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1. INTRODUCTION
On 30 December 2005 the urban tolling system in Trondheim was turned off, nine months before the legal concession period of 15 years had elapsed. The local decision makers chose to stick to this date, even if implementation was delayed from January to October 1991. Trondheim was the third city in Norway to introduce a toll ring, following the examples of Bergen from 1986 and Oslo from 1990 (Tretvik, 2003). The Trondheim scheme was unique in two aspects, (i) it was fully electronic with non-stop toll lanes from the start, and (ii) it had time-differentiated charges.
So, while cities like Bergen and Oslo have decided to continue their charging systems to finance new transport projects, Trondheim became the first city to discontinue charging and dismantle their charging equipment. This paper will try to answer what happened in Trondheim with respect to traffic impacts and public attitudes. Key sources of information are a “Last year in the life of the toll ring”-survey from the autumn of 2005, a follow up survey from the autumn of 2006 and data bases from automatic traffic counts during 2005 and 2006. 
2. THE TRONDHEIM CHARGING SCHEME
The introduction of the Trondheim toll ring came after a six year long planning and decision-making process. During these years, several decisions were made concerning the principles for charging, the design of the cordon and the charges, the use of revenues, and the division of responsibility between different institutional levels. Fears for the future of city centre trade and social equity concerns ranked high on the political agenda, and these were factors that almost toppled the decision to go forward with the plan. 

The Public Roads Administration played a major role as an innovation promoter, and a prerequisite for political acceptance seems to have been the initial co-operation between the road authorities and influential local politicians (Langmyhr, 1999). The aim of the scheme was primarily to raise revenue to feed an urban transport investment package (The Trondheim Package). However, the differentiated charges that were introduced had a secondary demand management objective. Political preferences particularly concerned the demand management bias of the charging scheme, and the percentage of revenue earmarked for public transport, safety and environmental measures (Langmyhr and Sager, 1996). 

The planned implementation date was delayed for almost a year, due to international court proceedings through GATT about the competition for the delivery of the charging equipment. This allowed the Public Roads Administration a period of nearly two years before the tolling started, to complete some infrastructure projects in the investment package. These investments soon relieved some of the most serious congestion, and were financed mainly by the take up of loans through the toll road company.
Figure 1 shows key aspects of the toll ring surrounding the central part of the city that came into operation in October 1991. 60% of the total population of 140 000 lived outside the ring. Eleven new automatic toll stations were built, of which only one had additional manual operation. In addition, one existing motorway toll station to the east (Ranheim) completed the ring. About 80% of the cars used an electronic tag (a passive in-vehicle transponder) during the morning peak. The fee system included time differentiated tolls. A slightly higher fee during the morning peak hours, free passage after 5 pm and at weekends, and there were no monthly passes. Hence, the motorists were levied for each inbound crossing, except that maximum one passing per hour and 75 crossings per month for cars with a tag were charged for (Tretvik, 1999).

The basic toll level amounted to 10 NOK ( 1.25 EUR (approximately 10% of the average hourly wage rate for Norwegian industrial workers at the time). Heavy cars (above 3 500 kilograms) were charged double price. The revenues were earmarked for a transport investment package financed by 60% user fees and 40% state funds. From this, 82% was to be used for road building. The rest was to be invested in public transport, safety and environmental improvement projects. The total package amounted to more than 2 milliard NOK (250 million EUR), during a 15 year period. 
In June 1996, the City Council in Trondheim decided on a revised toll charging scheme. This system, dividing the city into six zones and involving 18 stations came gradually into operation during 1998 (Langmyhr, 2001). Two main objectives motivated the revision of the single cordon scheme; (i) more revenue was needed to fulfill the transport investment plans and (ii) a more “equitable” scheme was called for, interpreted as a system charging a higher portion of the motorists. The revised fee structure included extended opening hours from 5 to 6 pm, and a lowering of the maximum number of charged crossings per month from 75 to 60. 
A third and final extension involving six additional stations closer to the city centre came into operation 1 November 2003, and at the same time the basic toll level was raised from 12 to 15 NOK. With a typical discount of 30-40 % for tag holders, this implied a price per passage of around 1,3 EUR. The layout of the scheme which now consisted of 24 stations (or strictly speaking 26 if stations located very close together to the south are counted separately) and 59 payment lanes is shown in Figure 2. The motivation for this final revision was to cover cost overruns on a remaining highway construction project, and this solution was preferred by the politicians rather than to run the scheme for the full 15 year period until 1 October 2006, or to extend payment periods to cover evenings and weekends.
3. RESIDENTS’ PERCEPTIONS OF LOCAL TRAFFIC PROBLEMS

