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[bookmark: _Toc13686271]Abstract

This paper discusses the effectiveness of Congestion Charging Zones in Stockholm, London and Singapore and compares the most important effects that road pricing have on these metropoles. In these case studies, an emphasis is put on the effects to congestion, emissions and Public Transport usage, which are the considered to be the main objectives for policy makers. Furthermore, side effects such as the impact on road accidents and retail sales are also taken into account. The methodology type that is used in this paper is a desk research. It follows that Congestion Charging Zones have a substantial positive effect on congestion as well as emission levels within all charging zones. Furthermore, an increase in Public Transport usage of approximately 5% is the result of the road pricing policy in all case studies. Concerning the effects on road accidents and retail sales, no clear effect has been found.
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1. [bookmark: _Toc13686272]Introduction
Traffic congestion is a major issue, which occurs everywhere around the world. This problems is not related to the wealth of a country, since it happens in relatively wealthy countries (e.g. the Netherlands, United States), but also in relatively poorer countries (e.g. India, Brazil). Ye describes traffic congestion as “the unbalance transportation of supply and demand” (2012). According to Ye, construction of new roads will not solve the problem of congestion. The “vicious circle of traffic congestion” will take place as new roads are constructed. The increase in road supply will lead to an increase in traffic demand on those newly constructed roads. Therefore, other methods need to be applied in order to reduce the congestion problem and its underlying negative externalities. These negative externalities include economic losses due to longer delivery times, social losses due to longer commuting times, increasing air pollution and more road accidents (i.e. an increase in casualties and damage costs) (Ye, 2012). To tackle this traffic problem, several world cities have started experimenting with Congestion Charging Zones (from now on referred as CCZ). This aspect of road pricing has only been established recently. This paper will take a close look on the effectiveness of these CCZs in Stockholm, London and Singapore. The following research question will be reviewed:
 To what extent is a congestion charging zone an effective tool in order to reduce congestion, emissions and other externalities within urbanized areas?
The goal of this paper is to provide an overview of the effects of CCZs on various externalities that are caused by the exceeding demand of road users on the inner city road capacity levels. This paper could give new insights on the overall effects that CCZs create, since it compares multiple forms of CCZs and weighs a wide range of externality aspects. The research question will be answered by means of a literary review. First of all, a general description of road pricing theory will be given. Afterwards, case studies of the effectiveness of CCZs in Stockholm, London and Singapore will be presented. Then, these three case studies will be compared and linked to the theory from Chapter 2. Finally, an overall conclusion of the CCZ effectiveness will be drawn and recommendations for further research will be presented.





2. [bookmark: _Toc13686273]Theoretical framework
[bookmark: _Toc13686274]2.1 Cost and demand functions diagram
This part will take a closer look into the theoretical part of road pricing. Many economical concepts can be simplified with diagrams. This also holds for costs and externalities of traffic participants. Below in Figure 1, the average costs (AC), the marginal costs (MC) and a demand function are plotted against each other (Rouwendal & Verhoef, 2006). The horizontal axis shows the traffic flow of vehicles. The vertical axis represents the cost to road users. In this context, time loss is considered to be the cost. First of all, the average cost of all vehicles and marginal cost of an additional vehicle are stable and low. This means that the traffic situation is not congested. One additional vehicle will not create a reduction in speed (i.e. increase in cost). When the road is becoming more dense, the effect of an additional vehicle is higher, and average speed is dropping. This implies that the marginal cost for a vehicle is rising. At the same time, this vehicle is creating a cost to other vehicles on the road, since their travel time is increasing as well (i.e. average costs are increasing as well). The effect of an additional vehicle is only getting stronger. This means that the two cost lines are showing an increasing upward trend (Rouwendal & Verhoef, 2006). 
[image: ]
Figure 1: Diagram with the average cost, marginal cost and demand function of traffic congestion (Rouwendal & Verhoef, 2006).
Since the additional car user is only taking his own travel time in account, and not the travel time of the other car users, a difference between the private cost and social cost will occur. Therefore, the user equilibrium is not equal to the social optimum. To enhance efficiency in the traffic market, Pigou and Knight imposed a corrective tax. This will be elaborated in the next section. The demand function is representing the average social benefit of the road. This line is decreasing in a constant pace. When a road is more heavily congested, the average benefit of it drops. To find the social optimum, the average benefit must be multiplied with the amount of drivers on the road. It follows that the intersection of the marginal cost line and the demand function is the social optimum (Rouwendal & Verhoef, 2006).
[bookmark: _Toc13686275]2.2 Pigouvian tax
Road pricing comes in many forms. CCZs, toll roads and gasoline taxes all are types of road pricing concepts. Arthur Pigou played an important role in this way of thinking. In his work The Economics of Welfare (1920), Pigou plead for a new form of tax. Individuals would be charged for the negative externalities they created. In this respect, a Pigouvian tax for vehicle usage would be fair in order to compensate these externalities. Furthermore, in urban areas, where the roads are heavily congested, a Pigouvian tax should be higher than in rural areas. This is the case, because in rural areas, the effect of an additional vehicle on the road has much more impact on other road users, than the effect an additional vehicle would have in a rural area. Besides that, the degree of pollution should play a role on the height of the Pigouvian tax. Large SUVs are causing more environmental damage than a small vehicle would do per average kilometer distance travelled.
[bookmark: _Toc13686276]2.3 Magnitude of the problem
The urge of the problem of congestion becomes clear when one would consider the total economic damage congestion brings with it. To give an example, in the United States, the total economic cost of congestion is estimated to be approximately 305 billion USD in 2016 only. The problem is also getting worse in the United States, since this number has risen with approximately 10 billion USD within one year. Inhabitants of Los Angeles, which is among the top of the congestion list, spend over 100 hours a year in traffic congestion. The 305 billion USD in economic damage mainly consists of a few effects. These include a productivity loss of workers stuck in traffic, higher transport costs in heavily congested (urban) areas and higher fuel costs (Schneider, 2018). The cost of congestion is estimated to be 64% of the total negative externality cost of car traffic. The cost of accidents is responsible for 24% of the total negative externality cost of car traffic. Economic damage to the environment accounts for 6% of this (Lindsey & de Palma, 2015).
Besides the economic costs, congestion also leads to social costs. This includes for example, contributing to congestion, which means delaying others (i.e. time costs), and environmental costs. Aasness (2014) pleads that its “economically desirable to price negative external costs”. Since every additional vehicle causes more social costs to all road users present. When a congestion tax is introduced, equal to the marginal social costs, car users are forced to take into account what the size of their externality costs to others is. When a congestion tax is introduced, equal to the marginal social costs, car users are forced to take into account what the size of their externality costs to others is.
[bookmark: _Hlk9809430][bookmark: _Toc13686277]2.4 How does congestion arise?
[bookmark: _Hlk12662529]Congestion arises mainly due to three factors. First of all, the demand for road usage by drivers is highly fluctuating. Commuting contributes a lot to this fluctuation. Other factors are for example operating hours of the retail sector (partly related to commuting), school schedules, specific events and holidays. Second of all, the supply of road is relatively rigid, especially in the short run. Infrastructure is characterized to be expensive and time-consuming to expand. On the contrary, the supply of vehicles is much more flexible. This inconsistency makes the road a fertile soil for congestion. Finally, many goods need to be transported directly and cannot be stored in order to balance supply and demand (Lindsey & de Palma, 2015). Goods that must be transported are for example workers in service sectors, perishable and dairy products and distribution goods for the retail sector.
Capacity of the roads is also dependent on several external factor. These include for example weather conditions, road accidents and striking employees (Lindsey & de Palma, 2015). Besides all the above mentioned factors, human behavior is also contributing to the congestion problem. Since drivers only consider their private costs when entering a congested road facility, a social welfare loss is the consequence. In order to reach a socially optimal level of traffic flow, drivers also need to take the cost of their appearance on the road (negative externality) to others into account.
[bookmark: _Toc13686278]2.5 Public reactions to congestion and road pricing policies
Social support is hard to reach for non-traditional congestion tackling policies. Many individuals see increase in road supply as the most logical option. However, a wide range of transport researchers is agreeing that creating additional supply will not solve the problem. However, when other congestion tackling policies are suggested, it is hard to achieve public support. Road pricing is often seen as another way to generate tax revenues for governments. Nevertheless, the public support towards road pricing policies is rising. This is partly because governments are directly reinvesting the tax revenues into public transport improvements.
Furthermore, road pricing initiatives are considered to be very meaningful for specific types of individuals. For example, car users with a “high unit travel time cost” are valuing the introduction of road pricing initiatives higher than others (Vandyck & Rutherford, 2018). This group of individuals are often related with high incomes. Rich individuals value units of time higher than others. Therefore, they value reductions in travel times higher than poor individuals. Besides that, rich individuals are less sensitive to paying a charge, relatively to poor individuals.
With the entry of the first automated vehicles, a bright future in terms of tackling traffic externalities seems likely. These vehicles not only can reduce congestion substantially, they also will be able to minimize fuel consumptions and therefore environmental damages. Nevertheless, it needs to be mentioned that full automation of the transport system will take a few decades to fulfill. In the meantime, congestion is still a serious problem that has to be dealt with (Lindsey & de Palma, 2015).











