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1 Introduction 
Cities around the world struggle with how to proceed with transport. The demands from government 

and citizens are diverse. Some want more accessibility through more road space for cars. Others want 

to use road space for expanding public bus transport and others still want space for cycling. The 

demands from climate policy are primarily reduced greenhouse gas emissions. One way to provide 

more road space is to build new roads, but with rapidly increasing land values and construction costs 

this alternative decreasingly appears attractive. Another way would be to economize on space by 

shifting demand from more to less space-consuming transport. A clue to such policies is given by the 

principle that the polluter pays, which has long been a guideline in European environmental policy 

(Bleeker 2009). Consequently, European transport policy has also sought to price the marginal costs 

of transport externalities. Estimates suggest that the primary externalities not paid for by car users 

are the congestion externalities associated with prolonged travel times (e.g. Eliasson 2009, p 476). 

This in turn indicates that internalizing road transport externalities is more efficiently handled by 

pricing externalities than by increasing the supply of public transport (Asplund and Pyddoke 2021, 

Proost 2018). So far, most modelling of urban transport pricing has primarily focused on large cities 

(Basso and Silva, 2014, Börjesson et al. 2017 and Börjesson et al. 2018) while fewer have studied 

small cities1 (e.g. Börjesson et al. 2019 and Asplund Pyddoke 2021).  

The aim of this paper is to calculate welfare optimal parking charges in the inner city, congestion 

taxes implemented as a toll ring, and a kilometre tax charged to cars in the inner parts of the medium 

and small cities of Malmö and Uppsala in Sweden, and to compare the effects of these policy 

instruments for these two cities and to results from modelling of large cities. We examine the relative 

potentials of these instruments to improve welfare, to shift demand from car use to other modes, 

and the substitutability of the instruments.  

The cities Malmö and Uppsala were chosen for they are the third and fourth largest cities in Sweden. 

It appeared plausible that the existence of severe congestion could be correlated to the size of the 

city and of course the degree to which congestion is already priced. Choosing these two cities gave us 

the opportunity to produce an indicative test of the first assumption. In addition, Asplund and 

Pyddoke (2021) had done an analysis of Uppsala with data from 2014. This project gave us a 

possibility to compare new results for Malmö and Uppsala with the previous results for Uppsala. 

This paper builds on and extends the analysis in Asplund and Pyddoke (2021), so we only present the 

extensions of that model and only repeat the most essential observations from the literature section 

of that paper and review some further results. In Asplund and Pyddoke (2021) the central results for 

Uppsala were that both congestion tax and parking charges had a potential to improve welfare by 

simultaneously increasing public revenue, reducing congestion and other externalities while at the 

same time considerably increasing the burden of car users and still increase net welfare. The 

potential of public transport to reduce car use and its externalities was assessed to be much costlier. 

In this paper the marginal cost of public funds (MCPF) is modelled as equal to one which will be 

motivated below. 

In Sweden, charging car users by a toll ring or per kilometre are legally national taxes, of which toll 

rings have been applied in Sweden’s two largest cities, Stockholm and Gothenburg. The results of 

these reforms have been different (Börjesson and Kristoffersson, 2018). In Stockholm, the results 

 
1 Urban areas in OECD countries are classified as: large metropolitan areas if they have a population of 1.5 million or more; 

metropolitan areas if their population is between 500 000 and 1.5 million; medium-size urban areas if their population is 

between 200 000 and 500 000; and, small urban areas if their population is between 50 000 and 200 000. Population by 
region - Urban population by city size - OECD Data (OECD, 2019) 
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were substantial initial reductions in car traffic allowing for shorter travel times. In Gothenburg, the 

effects were smaller. Parking charges are, however, a combination of a municipal mandate and a 

matter for private parking owners. We have therefore used the terms congestion and kilometre tax 

and parking charge. 

The main results are the following. Although Malmö is much larger by population and area than 

Uppsala, the congestion conditions in traditional peak hours are less severe in Malmö than in 

Uppsala, while in off-peak the reverse holds, and congestion in off-peak in our data is worse in Malmö 

than in peak. It is therefore not surprising that the welfare optimal levels of parking charges and 

congestion and kilometre taxes are higher in Uppsala than in Malmö in peak. A second group of 

results is that parking charges have good potential for internalizing car use externalities, although a 

kilometre tax in the inner zones has even greater potential to reduce congestion. 

