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Who are most likely to adapt their travel behaviour to
changes in weather conditions? A study of weather
tolerance and travel behaviour in Norway
Susanne T. Dale Nordbakke1*, Silvia Olsen2

ABSTRACT

This study, based on two questionnaire surveys from two cities in Norway with different climate
conditions, explores to which extent weather tolerance in terms of travel behaviour – here defined as
using a non-motorized vehicle despite poor weather conditions (precipitation and/or cold weather)
– is related to socio-demographic factors, environmental attitudes, transport habits as well as the
climate conditions (coastal/inland) of where people live. Three indicators are used to measure
‘weather tolerance’: a) Disagreement to the statement “I always drive when it rains”; b) Willingness
to walk 2-3 kilometers in minus 10 degrees Celsius or more in steady snowfall (yes/no), and c)
Willingness to walk 2-3 kilometer in +20 degrees Celsius or more in steady rainfall” (yes/no). The
study finds that environmental attitudes and travel habits (as perceived by the respondents) are the
factors most strongly related to weather tolerance, independent on how it is measured, when other
factors are controlled for. The findings suggest that policy measures to change attitudes/ increase
environmental awareness as well as promoting outdoor activity in general can be effective in terms
of making people choose active transportation even in poor weather conditions. This might be
important steps to reduce the likelihood of car use in the future, when extreme weathers are to
become more likely.
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1. Introduction
Weather conditions impact our everyday life in several ways. Not only does the
weather influence our experience of travel and outdoor activities, but it also impacts how
we choose to travel, how much we travel and even the decision to carry out an out-ofhome activity or not. Climate change predictions indicate higher temperatures, increase
in total precipitation and more frequent and intense events of heavy rainfall [21, 22, 16].
Previous studies demonstrate large variations in transport mode choice and mobility
patterns across different seasons and weather conditions. In Canada and northern USA,
car traffic is reduced with snowfall [9, 26] and in Scotland and Australia with rain [17,
24]. Other studies, mainly European, reflect a positive relationship between precipitation
and choice of motorized mode of travel, primarily the car, and often at the expense of
cycling and walking [6, 1, 5]. In general, precipitation has a greater effect on leisure trips
than on mandatory trips such as commuting to work or shopping [6]. Several studies on
the effect temperature on travel behaviour report significant less cycling in winter [14, 28,
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5, 33]. Other studies show that temperature has less impact on travel mode choice than
precipitation [6]. The impact of wind has received less attention, some studies find that
wind has a negative effect on cycling [18, 1].
Perceptions of ‘good’, ‘poor’ and ‘acceptable’ weather are subjective and contextdependent [10, 27, 34]. Previous studies on the relationship between weather conditions
and daily mobility has been concentrated primarily on the effects of precipitation,
temperature or seasonal variations on travel behaviour in general. There is less
knowledge on how people react differently in terms of travel behaviour to weather
conditions and whether “weather tolerance” differ between people. The purpose of this
study is to explore to which extent weather tolerance in terms of travel behaviour – here
defined as active transportation or public transport despite poor weather conditions
(precipitation and/or cold weather) – is related to socio-demographic factors,
environmental attitudes, transport habits as well as the climate conditions
(coastal/inland) of where people live.
One goal set out in the White Paper on Transport 2011 [11] is to reduce GHG emissions
from the transport sector by 2030 to around 20 percent below their 2008 level. A
potential increase in car use due to climate change will collide with the international goal
of reducing the emissions from the transport sector. Knowledge on how people react to
different weather conditions in terms of mode choice is therefore of significance in order
prevent a potential increase in car use as climate changes.
2. Theoretical background and expectations
Feelings of comfort, discomfort, pleasure and safety may be perceived
