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Summary Objectives: This study reviewed previous studies to explore the effect
of season, and consequently weather, on levels of physical activity.
Study design and methods: Thirty-seven primary studies (published 1980–2006)
representing a total of 291 883 participants (140 482 male and 152 085 female) from
eight different countries are described, and the effect of season on moderate levels
of physical activity is considered.
Results: Upon review of the evidence, it appears that levels of physical activity vary
with seasonality, and the ensuing effect of poor or extreme weather has been
identified as a barrier to participation in physical activity among various populations.
Therefore, previous studies that did not recognize the effect of weather and season
on physical activity may, in fact, be poor representations of this behaviour.
Conclusions: Future physical activity interventions should consider how weather
promotes or hinders such behaviour. Providing indoor opportunities during the cold
and wet months may foster regular physical activity behaviours year round.
& 2007 The Royal Institute of Public Health. Published by Elsevier Ltd. All rights
reserved.
Introduction

A growing body of evidence indicates that levels of
physical activity are influenced by environmental
attributes, such as place of residence and accessi-
bility of recreation facilities.1,2 While a few studies
have considered features of the natural environ-
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ment, such as access to parks and playgrounds,3

seasonality and weather conditions have been
relatively overlooked as determinants of physical
activity. Previous studies, and common logic,
dictate that attributes such as amount of daylight,
extreme temperatures and precipitation levels
might influence physical activity behaviours, espe-
cially walking outdoors, the most common physical
activity undertaken by all populations.4,5 Weather
conditions can strongly promote or deter physical
activity behaviours.6 Studies specific to children
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have suggested that being outdoors has been
identified as a significant predicator of levels of
physical activity.7–11 Therefore, the aim of this
review is to gain a better understanding of the
effects of seasonal differences and variations in
weather on levels of physical activity. As the
amount of outdoor recreation time fluctuates
according to season, and seasonality varies
according to geographic location, this review will
also consider regional variations among different
countries.

Physical inactivity has been acknowledged as a
causal factor to the current obesity epidemic.12

Physical activity has numerous physiological and
psychological health benefits, including reduced
risk of coronary heart disease, hypertension, colon
cancer, osteoporosis, diabetes mellitus, depression
and anxiety, while allowing for controlled weight
loss.13–15 Despite the abundant health benefits, 56%
of Canadians remain inactive.16

Currently in Canada, 56% of males and 39% of
females are overweight or obese.17 These rates
have been echoed in the USA where a higher
prevalence is evident in both males and females.15

Obesity has been linked with major preventable
diseases, including type 2 diabetes, cardiovascular
disease, hypertension, stroke, gallbladder disease
and some forms of cancer.18–20 The healthcare costs
associated with Canadians’ obesity-related diseases
are approximately 1.8 billion dollars/year.21 There-
fore, effective interventions that address and
overcome current barriers to participation in
physical activity are necessary in order to combat
this disease.

Studies have provided conflicting results regard-
ing levels of physical activity during the varying
seasons; however, weather has been reported
as a barrier to physical activity.6,22,23 The resulting
information is particularly valuable for determining
how physical activity interventions must be mod-
ified during different seasons of the year, and
for identifying the critical need for studies of
physical activity prevalence among certain popula-
tions with respect to time of year. Therefore, the
purpose of this study was to conduct a systematic
review of the current literature pertaining to
how season and weather affect levels of physical
activity. For the purpose of this review, season
will be defined as the natural periods in which the
year is divided, which fluctuate by weather condi-
tions, daylight hours and temperature. They will
also be based upon the Northern hemisphere
experience of spring and summer falling in April–
August. Weather will be defined as meteorological
conditions, such as temperature, wind, clouds and
precipitation.
Methods

To obtain applicable literature for this systematic
review, computerized searches of six databases
were conducted in the English-language literature:
Medline, CINHAL, PsychINFO, Physical Education
Index, Geobase and PubMed. The search terms used
to identify the chosen articles were: physical
activity; season; weather; environmental influ-
ences; environmental predicators; climate; rain;
snow; winter; and exercise. For thoroughness, the
references incorporated within relevant articles,
which revealed additional sources for analysis,
were also reviewed. Based on this approach, 50
articles were recognized as potentially suitable.
The abstracts, introductions and methodologies of
each study were examined in order to evaluate the
purpose, method and sample for potential inclusion
in the systematic review. Studies were excluded
from further consideration if they were entirely
qualitative. Accordingly, a total of 37 studies,
summarized in Table 1, were recognized as perti-
nent as they were primary studies, in which the
prevalence of physical activity was considered
under the season/weather context.
Results