The tax instruments require investments in charging systems with different operating costs. If the 

welfare gains are small compared to investment and operating costs, this may exclude the possibility 

of a welfare gain from these instruments. As we have very little updated information on these 

necessary costs, we have refrained from estimating these costs and comparing them to welfare gains. 

The main contribution of this paper is the analysis of one further city, namely Malmö, and the 

extension of the model to a kilometre tax charged within the inner cities. The paper shows that even 

small cities in some cases can benefit from using parking charges for pricing car use externalities. The 

benefits are reduced externalities (noise, air pollution and accidents) and travel times in streets, by 

shifting parts of car transport to other modes, increased public revenues and the main costs are 

reduced welfare for car users. Unlike the results for large cities, our modelling indicates no welfare 

improving potential to shift car use to public transport by increasing public transport supply. 

Furthermore, examination of the substitutability between, on the one hand, welfare optimal parking 

charges and, on the other hand, congestion and kilometre taxes respectively indicate that the 

examined policy instruments are close substitutes.  These results suggest that other medium and 

small cities can benefit from adjusting parking pricing to reduce congestion, if congestion problems 

are substantial and occupancy of parking in some places is high. 

The paper also sheds light on the need for policy to reduce externalities when most cars will be 

electric. A result in the paper is that the climate motivated share of internalizing taxes or charges is 

currently relatively small. The congestion externalities on the other hand are large. These will not 

disappear with electric cars. Nor will accidents or noise. The issue of reducing car externalities is likely 

to continue. 

The strength of this model is that it gives indications of the potential welfare effects of the examined 

policy instruments. The model is simple and could easily be used to examine further cities. The model 

uses good data on local mode demand, road congestion, public transport supply and costs, and 

official Swedish cost benefit values (travel time values by mode, valuations of externalities). The 

results suggest that parking charges is an alternative with known administrative costs that has the 

potential to reduce externalities and shift mode demand from cars to other modes, and therefore, is 

a viable alternative for smaller cities. 

There are some important limitations in this analysis. The travellers are represented as homogenous 

with the same preferences. They do, however, use all three modes in proportion to observed mode 

shares. The elasticities applied are not from the studied cities and they are applied outside intervals 

for where they were estimated. We lack resolved data on who pays which parking charge where and 

when. Resolved data on these variables may well have effects on the optimal parking charges. We do 

not examine distributional consequences. No health or niceness effects are modelled. Cities 
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contemplating improving increased sustainability and wanting to achieve mode shift are therefore 

advised to perform more thorough analysis of their options and their consequences. 

The remainder of the paper is organised as follows. The previous literature is presented in section 2. 

The method is presented in section 3. Here, the baseline and policy scenario are described, along 

with a detailed description of adjustments to the congestion calibration procedure and the derivation 

of marginal costs of congestion. In section 4, the results are presented. Finally, findings, 

interpretations and limitations are discussed in section 5. 

2 Literature 
The literature on road pricing is large and has a long history. Recent earlier papers have modelled 

road pricing schemes in large cities and optimized the design of pricing of road and public transport 

use, among other policies. 

Proost and van Dender (2008), modelling the large cities London and Brussels, found that pricing 

externalities from car use and reducing subsidies to transit and parking can shift demand from car to 

public transport. Optimal prices were found to be higher than current prices for these modes, 

reducing total demand. It was also found that taking account of marginal cost of public funds above 1 

increases prices and welfare. The market share of public transport was found to be much higher in 

optimum. 

Basso and Silva (2014), modelling London and Santiago de Chile, found that there is a large degree of 

substitutability between road pricing and public transport subsidization, and bus lanes are also shown 

to reduce the potential for road pricing and subsidization of public transport.  

Börjesson et al. (2017) modelled the effects of introducing congestion taxes in Stockholm to analyse 

optimal adjustments of bus services. The authors also examine the external effects of increasing the 

volumes of passengers by one car trip. They found that in baseline the marginal external cost of one 

further car trip was higher than current tolls both in peak and off-peak. The re-optimization of all 

policy instruments also indicates that marginal social costs of car trips are increased by optimization 

as the optimal tolls increase when all policies are optimized. 

