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Weather and cycling – a first approach to the effects of
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ABSTRACT: In urban and suburban recreation areas, walking and cycling constitute an important part of leisure activities.
Both activities involving motion, are not only carried out for recreation but also for commuting to and from work. The
mixture of recreation and commuting cycling is a challenge for park management. Conflicts between user groups, such as
walkers and cyclists, exist due to the different movement speeds and also different user profiles: walkers, leisure cyclists
and cyclists who commute have distinctive degrees of acceptance towards other user groups. Another challenge for park
management is the damage caused by the bicycles. There is damage to the surface of gravel trails due to the frequency of
use and there is damage to the vegetation next to the trails as a result of evasive manoeuvres by the cyclists. Paved trails
are preferred by cyclists as this results in increased speed.
Important issues associated with park management are: degradation of the soil surface in general, and trails in particular,
as well as conflicts between different recreational users, such as walkers and cyclists caused by their different user profiles
including different speeds and acceptance of social carrying capacities.
To shed some light on bicycling activities in Vienna, an analysis of the pattern of the temporal use of daily frequency
of recreational and commuting cyclists was carried out, taking weather conditions into consideration. The results show
that, principally, cycling is an activity performed during fine weather. This is especially the case for recreational use. Fine
weather is interpreted as generally sunny weather with an ambient temperature of more than 5 ° C, few clouds and no
precipitation for a period of 1 year. In this study, the temperature, precipitation and cloud cover, as well as the thermal
index ‘physiologically equivalent temperature’ (PET), were used as parameters to describe more precisely the dependence
of both cyclist groups on the local weather conditions. Copyright  2007 Royal Meteorological Society
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1.

Introduction

Landscape-related leisure-time activities are manifold
and have a major influence on fragile ecosystems and
rural landscapes. In urban and suburban recreation areas,
walking and cycling represent a major leisure activity (Gobster, 1991; Arnberger and Brandenburg, 2002).
However, cycling and walking not only play a role in
leisure-time activities in recreational areas, they are also
means of commuting. High frequencies and the spatial
and temporal distribution of these activities lead to conflicts with environmental protection on the one hand,
and between the individual user groups on the other.
These conflicts have resulted in an increase in the demand
for visitor management measures in an increasing number of areas (Lindsey, 1999; Cessford, 2002; Arnberger,
2003).
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This study describes the different effects of varying weather conditions on recreational and commuting
cycling in an area of Vienna. Variations in the effects of
weather on cycling patterns can be empirically related
to different user characteristics in order to allow a better understanding of the determinants of the day-to-day
variations in bicycle usage in the study area.
As Auer et al. (1990) noted, the dependence of the
human senses on weather and climate was discovered a
long time ago (e.g. Büttner, 1938). However, the question
of how weather affects leisure and recreational activities
has received little attention within the framework of meteorological and climate studies. Emphasis has always been
on thermal comfort (Becker, 1972; Hammer et al., 1986;
Jendritzky et al., 1990). Nevertheless, numerous studies
exist on large-scale climatic evaluations of the interrelation between climate and travel decisions (Harlfinger,
1985) and on recreation from a health, or purely medical, point of view (Licht, 1964; Becker, 1972; Harlfinger,
1978; Bullrich, 1981; Rotton et al., 1990; Trenkle, 1992;
Matzarakis and de Freitas, 2001).
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Published studies dealing with local weather conditions
and the circumstances of recreational activities have so
far been closely related to research on thermal comfort
(Gerth, 1986, 1987; Hammer et al., 1986; Höppe and
Mayer, 1987; Auer et al., 1990; Jendritzky et al., 1990;
Höppe, 1999). The explicit relationship between weather
and visitor frequencies, as well as the identification of
a climate threshold for specific types of recreational
activities, has attracted little attention from the scientific
community. McCalla et al. (1987) made the assumption
that the relationship between leisure-time activity and
weather could be defined by threshold values for cold and
warm periods. The threshold values are either relative or
defined in accordance with the season and the respective
local weather. According to McCalla et al. (1987) a close
relationship exists between recreational activity and air
temperature.
Considering that several causal relations between
weather and human behaviour remain unknown, some
studies have used stochastic models to quantify the
relations (Taubenheim, 1969, cited in Bucher, 1993).
According to the individual studies or problems, various meteorological parameters, i.e. air temperature or
air humidity, or the synergetic effect of meteorological
parameters, have been included in the models (Bucher,
1993).
In the following sections, the relationship between
current local weather conditions and the behaviour of
those using their bicycles for recreation or to commute
will be investigated. The main focus will be on using
the methods of human energy balance to investigate
the extent to which leisure-time cyclists and commuting cyclists differ with regard to their dependence on
weather conditions. The methods of visitor registration,
human-biometeorological evaluation, as well as the amalgamation of the respective results, will be introduced. The
results will be discussed taking into account the correlation between the evaluated current weather conditions
and observed visitor frequencies.