[bookmark: _Toc13686279]3. Effectiveness of existing CCZs: Stockholm
[bookmark: _Toc13686280]3.1 General information
Stockholm, the capital of Sweden, is one of those cities that have introduced a CCZ. At first, the inhabitants of Stockholm and the surrounding municipalities did not feel anything for paying a fee to enter the city center by car. However, the city council was in favor for the introduction of a CCZ. According to them, a CCZ would “reduce congestion, increase accessibility and improve the environment” (Eliasson, Hultkrantz, Nerhagen & Rosqvist, 2009). This lead to a trial period, where the population of Stockholm’s urban area had the opportunity to experience the effects of the introduction of a CCZ before the referendum about this was held. The trial continued for almost seven months (January 3rd till July 31st 2006). Afterwards, a referendum for permanent introduction of the CCZ was held for the population of Stockholm and surrounding municipalities on September 17th, 2006 (Eliasson et al., 2009).
The CCZ of Stockholm includes the full inner city, which is located on a large peninsula and a few smaller islands (approximately 30 km2). This made the technological costs lower than elsewhere, since the amount of entering points is much lower, relatively to London and Milan, where road pricing also is implemented. This implies that less cameras and road signs need to be installed at the cordon of the CCZ. Vehicles are only registered when crossing the border of the CCZ. This means that car trips made entirely inside the CCZ cannot be registered, which means that such a trip is entirely free of charge. After Singapore, Stockholm is the second world city to start a congestion pricing scheme, which is time-differentiated. Car drivers are obliged to pay a fee on weekdays between 6:30 and 18:30. The highest fees are charged during the rush hours, these are 20 SEK[footnoteRef:1] (1.86 EUR[footnoteRef:2]). Outside rush hours, the fee varies between 10 and 15 SEK (0.92 and 1.39 EUR). The maximum payment that can be charged to one vehicle on daily basis is 60 SEK (5.58 EUR). Several groups were exempted from paying this fee. These include eco-fuel vehicles, taxis, buses and visitors of the island Lidingö. The last group mentioned has the possibility to use the Essinge bypass, which is exempted from paying the fee. This exemption was introduced by the city council of Stockholm to reduce the political resistance of the surrounding municipalities, who voted against a CCZ at the September 2006 referendum (Eliasson et al., 2009). Altogether, approximately 30% of all vehicles entering the CCZ was exempted from paying a fee.  [1:  Swedish Krona; Currency of Sweden]  [2:  Euro; Currency of many European countries] 

[bookmark: _Toc13686281]3.2 Impact on congestion 
The target of the CCZ introduction was a reduction of 10 to 15% in congestion. In fact, the outcomes were more positively than predicted. In the morning rush hours (7:00 to 9:00) a reduction of 18% in congestion was realized. During the afternoon rush hours (16:00 to 18:00), a decrease of 23% in congestion was even achieved. This could imply that most of the discretionary trips are made during afternoon rush hours, rather than morning rush hours. Figure 2 below shows the average amount of vehicles that entered or left the CCZ on a daily basis throughout the years (Eliasson, 2014). This table shows that the daily amount of vehicles that entered or left Stockholm is quite stable till the start of the trial period. After the trial period (2006a) was finished, the amount of vehicles rose again, but not till the extent of before the trial period. When the CCZ became final, approximately 130,000 vehicles stopped crossing the cordon. Since then, the average daily amount of vehicles became as stable as it was before the CCZ introduction (Eliasson, 2014).
[image: ]
Figure 2: Average amount of vehicles on weekdays that enters or leaves the CCZ between 6:00 and 19:00 (Excluding July). Blue: vehicles were not charged. Red: vehicles were charged (Eliasson, 2014).
Moreover, this result could also imply that arrival times to work are more fixed than departure times from work (Eliasson et al., 2009). Opponents of Stockholm’s CCZ warned for an increase in congestion on the roads surrounding the cordon and link roads. For example, the Essinge bypass was already near the capacity limit before the road pricing introduction. The introduction of the CCZ would probably only increase the amount of vehicles passing by, for them in order to avoid paying the fee. However, significant increases in traffic congestion on these roads mentioned were not found. On the Essinge bypass, an increase in traffic varies between 0% and 4% per month. (Eliasson et al., 2009). Similar results are found on the other surrounding roads. Given the significant decrease in  congestion inside the CCZ, the introduction of the Stockholm CCZ did have positive effects in terms of congestion. In terms of travel times, similar reductions are observed. During the morning rush hours, the average delay time has declined by approximately 33% on main traffic arteries. During the afternoon peak hours, the average time loss due to traffic jams has declined by approximately 50% on these roads. This implies that the reliability of travel times improved significantly. Two surveys concerning the CCZ were held by the municipality of Stockholm: one before and one during the trial period. It showed that car travelers who live and work inside the CCZ, started using their vehicle more after the introduction of the CCZ. This is the case since these commuting trips will not get detected by the CCZ cameras (only when leaving the cordon) in combination with the reduction in congestion (Eliasson et al., 2009).
[bookmark: _Toc13686282]3.3 Impact on emissions and road accidents
Researchers also expected significant improvements in terms of the environment. The CCZ introduction resulted in a reduction of 10 to 15% on overall emissions in the inner city. “For nitrogen oxides (NOx) the reduction was smaller (8.5%), since the extended bus traffic used older buses with higher emission factors” (Eliasson, 2014). In Stockholm’s overall urban area, emissions of carbon dioxide (CO2) were reduced by 2 to 3%. Besides, a 13% reduction in PM10 levels has also been booked since the CCZ was introduced (Croci, 2016). These results suggest that the average air quality of Stockholm has improved due to the CCZ introduction. Moreover, Forsberg, Burman & Johansson (2006) estimate that on average up to 25 premature deaths will be prevented annually because of the improved air quality. These numbers are significantly higher than what would be achieved when using mainstream policies, such as higher fuel taxes (Eliasson, 2014). Bicyclists appreciated the reduction in vehicles and congestion, just as the inner city’s children. Their living environment improved significantly. These results indicate that the general Quality-of-Life has to be improved due to the introduction of the CCZ. The total amount of road accidents increased with approximately 5% after the introduction of the CCZ. Besides the increasing total amount of car accidents, the severity of these accidents also grew. However, it is likely the case that this rise is caused by increased average speed (less congestion automatically means an increase in the average speed) inside the city center (Eliasson et al., 2009).
[bookmark: _Toc13686283]3.4 Public transport
To provide a decent alternative to commuters, the municipality of Stockholm decided to invest a large share of the CCZ revenues in the public transport system of Stockholm. Researchers predicted an increase in public transport users due to the CCZ. To prevent overcrowding, the municipality of Stockholm invested in higher capacity limits in metros and newly opened bus lines. Less dense roads (because of less congestion) lead to improvements in accuracy at all bus lines. These outcomes were necessary to cover the 5% rise in public transport users (Eliasson, 2014). Nevertheless, it needs to be mentioned that the performance of Stockholm’s public transport system was already very well. This condition is one of the factors that made Stockholm a suitable location for a road pricing initiative. The surveys, that were held among the inhabitants of Stockholm, showed that only few car drivers were seduced to use public transport because of the improvements created by the city council instead of their own vehicle. This means that a major share of the 5% rise in public transport passengers would also have started using the public transport of Stockholm without the improvements and expansions. The relative small increase in capacity[footnoteRef:3] could explain this survey’s somewhat surprising outcome (Eliasson, 2014). [3:  “The increase in passenger capacity by the buses meant that around 14 000 trips were made each day by the buses, compared to well over one million public transport trips across the cordon each day” (Eliasson, 2014).] 

[bookmark: _Toc13686284]3.5 Referendum and public support
One remarkable fact is the change in public attitude towards the CCZ introduction. Figure 3 on the next page shows the improvements in public attitude. In 2005, when the plans for a CCZ were created, only one-third of the Stockholm residents were optimistic. Since 2006, when the trial was performed, the share of individuals in favor of the CCZ grew continuously. In September 2006, when the referendum was held, a small majority was reached. However, in the surrounding municipalities, the majority was not reached. This implied that, all votes aggregated, a small majority voted against the CCZ. Nevertheless, due to an increasing share of optimistic inhabitants, the city council decided to introduce the CCZ. In august 2007, the permanent CCZ became reality. To compensate the surrounding municipalities, bypasses without charge were created (e.g. Essinge bypass) for traffic that wants to avoid the city center and reach the surrounding villages (Eliasson et al., 2009). This compromise was seen as more positive than the initial plan. This lead to an even larger share of individuals that would have voted “yes” on the referendum. In actual numbers, approximately two-third of the inhabitants of Stockholm’s urban area would vote in favor of the CCZ in 2010. This share kept growing in the most recent surveys till 2013, when a support rate of 72% was reached (Eliasson, 2014). Since then, the share of optimistic respondents has stagnated around 73%. 
[image: ]
Figure 3: The share of people that would vote “yes” in the Stockholm CCZ referendum (excluding the “Don’t know”-votes) (Eliasson, 2014).