Private (consumer) and political (citizen) preferences for congestion charges were examined in 

Eliasson (2016). Eliasson argued that if the purpose of congestion charges is primarily to correct the 

price of car driving for additional social costs (i.e. for congestion, accidents, noise, and air pollution) 

then it is not obvious that distributional effects are relevant. If, on the other hand, there is a 

substantial fiscal motive, then a potential regressivity is a serious problem. Eliasson (2016) found that 

low-income earners pay a substantially larger share of their income in congestion charges in 

Gothenburg than in Stockholm. West and Börjesson (2020) showed that net social benefits were 

positive, although redistribution from car users to the government was considerably larger than the 

net benefit. The welfare effects of this redistribution were found to be regressive. Most of this 

regressivity is due to the highest income earners since they do not use their cars more with increasing 

income as do individuals in the second to the ninth decile (Eliasson et al. 2018). We have therefore 

chosen not to present the results for MCPF = 1.3 as this implies higher levels of the welfare optimal 

instruments and a fiscal motive. 

The result in Atkinson and Stiglitz (1976) suggests that consumption should preferably be uniformly 

taxed, implying an avoidance of taxing more than the externalities. The fact that congestion charges 

generate large revenues (Eliasson 2009) makes the use of these revenues an important issue and it is 

also hard to deny the revenues may be a part of the motive for introducing the charges. Then using 
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parts of the revenues to compensate losers may also be a part of the solution to the acceptability 

issue. 

Several earlier studies have also modelled or empirically studied parking in large cities. Calthrop et al. 

(2000) model a hypothetical city and show that pricing of parking spaces can give higher welfare 

gains than a single cordon road pricing scheme. In Proost and Van Dender (2008) it was found that an 

introduction of parking charges could contribute substantially to the welfare gains of fully optimal 

pricing in the large city of Brussels. The authors conclude that parking and congestion charges should 

be determined together.  

Ostermeijer et al. (2022) examine the effects of a citywide parking policy on parking and traffic 

demand implemented in Amsterdam. When a large price increase (66% on average) for on-street 

parking was modelled, it was found that overall, on-street parking demand declined by 17% whereas 

on-street parking arrivals fell by 9%, and the reduction in traffic flows was estimated to be 2 – 3% 

(Ostermeijer et al. 2022, p 1, 2 and 11). This latter reduction was larger during evenings than in the 

morning peak. Our parking charges show reductions of traffic in a similar order of magnitude. 

Fewer papers have modelled road pricing and parking in small cities. Börjesson and Kristoffersson 

(2018, p. 49) even concluded that “For smaller cities, with less congestion, strong arguments against 

introducing congestion charges are the system costs, the risk of inefficient spending of the revenues, 

and the negative distribution effects in cities with low public transport usage.” A year later Börjesson 

et al. (2019), in a model for Karlstad (a small city in Sweden) showed that even a small city, in theory, 

could benefit from road pricing although the congestion levels are low. Similarly, Asplund and 

Pyddoke (2021), modelling Uppsala (Sweden’s fourth largest city), found that congestion was 

surprisingly high, and that pricing of car use could be justified if the cost of the charging system is low. 

Asplund and Pyddoke (2021) also noted that parking charges also could reduce congestion and shift 

some car use to public transport and walking and cycling. A critical assumption about parking charges 

was that all trips travelling to or from the inner zone were charged either by public or private parking 

owners, thereby excluding the possibility of free or low-price parking. Börjesson et al. (2023, p 59) 

discuss the administration costs of parking charges. In Stockholm these are found to about 18% of 

parking revenues (Trafikanalys, 2018), and it is the enforcement that drives the costs. 