2.

Study area and study period

Data were collected in a suburban recreation area called
the ‘Wienerberg’ in the south of Vienna, the capital of
Austria (Figure 1). The park is managed by the municipal forest department. Forested patches dominate the
120 hectares of the park. The recreation area, Wienerberg, provides about 14 km of gravel trails and a great
number of paths, but only two trails are open for
cycling.
The park, established in the late 1980s, is surrounded
by residential and commercial areas, a hospital and garden allotments. The park management has observed constantly increasing levels of recreational use, primarily
due to recent housing developments in the surrounding
area. Additional residential high-rise buildings are currently under construction, and will further increase the
pressure on the park due to recreation and commuting.
Copyright  2007 Royal Meteorological Society
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Figure 1. Map of Vienna, location of the investigation area and the
weather station.

From the meteorological viewpoint, the weather conditions in 2002, the year of the study, were typical of the
last 20 years.

3.

Methods

The motivation for cyclists visiting the recreation area
was identified using on-site interviews at the main access
points. In the investigation area, visitors were intercepted
at access points along the main trail section between
April and October 2002. The interviews took place on
five randomly selected working days and five randomly
selected Sundays between 0800 and 1900 CET (0700 and
1800 UTC). For the estimation of the total annual number
of visitors and user types to the forests, the results of
long-term permanent video monitoring at selected sites
and temporally selective counting by human observers
were combined.
Hidden observations with a video recording system
were used to identify working day and weekend cycling
patterns. These data were used to classify recreation
and commuting cyclists. A permanent time-lapse video
recording system was installed at the access points
to the Wienerberg recreation area from January 2002
to December 2002 to monitor recreational activities
between dawn and dusk (Leatherberry and Lime, 1981;
Brandenburg, 2001; Arnberger, 2003). (The type of video
system installed made it impossible to identify individual
persons, thus guaranteeing anonymity.) The following
data were assembled when analysing the video tapes:
date, day of the week, time, video station, number of
persons in a group, direction of movement, the type
of user group (for example, cyclists, walkers, joggers).
The meteorological data: air temperature, precipitation,
sunshine and humidity were obtained from a nearby
meteorological station of the Austrian Central Institute
for Meteorology and Geodynamics, located six km to the
southeast of the study area. The available data cover the
above mentioned time frame of the research period.
Meteorol. Appl. 14: 61–67 (2007)
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The observed visitor monitoring data were analysed
using an objective human-biometeorological evaluation
methodology. Not only elementary meteorological parameters, such as air temperature and precipitation, were
taken into account, but also the physiologically equivalent
temperature (PET), which incorporates both meteorological and thermo-physiological parameters (VDI, 1998;
Höppe, 1999; Matzarakis et al., 1999). The values of the
thermal index were calculated using the radiation and
the bioclimate model ‘RayMan’ (Matzarakis et al., 2000).
The input values for the RayMan model are air temperature (° C), vapour pressure (hPa), wind speed (ms−1 ), and
cloud cover (in octas) or global radiation (Wm−2 ), clothing insulation (clo) and physical activity. In accordance
with VDI (1998), the thermo-physiological parameters
are set up for typical clothing (0.9 clo) and light activity
(80 Wm−2 ).
The concept of the quantification of the thermal environment by the physiologically equivalent temperature
works as follows. In order to consider the thermal environment of humans in an appropriate way, it is necessary
to use evaluation methods that deal with the atmospheric
environment as a whole and not with single meteorological parameters, and which have thermo-physiological
importance.
In order to substantiate the obtained results statistically,
simple and multiple linear regression models were used
(Table II). Attention was paid to the interaction between
recreational and commuting cyclists and weather conditions. The activities of all cyclists, recreational cyclists
(Rcbikers) and commuting cyclists (Wbikers) were correlated with the meteorological parameters and humanbiometeorological factors.
An univariate analysis of variance was used to investigate the weather-dependence of commuting and recreational cyclists. Using the meteorological parameter ‘precipitation’ and the thermal index, the influence of weather
conditions is included in the regression model as independent variables. A classification of two precipitation
categories – with and without precipitation – is used in
this analysis. A day with precipitation is defined, in accordance with Wakonigg (1981) and Harrison et al. (1999),
as any day with at least 1 mm of rainfall. Lower levels of
precipitation (less than 1 mm per day) are noticed by the
visitors, but are not seen as having a major influence on
the decision-making process regarding recreational activity. It is intended to include the duration and intensity of
precipitation in future analyses.
The categorization of the PET is carried out according
to the evaluation steps of Matzarakis and Mayer (1996).
Table I gives the ranges of the PET for different levels
of thermal perception.
4.

