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Abstract  The purpose of this paper is to analyse the possibility to transfer a larger part of the short car trips to walking or bicycling in order to obtain environmental and health benefits. The project contains a logistic choice model used to explain which circumstances are particularly important for choosing walking and bicycling, and how very different instruments can promote walking and bicycling at the expense of short car trips. Furthermore, the paper describes the most important factors when choosing between bicycling and walking and car driving, respectively, in case of trips of up to 22 km. Hills and temperature differences appear to be particularly important, apart from car ownership. Regarding the socio-economy, particularly the number of children is of importance. Furthermore, the paper elucidates the effect of various instruments to promote the transfer of short car trips to walking and bicycling. The study shows that instruments that improve the cyclists’ speed and increase the car drivers’ time consumption and costs will influence the competition conditions significantly. The total transfer potential will be between 12 and 16 % of the car trips in case of short tours, equivalent to 1½-2½ % of the total car traffic. The health effects will be a bit larger resulting in a reduced mortality, because more people will cycle – especially on the daily trips to work. However, such positive results will require comprehensive efforts to change the traffic areas of the cities.
1 Background and purpose

Opposite car driving cycling and walking has no climate effect and no effect on the local environment with regard to noise and air pollution which makes it environmentally attractive. Therefore it is often discussed how two-wheelers and walking could take over some of the short trips by car. Such a change could make transport more sustainable and would strengthen the health of the population.
Cycling is like car driving attractive because you are free to go where you want when you want because you are independent of long access and egress distances to relevant stations and bus stops and of long headways and of necessary time consuming changes. 
But cycling – and especially walking – is a slow mode which sets up a natural limit for the possible daily travel distance. Furthermore cycling makes a physical activity necessary and has to be exercised in the open air without the shade from rain and sun one can get in the car. On the other hand the necessary physical activity is exactly what makes walking and especially cycling healthy. Together with a noise free way of experiencing the surroundings this is what makes it acceptable for some people to spend more time on cycling than what would be expected from a narrow time use point of view.

This study has two purposes. On the one hand the aim is to explain which circumstances influence people’s choice of transport mode, and thereby to identify the barriers that induce them to replace car trips by walking or cycling. Examples hereof could be that they have to carry goods, or that they have to bring their children on the trip. On the other hand the aim is to elucidate to which extent car trips can be transferred to walking and bicycling by examining the effects of a number of specific types of instruments.

In Europe, many projects have addressed the issue of walking and bicycling as well as the set-up of urban transport systems. That is particularly the case of two large EU-financed projects, WALCYNG (1999) and Adonis (Vejdirektoratet, 1998), which have both studied the differences in the share of walking and cycling in different selected European cities, on the basis of which they have tried to find ways to increase cycling and walking. 

Another type of projects is practical tests used to study the effect of different measures, cf. for instance the Danish test project called Odense – The National cycling city (Troelsen et. al., 2004 and Jensen, 2001 and 2004), in which a number of different approaches to promote cycling was carried out. In the project Cykelbuster in Aarhus (The Traffic group at Aalborg University, 2001) a bicycle and a free bus pass were put at the car drivers’ disposal during a test period to see if they would cycle to work. The aim of the project Travel behaviour of the families (Egetoft et. al., 2002 and Københavns Municipality, 2001) was to incite people to plan their trips better to increase their possibilities to cycle.

Since 2000 a number of projects have however been carried out according to the same concept as that of the present papers in which, based on a large number of data sources, it is examined which circumstances that actually make people choose walking and/or bicycling instead of car driving, and/or how much they can be expected to change their behaviour by changing certain prerequisites. Vågana (2006) provides a broad description of walking and bicycling trips according to the Norwegian transport survey study, whereas Vågana (2007) asks the same question as the present paper: Is it possible to transfer short car trips to walking and bicycling? By means of logistic regression it is shown that gender, age, size of the city, season, length of trip chain and certain purposes are significant for the choice of transport mode. Rodríguez et. al. (2004) analyse the importance of the physical surroundings such as cycle lanes, and hills etc. The result shows that especially hills and lanes along the shortest route are important for the choice of transport mode. Wardman et. al. (2007) combine a revealed preference and a stated preference analysis to study the effect of a brought spectre of policy tools to increase the cycling share on commuting trips. They show that one of the highest effects on the cycling share will come from segregated cycleways and on-road cycle lanes.   
The remaining references only deal with one transport mode – mostly bicycling – and they only analyse the probability of choosing this transport mode, which makes the projects methodologically simpler. Furthermore, the authors have decided to simplify the analyses by choosing aggregated data, i.e. the share of bicycling within a geographical area as a consequence of the area’s service level and the like with respect to bicycling, cf. especially Rietfeld & Daniel (2004). In this way it is not possible to explain the importance of individual preferences and of e.g. gender, age, number of children and the purpose of the trip. However, the purpose of the trip can only be illustrated by looking for instance at commuting trips, cf. Parkin et. al. (2008), and at children’s school trips (Black et. Al.,2001), Macket (2003), McDonald (2008).

Particularly Nankervis (1999) and Bergström et. al. (2003) include the importance of the climate, with special focus on the winter maintenance of cycle paths. The most detailed analysis is the Dutch paper by Rietfeld & Daniel (2004) who have been able to include very unique effects regarding the influence of the physical circumstances of trip on the cyclists. They show that the most important factor for the choice of bicycling is the physical effort expressed party by the number of hills and partly by the necessary number of stops per km on the route. Furthermore, the travel time is very important and it is illustrated by both the number of stops and the possibility to choose a direct route. In addition to this, the risk of accidents as well as the cultural differences expressed as the number of strangers in the town is also important. The importance of the available number of km of cycle paths is not addressed in the analyses, possibly because there are so many on road cycle lanes and segregated cycleways in Holland that it is no longer a relevant problem to analyse. The English study of choice of transport mode in connection with commuting trips (Parkin et. al., 2008) shows that the quality of the main roads, the annual rainfall as well as the temperature is important. The share of cycle segregate cycleways are significant, but the elasticity is low. This is in contrast to Wardman et. al. (2007) who, based on interviews about preferences, show that segregate cycleways and cycle lanes has a very high effect on mode choice regarding their commuting trips. Finally, a Danish study based on Danish National Transport Survey (Jensen & Thost, 1999) shows that the hilliness and the size of the city (however, the latter only applies to cities with less than 10,000 inhabitants) are important for the share of people cycling. Furthermore, the size of the city is also important for the length of the cycling trip, and the same goes for the share of people working in their own municipality. 

In the present study we intend to include as many parameters as possible, but unfortunately in Denmark we do not have access to central data about cycle lanes and segregate cycleways, the number of stops per km road and the possibility of choosing a direct route on the trip.