3 Method 
This paper uses an extended version of the previously published BUPOV model (Asplund and Pyddoke 

2021). BUPOV is a welfare optimization model studying the policy instruments: charges for parking, 

congestion taxes and kilometre taxes or the pricing and supply of bus services. It was designed to be 

used for small cities where the geography of the city is represented by two zones: an inner zone and a 

band around the inner zone called the outer zone. The model represents choices between modes 

(car, public transport (i.e. bus) and walking or cycling) and trip time period (peak or off-peak period), 

within and between two zones in each city and the changes in welfare arising from changes in these 

choices. Welfare is measured as the change in consumer surplus plus the effects not experienced in 

the trip consumption model i.e., noise, accidents, air pollution, and CO2 emissions and the value of 

changes in net revenue to the private and the public sector.  

The following welfare function and explanation is from Asplund and Pyddoke (2021) where the total 

welfare effect of a given policy change is: 

               ∆𝑊𝑖 = (1 + 𝜇) ∙ ∆𝐶𝑆𝑖 + (1 + 𝜎) ∙ (∆𝑃𝑆𝑖 +) + ∆𝑃𝑅𝑖 + ∆𝐶𝑇𝑖 + ∆𝐸𝑖,      
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where ∆𝑊𝑖 represents change in total welfare, 𝑖 represents iteration, 1 + 𝜇 is the wider economic 

benefit factor representing mostly labour market effects, ∙ ∆𝐶𝑆𝑖 is the change in consumer surplus, 

1 + 𝜎 is the MCPF factor, ∆𝑃𝑆𝑖 denotes changes in surplus for the public sector (i.e., public transport, 

parking, congestion and kilometre tax revenues), ∆𝑃𝑅𝑖 is the total net benefit of changes in parking 

revenues from privately owned parking lots, ∆𝐶𝑇𝑖  is congestion benefits for trucks, and ∆𝐸𝑖 is the net 

social cost of other external effects, all compared with the baseline. 

The effects represented as directly impacting consumption are travel times including congestion 

delay and the crowding externality in the public transport vehicles. The model is built on the 

assumption that road congestion and therefore significant externalities only appear in the inner zone. 

Therefore, changes in traffic density and externalities in the outer zone are not modelled. The 

optimization of the congestion charge represents a conflict with the Swedish congestion tax law (SFS 

2004:629) which states that only the external costs of congestion are to be internalized and no other 

externalities. In our model, the "congestion tax” is optimized considering all its welfare effects. 

The only part of the private sector represented here is the private parking providers. The public 

sector is represented by the net revenues to the public transport authority, the public recipient of 

parking revenues and the collector of taxes. As these revenues have a potential use as an alternative 

funding source for the public sector, they are valued at 1 and not at the official calculation value of 

public funds which in Sweden is 1.3. Without the marginal cost of public funds above 1 there is less 

fiscal motive to generate further revenue to the government. 

The optimization in the model proceeds in two steps. First, a social planner sets an optimal policy in 

terms of pricing car use for a given demand and the corresponding delays and crowding effects and 

further externalities. In the next step homogenous travellers respond to the policy by adjusting their 

demand to the chosen policy. The adaptation of choice of mode is represented as depending on 

travel time (including congestion), travel cost, crowding in buses and changes in waiting time due to 

changes in bus frequency. Elasticities determine the number of transfers from one alternative to 

other alternatives, thus allowing the individuals to adapt to cost changes. A summary of all elasticities 

used are given in Appendix A4. The elasticities for car demand are calibrated from responses to 

congestion charges in Gothenburg. A change in the policy instruments induces trip changes 

eventually resulting in a new demand equilibrium state. When this process has converged to an 

equilibrium state, this is compared to a baseline scenario and welfare change is calculated.  

In the model the public sector is represented by one actor who optimizes: state, regional and 

municipal policies. Any diverging objectives among these actors are not regarded. This is of course a 

limitation as these actors are not likely to have the same goals. What is the desirable choice of policy 

for one actor may very well not be the same for another actor. Therefore, potential gaming among 

these actors is not represented.  

There are three kinds of origin-destination combinations: within the inner zone, between inner and 

outer and within the outer zone. The analysis is limited to workday traffic and peak and off-peak 

travel. No route choices are represented. This implies a limitation because reduced congestion or 

crowding in the inner zone could lead to trips being taken through the inner zone instead of around 

the city in the outer zone. Such choices are not represented. 

