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Back to nature: Norwegians sustain increased recreational use of urban 
green space months after the COVID-19 outbreak 
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H I G H L I G H T S  

• Increases in recreational activity during COVID-19 pandemic in Oslo, Norway. 
• Increases sustained up to 6 months post-lockdown. 
• Largest increases were in protected areas and cultural landscapes. 
• Teenager demographic exhibited greatest relative increase.  
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A B S T R A C T   

In Oslo, as elsewhere, the COVID-19 outbreak and the following lockdown measures during spring 2020 led to 
increased use of urban green infrastructure. Whether this has led to more durable changes in recreation patterns 
remains an open question. We used mobile tracking data from 53,000 STRAVA users to explore the longevity of 
increases in recreational activity. We compared 2020 activity levels relative to a weather benchmark (i.e. 
baseline), defined as the activity one would have expected given the time of year and prevailing weather con
ditions. Recreational activity increased by 240% during the five weeks of comprehensive lockdown and were 
maintained until the summer vacation period in June/July when they dropped to baseline levels. Yet, during 
August they increased again to 89% above baseline. Although activity increased across all city land use zones, 
after lockdown there was a shift away from residential and commercial zones toward city green spaces including 
forests and protected areas. Cultural landscapes and protected areas received disproportionately high activity 
levels relative to the length of recreational trails available within them. Recreationists in the teenager de
mographic (13–19) exhibited a four-fold increase in their share of the STRAVA user-base at the start of lockdown. 
The COVID-19 pandemic and its disruptions to the status quo has had lasting effects over the short-term on the 
way Norwegian citizens recreate. Our findings reinforce the value of urban nature and open spaces for societal 
pandemic preparedness, particularly youths, during and after times of crisis.   

1. Introduction 

There has been higher demand for recreational space in a number of 
cities throughout the world during the COVID-19 outbreak (Day, 2020; 
Kleinschroth & Kowarik, 2020; Samuelsson et al., 2020; Venter et al., 
2020; Weed, 2020). In Oslo, Norway, as life returned to a semblance of 
normality during the summer of 2020, it was unknown whether the 
changes in recreational activity initiated during lockdowns would be 
sustained. There has been limited research on whether recreation pat
terns are short term responses to restrictions of the pandemic (Bereit
schaft & Scheller, 2020) or likely to persist due to changes in personal 

risk perception, social norms and habituation to new environments. 
Research on the permanence of changes in outdoor recreation patterns 
has therefore been called for (Honey-Rosés et al., 2020). In cities with 
crowdsourced data on human mobility, such as the social network 
training app STRAVA, there is potential to explore outdoor recreation 
patterns and their permanence with high temporal and spatial 
resolution. 

There is consensus in the scientific literature that regular participa
tion in physical activity is beneficial for both physical and mental health 
(Penedo & Dahn, 2005). At the same time, research shows that activity 
and experiences in the natural environment can improve long-term 
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health outcomes (Slater et al., 2020; Twohig-Bennett & Jones, 2018). It 
is not surprising, then, that outdoor recreational activity and time spent 
in nature has been recommended as an antidote to the negative psy
chological impacts of the COVID-19 pandemic and quarantine measures 
(Brooks et al., 2020; Slater et al., 2020; McCunn, 2020; Pouso et al., 
2021). Urban and peri-urban green spaces - defined as street trees, parks, 
and natural areas within and outside the city border (Konijnendijk et al., 
2005) - have been proposed as critical infrastructure in urban planning 
(Derks et al., 2020; Kleinschroth & Kowarik, 2020; Soga et al., 2021). 
Use and perception of urban green spaces during the pandemic is also 
important from a public health perspective because of observed lower 
physical activity and mental health levels in general across a number of 
populations and countries since the COVID-19 outbreak (Slater et al., 
2020; Torales et al., 2020; Xie et al., 2020; Stockwell et al., 2021; Wilke 
et al., 2021). This research agenda requires looking at the conjunction of 
urban green space characteristics (e.g. availability, quantity, quality), 
government pandemic restrictions, and population mobility and social 
distancing behaviour in outdoor spaces over time. Furthermore, there is 
an urgent need for research that informs the integration of public health 
and urban planning (e.g. Honey-Rosés et al., 2020). 

Global comparative studies (Ritchie et al., 2020; Day, 2020; Geng 
et al., 2020; Johnson et al., 2021) that use Google Community Mobility 
reports to quantify mobility to parks are aggregated to provincial or 
national level. Their ability to differentiate city and neighbourhood level 
use of urban outdoor spaces under pandemic regulations is therefore 
limited. A majority of studies have been based on questionnaire re
sponses rather than observed behaviour (Bereitschaft & Scheller, 2020), 
with limited spatial and temporal resolution to observe preferences for 
varying characteristics of urban open space. Nevertheless, combining 
aggregated mobility data, infection case rates at council level, green 
space patchiness and availability in the UK, Johnson et al. (2021) found 
that reduction in mobility is the strongest predictor of infection rates; 
but if mobility is necessary, outdoor park use is safer than indoor 
aggregated activities, especially during an exponential phase of trans
mission. This implies that urban green space may allow for low-risk 
social activities (Day, 2020), and de-densification has been identified 
as part of increasing urban resilience in the face of future pandemics 
(Bereitschaft & Scheller, 2020). 

