The Stockholm congestion charging system – 

a summary of the effects
Jonas Eliasson

WSP Analysis & Strategy 

Professor Transport Systems Analysis, 

Centre for Transport Studies, Royal Institute of Technology
jonas.eliasson@wspgroup.se
2006-04-27

To be presented at WCTR 2007

This article draws upon the summary report written by the expert evaluation group, chaired by the author of this summary. Other members of the expert group were Lena Smidfeldt Rosqvist (Trivector Traffic AB), Staffan Algers (Royal Institute of Technology and WSP), Cecilia Henriksson (WSP), Lars Hultkrantz (Örebro University), Christer Ljungberg (Trivector Traffic AB) and Lena Nerhagen (Swedish National Road and Transport Research Institute).
The expert group summary and English summaries of the various evaluation reports can be found in Stockholmsforsoket (2006). 
1 Introduction

The Stockholm trial consisted of two parts: a congestion charging scheme that was in place between 3 Jan and 31 July 2006, and extended public transport that was in place between 31 August 2005 and 31 December 2006. Initially, the trial was meant to consist only of a congestion charging scheme. Later, it was decided that the charging scheme should be complemented by public transit extensions – several new bus lines, additional capacity on commuter trains and subways, and more park-and-ride facilities. 
The congestion charging scheme was originally meant to be a ”full-scale trial for several years”, and was a part of an agreement between the Social Democrats, Lefts and Green on the national level following the election in the autumn of 2002. For various reasons – most importantly legal complaints regarding the technology procurement process -  the period with congestion charges became considerably shorter than was initally planned. 

The Stockholm trial was followed by referendums in the City of Stockholm and in about half of the neighbouring municipalities. The referendum in the City of Stockholm ended with a majority for keeping the charges, but adding all votes up, a majority of the voters in the county were against the charges. However, the results could be viewed as a bit skewed, since most of the municipalities where polls showed greater support for the charges did not arrange a referendum at all. 

After pondering how to interpret the outcome of the referendums for a few weeks, the new national government decided that congestion charges should be reintroduced in August 2007. At the time of writing, a negotiator appointed by the national government is trying to strike a deal between the municipalities and the county of Stockholm. The deal is meant to produce a ”package” where the charge revenues is used for number of road investments – possibly also including additional government funding, but that is not clear currently.
2 Facts about the Stockholm Trials

The stated purpose of the charge trial was to “test whether the efficiency of the traffic system could be enhanced by congestion charges”. The objective of the charges were to “reduce congestion, increase accessibility and improve the environment” (both the perceived living environment and the measurable emissions from car traffic). The goal was to reduce traffic across the cordon with 10-15%. This target was (loosely) based on previous studies on how congestion charging systems should be designed.
2.1 The charging system

The charging system consisted of a cordon around the inner city of Stockholm with time-differentiated charges. The area inside the cordon is around 30 km2.
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There were 18 control points located at Stockholm city entrances and exits. Vehicles were registered automatically by cameras that photograph the number plates. Those vehicles equipped with an electronic onboard unit (transponder) for direct debit payment were also identified through this means. 

There was no opportunity to pay at the control points. More than 60% of the payments were made automatically through transponder/direct debit. The rest were paid retroactively, either at local shops (7-eleven etc.) or through bank transfers, either direct transfer or using a “virtual shop” on the Internet where you could pay using e.g. a VISA card. 

The cost for passing a control point was SEK 10, 15 or 20 depending on the time of day (see the table). The cost was the same in both directions. The maximum amount payable per vehicle and day was SEK 60. No congestion charge was levied in the evenings or at night nor on Saturdays, Sundays, public holidays or the day before a public holiday. Various exemptions (for e.g. taxis, buses, alternative-fuel cars and for traffic between the island of Lidingö and the rest of the county) meant that about 30% of the passages were free of charge.  

There was no congestion tax levied on vehicles driving on the E4/E20 (the Essinge bypass) past Stockholm (the green road on the map). This was the only free-of-charge passage between the north and south part of the county. The Essinge bypass was heavily congested even before the charges, so from a pure traffic perspective, there was a strong argument for also charging vehicles on the bypass. The opposition from the surrounding municipalities were so strong, however, that the politicians of the City of Stockholm decided that the Essinge bypass should be free of charge.
2.2 Extended public transport

The public transport was extended with 197 new buses and 16 new bus lines. This was meant to provide a fast, efficient alternative for travelling at peak hours from the municipalities surrounding Stockholm into the inner city. Where possible, existing bus-, underground- and commuter train lines were reinforced with additional departures. New park-and-ride facilities were built in the region, increasing the park-and-ride capacity with around 25%. Existing park-and-ride facilities were also made more attractive.

