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A B S T R A C T   

Introduction: A detailed understanding of how the weather affects cycling is lacking. Where 
research has been carried out, the focus has often been on temperate and hotter climates; little 
research has been carried out regarding cycling in colder climate communities. This study 
therefore investigated the lived experience of winter-season cycling to provide empirical data for 
planning winter cycling in cold-climate communities. 
Methods: Between 1 December 2017 and 30 April 2018, the activities of 13 cyclists (eight female 
and five male, mean age 42 years, age range 11–74 years) in Luleå, Sweden, were surveyed. 
Methods: Structured questionnaires, individual travel diaries, and recorded data for outdoor 
temperature, precipitation type, and snow cover were used. 
Results: 1) Cycle level and frequency could be maintained during the winter season; 2) in winter, 
participants were more likely to use their bicycles for commuting than other activities, 3) electric 
bicycles helped winter cycling significantly; 4) the quality of the cycling infrastructure is critical 
to making winter cycling attractive. 
Conclusion: For winter cycling to be successful, town planners need to consider winter cycling as a 
specific activity with its own design, policy and management requirements. This study has shown 
that year-round cycling can be achieved in cold-climate communities, with all its attendant po-
tential health benefits.   

1. Introduction 

Creating attractive, safe and well-maintained built environments with connected networks of streets and spaces is an established 
prerequisite for soft mobility in the form of walking and cycling as active modes of transport (Carmona et al., 2010; Cowan et al., 2010; 
Marshall, 2005). Urban environments that are compact, mixed-use and diverse in function are seen as conducive to cycling, while 
single-use areas and urban sprawl are unattractive to cyclists (Cabral et al., 2018). Equally, it has been shown that providing an 
efficient cycling infrastructure (cycle paths) can mitigate adverse weather conditions and influence people’s decisions on bicycle (bike) 
usage (Hong et al., 2020). The characteristics of the cycling infrastructure influence cyclist speeds (Clarry et al., 2019), which in turn 
influence decisions about daily usage. 

Cycling for transport and leisure has grown significantly over the last few decades and has been the subject of many research 
studies. Cycling has the potential to deliver a range of town planning outcomes that can be linked to the UN’s Sustainable Development 
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Goals, the Paris Agreement targets for global warming and the WHO’s targets for health (UNFCCC, 2018a; 2018b; WHO; 2006; 2018). 
Overall, cycling is described as a positive enabler and can have an impact on diverse issues such as social and physical health and 
well-being and cohesion. Cycling can also reduce energy demand and pollution, and in so-doing help slow climate change. Cycling 
requires minimal space and facilities (Amiri et al., 2015; Rekila, 2016) compared with the car. However, while the space required for 
cycling may be minimal, the quality of the facilities is critical to encouraging people to travel by bike. High-quality cycle lanes and 
special cycle junctions, as well as destination facilities such as storage, changing and maintenance areas, are all important consid-
erations (Frasier, 2011; Rekila, 2016; Cass et al., 2016; Damant-Sirois, 2015; de Sousa et al., 2014). 

Electrically assisted bicycles (e-bikes) are also becoming a significant part of the cycle industry, and this sector is seeing rapid 
growth (Sun et al., 2020). It appears that people will cycle more if bikes are electrically aided, and that e-bikes can replace a substantial 
proportion of car journeys, especially short ones. However, many factors associated with e-bike usage and travel behaviour need to be 
considered in campaigns to promote e-cycling as a mode of transport (for an overview, see Bourne et al., 2020). The benefits of using 
e-bikes as an active form of transport include people following health and physical activity guidelines (Nematchoua et al., 2019), and 
e-bikes can help people overcome common barriers to cycling, such as distance, topography and sweaty/uncomfortable personal 
hygiene (Dill and Rose, 2012; MacArthur et al., 2017). Importantly, research has shown that people have a positive attitude towards 
e− bikes, based on functionality, health benefits and image (Simsekoglu and Klöckner, 2019). E-bikes do, however, need battery 
charging or swapping facilities, which in the future may require publicly accessible charging stations within the built environment to 
facilitate the growth of this mode of transport (Dill and Rose, 2012). Encouraging a greater shift to e-bike use would also benefit from 
specific e-bike policies (Sun et al., 2020), such as planning policies for charging and storage of e-bikes within the public realm and 
transport policies for e-biking as a mode of transport. 

