceived sensory dimensions, noise and air pollution (17 
items). 

Table 2 
Differences in outdoor environment assessments among the non-movers (N =
3707) in the SPHC between 2010 and 2016.  

N = 3707 % positive in 
2010 

% positive in 
2016 

p-value for 
McNemar test 

Cohen’s 
kappa 

Serenity 80% 79% .47 .37 
Species 

richness 
55% 54% .15 .46 

Cultural 
history 

44% 39% <.001 .40 

Noise – road 
traffic 

1% 1% .06 .21 

Noise – train 
traffic 

0.2% 0.2% 1 − .002 

Noise – air 
traffic 

0.2% 0.1% .45 − .001  

G. Gefenaite et al.                                                                                                                                                                                                                              



Environmental Research 218 (2023) 115008

6

be explained by that they are less prone to single-source (intra-indi
vidual) correlations in perceptions. 

2.6. Visual presentation of perceived outdoor environment scores 

Visual presentation of area-level scores was done by plotting colour 
coded area-level scores with ArcGIS. For most PSDs (for example serene, 
nature and historic) the scores were the lowest in and around major 
cities, except for social, were in cities it was the most positive (Fig. 1). 
We can see clear differences within the major cities themselves: the 
scores of historic within the historic city centers were higher than 
outside the city centers. 

Positive scores of blue environments were found along the sea and 
inland blue areas. Noise and air pollution were mostly reported in major 
cities. Noise from aircraft traffic was observed around the Malmö 
airport. Neighborhood satisfaction and safety were lower in cities, while 
for recreational possibilities, public transportation, general services and 
cultural activities scores were more positive in cities (data not shown). 

3. Discussion 

To our knowledge, ScOut is an (inter)nationally unique data source 
in its nature and size that includes 24 outdoor environment character
istics over a period of 12 years and covering approximately 97% of the 

Fig. 1. Visualizing perceived sensory dimensions of serene, natural, historic and social.  

G. Gefenaite et al.                                                                                                                                                                                                                              



Environmental Research 218 (2023) 115008

7

population in Scania, one of the most densely populated counties in 
Sweden. ScOut can be used to study both the effects and complexity of 
multiple perceived outdoor environment characteristics on health, and 
well-being, as long as the studies are based in Scania and there is a 
possibility to link to the individual participant data or on the geocode 
level. 

3.1. Future studies 

ScOut provides a source of data on perceived outdoor environment 
characteristics that enables assessment of subjective environmental ex
posures in register studies and other population studies in Scania. The 
role of perceived outdoor environment characteristics could be assessed 
on outcomes such as occurrence or exacerbations of the underlying 
medical conditions, hospitalizations and mortality The Malmö Diet 
Cancer Study, EpiHealth, The Swedish CArdioPulmonary bioImage 
Study, Good Aging in Skåne or RELOC-AGE (Zingmark et al., 2021) 
studies, as well as on perceived health outcomes in cohorts such as SPHC 
and others. Several such studies are currently in progress. The study 
based on SPHC is assessing the role of the neighborhood environment on 
obesity trajectories mediated through a physical activity pathway 
(Rebouillat et al. in progress). Another study based on SPHC is investi
gating the effects of the co-existing perceived outdoor environment ex
posures, such as PSDs, blue environments, neighborhood coherence and 
safety on laboratory-confirmed COVID-19 disease (Mtutu et al. in 
progress). A register-based study to look into the interaction between the 
indoor and close outdoor environments on a variety of health outcomes, 
including mortality, health care use, as well as stroke, influenza and 
COVID-19 (related) clinical outcomes is in planning. All in all, any 
health outcomes could be studied in cross-sectional or longitudinal 
studies in relation to the 24 close outdoor environment characteristics 
included in ScOut, addressing the co-existence of different outdoor 
environment characteristics. 

3.2. Methodological challenges 

Several methodological strengths and challenges, together with 
planned solutions are important to consider for future studies. Fourteen 
percent of records were excluded due to missing information on their 
dwelling coordinates, sex or age, with the majority due to technical is
sues and/or lacking consent to retrieve the geocode data. Most items 
included in ScOut have been used in numerous previous studies to assess 
outdoor exposures (Björk et al., 2008; de Jong et al., 2011, 2012; Wei
mann et al., 2015b). This enables comparison of perceived outdoor ex
posures and their associations with health outcomes across studies. 

Four PSDs (serene, natural, diverse and cohesive) correlated strongly 
with each other (rs 0.72–0.94) on the individual level. These PSDs have 
in previous studies been associated with each other. In addition, they 
have proven to be valuable in terms of recovery from stress, and have 
also been considered to strengthen each other’s recreational values if 
they occur together (Pálsdóttir et al., 2018; Stoltz and Grahn, 2021). 
This suggests that these four PSDs should not be investigated separately 
to address potential confounding. At the same time, including highly 
correlated variables in prediction modelling is likely to reduce the pre
cision of the estimated regression coefficients, which would be a reason 
to combine such items into a single score (de Jong et al., 2012). Meth
odological considerations for combining several items into a score 
should be explored in future studies. 

Merging different data sources into ScOut was done with caution: we 
looked into agreement between 2010 and 2016 measurements as well as 
seasonality. We merged the datasets after concluding the outdoor as
sessments are rather stable over time, and season. ScOut can also be seen 
as a database in progress as upon emerging new data, they can be linked 
to ScOut and possible changes in exposures over time could be reas
sessed. ScOut can be linked on 1 km2 areas, but different area sizes and 
definitions could be generated. Other techniques, such as interpolation, 

could be explored to further develop the methodology and generate 
continuous surfaces as an alternative to using fixed grids to avoid the 
assumption that all respondents within a square are located at the cen
ter. Individual users of ScOut are also free to use the actual ratings or 
other categorizations than those we have suggested. It is also possible to 
add additional geographical data on, for example, socioeconomic con
ditions and population density. 

3.3. Conclusion 

To be able to study the effects and complexity of multiple perceived 
outdoor environment characteristics on health and well-being and 
reduce single-source bias, we compiled a database based on the avail
able resources in Scania, southern Sweden, 2008–2019, including area- 
aggregated assessments of 24 characteristics. We found that PSDs were 
robust to seasonal changes. We observed clear visible patterns between 
different characteristics, with correlations between them ranging from 
negligible to strong, confirming the complexity of the perceived envi
ronment. ScOut is a unique data source in its nature and size, in Sweden 
and abroad, covering areas where approximately 97% of the population 
live. 
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Östergren: Conceptualization, Resources, Writing – review & editing, 
Jonas Björk: Conceptualization, Methodology, Formal analysis, Writing 
– review & editing, Funding acquisition, Supervision 

Declaration of competing interest 

The authors declare the following financial interests/personal re
lationships which may be considered as potential competing interests: 
Giedre Gefenaite reports financial support was provided by Swedish 
research council for sustainable development. Jonas Bjork reports 

G. Gefenaite et al.                                                                                                                                                                                                                              

mailto:lupop@ed.lu.se


Environmental Research 218 (2023) 115008

8

financial support was provided by Swedish research council for sus
tainable development. Giedre Gefenaite, Jonas Bjork (as co-applicants) 
reports financial support was provided by Swedish Research Council. 

Data availability 

Data will be made available on request. 

Acknowledgements 

We would like to thank Malin Stenborg Lundgren, MSc, for important 
discussions when conceptualizing the study. 

References 

Björk, J., Albin, M., Grahn, P., Jacobsson, H., Ardö, J., Wadbro, J., et al., 2008. 
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