Recommendations for keeping parks and green space accessible for 
mental and physical health reasons during the course of the pandemic 
consider longer term effects (Slater et al., 2020). Longer durations of 
self-quarantine can lead to poorer mental health, post-traumatic stress 
symptoms and other negative psychological impacts (Bavel et al., 2020; 
Brooks et al., 2020; Hossain et al., 2020). Urban green spaces are 
particularly important for children and youth; for play, socialization and 
physical recreation (Skår et al., 2016). Younger demographics prefer 
inner city living and research on the effects of the pandemic on recre
ational and residential preferences of this demographic is of particular 
interest (Bereitschaft & Scheller, 2020). Research is underway on spe
cific mental and physical impacts of pandemic restrictions on youth 
(Silva Junior et al., 2020), given indications of additional risk of nega
tive psychological effects among adolescents (O’Reilly et al., 2020). A 
significant influence of the living environment on the decrease of 
physical activity levels was observed in e.g. Croatia, with a larger 
decrease in physical activity for urban adolescents than in rural areas 
(Zenic et al., 2020). Studies focusing on urban green spaces have tended 
to observe total increases in use (Day, 2020; Fisher & Grima, 2020; 
Venter et al., 2020), and findings have been limited with regards to the 
demographic composition of users (Stockwell et al., 2021). 

In this paper, we extend upon the findings that people seek urban 
green spaces during crises due to a combination of positive preferences 
for natural areas that promote well-being and public health, a possibility 
to use green shelters to escape from denser crowds at home and in the 
city, and an increased habituation and socializing in the population to 
use green spaces during the crisis. We demonstrate how mobile app 
tracking data is an additional tool for health authorities and urban 

planners, offering high spatial–temporal resolution data to explore short 
term fluctuations and longer term behavioural changes in urban green 
space use. Specifically, we use STRAVA data from the capital city of 
Norway, Oslo, to test the hypothesis that the COVID-19 lockdown event 
had effects on recreational activity patterns that lasted beyond the 
duration of initial lockdown measures. Here, initial lockdown is defined 
as 12 March to 20 April, covering the first wave of COVID-19 spread 
(Venter et al., 2020). Specifically, we aim to address the following 
research questions:  

• Was the relative increase in recreational activity observed during 
March 2020 sustained over the succeeding six months? 

• How were changes in recreational activity and its intensity distrib
uted across land use/cover zones? 

• How did recreational activity change across different age de
mographics in an urban population? 

2. Methods 

2.1. The Norwegian context 

Engaging in outdoor physical activity is widely embraced across 
various Norwegian social strata (Breivik, 2013; Rybråten et al., 2019). 
An important reason for this is the principle of common access (“alle
mannsretten” in Norwegian) that grants anyone the individual right to 
freely roam on private and public land, and to engage in a range of 
recreational activities. We may consider “allemannsretten” to be an 
intrinsic component of Norwegian culture. In March 2020 the Norwe
gian authorities issued lockdown regulations which led to the closing of 
gyms and other sports facilities. To compensate for this, the citizens 
presumably needed to engage in alternative forms of indoor or outdoor 
physical activity. It was therefore not surprising that Venter et al., 
(2020) found a three-fold increase in outdoor recreational activity in the 
weeks following initial lockdown in Oslo, Norway. Since the publication 
of these findings, there has been successive lifting of lockdown measures 
with life somewhat returning to normal. Whether the unprecedented 
increases in outdoor use of urban nature has been sustained beyond the 
period of formal lockdown measures remains unknown. 

Norway has been among the countries in Europe least affected by the 
coronavirus when looking at the number of infected and dead in relation 
to the total population (https://ourworldindata.org/covid-cases). Some 
of this can perhaps be attributed to the overall low population density 
(Ursin et al., 2020). The country has nevertheless undergone large ur
banization processes, and today more than 80% of the population lives 
in cities and towns (Statistics Norway, 2019). The population density in 
Oslo is comparable with other European cities and therefore makes for 
an interesting case study of how a typical urban population responds to 
relatively relaxed lockdown measures. 

Norway has large tracts of natural areas, and together with Finland 
are the countries in Europe with the most peri-urban forested areas 
(Konijnendijk et al., 2005). This was probably one of the reasons why it 
was not necessary to prevent access to green infrastructures, as was done 
in most other European countries during the initial COVID-19 lockdown 
period (Geng et al., 2020). Instead of viewing green areas as potential 
sources of infection (Shoari et al., 2020), they were perceived as op
portunities for shelter and recreation in environments where social 
distancing is possible. 