While there are many studies on cycling behaviour (Heinen et al., 2010; Cabral et al., 2018), less research is available on the effects 
of weather and climate on cycling (Böcker et al., 2013; Wadud 2014; Mathisen et al., 2015). Such research is often focused on 
temperate and hotter climates, and little information is available about cold-climate communities during the winter season. Studies 
have established weather as an important consideration in deciding whether to travel by bike or not, and have shown that, in 
cold-climate communities, cycling rates decline significantly in winter (Bergström, 2003; Nahal et al., 2018). In cold-climate settle-
ments, cycling is viewed by many as a seasonal, summer, activity (Spencer et al., 2013). 

This suggests the need for a better understanding of how weather conditions in the cold winter season affect cyclists in cold-climate 
communities. However, it is not just the daily weather that affects a decision to cycle. Research has shown that during the winter layers 
of snow and ice can build-up and alter the basic form and layouts of streets and pathways within the built environment (Chapman et al., 
2017, 2018, 2019). This affects the cycle-ability of a local area, and presents challenges to delivering good, functional cycle networks 
(Rekila, 2016). Underutilisation of the cycle infrastructure because of winter conditions is therefore a town planning concern (Nahal 
et al., 2018). 

Studies on the impact of weather conditions on cycling commonly focus on rain, temperature, snow, wind speed, sunshine hours, 
humidity, fog and thunderstorms (Wadud, 2014). The studies available of cold-climate areas show the importance of weather con-
ditions such as precipitation (especially as snow rather than rain), wind and temperature (Nankervis, 1998; Flynn et al., 2012; 
Mathisen et al., 2015; Sears et al., 2012; Winters et al., 2007, Spencer et al., 2013). The impact of temperature is, however, contested. 
Some research suggests that cold is a barrier to cycling, while elsewhere temperature is shown to have little effect on cycling behaviour 
(Amiri and Sadeghpour 2015; Ebrahimabadi et al., 2015). Research carried out in hotter climates indicates that, while heat waves 
discourage people from cycling because of the discomfort, there is threshold before a negative impact is seen (Rabassa et al., 2020). 
Wind speed is generally shown to impact cycling negatively, but the effects are non-linear (Wadud, 2014). Sunshine hours are 
perceived as having a positive effect; however, in cold-climate settlements with limited sunlight hours in winter, artificial lightning 
along roadways can compensate for the darkness (Spencer et al., 2013). Conflicting results about the relative importance of different 
weather variables on cycling can therefore potentially be explained by geographical location. The cycling culture, experience and 
resilience to various weather conditions among communities can all affect the decision-making process, as well as climate (Goldmann 
and Wessel, 2020). 

On-going climate change is a double-edged sword for cycling in cold-climate communities. On the one hand, global warming is 
likely to shorten the periods of harsh winter conditions and extend the periods when it is easier to travel by bike. Some estimate that the 
winter season could be reduced by up to 2–3 months a year (Mathisen et al., 2015), while others suggest that good design and planning 
could also extend the accessible period for outdoor activities in winter (Pressman, 1985). On the other hand, warmer temperatures may 
create longer periods with temperatures around 0 ◦C, resulting in more ice and/or standing water in the public realm, and more slush 
and rain, which are all major barriers to outdoor activities and cycling (Chapman and Larsson, 2019). 

In this context, research into cycling in cold-climate settlements during the winter season is important. The aim of this study was 
therefore to gain insight into cycling behaviour by addressing the research question: What is the lived experience of cycling in the winter 
season and how can this knowledge be used to better enable year-round cycling in cold-climate settlements? 

2. Materials and methods 

The study followed the cycling activity of 13 cyclists who committed to becoming ‘winter cyclists’ between 1 December 2017 and 
30 April 2018, in a winter-cycling project run by Luleå Municipality, Sweden. This initiative was part of a wider winter-cycling 
campaign. Winter cyclists are defined as people who consciously adapt their equipment for cold-climate conditions. These adapta-
tions can include having a second bike for winter, changing summer tires to winter tires (which have spikes), using additional lighting, 
and having appropriate clothing. 
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The city of Luleå, latitude 65.5848◦ N, is characterised as a winter city, and has a sub-arctic (Group D) climate belonging to the Dfc 
subcategory according to the Köppen-Geiger Climate Classification system. During the winter, the city experiences limited hours of 
sunshine and daylight; there is significant seasonal climatic variation, but temperatures are typically below zero during the winter and 
regularly fall to − 20 to − 30 ◦C. Winter precipitation is usually in the form of snow (Pressman, 1985). In the summer, high-latitude 
cities can experience extended periods of 24-h sunlight, when the sun stays near the horizon, an effect commonly called a 
‘midnight sun’. In cities such as Luleå, the winter season can last for up to 6 months a year (Mathisen et al., 2015). 

