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Abstract
What are the main drivers behind travel volumes and choice of mode in urban areas on an aggregate level and what impact can we expect from changes in policy instruments? To discuss these questions we have developed an aggregate general model which explains transport mode choice in urban areas on the basis of the most central transport indicators. The model is calibrated and used to predict the necessary strength in policy instruments needed to achieve certain goals for some Norwegian urban areas. In the paper we illustrate how the model can be used to assess how different packages of policy instruments can be combined to meet certain predefined goals in different urban areas.
Background 
One of the characteristics of the urban transport planning processes in Norwegian cities, as in many other cities, is that there are several actors with more or less well-defined areas of responsibility. These actors also control different policy instruments and to some extent have different overall goals. The instruments at hand not only influence the decision makers own goals, rather the achievement of the goals of one actor may be influenced by the choice of policy instruments made by other actors. For instance will the effect of road pricing on congestion be dependent on the actual parking policy. Thus, policies may offset each other. The decentralization of decisions and responsibility through (semi-) privatization, increased competition and market orientation also challenge the coordination among the actors. 

Different arenas for cooperation between actors as well as a trial scheme for alternative organization for urban transport have been introduced in Norwegian urban areas to alleviate the lack of coordination in the decision process. Nevertheless these problems seem to persist. It is also clear that the use of policy instruments to some extent must be political acceptable. Previous research, among others the EU project REVENUE (Tricker et al 2006, Bekken and Norheim 2006), has shown that what is perceived as the first-best combination of policy instruments often fail to be political acceptable as is the case of road-pricing in Norway. The result is that a number of second-best policy instruments are used.
In 2003, the Institute of Transport Economics carried out a comparative study of the relation between the framework conditions for urban transport and travel patterns in Norwegian cities (Vibe 2003). The study was financed by The Ministry of Transport and Communications and covered all the urban areas taking part in different trial schemes of alternative administrative organization of public transport provision. The main purpose was to assess to which extent the cities taking part chose organizational frameworks promoting efficient use of policy instruments and to what extent the different approaches promoted a higher or lower proportion of pedestrian, cycle and public transport journeys based on market-related assumptions. In order to assist in this work, a larger database consisting of 43 cities, of which 28 are European, has been used.
In this paper our goal is to discuss different policy goals and the instruments required to achieve such goals. To do this, we have developed further a model by Vibe (2003). The model is based on estimates on how different policy conditions affect the quality of the transport provision, volume of travel and the distribution between cars and public transport on an aggregate level. The estimates are derived from the database above. The model can be used for identifying policy instruments and combinations of policy instruments to reach different policy goals (objectives) for the transport development in an urban area on an aggregate level. For example, the model can be used to identify which instruments or combination of instruments is needed to achieve a one per cent increase in public transport (PT) modal choice. 
In the paper we illustrate how different packages of policy instruments can be combined to meet certain predefined goals in different urban areas. One important indication is that the policy goals are not in line with the actual policy instruments needed to reach them. 

1 The model1 
The model we have used is an extension of the model used by Vibe (2003). Basically the model is developed to explain mode choice given different framework conditions.  The underlying assumptions for the model relationship are illustrated in Figure 1. The objective is to isolate the effects of different relevant conditions which affect the quality of the transport provision, volume of travel and the distribution between cars and public transport on an aggregate level.
FIGURE 1 HERE
The quality of public transport, depending on whether it concerns the road network or public transport provision, will be decided by the economic framework conditions. By economic framework conditions, we mean the general economic level in the urban area and more specific investments and running costs connected with the different sides of the transport system. The extent of travel will be decided by the quality of public transport and the main framework conditions connected with the characteristics of the urban area. The choice of transport, when we analyse the data at the aggregate level, will be decided directly or indirectly by the quality of the provision and other framework conditions connected with the characteristics of the urban area. Overall, the indicators which appear to be best suited to the model are:

· Economic frameworks: Investments in the road network; investments in public transport; running costs for public transport; economic activity in the area.

· Characteristics of the road network:  Road length per inhabitant; surface coverage for the road network; costs of using cars; parking places in the city centre; speeds on the road network.

· Characteristics of pubic transport: Surface coverage; vehicle fleet kilometres; size of fleet; costs of travelling by public transport; speed of public transport; separated public transport tracks; trams as a proportion of the number of routes, underground trains as a proportion of the number of routes.

· Characteristics of the urban area: Size of population; density of population; car density; economic activity in the area.