subjectively and differently by different individuals. For example, previous studies have
shown that women and older people are more sensitive to cold weather conditions [see
e.g. 23, 25, 35, 7], which can most likely be explained by variations in physical
characteristics between genders and age groups. One assumption in this study is that
both age and gender are associated with how people respond in terms of modifying their
travel behaviour in poor weather conditions. In addition, it is likely that perceptions of
weather conditions vary between contexts with different climate conditions, e.g. between
people living in coastal climate as opposed to those living in the inlands. People living in
a coastal climate are usually more used to precipitation and wind than people living in the
inlands, and it leads us to assume that people living in the coastal climate will cope
differently in terms of travel behaviour than people living in the inlands. A more recent
study by Böcker et.al. [8] shows that people living in a city with coastal climate are more
likely to use the car on days with precipitation than people living in a city with an inland
climate.
Individual attitudes are another factor that might influence weather tolerance and how
one reacts in terms of travel behaviour to poor weather conditions. Both within the
sociological and psychological literature, there is a general assumption that values and
attitudes influence behaviour [20, 29, 2, 32, 32]. In the literature, attitudes are influenced
by a person’s values, but are perceived more unstable and context-dependent than the
latter [29]. In terms of weather tolerance and travel behaviour, one might for instance
expect that a person who puts high value to nature and the environment and has great
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concerns about climate change, will be more willing to travel by an environmental
friendly mode of transport, even in poor weather conditions, than a person who discards
potential threats posed by climate changes.
Several dimensions are important in any discussion about the relation between attitudes
and behaviour. The attitude and the act must be at the same level. Ajzen and Fishbein [3]
point to the fact that attitudes often have several dimensions and behaviour cannot be
predicted on the basis of one of the dimensions alone. Attitudes are not static, they can
change over time and bring about inconsistency between attitude and behaviour.
According to the theory of cognitive dissonance, either the attitude or the act has to
change if the two are to be in accordance [13]. Anabel [4] points to the fact that different
attitudes can result in the same behaviour.
Attitudes must also be accessible (in the memory/mind) [12] if they are to have an
impact on behaviour. This is the strength of the association between the
object/phenomenon and assessment of it. Surveys will often “demand” that respondents
answer questions about which they have no opinion or about which they have made up
attitudes. Awareness of the problem/phenomenon will be a basis for the attitude. We
can also assume that level of education might influence the attitudes through awareness.
Finally, alternative choices will sometimes not be assessed because the behavioural
pattern is more or less fixed in habits and routines [36]. Garwill et al. [15] point to the
fact that there might not be a relation between values, attitudes and behaviour because of
habits. Habits influencing modal choice on daily trips are usually formed by several
factors such as opportunities and constraints in resources, time and space, e.g.
responsibility for others, transport resources, geographical location and access to
transport services. The freedom to choose a specific transport mode is not necessarily
the same for all people, and a person with strong environmental friendly attitudes might
not have the opportunity to choose an environmental friendly means of transportation,
given his or her constraints in resources, time and space [19]. One expectation in this
paper, is that there is an association between travel habits and how one reacts to poor
weather conditions in terms of travel behaviour.
The expectations of links between factors and their associations with weather tolerance
in this paper are summarized in figure 1. The red arrows in figure 1 indicate the
associations explored in this paper.
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Figure 1. Expectations of associations between factors shaping daily travel behaviour and weather tolerance