2.1. Study design 

A concurrent embedded mixed methods design (Creswell and Clark, 2011) was used to answer the research question, by combing 
data from surveys, diaries and a climate database. Data was gathered on people’s perceptions of winter cycling using two structured 
questionnaires. Travel diaries of daily cycling behaviour between December 2017 and April 2018 were used to capture the lived 
experience of winter cycling. Details of the weather conditions during this period were collected from the Swedish Meteorological and 
Hydrological Institute (SMHI). 

2.2. Study participants and procedure 

Cyclists for the winter-cycling project were strategically selected. The municipality wanted to include people that others could 
relate to, to facilitate a “That could be me” response. The municipality was searching for cyclists with limited experience of cycling in 
winter conditions who wanted to challenge themselves by becoming committed winter cyclists. Each participant was expected to 
comply with the project’s objective of using a bike for at least half of the daily journeys made during the winter. The aim was to include 
women and men of all ages, with varying lifestyles and needs, from different parts of Luleå. 

To achieve this, an open invitation was sent to Luleå residents to apply to be a winter cyclist in the project. The application process 
was open from 16 October to 8 November 2017. Applicants were asked to write a personal letter explaining why they wanted to be a 
winter cyclist, and these applications were then judged by municipality staff. The successful applicants were announced at the 
municipality’s Bicycle Conference, held on 18 November 2017. The actual winter cycling project ran from 1 December 2017 to 30 
April 2018. 

To raise awareness of the winter cycling campaign and recruit participants to the project, information was posted on the munic-
ipality website and video clips were posted on its Facebook account during the application period. The project was also covered by 
local newspapers and featured on Swedish television. The municipality presented the project on two public video screens, one on the 
wall of a shopping centre in a central city location and one on a screen close to a bridge on a major route into and out of Luleå. 

Thirteen winter cyclists took part in the study. The participants, eight female and five male, had a mean age of 42 (±17.6, range 
11–74) years. Three of the participants were excluded during the travel diary analyses because they did not usually commute to work. 
This was done so that necessary and optional activities could be compared. The remaining ten participants, six female and four male, 
had a mean age of 42 (±13.7, range 21–61) years. 

Each of the successful applicants was then randomly assigned a bike for the project (13 bikes was the limit of the project’s budget). 
Four of the bikes were city bikes, two were electric city bikes, two were electric cargo bikes, one was a fat bike, one was a tandem, one 
was a tricycle, one was a folding bike, and one was a mountain bike. 

During the five-month project, a number of meetings were held with the participants. Later in the project the meeting agendas were 
based on subjects the participants wanted to learn more about. The agendas included:  

• A start-up meeting so that everyone could get to know each other  
• How to dress for winter cycling, with an invited speaker from one of Luleå’s adventure stores providing an overview  
• How to maintain a bike in winter, with a visit to a local bike store and an explanation of general and winter bike maintenance  
• How snow clearance and gritting works are undertaken, and what could be expected from the municipality  
• A final meeting to sum up the project. 

2.3. Data collection and analysis 

2.3.1. Structured questionnaire 
Participants completed a structured questionnaire at the beginning and at the end of the project. The questionnaire explored the 

participants’ travel behaviours and perception of winter cycling. A mixture of multiple choice, yes/no and descriptive (free comments) 
questions was used. 

The outcomes of the before and after questionnaires were descriptions of the primary patterns in the data, i.e., the content, number 
of comments, and key quotations. For this analysis, data from all thirteen participants was used. 

2.3.2. Travel diaries 
The journeys undertaken, their purpose, distance (km) and whether using a bike replaced a car journey were recorded during the 

five-month period. The results were divided into commuting to and from work and leisure trips. For this analysis, data from only the 10 
participants who commuted to work was used. 

Data from the travel diaries was compared with meteorological data sets to identify trends in travel behaviour during winter 
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cycling. The descriptive data was analysed using mean, SD, median and maximum and minimum values. Between-group comparisons 
were analysed using the T-Test and Wilcoxon Signed Ranks Test, and related samples were analysed using Friedman’s two-way 
analysis of variance. The significance level was set to 0.05. Separate analyses were made for journeys related to commuting to 
work compared with journeys for leisure activities, and for e-bikes compared with other bike designs. 