2 Method
Cycling and walking is only a relevant alternative to motorised transport at short distances. But what is a short distance? First of all, it is decided to do the analysis from a round tour point of view as it is normally not possible to cycle on the short leg of a tour and use a car back home or on the long leg of the tour. A round tour is also referred to as a travel in the paper. It is of course possible to cycle to for instance a railway station and use the train for the main part of the tour. But this kind of travels are registered and analysed from their main mode point of view, i.e. in this case as public transport.

To be able to analyse the full possible shift from car driving to walking and cycling all distances at which cycling is observed in daily transport are included in the analysis. In figure 1 it is illustrated that some people without a car are cycling up to about 22 km on a round tour, and therefore the limit of a short travel is defined to 22 km (typically 11 km out and 11 km back). 
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	Figure 1 Share of walking and cycling travels depending on travel distances (round tour length) and car ownership etc. of the family 


Our definition of short travels is including a larger share of all trips than most others do. Rietveld and Daniel (2004) define a short trip as a trip of less than 7,5 kilometres making a travel typically 15 kilometre long. Wardman et. al. (2007) are analysing commuting trips between 2 and 12 kilometres which is very close to our definition of a short travel. Vågane (2007) is defining a trip as short if it is less than 3 kilometre and is part of a travel being up to 10 kilometre long. 

The analyses are based on 43,000 round tours during the period 1998-2003 from the National Travel Survey which includes extensive information on travels in Denmark. To develop indicators for special purposes in the model (parking for instance) has been used data from other periods. 

A logistic choice model showing choice of transport mode for round tours up to 22 km has been developed. Only 4 transport modes are included in the model, namely walking, cycling, car driving and car passenger. Public transport was excluded from the model, as there are presently no available usable data on the service level of the public transport for whole the country. It was assumed that public transport has only minor influence on short trips, so this simplification is acceptable. However, the analyses indicate that, in practice, public transport is of importance for non-car owners, because journeys of up to 22 km have been included in the model, and therefore ought not have been left out.
The choice between the four modes of transport is modelled by means of a simple multinomial logit model. The probability that an individual n on a given journey chooses a mode of transportation i is described as:
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the x’es is a series of characteristics of the individual or the travel such as gender and purpose of trip. Some variables are common for all modes of transport and have parameters that depend on mode of transport (the β’s). Other variables depend on mode of transport, but have a common parameter γ. In the present model this is only the case of the parameter to travel time.

The most important variable in the model to describe the modal share is the travel time which, among other things, depends on the length of the trip. Unfortunately, the travel costs have not been included because of a high correlation with the travel time. Estimation of the travel time for the four modes is shown in Appendix 1.
	Table 1  Variables forming part of the simple multinomial logit model. 

	Category
	Type
	Source
	Number of dummies or  continuous variable

	The

traveller and

the family
	Gender
	TU
	1 dummy

	
	Age
	TU
	6 dummies for age groups

	
	Position
	TU
	7 dummies categories

	
	Income
	TU
	1 dummy for missing income and 1 continuous variable

	
	Children in the family
	TU
	3 dummies for age groups

	
	More than one adult
	TU
	1 dummy

	
	Number of cars
	TU
	2 dummies

	
	More than one driving license
	TU
	1 dummy

	Surroundings
	Terrain
	KMS
	1 continuous variable

	
	Parking possibilities
	TU
	1 continuous variable

	The travel
	Time consumption / speed
	Derived from TU
	4 – one for each mode of transport

	
	Purpose of trip
	TU
	5 dummies for categories

	
	Wind
	DMI
	1 continuous variable

	
	Rainfall
	DMI
	1 dummy for yes/now and 

1 continuous for intensity

	
	Temperature
	DMI
	1 continuous variable

	
	Day light
	Almanakken
	1 dummy

	
	Weekend
	TU
	1 dummy

	
	Bicycle campaigns
	DCF
	2 dummies for VCTA May and September, respectively

	
	Special cities and development in bicycling
	TU
	8 dummies for Odense, Aalborg Copenhagen and the whole country before and after 2000


The logit model includes socio-economic data, car ownership and license holding of the family. Furthermore it includes a number of indicator variables for circumstances of the travel that are assumed to be relevant for the choice between car and walking / cycling. As many variables as possible that characterise the traveller, the geographical area of the travel and the travel itself have been included. The variables included in the model appear from table 1. In Appendix 1 is shown the results of the mode choice estimation. 

As the central problem to analyse with the model is mode choice between car driving and walking / cycling only persons above 18 year with driving license are included in the model as they are the only who have the possibility make the relevant choice.

The model developed is partly used to identify the explanation for the mode choice and partly to analyse the potential to transfer short car trips to walking and cycling by means of different instruments.

3 Mode choice on short travels in Denmark

In Denmark a relatively large share (about 20 %) of the round tours below 22 km is made on bicycle and additional 22 % is made by foot, please refer to figure 2. In all 23 % of the short travel kilometres is today made by cycling and walking corresponding to 4 % of all daily kilometres. In central Copenhagen (the capital of Denmark) 43 % is indeed made on foot or by bike. 15 % of the total car traffic corresponds to travels of up to 22 km. However, about 60 % of the short travels are still made by car and therefore a large potential might exist for shifting from car to bicycle or walking. 
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	Figure 2  Distribution of trips on modes depending on travel length. Calculated for all travels in 1998-2006 for people aged 18-84. Aircrafts, ferries, coaches and the like have been excluded from the analysis.


When trips by public transport is left out 20 % of the journeys equivalent to 17 % of the transport kilometres are covered on bicycle. 16 % of the trips are pedestrian trips, but as these trips are rather short, they only account for 5 % of the transport kilometres. Figure 2 shows that only very few people choose to walk in case of journeys longer than 10 km. 69 % is covered by car driving and a further 10 % being a car passenger. 
Unless otherwise specified, the below mentioned percentage distributions and numbers regarding the traffic kilometres only apply to travels of up to 22 km and all the statements only apply to the distribution on the 4 modes of transport included in the model.

4 Results from the model

The analyses of the importance of each of the individual variables are carried out by running a scenario with the model where all trips are assigned the same value for the studied variable. By doing this it is determined what the effect on the mode choice is of each of these factors - all other factors being equal.
Two different kinds of analyses are made. The first is to identify why people are choosing to drive by car instead of walking or cycling. We try to identify if there is any good explanation for the choice, for instance that they have to carry heavy goods or that the trip is complicated to organise on bike etc.   

The other analyses which is made tries to identify the effect of different kinds of policy instruments which can be used to promote cycling and walking.