3. Data and Methods
3.1 Case cities – Oslo and Stavanger
Oslo and Stavanger were selected as cases in Norway because these cities differ in size,
prevailing weather conditions, and daily travel behaviour
Oslo, the capital of Norway, has a population of approx. 650 000 and this doubles when
the greater urban area is included. Stavanger has about 130 000 inhabitants and 250 000
when the adjacent municipalities are included. The average temperatures of the two cities
differ throughout the year – in Oslo the winter temperature is lower and the summer
temperature higher than in Stavanger. In the winter months (December to March) the
precipitation (mostly rain) in Stavanger is double that (more snow than rain) in Oslo.
Table 3.1 Travel mode choice in the two cities and quality of public transport. National travel
survey (NTS) 2013/14.
Transport mode everyday travel and quality of Oslo
Stavanger
public transport
By foot
32
24
Cycle
5
8
Car
37
58
Public transport
26
10
Have very good public transport in the 83
64
neighbourhood*

*Less than 1 km from home to bus stop/terminal and at least four departures per hour.
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An analysis based on the National Travel Surveys 2013/14, shows that the choice of
transport mode for everyday mobility is different between the two cities, see table 3.1 In
Oslo, people walk and use public transport much more than in Stavanger, where the car
is the most used mode of transport. The quality of public transport is much better in
Oslo than in Stavanger.
3.2 The surveys
The surveys were carried out in the period 26.11.2015 – 11.12.2015, with a total
of 2,097 responded, 1,060 in Oslo and 1,037 in Stavanger/Sandnes. The target group
was 18 years or older inhabitants in these two urban areas.
The surveys were conducted via TNS Gallup’s Internet panel – GallupPanelet. All
respondents in Oslo were panel members. In Stavanger/Sandnes it was necessary to
supplement the existing panel with an additional sample from the population database of
TNS Gallup. This part of the sample was recruited via SMS. Of the total sample in this
urban area, 469 came from the Panel and 568 responded via SMS.
The response rates from the two data collection methods were very different: 57.3%
from the panel and only 4.5% of those who received the survey via SMS. The data was
weighted by gender, age and education according to the public statistics available from
Statistics Norway.
The questions put forth in this survey can be grouped within the following: perceptions
of weather and seasons, values and attitudes related to transport and weather, habits,
commuting and shopping trips and opinions on climate change and it’s effects, and
information about socio-demographic characteristics and transport resources.
3.3 The sample
The sample comprises panel respondents from both cities and an extra sample
from Stavanger recruited by SMS.
Table 3.2 Sample in Oslo and Stavanger. Unweighted data

Oslo, panel
Stavanger, panel
Stavanger, SMS
Total

N
1060
469
568
2097

Percent
50.5
22.4
27.1
100.0

In this study, we limited the sample to those who responded that they are either working
or attending school: N=1663 (Oslo N= 855; Stavanger N=808). The reason for this
limitation was to ensure that we exclusively included people who travel on a regular
basis.
3.4 Indicators of weather tolerance
In this study, two questions are used develop three indicators of weather
tolerance. The first question relates to how respondents travel when it rains. The
respondents were asked how much they disagree/agree to the following statement:
“I always use the car when it rains”
© 2019 The Authors. Journal Compilation
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The respondents could answer on a five point scale from disagree to agree. Only
respondents with access to a car and a driving license received this question. Figure 3.1
shows how they responded to this question.
50
40
28,5

30

24,6
17,9

20

17,4
11,6

10
0

Disagree
completly

Disagree a
Neither
Agree a little
little
agree/disagree

Agree
completly

Figure 3.1 Responses to the statement “I always use the car when it rains”. Percent. N=1221.