An aspect of the recreational activity response to lockdown that was 
not explored by Venter et al. (2020) was that of age demographics. This 
is of particular interest because the 13–19 and 20–29 demographic had 
the highest COVID-19 infection rates during the second infection wave 
in Norway (Norwegian Institute of Public Health, 2020). It is therefore 
possible that one may find a disproportionate response in their recrea
tional activity as well, and that space to recreate is particularly impor
tant to youth in Oslo. School and kindergarten closures could be 
expected to have a distinct response from adults in the child caring 
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demographic. The average age of parents at childbirth in Norway is 32.8 
and 35.2 years for mothers and fathers respectively (Statistics Norway, 
2019). An effect in adults in their 30 s to early 50 s could also last after 
schools and kindergartens reopened in late spring due to continued 
recommendations to work from home, combined with stricter stay-at- 
home rules keeping parents at home with symptomatic children. 

2.2. Study area 

Located in South-Eastern Norway on the Oslo Fjord (59′55 N, 
10′45E), Oslo municipality includes a population of 693 491 which ac
counts for approximately 13% of the entire population of Norway 
(Statistics Norway, 2019). Using land use zone data obtained from the 
City Environment Agency and Statistics Norway (2019), we find that the 
municipal land area is dominated by boreal conifer forest, mainly spruce 
(Picea abies) (“Marka” in Norwegian) (63%, Fig. 1). The build-up area 
(commercial and residential) constitutes 19% of the land area, however 
it is interwoven by a network of city parks and green areas making up 
9% of the municipality. 

Along the urban-wilderness continuum in Oslo there exists a range of 
opportunities for recreation (Gundersen et al., 2015). The recreational 
spectrum consists of 1400 km of forest roads and 2100 km of marked 
trails. The new Marka Act (2009) established that the forest surrounding 

Oslo (altogether 1700 km2) should be managed primarily for recreation. 
While forestry is permitted, development of further recreational infra
structure is strictly regulated and housing development prohibited, as it 
has been for at least a century (Mjaaland & Andresen, 1986). In this 
context, the Oslo case is very interesting and an unusual example of a 
city that still has a very large proportion of nature in its surroundings. 

2.3. STRAVA data 

STRAVA is a mobile application used to monitor personal sports 
activity. STRAVA data is a form of crowdsourced GPS tracking data that 
has been used to quantify recreational use of green areas (e.g. Hei
kinheimo et al., 2020; Venter et al., 2020), however the bulk of studies 
using STRAVA data have focused on cycling activity in relation to 
transportation research questions (Lee & Sener, 2020). The STRAVA 
application tracks the GPS location of the user over the course of an 
outdoor activity resulting in a detailed record of spatio-temporal 
movement pattern. For each activity, the application records metadata 
including the age of the user (in brackets of 13–19, 20–34, 35–54, 
55–64, and greater than 65), the type of activity (pedestrian or cycling) 
and the purpose of the activity (commuting for work or leisure). These 
data are manually entered into the app by the user, however the range of 
options (e.g. age bracket) is defined by STRAVA. STRAVA then uses an 

Fig. 1. Distribution of available STRAVA trails in Oslo municipality. Trail segments are coloured by the land use/cover type they fall within. A proportional summary 
of the total trail length and land area coverage within each land use/cover type is depicted in the inset bar graph. 
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automated procedure to align the raw GPS tracks with the closest rec
reational or transport line geometry defined by the OpenStreetMap base 
layer. There is a substantial STRAVA usership in Oslo which accounts for 
approximately 8% of the population and the users record more than half 
a million unique activities each year on trail segments that amount to 
7000 km in length (Fig. 1). Based on a commercial contract with 
STRAVA, we obtained geospatial STRAVA data from Jan 2019 to Aug 
2020 for Oslo municipality. The data is anonymized and aggregated over 
time and space to maintain user privacy. We therefore had access to 
daily activity counts aggregated to street/trail segments defined by an 
OpenStreetMap base layer. Given the aims and scope of this paper, we 
filtered the data for activities flagged as leisure only. 

2.4. Statistical analyses 

Aspects of STRAVA data that make temporal analysis challenging 
include (1) the year-on-year gradual increase in STRAVA usership, and 
(2) the fact that STRAVA is only a sample of the entire population. To 
overcome these we adopted the methodology outlined in (Venter et al., 
2020). We first detrended the time series relative to the long-term 
annual average to remove the effect of STRAVA usership increases and 
so that intra-annual activity levels are comparable between years (see 
Fig. S1 for illustration). We then cross-validated the STRAVA data using 
two established automatic counters located at strategic points in the 
municipality (locations not disclosed to maintain STRAVA user ano
nymity requirements). These were EcoCounter products with two-way 
pyroelectric sensors that have been installed and managed since 2015 
for high counter accuracy following standard procedures (Andersen 
et al., 2014). We intersected the location of the established counters with 
the corresponding STRAVA trail segments and performed a linear 
regression of monthly, weekly and daily counter totals on STRAVA ac
tivity counts (Fig. S2). The cross-validation revealed correlation R2 

values of 0.8, 0.67 and 0.14 for monthly, weekly and daily time series, 
respectively. 