Three car use policies are analysed: parking charges, congestion taxes and kilometre taxes. The 

parking charges are assumed to be uniformly charged in a period exclusively in the inner zone but are 

optimized separately for the peak and off-peak periods. The congestion tax is assumed to be charged 

when crossing the border of the inner zone. The kilometre tax is assumed to be charged uniformly 

but exclusively within the inner zone. This implies an advantage compared to the congestion charge, 
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in so far as also car trips occurring within the inner zone will be charged. This is an advantage if the 

objective is to apply the polluter pays principle as all externalities within the inner zone will be 

charged. 

The parking market is assumed to consist of 50% municipally owned parking (streets and municipally 

owned land and parking houses), and 50% parking owned by private owners. The city is assumed to 

charge street parking rates for all its parking and the same prices are assumed to be charged by 

private owners. This is not an obvious assumption as it may well be that private parking owners, for 

example private employers or privately owned residential parking, may price both above and below 

street parking charge levels. There are, however, no available statistics on either the supply or the 

pricing of private parking. 

Parking charges are translated into car costs for different trips. For trips within the inner zone, 

charges are assumed to be applicable at all destinations in the inner zone. Assuming standard parking 

times, the parking cost of each trip is assumed to be the product of number of hours and parking 

charges. The charge is assessed by using a weighted value of the residential parking price and the 

visitor parking price. 

The BUPOV model is described in earlier published studies; for more information about the model 

and its core equations and functionality, we refer to Asplund & Pyddoke (2021), Asplund (2021) and 

Asplund & Pyddoke (2020). In this paper, the model has been further developed. Two adjustments 

have been implemented: the congestion calibration procedure and the inclusion of a kilometre tax. 

The kilometre tax is a policy instrument with distinct values for each time period. Depending on the 

analysis, three components may be included: a pure welfare maximizing component, internalization 

of externalities, and marginal congestion cost. The procedure for calculating the congestion and the 

marginal congestion cost component is explained in more detail below in the subsections.  

For this paper, data was collected for Malmö and updated for Uppsala. The model is calibrated using 

data as close to 2017 as possible. This represents the then current travel pattern based on the current 

pattern of residence, workplace, and other destinations. Changes in residence and work-places due 

to the policy changes are not represented. In other words, this pattern is assumed to remain 

constant. Large increases in costs may, however, be modelled as yielding a reduction in total travel. 

3.1 Description of baseline states 
To be able to assess the outcome for both cities, a description of the baselines is provided. Presented 

here are some statistics, together with a selection of the baseline state data. Note that the baseline 

state along with the initial values of the policy instruments serve as the starting point for the iterative 

process to find demand equilibrium. Furthermore, the BUPOV model uses a range of different inputs 

such as travel demand, traffic supply, prices, and traffic statistics. A list of these sources of inputs is 

included in the appendix. 

The cities Malmö and Uppsala are the third and fourth largest cities in Sweden. In 2018, the 

population of the urban areas was 317,000 in Malmö, a medium sized city in OECD’s classification, 

and 161,000 in Uppsala, a small city in the same classification. Malmö, therefore, has close to double 

the population of Uppsala. 
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Figure 1 Stylized map of Malmö. Source: Sampers zones. 

 

Figure 2 Stylized map of Uppsala. Source: Sampers zones. 
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The origin destination data are taken from the Swedish national demand model Sampers and 

therefore ultimately from the Swedish national travel surveys. This is complemented with data on bus 

demand from the respective public transport authorities (PTAs). As explained above, elasticities play 

an important role in calculating changes in demand. The elasticities for public transport are taken 

from the literature and the elasticity for cars is calibrated from Gothenburg.  A summary of elasticity 

uses is found in Table 17 in the Appendix. The trip data is given per three different origin destination 

types and mode as seen in Figure 4. 

As seen in Figure 3, the area of the inner zone in Malmö is 23 square kilometres and the area of the 

outer zone is 51 sq km. In Uppsala it is 12 sq km for the inner zone and 86 sq km for the outer zone.  

 

Figure 3 Zone area, square kilometres, for inner and outer zone in Malmö and Uppsala. 

 

 

Figure 4 Number of individual trips per origin destination type and mode. 