· Extent of travel: Number of journeys per person per day; average length of journey; length of journey to work. 
· Choice of form of transport: Public transport’s share of all motorised transport

The final model for choice of transport is built on two sub-models. The first creates an indicator of the quality of the transport system divided between the quality of the road network and the quality of the public transport network. The indicator is based on different transport related conditions in cities as well as more general economic conditions. In the second sub-model we identify a relation from the quality of the transport system and the volume of transport and the choice of mode.

1.1 Quality of the transport system

The first sub-model concerns the quality of the transport system. The sub model for the quality of the transport system shows the connection between central characteristics of the quality of the road network and public transport and the economic framework conditions for these parts of the transport system. The quality of the provision in this context can be used as an expression of the degree of adaptation for using the two alternative transport systems. To create indexed dependent variables for the model, information about the following has been used:

TABLE 1 HERE

As independent variables, we have used information about:

· Local gross national product

· Proportion of local GNP which is spent on road investments

· Proportion of local GNP which is spent on investments in public transport

· Proportion of local GNP which is used for running public transport

Figure 2 shows the effect (beta coefficient) of the independent variables on the two indexed dependent variables. The model only explains a small proportion of the variation in the quality of the road network (R2=0,301) and public transport provision (R2=0,278). The running costs of public transport form the single most significant factor on both indexes, but we also find effects of the general economic activity and of investments in the road system.  In cities where a relatively large amount is spent on public transport running costs, the probability of finding good public transport provision is high, while at the same time the adaptations for car usage will be correspondingly poorer.

FIGURE 2 HERE
1.2 Transport volume

In the sub model for calculating the connection between the volume of transport and framework conditions, the following indicators are used as independent variables:

· Framework conditions connected with the area: Density of cars, size of population, density of population and economic activity in the area. (Metropolitan Gross Domestic Product)

· Framework conditions for using cars: Road capacity, accessibility, vehicle costs and parking conditions

· Framework conditions for use of public transport: Extent of provision, accessibility, fares
Figure 3 shows the factors which are significant for the volume of transport.
FIGURE 3 HERE

The model explains in detail two thirds of the variation in transport volume between the 43 cities. High car density, a large population and a high quality of public transport provision increase the probability of the population travelling a great deal locally, while a high density of population in the urban area has the opposite effect.

1.3 Final model for mode choice

The main purpose of the analysis is to demonstrate significant effects of the framework conditions on the population’s choice of transport, which is defined here as the choice between private and public motorised transport. A total of 17 indicators are used in the analysis, and nine of them are shown to have significant effects. The figure shows the connection between these nine factors and the proportion of transport carried by public transport.

FIGURE 4 HERE

A total of 17 indicators are used in the analysis, and nine of them are shown to be significant. The model can explain almost 90 percent of the variation in the choice of transport (r2 = 0,895) in the sample. The results of the analysis are in line with the usual expectations: The proportion of public transport increases when the quality of the public transport system is enhanced (reduced fares, increased accessibility, increased frequency/capacity) or when the quality of the road network is reduced (increases cost of using a car, reduced road capacity and reduced parking capacity).

2 Data
The development of the model is based on the UITP database (1995 data), which contain information about transport from a total of 84 cities. 43 of the cities from the UITP database are included in the model. In addition we have included several Norwegian city areas. 

2.1 The UITP data set 
The data set used for this model was collected by the International Union of Pubic Transport (UITP), and is often referred to as the UITP Millenium database. The dataset consist of information from 84 cities on all continents. The size of the cities range from smaller cities, with Graz in Austria as the smallest (pop 240000), to larger metropolitans, with the Tokyo region as the largest (pop 32.2 million). Most of the cities are based in industrialized world. 

The data was collected for the fiscal year 1995. The data is primarily quantitative and cover a broad range of topics, including demographics, economy, urban structure, car ownership, road network, parking, mobility aspects, modal split figures and public transport. 
The institute of Transport Economics participated in the data collection and have had access to the basic data. For other purposes, the UITP has derived indicators for the most important variables. This has been necessary in order to “disguise” sensitive data. In total, 230 standardized indicators have been derived. The UITP has also analyzed the data set in Vivier (2000). 