Figure 3 shows how nine urban traffic problems were perceived in 2006 by the respondents on a scale ranging from 4=A very serious problem to 1=No problem. Figure 4 shows how the problems were ranked in order of seriousness in 2006 based on average scores, together with the corresponding scores from 2005. There was an anticipation that increased congestion resulting from the disappearance of charging, would lead to traffic congestion being ranked high as a problem in 2006. This however, did not happen. Traffic congestion was only ranked as the fifth most serious problem, the same ranking as in 2005. It should be noted that a relatively large share of respondents answered that congestion was sometimes a problem. Close to 80 % of respondents perceived this factor as problematic. This was at a level second only to unsafe roads.
At a similar survey in 1994, which formed part of the European MIRO Project (Bartley, 1995 and Tretvik, 1994), traffic congestion was considered as the least serious out of six listed traffic problem by the respondents from Trondheim. This was in strong contrast with the results from the other seven cities which took part. Congestion was ranked as the most serious problem by three cities and the second most serious problem by two cities. In Trondheim, pollution was ranked as the most serious problem, followed by noise and safety.
4. ATTITUDES TO URBAN TOLLING AND LOCAL TRANSPORT POLICY

Figure 5 presents all official measurements that have been made about the attitudes of residents in Trondheim to the introduction of urban tolling. After very strong opposition from the public prior to the October 1991 introduction of the scheme, this turned during the summer of 1992 to a mood where slightly more people were positive (37 %) than negative (35 %). However, as time went by, the negative share increased and the positive share decreased until a peak in October 2003, when four times more were negative than positive. The very low support in 2003 is related to a lot of publicity and discussions at that time about the immediate introduction of five new charge stations close to the city centre.
The November 2005 measurement can be interpreted as a continuation of the long term trend of increasing tiredness and frustration about the charging. The single group being most negative to urban tolling was daily car drivers. The most typical supporters were men living inside the original cordon and driving a car less frequently than on a daily basis. One possible explanation for the diminishing support is the lack of sufficient information and publicity about the purpose of charging, as time went on. Public relations work was taken much more seriously by the authorities prior to implementation and during the first year of operation. 
A strong indication of the importance of information is that when respondents were reminded about what type of projects the revenues from charging were financing, the support increased considerably. This can be seen in Figure 6. When respondents in 2005 were asked about their attitudes to urban tolling, taking into account the use of revenues, the negative share decreased from 47 % to 38 %, and the positive share increased from 19 % to 30 %. The most typical supporters now were men in the 18-29 years age group.
What is perhaps more surprising, is the delight with which respondents in 2006 responded to the same question, when asked about their attitude to having had urban tolling in Trondheim. The negative share now dwindled to 27 % and the positive share increased to 48 %. Still, as can be seen in Figure 7, they were as overwhelmingly happy as in the previous year about urban charging having come to an end. Subgroups having high shares being positive or very positive to having had urban tolling, were men, people living inside the old cordon and the 45-59 years old age group. Additionally, support increased with increasing income, increasing education level and decreasing car ownership.
The coming to an end of urban charging in Trondheim means that revenues in the order of 28 million EUR annually for use on local transport initiatives have disappeared. In the local transport plan 2006-2015 a gap between ambitions to improve transport and financial strength has been highlighted. On this background, respondents were asked about which principle for raising private sector money they considered most just. This is a question which also formed part of a local survey in 1994 (Tretvik, 1994). 
Figure 8 shows that congestion charging (explained to the respondents as differentiated charging depending upon where and when you were driving) was preferred by 42 % of respondents in 2006, compared to 30 % in 1994. The principle labeled quantity (exemplified as a local sales tax on engine fuel) was preferred by 32 % in 2006 and 40 % in 1994. The experience of the Trondheim differentiated charging scheme over the years seems therefore to have made respondents more ready for accepting the principle of congestion charging in the future.

Subgroups with above average support for road pricing were women and people in the 45-59 years old age group. Support increased with increasing education level, and somewhat surprisingly, with decreasing income.