2.3.3. Climate data 
Data sets were downloaded from the SMHI to analyse the meteorological conditions between 1 December 2017 and 30 April 2018. 

The specific sets obtained were: temperature (degrees Celsius), sun minutes, snow cover and precipitation type. 

2.3.4. Research ethics 
The study was performed in compliance with the ethical principles for good research practice (World Medical Association, 2013), 

and informed consent was obtained from all participants. Protective equipment, i.e. a helmet, was provided, and the participants were 
encouraged not to exceed their ability or expose themselves to unnecessary risks. Information on appropriate clothing and bike 
maintenance was offered. 

3. Results 

3.1. Structured questionnaires 

3.1.1. Frequency of cycling 
During the project, the frequency of bike use increased significantly, to the level of summer season usage, i.e. when it is warmer, 

lighter and the streets and spaces in the public realm are free of snow, ice, or slush (Table 1). 

3.1.2. At the outset of the study 
Nine of the thirteen participants stated that the car was their main form of transport during winter. Six owned a car, while the 

others had the opportunity to use a car when they needed one. Their most common daily journey distance was on average 5.9 (range 
2–12) km. 

Modal choice: The majority of participants thought it would be quite hard to achieve the objective of using the bike for at least half of 
their daily journeys during winter. 
Experience of (winter) cycling: Eleven participants had often cycled during bare ground conditions (summer), but only five had some 
experience of winter cycling. The five who had winter cycled before reported using their bikes less from December to February 
because of cold temperatures and snow obstacles on the streets, or because it entailed too much effort to use a bike. 
Anticipated barriers to winter cycling: The main reasons given for not cycling more frequently during winter were related to travel 
distance (2 comments), coldness (2 comments), fear of falling (3 comments), inappropriate clothing/sweating (3 comments), 
having accompanying children (2 comments), snow management (2 comments), and not having a bike appropriate for winter 
conditions (2 comments). 

3.1.3. At the end of the study 

Barriers to winter cycling: Five important factors were identified from the free comments: coldness, snow management, bike 
management, psychosocial concerns, and risk of falling. 

Cold temperatures was the most mentioned factor (8 comments). The participants questioned the appropriateness of cycling as the 
main choice of transport during the coldest periods of winter, but acknowledged that the aim of the journey and personal capability 
had a bearing on the relative impact of coldness: ’ … especially when my kids cycled with me, then we had -15 degrees Celsius as cold limit’. 
Snow management in the public realm was also a significant concern (7 comments); aspects of information about and the timing of 
snow clearance on roads as well as coverage were mentioned: ‘faster snow clearing in the event of heavy snowfall’ ‘better snow clearing 
along with all networks of roads, at cycle paths, streets through the neighbourhood, between the city centre and an out of town retail park’. 

The participants also mentioned practical issues such as bike management (5 comments). Problems of storage at home and at the 
work place, and cycle parking in public spaces, were highlighted, e.g. ‘There is no way to arrange a simpler storage where I live’, ‘If the 

Table 1 
Bike usage at baseline(s) and during the study (n = 13).   

Summer conditions (baseline) Winter (baseline) Winter (during project) p1 p2 p3  

4.1 (1.6) 1.8 (1.3) 4.2 (1.2) 0.001 0.805 <0.001 

P1 = summer season (baseline) – winter (baseline), p2 = summer season – winter (during project), 
p3 = winter (baseline) – winter (during project). 
T-Test, paired samples 
Scale 1–6 (1 = never/seldom, 2 = once a month, 3 = 1 day/week, 4 = 2–3 days/week, 5 = 3–4 days/week, 6 = 6–7 days/week. 
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weather-protected bicycle garage at work had been easier to use’, and also a lack of facilities for maintaining the bikes, such as somewhere 
to pump up tires. The general usability of bikes as a means of transport was addressed in terms of work and social contextual factors (5 
comments), such as work schedules and demands: ‘Unless I travelled between different places during the workday’, and social support from 
family units: ‘If my partner would have cycled on our weekend adventures, but instead we used the car’. 

Four participants had experienced adverse incidents, i.e. falling with the bike, but no severe injuries were reported. Reasons for the 
falls included snow cover and hitting the edge of a sidewalk, turning the bike too quickly and instability of the cargo bike. 