2.3 Costs for the trial

All costs were paid by the national government. The budget for the trial is SEK 3.8 billion (around 420 million Euros - 1 Euro is around 9 SEK).
The total cost for the charging system was approximately SEK 1.9 billion. 1.05 billion was incurred prior to the start of operations. A significant part of this ”startup” cost was costs for extensive testing. The system would only be operational for 7 months, making it absolutely necessary that everything worked right from the start. The start-up cost also included, in addition to purely technical investments, system development in a wide sense, educating and training staff, testing, public information, etc., and certain other additional minor costs, such as those for traffic signals, and the services of the Swedish Enforcement Agency and the Swedish Tax Agency.
The rest of the costs (850 million SEK) were running costs and additional development costs during 2006. Far from all costs incurred during 2006 were ”running” costs: the system was improved in several ways during the spring of 2006. Also included are the Swedish Road Administration’s costs for closing down the system and evaluating the results during the second half of 2006. 
Actual running costs decreased significantly by each month, when it quickly became obvious that things in fact went better than planned: the number of complaints and legal actions were for example considerably lower than what had been anticipated, reducing costs for legal and tax administration. Further, the number of calls to the call center (the single biggest item in running costs) turned out to be around 1/20 than what had been anticipated – around 1500 calls per day instead of 30 000 per day. This meant that the call center was very much oversized, and during the spring, it was downsized – a considerable reduction of running costs. This means that investments costs could probably have been reduced quite substantially if the conditions (and not least the time constraints) had been different. This point may be especially important to note for other cities considering similar schemes. The National Road Administration estimates future running costs to be around 220 million SEK per year (around 25 million Euros). 
The cost for the extended public transit services consisted of purchases of new buses (580 million SEK), new and extended bus services (460 million SEK), investments in new bus stops and garages (140 million SEK), investments in park-and-ride facilities (70 million SEK) and additional train/subway capacity (80 million SEK). Hence, the new bus services made up a majority of the costs. More than half of this cost, however, is investment costs for new buses, which of course is a value lasting longer the trial.
3 effects on traffic and travel patterns
3.1 Traffic volumes
The goal was that the number of vehicles crossing the cordon should decrease 10-15%. Forecasts for the traffic effect made during the system design process (carried out by a team lead by the author) actually pointed at a significantly larger decrease – around 20-25% - but this was such a large decrease that it seemed unreasonable at the time. Further, it was unclear what effects on accessibility the charges would really have. While forecasts for traffic volumes are in general fairly credible, forecasts for travel times on heavily congested roads are in general not, since the only available forecasting tools were static network equilibrium models. Hence, it was decided that the system was probably appropriately designed. 
As it turned out, traffic flows across the cordon decreased almost exactly as predicted by the model. The decrease compared to the spring of 2005 remained stable at around 22% each month after the first, taking into account normal seasonal variations during spring (see figure below). Once the charges were abolished in August, traffic essentially returned to normal volumes. It is possible that there remained an effect of the charges even after they have been abolished – traffic across the cordon during the autumn of 2006 was a few percent lower than during the autumn of 2005. However, this decrease only occurred on two of the bridges on the cordon where major roadwork was carried out during the autumn, while all other arterials had the same traffic volumes as of the autumn of 2005, so the traffic decrease after the charges is most likely primarily due to these road works. 
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Figure 1. Vehicles across the cordon during daytime (6.00-19.00 weekdays). The charges were in place weekdays 6.30-18.30, January 3 – July 31, 2006.
The biggest traffic decrease was during the afternoon peak period, probably due to the larger share of discretionary trips compared to the morning peak, and perhaps that journeys to home have less fixed departure times than journeys to work. Traffic also declined during evenings after the charge period – a natural phenomenon since fewer trips into the city during the charge period results in fewer return trips during the evening. 
In addition, the effects of the trial were seen further out from the charge zone than we initially expected - traffic volumes declined at locations far from the charge cordon. Consequently, many of the feared side-effects - on link roads at the city’s outskirts, for example - were unfounded. 