The other question used as an indicator of weather tolerance, is related to the willingness
to walk in different weather conditions. All respondents were asked to answer the
following question:
“In which combinations of temperature and precipitation are you willing to walk?”
Respondents could answer several alternatives of precipitation on each alternative of
temperature. How the respondents answered to this question can be seen in figure 3.2.
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Figure 3.2 Percentage of respondents willing to walk in different combinations of temperature and
precipitation. N=1663
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In this study we have used the two following combinations of precipitation and
temperature as indicators of weather tolerance:
•
Willingness to walk 2-3 kilometers in minus 10 degrees Celsius or more in steady
snowfall (yes/no)
•
Willingness to walk 2-3 kilometer in +20 degrees Celsius or more in steady
rainfall (yes/no)
3.4 Environmental attitudes and transport habits
In order to capture environmental attitudes, respondents were asked to indicate
the degree to which they agreed/disagreed (on a five-point scale) on several statements
about the environment. Analyses (correlation analysis and factor analysis) show that
answers to these statements are highly correlated. This means that the questions posed
manages to capture only one dimension in terms of environmental attitudes: those that
are pro-environment and those who are not concerned about the environment. A factor
analysis shows that the following statement has the highest correlation with the other
statements about environment: «Pollution from car traffic is not as serious as they say». 64
percent of the respondents reported that they agreed completely or a little to this
statement, 18 percent reported that they neither agreed nor disagreed, while 18 percent
reported that they disagreed a little or completely. This question is used as an indicator of
environmental attitudes in this paper.
To capture travel habits, the respondents were also asked to state the degree to which
they agree/disagree (five-point scale) on the following statements:
•
To cycle is typical of me
•
To use the car as a driver is typical of me
•
To use public transport is typical of me
•
Walking is typical of me
These questions can to a certain extent also indicate “transport identity”, but the main
focus here is on respondents’ typical transport behaviour.
3.5. Statistical analyses
The logistic regression procedure available in SPSS was assessed to perform the
empirical analyses.
We have explored three separate models, one for each indicator of weather
tolerance/intolerance:
•
Model I: “I always drive when it rains” (agree/disagree on a five-point scale)
•
Model II: “Willingness to walk 2-3 kilometers in minus 10 degrees Celsius or
more in steady snowfall” (yes/no)
•
Model III: “Willingness to walk 2-3 kilometer in +20 degrees Celsius or more in
steady rainfall” (yes/no)
The model specifications were developed in line with the expectations of what are
important determinants for weather tolerance/intolerance outlined in figure 1. The
model specifications are as follows: age, gender, education, driving license (only for
model II and III), city/context, environmental attitudes and travel habits.
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Those who reported that they agreed or agreed a little to the statement “I always drive
when it rains” were coded as “agree to statement”. The dependent variable in Model I is
thus a dichotomous variable of those who agree to the statement and those who do not
have any opinion or disagree a little or strongly to the statement. In order to avoid
tautological explanations, in this case a high correlation between those being a typical car
driver and agreement to the statement “I always drive when it rains”, we also excluded
those who reported themselves as a typical car driver. What we explore in Model I is
thus what are the determinants for agreeing to the statement (“I always drive when it
rains”) when people do not regard themselves as typical car drivers. In addition, we only
included those who are aged 18 or more and those who report having access to a car in
the household, so to include only those who actually have an option to drive.
In model II and III all respondents were included as all respondents are likely to be able
to walk for a certain distance (2-3 kilometers).
4. Results
4.1 Factors associated with agreeing to the statement “I always drive when it
rains”
A logistic regression analysis was performed to assess the effect of various
factors on the agreeing to the statement “I always drive when it rains” (Model I), where
less agreement to this statement is used as an indicator of weather tolerance. The results
of this analysis are shown in table 4.1.

Table 4.1. Factors associated with the agreement to the statement “I always drive when it rains”.
N=642.
Exp (B)

Sig.

Gender (male)

(-) .630

n.s.

Age (high)

(-) .995

n.s.

Education (high)

1.136

n.s.

Driving license (yes)

2.011

n.s.

City (Stavanger)

2.347

**

«Pollution from car traffic is not as serious as they say» (agree)

1.445

**

Cycling is typical of me (agree)

1.015

n.s.

Using public transport is typical of me (agree)

(-) .882

n.s.