A second question from 1994 that was repeated focused on respondents’ preferred distribution of money on transport measures. Figure 9 shows that Public transport was the single measure that people wanted to allocate most money to in both years, in fact around a quarter of the budget. In 2006 the two measures Traffic safety and Improve existing roads came very close with 22 % of the budget each. Spending money on Environment and Bicycle facilities was more preferred in 1994 than in 2006. This result can perhaps be credited the fact that around 20 % of the revenues during the lifetime of tolling and The Trondheim Package was spent on environmental and soft mode measures. 
Surprisingly to some, new highway infrastructure was allocated only 14 % of the budget in 2006 and 10 % in 1994. More than average support in 2006 for this measure was given by men (18 %, compared to 9 % by women), daily car drivers, the 30-44 years old age group, respondents from households with two or more cars and from people belonging to the group with the highest education level. Also, support increased with increasing income levels.
5. CAR DRIVERS’ ASSESSMENT OF OWN TRAVEL BEHAVIOUR WHEN NO TOLLING
Increases in traffic volumes on the roads were expected as a consequence of the closing down of the toll ring. To help in the assessment of what were likely to happen, car drivers in the 2005 survey were asked about likely changes in their travel behavior. For each one of the travel purposes work/school, shopping and other they were asked to consider whether they would do a considerable change, some change or no change. The types of changes like retiming, more car trips etc were recorded, and multiple responses were allowed.
Only a minority of car drivers thought that their behavior would be affected; 16 % for shopping, 10 % for other trips and 9 % for work/school, and some change was indicated more frequently than considerable change. The sum of responses for the three travel purposes are shown in Figure 10. The two most frequent adjustments, retiming of trips and more car trips, would both imply more car traffic during the charged hours 6 am to 6 pm Monday-Friday. Thus, trips that were “priced out” to workday evenings and weekends are likely to return back to the more preferred travel period of daytime during workdays.
Of course, this type of data only gives qualitative assessments of what is likely to happen in response to the discontinuation of tolling. Real data from traffic counts on the roads will be presented in the next chapter. Another issue is the reliability of data on peoples’ own assessment of future behavior. Part of the 2006 survey repeated the questions on behavioral adaptations, but now we were in a position to ask respondents how they had reacted to the situation with no tolls. 
The share of car drivers in 2006 which indicated that they had modified their behavior for one or more travel purposes was rather surprisingly the same as in 2005 (23 %). However, in 2006 a larger share (17 %) indicated changed behavior for one travel purpose only than in 2005 (13 %). Looking separately at percentages with changes for single trip purposes, they were slightly less but still remarkably similarly to 2005; 13 % for shopping, 10 % for other trips and 8 % for work/school. 

Figure 11 presents the summary results for 2006. It is obvious that respondents in 2005 slightly overestimated future adjustments with respect to the most common reactions, retiming of trips and more car trips. Other reactions were in fact underestimated. Another observation worth noting is that carpooling by no means have been a common type of reaction to the tolling.
6. EVIDENCE FROM TRAFFIC COUNTS ON SHORT TERM IMPACTS OF THE DISCONTINUATON OF TOLLING 