4.1 Who cycles and who walks the most?

The number of cars as compared to the number of driving licenses in the family has a great impact on the choice of transport mode. A scenario calculation shows that the majority of the kilometres – 57 % – would be covered on bicycle and a further 9 % on foot, if no families have a car and all other circumstances regarding the family and the journey are similar to the average of all journeys. Despite the fact that nobody in this scenario calculation has a car available, the model shows that 19 % of the kilometres are covered by car driving and a further 16 % by car as passenger. In practice only 9 % of the transport kilometres of people who have no car available is covered by car driving and 11 % by car riding. The difference between the ’everything else being equal’ calculation with the model and the actual behaviour for non-car owners is probably due to the fact that families possessing a car have typically more need for a car than what is generally the case of families without a car, e.g. because the families are on average bigger with several children or they work longer away from their homes etc.

The model analyses give an idea of what happens when the family gets a car, and when it gets car number two, cf. table 2. It is primarily the bicycle that is dropped in favour of the car, but also walking and car passenger is reduced in families with one car as compared to families without a car. Cycling is more common in families with one car and two driving licenses than in families with 2 cars because there is often at least one adult who is not having the car at disposal and therefore has to cycle instead. The results indicate that when the family buys a second car, the bikes are often stored away. Thus, only 7 % of the transport kilometres are covered by cycling. People living alone are a little more inclined to use the bicycle instead of the car than couples and families with 2 cars, i.e. after the age differences, among other things, have been taken into account. 

	Table 2  Model calculated distribution of mode choice on short tours measured in km depending on the number of driving licenses and cars in the family controlled for other variables. Public transport is not included in the model.

	% of km
	
	2 persons with 2 driving licenses
	1 person with one driving license

	 
	No car
	One car
	2 cars
	One car

	Bicycle
	57 %
	17 %
	7 %
	10 %

	Walking
	9 %
	5 %
	4 %
	5 %

	Car driver
	19 %
	67 %
	82 %
	83 %

	Car passenger
	16 %
	11 %
	7 %
	2 %

	Total
	100 %
	100 %
	100 %
	100 %


The presence of children in the family is the most important socio economic reason why people choose to go by car, see table 3. Transport kilometres covered by car driving is increased on short journeys with 1.5-2 percentage points for each child the family gets. Children need to be transported, and the car is well suited for this purpose. However, it is not walking / cycling which is less common; the parents’ use of the car as passenger drops, i.e. they both drive the car more often, but separately, probably in order to transport their child/children. When the family gets first child, the share of walking kilometres is increased, eventually with a pram. When the children grow older, this effect disappears again, and instead they use the bicycle a little more than others (not significant). 

	Table 3  Distribution of mode choice for adults with children in different age groups controlled for other variables.

	% of km 
	No children
	0-4 years
	5-9 years
	10-15 years

	Bicycle 
	17.0 %
	16.3 %
	18.7 %
	16.9 %

	Walking 
	5.4 %
	6.6 %
	4.2 %
	4.5 %

	Car driver
	67.8 %
	69.3 %
	69.6 %
	69.8 %

	Car passenger
	9.8 %
	7.8 %
	7.6 %
	8.8 %

	Total
	100 %
	100 %
	100 %
	100 %


The age of the traveller has some importance with respect to choice of transport mode, cf. table 4. When car access, position, income etc. are taken into consideration, it appears rather surprisingly that young people under 35 years of age walk and cycle a little less than most other age groups and drive a car more often. The fact that, in practice, they cycle more than e.g. older age groups, is in other words not due to their age and/or physical capacity, but among other things their income and access to a car. People of 18-24 years of age are car passenger more often, probably because many live with their parents who have a car. People of 25-34 years of age have the highest share of car driving, 71 %, and people of 65-75 years of age have the lowest, 66 %.

	Table 4  Age-dependent distribution of mode choice controlled for other variables.

	% of km
	18 - 24
	25 – 34
	35 – 44
	45 - 54
	55 - 64
	65 - 74
	75-

	Bicycle 
	15.2 %
	15.0 %
	17.2 %
	18.4 %
	19.1 %
	18.4 %
	14.7 %

	Walking 
	 4.6 %
	 4.8 %
	 5.2 %
	 5.4 %
	 5.2 %
	 5.9 %
	 5.6 %

	Car driver
	68.8 %
	70.6 %
	70.0 %
	68.2 %
	66.7 %
	65.8 %
	67.9 %

	Car passenger
	11.4 %
	 9.6 %
	 7.6 %
	 8.0 %
	 9.0 %
	 9.9 %
	11.9 %

	Total
	100 %
	100 %
	100 %
	100 %
	100 %
	100 %
	100 %


Position and income have surprisingly little influence on the mode choice for short travels, all other matters being equal. When people with high incomes drive a car more than the low income groups, it is rather due to the fact that they more often own a car. Self-employed are those who are driving most and students are a little more inclined to cycle – as opposed to other young people that are not enrolled in education.
4.2 Where and when is the bicycle used?

It is often claimed that the extensive cycling in The Netherlands and Denmark is due to the topography. This study confirms the significant influence of the topography. The share of bicycles on short trips is halved from 25 % to 12 % when shifting from a totally flat area to one of the most hilly cities in Denmark, Vejle. Here, change in altitude on all short trips in mean is 35 meter. It means that the traffic kilometres by car increase from 66 % in the flattest parts of Denmark to 74 % in the most hilly areas.
As most daily cyclists have experienced, temperature differences are also of considerable importance for the mode choice. At 20 ºC the cyclists’ share of the transport kilometres is almost 21 %, whereas it is only is 14 % when the temperature is touching zero – all other things being equal. ¾ of the extra kilometres covered on bicycle is due to less car traffic, so this is 4 percentage points lower in summer than in winter. The pedestrian traffic is 19 % lower in summer than in winter. In the present study it is supposed that there is a linear relation between bicycling and temperature which is of great influence. Several readers have stated that in particular high temperatures could make the share of bicycling and walking drop. A polynomial of the 2nd degree for the temperature has therefore been tested in the model. The 2nd degree term is not significant for bicycles, a fact that cannot reject the theory, but only indicate that the Danish summer heat does not reach temperatures of such high degrees and for so long periods that it is reflected in the results of the model. 

Finally, the daylight has a certain influence on the choice of transport mode, but mainly with respect to women. Their kilometres on foot drop from 5.9 % to 4.4 % and on bicycle from 18.6 % to 15.7 %, when it gets dark. Women walk and cycle a little more than men on short trips during the day, and they drive a car a lot less than men. On the other hand, they more often go by a car as a passenger
Wind is of very little importance. The bicycle traffic would thus increase by one percent if it were never windy. Surprisingly it seems that rain has a similarly limited importance. An English study, Parkin, J., Wardman, M. and Page, M. (2008), in which the yearly rainfall and wind are included as variables, shows a closer relationship indicating that the weather rather seems to influence the general travel behaviour and thereby the normal choice of mode than the behaviour on one particular day. The mean rainfall and wind level has not been tested on the Danish data. 