The time periods are defined as peak from 7:00 to 9:00 and from 15:00 to 18:00 and off-peak 3:00 to 

7:00, 9:00 to 15:00, and 18:00 to 12:00. These are the standard time periods in the Swedish national 

model. The data from Tomtom, however, suggests that both the hours of peak and off-peak show 

large variation within each period. This and the fact that existing congestion charges in Stockholm 
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and Gothenburg vary within each period suggests that even more differentiation in Malmö and 

Uppsala may be justified. 

The baseline mode shares differ a bit from local travel surveys, as seen in Table 1. A possible source of 

this difference is that local travel surveys are directed at inhabitants in the municipality concerned, 

while the model is based on data from the national travel survey and passenger counts from buses. 

To the extent that local travel surveys do not capture significant travel from other municipalities, this 

may contribute to the observed differences. 

Table 1 Modal shares as modelled in the model baseline state and in recent local travel surveys 
(Region Skåne, 2018 and Uppsala kommun, 2015). 

 Malmö Uppsala 

Mode Model baseline Local Travel 
survey 

Model baseline Local Travel survey 

Car 40% 34% (37) 45% 37% (38) 

Bus 15% 17% (19) 15% 13% (13) 

Cycling and 
walking 

45% 40% (44) 40% 47% (48) 

 

Another source of differences is that BUPOV does not represent the modes rail and air travel. Also 

note that the baseline distribution of mode shares in Malmö has a lower share of car use and a higher 

share of cycling and walking than has Uppsala.  

In Table 2 the relative delay times in baseline are presented as calibrated from Tomtom data.  

Table 2 The relative time delays in the inner zone in peak and off-peak in baseline in Malmö and 
Uppsala. 

Time period Malmö Uppsala 

Peak 18% 40% 

Off-peak 22% 14% 

 

In the baseline state, both Malmö and Uppsala have parking charges. Neither city has congestion tax 

or kilometre tax. To provide insight into actual parking charges in Malmö and Uppsala, Table 3  

presents the highest hourly parking charges in 2017 in the inner zones of the two cities. Note, 

however, that parking charges in both Malmö and Uppsala are differentiated by time of day and 

parking zone location. Both cities have separate charges for residents, implying a discount compared 

to visitor charges.  

Table 3 The highest hourly parking charges in the inner zones of Malmö and Uppsala in EUR. 

 Malmö Uppsala 

Highest charge € 2.5 (8-22)  € 2.0 (first 2 h then € 3.5) (8-
18) 

Intermediate charge  € 0.5 (18-24)  

Lowest charge € 0.2 (22-8) € 0 (24-8) 

 

The modelled baseline parking charges in Table 4 were derived using information on the actual 

parking charges. However, there was no data on parking in terms of parking duration, parking 
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location or who was parking. Hence, assumptions are made on the share of residential parkers, the 

location for parking and the duration of parking. Using this, parking charges per car and day were 

calculated, differentiated on Inner-Inner or Inter trips, then transformed into parking charge per one 

way trip. Note that trips Outer-Outer are not charged. 

Table 4 The derived baseline parking charges per one way trip in EUR. 

 Malmö Uppsala 

 Inner-Inner Inter Inner-Inner Inter 

Peak 5.32 7.00 6.03 8.00 

Off-peak 1.20 1.34 1.34 1.66 

 

3.2 Description of policy scenarios 
For each city, four policy scenarios were analysed. The scenarios differ with respect to which of the 

policy instruments is optimized.  

Parking charges are translated into car costs for different trips. For trips to or within the inner zone, 

parking charges are assumed to be applicable at all destinations. The charges are differentiated 

between peak and off-peak. Assuming standard parking times, the parking cost of each trip is 

assumed to be the product of number of hours and parking charges. The charge is assessed by using a 

weighted value of the residential parking price and the visitor parking price. 

Congestion taxes are assumed to be payable for all car trips crossing the zonal border of the inner 

zone. The taxes are differentiated between peak and off-peak. This cost is calculated for each trip by 

dividing the tax expenditure by the number of passengers in the car to give a per-trip cost. 