Traffic flows on big inner-city streets during the charge period declined but not as much as over the charge cordon. This is natural since the traffic flow in the inner city also includes vehicles belonging to people who live there, etc., who do not leave the charge zone but use their vehicles for transport within the zone. There are also signs from studies other than traffic monitoring that motorists who do not need to pass over the charge cordon benefit from the decline in congestion and, in fact, now use their cars more often. This could partly explain why the traffic-flow decline in the inner city is lower.
Since the Essinge bypass was heavily congested even before the charges, there were fears that congestion would increase dramatically. The same fear also applied to the Southern Link – a ring road tunnel outside the cordon connecting the south-west suburbs with the south-east and the Essinge bypass. As it turned out, the traffic increase on the Essinge bypass was limited – it varied across months between 0 and 4%. Average travel times increase a little, but well within normal variation. 
On the Southern Link, both traffic volumes and travel times increased significantly compared to the spring of 2005. However, it is unclear how much of the increase was due to the charges and how much was due to autonomous traffic increase. The Link opened in October 2004, and traffic increased steadily during the first year, until a boat hit a vital bridge on the Essinge bypass, decreasing the capacity on the Essinge bypass and hence the traffic volumes. The bridge was restored to full capacity at the same time the charges were introduced, and the flows on both the Essinge bypass and the Southern Link increased overnight. Because of this, it is virtually impossible to say for certain how much of the traffic increase on the Southern Link is due to the charges. Based on the short time series that we have, the increase due to the charges seems to be have been around 5-10%. However, after the charges were abolished, the traffic on the Southern Link did not decrease, which could indicate that the effect caused by the charges was considerably less than that. 
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Figure 2. Average changes in traffic volumes for different types of roads, april 2006 compared to april 2005, weekdays 6.00-19.00. The effect on the Southern Link is uncertain – see text.  
3.2 Travel times
A consequence of vehicle traffic declining is that accessibility improved and travel times fell. This had a large, positive influence on the reliability of travel times, i.e. travellers were now more certain that a journey could be made within a given period. Travel times for vehicle traffic declined significantly in and near the inner city. Particularly large declines were seen on approach roads, on which queue times fell by one-third during the morning peak period and by one-half during the afternoon/evening peak period. 
Not only were average travel times shorter – reliability also improved. The 10% worst travel times was reduced even more than average travel times – for some categories of roads (such as arterials during PM peak), by a factor of 3 or more.
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Figure 3. Relative increase in travel times for various categories of links. 0% means free-flow travel times. The coloured bars show average travel times while the ”error bars” indicate the worst 10% and the best 10% travel times. Measurements were taken from all weekdays for six weeks in April-May. ”AM peak” refers to 7.30-9.00, ”PM peak” refers to 16.00-18.00.
Travel times on the Essinge bypass have not increased significantly. On the Souther Link, travel times were much higher during the spring of 2006 than the spring 2006, but as explained above, it is unclear how much of this increase is due to the charges. 

Several studies show that the decline in traffic volumes and improved accessibility were very visible. For example, perceived work environment for commercial drivers (lorry and bus drivers) improved, and the number of people viewing congestion as a severe probem decreased significantly. 
3.3 Where did the car drivers go? 

Two travel surveys were carried out, one before the charges (in the autumn of 2004) and one during the charges (during spring of 2006). The surveys were carried out as penal surveys with around 40,000 completed one-day travel diaries. Initially, the charges were planned to start in August 2005, and the second travel survey was planned to be carried out one year after the first. When the charges were postponed (due to legal complaints), this meant that the two travel surveys took place during different seasons and quite a long time apart (one and a half year). This caused problems for the analysis – many respondents had moved or changed jobs, trip frequencies and modal splits are different during autumn and spring etc. 

Around half of the evicted car drivers consisted of work and school trips. Virtually all these ended up using public transport (which meant that public transport trips increased by around 6%). There were no signs of increased car pooling or working at home, for example. The other half of the evicted car users consisted mainly of discretionary trips. Virtually none of these ended up in public transit, and it turned out to be very hard to say precisely what happened to these trips. Some of them have probably gone to other destinations (not crossing the cordon), but many trips seem to be cancelled or made together with other trip purposes instead. 
It is interesting to note that the “amount of travel” in the previous situation is not a static fixed number which can be replaced, but that there is a large adjustment potential in simply reducing travel in different ways. The travel surveys seem to point to a reduction in the frequency of travel – people are not making as many trips as they did prior to the introduction of the congestion tax. 
Adjustments in the form of taking advantage of reduced congestion on roads could also be seen in some studies. For example, commuters traveling only inside the cordon were now to a larger extent traveling during the peak period, and the car share has also increased somewhat. This is just one example of the many people who do not pay, but who are still able to take advantage of the improved accessibility.
3.4 Has traffic been affected by factors other than the charges?

Traffic volumes across the cordon (i.e., to and from the city centre) increased at the same pace as the traffic in the county as a whole from the early 1970’s (when regular measurements started) up until the early 1990’s, where traffic across the cordon stopped growing. Traffic in the rest of the county, however, continued growing at the same pace, as did the number of transit trips across the cordon. The most likely explanation of this sudden end to traffic growth is simply that the road capacity was reached. 
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Figure 4. Traffic across the cordon 1968-2006. The dropin traffic between the 2004 and 2005 measurements is due to the opening of the Southern Link bypass. The drop in traffic between 2005 and 2006 is due to the congestion charges. (The figures have been adjusted for a change in the cordon definition 1991.)
A time series analysis was conducted on this data, analysing the effects on the traffic across the cordon from a number of explanatory variables. The most important factors turned out to be fuel price, number of employed and car ownership. Using the results from the analysis, the combined impacted from these factors was calculated to be a traffic decrease of less than 1%. We concluded that the effects of other factors than the congestion charge were likely to be very small compared to the effect of the charges. This conclusion is also supported by the fact that the traffic variations the last 15 years have been so small, despite significant changes in employment levels, fuel prices etc. over these years.