4.3 Cycling with respect to type of trip

In many cases the purpose of the trip is decisive for the choice of mode of transport, cf. table 5. For the two purposes of trips which involves transport of persons or goods (escorting and shopping), only 10-15 % of the transport kilometres on the short travels are performed by cycling / walking. In the case of shopping, 12 % is carried out on bicycle and 76 % by car driving. When goods or children and other family members have to be transported, 8 % of the kilometres is made on bike and as much as 84 % by car driving. The share of cars is also high for business trips (72 %) where focus is placed on saving working time. 

When it comes to commuting, the situation is completely different. Around 30 % of the kilometres on the short round tours are covered by cycling / walking, mainly bicycle. If some errands have to be taken care of on the way home, the share is a little lower than 30 %, and if it is a direct trip between the workplace and home it is a little higher.

25 % of the transport kilometres on leisure trips are made on foot and on bicycle. But contrary to the other purposes, walking is an essential mode amounting to 9 % of the kilometres, where it usually amounts to approximately 3 %. This is probably due to the fact that many walks fulfil per se a leisure purpose. On the other hand, there are fewer bicycle trips. The leisure trips also differ as a higher share of the travels are performed as passengers (14 % of the kilometres as opposed to 7 % for the commuting trips), because the families more often undertake leisure trips together and then it is very often the man who takes the wheel.

	Table 5  Mode choice for each purpose of the tour - controlled for other variables

	% of km 
	Purely      work
	Work combined with other purposes
	Leisure
	Escorting
	Shopping
	Business trips 

	Bicycle 
	28.8 %
	25.2 %
	14.5 %
	7.9 %
	11.7 %
	16.9 %

	Walking 
	  2.8 %
	  3.1 %
	  9.0 %
	  3.8 %
	  3.7 %
	  2.7 %

	Car driver
	61.1 %
	66.5 %
	62.9 %
	84.3 %
	76.0 %
	72.3 %

	Car passenger
	  7.3 %
	 5.2 %
	13.6 %
	  4.0 %
	  8.6 %
	  8.2 %

	Total
	100 %
	100 %
	100 %
	100 %
	100 %
	100 %


5 The possibilities of changing the choice of transport mode

There are various possibilities to influence the mode choice politically, e.g.: 

· Longer driving times by car, either due to direct interventions or e.g. as a consequence of increased congestion

· Parking charges and parking restrictions

· Prioritising of bicycle traffic in the cities, so that the speed of the cyclists is increased

· Better safety for cyclists, e.g. in the form of cycle lanes

· ”Bicycle cities”, where a comprehensive biking policy is performed

· Better parking facilities for bikes
· Campaigns to promote cycling and walking

· Company initiatives to promote cycling

Several of these possibilities are studied in further details with the model presented. 

5.1 The effect of different policy instruments

An increase in the cars’ driving time by 25 % can reduce the car traffic on short travels by 3 percentage points and increase the bicycle traffic by 3, cf. table 6. A reduction of the cyclists’ driving time by 10 % also increases their share by 3 percentage points. Altogether the 2 instruments can contribute with a reduction of the car traffic by 5 percentage points and an increase in the bicycle share of 6 percentage points. 
	Table 6 Mode choice in the basic model and in case of scenarios with increased driving times for cars and reduced driving times for bicycles. 

	% of Kilometre
	Basis
	+ 25 % for cars
	-10 % for bicycles
	Combined

	Bicycle
	17 %
	20 %
	20 %
	23 %

	Walking
	  5 %
	  6 %
	  5 %
	  5 %

	Car driver
	69 %
	66 %
	67 %
	64 %

	Car passenger
	  9 %
	  8 %
	  9 %
	  8 %

	Total
	100 %
	100 %
	100 %
	100 %


To be able to compare the travel time sensitivity with other findings the time elasticities are derived from the model simulations and presented in table 7. The Danish traffic model for the Copenhagen area (Vuk, 2007) displays an own time elasticity of -0.15 for cars and this is close to the elasticity of -0.18 found here, but somewhat lower than found for other EU countries (See de Jong and Tegge, 1998). Thus, our findings do not contradict with the literature, but are on the low side. The reactions to policies affecting travel time displayed in table 6 may therefore be underestimated.
	Table 7 Own and cross time elasticities

	 
	Car
	Bicycle
	Walking

	Car
	-0,18
	0,42
	0,16

	Bicycle
	0,27
	-0,97
	0,16


The parking possibilities are also important for the choice of transport mode. If the difficulties to find a parking lot are increased or the areas with parking charges are extended, so that a further 50 % finds that parking is expensive or difficult, the traffic kilometres by car will be reduced by 3 percentage points, cf. table 7. In the calculations a general increase in the parking troubles in all urban and rural areas has been assumed. It is of course not technically possible, so in practice this instrument is not viable, but shows however that a comprehensive extension of parking charges in city centres, shopping centres and surrounding areas will have a certain, however modest, impact on choice of transport mode. 

In recent years, some cities have invested big efforts in increasing the bicycle traffic. It is for instance the case of Odense which has been appointed National Bicycle City. In this way it has obtained a great many government subventions to enhance its big effort to promote the bicycle traffic. Also Aalborg has worked for better conditions for the cyclists. Finally, Copenhagen has for many years strived towards promoting bicycle traffic. The effect of the effort in the 3 municipalities is illustrated by including a dummy for the mode choice in the 3 cities in 1998-99 as well as in 2002-2003. The result shows that from the first to the last period, the car traffic dropped by a little more than 1.5 percentage points in Odense and a little less than 1.5 percentage points in Aalborg. However, in Copenhagen it is not possible to register any development during this short period. The bicycle traffic has increased by 1.5 percentage points in Aalborg and 2 percentage points in Odense. The change in car traffic is not significant in any of the cities. Nationwide, bicycle traffic remains unchanged during the period. It should be noted that the choice to compare the years 1998/99 with 2002/03 was necessary due to the data. If the effect of the individual municipalities’ effort had to be assessed, it would probably have been better to choose other comparison years that are clearly before respectively after the political effort. Especially in Copenhagen a comparison over a considerably longer period would have been better. 

The bicycle campaign ’We cycle to work’ seems to have a certain effect during the campaign period, even though it is not significant. The transport kilometres on bicycle are increased by 7 % during the campaign period and reduce the car traffic by 1 %. The Dutch paper by Rietfeld and Daniel shows that a general opinion in the population that the town council is promoting a bicycling friendly policy increases the share of cycling.

	Table 8 Mode choice in the basic model and by simulation with increased parking problems as well as by a combination of these with increased driving time for cars and reduced driving time on bicycle. 