Results

In the following sections, the results obtained will be
introduced and discussed. Only those results of visitor
questioning and video monitoring which are of relevance
to the discussion will be dealt with.
Copyright  2007 Royal Meteorological Society

Table I. Levels of physiologically equivalent temperature (PET) in ° C for different levels of thermal perception by human beings according to
Matzarakis and Mayer (1996).
PET

Thermal perception
Very cold
Cold
Cool
Slightly cool
Comfortable
Slightly warm
Warm
Hot
Very hot

<4
4–8
8–13
13–18
18–23
23–29
29–35
35–41
>41

4.1. Interviews
Eight hundred and ninety completed questionnaires
obtained in the Wienerberg recreational area were evaluated. Among the reasons given for visiting the area were:
recreation, walking the dog, sport, as well as going to
work and to school.
4.2. Video monitoring
Visitor counting resulted in an annual use estimate of
around 1.24 million visits. Remarkable differences were
observed, depending on the day of the week. Averages
of 4300 daily visits on weekends and about 3000 on
workdays were recorded. Video interpreters identified
four main activity types: walkers, cyclists, dog walkers
and joggers. A total of 55 824 cyclists were registered:
34 938 on workdays and 20 886 on weekends.
4.3. Categorization of cyclists
One first analysing step in this study is the identification and categorization of recreational and commuting
cyclists. The results of the on-site interviews show that
one of the cyclist’s reasons for visiting the recreation
area is commuting (Arnberger, 2003). A classification of
both types of cyclists, those cycling for recreation and
for commuting, was carried out, distinguishing between
workday and weekend cycling patterns. A distinct peak
in the mornings on workdays, as opposed to weekends,
is apparent (Figure 2). Therefore, the 4896 cyclists monitored during the time between 0700 and 0900 CET on
workdays were classified as commuting cyclists, and the
30 579 cyclists monitored after 0900 CET on workdays
as recreational cyclists.
The relationship between the time of day and the
number of cyclists is the same in summer and winter and
is not shown in the diagram. The number of commuting
cyclists in summer is not as high as the number of
commuting cyclists in winter. This is an effect of the
school holidays and also general to vacation time.
Meteorol. Appl. 14: 61–67 (2007)
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Figure 2. Daily patterns of cyclists in the recreation area differentiated by workdays and weekend (total number of cyclists 55 824).

Categories of the PET
commuting cycling (4,896)

recreational cycling (n = 30,579)

4.4.