The table below shows results from a time series model estimated specifically on data on traffic flow across the cordon 1973-2005. 

	Explanatory variable
	Average value Feb-April 2005
	Average value Feb-April 2006
	Relative change


	Estimated elasticity
	Induced change in traffic across cordon 

	No. employed in Stockholm county
	940 500
	980 000
	+4.2%
	0.852
	3.6%

	Petrol price (SEK/litre)
	10.50
	11.40
	+8.6%
	-0.304
	-2.6%

	No. of cars in Stockholm county
	754 300
	759 100
	+0.6%
	-
	-

	No. of cars per employed
	0.8020
	0.7745
	-3.4%
	0.508
	-1.7%

	Total
	
	
	
	
	-0.9%


Thus, in the ”counterfactual” situation, traffic would have decreased a little less than 1 percent. This is within the random variation of the data. 
4 Environmental effects

4.1 Emissions from traffic

The Stockholm Trial led to reduced emissions of both carbon dioxide and health-related emissions (such as particles). The reduction of carbon dioxide is approximately proportionate to the decline in vehicle kilometres travelled, which means that carbon dioxide emissions from traffic dropped by 2-3% in the County of Stockholm County.  As the result of a single measure, this is a significant reduction, even if it is only an interim step if the aim is to meet national climate goals. 
Emissions inside the cordon decreased by 10-14% - different for different types of emissions. The emission reduction was calculated using traffic volume measurements, together with vehicle emission factors. 
Detailed results are available in a report by The City of Stockholm Environment and Health Administration (2006). 

4.2 Perceived urban environment

One of the goals for the trial was to “improve the perceived urban environment”. The city environment is complex and diffuse concept. It is difficult to find a common, clear-cut definition of what is meant by a “good” or “improved” city environment. It is also difficult to measure these types of effect. To draw conclusions from the study carried out is made difficult not only by the above-mentioned general problems but also by the completely different weather conditions during the two monitoring periods. Our conclusions are therefore very cautious.

The result points to perceived improvements of exactly those factors for which measured changes can be demonstrated, i.e. those connected to traffic reductions. In the city environment study, citizens feel there is an improvement in traffic tempo, air quality and vehicle accessibility. The same tendency is seen in interviews with cyclists in the inner city and children living in the inner city. Inner-city children’s perception of the city environment has very clearly improved and many cyclists think there are fewer cars in the inner city and that the traffic environment has got better. Perception of things that have got worse mainly concerns accessibility - by foot and cycle and on public transport. The result does not support any clear-cut or unequivocal appraisal of whether the city environment in general has improved. Perceptions of accessibility by foot or cycle are strongly influenced by the weather and season and monitoring took place at different periods. However, the conclusion is that effects clearly associated with traffic changes can be seen in how the city environment is perceived.

4.3 Road safety 

Since the charges were in place for such a short time, it is difficult to draw conclusions on the basis of follow-ups of actual and reported accidents during the trial. Evaluations of the road-safety effects of the trial are therefore based on estimated relationships between road safety and changes in traffic volumes, traffic flows and speed levels. A cautious estimate is that the effects on speeds and traffic volumes would, on average, mean a reduction in the number of traffic-related injuries inside the cordon by 5-10% (Trivector, 2006). 
Effects on traffic safety in the county as a whole were calculated using traffic safety relationships developed by the National Road Administration. Traffic effects were obtained using OD matrices calibrated against traffic counts before and after the charges. The reduction in traffic was estimated to lead to a 3.6% reduction of the number of traffic accidents. The number of people killed and severely injured on the roads is expected to decrease by approximately 15 per year, while the number of people slightly injured is expected to fall by just over 50 per year. (In the social cost-benefit analysis, this translates to a benefit of 125 mSEK/year, using recommended Swedish valuations.)
5 Public transport