Given the empirical evidence for a correlation between STRAVA 
activity counts and those measured by fixed-point counter stations, we 
could assume the STRAVA time series is representative of the total Oslo 
population. This is primarily true for estimating the volume of users on 
the urban end of the spectrum including the most used roads and paths 
in the area (Gundersen et al., 2015), while for areas that are more 
remote, STRAVA users will probably be less representative. In the more 
remote areas, the users are often motivated by harvest and wilderness 
experiences (e.g. fishing, picking berries, feeling of being away, soli
tude) rather than exercise resulting in less recorded activities in STRAVA 
(Gundersen et al., 2015). We therefore calculated relative changes in 
activity counts over time aggregated to spatial units including the entire 
municipality and land cover/use zones (Fig. 1). We intersected STRAVA 
trail geometries with land use polygons and assigned each trail segment 
to a land use based on majority overlap. When aggregating to larger 
spatial units, we calculated daily recreational activity (A) as 

Aj =
∑N

1
(ts*ls)

where j is the given spatial aggregation unit, N is the number of trail 
segments within that unit, t is the daily trip number, and l the path 
distance (in kilometers) of each individual trail segment (s). 

We also calculated the recreational activity intensity (AI) for given 
spatial units. This was defined as the ratio of cumulative activity relative 
to the total length of available trail segments (D) within the given spatial 
aggregation unit j: 

AIj =
Aj

Dj 

In order to explore the effect of COVID-19 lockdown regulations on 
the population’s recreational activity, we needed to control for the 
confounding effect of weather – a strong determinant of recreational 

activity (Smith, 1993). This is based on the rationale that simply 
comparing 2020 time series with those in previous years is not sufficient 
because anomalous weather in 2020 (or during the previous years) may 
have led to anomalous recreational activity which confounds the effect 
of COVID-19 lockdowns. To control for the weather effect we employed 
the same methodology as Venter et al. (2020) which involves calibrating 
a multiple regression model which predicts expected recreation levels 
given the prevailing weather and time of year. We collected daily 
meteorological data (temperature, rainfall amount, hours of sunshine, 
wind speed and snow depth) from five weather stations in the study area 
that are maintained by the Norwegian Meteorological Institute. In 
particular, controlling for hours of sunshine is important as daylight 
length increases by 13 h between winter and summer in Oslo. A 
generalized linear regression model was built with pre-lockdown (1 
January 2017 to 12 March 2020) daily STRAVA activity levels as the 
response data and daily meteorological variables, and day-of-week and 
week-of-year as the explanatory data. The model was used to predict 
what the recreational activity was expected to have been during 2020 
post-lockdown days, hereafter referred to as the “weather benchmark”. 
We calculated the percentage deviations between observed activity and 
the weather benchmark levels. Observed recreational activity levels that 
were higher or lower than the 95% prediction confidence intervals 
generated from the regression model were considered as significant 
deviations from the weather benchmark. 

3. Results 

3.1. Overall trends in recreational activity 

During the initial lockdown dates (12 March to 20 April), recrea
tional activity increased by 240% relative to the weather benchmark 
(+228% pedestrian, +252% cycling; Fig. 2, Fig. S3). Following the 
opening of kindergartens and schools up until the summer vacation (20 
June), activity levels were maintained at 160% above the weather 
benchmark (+188% pedestrian, +132% cycling; Fig. 2). During the six 
weeks of summer vacation (20 June to 31 July), recreational activity 
dropped close to baseline levels with many days containing non- 
significant increases/decreases relative to the weather benchmark. 
However, during the month of August, activity levels rose again to 89% 
above the weather benchmark (83% pedestrian, 94% cycling; Fig. 2). 
The direction and relative magnitude of these trends were mirrored for 
both pedestrian (walking, running and hiking) and cycling activities. 

3.2. Trends across land use zones 

The temporal pattern of activity change was mirrored across land 
use/cover zones in the city (Fig. 3). The forest and protected area zones 
show the sharpest increases in activity post-lockdown in March 2020. 
City parks experienced greater increases in pedestrian relative to cycling 
activity during the first few months of lockdown (Fig. 3). In contrast, 
cycling activity increased with greater magnitude relative to pedestrian 
activity in agricultural landscapes. 

Directly after the lockdown commenced on 12 March, the propor
tional distribution of recreational activity across land use zones shifted 
(Fig. 4). Forests, which contained a 9% share of the activity pre- 
lockdown, increased to a 23% share post-lockdown. Similarly, pro
tected areas shifted from a 0.6% to 1.5% share of recreational activity 
following lockdown. The two land use zones which showed the greatest 
declines in their share of activity were the residential and commercial. 
The magnitude and direction of these changes were similar for pedes
trian and cycling activities. 