Figure 4 on the next page shows graphs of four population groups in how much they support the road pricing initiative of the municipality of Stockholm. The groups are split up depending on whether they own a car and how often they are charged for using it. Logically, the group with no car owners has the highest share of supporters. This is the case because this policy will lead to a higher Quality-of-Life for them without any drawbacks. This group will not be charged, since they do not own a car. Furthermore, they benefit from an improved public transport system, less pollution and less congestion when they use a taxi or bus. It also does not come as a surprise that car owners who are forced to pay more often are the least happy group. However, since the CCZ introduction lead to a significant decrease in inner city congestion, all groups are becoming more positive towards this road pricing initiative. This lead to a remarkable point in inhabitants’ opinions in 2011. Since 2011, even the group of car owners who get charged regularly reached a positive majority. This means that the city council of Stockholm anticipated wisely on the result of the referendum to implement the CCZ, even though the majority of votes in favor was not reached at that moment yet. The fact that the amount of optimistic individuals towards a CCZ was rising and likely to cross the 50% limit, within a few months after the referendum result, was the main reason to implement this policy. 
[image: ]
Figure 4: The rate of support for a CCZ for four groups depending on how often they pay charges and whether they own a vehicle (Eliasson, 2014).
One important variable that played a role in this relatively high public acceptance is that the residents of Stockholm witnessed the positive influences of the CCZ during the trial period (Hamilton, 2012). Not only the public altitude became more positive, also the newspapers seem to have changed their opinion since the trial period. The share of newspaper articles that considered to be in favor of the road pricing initiative rose from 3% to a remarkable 42% during the trial period. Whilst the share of negative newspaper articles dropped from 39% to 22% during the trial period (Winslott-Hiselius et al., 2009). 
Opponents of the CCZ often mentioned the technological feasibility to be a tough challenge. They expected technology failures to occur regularly and problems concerning the payments. In reality, the technological system seemed to work really well and consumers were informed properly. Car owners mostly knew how the system worked and how to pay the fee. This is due to the easiness of the system and the effort the municipality of Stockholm put into informing the residents about the system. Therefore, the total amount of complaints was significantly lower than expected (Eliasson et al., 2009). 
The city council of Stockholm strived towards a policy where the tax revenues, generated by the CCZ, had to be reinvested in the transport sector of Stockholm. From a residents’ point of view has the investments in this sector been sufficient. This is visible in the perceived attractiveness of the city center, which has not been influenced significantly. Besides this, the housing prices did not get influenced much by the CCZ introduction either (Eliasson et al., 2009). Therefore, the road pricing system does not seem to negatively influence Stockholm’s attractiveness.
[bookmark: _Toc13686285]3.6 Impact on retail
Several studies were made about Stockholm’s retail sector and the influence that a CCZ could have on it. One of the concerns was that the CCZ would negatively influence the sales of retail shops inside Stockholm’s city center, which also was the case in London’s CCZ (Quddus et al., 2007). However, no negative shocks were found after the CCZ introduction. This holds for shopping malls as well as individual retail stores. An important reason for why the impacts on retail sales are absent could be the height of the charge. On average, approximately 0.1% of an individual’s income will be spent on congestion charges, which is relatively low compared to London’s CCZ (Eliasson et al., 2009). That is probably not high enough in order to discourage vehicles to enter the city center, especially when those retail shop visitors are already spending their money. This means that the marginal effect of spending additional money is lower when an individual already is spending a lot (during shopping).
[bookmark: _Toc13686286]3.7 Externalities
Another counter argument of the CCZ opponents was that charging vehicles would lead to social exclusion of the relative poor inhabitants who own a car. Proponents of the road pricing system used several arguments to refute this counterargument. First of all, in order to create an optimal allocation of resources, one must pay for the negative external costs he or she created. As mentioned in Chapter 2, Pigou (1920) introduced the concept of Pigouvian Tax, which could contribute to solving this problem. Of course, negative externalities such as air pollution are hard to express in precise monetary terms. However, those responsible for the negative externalities are at least the ones who are being charged. Such a policy contributes to the fairness of being charged for the negative externalities an individual created and is therefore an approximation of an optimal allocation of resources.
Furthermore, the municipality of Stockholm has made a number of arrangements that should prevent social exclusion from being the case. These include the relative lowness of the tax (approximately 0.1%), substantial investments in the public transport sector (e.g. more Park & Ride places near public transit stations) and a tax benefit. This fiscal advantage refers to the CCZ fees that can be deducted from the income tax. This arrangement will reduce the effective tax rate and hence reduce social exclusion (Eliasson et al., 2009).
[bookmark: _Toc13686287]3.8 Conclusion
To sum up, Stockholm’s road pricing initiative is considered to be a success. First of all, clearly positive results are achieved in terms of congestion and pollution reduction. Second of all, the successful trial period made the majority of Stockholm’s residents look positive towards a CCZ introduction. Eliasson (2014) highlights five factors that contributed to the successfulness of this policy. Firstly, technological failures did (barely) not appear. In almost all cases, the identifications of vehicles were accurate. Secondly, the car owners were informed properly. The number of complaints for example was much lower than expected. Thirdly, improvements in terms of congestion were clearly visible. The public experienced improved accessibility and decreased travel times, which made many inhabitants enthusiastic. Fourthly, many scientific evaluations were written about the actual results that are achieved. This has not gone unnoticed in the public opinion. Lastly, the objectives of this policy were clear: improve the air quality and reduce congestion. Since these results were clearly visible, as mentioned above, many residents were satisfied with the road pricing initiative.
[bookmark: _Toc13686288]4. Effectiveness of existing CCZs: London
[bookmark: _Toc13686289]4.1 General information
London is one of the pioneers in congestion charging within city centers. The capital of the United Kingdom has already been dealing with the problem of congestion since the 1960s. The total amount of vehicles that was registered doubled in the early 1960s to approximately one million in 1963. Around the year 2000, London had to deal with a very serious form of congestion. In order to solve this persistent problem, Ken Livingstone promised to introduce a CCZ in London’s city center, if he would be elected as London mayor in May 2000. He made this plan publicly acceptable by giving inhabitants of (or close to) the CCZ a 90% discount and showed the effectiveness of this policy. This approach worked: Livingstone won the London elections. Since 2003, the London CCZ became reality (Leape, 2006).
[bookmark: _Hlk10154940]An important difference between the London and Stockholm CCZs is that in London car owners pay a flat-rate fee, whereas in Stockholm car owners pay a time-based fee. In 2003, when the CCZ began, the daily charge was 5.00 GBP[footnoteRef:4]. This charge has been increased multiple times and is currently 11.50 GBP (TfL, n.d.). Livingstone argued that a daily charge of 5.00 GBP would lead to a reduction in congestion of approximately 30%. The tax revenues would be invested in the public transport sector of London, similar as was promised in Stockholm. An often discussed feature of London’s CCZ was the flat-rate of the fee (Leape, 2006). However, Livingstone explained that during the whole day, the city center is overcrowded by vehicles. A time-based charge would be insufficient according to Livingstone. Therefore, the charging zone is in operation between 07:00 and 18:00 on every weekday, excluding holidays (TfL, n.d.). The geographical location of the CCZ covers the area which is called ‘Central London’. It does not come as a surprise that this area is heavily congested, since various touristic attractions and economic hotspots are located here. The area includes London’s financial center (known as the ‘City of London’), the British Parliament, Palace of Westminster, Big Ben, Buckingham Palace, Oxford Circus and many business headquarters. The London CCZ covers only 21 square kilometers, which is around 1.3% of the total surface of Greater London. This is in relative terms significantly smaller than Stockholm’s CCZ, which covers around 16% of the city’s surface. In actual square kilometers, London’s CCZ is approximately two-third of Stockholm’s CCZ size, which is 30 square kilometers (Croci, 2016). Even though the share of London’s CCZ is only a fraction of the total metropole area, it is considered to be the most heavily congested area and therefore large enough to introduce an effective CCZ. The border of the Central London area is known as the ‘Inner Ring Road’. Before the CCZ introduction, about 25% of the traffic in Central London was only passing through. In other words, a quarter of all traffic volumes did not have Central London as a final destination and could potentially avoid Central London by introducing a CCZ. The municipality of London has made the Inner Ring Road free of charge on purpose, to provide the passing through traffic a good alternative (Leape, 2006).  [4:  Pound Sterling; Currency of the United Kingdom] 