The dependence of cyclists on the weather

Analysing only workdays during the survey period,
Figure 3 shows the relationship between the thermal
index PET, precipitation and the total number of cyclists.
It reveals the strong dependence of both recreational
and commuting cyclists on the weather. Frequencies
of both types are high during fine weather conditions:
the PET categories of comfortable and warmer (above
23 ° C according to Table I). However, it is apparent that
in cooler weather – the PET categories of slightly cool
to very cool – commuting by cycle occurs more often
than recreational cycling. The differences in the warmer
weather period can be traced back to other external
influences, such as school and public holidays.
Analyses of the differences in the influence of precipitation on the behaviour of the two cyclist categories
show that about 10% more commuting cyclists than recreational cyclists are on the move during rainfall (shown
in Figure 4).
Copyright  2007 Royal Meteorological Society
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Figure 3. Relationship between the PET and two types of cyclists (only workdays are considered).
80
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Figure 4. Relationship between precipitation and the number of
commuting and recreational cyclists (n = 30, 579) (only workdays are
considered).
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4.5. Annual patterns of cyclists and dependence on
weather

are correlated with the meteorological parameters and
human-biometeorological factors.

In this stage, the daily number of cyclists and the precipitation, as well as the thermal index, PET, is interpreted to
provide a more precise determination of the relationship
between the weather and cyclists. A direct relationship
can be identified between the visitor frequencies and the
meteorological and human-biometeorological factors.
Figure 5 shows the annual pattern of recreational
cyclists in the Wienerberg area with the corresponding
PET and precipitation values. The number of recreational
cyclists has been multiplied by two to increase clarity,
and it demonstrates that there is a close relationship
between the number of recreational cyclists, the existing
PET values (calculated for 1400 CET) and the total
amount of daily precipitation. The curves for the PET and
recreational cyclists follow the same trend; a difference
can only be observed for the last days of the year (around
Christmas).
A somewhat different picture is observed for the commuting cyclists. Figure 5 shows that activities of commuting cyclists are obviously less affected by weather.
In general, thermal conditions tend to be more important
than rainfall for the commuters’ decision making. At the
end of July, the annual courses of commuting cyclists and
the meteorological conditions are not correlated. This is
possibly on account of the summer school holiday period,
which is not classified as a typical public holiday and is
therefore included in the sample.
In order to substantiate the obtained results statistically
(as well as the evidence from Figure 5 mentioned earlier),
the results were investigated using simple and multiple
linear regression models (Table II). Attention was paid
to the interaction between recreational and commuting
cyclists and the weather conditions. The activities of
all cyclists (Rcbikers) and commuting cyclists (Wbikers)

4.6. Quantification of the dependence of cycling on
weather

Table II. For the recreation area, the coefficient a (for RN,
Ta and PET) and constant b included in the multiple regression model of visitors (recreational cyclists, commuting cyclists
and all cyclists as dependent variables) and the physiologically
equivalent temperature, PET, precipitation (RN), air temperature Ta ; as dependent variable R 2 (single and multiple coefficient of determination at a significance level of 95%, n = 223)
are listed for workdays in 2002.
a(RN)
Rcbiker

a(Ta )

–0.58
9.96
9.80

−0.39

Wbiker

6.84
6.73

−0.34
−0.07
1.23
1.28

−0.05

All bikers

WBiker10

a(PET)

0.84
0.82

−0.04
−0.61
−0.44

11.2
11.0
7.67
7.55

−0.38

Rcbiker*2

b
134.0
−24.5
−15.6
24.4
31.7
21.8
2.1
3.2
8.4
9.4
155.8
−22.4
−12.3
32.9
41.1

R2
0.05
0.71
0.74
0.78
0.79
0.04
0.52
0.54
0.55
0.56
0.05
0.72
0.75
0.78
0.80

PET5
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13.09.2002
27.09.2002
11.10.2002
25.10.2002
08.11.2002
22.11.2002
06.12.2002
20.12.2002

Visitors, precipitation*5 (nm)

NS5

For a more precise determination of the relationship
between the weather and cycling, the number of cyclists
is correlated with the air temperature and precipitation as
well as the PET. A direct relationship can be identified
between the visitor frequencies and the meteorological
and human-biometeorological factors.