Apart from exhibiting varying trends in recreational activity, the 
land use zones also revealed varying levels of use intensity. Averaging 
over January to August 2020, we find that agricultural landscapes and 
protected areas experience disproportionately high activity levels rela
tive to the length of recreational trails available within them (Fig. 5). For 
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Fig. 2. Daily deviations in total recreational activity (across all trail segments) from the weather benchmark levels during 2020. Weather benchmark is defined as the 
activity level expected given the prevailing weather and time of year and is set at 0 on the Y-axis. Bars are coloured based on their statistical significance (p < 0.05). 
Vertical dashed lines indicate important COVID-19 regulation announcements for Oslo municipality: (a) comprehensive lockdown announcement, (b) first partial 
lifting of measures including opening of kindergartens, (c) second partial lifting of measures including opening of 1–4 grade schools, (d) final lifting of measures 
including opening of bars and other entertainment facilities, (e) shaded areas indicates start and end of summer vacation for Norwegian schools. 

Fig. 3. Daily deviations in total recreational activity from the weather benchmark levels during 2020 for each land use/cover zone. Loess regression lines are fitted 
for pedestrian and cycling activity separately. Please refer to Fig. 1 for the description of dashed vertical lines. Y-axes are different for each land use class in order to 
highlight changes over time and differences between activity types. Please refer to Fig. 4 for an indication of relative distribution of activity across land use classes. 

Fig. 4. Daily proportional distribution of recreational activity across land use/cover zones in Oslo. Stacked vertical bars are coloured by land cover zone and sum to 
100%. Please refer to Fig. 1 for description of dashed vertical lines. 
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instance, although protected areas facilitate 10% of the Oslo’s total 
recreational activity, when you account for the trail availability, their 
usage doubles to 20% (Fig. 5). Similarly, while agricultural landscapes 
facilitate 4% of the total activity, their land usage intensity comprises 
32% of the total for the municipality. 

3.3. Trends across age demographics 

We found large shifts in the proportional age distribution of STRAVA 
users coincident with the start of lockdown in March 2020 (Fig. 6). 
Specifically, teenagers (age 13 to 19) showed sharp increases in their 
share of the recreational activities during March. The opposite trend was 
evident for older age groups between 35 and 64. There was also evi
dence for a disproportionate increase in cycling activity amongst 20–34 
year olds, however this trend was less evident for pedestrian activity 
(Fig. 6). Teenagers and the elderly exhibited a larger increase in use of 
forest areas relative to other age groups (Fig. S4). 

4. Discussion 

During the first stages of the COVID-19 lockdown, on average, we 
observed a three-fold increase in recreational use of outdoor spaces in 
and around Oslo across all resident groups. This response, also found in 
(Venter et al., 2020), was observed in other European countries, 
although to a lesser extent compared to Norway. In Bonn, Germany, the 
number of visitors to urban forests doubled during March 2020 (Derks 
et al., 2020). In the UK, researchers found evidence of a large-scale 
substitution of leisure time towards recreation in available greenspace 
(Day, 2020). The unique contribution of our study is that we have been 

able to track recreational response during and after the flattening of the 
COVID-19 infection curve with high spatial and temporal resolution. 
During August 2020, six months after the March lockdown and four 
months after lockdown restrictions were eased, we find that recreational 
activity remains 89% above baseline levels. This provides some empir
ical evidence to support the hypothesis raised by some (Honey-Roses 
et al., 2020) that the COVID-19 crisis may fundamentally change our 
relationship with public space. Indeed, Oslo’s inhabitants, as reflected 
by calibrated STRAVA, data appear to have increased their time spent 
outdoors in green spaces within and outside of the city. 

4.1. The role of domestic substitute recreation sites 

Previous research has not discussed the role of domestic substitute 
sites for recreation (i.e. sites within one’s home country, yet outside of 
one’s residential municipality) during the mobility restrictions. Recre
ational activity in Oslo during the summer vacation weeks (mid-June to 
mid-July) was not significantly different to the baseline levels. During 
these weeks, schools close and many families typically travel abroad. 
Due to the global pandemic travel restrictions, one might have expected 
Oslo citizens to remain at home and further increase their use of the 
city’s green space, but this was not the case. We posit that instead, Oslo 
residents travelled within Norway to locations like Lofoten which are 
typically hotspots for foreign tourists that have become attractive 
vacation destinations for Norwegians due to the pandemics. Indeed, in 
the period between July and September, Statistics Norway recorded an 
increase from 2.6 million domestic holidays in 2019 to 5.8 million in 
2020 (Statistics Norway, 2020b). Another important element is that 
almost half a million Norwegians own second-homes (Statistics Norway, 

Fig. 5. Proportion of total recreational activity and activity intensity per land use/cover category in Oslo during 2020. Activity intensity is defined as the cumulative 
length of activity (in kilometres; km) relative to the total length of recreational trails available within the given land use zone. 