In February 2007, London’s CCZ was extended in western direction, also due to persistent congestion. This area was named the Western Extension Zone (WEZ) after the introduction. The WEZ would also cover some major touristic highlights and business sites. However, many inhabitants of the WEZ did not agree with this unannounced plan and were outrageous. This lead to an enormous pressure from the inhabitants on the London city council to remove the charge in the WEZ. In December 2010, the WEZ got removed from the charging area (Croci, 2016). In Figure 5 on the next page, a map is visible which shows the current area of the CCZ (orange with red) and the former WEZ (pink).
[image: ]
Figure 5: The current London CCZ in orange; the former part of the CCZ, known as WEZ (Tang, 2016).
Besides reducing congestion, the London city council aimed to improve the public transport facilities, using the revenues of the CCZ charges and fines. The frequencies of bus and tube were increased. In combination with the reduce in congestion, the CCZ could improve reliability and reduce travel times significantly. These two expectancies should stimulate workers to switch to public transport when commuting (Croci, 2016). 
The charge did not hold for every vehicle that entered the CCZ. First of all, all residents inside or near the CCZ received a 90% discount for their first car registered. Furthermore, taxis, emergency vehicles, motorcycles, bicycles, buses, vehicles of disabled and alternative fuel cars were exempt to pay the fee. Drivers are self-responsible for paying the fee on the day of visit. The charge can be paid in various ways. An interesting tendency is visible in the shift of paying method. Whereas it used to be popular to fulfill the payment by SMS or in a retail shop, currently paying by internet is the most popular option. Individuals have to submit their number plate, which will be saved in a major database. All vehicles that are detected, but not registered that day, will receive a fine of 100 GBP (Leape, 2006).
[bookmark: _Toc13686290]4.2 Impact on congestion
Similar as in Stockholm, the actual reductions in congestion were equal to or even larger than expected. In the first year of the CCZ introduction, 27% of all private vehicles and trucks stopped entering Central London. This translated into actual numbers, approximately 70,000 vehicles entering the CCZ were saved on a daily basis. London’s public transport administrator TfL[footnoteRef:5] estimated that approximately 50% of those 70,000 trips switched to a public transport mode. Moreover, approximately 25% of these trips have changed their final destination to somewhere around the CCZ (e.g. parked their car near the charging area). Another 10% switched to another mode of private transport, such as a bicycle. The remaining share did not proceed with these trips anymore or travelled outside the charging hours (TfL, 2005). [5:  Transport for London] 

This major shift in transport mode usage is also visible in Figure 6 below. The table shows the accountable share in vehicle-kilometers before and after the CCZ introduction. Firstly, the share in accountable kilometers of private cars dropped by 34% in just one year, due to the above mentioned changes in travel behavior after the CCZ introduction. Decent alternatives to private vehicles are buses and taxis, for which both experienced an increase of more than 20%. Finally, bicycle usage increased a significant 28%. When all kilometers travelled are aggregated, a reduction of approximately 12% in congestion is the result of the CCZ introduction (Leape, 2006).
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Figure 6: Vehicle-kilometers and relative change in percent accountable per mode of transportation, in thousands of kilometers, before and after the CCZ introduction (Leape, 2006).
The reduction in congestion can also be expressed in the average speed recorded. The daily average speed in the zone was 14.3 km/h before the charge was introduced. When the CCZ became operational, the daily average speed rose to 16.7 km/h. This translates in an increase of 17% in speed and therefore a reduction in travel time. “The drop in congestion levels, and increase in average speeds, reflects mainly a decrease in queuing time at junctions” (Leape, 2006).
Congestion on the roads surrounding the London CCZ was expected to increase, but just to a little extent. The first year of the congestion charge was quite corresponding with the predictions. Average congestion levels at the borders of the area increased by a varying 2% to 6%, depending on the location of the measurements. In the following year, even this small increase of congestion was often cancelled out. This implies that congestion levels decreased in almost all areas in and near downtown London. A survey performed by the TfL showed that commuters experienced a significant higher reliability in travel times during peak hours. What stands out in the survey is for example the decrease in standard deviation of travel times. During the morning rush hours, approximately 27% smaller standard deviation was realized. This reduction was even bigger in the afternoon rush hours, namely 34%. Remarkably, reductions in congestion levels in between the peak hours were barely visible, contrary to the peak hours. Since then, all congestion levels are even more equal than they already were (TfL, 2004). This shows even more support for Livingstone’s perception that a flat-rate tax should be levied.
[bookmark: _Toc13686291]4.3 Public transport
Before road pricing was introduced in the center of London, TfL announced an increase in frequency and amount of bus lines operating in and near the charging area. This enabled more residents of London to use public transport services to a wider range of destinations. An expansion of the bus network should encourage car owners to switch to public transport, especially during peak times. Together with the CCZ introduction, the increase in bus users rose more than expected, namely 38% more. This led to an actual increase of around 6%, whereas a 4% increase was expected. According to TfL, both of these effects, accounted for approximately half of the increased amount of bus users (2004).
Small attributes this increase to the ‘virtuous circle’ of mass public transport (2005). A virtuous circle is comparable to a vicious circle, but then the effects are strengthening each other. This phenomenon occurs when car usage is more expensive during peak hours (longer waiting times). This encourages the usage of alternative modes of road transportation, such as buses. The reduction in congestion, due to less private transport vehicles on the road during rush hours, results in higher speed averages for bus transport. An increase in the average speed leads to two favorable outcomes. First, public transport is even more encouraged, since the average travel time with public transport is declined. Second, faster bus rides lead to a cost reduction (less fuel and labor is needed). These cost savings enables new bus transport investments in higher frequencies, more routes and lower ticket fees. Lower ticket prices are created by economies of scale of more users. More public transport options give commuters and other travelers better alternatives to private car usage. When more individuals are switching to public transport due to these new benefits, then congestion will reduce even further. This circle continues to generate stronger effects, which eventually will be beneficial to all peak time travelers (Small, 2005).
London’s public transport systems differs significantly from others. Firstly, already before the CCZ introduction, public transport advocated a major share of all trips made in the city center, namely around 85%. Therefore, even a strong decline in amount of vehicles will have a minor influence on total bus users (only a few percent more users). Secondly, approximately 80% of the total operational costs of bus transport is earned back by fares, which is substantially higher than elsewhere (Small, 2005). This leads to more favorable cost-benefit analyses and a higher ROI[footnoteRef:6]. The result of this is a reduction in the risk of investments. Relatively more investment opportunities will be seized, since the TfL deficits due to investments will be lower than transit administrators elsewhere. Finally, a large share of the CCZ revenues has been allocated to improvements of London’s bus transport system, since it accounts for a large share of the total public transport users within London (Small, 2005). This means that the London city council is putting relatively more emphasis on bus transport than elsewhere. These three unusual factors make comparisons between London and other cities, in terms of effects on public transport due to road pricing, harder. [6:  Return on Investment ] 