From the 37 primary studies (published 1980–2006)
representing a total of 291 883 participants (140 482
male and 152 085 female) from eight different
countries (Canada, USA, Australia, Cyprus, Scot-
land, The Netherlands, France and Guatemala), it
appears that season, and subsequently weather,
have an integral effect on physical activity beha-
viours. Twenty-seven of 37 articles (73%) reported
that weather has a significant impact on physical
activity behaviours. For example, a study by
Loucaides et al. (2004) revealed that weather
accounts for as much as 42% of variance in measured
physical activity.24 Furthermore, four of the 37
articles acknowledged season or ‘bad weather’ as a
perceived barrier to participation in physical activ-
ity, with one study’s participants reporting a rate of
69%.25 If weather is preventing people from
participating in physical activity, measures must
be taken to overcome this issue. The need for
opportunities for indoor physical activity during the
cold and wet months of the year is paramount.

Seasonal variations

A careful assessment of the results reported in
Table 1 reveals that, in general, a seasonal effect is
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present as the levels of physical activity appear to
be highest in spring and summer (April–
August).4,26–29 In most studies, levels of physical
activity peaked in July–August and energy expen-
diture decreased in winter.26,28,30 Researchers such
as Haggarty et al. (1994) attributed the decline in
activity to the shorter days and adverse weather
conditions associated with winter.31 The decline in
activity during the colder season is particularly
prominent in studies of children, as their time
spent playing outdoors is highest in summer and
decreases considerably during winter.10 It should be
recognized, however, that time available for play
by children is highly dependent on the structure of
the school year, which typically affords a ‘summer
holiday’.

Only one study included in Table 1 revealed a
lower level of physical activity during summer than
in winter.8 It is important to note, however, that
this study was conducted in Galveston, Texas where
the average temperature for the month of July is
29 1C (84 1F), and extreme heat has been recog-
nized as a deterrent to outdoor activities.8 Con-
versely, precipitation and cold weather have also
been acknowledged as barriers to engaging in
physical activity in numerous accounts.25,32,33
Regional variation

From an international perspective, it is apparent
that weather and season are common factors
affecting participation in physical activity for all
countries included in this review. Of course,
weather varies by geographical region not political
boundaries, but the research reviewed here seems
to indicate that weather effects are similar within
individual countries, if not entirely similar among
different countries. In all countries represented,
there appeared to be a systematic decrease in
physical activity behaviours during the cold
months. In the USA, however, the effect of weather
was not straightforward, as some US studies also
reported decreased physical activity in the hotter
months.8 These seemingly inconsistent findings
appear to be a product of regional variations within
the USA. This makes sense as the country covers an
expansive territory, and there can be extreme
regional variations in weather conditions within the
continental USA (not to mention the differences
exhibited by Hawaii and Alaska). Studies focusing
entirely on populations in notoriously hot and
humid states (e.g. Texas) may exhibit a decline in
activity during summer compared with winter.8 The
USA, Canada and Australia are all expansive
countries that encompass several climate zones.
Scotland, Cyprus, The Netherlands, France and
Guatemala do not have as much variation; however,
issues still exist due to variations with respect to
urban versus suburban, and mountain versus
coastal settings. The fact that greater intranational
variations were not identified in this review,
particularly for other large and climatically diverse
countries such as Canada or Australia, could be due
to the fact that not enough studies have been
conducted within these countries to account
adequately for the broad range of climatic zones
they encompass. This apparent void in the litera-
ture highlights the need for further research on the
effect of weather on physical activity in these
countries. It also seems possible that researchers
located in countries with consistently warm and
pleasant climates are not studying the influence of
weather on physical activity because it is not a
deterring factor.
Discussion and conclusions

The need to account for environmental variables,
specifically weather, when developing physical
activity interventions has become increasingly
clear. This systematic review concurs with Tu et
al. who noted the importance of considering
environmental variables that may support or hinder
physical activity behaviours throughout the year.23

Poor weather has been identified as an environ-
mental barrier to being physically active,32,33 but
to date, specific aspects of the weather/season
have been highlighted as deterrents. In regions
where sustained periods of uncomfortable weather
and long seasons persist, it is necessary to offer
indoor physical activity facilities so that participa-
tion can continue to take place.23 Furthermore,
levels of activity in winter may be lower than those
in summer because winter activities may be less
convenient and accessible (physically and finan-
cially) than summer activities.6 Merrill et al.6

argued that it is necessary for population-based
interventions to provide information regarding
‘choices for physical activity that are tailored by
season and climate conditions and that address
concerns related to convenience, safety, accessi-
bility and aesthetics’ (2005, p. 379).