	% of kilometre
	Basis
	+ 50% 

parking

problems
	Changes in driving times
	Combina-tion 

	Bicycle
	17 %
	19 %
	23 %
	26 %

	Walking
	  5 %
	  6 %
	 5 %
	 6 %

	Car driver
	69 %
	66 %
	64 %
	61 %

	Car passenger
	  9 %
	 9 %
	 8 %
	 8 %

	Total
	100 %
	100 %
	100 %
	100 %


All the measures mentioned are now gathered in a ’grand total’ scenario, where the calculation is based on a scenario where all cities are being assigned as national bicycle cities (and this is carried out just as comprehensively as in Odense), and that the bicycling campaigns are repeated the whole year round. The travel time by car is increased by 25 %, and for the bicycle traffic it is reduced by 10 % on average. Furthermore, the parking problems are increased by 50 %. In this simulation, it would according to the calculations be possible to reduce car kilometres for the short travels by 16 %. Car driving as a passenger would be reduced in the same order of magnitude, 15 %. The bicycle traffic will be increased by 73 %, and the pedestrian traffic will be increased by 4 %. 

5.2 Which trips are most likely to be affected

To enlighten which types of trips that are most likely to be influenced by means of the analysed instruments, and thereby towards which types of journeys the political instruments should be directed, the model has been segregated on main purposes. Three of these purposes, i.e. commuting, leisure and shopping, are treated more thoroughly. Thus, a model for each of the 3 purposes has been estimated. The models include the same variables as the original model, but the parame​ters to the individual variables are somewhat different in the 3 models. No distinction has been made between pure commuting ​trips and trips where work is combined with other purposes, because the mode choice turned out to be more or less the same, i.e. commuting travels are treated in the same model. The result of a simulation on the ’grand total’ measures is shown in table 8.

The biggest effect on car traffic is obtained on commuting tours, where it by means of the described measures is possible to reduce the car traffic on short travels by 39 %, so that only 39 % of the transport kilometres on short journeys to work is made by car driving. The passenger traffic will even be halved. Riding a car as a passenger when going to work, in cases where the two persons are either not going to the same place or are not relatives, is hardly worth while, as the travel gets slower and the parking trouble bigger, thereby improving the bicycle alternative. As a result hereof, the bicycle traffic doubles its proportion of the total kilometres amounting to 57 % of the commuting traffic on short travels. Walking, which in itself represents a very small proportion of commuting, is further opted out. The effect is bigger on the trips than on the kilometres. This shows that the short commuting tours are particularly likely to be transferred from car, whereas it is more difficult to influence the longest of the short trips. This is very natural as the competition conditions are still in favour of the car, even though the travel time is increased when using the car and reduced on bicycle. 

	Table 8  Mode choice in the basic model and by simulation with a combination of all the studied instruments shown for 3 separate models for commuting, leisure and shopping. The results of kilometres for road users with a driving license are shown.  

	Kilometre
	Car driver
	Car passenger
	Bicycle 
	Walking 
	Total

	Work, basis
	63.9 %
	6.6 %
	28.0 %
	1.5 %
	100 %

	Work, with ’grand total’
	39.0 %
	3.2 %
	56.8 %
	1.0 %
	100 %

	Effect of ’grand total’
	-38.9 %
	-51.4 %
	102.7 %
	-36.7 %
	0 %

	Leisure, basis
	59.9 %
	13.8 %
	14.7 %
	11.6 %
	100 %

	Leisure, with ’grand total’
	56.0 %
	13.1 %
	17.8 %
	13.1 %
	100 %

	Effect of ’grand total’
	-6.50 %
	-5.6 %
	21.3 %
	13.3 %
	0 %

	Shopping, basis
	76.0 %
	8.9 %
	10.6 %
	4.5 %
	100 %

	Shopping, with ’grand total’
	66.2 %
	8.4 %
	20.4 %
	5.0 %
	100 %

	Effect of ’grand total’
	-12.9 %
	-5.6 %
	92.4 %
	10.5 %
	0 %


On the other hand, leisure traffic is influenced very little by the measures analysed. Riding a car as a passenger or driving it is reduced only by 6-7 % and the bicycle traffic is only increased by 21 %. However, a minor increase in walking of 13 % is found. 
The influence of the measures on the shopping traffic is surprisingly big. Car traffic is reduced by 13 %, from 3/4 to 2/3 of the transport kilometres, which is a substantial reduction considering that shopping is often related with transport of goods bought during the shopping trip and that it is therefore difficult to carry out the shopping without having a transport mean to carry the purchased goods. The passenger traffic is reduced considerably less, i.e. in cases where the family makes the shopping together, they are less inclined to be influenced by the measures analysed. Bicycle traffic with a shopping purpose will almost be doubled, whereas walking is only increased a little. As the kilometres covered on bicycle grow more than the trips, it is even the somewhat longer shopping trips on bicycle that are increased. It seems to be the somewhat longer shopping trips where the shopper goes shopping alone that can primarily be transferred from car to bicycle.

6 Discussion of the results
The discussion is divided into 4 parts. Firstly, is discusses the advantages and disadvantages of the chosen model, secondly the importance of the factors influencing the choice of transport mode, and thirdly, the magnitude of the transfer potential in case of different instruments, and at last we discuss the quality of the model. 

6.1 Advantages and disadvantages of the chosen method
The strength of the present disaggregated analyses as compared to the aggregated ones found in the literature is that they can demonstrate, with a much higher degree of details, which circumstances are considered important by the individual road users when choosing transport mode. Thus, the disaggregated model shows more clearly why people choose car driving even though others might think that it would be just as easy to cycle or walk. Among other things, the model distinguishes between what is for instance due to age and family composition and what is due to for instance differences in car ownership. In this way it can be shown that the family getting children is more important for their choice of transport mode on the short travels than for instance age and income. Furthermore, the disaggregated model can explain the importance of conditions that change during the whole day (day/night), during the week (the weather) and during the year (the temperature). This is not possible with an aggregated model that can only include the variation in average temperature and average precipitation, among other things. 

On the other hand, the two types of models are very similar when it comes to explaining the importance of different surroundings, i.e. terrain and infrastructure conditions as well as the effect of the use of various political instruments. 

6.2 Factors of importance for the choice of transport mode
An interesting result is that young adults cycle a little less than the age groups above 35 years when the results have been controlled for income and car ownership. This could indicate that young people have adopted a more car-oriented way of life than former generations which may result in people cycling less and less in future. It should however be observed that the differences between the age groups are relatively small. In principle, we may also experience that the people who are young today will start cycling more when they grow a little older. The method used cannot figure out which is the right conclusion. 