Small concludes that the vicious circle in bus transport could give a boost to reducing congestion and increase the amount of individuals engaging in public transport (2005). London’s particular focus on bus transport is one of the factors that lead to an underestimation of the increased amount of bus users. A well-functioning public transport system is an essential prerequisite for the successfulness of a CCZ (Small, 2005).
[bookmark: _Toc13686292]4.4 Impact on retail
Quddus, Bell, Schmöcker & Fonzone (2007) performed an econometric analysis on the short term effects of a CCZ to retail sales in the John Lewis store at Oxford Street, a major shopping street in the charged area. Firstly, Quddus et al. used a time-series model to estimate the results of the CCZ introduction (2007). They found that road pricing lead to an expected reduction of 5.52% in sales for retail shops located in this street, ceteris paribus. Afterwards, a panel data model even predicted a 8.21% reduction in retail sales in this street. However, all these results are only applicable for the short term and are based on sales records of ‘only’ one year (Quddus et al., 2007).
[bookmark: _Toc13686293]4.5 Impact on emissions
Also in the London CCZ, reductions in air pollution are measured after its implementation. First of all, the Nitrogen Oxide (NOx) emissions. Within the charged area, the reduction between 2002 and 2003 (when the CCZ became operational), were estimated to be around 12%. On the surrounding roads, a minor increase has been detected: 1.5%. This pollution increase arises from the additional traffic that avoids the CCZ, using the roads at the edge of the zone. For PM10, similar results are achieved. Within and around the charging zone, reductions in PM10 of 11.9% and 1.4% are achieved, respectively (Beevers & Carslaw, 2005). PM10 is a scale that measures the amount of coarse particles with a diameter of between 2.5 and 10 µm (micrometers) (Airveda, 2017). Lastly, the carbon dioxide emissions, also known as CO2, need to be mentioned. In the total CCZ, a reduction of 19.5% is realized. However, this is partly achieved by new technologies that made vehicles cleaner than before (Beevers & Carslaw, 2005). Nevertheless, one can conclude that the CCZ implementation has significant positive results on inner city air pollution levels.
[bookmark: _Toc13686294]4.6 Impact on road accidents
Li (2012) shows that the road pricing introduction has resulted in a 5.2% decrease in car casualties, probably due to the lower volume of vehicles inside the zone. This number consists of two sub-categories, namely the killed and seriously injured casualties and the slightly injured casualties. In this first category, a decrease of 14.2% is realized, whereas the second category showed a 4.6% reduction. However, the lower car volumes is partly compensated by the increased bicycle and motorcycle traffic volumes, since these modes of transportation are not required to pay the fee. Consequently, these kinds of casualties have increased due to higher volumes in the charging area. First of all, the bicycle accident numbers in 2002 and 2003. The CCZ introduction has led to a 13.3% overall increase in bicycle casualties. This number is a compilation of the killed and seriously injured casualties (2.7% increase) and the slightly injured casualties (13.5% increase). Second of all, the motorcycle accident numbers in 2002 and 2003. After the CCZ operationalization, a 5.7% overall increase in motorcycle casualties was the consequence. Similar to the bicycle measurement, this number has is a compilation of the killed and seriously injured casualties (17.3% increase) and the slightly injured casualties (1.8% increase) (Li, 2012). This shows that the CCZ introduction is not avoiding road accident casualties, but just shifting it towards other transportation methods. Moreover, the accident numbers of the surrounding roads are not taken into account in this research. This could make the total casualty numbers less favorable, especially when the increased car volumes are considered.
[bookmark: _Toc13686295]4.7 Conclusion
To sum up, the London CCZ has been a successful tool to cut down on London’s inner city congestion problems. Similar results as in Stockholm are realized, even though around 85% already was using the public transport to enter the city center. Therefore, the relative increase in public transport use is in London much lower than in Stockholm. Since London often had to deal with congestion issues all day long, a flat-rate tax made much more sense than when such a policy was implemented in Stockholm, where clear peak hours are visible. For retail businesses in the charging area, lower sales of around 5% are the result on the short term. Large progress is made in tackling the pollution problem. To give an example, a reduction of almost 20% in CO2 emissions is realized by the CCZ introduction. Finally, casualties due to car accidents in the charging area have decreased, which is partly compensated by increased bicycle and motorcycle casualties. Furthermore, it is likely the case that more car-related casualties are the result of the increased car volumes at the surrounding roads.
[bookmark: _Toc13686296]5. Effectiveness of existing CCZs: Singapore
[bookmark: _Toc13686297]5.1 General information
In 1998, Singapore was the first ever city to implement a CCZ. Prior to the current CCZ, Singapore already had a system that seems familiar to the contemporary CCZ. In the old system, users had to buy paper tickets. The enforcement of the system was done manually. Since 1998, all controls and the charging are digitalized. There were two main motives for this digitalization initiative. Firstly cost savings, since manual controls and sales were becoming too expensive (almost 150 workers were needed continuously). Secondly, with a paper ticket one could enter the charging area unlimited times. This was not in line with the perceived goals of the road pricing idea. Unlimited entries namely meant that the marginal road pricing costs of entering another time were equal to zero. Hence, in this old system there was no incentive to switch to public transport once the paper ticket was bought. Their reasoning was that motorists were obligated to pay the fee for each time an individual entered the city center. The digitalization of the road pricing system therefore disincentivized car users from entering the zone to a larger extent than a paper ticket system would do (Menon & Guttikunda, 2010).
The Singapore CCZ covers 7.25 square kilometers, which equals around 1.2% of Singapore’s full size (Menon & Guttikunda, 2010). This means that in relative terms, the London and Singapore CCZ are almost equal in size (1.3% vs 1.2%). In both cities, only the extremely congested inner cities are included in the charging area, whereas Stockholm covers about one-third of the city size in their CCZ. Singapore might be a small city state, but comprises of around 917,000 vehicles, from which 560,000 are cars. In order to enter the CCZ, a car user needs to install a small device in the windshield. The driver has to charge a cashcard that has to be put in the device. After entering, the device will be scanned and the fee will be withdrawn from the cashcard automatically. When the balance of the cashcard is low, the driver will receive a reminder of this (Menon & Guttikunda, 2010).
[bookmark: _Hlk11362648]The following groups of vehicles are obliged to pay the fee: cars, taxis, motorcycles, trucks and buses. The charging times are between 07:30 and 19:00. Similar to Stockholm, the height of the tax was time-based. In the rush hours (07:30 to 09:30 and 16:30 to 19:00), the fee is higher than during the rest of the day. The CCZ is in operation on every weekday and on Saturdays till 14:00, excluding public holidays (Menon & Guttikunda, 2010).
Even though Singaporeans were familiar with the road pricing concept prior to Electronic Road Pricing (ERP) introduction, a major campaign was organized to increase public awareness. Inhabitants needed to be informed about some major changes, such as the method and regularity of payment. In order to show the population how it worked, a trial period was introduced. This period was quite similar to Stockholm’s trial period, except that Singaporeans were not charged in this period. The trial’s main purpose was to give car users the time to understand the in-vehicle device that was implemented. Afterwards, the ERP became operational permanently. The campaign can be considered successful: approximately 0.7% of all vehicles entering did not have a sufficiently high balance to make the payment and received a fine. Furthermore, this period was necessary to find out how (technically) reliable the system is. Since in only 0.03% of all vehicle entrances an error occurred in the transaction, the system is considered to be “very reliable” (Menon & Guttikunda, 2010). The height of the charge is not only dependent on the current time, but also at which gantry a vehicle is entering the charging zone (Liew, 2019).
[bookmark: _Toc13686298]5.2 Impact on congestion
In order to find the actual results of the ERP, a distinguish has to be made. Much of the existing research is about comparing the effects of the ERP to the revised manual road pricing scheme (ALS[footnoteRef:7]), the initial ALS to the revised ALS and the initial ALS to the situation prior to this system separate. This paper is comparing the effects of the ERP to the situation prior to all road pricing without any intermediate steps. But since a major share of the scientific research about Singapore’s road pricing scheme is about the separate implementations, the results of these implementations will be shown separately.  [7:  Area Licensing Scheme. This is the general name that the Singaporean government used when they were referring to the manual road pricing scheme.] 

