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Exercise should be blue and green: Seasonal variation in how woodland and 
freshwater interact to enhance participation in active leisure events
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A B S T R A C T

Models of physical activity assume exercise is dictated by characteristics of individuals, their environment and 
synergies between the two. Active leisure events utilise public green spaces such as parks to promote outdoor 
exercise among the relatively inactive to improve their health and wellbeing. They are a cheap and effective 
mechanism of reducing burdens placed upon healthcare systems. Understanding what components of the envi
ronment promote green exercise could increase their effectiveness. Previous studies have shown that the amount 
of woodland and freshwater along the routes of the active leisure events are positively associated with the return 
rates of new participants. However, few studies of green exercise have considered the impact of season. This 
study builds upon previous models of parkrun return rates by incorporating season. Higher return rates after 
attending a highly wooded event do not occur in winter. This suggests that woodland is associated with higher 
return rates only when deciduous trees are in leaf and that leaves could play a crucial role in the rewards gained 
from green exercise. Freshwater has a positive effect in winter. From April until October freshwater interacts 
with woodland to nearly double the increase in return rate associated with woodland. Thus, routes with high 
proportions of both woodland and freshwater have the highest return rates, but only when deciduous trees are in 
leaf. One explanation for this finding could be water reflecting the foliage on trees and so enhancing the amount 
of green present in the environment. Thus, the benefits of exercising in blue-green spaces appear to be greater 
than exercising in green spaces alone. This study has important implications for urban planners designing lo
cations that will encourage people to engage in active leisure with green and blue spaces placed in close 
proximity seemingly creating the ideal setting for promoting exercise.

1. Introduction

Models of physical activity are determined by individual and envi
ronmental characteristics (Lee and Park, 2021; McLeroy et al., 1988). 
The environmental context includes at least three components, the so
cietal environment, the physical environment and the political envi
ronment. Increasing numbers of people fail to meet the recommended 
levels of physical activity placing additional burdens upon healthcare 
systems and reducing our ability to achieve sustainable development 
goals (Bull et al., 2020). There are also existing inequalities in levels of 
exercise affecting individual characteristics, such as women and ethnic 
minorities, and those shaped by the socio-economic environment, with 
lower levels of access to green spaces and lower levels of physical ac
tivity in more deprived locations (Gage et al., 2023; Mitchell and Pop
ham, 2008; O’Brien et al., 2017; Wolch et al., 2014). Furthermore, the 
COVID-19 pandemic has accentuated these inequalities (O’Connor et al., 
2023; Quirk et al., 2022).

Many studies have suggested that outdoor activity can provide 
additional health and well-being benefits if the activity is undertaken in 
an area with green space (Li et al., 2022; Liu et al., 2021; Yang Liu et al., 
2023) or blue space (Garrett et al., 2019; Grace et al., 2024; McDougall 
et al., 2021). This has led to the terms green exercise and blue exercise 
(Lahart et al., 2019; Loureiro et al., 2021). There is evidence that both 
the type and size of green spaces are important (Akpinar et al., 2016; Ha 
et al., 2022; Kim et al., 2020). Multiple studies have shown that green 
space encourages physical activity (Chen et al., 2021; Deelen et al., 
2019; Jansen et al., 2017; Pietilä et al., 2015; Richardson et al., 2013; 
Stewart et al., 2016; Tsai et al., 2016) and is associated with better 
health as a result (Richardson et al., 2013). Proximity to blue spaces has 
also been found to be associated with frequency of running in an envi
ronment (Huang et al., 2023). Many studies have considered green 
spaces as a single component of the environment although some studies 
have now started to look at green space in more detail. For example, 
higher levels of physical activity and a measurable benefit to wellbeing 
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have been identified from exercising in woodland specifically (Kajosaari 
and Pasanen, 2021; Petrunoff et al., 2022; Wolf et al., 2020). The as
sociations between components of the environment and physical activ
ity mean that interventions based upon manipulating the environment 
can be developed to promote levels of activity (Yong Liu et al., 2023). 
The more we understand about individual components of the environ
ment and their interactions the greater chance we have of developing 
effective health interventions.