Walking is typical of me (agree)
**p<0,010

(-) .682

**

Agreement to the statement “I always drive when it rains” is positively associated with
living in Stavanger and agreement to the statement “pollution from car traffic is not as
serious as they say”. Perceiving oneself a typical “walker” is however negatively
associated with agreement to the statement “I always drive when it rains”.
In sum, the results suggest that those how are more weather tolerant are those who live
in Oslo, those who expose environmental friendly attitudes and those who are more
likely perceive walking as part of their transport habits.
The results from Model II and Model III, are shown in table 4.2.
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Table 4.2 Factors associated with willingness to walk in different combinations of precipitation
and temperature
Determinants for willingness to walk 2-3 kilometer in respectively -10 degrees Celsius in steady
snowfall and +20 degrees C in steady rainfall. N=1663.
Willingness to walk 2-3 km in Willingness to walk 2-3 km
minus 10 °C or less in steady in 20+ °C in steady rainfall
snowfall (agree)
(agree)
Variable

Exp (B)

Sig.

Exp (B)

Sig.

Gender (male)

1.873

**

1.154

n.s

Age (young to old)

(-) .992

n.s.

(-) .990

*

Education (higher)

1.193

**

1.257

**

City (Stavanger)
«Pollution from car traffic
is not as serious as they
say» (agree)
"Cycling is typical of me“
(agree)
"Going by public transport
is typical of me“ (agree)
"Walking is typical of me“
(agree)
"Driving a car is typical of
me“ (agree)

(-) .910

n.s.

(-) .837

n.s

(-) .815

**

(-) .789

**

1.192

**

1.19

**

(-) .955

n.s.

(-) .927

n.s.