Firstly, the effects of on congestion from the ALS to the situation before will be discussed. When Singapore implemented the ALS in 1975, this was a completely new approach of tackling congestion. In that time, much less vehicles were using the roads of Singapore. Prior to the ALS introduction, 74,000 vehicles were entering the zone on a daily basis. The introduction of the ALS lead to a reduction of 32,500 entering vehicles on a daily basis, which means that around 44% of all vehicles were discouraged to enter the charging zone. Logically, the amount of vehicles in 1975 was much lower, which means that the sample size was much smaller. Nevertheless, the reduction of vehicle volumes is significantly large that it still can be concluded that the introduction of the ALS lead to reduction in congestion within the charging zone. The 41,500 entering vehicles remaining rose to 60,000 vehicles in 1985. The rise in vehicle population is accountable for a large share of this increase. In the few years following, an economic recession lead to small decrease of the incoming traffic. In 1989, the ALS system got revised. Instead of only private vehicles, all vehicles (excluding public buses and emergency vehicles) were obliged to pay the charge. Furthermore, the size of the charging area increased with approximately 25% and the height of the fee changed. Finally, the charging hours were extended and the afternoon rush hours were included in the charging times. All changes of the revised ALS are visible in Figure 7 of the Appendix (Menon, Lam & Fan, 1993). The revised ALS implementation lead to a decrease in trucks and motorcycles, who were not exempt from the charge anymore. In the period 1975-1989, Singapore’s total vehicle population increased with approximately 77%. Yet the vehicle volume inside the charging zone has stayed below 70% of the level prior to the ALS introduction. All changes in traffic volumes for the inbound and outbound traffic between 1975-1993 are shown in Figure 8 of the Appendix (Menon et al., 1993).
An interesting aspect of the different vehicles volumes are the ambiguous changes per type of vehicle. When the initial ALS was introduced, only private cars and taxis were obliged to pay the fee. The volumes of these types of vehicles in the morning rush hours decreased significantly due to the initial ALS introduction: -73% and -64%, respectively. This lead to reduction is congestion inside the charging zone. Types of vehicles that were exempt from paying the fee, such as trucks and motorcycles, were encouraged to enter the charging zone due to the reduction in congestion. Therefore, these types of vehicles saw a volume increase of +116% and +2.8% after the initial ALS introduction, respectively. 
To cater the private car and taxi users, the revised ALS was introduced to involve also the other types of vehicles. When the revised ALS became operational, trucks and motorcycle volumes decreased -51% and -44%, respectively. Since the motorcycle was not a beneficial alternative for car users anymore, the lower fee and the further reduced level of congestion, private cars and taxi volumes rose in turn again. The volume of private cars rose with +10.2% and the volume of taxis rose with +39.9%. All vehicle type volumes in the morning rush hours are given in Figure 9 of the Appendix (Menon et al., 1993).
When the afternoon rush hours also got involved in the charge, in the revised ALS, all types of vehicles saw a decline in volume. Trucks saw the largest reduction in volume: -60%. This reduction is closely followed by motorcycles (-57%) and private cars (-56%). Finally, also taxi volumes were declining (-11%). Figure 10 below shows a more complete figure of these volume decreases (Menon et al., 1993).
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Figure 10: Vehicle volumes per type in the afternoon rush hours before and after the revised ALS introduction (Menon et al., 1993).
The reduction in congestion is also visible in average travel speeds inside the charging zone. Under the initial ALS, the average speed was 32km/h in the morning rush hours and 25km/h in the afternoon rush hours. When the afternoon rush hours also were included in the charge, under the revised ALS, average speed also increased in the afternoon rush hours. The average speed in the morning rose a little to 33km/h and the average speed in the afternoon rose to 32km/h (Menon et al., 1993).
Similar as in London and Stockholm, congestion on the ring road increases to a little extent due to the ALS and ERP implementation. Average speeds on the surroundings roads are reduced to 19km/h on average, whereas the roads inside the charging zone have an average speed of 31km/h. Opponents of road pricing initiatives attribute this negative externality to the ALS introduction. In their opinion, congestion problems are shifted towards the surrounding roads. However, proponents of road pricing initiatives are refuting this views, since the aggregate level of congestion is much lower after the introduction of congestion charging, compared to the situation prior to road pricing (Menon et al., 1993).
The switch from manual to electronic enforcement in 1998, the ERP, did not lead to significant additional decreases in congestion in most of the roads inside the ERP. However, on the inbound and outbound roads of the zone, large reductions in congestion are achieved due to electronic enforcement instead of manual ones. This prevents stop-and-go traffic jams at the edge of the ERP. One requirement of an electronic enforcement system was that car users were no longer hindered because of charging checks (Menon & Guttikunda, 2010). 
In addition to this road pricing policy, the municipality of Singapore decided to introduce a substantial tax to all vehicle owners. Namely, if an individual wants to own a car, he or she is required to buy a vehicle certificate of 37,000 USD, which is valid for 10 years. This makes Singapore’s road pricing policy “among the most stringent in the world” (Tri-State Transportation Campaign, 2018). On the long term, car population in Singapore increased with 72%, but the volume of entering vehicles in the charging area only rose 24% in the morning rush hours (Federal Highway Administration, 2017). At this moment, the government of Singapore allows just a 0.25% rise in car ownership. All policies aggregated, the introduction of road pricing in Singapore led to a reduction in congestion of almost 20% (Tri-State Transportation Campaign, 2018).
[bookmark: _Toc13686299]5.3 Impact on emissions
Contrary to Stockholm and London, a reduction in carbon dioxide emissions was not one of the main motives for a CCZ introduction. However, it is considered to be a positive side-effect. In 1975, when the ALS was introduced, the total daily amount of vehicles entering during the morning rush hours decreased from 74,014 to 52,824. Later in 1998 , when the ALS got substituted by the ERP, the total entering car volume during morning rush hours decreased from 55,268 to 51,384 (Goh, 2014). This resulted in a 10 to 15% reduction in carbon dioxide emissions (CO2) in the inner city (Tri-State Transportation Campaign, 2018). Furthermore, it is likely that the ERP also reduced the level of emissions outside the city borders. Some drivers got discouraged to enter the city and retired their travel plans by car. Finally, due to reductions in congestion, less fuel consumption is needed, which also had a favorable effect on the environment (Goh, 2014).
[bookmark: _Toc13686300]5.4 Public transport
Menon and Guttikunda (2010) describe that a well-functioning public transport system is crucial for the successfulness of modal shifts in the case of road pricing. Hence, city councils need to provide decent alternatives, instead of only generating tax revenues. They conclude that the quality of Singapore’s public transport system is sufficient. Around 51% of all trips within Singapore are completed by using public transport. For commuting, the rate is even higher: 59% on average.
The municipality expected an increase in public transport users. In order to anticipate on this expanded demand for public transport services, Singapore’s Land Transport Authority (LTA) decided to implement a few changes with respect to parking, bus frequencies and road lanes. First of all, the LTA decided to increase the frequency of operating bus lines. Secondly, the parking fees within the charging area were doubled and 15,000 park-and-ride spaces were created just outside the charging area and near public transport stations. Finally, the LTA decided to introduce so-called HOV+4 lanes on highways (Tri-State Transportation Campaign, 2018). This implies that only vehicles with an occupancy of four or more are allowed to use these lanes. Especially in congestion peak hours, HOV+4 lanes motivates individuals to engage in carpooling or to use the bus instead of their own vehicle. All these initiatives together have resulted in a 15% increase in public transport usage (Tri-State Transportation Campaign, 2018).
[bookmark: _Toc13686301]5.5 Impact on retail
When the ALS was introduced, retail sales were almost unchanged, especially in comparison with other economic and development factors that were affecting Singapore. The Federal Highway Administration (2017) describes that the ALS was not seen as something negative with respect to Singaporean retail owners. However, when the ERP followed up the ALS in 1989, some retail owners perceived significant reductions in their afternoon sales. This is the case because since the ERP introduction, entering the charging zone in the afternoon is also charged when driving a vehicle. Therefore, some retail owners offered reimbursements of the congestion charge to customers when they were purchasing products.
Surveys that were held after the ALS introduction reported that labor availability was not affected. However, this could also be due to the better public transport facilities. The number of employments within the charging area rose 34%, whereas outside the charging area this number was 32%.
Therefore, it seems that the ALS did not have a significant influence on the business conditions in the charging area. The Federal Highway Administration concludes that the business owners were positive towards the ALS introduction, since it was considered necessary for the functionality of Singapore’s infrastructural facilities and beneficiary for the city on the long term (2017).
[bookmark: _Toc13686302]5.6 Impact on road accidents
Unfortunately, there is no actual data available of the effect of road pricing on the car accident rate in Singapore. Nevertheless, according to Wang, Wang, Xie and Zhou (2018), the introduction of the Singaporean congestion charge resulted in a significant decrease in traffic accidents. This is mainly due to a reduction in vehicles on the road, which lead to a more constant traffic flow and therefore less accidents and casualties.
[bookmark: _Toc13686303]5.7 Conclusion
The effectiveness of Singapore’s congestion charge has been tremendously important for other cities to engage in road pricing. Singapore is using a time-based fee, which is the highest during morning and afternoon peak hours. In terms on congestion, the ALS and ERP have been a well-functioning tool in order to improve the reliability of travel times. All aggregated, the congestion charge led to a reduction of almost 20% in congestion within the charging zone. On the surrounding roads, congestion has not increased significantly. An interesting fact is the relative changes per vehicle mode after the ALS and ERP introduction. For example, when the amount of personal car users decreased, this led to an increase in the amount of lorries and vice versa. In terms of emissions, the congestion charge also has been an effective tool to cut down on CO2 emissions: 10 to 15% reduction. The municipality of Singapore has implemented several policies that should improve the accessibility of Singapore by public transport and discourage private car usage. HOV+4 lanes and new park-and-ride spaces are constructed and the frequency of operating bus lines has increased. Moreover, retail conditions did not worsen due to the congestion charge. Finally, according to Wang et al. (2018), the congestion charge led to a significant reduction in car accidents within the charging zone. However, actual numbers are missing. 