In the present study it is demonstrated that differences in altitudes within 5 km from home is the most important factor when it comes to the amount of bicycling. Parkin et. al. (2008) reach the same conclusion for England. Rietfeld & Daniel (2004) show that the physical effort of bicycling due to both hills and the need to stop and start during the trip is of utmost importance for the share of people cycling. In the general debate, hills and mountains are also mentioned as the reason why the share of bicycling is so big in Holland and Denmark. However, it remains to be established whether this is the only explanation as there are no doubt cities in otherwise hilly countries in which the altitute differences are not bigger than in Denmark. Comparative studies between a few cities in a few selected countries as done in the paper by Adonis (Vejdirektoratet, 1999) cannot clarify this question, so here the differences between the countries are explained as being due to culture and habits. A comparative study using transport surveys from many countries could therefore be quite interesting.

Rietfeld & Daniel (2004) and Parkin et. al. (2008), among others, show that the share of immigrants in an area means less bicycling. This information is not found in the Danish NTS data and therefore it has not been possible to include it. The result however indicates that it is not only the ’objective’ conditions of the surroundings which are important, cultural differences may come into play too. 

It is rather surprising that according to the present study rain and wind seem to have only limited effect on the amount of bicycling. An English study, Parkin et al. (2008), shows a closer correlation, but they use the yearly rainfall and mean windforce as variables, whereas the present study uses the meteorological measurements during the actual 3-hour interval at the nearest metering station. It will therefore be relevant to examine whether it is rather the weather that influences the general travel behaviour and thereby the normal choice of transport mode, than the actual behaviour on the day in question. This is what the study of Parkin et al. indicates by using yearly means. According to the study by Rietfeld & Daniel (2004) neither the average windforce nor the amount of rain are significant, but the variation within the borders of Holland is possibly also smaller than in England. 

6.3 The effect of different instruments
Based on the model analyses it can therefore be concluded that lower speeds for cars, higher speeds for bicycles as well as parking restrictions are good instruments to reduce the car traffic on short trips. By increasing the drivers’ general travel costs as compared to the cyclists’ costs (higher time consumption and higher costs) the competitiveness of bicycles and their share of the traffic is increased. Rietfeld & Daniel (2004) reach a similar result. The share of cyclists is e.g. increased by 3.4 % in case of a 10 % reduction in the travel time. A parking charge of 1 DKK per hour increases the share of the cyclists by 5.2 %. If the number of stops per km is reduced by 0.3, the share of bicycling is increased by 5.2 %. The elimination of other types of obstacles also increases the share of cyclists a little. The possibility to choose a direct route to the destination is also an essential factor when it comes to the share of cyclists.

Parkin et al. (2008) show that the amount of segregated cycleways is of some importance, but only in case of a slightly hilly or hilly terrain. This is in contrast to Wardmann et al. (2007) who, based on an interview study in England, state that both segregated paths and on-road cycling lanes will make people cycle more. In Denmark there is no central registration of cycle paths, so it has not been possible to analyse this element in the study. 
Rietfeld & Daniel (2004) show that the cyclists’ risk of accidents is important for the share of bicycles. This element could have been included in the Danish study.

The present study shows that it is the journeys to work that are most susceptible when it comes to reducing car traffic and to increase especially bicycling. This is in complete accordance with e.g. Cykelbuster project (Trafikgruppen i Aalborg, 2001). It is particularly the short car trips to work that are replaced, whereas it has turned out to be more difficult to influence the longest of the short trips. The result also shows that it will be less attractive to go to work by car together with another passenger when the speed of the cars is lowered.

The poor effect on leisure trips shows that the speed is of much less importance to leisure traffic. The effect on the trips is smaller than the effect on the kilometres meaning that it is primarily the long leisure trips that are influenced. The fact that it is the long bicycling trips that are increased underlines that the competitive relationship with respect to time between car driving and bicycling is not so significant in case of leisure trips. This can also be due to the increase in the recreational bicycling trips where bicycling per se is a leisure activity. It is therefore possible to envisage that an effort to promote bicycling can make some people change the destinations of their leisure trips from long car trips to shorter local bicycling trips. The growth in walking as a leisure activity indicates precisely that the nature of the leisure trips is susceptible to change as walking as such can be a purpose of leisure.

That shopping tours can also be influenced by various measures shows than increased parking charges may be a way to reduce car traffic without affecting necessarily the scale of the shopping traffic.

6.4 The quality of the model
As mentioned the model does not contain the possibility to choose public transport. The analyses indicate that, in practice, public transport is of more importance for non-car owners than for car owners because journeys of up to 22 km have been included in the model. Therefore, the model should be improved by including trips using public transport. This however requires information about the service level and the travel costs which were not available when the model was designed. The absence of public transport in the model rises doubt about the absolute size of the effect of the instruments, but not about which instruments that have an effect and the relation in size between these effects.

7 Conclusion 

The analyses show that the measures to transfer short car trips to walking and cycling can result in a substantial increase in particularly the bicycle traffic, which will have positive health effects for the population. However, considerable political and economic efforts are needed before the effect gets really perceptible. The analyses show that 90 % of the increase in the use of vulnerable modes is due to an increase in the bicycle traffic. There is only a very small potential to increase the pedestrian traffic.

The impact on the total car traffic is rather limited. The calculated effect of the very comprehensive ’grand total’ scenario, with a transfer of up to 16 % of the car traffic on the short travels, only results in a reduction of approximately 2.5 % of the total car traffic, because the long car trips represent the biggest share of the total car traffic measured in kilometres. The effect on the CO2 emissions is of the same size. The positive effect will be bigger in the cities with respect to the local air pollution and in general an improved urban environment. An extensive cycling friendly policy will have greater effects in cities, up to 8 % reduction of the car traffic in the Municipality of Copenhagen and 5-6 % in the rest of the Danish cities.
It is first and foremost the short commuting travels that can be influenced by measures such as driving time reductions for cyclists and generally better conditions for the cyclists, longer driving time for cars and reduced or more expensive parking possibilities at the workplaces. Commuting kilometres by car can be reduced more than a third and the biking trips might be doubled. This will have a substantial positive health effect reducing the risk of death by 5-7 % for the workforce. Also the shopping traffic can be influenced, but only to a minor degree.

It should be underlined that the analysis only comprises the direct transfer of short car trips. It is assumed that various measures to promote walking and bicycling will also have an impact on the general travel behaviour, e.g. the creation of more short walking and bicycling trips at the cost of longer car trips  – not least the leisure trips. Nor does the analysis comprise the transfer from public transport to walking and cycling.