Fig. 6. Weekly proportional distribution of recreational activity across user age classes in Oslo during 2020. Two month moving averages are plotted with solid lines. 
The vertical dashed line indicates the date on which COVID-19 lockdown measures were introduced. Please refer to Fig. 1 for the description of dashed vertical lines. 
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2020a) outside the municipality they reside in – often located on the 
coast or in the mountains. For the period between the lockdown 12 
March and 20 April, Norwegians were not allowed to visit their second- 
homes to prevent overloading rural health care systems. Since a large 
part of the population usually recreate at second-homes during Easter, 
this may have further contributed to the increased recreational activity 
within Oslo municipality in this period. However, during the summer 
vacation, Norwegians were allowed to visit their second homes and this 
reduced the recreational activity levels to baseline in Oslo. 

4.2. Land use zone differences 

During lockdown dates, Venter et al. (2020) observed a gradient of 
pedestrian activity increasing with paths containing greater surrounding 
vegetation greenness and tree cover. Vegetation in city streets was not 
analysed in the present study. Nevertheless, based on current findings 
most of the association between mobility increases and greenview 
(surrounding greenery) was in the forest and protected area land use 
classes. Venter et al., (2020) also found that recreational activity in
creases were greatest in areas with lower path density (number of rec
reation paths per unit area) consistent with the greater use of forest areas 
found in the present study (Figs. 4 and 5). This strengthens the view that 
parks and peri-urban forests function as “green refuges” and provides a 
disaster preparedness service to Oslo and should be considered “critical 
infrastructure” (Rung et al., 2011; Derks et al., 2020; Soga et al., 2021). 
The role of urban green spaces should be evaluated as part of municipal 
disaster preparedness planning as a means of stress management for the 
population (Oslo Municipality, 2017) 

Protected areas in the peri-urban forests support much higher rec
reational activity relative to the path availability within them (Fig. 5). 
This suggests that these areas are prioritized and selected for by recre
ationists and underline the importance of maintaining protected peri- 
urban forest both as refuges and for their cultural and aesthetic value. 
Oslo municipality owns a large part of the peri-urban forests. In recent 
times, its forest administration has replaced clear cutting methods with a 
mixed-age and single-tree management regime to imitate natural forest 
dynamics (Gundersen et al., 2015). Natural forests include forest 
structures (elements, spatial patterns, processes) that are highly appre
ciated by the general public (Mjaaland & Andresen, 1986). We hy
pothesize that high intensive use of protected natural forests and 
traditional cultural landscapes not only reflect the need for space to keep 
the social distance, but also reflect a need for refuge in times of crisis. 

4.3. Age demographic differences 

We observe differences in the age demographic response to lock
down measures as well as the duration of behavioural patterns after 
lock-down measures were eased (Fig. 6). There was a large increase in 
outdoor activity in the teenage and young adult demographics imme
diately afterlockdown, particularly for cycling activity. This effect 
evened out in the teenage group as restrictions were lifted and schools 
reopened, while it remained high in the 20–29 group. Conversely, there 
was a large negative shift in the 35–54 age group in March which has 
lasted until August. Moving into a second COVID-19 infection wave (ca. 
October 2020 and onward) in the Northern hemisphere winter months, 
the age demographic response is important for understanding different 
responses and targeting measures. The 13–19 and 20–29 demographic 
has the highest infection incidence in the second wave in Norway 
(Norwegian Institute of Public Health, 2020). In retrospect, the increase 
in recreational use by teenagers during March may have mitigated the 
transmission of the virus, whereas during the second infection wave, 
with schools remaining open, there has been a spike in teenage trans
mission of the virus. This hypothesis is important given that urban young 
adults exhibited high COVID-19 transmission rates and high general 
susceptibility to physical and mental stress. It will require cohort 
epidemiological data to test comprehensively. The observed effect in 

teenage STRAVA users covers at most 2.5% of total STRAVA users, and 
may not be representative of the teenage demographic in Oslo. 

Nevertheless, the increased adoption of outdoor recreation by Oslo’s 
youth is encouraging given that there is mounting evidence that elec
tronic entertainment and screen time has had negative impacts on 
teenagers’ willingness to spend time outdoors (Larson et al., 2019). We 
hypothesize that behavioural changes in teenagers’ engagement with 
urban nature may have longer-term effects such as where they choose to 
live. In the USA, older citizens tend to reside on urban peripheries closer 
to nature (Bereitschaft & Scheller, 2020). If remote working and work- 
life flexibility drastically increase after the CODIV-19 dust settles 
(Kylili et al., 2020), a global “back to nature” trend may emerge, with 
more youth choosing to live on the edge of cities. However, work-life 
flexibility may play out differently for adults with children. STRAVA 
users in the 35–54 year group experienced a large negative shift in 
outdoor activity which lasted beyond the initial mobility restrictions in 
March. Further research is needed in this demographic to identify 
temporary and permanent causes (school and employment practices). 