Public-transport travel was about 6% higher in spring 2006 than in spring 2005. The congestion tax seems to have increased public-transport travel by about 4.5%, while higher petrol prices and other external factors are probably responsible for the rest of the increase (about 1.5%). Congestion on public transport (measured by the number of standing passengers) increased somewhat on the Underground and decreased on commuter trains. Overall, congestion seems to be unchanged, probably partly due to expanded public transport.
Accessibility for bus traffic to/from and in the inner city increased. Since inner-city timetables were not adjusted during the trial period, improved accessibility did not significantly shorten travel times for inner-city buses. However, there are signs that punctuality improved. Bus traffic across the charge cordon – which do not have fixed time tables once they have passed the cordon - have experienced considerably shorter travel times.
Efforts to improve public transport (park-and-ride sites, expanded bus and light rapid-transit train services) did not, on the basis of current documentation, yield any visible effect on the total number of public-transport journeys during autumn 2005 - before the start of the Stockholm Trial. That is not say there is no such effect, just that, if it exists, it is too small to register in SL’s passenger statistics or in the travel-habits survey conducted in autumn 2005. It is indeed improbable that the public-transport expansion would not have any effects on the total number of public-transport journeys but adequately detailed analyses and statistics enabling such an increase to be identified are not yet available. SL’s onboard surveys on the new buses indicate that it has enticed motorists to switch to public transport but their number is still too small to make an impression when considering total public-transport travel. Totally, travel with SL was about 2% higher in autumn 2005 compared to autumn 2004 but that increase is believed to be due to higher petrol prices.
Another question is if the congestion tax would, in fact, have reduced vehicle traffic even if public transport had not been expanded. Expanded public transport, as mentioned above, has as yet certainly not provided any evidence of an increase the number of public-transport journeys,1 but it is quite conceivable that it boosted the effect of the congestion tax by making the switch from car to public transport easier. If that is the case, part of the effects of the congestion tax should instead be registered as an effect of expanded public transport.
Still, we believe that that effect, even if it exists, must be small. We base this belief on the fact that onboard surveys on the new buses show that, between autumn 2005 and spring 2006, the number of new passengers who earlier used their cars for transport was tiny compared to the reduction in the number of passages over the charge cordon. Of the vehicle-traffic reduction of 22% over the charge cordon, at the most 0.1% can be ascribed to expanded bus traffic.
6 Technical aspects

The technical system worked very well, from a purely technical point of view, but also from an information point of view – people knew what to do, how to pay etc. Compliance with payments was very high, and the number of complaints was much lower than expected. On an average day in May 2006, 371,300 journeys took place over the charge cordon, resulting in 115,100 tax decisions and income of more than SEK 3 million. Of these 115,100 tax decisions, 100 were investigated by the Swedish Tax Agency and five were appealed. The Swedish Road Administration customer-service unit received on an average day in May 2,200 calls, as opposed to an expected 30,000 calls. Based on this, our assessment is that the system and the information generally worked well from a user’s perspective. 
Studies of companies attitudes showed that many were having problems with the administration of the charges. The system for book-keeping and keeping track of vehicels were not well designed for the business needs, especially not initially. This is one of the main changes when the system is restarted in the summer of 2007. 

7 Effects on the economy

7.1 Effects on location and regional economy 

The regional economy may be affected both in the short and the long term. The effects on the economy depend to a large degree on whether – and in what way – the congestion tax is returned to the region. The effects of the Stockholm Trial on the economy have been investigated in several different studies. Most important, an overall economic analysis of the trade outlook and trade developments has been carried out in the county. Moreover, studies of the retail market, visitor-intensive activities, handicraft companies, driving schools, rubbish hauling, delivery traffic, taxis, transportation for the sick and handicapped and courier firms are also included. It is clear that the economy is dependent on a functioning road-transport system.  
Model calculations of the changed attractiveness of different areas are very sensitive to the value of time – pounds and pennies for what time is considered to be worth, what is assumed. The analysis shows many small changes that are uncertain because of this sensitivity to which assumptions are made. The changes are also small in comparison with generally increased pressure from a growing number of citizens and workplaces in the region. Even the influence on house prices is not of great significance. The long-term effects according to the model are not greater than the normal price variations between two quarters.  

7.2 Effects on retail

There had been fears that retail inside the cordon would be adversely affected, but studies of the retail markets were not able to show any effects of the congestion charges. For example, the durables survey in shopping centres, malls and department stores during the Stockholm Trial period shows that these have developed at the same rate as the rest of the country. The same holds for other retail sectors. 
On an aggregate level, the effects are likely to be very small. For households, the congestion tax has an effect of about one per thousand of total disposable income per year. This means that purchasing power in the county has not been significantly affected, even if, for individual households, the tax can have tangible consequences. 
7.3 Cost-benefit analysis 
A cost-benefit analysis is a means of systematically trying to summarize the effects and costs of a particular measure. The analysis is carried out to establish whether a measure is “worth the money”, in other words whether the value it creates is greater than its cost. 