[bookmark: _Toc13686304]6. Comparison of the three road pricing schemes

	Categories
	Stockholm
	London
	Singapore

	Type of charge
	Time-based
	Flat-rate
	Time-based

	Hours of operation
	Monday – Friday
06:30 – 18:30

Excluding holidays
	Monday – Friday 
07:00 – 18:00

Excluding holidays
	Monday – Friday 
07:30 – 19:00
Saturday till 14:00
Excluding holidays

	Height of charge
	Rush hours: 20 SEK (1.90 EUR)[footnoteRef:8] [8:  SEK – EUR rate on 03-07-2019] 

Other: 10-15 SEK (0.95-1.43 EUR)
Max day charge: 60 SEK (5.71 EUR)
	11.50 GBP (12.81 EUR)[footnoteRef:9] [9:  GBP – EUR rate on 03-07-2019] 

	Different per gantry and time

	Actual and relative to city size
	30km2 (16%)

	21km2 (1.3%)
	7.25km2 (1.2%)

	Congestion
	Morning Rush hours:
-18%
Afternoon Rush hours:
-23%
	-12%
	-20%

	Emissions
	CO2: -10 to -15%
NOx: -8.5%
PM10: -13%
	CO2: -19.5%
NOx: -12%
PM10: -11.9%
	CO2: -10 to -15%


	Public Transport
	Usage: +5%
CCZ revenues are invested in Public Transport improvements
	Usage: +6%
CCZ revenues are invested in Public Transport improvements
	Usage: +15%
CCZ revenues are invested in Public Transport improvements

	Retail
	No significant effect
	Short term: -5.52% and –8.21% using time-series analysis and panel data analysis.
Long term: no data
	No significant effect

	Road accidents
	+5%
	Car accidents: -5.2%
Bike accidents: +13.3%
Motor accidents: +5.7%
	No data available



[bookmark: _Toc13686305]6.1 General information
In this part of the paper, a comparison per effect is made between the three case studies. A summary of the effects is visible in the table above.
First of all, the type of charge is different for London, compared to the other two. Whereas London is using a daily flat-rate tax, Stockholm and Singapore are using a time-based fee. For both holds that the charge is higher during peak hours than during other times, logically. Furthermore, Singapore charges vehicles not only on weekdays, but also on Saturday mornings. 
The determination of the height of the charge is different for all cases. Firstly, London is using one universal tax rate that is not dependent on the entering location nor time. Secondly, Stockholm has different tax rates. These are based on the current time, but not on the entry location. Finally, there is Singapore. The height of the ERP charge is dependent on the current time as well as the entering location, which means that the height of the charge can vary between 0.50 SGD[footnoteRef:10] (0.33 EUR) and 6.00 SGD (3.93 EUR) (Liew, 2019). Concerning the height of the charge itself, London’s charge is considerably higher than the others.  [10:  Singaporean Dollar] 

When the relative size of the CCZ is compared, it becomes clear that Stockholm’s CCZ is including a much larger share of its total urban area, than London and Singapore, whose relative size is almost equal. This means that for Stockholm, a much larger share of the city’s inhabitants is involved in the road pricing policy.
[bookmark: _Toc13686306]6.2 Impact on congestion and road accidents
For all three schemes, significant reductions in congestion are achieved, which was their main target. For all cities holds that this was the main goal of the CCZ introduction. This implies that, when looking at the main purposes, congestion charging could be considered a successful tool in order to reduce congestion within inner-cities. To put it into a theoretical framework, if the cost of traveling is higher than the benefit of this trip, then one will retire his/her trip. The cost of traveling consists of the congestion charge and the remaining time loss due to congestion on the trip. For some the cost exceeded the benefits due to the implemented congestion charge, which means that less individuals are going for this option and therefore less congestion occurs in the charging area.
Concerning road accidents, the effects are ambiguous. In Stockholm, the accident rate has risen with 5%. However, the simultaneous increase in maximum allowed speed might have influenced this number. In London, the accident rate for cars has decreased due to the CCZ introduction. On the other hand, accident rates for transportation modes that are exempt from paying the fee (e.g. bicycles and motorcycles) have reported an increase in accident rate. For Singapore, no actual data is found. Nevertheless, Wang et al. (2018) describe that the ERP has had a positively significant impact on road accidents.
[bookmark: _Toc13686307]6.3 Impact on emissions and retail
For all case studies holds that the CCZ introduction has had a positive influence on the level of  emissions in the charging zone. All three zones reported a decrease of at least 10% in CO2 emissions. Furthermore, for Stockholm and London holds that also significant reductions in NOx and PM10 are found in the charging zones. For Singapore, no data about the latter emissions is available. This could be due to the policy objectives of Singapore’s charging zone. The ERP namely did not have improvements in air quality as a main goal for the CCZ introduction, whereas Stockholm and London did have that. Therefore, this could justify the lack of research on this effect in Singapore. The fact that emissions are decreasing due to the CCZ introduction, implies that polluters are paying for the negative externality they are creating. This is in line with the theory about the Pigouvian tax. 
In terms of retail sales, congestion charging did not have a significant effect in Stockholm and Singapore. However, London reported some significant reductions in sales on the short term. When a time-series model analysis is used, a reduction of 5.52% in sales is the result. Moreover, when a panel data analysis is used, a reduction of 8.21% in sales is the result. Whether this also holds for the long term is not clear. 
[bookmark: _Toc13686308]6.4 Impact on public transport
All metropoles saw a significant increase in Public Transport usage due to congestion charging. Similarly, for all cities holds that revenues of the CCZ are reinvested in the Public Transport department of their city. Stockholm and London mainly invested in more bus and metro lines and a higher frequency of the operating lines. Singapore on the other hand invested more on other initiatives that should discourage individual private travel. They invested for example on HOV+4 lanes, new park-and-ride facilities and a redistribution of parking fees. 
An often mentioned prerequisite for a CCZ introduction is that that particular city needs a good functioning Public Transport system. If this facility is not sufficiently elaborated, modal switches to Public Transport are less likely, which could undermine the effectiveness of congestion charging in this particular city. Moreover, if a Public Transport system is not expanded sufficiently, it would be much harder to receive public support towards a road pricing initiative. It is for these two reasons that a well-functioning Public Transport system is a crucial condition for the effectiveness of a CCZ. 
[bookmark: _Toc13686309]6.5 Social perspective
[bookmark: _Hlk13250785]In the eyes of the average individual, congestion pricing is often seen as “just another tax” (Lindsey & de Palma, 2015). Therefore, policies such as improvements in Public Transport (as discussed above), lower petrol taxes and investments in road infrastructure should be invested in with the revenues of the congestion charge. It is very important that travelers are not limited due to the CCZ introduction (Lindsey & de Palma, 2015). Moreover, it should not be the case that congestion charging leads to social exclusion. If no reasonable alternatives are provided ton travelers, than relatively poorer individuals are restricted to paying the charge if no other options are provided. This makes a good functioning public transit system even more vital when a government wants to implement road pricing. This is in line with the theory about generating public support when the public transport prerequisite is fulfilled. 













[bookmark: _Toc13686310]7. Conclusion
This paper took a look into the effectiveness of CCZs including a wide range of factors. The main target of the charging zones was to cut down on congestion levels in inner-cities. From this point of view, a CCZ can be seen as a better alternative to cut down on congestion than traditional approaches would do, such as expanding road supply. The CCZ introduction namely resulted in a 10 to 20% reduction in congestion within the charging area. From an environmental perspective, a CCZ introduction created positive externalities in terms of air quality in all case studies. Significant reductions in for example CO2, NOx and PM10 emissions are booked due to the CCZ introduction. A wide consensus is that when congestion charging will be introduced, a sufficiently large and well-functioning Public Transport network should be present, in order to give travelers a decent alternative instead of only being able to pay the charge. Therefore, in all case studies a major share of the CCZ revenues is reinvested in the Public Transport system. The two factors combined led to an increase in Public Transport usage of at least 5%. Concerning the effects on retail sales and road accidents, no clear corresponding effect has been found: either the results are ambiguous or no significant results are found. 
To provide an answer to the research question, for the main purposes of CCZ introduction (i.e. cut down on congestion and improve air quality), it could be qualified as an effective tool in order to tackle these classic inner-city problems. However, a well-functioning and sufficiently expanded Public Transport system is a vital condition for modal shifts away from the private vehicle. Other externalities from a CCZ introduction often do not show major improvements nor deteriorations. 
As a recommendation for further research, Cost-Benefit Analyses of the case studies can be included, which are not taken into account in this paper. This could potentially have a major impact on the public opinion towards congestion charging, when the investment for example turns out to be not profitable in the long run.
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Figure 7: An comparison of the initial ALS (1975-1989) to the revised ALS (1989-1998) (Menon et al., 1993).
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Figure 8: The changes in traffic volume during the period 1975-1993 (Menon et al., 1993).
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Figure 9: Vehicle volumes per type in the morning rush hours before and after the initial and revised ALS introduction (Menon et al., 1993).
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investments in Stockholm, to be negotiated. The revenues from the congestion charges
were earmarked for road investments. On the other hand, the investment package also
contained major rail investments, but these were claimed to be financed by other
sources of funding. After the decision to include the charges in an investment package,
no political parties proposed abolishing them anymore. The charges were reintroduced
‘permanently in August 2007, although the negotiation over revenue use was not settled
until late 2007. A poll in December 2007 showed a 65% support for the charges, and
several polls since then have shown similar or higher support. The most recent, in late
2013 (not shown in the diagram), showed a support of 72% (excluding “don’t know’

o
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Figure 8. Would vote “yes" in referendum about congestion pricing (excl. “Don’t know).