1.338

**

1.368

**

(-) .899

*

(-) .841

**

*p<0,05, p<0,01

There are many similarities between the two models as for factors associated with both
willingness to walk in cold weather (minus 10 °C or less) and the willingness to walk in
warm weather (20 °C or more), both with steady snowfall/precipitation: Having higher
education and perceiving oneself as a typical cyclist and a typical walker are all positively
associated with both willingness to walk in respectively cold and warm weather, while
agreement to the statement “Pollution from car traffic is not as serious as they say” and
to perceiving oneself as a typical car driver (“Driving a car is typical of me”) are
negatively associated with the willingness to walk both in cold and warm weather. In
none of the models, residential location has no significant association with either the
willingness to walk in cold weather or the willingness to walk in warm weather.
The major difference between the two models are the effect of respectively age and
gender. While age does not have a significant effect on the willingness to walk in cold
weather with steady snowfall, age is negatively associated with the willingness to walk in
warm weather with steady precipitation. Moreover, while being a male has a positive
effect on the willingness to walk in cold weather, gender has no effect on the willingness
to walk in warm weather. This difference is hard to explain, but it might relate to the
difference in realism of the situations that are questioned. The question about willingness
to walk in warm weather with precipitation is more likely to be realistic situation and
something that more people have experienced that that of walking in cold weather with
steady snowfall. That more men are likely to defy and be willing to walk in cold weather
© 2019 The Authors. Journal Compilation
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with steady snowfall might be an expression of masculinity independent of age –
something that men could consider themselves doing, but not necessarily have done. In
the more realistic situation, the age effect on willingness to walk in warm weather with
steady precipitation might be regarded as a general age effect, that older people in general
are less likely to walk in poor weather conditions, as shown in previous studies.
5. Discussion and conclusions
Many of the expectations concerning factors associated with weather tolerance
are met, but the results diverge depending on the indicators used for weather tolerance.
The effect of age on weather tolerance as measured in this study is not clear. Age has no
effect on the agreement to the statement “I always drive when it rains”, when other
factors are controlled for. In addition, and even more peculiar, age has no effect on the
willingness to walk in cold weather in steady snowfall, while it does have a negative effect
on the willingness to walk in steady precipitation. The difference between the two latter
results might be explained by the degree of realism in the two situations questions; one is
more realistic and common while the other is more unrealistic and extreme. The share of
people responding to be willing to walk in cold weather with heavy snowfall is also
smaller than those who are willing to walk in warm weather with steady precipitation
(respectively 43 to 34 percent). In addition, the results show that men are more likely to
say that they are willing to walk in cold weather with steady snowfall than women, when
other factors are controlled for, while gender has no effect on the willingness to walk in
warm weather with steady precipitation, which might suggest that to be willing to walk in
extreme weather (combination of low temperatures and steady snowfall) is an expression
of masculinity, independent of age.
Education was not found to be associated with agreement to the statement “I always
drive when it rains”, but higher education was found to be positively associated with the
willingness to walk in both cold and warm weather with steady precipitation. This might
be explained by differences in the samples. In the multivariate analysis of “I always drive
when it rains” respondents perceiving themselves as habitual drivers are not included.
Analysis shows that there is a high correlation between perceiving oneself as respectively
a typical public transport user, a typical cyclist and a typical walker, which indicate that
there is little variation in the sample in regard to education. Among the sample used in
the multivariate analysis of willingness to walk in different combinations of temperatures
and precipitation, there are greater differences in education. In these analyses we do find
a positive association between education and the willingness to walk in both cold and
warm weather with steady snowfall/precipitation.
As for geographical location, we find a positive association between agreeing to the
statement “I always drive when it rains” and living in Stavanger, with a more coastal
climate. One conclusion from this could be that type of climate influence weather
tolerance in terms of travel behaviour. However, the effect of city/residential location
might also be explained by differences in the public transport offer in these two cities.
According to the National travel survey in 2013/14 84 percent of people living in Oslo
has a very good public transport offer (in terms of frequency and proximity to public
transport stop) while only 63 percent in Stavanger reports the same. In this study, we did
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not have the opportunity to control for the quality of the public transport supply, and
the effect of city/residential location is not easy interpretable. However, looking at the
results from the multivariate analyses of willingness to walk in different combinations of
temperature and precipitation, there is no significant effect of city/residential location
and the willingness to walk. This might suggest that the weather tolerance is not so
different between people living in these two cities, especially considering that the
questions on willingness to walk are less related to other transport alternatives available,
and are more directly related to how willing one is to expose oneself to poor weather
conditions.
For all three indicators of weather tolerance used, we find that environmental attitudes
and transport habits are associated with weather tolerance, that is the likelihood of using
active mode of transportation in poor weather conditions. Those who consider
themselves as typical walkers and/or cyclists are more likely to defy poor weather
conditions in terms of travel behaviour while the opposite is true for those who consider
themselves as typical drivers. Moreover, there is a negative association between agreeing
to the statement “Pollution from car traffic is not as serious as they say” and using other
means of transportation than the car or being willing to walk in poor weather conditions.
This suggests that attitudes and habits are important for how people react to changes in
weather conditions, when other factors such as age, gender, education and
city/residential location are controlled for.
It is difficult to trace and measure habits, and to which extent they influence values and
attitudes or vice versa. Although transport habits might be formed at a later life stage,
many habits might be formed in the early childhood years. If you are used to being active
outdoors and in nature in different weather conditions already at young age, you might
be more weather tolerant in adult life than a person that has spent much of his or her
childhood indoors. Children who are used to being outdoors in all types of weather
conditions might also develop a special fondness for nature and the outdoors which
again might influence their attitudes to the environment when becoming conscious adult
individuals, which again might influence their travel habits in daily lives. This study has
not been able to solve the puzzle about the direction of association between attitudes
and behaviour: Whether environmental friendly attitudes make people choose more
active, exposed and environmental friendly transport modes despite poor weather
conditions or whether being a regular (typical) user of active transportation modes make
a person more environmental friendly in terms of attitudes. However, the results from
this study strongly suggests that there are positive associations between attitudes and
habits, and that these factors are important for how people react to weather conditions,
when other factors are controlled for. The results suggest that policy measures for
increasing outdoor activity are warranted. If people develop good habits in terms of
outdoor activity, they can also become used to more active transportation. These
measures can also be important from a health perspective. In addition, the results of this
study suggest that measures for increasing awareness about the effect of car use on the
environment and the climate can also be effective, as attitudes are important for how a
person react to weather conditions in terms of travel behaviour.
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