Even if it is well established that congestion pricing will yield a social surplus, it is not evident neither that it will be enough to cover investment and operational costs, nor that a real congestion pricing system, will all its practical and political limitations, will be socially profitable. 

The CBA shows that the Stockholm system yields a large social surplus, well enough to cover both investment and operational costs. A permanent congestion-tax system is calculated to yield an annual social surplus of about SEK 760 million (after deducting operating costs). (The CBA is described in detail in Eliasson, 2006. A summary of the key results and assumptions is supplied in Appendix.) It would take four years to pay back the congestion-tax system’s investment costs in the form of social-economic benefits. This is a very short payback time compared, for example, with road or public-transport investments which, in favourable scenarios, have a payback time in terms of cost-benefits of 15-25 years. From a cost-benefit perspective, the most relevant basis for a decision is really to ignore the cost of the investment – the Stockholm Trial cannot be undone and the investment made cannot be recouped. But the congestion tax is still cost-benefit positive, even when the cost of the investment is taken into account. 
Increased bus traffic is considered unprofitable from a cost-benefit perspective, both during the Stockholm Trial and if it was made permanent. Benefits are calculated to reach SEK 180 million per year, compared to a cost-benefit operational cost of SEK 340 million per year. The result should be treated carefully, however, because it is not unusual for public transport to be considered unprofitable according to a cost-benefit analysis in strict terms, while still being considered worth operating for different reasons. 
The cost-benefit analysis looks at the average effects on all individuals in the community. For particular individuals, the consequences of the congestion tax can be both positive and negative. The net effect for different individuals depends to a large degree on how the income generated from the system is used.  
8 Attitudes and opinions

8.1 Attitudes before and during the trail

Before the start of the trial, the general opinion was begative both to the trial as such and to congestion charges in general. When speaking about opinions about charges “in general”, the phrasing of the question matters greatly. Several studies have shown that if the purpose of the charges and the use of the revenues is specified, support for congestion charges goes up. This was also confirmed in Stockholm, since several independent studies were made during the years before the trial. Perhaps not surprisingly, actors with different agendas chose different formulations when asking whether people supported congestion charging.  
Attitudes of the general public and of business (separate business attitude surveys were conducted) became increasingly positive once the charges were in place. The media picture also changed dramatically: from “Prepare for hell!”-headlines immediately before the start, to “Stockholm says: ‘We love the charges’” a few weeks after the start. Several newspaper editorials changed their views on the charges, mot prominently the Expressen editorial pages, which publicly announced that it was now changing its mind: congestion charges turned out to be a good idea, after all. Judging from attitude surveys and from media coverage, we believe that the two most important reasons for this was the visible reduction in congestion and that the technical system worked well (generally speaking). 

This development is also consistent with general findings in attitude research: Without individual experience, people see almost exclusively barriers and costs, but with individual experience they begin to discover the advantages and benefits gained for these costs. 

Not only attitudes towards charges in general, but also attitudes towards the Stockholm Trial itself became more positive during the trial. In autumn 2005, about 55% of all county citizens believed that it was a “rather/very bad decision” to conduct the congestion-tax trial. Since the congestion tax was introduced in January 2006, this percentage fell continuously. In April and May 2006, 53% believed that it was a “rather/very good decision” while 41% believed that it was a “rather/very bad decision”. Significantly, even those travelling by car to/from the inner city during the charge period in the most recent two 24-hour periods have become more positive by several percentage points. 

As with the general population, companies have moved from being primarily negative to more positive, both to the Stockholm Trial and to the congestion tax as a permanent measure. The shift is more apparent for the trial itself than for the congestion tax as a permanent measure. 
8.2 The referendum

The Stockholm trial was followed by referendums in the City of Stockholm and in about half of the neighbouring municipalities. The iniative to the referendums came initially from the opponents of the congestion charges, but once the idea was proposed, it was generally accepted by all political parties. This was more or less inevitable, since especially the Green party advocates more political referendums. Since the opinion against the charges was so strong, suggesting a referendum seemed like a guaranteed way to block charges for a long time - at that time.