4.4. Implications for urban planning 

In the aftermath of the rapid spread of the coronavirus during the 
spring of 2020, policymakers and researchers are asking themselves how 
the urban environments should be organized in order to cope with po
tential future pandemics. Quarantining, lockdown and social distancing 
have been crucial measures in this regard, and will undoubtedly be an 
integral part of forthcoming preparedness plans in countries and cities 
all over the world. However, recent research findings suggest that 
quarantine measures can have negative impacts in terms of social 
isolation, decline in physical health and increased psychological stress 
and symptomatology (Brooks et al., 2020; Torales et al., 2020; Xie et al., 
2020). Therefore, it is important to develop alternative pandemic miti
gation measures that facilitate social distancing whilst maintaining 
physical and mental health effects (Slater et al., 2020). In this context, 
urban nature represents a refuge and a source of resilience – a place for 
well-being, physical exercise and alternative ways of socializing 
(D’Alessandro et al., 2020; Kleinschroth & Kowarik, 2020; Lai et al., 
2020; McCunn, 2020). In the case of Oslo, the urgent need for an 
increased focus on the role of greenspace in the current situation has 
been demonstrated in practice (see also Venter et al., 2020; Bavel et al., 
2020; Brooks et al., 2020; Hossain et al., 2020). Blessed with relatively 
easy access to urban forests, the city’s STRAVA users have made evident 
the value of nature in a time of crisis by intensifying their use of it, even 
up to 6 months past the initial lockdown restrictions. 

Yet, while the corona pandemic seems to have increased outdoor 
activities in Norway and elsewhere, there are still many unanswered 
questions: Why, for example, were teenagers and the elderly the most 
intensive users of the forests surrounding Oslo (Fig. S4)? We might 
speculate that one thing they had in common was time and opportunity. 
During the spring 2020, the media reported on several occasions that 
wild camping in hammocks had become a trend among teenagers and 
that the forests around Oslo were filled up with young people. However, 
we know little about their motivations. Did the forests provide a 
welcoming refuge from ‘crowded’ homes or an opportunity to stay in 
groups without being observed (Murillo-Llorente & Perez-Bermejo, 
2020)? Conversely, we observe a negative and lasting impact in the 
middle aged demographic most likely to have children. Was the reduc
tion in outdoor activity due to more work from home, which could in
crease flexibility for near-home recreation, but also be reduced by 
increased working hours and child home-care, due to changing school 
and employment practices? These and similar questions can only be 
answered by the means of surveys or qualitative methods. 

Another important topic of inquiry relates to the social profiles of the 
registered STRAVA-users. While we did observe a prolonged post- 
lockdown increase in outdoor activities among Oslo’s young adult 
population, and conversely a lasting reduction in the middle aged, the 
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socio-economic pattern of these trends remain unknown. Previous 
research on the effect of social class and ethnicity on hiking activities has 
demonstrated that fewer descendants from non-western immigrants and 
working-class youngsters are active hikers as compared to ethnic Nor
wegian middle-class adolescents (Bjerke & Krange, 2011). These pat
terns resonate with broader sociocultural differences in the population 
with regard to physical activities in general and outdoor recreation in 
particular (Breivik, 2013). Thus, before rushing to conclusions about the 
effect of the COVID-19 on outdoor activities, there is a need for more 
nuanced studies on the interplay between variables such as age, gender 
(e.g. Fig. S5), income, education, employment, family structure, living 
conditions and ethnic background. If, for instance, the effect of increased 
outdoor recreation mostly concerns those with high education and in
come, the observed change cannot be characterized as socially sustain
able, but rather points to increased inequalities. 

We note that use of residential routes increased more in percent 
terms than peri-urban forests or parks did. As long as we do not possess 
more detailed data on the city dwellers who have profited from Oslo’s 
abundance of surrounding forests during the pandemic, it would be 
imprudent to deduce that urban planners should prioritize ‘wilder’ and 
more peripheral urban nature over greenspaces which are more inte
grated in the urban landscape, such as street trees, city parks and ‘pocket 
parks’ (Baur & Tynon, 2010). In line with previous research which in
dicates that, on the contrary, proximity and immediate access to urban 
nature are the strongest drivers of outdoor activity while accounting for 
socio-cultural differences (Akpinar, 2016; Schetke et al., 2016; Shana
han et al., 2014), this study also shows a positive shift for pedestrian 
exercise in city parks. Beyond confirming the importance of city parks, 
the results do, however, also provide new perspectives on the enhanced 
role of fringe forests as a potential space for recreation and retreat in the 
future. 

One clear effect of the pandemic measures has been the directing of 
nature based recreation towards more local sites (Randler et al., 2020). 
A supposed durable effect of the COVID-19 crisis combined with an 
environmentally motivated decrease in long distance traveling will 
presumably lead to a growing pressure on local nature sites in urban and 
suburban areas. In an environmental management perspective, and as 
suggested by Weed (2020), it might be wise to view the current increase 
in local mobility reflected in the STRAVA data as sustainable modes of 
travel which are likely to sustain post-lockdown. Indeed, during the 
pandemic many large cities around the world including Boston, London, 
Vancouver, Brussels, New York, Paris, and Barcelona have begun 
reconstructing streets to facilitate more cyclists and pedestrians over 
longer distances (Honey-Roses et al., 2020). Our results provide 
empirical evidence to support such policy decisions, assuming they were 
to be implemented in Oslo. Urban managers should thus seek a balance 
between the development of integrated urban nature and the preser
vation of more ‘natural’ and biodiverse peri-urban landscapes, such as 
Oslo’s fringe forests. 