One growing form of intervention are active leisure events which 
encourage group exercise in outdoor spaces such as public parks 
(Hillman et al., 2021). These are increasingly involved in social pre
scribing (Fixsen and Barrett, 2022; Fleming et al., 2022; Haake et al., 
2022), where health practitioners encourage patients who would benefit 
from increased levels of activity to engage with active leisure events. 
One excellent example is the parkrun practice which helps foster links 
between medical centres and local parkrun events (Haake et al., 2022). 
Participation data from active leisure events such as parkrun might 
provide ideal model systems for testing the impacts of the environment 
on the benefits of exercising in different outdoor environments due to 
the amount of data generated on levels of participation. The global scale 
of parkrun makes this a particularly useful model system. They organise 
weekly 5 km events across 22 countries in nearly 2000 different loca
tions hosting approximately 200,000 events per year with the majority 
of events occurring in urban parks (www.parkrun.com). There is no 
requirement to run, with walking actively promoted (Haake et al., 
2022). These events have generated a huge dataset on levels of partic
ipation at events in a wide range of different environments (Haake et al., 
2022).

The results of all parkrun events are published including the event 
name, date, finishing time, age category and gender of participants and 
the number of parkrun events completed so new participants can be 
identified. Previous studies of parkrun have identified barriers to 
participation and factors that increase the likelihood of a new partici
pant returning to parkrun. A study in Australia found that events with 
hard surfaces and close to water had higher growth rates in terms of 
numbers of participants (Grunseit et al., 2023). A study across several 
parkrun nations found that women, younger adults and the less physi
cally fit were less likely to return to parkrun (Reece et al., 2022). This 
study also found an inconvenient start time and concerns about being 
too unfit to participate were barriers to engagement with parkrun. A 
study in Scotland found that slower first time participants were less 
likely to return to parkrun (Gilburn, 2023a). This study was also the first 
to relate landscape characteristics of parkrun routes to return rates and 
identified that both the proportion of woodland and freshwater along a 
parkrun route positively influence the likelihood of a new participant 
returning to a parkrun (Gilburn, 2023a).

One factor that has largely been ignored in the study of green exer
cise is season. One exception was a recent study that found seasonal 
variation in the levels of physical activity occurring in blue-green spaces 
with green spaces only promoting physical activity in summer (Zhou 
et al., 2022). Season has not yet been explored in the context of parkrun. 
One reason season might be important is that colour could play a key 
role in the benefits of green exercise (Akers et al., 2012; Zhang et al., 
2023). A recent study has suggested that improvements in wellbeing 
associated with exposure to blue space can depend upon the surrounding 
green space hinting at potential interactions between the two (Grace 
et al., 2023). Deciduous trees will drop their leaves in autumn and not 
develop new leaves until the following spring, alternating their 
appearance between winter and summer from predominantly green to 
predominantly another colour determined by the hue of their bark. This 
colour change could create a differential benefit to green exercise with 
environments becoming less green in winter. The visual appearance of 
freshwater will also change seasonally with some water bodies 
becoming temporarily frozen during winter cold spells. There will also 
be changes in the amount of green vegetation in freshwater bodies.

Another factor that has generated rather mixed results with no 

consistent trend is the association between gender and the benefits of 
green exercise (Li et al., 2023). Further studies are required to under
stand the potentially complex interactions between gender and different 
environmental components if we are to develop interventions that are 
effective for both men and women (Campos-Uscanga et al., 2022; Colley 
et al., 2019; Huber et al., 2022; Rosa et al., 2023). For example, 
woodland has been found to have a greater impact on the level of 
physical of girls in a study of Swedish children (Pagels et al., 2014).

The aim of this study is to develop a model of the return rate of new 
parkrun participants return incorporating season as a novel environ
mental factor. This will fill an important knowledge gap in relation to 
whether season impacts the beneficial effects of exposure to woodland 
and freshwater while participating in parkrun by increasing the return 
rates of new participants. The study will also investigate whether there is 
an interaction between season, the amount of woodland present on a 
route and the amount of freshwater on a route. Understanding how these 
factors shape individual decisions about partaking in physical activity 
by returning to an active leisure event will aid the design of outdoor 
spaces that promote activity levels and help fill the current knowledge 
gap in relation to seasonal impacts upon green exercise.

2. Methodology

The study included data from all existing 58 5 km parkrun course 
locations that held a parkrun event in Scotland between January 2019 
and March 2020. The results pages for all events were processed using an 
Excel macro which extracted information about each participant 
including their age category, parkrun ID number, gender, finishing time 
and whether the participant was new to parkrun (Hoffman, 2023). The 
number of participants, date of the event and the event venue were also 
determined from the results pages. The results were harvested each 
week prior to the next set of events to be able to identify new partici
pants from the number of runs completed, which is one of the variables 
extracted by the macro.