A new collection of the same data was carried out for the fiscal year 2000. These have just recently been published and made general available for purchase through the UITP. Unfortunately, we have not yet been able to include this new data set in our analysis, but we will do this in the future. An inclusion of new data, we expect will improve our model significantly and also allow us to test the existing model with the real outcome. 
2.2 Calibrating the model with data from Norwegian cities
As previously noted we have extended the model with data for a number of Norwegian cities. In addition, Oslo was included in the original UITP dataset. Because the basic model found 9 variables to be significant in explaining the modal choice, we have focused on these in the collection of Norwegian data. These 9 variables however are derived from other variables. For instance, are some related to local GDP and size of the CBD area (Central Business District). The data collected for the Norwegian urban areas is illustrated in Table 2. 
Number of inhabitants in densely populated areas and the population density in this area are important framework conditions for the type of public transport provision which can be achieved. Bergen has the largest population, but the density is greatest in Trondheim. Stavanger /Sandnes lies between the two. On the basis of these criteria, these cities should be approximately equal, and better than the other urban areas with regard to opportunities to offer a good service. Kristiansand has a smaller population and lower density and thus has a poorer starting point. The starting point for Sarpsborg /Frederikstad, where the population density is clearly the lowest, is even worse. Tromsø has the smallest population but at the same time, the density of population within the densely developed area is similar to Bergen and Stavanger /Sandnes. This illustrates some of the difficulties in general comparisons of the cities.
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Number of inhabitants in densely populated areas and the population density in this area are important framework conditions for the type of public transport provision which can be achieved. Bergen has the largest population, but the density is greatest in Trondheim. Stavanger /Sandnes lies between the two. On the basis of these criteria, these cities should be approximately equal, and better than the other urban areas with regard to opportunities to offer a good service. Kristiansand has a smaller population and lower density and thus has a poorer starting point. The starting point for Sarpsborg /Frederikstad, where the population density is clearly the lowest, is even worse. Tromsø has the smallest population but at the same time, the density of population within the densely developed area is similar to Bergen and Stavanger /Sandnes. This illustrates some of the difficulties in general comparisons of the cities.
In the model, these differences are taken into account, as they provide a starting point for analysing changes. An important factor in that respect is the significant differences between the cities with regard to the modal split. The proportion of public transport is more than double in Tromsø than in Sarpsborg/Frederikstad. Furthermore, the variation in the proportion of public transport is closely connected with public transport provision in the six areas. The proportion of journeys on foot is very high in Bergen, while the proportion of journeys by bicycle is low. The fact that there are few journeys by bicycle in Bergen and Tromsø seems reasonable, taking into account the topography and the weather. Sarpsborg/Frederikstad stands out with the highest proportion of journeys by car and motorcycle.
2.3 How to improve the model?
One of the major critiques of the model that can be raised is that the cities are too different to compare. Strong efforts have been put into the work of including the most relevant cities for comparison purposes. This implies that from the original data set, we have excluded cities with the largest population, cities with a significant lower level of income and cities with a fundamental different modal split than in Norwegian cities. This reduced the number of cities from the original 84 to the current 43. In addition, we have included several Norwegian cities. It is evident that the model will improve significantly when we have included the new dataset from the UITP. 

3 Goals and tools in urban public transport

The overall purpose of this paper is to present some overall goals for Norwegian cities and what level of policy tools which are required to reach them. Our task is not to discuss possibly conflicts of goals or of tools. Neither is our task to assess the relevancy and possibility of reaching the goals or introducing the necessary tools. These issues are however very important and are about to be addressed by a study currently under way. The framework presented in this paper is major inputs to that study. The study will ask different stakeholders for their goals in urban transport policy and how they consider the different tools required to reach the goals. In the following, we will first present the three overall goals in urban transport which we will examine. Second we present how we have developed policy tools to reach them and third the level of the tools as estimated by our model.

These policy tools and policy goals will be evaluated in other studies. We are amongst other interested in how the policy makers consider the different goals and what tools and combinations of tools they prefer in order to reach different goals. This constitutes a major part of an ongoing project that will be reported in 2007. 

3.1 Overall policy goals

Sustainability has been an important issue for a long time in Norwegian urban transport policy. This has been approached in many different ways. Since our model focus on transport volume and modal choice, we have developed three overall goals based on this.
· Goal 1: PT take more of the growth in traffic. In many cities, there is a policy goal stating that PT shall take all growth in traffic. Our first goal is approached by stating that PT is to increase its modal share with 1 percentage point over a 10 year period. As we will illustrate later this is a very optimistic goal given the necessary strength of the policy tools required. In our model this goal has been approached by focussing on an increase in the modal split in favour of PT.
· Goal 2: Balanced modal split. The second goal states that the modal split between PT and car usage is to be the same over the next ten year. This goal is in line with many of the Norwegian urban areas. As we will later show this is also quite ambitious given the underlying growth of car usage.