Previous research has provided support that
physical activity can be influenced by character-
istics of the physical environment.2,34 Although
seasonal variation is not a set feature of the
environment, numerous attributes such as daylight
hours, temperature and precipitation might affect
physical activity behaviours.5 In some areas,
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temperature and humidity may have some effect
on month-by-month differences.8 In contrast, pre-
cipitation, cold weather and wind may be the
deterring factor to physical activity (more likely
the case in many parts of Canada and the northern
USA). Important to note is that although it rains
during all seasons of the year, it is the continuous
poor weather that acts as an ongoing deterrent to
participation in physical activity. One day of rain
may prevent individuals from engaging in activity
on that day; however, ongoing precipitation may
decrease levels of physical activity for extended
periods of time (e.g. months).

Preschoolers’ physical activity behaviours have
been highly correlated with outdoor playtime.8,11

Of concern is the fact that season has been
identified as having an intermediate effect on
levels of physical activity in children,34 and a
strong relationship was revealed for children and
young people by Ross and Gilbert.35 To increase
children’s activity levels, researchers have sug-
gested encouraging them to spend time outdoors;36

however, children of this age typically need
supervision and parents have identified that they
are not interested in spending time outside in the
cold.37 Parents have identified that the warmer
seasons were more conducive to physical activity
for their preschoolers and the colder seasons posed
greater challenges.37 Therefore, parents identified
the need for indoor facilities to provide the
opportunity for year-round participation in physical
activity.38

It has been reported that children are less active
in winter than other seasons, particularly in regions
that experience cold and long winters.35,39,40 It is
therefore imperative for additional efforts to be
made to increase children’s levels of physical
activity during colder weather; innovative solutions
are necessary to promote involvement in physical
activities during winter.

Sallis et al. conducted a review of environmental
and policy interventions to increase physical
activity.41 Weather was identified as a barrier to
physical activity, so Sallis et al. suggested that
people in areas with repeated and harsh rain or
cold should be supplied with supplementary
resources for indoor activity (e.g. swimming pools),
in addition to providing resources for cold weather
activities to take place outdoors (e.g. skating,
cross-country skiing, etc.). A potential strategy to
increase physical activity in winter is for local
governments and organizations to provide facilities
that support participation in the broad range of
sports that are featured in the Winter Olympics,
such as cross-country skiing, ice hockey and
gymnastics to name a few. Recent Canadian
research by Gilliland et al. suggested that even in
cities with a long winter season such as London,
Ontario, the number of publicly-provided spaces
for outdoor recreation (e.g. baseball diamonds,
football fields) outnumber indoor facilities (e.g.
pools, gyms) by a ratio of 15 to 1.42 Furthermore,
the total number of visits to the city’s indoor
swimming pools are considerably higher in summer
than in winter.

Sallis et al. confirmed the effect that weather
can have on children, as they believed the
strongest evidence of the weather effect came
from observational studies of preschool-aged chil-
dren.34 In three different studies, children were
found to be more active when outdoors;7,8,43 being
outdoors was the most powerful correlate of
physical activity (with a maximum likelihood
estimate correlation of 0.74 reported in one
study).43

Obesity levels among children have been demon-
strated to be highest when measured in autumn and
winter (December–March), while a lower preva-
lence of obesity is present in summer (May–

September).44 The reduced prevalence of obesity
in summer may result from higher levels of activity
due to the increased availability of outdoor
recreational facilities (i.e. parks), and weather
that supports activity behaviours.44 Given that
obesity has reached epidemic proportions world-
wide,45 it seems imperative to acknowledge the
effect of season and weather on physical activity. In
order to combat obesity in both children and
adults, it is necessary for physical activity inter-
ventions to be provided in a way that supports
activity during all months of the year. The effect of
season and weather has been highly overlooked in
the creation of physical activity interventions and
during the surveillance of levels of physical activity
among different populations. It is clearly important
to recognize bad or extreme weather as a deter-
rent; therefore, future researchers need to con-
sider its importance and involvement in physical
activity.
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