Initially, only the City of Stockholm was planning a referendum. (The City of Stockholm is by far the largest municipality, accounting for almost half of the inhabitants of the County of Stockholm – the rest of the population is divided into 25 other municipalities.) In the autumn of 2005, opponents to the charges suggest that also surrounding municipalities should arrange referendums. The cordon lies entirely within the City’s boundaries, and since municipalities have responsibility for ”local transport and roads”, the City argued that it was entirely up to the City to decide about the charges. Several surrounding municipalities – most vocally those governed by liberal/conservative majorities - argued that the issue affected their inhabitants as much as it affected the inhabitants of the City (which was not entirely true, judging from traffic and travel survey data). The City responded that since the City paid for the roads within its boundaries, why should it not be allowed to charge for the use of them? Moreover, the City argued, it was the inhabitants of the City that were most adversely affected by noise and emissions from traffic.
In the end, 14 of the surrounding municipalities arrange referendums of their own. All of the municipalities governed by liberal/conservative majorities arrange referendums, while most of the municipalities governed by social democratic/green majorities decide not to arrange referendums. The municipalities arranging referendums were also those with the greatest opinion against the charges. 
The referendum in the City of Stockholm ended with a majority for keeping the charges (53% in favour of the charges, 47% against them). The referendums in the neighbouring municipalities (accounting for around a quarter of the county inhabitants) ended with a majority against keeping the charges (40% in favour of the charges, 60% against them). Around a quarter of the county inhabitants live in municipalities that did not have a referendum. Adding all votes up, a majority of the voters were against the charges (48% in favour of the charges, 52% against them) – but then, the results could be viewed as a bit skewed, since most of the municipalities where polls showed a majority for the charges did not arrange a referendum at all, instead declaring that it was up to the City of Stockholm to decide about the charges. 

The results of the referendum was thus difficult to interpret. The legal power over the charges lies with the national government (since it is a tax from a legal point of view, and municipalities are only allowed to tax its own inhabitants). It was at the outset unclear how the national government should interpret the result. The political debate over th charges had changed visibly during the trial. Before the trial, the opposition viewed the charges as a way to guarantee victory the City of Stockholm, and perhaps more than that, while the social democrats more or less tried to distance themselves from the charges – the referendum could be viewed as a way for voters to be against the charges while stil voting for the social democrats. But during the trial, everything changed. The liberal/consevatives were not so keen on using the charge issue anymore (although this differed within the parties), while the social democrats were suddenly eager to use ”success” (in their view, at least) of the charges during the election campaign.
The referendums coincided with general elections, which resulted in new majorities on the national, county and city level – liberal/conservative instead of the previous socialdemocratic/green majorities. After pondering how to interpret the outcome of the referendums for a few weeks, the new national government decided that congestion charges should be reintroduced in August 2007, but that the revenes should be earmarked for road investments. The logic was that this should bolster the negative impact for the municipalities surounding the City of Stockholm. At the time of writing, a negotiator appointed by the national government is trying to strike a deal between the municipalities and the county of Stockholm. The deal is meant to produce a ”package” where the charge revenues is used for number of road investments – possibly also including additional government funding, but that is not clear currently.
9 Conclusions
9.1 Comparison with other measures and investments

That vehicle traffic decreases as driving becomes more expensive is hardly surprising. An interesting question, however, is how great the effect of the Stockholm Trial is compared to other types of measures. The answer is that the reduction in traffic congestion and travel times is big compared to other measures which have been carried out or discussed in regard to Stockholm traffic. The following can be mentioned as examples: 
· A new Eastern bypass is estimated to reduce the number of vehicles passing over inner-city bridges by approximately 14%. 
· A new Western bypass is estimated to reduce traffic across inner-city bridges by  11%.  

· If public transport was made free of charge in the county, this is estimated to reduce vehicle kilometres travelled in the County by 3 %.
It should also be remembered that road investments are expensive and roads take a long time to build. Many desirable investments in Stockholm fall into the several-billion-kronor class. For example, the Western bypass is estimated to cost SEK 25 billion, the Eastern bypass 15-20 billion SEK and  free public transport around 5 billion SEK per year. Since the congestion tax instead results in a financial surplus of SEK 500-600 million each year (after operational costs have been deducted), it is unreasonable to set these investments against the congestion tax, as if they were comparable substitutes for each other. Both financially and from a traffic perspective, it is more natural to see them as complements.  
At the same time, it should be pointed out that the congestion tax – even if the net effect for society is positive – does mean sacrifices for many people. These sacrifices should be set against the positive accessibility and environmental effects that the congestion tax leads to. 
9.2 The significance of the Stockholm Trial as such