Gender is selected by participants rather than based upon genetically 
assigned sex. Age was determined by assigning the midpoint of the age 
range selected by the participant. Age ranges used by parkrun span 5- 
years apart from adult teenagers where a 2-year range is used. All 
adults with an assigned gender who participated at the first parkrun at 
one of the 58 different event locations over the study period were 
included. Whether or not the new participant returned to parkrun within 
a year was determined from their individual participation record 
available on www.parkrun.org.uk. The following explanatory variables 
were included: time of year, age, gender, finishing time, number of 
participants, proportion of new adult participants, the proportions of the 
area 30 m from the route made up of woodland and freshwater (Gilburn, 
2023a). Time of year was separated into two (Apr-Oct and Nov-Mar) to 
denote the periods when deciduous trees are likely to be in leaf or bare. 
The proportions of the landscape consisting of woodland and freshwater 
surrounding each parkrun was determined by downloading the route 
maps from www.parkrun.org.uk in Keyhole Markup Language format 
and importing them into the GIS software package Digimap Edina 
(Gilburn, 2023a). Measuring tools within the aerial roam feature were 
used to mark out a 30 m distance from the route and the total area within 
the zone determined and recorded. How far a participant can see at any 
point will be highly variable depending upon the amount of tree cover. A 
wider distance than 30 m would include more land cover types that 
would be obscured from vision by trees. A narrower distance would 
mean excluding many land cover features that would be visible, so this is 
a compromise distance that has been used successfully to identify as
sociations between behaviour and land cover types in previous studies 
(Gilburn, 2024, 2023a) The land cover types within the zones were 
classified using satellite imagery on Digimap and the proportion of each 
type within each zone determined. Land cover was classified into the 
following types: woodland, grassland and other as a previous study 
found that only freshwater and woodland were associated with return 
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rates so only these two habitat classifications were included in this study 
(Gilburn, 2023a). Other included anything that could not be classified 
into these two land cover types and was used in the calculations of 
proportions of the routes surrounded by woodland and freshwater but 
was not included in the analyses. The proportion of woodland on the 
route ranged from 0 % to 98.9 % with a mean of 39.3 % and the pro
portion of freshwater ranged from 0 % to 30.4 % with a mean of 3.8 %. 
Six events lacked woodland and 28 of the 58 events lacked freshwater.

2.1. Statistical methodology

The dataset consisted of 25,933 adult participants made up of 14,662 
females and 11,271 males and was analysed using R x64 4.1.1 (R Project 
2023). A generalised linear mixed model (GLMM) with a binomial error 
distribution was used to model participants returning to parkrun. This 
was generated using the glmer function in the lme4 package (Bates et al., 
2015). Event venue was included as a random effect. All continuous 
explanatory variables were scaled to have a mean of zero and a standard 
deviation of one (Marquardt, 1980). This generates model coefficients 
that are directly comparable and makes interpretation easier. A back
wards elimination model selection process was adopted with the least 
significant term being removed until only significant terms remained 
(Vu et al., 2015).

Table 1 
A GLMM with binomial error distribution of return rate to parkrun of adult first- 
time participants. All continuous explanatory variables were scaled. Season had 
two levels based upon whether or not deciduous trees were likely in lead with 
winter being November to March and foliage assumed to be present from April to 
October. The model formula coding used to generate rate the model is as follows: 
glmer(Returned~Age+Season+Finishing.Time+Proportion.of,first.time
rs+Gen
der+Woodland+Freshwater+Woodland*Season+Woodland*Freshwater+Fres
hwater*Season+Gender*Freshwater+Woodland*Freshwater*Season+(1| 
Event.Name),family=binomial).

Parameter Z Estimate Standard 
Error

P

Intercept 15.30 0.533 0.035 < 0.001
Age 9.09 0.124 0.014 < 0.001
Season(winter) 7.18 − 0.196 0.027 < 0.001
Finishing time 5.70 − 0.093 0.016 < 0.001
Proportion of first-timers 3.89 0.065 0.017 < 0.001
Gender(male) 3.55 0.101 0.028 < 0.001
Woodland 3.23 0.120 0.037 0.001
Freshwater 2.08 0.082 0.039 0.037
Woodland*Season(winter) 3.77 − 0.118 0.031 < 0.001
Woodland*Freshwater 2.16 0.115 0.053 0.031
Freshwater*Season(winter) 2.11 − 0.068 0.032 0.035
Gender(Male)*Freshwater 2.54 − 0.076 0.030 0.011
Woodland*Freshwater*Season 