Motivations for winter cycling: The majority of the participants predicted that they would cycle next winter, and all would recom-
mend winter cycling to others. Five main themes emerged from the free comments: personal health & wellbeing, cost-effectiveness, 
environment, e-bike, general inspiration and support. 

Ten comments acknowledged the health and well-being benefits of cycling: ‘feeling more alert during the day, daily exercise’, ‘cycling 
to work is more fun than driving’. The environmental benefits of reduced car usage (4 comments) were also perceived as a motivating 
factor; ‘contributing to a better environment is a positive side effect’. At a personal level, cycling was perceived as time- and cost-effective 
and flexible (3 comments): ‘more flexible than having to wait for the bus’, ‘It was easier than I thought and it goes faster’. 

Using an e-bike (4 comments) was a deciding factor: ‘It will depend on whether I have purchased an electric bike or not’, ‘I realised that I 
do not want to ride a regular bike when it is too cold. So if I had had the electric bike before … ’ 

Other motivations included cycling in general and for the wider population (to promote it to other residents), and the importance 
of, and a need for, good planning and management of paths to cycle along, during both summer and winter seasons, was highlighted. It 
was suggested that creating more public opportunities to test winter bikes and rent an e-bike, or get a discount on purchasing winter 
tires, would increase the attraction of winter cycling in the wider population. Creating challenges, such as competitions between 
companies or on social media, or arranging group activities and setting up bike clubs, were recommended. Dissemination of infor-
mation about good practice and winter cycling via media channels and within schools and workplaces was also suggested.  

In summary, the qualitative comments provided a deeper insight into the topic of winter cycling, revealing a wide variety of 
perceived barriers and motivations that all need to be addressed. The issues could be divided into four broad groups:  

1) weather-related obstacles, such as coldness (ambient) and snow on cycle lanes and connected routes (terrain & urban form)  
2) practicalities in terms of bike storage and clothing, including the ‘role’ of e-bikes  
3) personal circumstances and capabilities, working conditions and social pressures  
4) personal health & wellbeing benefits and cost effectiveness (time, expenses). 

3.2. Travel diaries 

Over the five months, the 10 participants who used the bike for commuting travelled a total distance of 5935 km. Of those, 5098 km 
represented journeys where cycling replaced transportation by car. These journeys reduced the amount of carbon dioxide released by 
663 kilos. 

The monthly values for kilometres cycled did not differ significantly. A sub-analysis showed that slightly more kilometres were 
cycled for work commutes than for leisure activities, but there were no statistically significant differences (Table 2). 

Table 2 
Data from participants’ (n = 10) travel diaries showing the accumulated and average distances (kilometres) cycled per month, for commuting and 
leisure activities.   

December January February March April Sum p1 

All winter cycling 
Accumulated distance (km) 903 1196 1264 1398 1173 5934  
Average (km) Md (min-max) 86 (34–198) 96 (18–393) 86 (0–418) 94 (42–385) 94 (0–413) 455 (203–1807) 0.439  

Commuting to work 
Accumulated distance (km) 716 1040 1085 1143 869 4853  
Replaced car (km) 648 940 995 1000 753 4336 (89.4 %)  
Average (km) Md (min-max) 69 (6–175) 78 (8–350) 68 (0–379) 78 (27–325) 58 (0–396) 316 (166–1625) 0.166  

Leisure transport 
Cycling distance (km) 187 157 179 255 304 1081  
Replaced car (km) 148 149 156 168 141 762 (70.5 %)  
Average (km) Md (min-max) 15 (0–54) 5 (0–52) 15 (0–43) 25 (0–60) 26 (0–94) 96.5 (22–224) 0.833  

p2 0.017 0.017 0.008 0.007 0.043   

p1 Difference over time. Related Samples Friedman’s two-way analysis of variance, 0.05. 
p2 Comparison between Commuting versus Optional cycling per month. Wilcoxon Signed Ranks Test, 0.05. 
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3.2.1. Winter cycling to commute to work or for leisure activities 
Winter cycling replaced a high proportion of previous work-related car journeys (89%). For leisure travel, cycling replaced car 

usage for 70% of the journeys. One explanation of this lower percentage is that exercise was one of the reported reasons for leisure 
cycling. Cycling for exercise is an activity that does not replace car usage. 

The monthly reports showed that participants used bikes for journeys to and from work to a greater extent than for transportation to 
and during other activities (such a shopping, visiting friends, exercise and recreation). This difference between commuting to work and 
for leisure activities was statistically significant for all five months. 