Kilometre taxes are assumed to be payable for each kilometre a car is driven in the inner zone. The 

cost is calculated per individual by dividing the tax expenditure by the number of passengers in the 

car to give a cost per trip. 

As a further reference case, we also calculated an equilibrium where we iterated adjustments of a 

pure externality-based kilometre tax for cars only. This scenario is termed Pure externality tax. 

To investigate substitutability of policy instruments, we implemented a stepwise optimization 

approach: first, one policy instrument was optimized so that optimal policy levels were reached; then, 

a second policy instrument was optimized from this optimal state. If it was possible to further 

increase net welfare, then it would have been captured by the second policy instrument and thus it 

was possible to estimate the degree of substitutability. 

3.3 Description of the updated congestion calibration procedure 
The congestion calibration was updated, and hence the procedure is presented here. Like the earlier 

version of BUPOV, congestion was interpreted as a travel time delay (percentage of increased travel 

time) for road modes.  

Like the earlier version of BUPOV, it is assumed that the travel time delay 𝑑 for zone 𝑧 and time 

period 𝜏 is given as 

𝑑𝑧,𝜏  =  �̂� ⋅ 𝜌𝑧,𝜏
2 

where �̂� is a calibrated parameter and 𝜌 is the traffic density for zone 𝑧 and time period 𝜏. 

Furthermore, also like the earlier version of BUPOV, the traffic density 𝜌 is defined according to 
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𝜌𝑧,𝜏 =
∑ 𝛼𝑓 

 
𝑓 ⋅ 𝐾𝑓,𝑧,𝜏

𝐴𝑧 ⋅ 𝑃𝜏
 

where 𝛼 is the passenger car unit factor for the individual vehicle 𝑓, 𝐾 is the number of vehicle 

kilometres travelled by the individual vehicle 𝑓 in zone 𝑧 and time period 𝜏, 𝐴 is the number of square 

kilometres in zone 𝑧, and 𝑃 is the number of hours in time period 𝜏. Three vehicle types are 

considered, car, bus, and truck. The vehicle kilometres travelled were derived from Sampers’ origin 

destination trip and trip average length data. Thus, the traffic densities are specific to a given zone 

and time period and proportional to the passenger car unit vehicle kilometres travelled.  

The �̂� parameters (one for each city) were calibrated using statistics from Tomtom which provided 

data on the average delay in the city of Malmö and Uppsala for the year 2019. The updated 

procedure attempted to capture the essence from the procedure in earlier versions of BUPOV, and 

was performed for each city according to the following: 

1) For each zone and time period, the traffic density was calculated and a travel time delay was 

derived using an arbitrary �̂�.  

2) The density per zone and time period were weighted into a citywide delay using the traffic 

densities, yielding a weighted mean delay comparable to the Tomtom statistics. 

3) Then, finally �̂� was calibrated to match the modelled weighted delay to the statistics. 

The calibration of the delay function yields the value of parameter �̂� according to Table 5. To 

understand the proportions of the delay, in order to obtain 100% delay (that is, doubling the travel 

time), a traffic density of 1750 careq-km / m2 / h in Malmö and 1236 careq-km / m2 / h in Uppsala is 

needed. At this point, the delay rate of change is about 0.1% in Malmö and 0.2% in Uppsala. 

Table 5 Parameter �̂� of calibrated delay functions 

City �̂� 

Malmö 0.0000003265 

Uppsala 0.0000006546 

 

3.4 Derivation of marginal congestion cost 
We now derive the marginal congestion cost as the marginal travel time costs due to one additional 

vehicle kilometre travelled. That is, the marginal congestion cost for cars is derived to be in line with 

the stated traffic density definition. Moreover, it is derived to be a cost per vehicle kilometre 

travelled, for car trips in the inner zone. Since congestion is implemented only in the inner zone, the 

differentiation with respect to zone for travel time delay 𝑑 and the related variables is dropped, that 

is 𝑑𝑧,𝜏 → 𝑑𝜏, 𝜌𝑧,𝜏 → 𝜌𝜏, 𝐴𝑧 → A and 𝐾𝑓,𝑧,𝜏 →  𝐾𝑓,𝜏. The definitions of 𝑇𝑣,𝑜𝑑,𝜏 and 𝑉𝑣,𝜏 are taken from 

earlier versions of BUPOV, and so is the value of 𝛾. 