(winter)
2.72 − 0.116 0.043 0.007

Fig. 1. The proportion of new participants returning to parkrun within one year after attending events with different percentage covers of woodland. Error bars 
display standard errors.
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3. Results

3.1. Is the return rate of First-Time participants associated with the 
percentage cover of woodland and freshwater?

The proportion of first-time participants that returned to parkrun 
within one year was 0.623 (s.e. = 0.003). The general linear mixed 
model identified that the percentage cover of both woodland and 
freshwater are both positively associated with the return rates of new 
participants (Table 1). Those events with less than 10 % woodland had 
return rates of below 0.6, whereas events with more than 20 % of 
woodland had return rates of around 0.63. There is evidence of a general 
increase in return rate with percentage cover of woodland (Fig. 1). 
Events with no freshwater have a mean return rate of 0.613. Events with 
up to 6 % coverage of freshwater had a return rate of 0.623 and events 
with more than 6 % coverage of freshwater had a return of 0.631, 
revealing a general increase in return rate with increasing cover of 
freshwater (Fig. 2).

3.2. The impact of season on the return rate of First-Time parkrun 
participants

Time of year was also significantly associated with return rates with 
lower rates occurring during winter (Nov-Mar) than the rest of the year 
(winter - 0.610, s.e. 0.004, N = 11,035; summer - 0.636, s.e. 0.005, 
N = 11,897). There was a highly significant interaction term between 
time of year and the proportion of woodland (Table 3). There is a clear 

pattern of an increasing return rate with increasing percentage cover of 
woodland at parkrun events in summer but not in winter (Fig. 3). There 
were also interaction terms between woodland and freshwater, 
revealing an enhancement effect when present in combination. 
Furthermore, there was a three way-interaction between woodland, 
freshwater and time of year showing this enhancement effect only 
seemed to occur in summer (Fig. 4). Freshwater was associated with 
increasing return rates in winter. However, in summer the freshwater 
association with higher return rates only occurred in association with 
woodland (Fig. 4). There was also an interaction term between gender 
and freshwater showing higher return rates for women than men when 
more freshwater was present on the route (Table 1).

4. Discussion

Very few studies have investigated the impact of season on green 
exercise. This study revealed complex interactions between time of year, 
the proportion of woodland and the proportion of freshwater along a 
parkrun route in their associations with the return rate of new partici
pants to parkrun. From November to March future participation levels 
are positively associated with the amount of freshwater present on a 
route suggesting that the blue space component within blue-green 
spaces is creating a benefit in winter. This is consistent with two 
studies that showed that running and exercise frequency were both 
positively associated with the amount of blue space in Helsinki (Huang 
et al., 2023; Kajosaari and Pasanen, 2021). During the rest of the year, 
the more woodland on a route the higher the return rates revealing a 

Fig. 2. The proportion of new participants returning to parkrun within one year after attending events with different percentage covers of freshwater. Error bars 
display standard errors.
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participation promotion effect whose timing matches the presence of 
leaves on deciduous trees. This concurs with a study conducted in 
Wuhan which found that green space only promoted physical activity in 
summer (Zhou et al., 2022). This suggests a summer green exercise ef
fect could be associated with the colour green as green spaces are 
greener during the summer months. The association between woodland 
and return rates was stronger at events with more amount freshwater 
present. However, freshwater alone was not associated with an increase 
in return rates between April and October. This is a novel finding which 
suggests that there is no green exercise effect associated with freshwater 
in summer if few trees are present, but in the presence of trees fresh
water is associated with higher return rates. One mechanism that could 
explain this would be the reflection of green trees on the surface of 
freshwater bodies turning part of the blue space green in colour. Thus, 
when deciduous trees are in leaf there appears to be a blue-green space 
exercise benefit gained by participating in a parkrun that has both 
woodland and freshwater in combination along its route.

Studies exposing participants to video footage with different colour 
filters applied revealed that the colour green was associated with better 
mood and a lower feeling of exertion which suggests that the colour 
green could play a role in the psychological benefits of green exercise 
(Akers et al., 2012; Zhang et al., 2023). The current study is consistent 
with hypothesis that one mechanism driving the benefit of green exer
cise is visual as it provides an explanation for the doubling of the benefit 
of trees when freshwater is also present. This suggests that an alternative 
explanation of this finding, the seasonal production of volatile organic 
compounds by trees believed to play a role in the benefits gained by 
forest bathin,g (Antonelli et al., 2020; Walker et al., 2023) is not likely to 
be driving the effect. A study of changes in wellbeing associated with 
different seasons when exposed to woodland found that the increase in 

the colour green in Spring was associated with elevated mood which also 
supports the conclusions drawn by this study that the driver of the effect 
was visual (Kim and Lee, 2023).