3.2.2. Bike type 
An analysis of bike type showed that the participants (two men and two female) who had been allocated e-bikes accumulated more 

kilometres cycled per month for both commuting and leisure, than participants (two men and four female) with other bike types, but 
the differences were not statistically significant (Fig. 1). Regarding daily usage, the distance travelled by participants with e-bikes was 
on average 10 km (ranging from 3.7 to 20.1), while participants using non e-bikes travelled on average 6.4 km (ranging from 3.9 to 
11.1). 

For participants with e-bikes, monthly variables, such as weather conditions, did not significantly influence the accumulated 
kilometres travelled for either commuting to work (p = 0.267) or leisure activities (p = 0.831). There were no monthly differences in 
accumulated kilometres between work commutes and leisure cycling, apart from minor differences in March (December p = 0.273, 
January p = 0.273, February p = 0.109, March p = 0.068, April p = 0.144). 

Participants using other types of bike showed significant monthly differences in kilometres travelled to work (p = 0.036) but not for 
leisure cycling (p = 0.553). There were significantly fewer kilometres per month cycled for leisure activities compared with commuting 
for all months except for April, when commuting distances also declined (December p = 0.028, January p = 0.046, February p = 0.028, 
March p = 0.046, April p = 0.109). 

3.3. Climate data 

The number of sun minutes per month increased from 298 in December to 16271 in April. January was the coldest month, and April 
the warmest, with only 2 days with temperatures below zero. From January to March the precipitation fell in the form of snow, while in 
December and April rainfall and sleet also occurred (Table 3). 

4. Discussion 

4.1. The outcomes 

The objective of this study was to gain insight into the environmental factors influencing winter cycling behaviour. During the 
project, participants increased their bike usage and began to use their bikes in winter as much as they had done during the previous 
summer season. The participants’ daily distances travelled by bike were relatively high compared with other studies (Bourne et al., 

Fig. 1. The distances cycled for leisure activities and commuting are illustrated separately for participants with e-bikes and participants with other 
types of bike. The data distribution is displayed as a box and whiskers diagram, showing the minimum, first quartile, median, third quartile, and 
maximum values. 
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2020), which is important for two reasons. Firstly, regular cycling has been shown prospectively to provide important cardiovascular 
health benefits (Grøntved et al., 2016). Secondly, winter has previously been shown to be an inhibiting factor for cycling (Bergström, 
2003; Sears et al., 2012; Nahal et al., 2018). Although cycling in the winter presents particular challenges, our research suggests that 
approaches can be made to overcome these barriers and facilitate more winter cycling. Participants mentioned the time saving and 
economic benefits of cycling for transport, and valued the physical exercise and resulting well-being. Interestingly, while environ-
mental benefits such as reduced carbon dioxide pollution were acknowledged, these were often seen as a spin-off. This is in line with 
earlier findings regarding e-bikes, that the health benefits and enjoyable journeys are the most frequent motivating factors (Plazier 
et al., 2017). 

At the start of the project, participants saw the goal of using the bike for at least half of their journeys as challenging. Thus, replacing 
car transportation by up to 89% and 70%, respectively, for work-related journeys and leisure activities is a good outcome. Considering 
the monthly distance travelled, these results indicate that people are more likely to replace commutes than leisure journeys with 
cycling. This supports earlier findings on conventional cycling in colder climates (Amiri and Sadeghpour, 2015) and e-bikes (Bourne 
et al., 2020). The rationale for utilitarian bike usage can be understood by applying the first of Gehls’ (2011) concept of three types of 
activities. Of which the first, denotes compulsory activities that would take place in any weather condition. Regarding bike type, 
participants, including those who had not been allocated one, noted the benefits of having an e-bike. As in other studies, e-bikes were 
seen as attractive and enabling for winter cycling ((MacArthur et al., 2017); Simsekoglu and Klöckner, 2019). The results from the 
travel diaries also showed that some of the participants with an e-bike covered considerably more kilometres each month than those 
using a non-e-bike. Which corresponds to Dill and Rose (2012) and MacArthur et al. (2017) finding that e-bikes enabled people to 
travel greater distances and made terrain that is challenging for conventional bikes more accessible. In this study, the terrain was 
affected by the presence of snow, ice and slush in the public realm. This is interesting, as the interaction of people’s capacity, clothing 
and cycling speed, with wind chill temperature, and demanding terrain, etc., together form thermal stress and metabolic demands 
(Petersson et al., 2019). Which inevitability have an impact on the motivation to cycle in winter. In these situations, use of an e-bike 
can here act as a moderating factor. This highlights the importance of finding a balance between using the assistance of an e-bike and 
pedalling enough for comfortable thermoregulation, enhancing personal performance and conferring health benefits as a result of 
regular physical activity. 

