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ABSTRACT

In this paper we investigate the effect of daily weather conditions on the frequency of road
bicycling in recreation areas in Vienna. We also compare the weather effects on recreational biking
and biking for commuting. A series of linear regression analyses, with the daily frequency of
recreation or commuting bicyclists as the dependent variable, and precipitation and the
Physiological Equivalent Temperature (PET) thermal comfort index as independent variables, show
that for both user groups the number of bicyclists is influenced by both independent variables, but

that recreational bicyclists are more sensitive to weather conditions than are commuters.
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INTRODUCTION

Bicycling is a highly sustainable means of transportation and is used for both commuting and
recreation purposes. Over the last two decades, the popularity of bicycling has increased
tremendously among all age groups in most developed economies (1). However, this revival of
bicycling has been mainly associated with recreational uses, in particular new forms of bicycling
such as mountain biking, while commuting to work has not increased at the same rate.

The increasing numbers of bicyclists, their speed, and their spatial and temporal distribution may
create conflicts with other user groups, or may lead to environmental impacts. Consequently,
demands on recreation management as well as transportation planning in general are increasing (2,
3, 1). Well informed managers and planers require high quality investigations and data. However, in

most locations adequate data are scarce (4), and the field can benefit from improved analytical
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techniques. Fundamental to such improvements are a solid data base of counts and observations
based on surveys.

The relationship between human behaviour and weather and climate conditions is intuitively
obvious and has been acknowledged for a long time (5). Numerous studies exist on wide-scale
climatic evaluation, like the relationship between weather and tourism and on recreation from a
medical point of view (6, 7, 8). Some studies have focused on thermal comfort and human activities
(9, 10, 11, 12, 13, 1). In transportation planning only a handful of studies have investigated the
various factors (i.e. temperature, precipitation, wind, the combination of weather and time of year,)
influencing road bicycling (14, 15, 4, 16, 17, 1). Nankervis (1) concluded that heavy rain is the most
powerful deterrent for bicycling. The most common conclusion has been that recreational cycling is
affected by variations in weather more than commuting by bicycle. One of the major problems with
most of these previous studies on the relationship between weather and bicycling has been that the
underlying data has not been very reliable. Hanson and Hanson observed this in 1975, and the
situation has not improved significantly since.

This paper focuses on the affects of varying weather conditions on leisure-time bicycling and
commuting by bicycle. Variations in the impact of weather can be related empirically to different
user characteristics in order to enable a greater understanding of the determinants of the day-to-day
variations in bicycle use in the areas of investigation.

In particular, the effect of thermal comfort and precipitation will be investigated, as these two
measures represent the seasonal climate variations and the extremes of the day-to-day variability.
Other crucial meteorological parameters (i.e., air temperature, clouds) are included in the models
indirectly via the Physiological Equivalent Temperature (PET), a thermal comfort index.

Data was collected in two recreation areas in the metropolitan area of Vienna: the Wienerberg Park
located in the south of the city, and the Marchfeldkanal to the north-east of the city. The areas are
used for both recreation and commuting to school and work. The respective authorities managing
these parks have observed steadily increasing use levels leading to more evidence that both the

ecological and social carrying capacities might be exceeded.

METHODS

At the entrance-points to the recreation areas, permanent time-lapse video recording systems were
installed to monitor recreational activities (3, 18) from dawn to dusk, over a one year period (the
type of video system installed did not allow the identification of individual persons, thus
guaranteeing anonymity). When analysing the video tapes, the following data were registered: date,
day of the week, time, video station, number of persons in the groups, direction of movement, type

of user-group (bikers, hikers, joggers, ....), and number of dogs. Based on on-site interviews,
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information about the visitor structure and the motivation for visiting the areas was collected (19,
20).

The two types of users, leisure-time bicycling and commuting by bicycle, were identified from the
hourly use patterns of workdays. In both areas a distinct peak in the mornings of workdays, as
opposed to weekends, was apparent (Fig. 1). Therefore we identified the bikers monitored during
the morning peak time, i.e. seven to nine a.m., on workdays as commuters, and bikers monitored
after nine a.m. on workdays as recreational bikers.