The study identified gender differences in relation to freshwater with 
a greater increase on return rates seen in women. Overall studies of the 
impacts of gender on blue and green exercise have generated mixed 
results. One study has reported a stronger association between levels of 
physical activity and the presence of woodland in girls (Pagels et al., 
2014). The current study has added to the complex picture by finding a 
positive impact of another environmental component, freshwater, on 
women. Further studies on the interactions between gender and physical 
environmental features are clearly required. It is encouraging that in
terventions that involve encouraging activity near freshwater might 
particularly encourage women to engage in activity as they are a higher 
priority group as they show overall lower levels of physical activity (Van 
Dyck et al., 2017).

.
The study was not an experiment but an analysis of an existing sec

ondary dataset and as such the findings were entirely based upon 
identification of significant correlations, there the outcomes should be 
treated with some caution with respect to assigning any cause and effect. 
The study also did not measure any direct benefits to participants of 
taking part in parkrun events in different environmental settings as the 
green exercise benefit identified in this study is manifested by increasing 
the return rates of new parkrun participants. However, increased return 
rates to parkrun can be considered an indirect benefit associated with 
future health gains because the number of participations at parkrun has 
been found to be positively associated with future fitness gains (Gilburn, 
2023b; Stevinson and Hickson, 2019). Therefore, the increased return 
rates observed in specific environmental settings do seem to potentially 

Fig. 3. The proportion of new participants returning to parkrun within one year after attending events with different percentage covers of woodland during summer 
(Apr-Oct) and winter (Nov-Mar). error bars display standard errors.
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provide an indirect benefit as exercise in blue-green spaces encourages 
future physical activity.

Another limitation of the study is it only focussed on first-time 
parkrun participants. A study of runners in the Netherlands found that 
green environments were more attractive and had greater restorative 
properties for novice runners compared to experienced runners (Deelen 
et al., 2019). This means that our study might have focussed on a cohort 
of participants most likely to display an association with components of 
the environment, although these are the cohort with the most to gain 
through the nature of the benefit considered in this study as it is an 
increase in future physical activity and fitness. It would be useful to also 
consider whether more experienced parkrun participants also respond to 
differently to variation in blue-green environments and measure the 
extent of this response.

A further limitation of the study was the level of classification of the 
blue and green-space. Green space was separated into grassland and 
woodland but the type of woodland was not determined. The explana
tion for the findings of this study relies on the loss of leaves during 
winter. The classification of woodlands into deciduous, mixed and 
coniferous in future studies would allow a test of the hypothesis 
generated by this study as the patterns observed would not be predicted 
to occur within coniferous woodland. Blue-space was only separated 
into freshwater and saltwater. How natural waterbodies appear has been 
found to be important (Grace et al., 2023) so a natural stream in good 
condition is likely to have a greater impact of return rates than a man
made reservoir, for example. Studies have also shown that the number 
and size of blue and green spaces and their heterogeneity can influence 
levels of physical activity (Ha et al., 2022; Jansen et al., 2017; Kim et al., 
2020; Massoni et al., 2018; Petrunoff et al., 2022). Consequently, more 
detailed classifications based upon type and size of blue and green 

spaces would be useful in future studies.
The study identified that during summer around 68 % of new par

ticipants returned to parkrun when doing events with relatively high 
proportions of cover of woodland and freshwater compared to only 
around 59 % at events with no freshwater and relatively little woodland. 
This means that the percentage of people who do not return is around 
22 % higher at events lacking freshwater and with relatively little 
woodland. Consequently, the findings of the study have management 
implications for organisers of active leisure events who could prioritise 
the utilisation of routes that combine woodland and freshwater in 
summer, and which expose participants to freshwater during the winter 
months. For parkrun specifically, event directors might want to create a 
culture of gathering in an area before the event that combines woodland 
and freshwater as the benefits of being exposed to the blue-green space 
will still be accrued whether or not the participants are actively taking 
part in the event at the time of the expose. The study also has important 
implications for urban planners. Creating areas with a mixture of 
woodland and freshwater would provide the ideal setting for promoting 
levels of physical activity. Furthermore, placing trees specifically so they 
maximise the likelihood of creating green reflections, for example, by 
having treelined shorelines, might be particularly effective. It is also 
possible that the incorporation of evergreens might allow the summer 
blue-green exercise benefit might be extended into winter.
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