Additional data on cycling speed and trips would have been valuable, in order to relate speed to weather conditions, terrain and the 
cyclists’ own perceptions. Using GPS devices or smartphone tracking as sources of data on travel behaviours could widen our un-
derstanding of the impact of weather on cycling (Hong et al., 2020; Plazier et al., 2017; Goldmann and Wessel 2020). 

Our results show that the requirements of winter cycling do have much in common with more general non-winter cycling. 
Attractive, safe and well-maintained built environments are important prerequisites (Carmona et al., 2010; Cowan et al., 2010; 
Marshall, 2005), and the quality of the routes and facilities such as storage are also important considerations (Rekila, 2016; Cass et al., 
2016; Damant-Sirois, 2015; de Sousa et al., 2014). These apply to both e-bikes and non-e-bikes. 

However, the participants did perceive winter cycling to be different from non-winter cycling. This suggests that specific in-
terventions, designs and policies are needed to enable and enhance people’s perception of winter cycling (Ma and Dill, 2015). While all 
the participants were experienced summer cyclists, they expressed limited knowledge of winter cycling, and questioned how safe it 
was, how difficult it would be and whether they had the right equipment for cycling, in relation to both the bike and clothing. This is 
important, as it illustrates that the perception and needs of winter cycling, for example metal-studded tires, are not the same as summer 
cycling (Rekilä and Klein-Paste, 2016). All participants acknowledged the importance of having the right clothing and equipment, such 
as studded tyres to enhance grip and friction on snow and ice (Rekilä and Klein-Paste, 2016). In accordance with earlier findings by 
Bergstrom (2003), the participants considered winter pathway maintenance to be critical in delivering a useable cycle infrastructure 
across the winter season. 

The only complaint made by the participants about the bikes was about the large cargo e-bikes, which were found to be unstable 
and heavy to manoeuvre in winter conditions. Issues related to battery life or charging were not mentioned in the questionnaire re-
sponses, which suggests that currently this is not an issue. However, as e-bikes grow in popularity the need for such facilities may 
increase (Dill and Rose, 2012). 

Table 3 
Average monthly outdoor temperatures, sun minutes, snow cover and precipitation.   

December January February March April  

Temperature Mean (low/high) Mean (low/high) Mean (low/high) Mean (low/high) Mean (low/high) 
Degrees Celsius − 7.2 (− 20.7/3.3) − 9.8 (− 30.0/1.5) − 12.6 (− 28.9/0.1) − 7.5 (− 22.5/6.0) 0.4 (− 16.2/12.7)  

No. days below 0 ◦C 21 (of 31) days 21 (of 31) days 27 (of 28) days 21 (of 31 days) 2 (of 30) days  

Sun minutes 
Accumulated min 298 708 5758 8875 16271 
Mean min/day 10 (0.2 h) 23 (0.4 h) 206 (3.4 h) 286 (4.8 h) 543 (8.7 h) 
Snow cover 
Mean, metre 0.48 0.88 0.95 1.07 0.95 
Precipitation type 
Snowfall/rain or sleet (No. days) 7/4 13/0 11/0 8/0 7/5  
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This study also confirms that coldness can be both a perceived and an actual barrier to winter cycling (Nankervis, 1999; Flynn et al., 
2012; Mathisen et al., 2015). However, it was unclear how ‘cold’ was defined by the participants. One highlighted − 15 ◦C as a 
threshold for winter cycling, and the mean temperatures during the study period were between − 12.6 and 0.4 ◦C, suggesting that much 
of the winter season was cycle-able. However, there were days with temperatures as low as − 30 ◦C. 

Issues with snow centred around its build-up on the ground rather than in terms of its precipitation. It was notable that cycling was 
less frequent in December and April, when precipitation occurred in the form of rain or sleet, particularly in April when temperatures 
fluctuated around zero ◦C. This suggests that for cycling it is the form of precipitation combined with temperature, and its effect on the 
terrain, that is problematic. This could also explain conflicting results on the negative impacts of both rain and snowfall reported in 
earlier studies (Sears et al., 2012; Winters et al., 2011; Larsson and Chapman, 2020), and highlights the importance of defining and 
measuring the different qualities of precipitation as well as the lived experiences of the population. Darkness, in January and February, 
did not reduce the amount of cycling to work. 