Figure 9 shows support for the charges in four groups: people without car in the
household, car owners who never or very seldom cross the charge cordon, car owners
who sometimes pay the charge, and car owners who often pay the charge. (2007 and
2010 data are missing, since these surveys did not ask about driving across the
cordon.) The support shows the same U-shape in each group. In fact, the dip from 2004
to 2005 is most pronounced for the unaffected groups, i.e. people not expecting to pay
the charge.
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that made Stockholm a suitable location for a road pricing initiative. The surveys, that were
held among the inhabitants of Stockholm, showed that only a few car drivers were seduced to
use public transport because of the improvements created by the city council instead of their
own vehicle. This means that a major share of the 5% rise in public transport passengers would
also have started using the public transport of Stockholm without the improvements and
expansions. The relative small increase in capacity! could explain this survey's somewhat

surprising outcome.

Referendum results (Public and political altitude); more positive news articles
Technical feasibility

Economic and social effects

Elasticity of CCZ users

CBA

Still beneficial? (10 years after)

Conclusion?

1 “The increase in passenger capacity by the buses meant that around 14 000 trips were made each day by the
buses, compared to well over one million public transport trips across the cordon each day” (Eliasson, 2014).
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‘The Stockholm congestion charges

aggregated, a small majority voted against the CCZ. Nevertheless, due to an increasing share
—+—Have nocar of optimistic inhabitants, the city council decided to introduce the CCZ. In august 2007, the

permanent CCZ became reality. To compensate the surrounding municipalities, bypasses
Car owner, pays
never/seldom without charge were created (c.g. Essinge bypass) for traffic that wants to avoid the city center

i Car owner, pays and reach the surrounding villages (Eliasson et al., 2009). This compromise was seen as more
sometimes
positive than the initial plan. This lead to an even larger share of individuals that would have
—Car owner, pays
often voted “yes” on the referendum. In actual numbers, approximately two-third of the inhabitants

of Stockholm’s urban area would vote in favor of the CCZ in 2010. This share kept growing in

the most recent surveys till 2013, when a support rate of 72% was reached (Eliasson, 2014).

Since then, the share of optimistic respondents has stagnated around 73%
Figure 9. Support for congestion charges depending on car ownership and paid charges.

Evidently, the amount of tolls paid makes a large difference for the support, looking at
each cross-section. But the figure also indicates that the change in attitudes is at least
partly driven by other factors than self-interest variables such as tolls paid and time
gains. The changes in attitude over time for each group look very similar, regardless of
how much they are affected by the changes in travel costs and travel times. Even the Referendum results (Public and political altitude); more positive news articles
group who do not own a car shows the same U-shaped attitude pattern. And even in the
‘most affected group, support for the charges has more than tripled from a low point of
15% to 53%. In other words, there is a majority in favour of the charges in all groups by

Technical feasibility

Economic and social effects

2011.
Elasticity of CCZ users

Just as respondents seem to be unaware of their behavioural changes, they seem to be

remarkably unable to remember their past attitudes. This is actually well known from cBA

voting research: people tend to forget that they have ever had another opinion than

their current one, or have ever voted differently than they would vote now. Surveys in Still beneficial? (10 years after)

2006 and 2007asked respondents whether they had changed their attitude to the

charges. From 2005 and 2006, voters intending to vote "yes” in the referendum Conclusion? e

increased by 19 percentage points from 30% to 49% (including undecided voters in the 4 >
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Table 1
Impact of the Congestion Charge on Traffic in the Congestion Charging Zone
(in thousands of vehicle kilometers and percent)

2002

Cars %)
Vans (8% 73
Trucks %) ]
Taxis| 26 (16%) 12
Buses %) & )
Motareycles 20 s%) 157 %)
Bicyeles ® %) (©%)
All vehicles 160 (100%) (100%)

‘Soure: Transport for London. Data provid
Notes: T first column for each year

ype of vehicle, within the
proportion of total vehicles

Actual Reductions in Traffic and Congestion

The first impact studies showed that the reductions in traffic and congestion
met or exceeded predictions. Morcover, the initial reductions have been sustained
in subsequent periods (Transport for London, 2005b, p. 23)

The number of private cars, vans, and trucks coming into central London
dropped 27 percent between 2002 (before the charge) and 2003. The 33 percent
drop in inbound car traffic represents some 65,000-70.000 trips that are no longer
‘made. Of these, Transport for London estimates on the basis of surveys that just
over half have transferred to some form of public transport; about one-quarter now
divert around the charging zone: about 10 percent have shifted to other forms of
private transport, predominantly taxis and bicycles; and around 10 percent have
cither stopped traveling or shified their trips to outside charging hours (Transport
for London, 2005b). These data suggest that, as expected, the congestion charge
has influenced the decisions of road users on various margins: whether to take
particular trip, which mode of transport to use, and when to travel,

The net result has been a significant change in the composition of London
traffic, as measured by vehicle miles driven within the charging zone cach day. As

File Home Insert Design layout References Mailings Review View Help 0O Search
FD TimesNewRoman <12 - AP g
poie B | BT U-ax X[ |S==F 12 Styles | Editing | Dictate
” A-2-A-na- | Kn | & T80 g - B
Clpboard 1 Font 5 Paragraph ol syies w Voice
stopped entering Central London. This translated into actual numbers, approximately 70,000
vehicles entering the CCZ were saved on a daily basis. London’s public transport administrator
TILS estimated that approximately 50% of those 70,000 rips switched to a public transport
mode. Moreover, approximately 25% of these trips have changed their final destination to
somewhere around the CCZ (e.g. parked their car near the charging area). Another 10%
switched to another mode of private transport, such as a bicycle. The remaining share did not
proceed with these trips anymore or travelled outside the charging hours (TfL, 2005),
S Transport for London
The result of this major shift in transport mode
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reduction is closely followed by motorcycles (-57%) and private cars (-56%). Finally, also taxi
volumes were declining (-11%). Figure 9 of the Appendix shows a more complete figure of

these volume decreases (Menon et al., 1993)]

[since there already was a oad pricing idea, 1. the congestion influences will not change much
because of the payments, however 3.congestion duc to time loss of payment and control is the
past now and those traffic jams stopped occurring, so write something the decrease in jams due
to driving on instead of stopping & 2. write something about old road pricing model vs time

before all road pricing]
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concluded that the introduction of the ALS lead to reduction in congestion within the charging
zone. The 41,500 entering vehicles remaining rose to 60,000 vehicles in 1985. The increase in
vehicle population is accountable for a large share of this increase. In the few years following,
an economical recession lead to small decrease of the incoming traffic. In 1989, the ALS system
ot revised. Instead of only private vehicles, all vehicles (excluding public buses and emergency
vehicles) were obliged to pay the charge. Furthermore, the size of the charging area increased
with approximately 25% and the height of the fee changed. Finally, the charging hours were
extended and the afternoon rush hours were included in the charging times. All changes of the
revised ALS are visible in Figure 6 of the Appendix (Menon et al., 1993). The revised ALS
implementation lead to a decrease in trucks and motoreyeles, who were not exempt from the
charge anymore. In the period 1975-1989, Singapore’s total vehicle population increased with
approximately 77%. Yet the vehicle volume inside the charging zone has stayed below 70% of
the level prior to the ALS introduction |

[since there already was a oad pricing idea, 1. the congestion influences will not change much
because of the payments, however 3.congestion duc to time loss of payment and control is the
past now and those traffic jams stopped occurring, so write something the decrease in jams due
to driving on instead of stopping & 2. write something about old road pricing model vs time
before all road pricing]
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Figure 7: The changes in traffic volume during the period 1975-1993 (Menon et al., 1993)
Figure 3. Variations in hourly traffic volumes entering and leaving the RZ.
Table 2. Effects of ALS on Inbound Traffic Volumes for Different Classes of
Restricted Vehicles (Morming Rush Hour)
Original ALS (1975) Revised ALS (1989)
Beftore After Before After
Vehicle Class AlSFee Volume AlSFee Volume Volume ;LSFEG Volume
Private cor 0 2790 S5 1459 19026 83 20963
Taxi o 10923 s$2 3502 5576  S83 7801
Goods vehicle 0 as7 0 9541 1200 83 89N
Motorcycles 0 M7 0 1208 10814 S5 6029
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four times as large as the delay experienced by an
individual driver.
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Fig. 1. The Pigou-Knight analysis.

The solution proposed by Pigou and Knight is to confront
each trip-maker with the cost his behaviour imposes on
other drivers, by introducing a corrective tax. The tax
payment should be exactly equal to the monetary value of
the additional travel time imposed by each driver on
other drivers. With this tax in place, an individual's
private ‘cost benefit analysis’ trades off his own benefits
against his own private cost plus the tax, which equals all
other drivers' incremental costs due to the individual's
presence. The trade-off is now congruent with the social
cost benefit analysis. As a consequence, the efficiency of
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Figure 9: Vehicle volumes per type in the afiernoon rush hours before and after the revised

ALS introduction (Menon et al., 1993).
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