This is of course a crude simplification, but we have further confirmation that very few recreational
bicyclists use the early morning hours from visitor monitoring data in the Viennese part of the
Danube Floodplains National Park, which is a recreation area without any commuting. In the
afternoon an equivalent separation of recreational and commuting bicyclists is impossible because
of the more wide-spread time of returning from school or work and the presence of recreational
bicyclists.

For the analysis the dependent variable was the number of recreational or commuting bicyclists per
day, and the dependent variables were meteorological measures such as precipitation and the
Psychological Equivalent Temperature (PET), which incorporates both meteorological and thermo-
physiological parameters (12, 21). The meteorological data were obtained from the closest
meteorological stations of the Austrian Central Institute for Meteorology and Geodynamics. The
values of the PET thermal index were calculated using the radiation and bio-climate program
RayMan (22). The input values for the RayMan model consist of air temperature (°C), vapour
pressure (hPa), wind speed (m/s), cloud cover (in 1/8), global radiation (W/m?), human activity
(W), and clothing insulation (clo).

RESULTS

In the following, the results of the relationship between the current weather and the behaviour of
recreational bicyclists and commuting bicyclists in the recreational areas Wienerberg and
Marchfeldkanal are shown (Figure 1). We identified a total of approximately 12% commuting
bicyclists in the Wienerberg Park, and around 10% in the Marchfeldkanal recreation area.

The relationship between the PET thermal index and the two bicycling types shows that both can be
encountered when the weather conditions are pleasant (Figure 2). However, it becomes apparent
that bicycling for the purpose of commuting is less sensitive to cooler weather conditions than
bicycling for recreation. The differences between the two purposes during the warmer weather

period may be the result of other external factors, such as school and public holidays.
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Figure 1: Daily courses of bicyclists in the recreational areas, differentiated by workdays and

weekends
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Figure 2: Connection between the PET thermal index and both bicycling types in the recreation areas
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Next, we distinguish between the two precipitation categories — with, and without, precipitation.
Following Harrison et al. (23), a day with precipitation is defined as any day receiving at least 1 mm
of precipitation. Investigations on the difference between the influence of precipitation on the
behaviour of both types of bicyclists clearly show that, if it is raining, approximately 10% more

commuting bicyclists are on the move compared with recreational bicyclists (Figure 3).

B Wienerberg Commuting
B Wienerberg Recreation
E Marchfeldkanal Commuting
B Marchfeldkanal Recreation

Percentage share of the bicyclists

No precipitation Precipitation

Figure 3 Relationship between precipitation and both bicycling types in the recreation areas

In the next step, the effect of weather on recreation bicyclists and commuting bicyclists was
investigated with a general linear model. With the meteorological parameters precipitation
(categorized in presence/absence of precipitation) and PET thermal index the influence of the
current weather conditions enters the modeling as independent variables. This regression is based
on workdays only. Because of the low significance of the interaction between the PET and the
precipitation for the commuting bicyclists in the Marchfeldkanal recreation area we calculated this
particular model without the mentioned interaction.

The variance explained by the various models is lower for the commuting bicyclists than for
recreation bicyclists for both recreation areas (Table 1). Obviously, commuting bicyclists are less
weather-sensitive. The significance of the independent factors PET and precipitation are high. The
significance of the interaction between the PET and precipitation is much lower, and insignificant in

one situation. The power of influence of the independent factor is indicated by the eta square value.
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The PET has the highest influence. The presence or absence of precipitation has a very low
influence on the behaviour of bicyclists in the recreation areas. In our investigation, the relationship
between the number of bikers and the PET is, therefore, much more meaningful in contrast to the
results gained by Richardson (24). He observed that rainfall has a more significant effect on

bicycling behaviour than temperature.