The participants stressed personal capabilities and psychosocial influences on their cycling behaviour. Such results are supported 
by earlier research (Goldmann and Wessel, 2020) and can be explained by, for example, Chapman & Larsson’s soft mobility model 
(2019). The soft mobility model explains how the interplay between the individual, built infrastructure and seasonal climate and 
weather affect the decisions made about the mode of transport to use. 

4.2. The methodology 

While the strategic selection of the winter cyclists was to form a representative sample of the study area, it should be borne in mind 
that the volunteers were self-selecting in putting themselves forward. Equally, the study sample was small at only 13 people. Overall, 
the sample cannot be seen as representative of all the residents in the study location. For example, no participant had a particular 
aversion to cycling or physical activity. There were also officials from the municipality who supported and promoted the winter cycling 
campaign. The strength of the data collection relied on motivated participants: documenting all their cycling activities over five 
months required commitment. However, an advantage of the mixed methods design was the option to include data on people’s 
perceptions of facilitators and barriers to their winter cycling activities. Hence a deeper understanding of what factors need to be 
tackled was attained, which is important for public planning strategies to engage with winter cyclists in general. 

The small sample size also suggests that large distances were cycled by a few committed cyclists. This influenced the accumulated 
total time spent cycling by the group, indicated by the wide range in variation seen in the graphs. So that optional and work-related 
winter cycling could be compared, for the analysis of the travel diaries three participants’ data were excluded because they did not 
commute to work. However, the survey reports from all 13 participants are valuable for planning purposes, because their reported 
experiences describe both ‘good’ practices and barriers. 

The use of a range of bikes within the study was both a strength and a weakness methodologically. The range allowed the ad-
vantages and disadvantages of different types of bike to be explored. For example, the capacity of the e-bikes was seen as a great asset 
by the group, but some of the larger cargo bikes were considered to be cumbersome and hard to manoeuvre in winter conditions. 
However, because the characteristics of the different bikes varied, different outcomes could not be compared directly. 

The main weakness of the study design was that the travel diaries did not correspond with exact dates, so daily weather conditions 
could not be analysed against frequency and distance travelled. For this reason, the climatic variables are presented as monthly values. 

4.3. Recommendations for practice 

The results and discussion lend themselves to a range of conclusions and town planning-related recommendations. By far the most 
important and striking finding is that winter cycling and the variable ground conditions caused by snow, ice, and slush need special 
consideration within urban design and community maintenance. Regarding town planning, we cannot expect a cycle infrastructure 
designed for summer (bare ground conditions) to operate successfully in the winter. Town planners and urban designers need to 
provide clear design guidance on how the cycle infrastructure can be adapted for winter. This could include specific design/planning 
guidance for winter cycling or seasonal alterations to the cycle networks and their management. 

Equally, the study shows that, in cold-climate communities, summer cycling is perceived to be a different activity to winter cycling. 
Softer, capacity-building strategies are needed to complement infrastructure-based adjustments. These should promote and build 
confidence in winter cycling and make people aware of the risks but also the benefits, allowing them to make informed decisions on the 
suitability of this form of transport for them. Training on winter cycling and bike maintenance should be provided. Many people may 
be prevented from becoming a winter cyclist just because they do not have the skills or tools to change a bike’s summer tyres to winter 
tyres. 

This study also shows that e-bikes have a positive effect on people’s motivation and confidence in winter cycling. E-bikes are seen as 
an attractive and positive enabler for cycling. To maximise the benefits of this type of bike, consideration should be given to how green 
energy production and consumption can be integrated into the public realm and cycle parking areas, at all levels, both public and 
private, from town centre to neighbourhood and street. 

5. Conclusion 

This study indicates that if people are supported and well equipped, committed year-round cycling can be achieved in cold-climate 
communities, with its attendant potential health benefits. However, compared with summer cycling, there are more barriers to 
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overcome. For winter cycling to be successful, planning needs to view winter cycling as a particular activity with its own design, policy 
and management requirements. Implementing such planning recommendations would make it significantly easier for summer cyclists 
to extend their soft-mobility period into and across winter and thus help achieve the UN Sustainable Development Goals and Paris 
Agreement to tackle global warming. 
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