To conclude, a bicycle friendly policy cannot make passenger travel sustainably. But it could be one of many necessary initiatives to reduce the climate and environmental impact from the traffic.
In practice, it will however be difficult to implement measures that are so comprehensive as those forming part of the case studies in this study. An increase in the driving time of the cars can be due to increased congestion which may also result in less car traffic and more bicycling. But a generally longer driving time for cars will hardly be considered as a realistic and useful instrument to limit the car traffic on short trips. First of all because it will also influence the long trips, and thereby result in significant socio-economic costs. On the other hand, in residential areas and city centres it may be politically realistic to reduce the speed of the cars and thereby increasing the driving time, especially when it is part of the overall traffic management, where the accessibility of the cyclists is also increased, and as part of the safety promotion in residential areas. However, the effect on the short trips will hardly be as big on the travels as a whole if the speed on the main road infrastructure is not reduced too.

This gives an idea of how much you can obtain by means of very comprehensive instruments, but it should be underlined that we do not know how much the absence of public transport influences the result. It must be assumed that the effect on the result is overestimated as non-car owners use public transport on some of the longer journeys, whereas the car owners use their cars and do not change their behaviour in favour of bicycling. However, in case of car traffic congestion they may be prepared to shift to public transport. A conservative estimate indicates that it is more likely that the short car trips can be reduced by 12 % and thereby the total car traffic by 1½ - 2 % in case of a shift to walking and bicycling.
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Appendix 1

	Table 1 Results from Estimations for choice of transport mode (logit)

	 
	
	Cycling
	Walking
	Car passenger
	Car driver

	 
	
	Coeff.
	t-value
	
	Coeff.
	t-value
	
	Coeff.
	t-value
	
	Coeff.
	t-value
	

	Constant
	
	2,785
	17,56
	**
	2,646
	11,59
	**
	-1,731
	-7,66
	**
	
	
	

	1 car, 1 driving licence
	
	-3,919
	-51,09
	**
	-3,149
	-37,64
	**
	-3,784
	-29,34
	**
	
	
	

	1 car, 2 driving licences
	
	-3,106
	-39,99
	**
	-2,821
	-32,71
	**
	-1,821
	-16,68
	**
	
	
	

	2 car, 1 driving licence
	
	-4,591
	-12,75
	**
	-3,275
	-10,73
	**
	-3,845
	-5,27
	**
	
	
	

	2 car, 2 driving licences
	
	-4,407
	-48,64
	**
	-3,369
	-34,70
	**
	-2,583
	-21,65
	**
	
	
	

	More adults        
	
	-0,065
	-1,05
	
	-0,038
	-0,57
	
	0,126
	1,24
	
	
	
	

	Gender                 
	
	0,539
	14,59
	**
	0,628
	14,41
	**
	1,802
	29,98
	**
	
	
	

	Age 18-24         
	
	-0,164
	-2,05
	*
	-0,194
	-2,06
	*
	0,461
	4,62
	**
	
	
	

	Age 25-34         
	
	-0,225
	-4,50
	**
	-0,175
	-2,90
	**
	0,225
	3,10
	**
	
	
	

	Age 45-54         
	
	0,150
	3,16
	**
	0,119
	1,98
	*
	0,096
	1,38
	
	
	
	

	Age 55-64         
	
	0,231
	4,07
	**
	0,122
	1,73
	
	0,261
	3,21
	**
	
	
	

	Age 65-74         
	
	0,218
	2,64
	**
	0,315
	3,43
	**
	0,386
	3,62
	**
	
	
	

	Age 75-00         
	
	-0,162
	-1,23
	
	0,119
	0,95
	
	0,532
	3,30
	**
	
	
	

	Children0-4            
	
	-0,085
	-1,69
	
	0,260
	4,36
	**
	-0,273
	-3,83
	**
	
	
	

	Children5-9            
	
	0,071
	1,60
	
	-0,398
	-6,97
	**
	-0,315
	-4,88
	**
	
	
	

	Children10-14          
	
	-0,075
	-1,74
	
	-0,331
	-5,97
	**
	-0,164
	-2,60
	**
	
	
	

	Self employed
	
	-0,722
	-8,39
	**
	-0,362
	-3,81
	**
	0,132
	1,22
	
	
	
	

	Professional and manager
	
	-0,192
	-3,86
	**
	-0,202
	-3,16
	**
	0,102
	1,41
	
	
	
	

	Clerical worker
	
	-0,121
	-2,25
	*
	-0,036
	-0,54
	
	0,066
	0,82
	
	
	
	

	Skilled worker             
	
	-0,279
	-4,10
	**
	-0,348
	-3,88
	**
	0,319
	2,87
	**
	
	
	

	Unskilled worker                         
	
	-0,211
	-3,72
	**
	-0,118
	-1,64
	
	0,289
	3,54
	**
	
	
	

	Student             
	
	0,150
	1,85
	
	0,029
	0,30
	
	0,115
	1,04
	
	
	
	

	No job            
	
	-0,182
	-2,81
	**
	0,165
	2,25
	*
	0,244
	2,86
	**
	
	
	

	Income            
	
	-0,683
	-4,34
	**
	0,360
	2,26
	*
	-0,469
	-2,11
	*
	
	
	

	No Income information    
	
	-0,262
	-4,73
	**
	0,043
	0,71
	
	-0,245
	-3,43
	**
	
	
	

	Commuting        
	
	1,003
	8,95
	**
	0,570
	2,93
	**
	0,139
	0,83
	
	
	
	

	Commuting combined
	
	0,696
	5,82
	**
	0,511
	2,37
	*
	-0,331
	-1,81
	
	
	
	

	Recreation              
	
	0,154
	1,35
	
	1,909
	9,88
	**
	0,741
	4,55
	**
	
	
	

	Shopping             
	
	-0,800
	-6,57
	**
	-0,007
	-0,04
	
	-0,183
	-1,04
	
	
	
	

	Escorting        
	
	-1,323
	-10,58
	**
	-0,069
	-0,35
	
	-1,043
	-5,75
	**
	
	
	

	Weekend             
	
	-0,203
	-5,16
	**
	0,203
	4,89
	**
	0,436
	9,64
	**
	
	
	

	Parking           
	
	
	
	
	
	
	
	-2,175
	-7,24
	**
	-3,338
	-17,21
	**

	Parking * shopping    
	
	
	
	
	
	
	
	-0,393
	-0,80
	
	-1,535
	-4,83
	**

	Gradient            
	
	-0,034
	-15,57
	**
	
	
	
	
	
	
	
	
	

	Darkness               
	
	-0,028
	-0,51
	
	-0,173
	-2,64
	**
	0,297
	3,08
	**
	
	
	

	Gender * Darkness           
	
	-0,325
	-4,51
	**
	-0,415
	-4,68
	**
	-0,300
	-2,70
	**
	
	
	

	Rain
	
	-0,112
	-2,74
	**
	-0,007
	-0,14
	
	
	
	
	
	
	