Table 1: Effects of weather on participation in bicycling (all models significant at the p < .05 level),

significance levels and eta square of fixed factors — during workdays

Wienerberg Wienerberg [MarchfeldkanalMarchfeldkanal
Commuting |Recreation |Commuting Recreation
R*adj .595 782 540 632
Significance of PET .000 .000 .000 .000
Significance of Precipitation .000 .000 .052 .000
Significance of PET * Precipitation|.029 116 ns .198
Eta Square PET 434 .673 .528 .368
Eta Square Precipitation .041 .078 .017 .044
Eta Square PET * Precipitation .072 .055 ns .051
DISCUSSION

The analysis above has produced a strong relationship between current weather conditions and both
recreation bicycling and commuting bicycling. Participation in bicycling depends not only on actual
meteorological variables, such as precipitation, but also on human thermal perception, as expressed
by the PET. Furthermore, the results of the linear models indicate a differentiation between
recreation bicycling and bicycling for commuting. The recreation bicyclists are more affected by the
current weather conditions than are commuting bicyclists. The differences observed for recreation
bicyclists in the two study areas should be interpreted as a function of their different areas of origin.
About 80% of the visitors to the Marchfeldkanal area origin from within a walking distance of 15
minutes, which is equivalent to a distance of less than 5 minutes bicycling. For them it is possible to
return home promptly if the weather turns worse. Therefore, these people visit the recreation areas
even if at the time of decision the weather is doubtful. The short distance to their homes also makes
it possible to stay for a shorter time, even when it is very cold or slightly rainy. On the other hand,
only 60% of visitors to the recreation area Wienerberg live within a walking distance of up to 15
minutes. Therefore, the visit lasts somewhat longer (20) and, as a consequence, the dependence on

the weather is higher.
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The thermal perception and the implementation of more meteorological parameters of the current
weather and, additionally, the memory or history of thermal perception — perhaps one week — would
explain, with a higher significance level, the correlation between the number of different types of
bicyclists and the combination of bio-climatic conditions. In future studies we will investigate the
relationship between the current bio-climatic and meteorological conditions, and also the effect of
memory of thermal perception for the past days for various other kinds of outdoor activities, such as

jogging and walking.

ACKNOWLEDGEMENTS

The research project in the recreation area Marchfeldkanal was funded by the FWF — Fond zur
Forderung der wissenschaftlichen Forschung in Osterreich (Funds for the Support of Scientific
Research in Austria). The data from the recreation area Wienerberg was taken from the visitor

monitoring project funded by the Forest Department of the City of Vienna.

REFERENCES

1. Nankervis, M. 1999. The effect of weather and climate on bicycle commuting.

Transportation Research Report A 33. 417-431.

2. Cessford, G. 2002. Perception and Reality of Conflicts: Walkers and Mountain Bikes on

the Queen Charlotte Track in New Zealand. Monitoring and Management of Visitor

Flows in Recreational and Protected Areas, edited by Arnberger, A., Brandenburg, C.,

Mubhar, A. Proc., 7-13; published by Institute for Landscape Architecture and Landscape
Management.

3. Arnberger, A., 2003. Modellierung sozialer Tragféhigkeitsgrenzen von Erholungsgebieten.

Dissertation an der Universitit fiir Bodenkultur, Vienna.

4, Goldsmith, S. A. 1992. National Bicycling and Walking Study, Case Study, No. 1: Reasons

Why Bicycling and Walking Are and Are Not Being Used More Extensively as Travel
Modes. FHWA-PD-92-041: FHWA, U.S. Department of Transportation.
5. Auer, 1., Bogner, M., Hammer, N., Koch, E., Rudel, E., Svabik, O., Vielhaber, C. 1990. Das

Bioklima von Gmunden. Zentralanstalt fiir Meteorologie und Geodynamik, Vienna.

6. Harlfinger, O. 1985: Bioklimatischer Ratgeber fiir Urlaub und Erholung, Gustav Fischer

Verlag.
7. Rotton J., Shats M., Stander R. 1990. Temperature and Pedestrian Tempo: Walking

Without Awareness, Environment and Behavior, Volume 22. Nr. 5, Sage Periodicals

Press.



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

196

Matzarakis, A., De Freitas, C.R. (eds.) 2001. Proceedings of the first international

workshop on climate, tourism and recreation. International Society of Biometeorology,

Commission on Climate Tourism and Recreation. December 2001.
Gerth, W.-P. 1987. Anwendungsorientierte Erstellung groBrdumiger Klimaeignungskarten
fiir die Regionalplanung, Berichte des Deutschen Wetterdienstes Nr. 173, Selbstverlag des

Deutschen Wetterdienstes, Offenbach.