Date

Figure 5. Annual patterns of recreational cyclists (multiplied by 2, Rcbiker × 2), working bikers (multiplied by 10, Wbiker × 10), precipitation
(multiplied by 5, NS × 5) and physiologically equivalent temperature (PET, 5 × 5) in the Wienerberg for the year 2002 (only working days
are included).
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Simple correlations

The simple linear regression of any type of cyclists
and precipitation reveals that no statistical relationship
is identifiable. In each of the three regressions, R 2 is
0.05. On the other hand, the relationship between the
number of cyclists and the air temperature is significant
and much more meaningful. More precisely, the relationship between air temperature and recreational cyclists
is stronger (R 2 = 0.71) than with commuting cyclists
(R 2 = 0.52).
4.8.

Multiple correlations

The multiple linear regression between the cyclists and
the independent variable air temperature (1400 CET) and
the categories of precipitation (‘yes and no’) demonstrates
a higher regression coefficient (for recreational bikers
0.74) than the regression with air temperature alone.
The regression coefficients between the cyclists and
PET alone, as well as PET and precipitation, reveal
strong correlations between these variables, as indicated
by high R 2 values; for PET alone this is 0.78, for
PET in combination with precipitation, R 2 , it is 0.80.
In general, however, the regression coefficients for the
commuting cyclists are lower than for the recreational
cyclists.
This leads to the conclusion that commuting cyclists
are less dependent on the weather since they pay less
regard to meteorological and biometeorological conditions (Figures 3, 4 and 5). For all cyclists, the results
show the same trend as for recreational cyclists, but with
higher R 2 values. In this case, the R 2 value for PET and
precipitation is 0.80. An additional analysis, fitting the
10 data with a moving average of five days, shows an
identical pattern for R 2 but this time, with higher values.
For example, the R 2 for precipitation and PET was 0.07
higher for commuting cyclists and 0.19 higher for recreational cyclists than the R 2 without the five-day moving
averages.

5.

Conclusions

The analysis shows that a relationship exists between
weather conditions and both cycling for recreational
and commuting purposes. The frequency of use of
recreation areas, however, depends not only on actual
meteorological variables such as air temperature and
precipitation. It also depends on the thermal perception
by people and the motivation for using the areas for
recreation or commuting.
The perception of thermal and precipitation conditions
which includes recent experience (about the previous six
days) of the conditions of thermal perception and the
current conditions, will probably explain the statistical
correlation between the amount of different cyclist types
and the combination of bioclimatic conditions and precipitation with a higher significance level. The combination
of bioclimatic conditions must include air temperature,
Copyright  2007 Royal Meteorological Society

short- and long-wave radiation, air humidity and wind
speed, as well thermo-physiological parameters (clothing
and activity).
Therefore, the present study encourages further investigations into the relationships between the actual bioclimatic and meteorological conditions and the memory of the thermal perception of the last few days, and
the impact of these on various kinds of outdoor activities such as cycling, jogging, walking and dog walking.
It is assumed that recreational cyclists obtain information on the local weather conditions beforehand, and,
consequently, avoid periods of intense and/or extensive
precipitation. In order to obtain more precise datasets and,
subsequently, more reliable results, an analysis of hourly
data will be conducted in future studies.
In a further step towards producing a very useful
planning tool, a regression model will be used for calculations. This will be used to predict the number of
recreational and commuting cyclists for each day based
on the previous day’s weather forecast. Another important view into the future is the analysis of comparable recreation areas with a similar composition of
user types in order to evaluate the presented models.
The same analysing methods, such as long-term visitor monitoring, as well as thermal perception, must be
used.
In the current study, methods of long-term monitoring of recreational activities, human-biometeorological
assessment of thermal perception, and actual weather
conditions are used. Therefore, these results exceed the
scope of the studies mentioned in the introduction. The
existing results from McCalla et al. (1987) do not rely on
advanced scientific methods including the human energy
balance.
The use of a cycle for commuting, even under
inclement weather conditions, has a major influence on
the management of recreation areas. Therefore, it is
important to shed some light on the preferred type of path
or trail used by commuting cyclists and the dependence
of this decision on rainfall. In rainy conditions, riding on
un-tarred paths can lead to increased erosion of the trail
surface. Repairing these trails leads to a non-budgeted
strain on management resources.
Considering that cycling for commuting is also carried
out during fine weather, one must expect an increasing
conflict between the groups using their bicycles for
commuting and those who are recreational cyclists. The
different travelling speeds of these two groups will lead
to yet another clash of interests.
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