During 2005, the last year of operation of the charging system, 24 stations with a total number of 59 payment lanes were in operation. The counting equipment on all of these lanes was kept live until 15 April 2006, and hourly volumes were recorded. However, towards the end of this period, volume data from one of the stations were missing completely due to an incident with a truck backing into and damaging the station computer, and two other stations had shorter periods with non-response from the counting equipment. 
To avoid any uncertainty resulting from missing data or incomplete recordings, the period 3 January to 17 March each year was selected for the assessment of short term effects. Thus, the data that is presented here represent 54 payment days and 20 free days from 2005 and 2006. 
Looking at what happened in sum for all 24 stations, there was a 7 % increase i total traffic, and practically all of this growth took place within the charging periods (6 am to 6 pm, Mondays thru Fridays). The growth within the charging periods was 11 %, compared to almost no change during the free periods.  
This total result is the outcome of various adaptations by car drivers, including route and destination choices. Also, many car drivers will have passed more than one station on a given journey, in particular involving one of the inner stations. Therefore, selected stations have been grouped together according to arrival area, in order to be better able to study the impacts on traffic volumes of the annulment of tolling. 
The stations in the first three areas in Table 1 are all located along an outer cordon very similar to the original toll ring. The stations located in the areas Inbound from south and Inbound from east capture external traffic as well as local traffic, whilst Across the bypass road only captures local traffic from within the city boundary. The area To the CBD includes the three stations located closest to the city centre, but they do not cover all approaches to the CBD. Also, traffic through the station located immediately to the west was affected by construction work and volumes for some weeks during early 2006 are less than expected due to rerouting. 
Table 1 shows that traffic increases during the charged periods (Mon-Fri inside 06-18) are much higher than during other periods. Looking at the three first areas in the table only, the traffic increase during charged hours was 8,6 %, during free hours 0,4 %, and the total increase was 5,4 %. The last figure is very close to the figure for general growth in traffic for the county (5,2 %) for the 12-month period ending 31 March 2006. (It will be looked more closely into how representative this figure is, because it is notably higher than figures for previous years.) 
This is an interesting result seen in perspective to the evaluation of what happened during the first year of operation of the original 1991 toll ring. The early nineties was a period of economic recession and zero growth in general traffic, and the evaluation from that time showed no change in total traffic across the toll ring, but a reduction of about 10 % during charged hours, and a corresponding increase of 8-9 % outside charged hours (Meland, 1995).
Figure 12 depicts hourly traffic during workdays for two of the areas, and shows very clearly the increases during daytime in 2006 compared to 2005. It is fairly evident that drivers in 2005 were scheduling journeys to avoid the charged period. It is not so easy to see from the figure, but for instance for traffic across the bypass road, traffic levels in 2006 went down by 11 % during the hour in the morning just before charging started, and went up by 13 % during the first hour of charging. Similarly, traffic during the last hour of charging in the afternoon increased by 20 %, while traffic during the first hour after charging decreased by 6 %. 
A general trend of increases in traffic over the day can be seen very clearly when the charged period is grouped into 4-hourly periods as in Figure 13. Even if the absolute levels vary by area, traffic increases are consistently higher during the middle of the day than during the morning and highest during the afternoon. 
An alternative way of looking at drivers’ behavioral adaptations to the disappearance of charging, which is not interfered by what has happened with the general growth in traffic, is to compute percentage shares of traffic passing the stations inside charged hours during the before and after period. Table 2 shows how this statistic is distributed by area and month, and totals. 
For all areas and months an increase in the proportion of traffic now taking place during charged hours is evident, i.e. drivers that were “priced out” have returned to their most preferred time of day for making trips. Another feature of the results is that, somewhat surprisingly, the behavioral adaptations are largest in January, smaller in February and smallest in March. This is contrary to common wisdom in transport economics which says that short term elasticities are smaller than long term elasticities. Automatic counting will continue for the rest of 2006 at around ten stations, so it will be possible later to determine what happened to month-by-month changes for a more extended after period of twelve months.
7. CONCLUSIONS

The urban tolling system in Trondheim has been dismantled, and 2006 was the first year of operation with no charges for driving in the city. Analyses of traffic data for the first three months reveal insignificant extraordinary growth in traffic for whole weeks attributable to the discontinuation of tolling, but notable shifts in the timing of car trips. Almost all of the expected growth has taken place in the previously charged hours 6 am to 6 pm on workdays. The growth in all influx areas has been consistently highest during the afternoon hours and lowest in the morning hours. 

The car drivers’ own assessment of changed travel behavior due to the discontinuation of tolling is confirmed by data from the automatic counts. Retiming of car trips and making more car trips was the most common adaptations, and assessments of actual responses in 2006 was remarkably similar to assessments of likely responses from 2005.
Respondents revealed a surprising change of mood in a positive direction when asked in 2006 about their attitude to having had an urban toll ring, compared to their attitude in 2005. Another interesting observation is that the experience of living in an environment with urban tolling, seem to have paved the way for a more positive attitude to congestion charging in the future. When asked to choose the most fair principle for local urban charging, 42 % preferred congestion charging.
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Table 1: Changes in volumes depending upon area and time period
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Period