Hammer, N., Koch, E., Rudel, E. 1986. Die Beurteilung der thermisch-hygrischen
Befindlichkeit des Menschen nach verschiedenen Modellen, Arch. Met. Geoph. Biokl., Ser.
B 36:343-355.

Hammer, N., Koch, E., Rudel, E. 1990. Das Bioklima an Osterreichischen Badeseen und

auf Mallorca, Wetter und Leben 42, Heft 2.

Hoppe, P. 1999. The physiological equivalent temperature — a universal index for the
biometeorological assessment of the thermal environment. Int. J. Biometeorol. 43:71-75.

Jendritzky, G., Menz, G.; Schirmer, H.; Schmidt-Kessen, W. 1990. Methodik zur raum-

bezogenen Bewertung der thermischen Komponente im Bioklima des Menschen.

Beitr. Akad. Raumforsch. Landesplan. Nr. 114.

Hanson, S. and Hanson, P. 1977. Evaluating the Impact of Weather on Bicycle Use.
Transportation Research Record 629, pp 43-48.

Hepkinson P, Casten and Tight M. 1989. Review of Literature on Pedestrian and Cycle
Route Choice Criteria. Institute for Transport Studies. (University of Leeds, Working
Paper 20).

Keay C. 1992. Weather to Cycle. Ausbike 92, Bicycle Federation of Australia, pp152-155.

Niemeier, D. 1996. Longitudinal Analysis of Bicycle Count Variability: Results and

Modelling Implications. Journal of Transportation Engineering. 200-206.

Lengauer, M. 1995. Quantifizierung der Freizeit- und FErholungsnutzung am

Marchfeldkanalsystem mittels Langzeit- Videobeobachtung, Diplomarbeit, Institut fiir

Freiraumgestaltung und Landschaftspflege, Universitét fiir Bodenkultur, Wien.

Poll, W. 1994. Erholungs- und Freizeitnutzung am Marchfeldkanal: Nutzungs-anspriiche,

Nutzungskonflikte, LenkungsmaBnahmen, Diplomarbeit, Universitit fiir Bodenkultur,

Wien.

Arnberger, A. 2004. Besuchermonitoring im Erholungsgebiet Wienerberg. Im Auftrag der
Magistratsabteilung 49 der Stadt Wien.
Matzarakis, A.; Mayer, H.; Iziomon, M. 1999. Applications of a universal thermal index:

physiological equivalent temperature. Int. J. Biometeorol. 43:76-84.




22.

23.

24.

197

Matzarakis, A., Rutz, F.; Mayer, H. 2000. Estimation and calculation of the mean radiant
temperature within urban structures. Biometeorology and Urban Climatology at the
Turn of the Millennium, edited by R.J. de Dear, J.D. Kalma, T.R. Oke and A. Auliciems.
Selected Papers from the Conference ICB-ICUC’99, Sydney. WCASP-50, WMO/TD No.
1026, 273-278.

Harrison, S.J., Winterbottom, S.J. and Sheppard, C. 1999. The potential effects of climate

change on the Scottish tourist industry. Tourism Management 20:203-211.
Richardson, A.J. 2000. Seasonal and Weather Impacts on Urban Cycling Trips. TUTI

Report 1-2000, 1-21.



	Trends of thermal bioclimate and their application for touri
	Knowledge management for tourism, recreation and bioclimatol
	Figure 1: View of the Orthodox Academy of Crete (foreground)
	Figure 2: Journal Articles on Climate-Weather and Tourism-Re


	Andreas Matzarakis1, Markus Zygmuntowski1, Elisabeth Koch2 a
	1. Meteorological Institute, University of Freiburg, Germany
	KEYWORDS: Physiological Equivalent Temperature, Recreation, 
	INVESTIGATION AREA
	METHODS

	X2  =  longitude (degrees, minutes)
	Figure 2:  Thermal bioclimate diagram for Vienna, period 199
	REFERENCES

	A NEW GENERATION CLIMATE INDEX FOR TOURISM


	REFERENCES
	Figure 1: Location map and fog distribution in the Lisbon Re
	Figure 2: View from Praia Grande and Coffee-shop location
	KEYWORDS: Outdoor recreation and tourism (ORT), Climate, Mic