4.5. Study limitations and future opportunities 

Crowdsourced mobility data from applications like STRAVA have 
limitations in terms of under-representation of the general population, 
spatial and temporal activity patterns, and bias towards and away from 
certain groups (Lee & Sener, 2020; Muñoz et al., 2019). In a review of 
the literature, focusing on STRAVA cycling data, Lee & Sener (2020) 
found that, in general, STRAVA does correlate well with observed cyclist 
counts, however the correlation varies depending on the size of the 
temporal or spatial window of aggregation. Here, we attempt to correct 
for the year-on-year increase in STRAVA usership and rely on estab
lished cross-correlations with fixed-point counter stations in Oslo. Like 
Lee & Sener (2020) we find that the representativity of STRAVA data 
degrades at higher resolutions of temporal aggregation (Fig. S2). 
Therefore, while one can be relatively confident in drawing conclusions 
over the entire city at the monthly scale, one needs to be more cautious 

when interpreting daily variations in activity. Future work should aim to 
collect a calibration sample of counter stations that are stratified 
spatially according to trail use intensity. Counter stations should ideally 
distinguish pedestrian from cycling activities so that the STRAVA data 
can be corrected for these biases. 

STRAVA data is also known to represent a population sample that is 
biased toward white and higher-income demographics (Roy et al., 
2019). STRAVA’s user base is also more likely to be male (in general, 
more than three-fourths) and a certain age group between 25 and 44 
(roughly half), (Lee & Sener, 2020). In our analysis we did not have 
reference demographic data to correct for these biases in the STRAVA 
data. This is why our conclusions are only drawn from the temporal 
variation in age demographic activity, and not from the absolute age 
distributions at any one point in time. Nevertheless, our results should 
be interpreted given these biases in mind. Further research into the 
socio-demographic aspects of recreational activity using STRAVA data 
needs to be complemented with a questionnaire survey at strategic 
recreational trail points. This survey data can then be used to cross- 
calibrate the STRAVA data and correct for socio-demographic biases. 

A further limitation is that the STRAVA data are not open-access and 
have to be purchased from STRAVA Metro (https://metro.strava.com/), 
which inhibits the reproducibility of our work. Nevertheless, with the 
recent trends in open source geospatial data and science (Mobasheri 
et al., 2020), such data may become freely available in the future in a 
similar fashion to how Google made their mobility data available 
through Community Mobility Reports. 

Despite the limitations, mobility data is an important tool for policy 
makers and researchers to develop evidence-based strategies for urban 
planning and disaster risk reduction (Slater et al., 2020). Further 
research is needed on whether STRAVA data can complement COVID-19 
mobility reports produced by Emergency Preparedness Agency of Oslo 
Municipality (Oslo Municipality, 2020) and used for assessing the need 
for and effect of lock-down measures. Exercise mobility in open spaces is 
associated with lower infection risk. However, exercise mobility 
behaviour reflected by STRAVA data may or may not be connected with 
other infection exposure behaviour which varies by age groups. Linking 
STRAVA data to health outcomes requires knowledge of, for example, 
whether younger STRAVA users are representative of infection rates in 
their age group in general. There may be indications that whereas 
physical exercise reacted to mobility restrictions directly in the first 
wave of infections, in the “Second Wave” new physical mobility 
behaviour may be emerging. Early response patterns in STRAVA data 
after analysis was completed for this paper indicate that STRAVA 
mobility by age group is proportional to infection rates over time, i.e. 
there is H1: a response to reported infection rates, rather than restriction 
data, and H2: the response is specific to age group. If this is the case 
STRAVA data may indeed provide a complementary indicator to the 
dashboard of indicators for covid-19 mobility response used for disaster 
preparedness in Oslo Municipality. 

5. Conclusion 

Despite an easing of lockdown measures in Norway during May to 
August 2020, we observed that recreational activity in Oslo was sus
tained at elevated levels relative to a weather-corrected benchmark. Our 
results show increased activity within city green spaces, residential 
areas and the urban periphery, however, forests and cultural landscapes 
were preferred by recreationists. There was also a notable increase in the 
activity intensity within protected areas demonstrating the importance 
of accessible natural forests as green refuges. This study also explored 
how the lockdown measures and the subsequent easing of restrictions 
has influenced different age demographics. Young people exhibited the 
sharpest increase in recreational activities during lockdown, further 
illustrating the importance of recreational opportunities for disaster 
preparedness in urban planning. We conclude that recreational activity 
in urban green spaces, and the urban infrastructure that support it (i.e. 
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cycling and walking paths) has been, and continues to be an important 
coping mechanism during a global pandemic. Our study also demon
strates the usefulness of crowd sourced mobility data from apps like 
STRAVA for high temporal and spatial resolution monitoring of recre
ational preferences during pandemics. 
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