· Goal 3: Increasing the mobility for car users. A laissez-faire policy for urban public transport is not efficient in the long term. To improve mobility for all requires that there is also a good PT system. Our third goal approaches this by stating that most of the growth in traffic shall be taken by car usage, however, the modal split between car usage and PT usage is not to be reduced by more than one percentage point in disfavour of the PT mode.
Even though there may be several other goals in urban public transport, we have decided to concentrate on these. For practical purposes they are all related to the modal split. The reason for this is that the underlying model also focuses on this. By using these three different goals we have covered both the environmentally friendly coalition in Norwegian policy and the more car oriented groups in Norwegian policy.

3.2 Policy instruments

As noted in previous sections, the model has nine significant variables. Based on this we have created five policy instruments that the model can simulate.
· Tool 1: Change in the user costs for road users. This policy tool covers several other policy instruments, such as increased tolls, increased gasoline prices, increased parking costs and so forth.

· Tool 2: Change in the number of parking spaces in the city centre. This policy tool resembles the physical parking policy. Changes in the cost of parking is covered by the above mentioned policy tool.

· Tool 3: Increased PT frequency. In the model this is approached by changing the number of PT vehicles. This is a crude approximation, but since comparable figures of frequency is hard to obtain, this is the second best. Given that there are no changes in the network structure or operation, a change in the number of busses can indicate a change in frequency.

· Tool 4: Reduced PT fares. This policy tool relates to the average cost of using public transportation. By using average levels, we are not able to discuss seasonable passes or other changes in the fare structure. Given that there are no major changes in the fare structures, this is a good approximation.

· Tool 5: Increased public transit average speed. Increased speed in important in many respects. It is also important to note that increased speed where most passengers travel compared to where only few passengers travel will be more beneficial than average numbers state, this approach is the best given the figures available to us.

3.3 Policy instruments for different goals

The overall goal of this paper has been to present a simplified way to consider policy instruments to reach policy goals. For simplicity, we have estimated an average Norwegian city and related the changes to that. Due to average figures and a lot of approximations, one should be careful in using the result isolated. However the strength of the instruments required to reach the overall goals is of great interest. Table 3 illustrates how the model estimates the strength of the different policy tools required to meet the overall policy goals. It is evident from this comparison that even a seemingly modest goal of balanced growth will require a substantial change in policy. This is primarily due to the underlying driving force of increased car ownership.
TABLE 3 HERE

3.4 Packages of policy tools
Often one policy tool will not be implemented alone to reach different goals. We have also developed packages of policy tools to reach the different goals. Table 4 illustrates this. This table show combinations of tools that the model estimates to be able to reach the policy goals in combination.

TABLE 4 HERE

4 Discussion
We have developed a model framework to estimate the required strength of policy tools to meet different policy goals and applied it to an “average” Norwegian city. These policy tools and policy goals will be evaluated in other studies. We are amongst other interested in how the policy makers consider the different goals and what tools and combinations of tools they prefer in order to reach different goals. This constitutes a major part of an ongoing project that will be reported in 2007. 

From section 4 it is evident that some policy goals will be hard to reach. This is no new knowledge. However, this model allows us to investigate policy makers’ preferences for different tools and packages of tools. To implement policy tools often requires compromises by different stakeholders. By investigating different stakeholders’ preferences for tools, to reach different goals we will gain new knowledge about the political process.
This model also allows us to consider complex decisions without turning to transport modelling tools. The result from transport modelling tolls will necessary be better due to the amount of details they can present and because they also are able too look at smaller areas. However, when it comes to more general policy making, transport models may become too detailed. In that respect simplified overall models like this may be of great interest. 

Currently, the model provides a framework. To make it stronger, it has to be re-estimated on a larger data set. With the new UITP data for 2000, this will possible. This will also allow us to critically judge the existing model and where to improve it further. Currently, the model is of great interest, but the result should be carefully interpreted.   
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TABLES
Table 1: The contents of the indicators

	The quality of the road system/ adaptation for cars
	Quality of the public transport system / adaptations for using public transport:

	· Public road length per inhabitant

· Length of motorway per inhabitant

· Surface coverage of the road network

· Accessibility on roads measured in driving speed

· Number of parking places in relation to work places in the city centre

· Costs of using a car per person km (calculated as the proportion of local GNP per inhabitant in the area)