	DISCUSSION
	KEYWORDS: Climate, Tourism,  PET,  Biometeorological index

	Statistical analyses
	Winter
	Spring



	ABSTRACT
	Figure 7: Frequency distribution of different comfort classe
	ABSTRACT
	Figure 1: The location of Hvar
	INTRODUCTION
	7.  WWF Climate Change and Its Impacts on Tourism 1999.
	http://www.wwf.org.uk/filelibrary/pdf/tourism_and_cc_full.pd
	16.  Vituki Rt. 2002. A Balatoni vízpótlás lehetőségeinek vi
	KEYWORDS: Climate change, Ski industry, Tourism, Recreation,
	Table 1:  Modelled Ski Season Length




	8.  McBoyle, G., et al. 1986. Recreation and climate change:
	KEYWORDS: Carbon dioxide emissions, Offsetting, Sinks, Biodi

	CARBON OFFSETTING SCHEMES IN TOURISM
	A NEW ZEALAND CASE-STUDY
	METHOD
	RESULTS
	FUNDING MODELS FOR OFFSETTING TOURIST EMISSIONS IN NEW ZEALA
	CONCLUSION
	ACKNOWLEDGEMENTS
	REFERENCES


	INTRODUCTION
	METHOD
	CASE STUDIES
	CONCLUSIONS AND DISCUSSION
	REFERENCES
	SIMPLE APPROACHES
	REFERENCES


	SCENARIO
	VISITOR NUMBERS & FLOW

	Coastal Tourist Numbers in England & Wales
	Coastal Tourist Numbers in England & Wales
	Coastal Tourist Numbers in England & Wales
	Coastal Tourist Numbers in England & Wales
	Coastal Tourist Numbers in England & Wales
	ABSTRACT
	KEYWORDS: Climate change, Tourism, Coral bleaching, Sea leve

	Potential impacts of climate change on environmental feature
	Potential impacts of climate change on repeat visits
	Inter-island variation in potential impacts of climate chang
	DISCUSSION


	Environmental attributes affecting holiday destination choic
	Our results confirm both the general appeal of Caribbean isl
	Clear waters and warm temperatures were the major criteria f
	Economic impacts of change in key environmental attributes
	Island-specific management strategies
	ACKNOWLEDGEMENTS
	REFERENCES
	PREVIOUS STUDIES
	STUDY AREA
	STUDY APPROACHES
	ON-SITE SURVEYS

	RESULTS
	DISCUSSION
	ACKNOWLEDGEMENTS
	KEYWORDS: Tourism, PET, Biometeorology, Discomfort, Summer
	KEYWORDS : Weather, Risk, Revenue, Derivative, Insurance, Sp

	DATA
	APPLICATION
	KEYWORDS: Tourism, UV Index, Bioclimatology, Weather forecas



	DISCUSSION
	REFERENCES
	KEYWORDS: Climate change policy, Tourism stakeholders, Green
	METHODS
	RESULTS
	RESPONSIBILITY FOR GREENHOUSE GAS REDUCTION MEASURES
	PROMISING STRATEGIES
	REFERENCES


	ABSTRACT
	KEYWORDS: Segmentation, Tourism demand, Climate index

	METHODS
	Table 1: Segment definitions

	RESULTS
	Figure 3: Climate index values for Spain in the month of Aug
	DISCUSSION
	ACKNOWLEDGEMENTS
	REFERENCES
	REFERENCES

	ABSTRACT
	INTRODUCTION
	METHODS
	RESULTS
	Tour characteristics
	Table 1: Trip characteristics of Australian tourboat operati
	Other
	Vessel characteristics
	Calculations of GHG emissions
	Reducing GHG emissions
	Table 3: Ranking of impacts of different boating aspects
	Primary Activity


	Other
	DISCUSSION
	Reduction of GHG emissions


	ACKNOWLEDGEMENTS
	REFERENCES
	A BIBLIOGRAPHY OF THE TOURISM CLIMATOLOGY FIELD TO 2004
	BEFORE 1970
	1970 TO 1979

	1980 TO 1989