Number of 

crossings 

2005

Number of 

crossings 

2006

Change

Mon-Fri inside 06-18

765628

845502

10,4 %

Mon-Fri outside 06-18

205209

215076

4,8 %

Saturdays

116228

119899

3,2 %

Sundays

124483

126071

1,3 %

Total

1211548

1306548

7,8 %

Mon-Fri inside 06-18

868354

967402

11,4 %

Mon-Fri outside 06-18

300727

292393

-2,8 %

Saturdays

163195

159121

-2,5 %

Sundays

137561

134507

-2,2 %

Total

1469837

1553423

5,7 %

Mon-Fri inside 06-18

860270

895875

4,1 %

Mon-Fri outside 06-18

260525

265894

2,1 %

Saturdays

149148

148879

-0,2 %

Sundays

138723

140557

1,3 %

Total

1408666

1451205

3,0 %

Mon-Fri inside 06-18

1042260

1080621

3,7 %

Mon-Fri outside 06-18

363653

352218

-3,1 %

Saturdays

211718

208331

-1,6 %

Sundays

175842

169992

-3,3 %

Total

1793473

1811162

1,0 %

To the CBD (3 stations)

Across the bypass road 

(3 stations)

Inbound from south (4 

stations)

Inbound from east (3 

stations)


Table 2: Changes in percentage of weekly traffic passing during charged hours by area and month
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2005

2006

Change 

(percentage 

points)

January

62,8 %

64,8 %

2,0 %

February

62,1 %

64,1 %

2,0 %

March

65,5 %

65,5 %

0,0 %

Total

63,2 %

64,7 %

1,5 %

January

58,3 %

61,8 %

3,5 %

February

58,5 %

61,4 %

2,9 %

March

61,1 %

64,5 %

3,4 %

Total

59,1 %

62,3 %

3,2 %

January

60,9 %

61,7 %

0,8 %

February

60,1 %

60,6 %

0,5 %

March

62,8 %

63,7 %

0,9 %

Total

61,1 %

61,7 %

0,7 %

January

57,4 %

59,0 %

1,6 %

February

57,3 %

59,0 %

1,6 %

March

60,4 %

61,9 %

1,5 %

Total

58,1 %

59,7 %

1,6 %

January

59,6 %

61,6 %

2,0 %

February

59,3 %

61,0 %

1,8 %

March

62,2 %

63,8 %

1,6 %

Total

60,1 %

61,9 %

1,8 %

Inbound from east

To the CBD

Total

Inbound from south

Across the bypass road
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Figure 1: The 1991 Trondheim Toll Ring
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Figure 2: The 2004 Trondheim charging scheme
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Figure 3: The seriousness of traffic problems in 2006
[image: image6.emf]2,74

2,34

2,32

2,30

2,30

2,20

2,08

2,07

1,88

2,6

2,17

2,36

2,67

2,17

2,07

2,22

2,04

1,94

0,00 1,00 2,00 3,00

Public transport: Too expensive

Unsafe roads

Pollution and bad air quality

Parking: Too expensive

Traffic congestion

Public transport: Frequencies too low

Parking: Capacity too scarce

Public transport: Too few lines

Traffic noise

2006 2005


Figure 4: Ranking of traffic problems in 2006 compared to 2005
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Figure 5: Public attitudes to the Trondheim charging scheme
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Figure 6: Attitudes to the Trondheim charging scheme after being reminded about the use of revenues

[image: image9.emf]6,5 %

6,5 %

19,6 %

15,9 %

22,5 %

15,2 %

48,0 %

57,9 %

3,1 %

2,4 %

0,0 % 25,0 % 50,0 % 75,0 % 100,0 %

2005: How pleased or

displeased are you about the

discontinuation of urban tolling

in Trondheim?

2006: How pleased or

displeased are you about the

discontinuation of urban tolling

in Trondheim?

Very displeased Displeased Neither nor Pleased Very pleased Don't know


Figure 7: Attitudes to the discontinuation of the Trondheim charging scheme
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Figure 8: What is the most fair principle for local urban charging?
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Figure 9: Preferred distribution of revenue on transport measures
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Figure 10: Car drivers’ own assessment in 2005 of behavioral responses to the discontinuation of charging
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Figure 11: Car drivers’ own assessment in 2006 of behavioral responses to the discontinuation of charging
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Figure 12: Typical profiles by hour of day Monday-Friday in 2005 and 2006 
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Figure 13: Changes in traffic volumes 2005-2006 by time periods during charged hours Monday-Friday
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