	· Number of public transport vehicles per inhabitant

· Surface  coverage of the public transport network

· Public transport fleet kilometres in relation to the population

· Accessibility measured in driving speeds

· Costs of using public transport (calculated as the proportion of local GNP per inhabitant in the area)




Table 2: The Norwegian dataset

	
	Sarpsborg/
Fredrikstad
	Kristiansand
	Stavanger/
Sandnes
	Bergen
	Trondheim
	Tromsø

	Total population
	117048
	114199
	192738
	233280
	151932
	60520

	Population of metropolitan area
	106145
	99737
	181714
	225879
	144560
	52428

	Population per km2 in metropolitan area
	1426
	1706
	2278
	2244
	2419
	2230

	Land area, km2
	652,28
	1778,92
	446,64
	444,93
	321,52
	2519,04

	Urbanised area, km2
	74,43
	58,44
	79,75
	100,64
	59,76
	23,5

	Total public transport vehicles per 1000 persons
	0,85
	1,05
	1,14
	
	1,28
	2,05

	Total public transport vehicle km of service per urban hectar 
	659,5
	1267,6
	1462,2
	1177,5
	1356,5
	2591,8

	Overall average speed of public
	15,71
	23,37
	
	
	25,89
	28,07

	Percentage PT pass km by tram or light rail
	0
	0
	0
	0
	0
	0

	User cost of public transport per trip in NOK
	9,99
	9,02
	7,89
	17,02
	11,4
	12,71

	User cost of private transport per trip per km in NOK 
	22,4
	25,6
	22,4
	28,8
	32,0
	19,3

	Passenger cars per 1000 persons over 18 years
	590
	531
	577
	511
	522
	4

	Passenger cars per 1000 persons
	432
	375
	406
	368
	399
	351

	Total daily trips per capita 
	2,95
	3,35
	3,09
	2,63
	2,92
	3,13

	Motorised daily trips pr capita
	2,42
	2,67
	2,38
	1,81
	2,22
	2,45

	Proportion of total motorised passenger kms on public transport
	7,8
	8,5
	12
	16,5
	14
	16,9

	Overall average trip distance by car
	7
	8
	7
	9
	10
	6

	Overall average trip distance by PT km
	7,0
	7,9
	7,7
	10,4
	10,3
	6,6

	Parking spaces per 1000 CBD jobs
	
	613
	
	173
	
	

	Length of road per person
	10,24
	13,65
	7,2
	6,6
	11,8
	15,46

	GDP in $
	29,019
	30,627
	36,055
	32,721
	30,796
	32,318


Table 3: Policy tools to meet policy goals in an “average” Norwegian city
	 
	 
	Goal 1
	Goal 2
	Goal 3

	Tool
	 
	1 percentage point change in modal split in favour of PT over 10 years
	No change in modal split between PT and car users over 10 years
	1 percentage point change in modal split in disfavour of PT over 10 years

	1
	Car user cost
	25 %
	14 %
	3 %

	2
	Parking spaces
	-90 %
	-60 %
	-10 %

	3
	PT frequency
	65 %
	35 %
	10 %

	4
	PT fares
	-75 %
	-40 %
	-8 %

	5
	PT speed
	45 %
	25 %
	5 %


Table 4: Packages of policy tools to meet policy goals in an “average” Norwegian city
	 
	 
	Goal 1
	Goal 2
	Goal 3

	Packages of tools
	1 percentage point change in modal split in favour of PT over 10 years
	No change in modal split between PT and car users over 10 years
	1 percentage point change in modal split in disfavour of PT over 10 years

	Package 1
	Car user cost
	10 %
	2 %
	2 %

	
	Parking spaces
	-10 %
	-2 %
	-2 %

	
	PT speed
	20 %
	20 %
	2 %

	Package 2
	Car user cost
	10 %
	10 %
	2 %

	
	PT frequency
	20 %
	5 %
	2 %

	
	PT fares
	-20 %
	-5 %
	-2 %

	Package 3
	Car user cost
	15 %
	3 %
	2 %

	
	PT frequency
	10 %
	10 %
	2 %

	
	PT speed
	10 %
	10 %
	2 %


Footnotes

1Most of this section is Based on Vibe (2003)

ILLUSTRATIONS

Figure 1: Assumptions for the model relationship (Vibe 20003)
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Figure 2: Index for quality of transport (Vibe 20003) 
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Figure 3: Sub model for transport volume (Vibe 20003)  
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Figure 4: Sub model for mode choice(Vibe 20003) 
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