The Stockholm Trial resulted in a unique collection of data about traffic and its effects in Stockholm. Knowledge and competence in this area therefore increased. We briefly present some of these lessons: 
For example, we can now see that improvements in travel times are so tangible that they have been perceived by the general public, which has also expressed satisfaction with this improvement. A valuable lesson of the Stockholm Trial is also that travel-time improvements occurred far from the inner city.
It was a bit of a surprise that no more than about half of the motorists who “disappeared” appeared in the public transport system. Judging from the travel surveys, the general impression is that the number of trips is not a fixed number which can be divided into different destinations, modes of transport or times. Travel patterns are adjusted in sometimes very complicated or subtle ways. This means that problems with “moving congestion” – to other roads or to the public transit – were less than anticipated. 
Adjustment to the congestion tax occurred and it took place quickly. Before the Stockholm Trial – and especially when it became clear that the trial period would be reduced to six months – there was some doubt as to whether the traffic reduction would actually take place. Would the trial be considered as something so brief and transient that it wasn’t worth changing behaviour, with people deciding instead to ‘sit out’ the trial period without adjusting travel habits? We now know that the Stockholm Trial had an immediate effect.  
The Stockholm Trial provides interesting insights into what a road-toll system should look like – something which is also useful for other cities. Traffic economists have long discussed to what extent a charge-zone toll of the kind used in Stockholm is sufficient for controlling traffic in an entire city. Traffic relations change from street to street and from minute to minute. When the charge zone is as large as it is in Stockholm, there was concern that even if it had a big effect on travel over the charge cordon, streets inside the zone would soon be full of motorists already in the zone increasing travel as they realized the streets were less congested. Alternative solutions were discussed for several years prior to the Stockholm Trial, involving several sub-zones with varying rates of the congestion tax.  None of the existing road-toll systems threw much light on this question. In London, it is a question of a small area in the city centre, in Singapore access to cars is also regulated and in Oslo and Bergen the system is designed to affect traffic as little as possible. The Stockholm Trial confirms that a simple charge-zone toll creates significant effects within a large area.  
It is also clear that increased investment in public transport cannot alone be used as a means of reducing congestion – perhaps especially when the public transport system is already relatively well developed, which is the case in Stockholm. Improved and new bus lines did not appear to result in any measurable reduction in vehicle traffic, despite SL registering increased travel on its network. A well-functioning public-transport system is a prerequisite, however, for being able to manage the increasing number of public-transport passengers. It also increases the effect of a given charging system, since it makes threshold over to the “second-best” alternative smaller for travellers.
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11 Appendix: A summary of the cost-benefit analysis of the charging system

A complete description of the CBA for the charging system can be found in Eliasson (2006). 

	
	Social benefit 

(mill. SEK/year)

	Time gains
	536

	More reliable travel times
	78

	Changed travel (surplus loss and gains)
	-74

	Toll costs
	-804

	Increased PT congestion
	-15

	Consumer surplus
	-279

	Less greenhouse gases
	64

	Decreased other emissions
	22

	Traffic safety
	125

	Total external effects
	211

	Toll revenues
	804

	Public transit revenues
	184

	Less petrol tax revenues
	-53

	Less infrastructure wear & tear
	1

	Increased PT long-run running costs 
	-64

	Operational costs for charging system 

(incl. reinvestment and maintenance)
	-220

	Total public expenditure
	652

	Marginal cost of public funds
	196

	Opportunity cost of capital
	-65

	Total ”tax effects”
	131

	
	

	Net benefit per year excl. investment costs
	714


All major effects are primarily based on measurements, the most important sources being travel time and travel flow measurements. A traffic models were used to “extrapolate” from measurements where necessary (using OD matrix estimation techniques). 
The value of travel time was assumed to be 122 SEK/h (1 € ( 9 SEK) per vehicle (65 SEK/h per person for private trips and 190 SEK/h per person for business trips and distribution traffic). The value of relability was assumed to be 98 SEK per hour of standard deviation (i.e. 80% of the value of travel time). 
CO2 emissions were valued at 1.50 SEK/kg. 

Increased public transit revenues are calculated based on the 5% increase in the number of passengers. The increase in long-run running costs (due to the increase in passengers) are calculated using standard methods used in official Swedish CBA, and are based on the estimates of the marginal cost for increasing train and bus capacity to accommodate more passengers.  
Traffic safety effects were calculated using standard Swedish accident predictions models, based on measured travel effects. The Swedish value of life is 175 mSEK, the value of a severe injury 3.1 mSEK and a light injury 0.18 mSEK. 

The standard Swedish estimates of marginal cost of public funds and opportunity cost of capital are 1.3 and 1.23 respectively. 

The investment cost of the system was 1 900 mSEK. Together with marginal cost of public funds and the opportunity cost of capital, this gives a total socioeconomic investment cost (or rather “startup cost”) of 2 900 mSEK. Hence, the startup cost is recouped in about 4 years. 
Consumer surplus is negative, as expected, but the value of the time gains is high compared to the paid charges – time gains amount to almost 70% of the paid charges, which is very high compared to most theoretical or model-based studies. This is mainly due to ”network effects”, i.e. significant amounts of traffic that do not cross the cordon and hence do not pay any charge still gain from the congestion reduction. 

The yearly cost of the system (220 mSEK) includes not only running costs but also necessary reinvestments and maintenance such as replacement of cameras and other hardware, and also certain additional costs such as moving charging portals when the building of a northern bypass starts in the summer of 2007. 
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