	Rainfall in mm       
	
	0,001
	0,51
	
	-0,003
	-1,38
	
	
	
	
	
	
	

	Temperature          
	
	0,030
	13,35
	**
	-0,008
	-2,90
	**
	
	
	
	
	
	

	Wind          
	
	-0,017
	-2,80
	**
	0,008
	1,14
	
	
	
	
	
	
	

	Travel time
	
	-3,457
	-60,15
	**
	-3,457
	-60,15
	**
	-3,457
	-60,15
	**
	-3,457
	-60,15
	**

	Copenhagen after 2000
	
	-0,301
	-3,48
	**
	
	
	
	
	
	
	
	
	

	Copenhagen before 2000  
	
	-0,251
	-2,98
	**
	
	
	
	
	
	
	
	
	

	Odense after 2000   
	
	0,179
	1,68
	
	
	
	
	
	
	
	
	
	

	Odense before 2000     
	
	-0,018
	-0,16
	
	
	
	
	
	
	
	
	
	

	Aalborg after 2000  
	
	-0,265
	-1,90
	
	
	
	
	
	
	
	
	
	

	Aalborg before 2000    
	
	-0,436
	-2,99
	**
	
	
	
	
	
	
	
	
	

	Denmark after 2000  
	
	0,056
	1,47
	
	
	
	
	
	
	
	
	
	

	Denmark before 2000    
	
	0,033
	0,91
	
	
	
	
	
	
	
	
	
	

	Cycling campaign – May
	
	0,112
	1,31
	
	
	
	
	
	
	
	
	
	

	Cycling campaign – September
	
	0,067
	0,96
	
	
	
	
	
	
	
	
	
	

	Note: 43.577 observations. corrected ρ2 = 0,446

*: Significantly  different from 0 at 5 %-level
 **: Significantly different from 0 at 1 %-level
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Note: For cars the speed is calculated for outside Copenhagen, for non rush-hours and for homebound journeys.

	Figure 1
Calculated mean speed for a 30 year old man


	Table 2  Main results of estimation of the speed

	
	Walking
	Bicycle
	Car

	a: Addition for starting  (minutes)
	0,451

(0,021)
	1,794

(0,046)
	2,202

(0,032)

	b: Base speed (km/h)
	5,776

(0,072)
	21,048

(0,344)
	62,837

(1,271)

	c: Age
	–0,013

(0,001)
	–0,037

 (0,005)
	–0,054

(0,011)

	d: Gender (man=1, woman=2)
	–0,178

(0,033)
	–1,129

(0,156)
	–0,826

(0,303)

	F-value
	25.511
	12.590
	7.514

	Observations
	9.895
	10.033
	23.763

	R2
	0,9116
	0,8828
	0,8792

	SE
	1,418
	4,838
	11,38

	Note: approximate standard deviation in brackets


	Table 3  Estimation of cycling speed

	10.034 observations
Parameter
	Estimate
	Approximate
	Approximate 

95% confidence interval

	
	
	Standard deviation
	

	a: Addition for starting

(minutes)
	0,0299
	0,0008
	0,0284
	0,0314

	b: Groundspeed (km/h)
	21,0477
	0,3443
	20,3727
	21,7227

	c: Age
	-0,0366
	0,0046
	-0,0457
	-0,0275

	d: Gender (man=1, woman=2)
	-1,1293
	0,1558
	-1,4348
	-0,8239

	e: purpose=recreational
	-1,1463
	0,2010
	-1,5403
	-0,7524

	f: Cycling in central Copenhagen
	-1,5334
	0,1931
	-1,9118
	-1,1550

	Start time consumption is estimated to 1.8 minutes and the base speed to 21 km/h. R2: 0,8828, SE: 4,838


	Table 4  Estimation of walking speed

	9.900 observations
Parameter
	Estimate
	Approximate Standard deviation
	Approximate 

95% confidence interval

	
	
	
	

	a: Addition for starting

(minutes)
	0,0075
	0,0004
	0,0068
	0,0082

	b: Base speed (km/h)
	5,7764
	0,0724
	5,6344
	5,9183

	c: Age
	-0,0125
	0,0009
	-0,0142
	-0,0108

	d: Gender (man=1, woman=2)
	-0,1777
	0,0334
	-0,2433
	-0,1122

	Start time consumption is estimated to 0.5 minutes and the base speed to 5.8 km/h.  R2: 0,9116, SE: 1,418


	Table 5  Estimation of car speed

	23.764 observations
Parameter
	Estimate
	Approximate
	Approximate 

95% confidence interval

	
	
	Standard deviation
	

	a: Addition for starting

(minutes)
	0,0367
	0,0005
	0,0356
	0,0377

	b: Base speed (km/t)
	62,8374
	1,2707
	60,3466
	65,3281

	c: Age
	-0,0535
	0,0105
	-0,0741
	-0,0329

	d: Gender (man=1, woman2)
	-0,8258
	0,3025
	-1,4188
	-0,2329

	e: Purpose = homebound
	-13,2308
	1,0699
	-15,3279
	-11,1338

	f: Purpose = work / education
	-15,0341
	1,1205
	-17,2305
	-12,8377

	g: Purpose = shopping
	-13,2170
	1,0808
	-15,3355
	-11,0985

	h: Purpose = recreational
	-15,8240
	1,1144
	-18,0083
	-13,6396

	i: central27
	-7,5740
	3,5287
	-14,4906
	-0,6573

	j: Centralkbh7
	-18,7157
	3,4576
	-25,4930
	-11,9384

	k: Kbh27
	-6,1873
	2,3048
	-10,7050
	-1,6696

	l: Central28
	-15,1627
	4,0621
	-23,1249
	-7,2006

	M:centralkbh8
	-19,7217
	2,0713
	-23,7817
	-15,6616

	n: kbhcentral8
	-9,8682
	4,4229
	-18,5375
	-1,1989

	o: KbhCentral8
	-12,1236
	3,1129
	-18,2252
	-6,0220

	p:central29
	-19,4325
	3,0766
	-25,4629
	-13,4022

	q: Central215
	-18,6921
	2,1488
	-22,9039
	-14,4804

	r: central216
	-6,2418
	3,9600
	-14,0037
	1,5201

	s:Central216
	-20,2471
	2,0605
	-24,2860
	-16,0820

	t: Centralkbh16
	-15,5901
	3,4743
	-22,4000
	-8,7802

	u: Kbh216
	-4,2263
	1,5116
	-7,1890
	-1,2635

	v:Kbhcentral16
	-12,7083
	3,0374
	-18,6620
	-6,7546

	x: Sunday
	2,2525
	0,4826
	1,3066
	3,1984

	Start time consumption is estimated to 2.2 minutes and the base speed to 63 km/t.  R2: 0,8792, SE: 11,38
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