Let travel time2 𝑇𝑣,𝑜𝑑,𝑡 for a trip with vehicle type 𝑣 on origin-destination 𝑜𝑑 in a time period 𝜏 be 

𝑇𝑣,𝑜𝑑,𝜏 = 𝑡𝑣,𝑜𝑑,𝜏 (1 + 𝑑𝜏), 

where 𝑡 is the free flow travel time and 𝑑 is the travel time delay. Separating free flow travel time and 

additional travel time due to delay is common practice; see for example Carrion and Levinson (2012).  

The value of travel time including delay 𝑉 for car trips is calculated according to  

 
2 In-vehicle travel time, does not consider waiting-time, transfer time or other travel time components. 
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𝑉𝑣,𝜏 = (1 + 𝛾 ⋅ 𝑑𝜏) ⋅ 𝑉𝑂𝑇𝑣 

where 𝑉𝑂𝑇 is the value of travel time for an individual travelling with vehicle type 𝑣. The value 𝛾 =
1

3
 

is used. This value is not equal to the official transport sector recommended value but on average is 

the same magnitude.  

The travel time cost 𝑐 for a vehicle with occupants is 

𝑐𝑣,𝑜𝑑,𝜏 = 𝑉𝑣,𝜏 ⋅ 𝐿𝑣 ⋅ 𝑇𝑣,𝑜𝑑,𝜏 

where 𝑉 is the value of travel time including delay costs for the occupant and 𝐿 is the average 

occupancy in the vehicle type. The travel time cost 𝑐 for a vehicle thus depends on the delay both 

from the value of travel time and from the travel time. 

The total travel time in the system is simply ∑ 𝑞𝑣,𝑜𝑑,𝜏 ⋅ 𝑇𝑣,𝑜𝑑,𝜏𝑣,𝑜𝑑,𝜏 , where 𝑞 is the number of vehicles. 

The total travel time cost for a given origin-destination-trip and time period, or social cost of travel 

time 𝑆𝐶, incurred by the travellers is derived according to 

𝑆𝐶𝑜𝑑,𝜏 = ∑ 𝑞𝑣,𝑜𝑑,𝜏 ⋅ 𝑐𝑣,𝑜𝑑,𝜏

𝑣

 

In some cases, for example Newbery (1988), it is interesting to study the impact on congestion cost of 

an extra vehicle in the traffic stream. However, in BUPOV congestion is proportional to traffic density, 

which is proportional to vehicle kilometres travelled, hence it is interesting to study the impact on 

social cost due to an extra vehicle kilometre travelled by the individual car 𝑓. Thus the marginal 

congestion cost is 

𝑀𝑆𝐶𝑓,𝑜𝑑,𝜏 =
𝜕𝑆𝐶

𝜕𝐾𝑓
=

𝜕

𝜕𝐾𝑓
∑ 𝑞𝑣,𝑜𝑑,𝜏 ⋅ 𝑉𝑣,𝜏 ⋅ 𝐿𝑣 ⋅ 𝑇𝑣,𝑜𝑑,𝜏

𝑣

 

while both 𝑉𝑣,𝑜𝑑,𝜏 and 𝑇𝑣,𝑜𝑑,𝜏 depend on vehicle kilometres travelled by the car 𝑓 by definition, 𝑞𝑣,𝑜𝑑,𝜏 

and 𝐿𝑣 was assumed not to be. Thus 

𝑀𝑆𝐶𝑓,𝑜𝑑,𝜏 =
𝜕

𝜕𝐾𝑓
∑ 𝑞𝑣,𝑜𝑑,𝜏 ⋅ 𝑉𝑣,𝜏 ⋅ 𝐿𝑣 ⋅ 𝑇𝑣,𝑜𝑑,𝜏

𝑣

= ∑ 𝑞𝑣,𝑜𝑑,𝜏 ⋅ 𝐿𝑣 ⋅ (
𝜕𝑉𝑣,𝜏

𝜕𝐾𝑓
⋅ 𝑇𝑣,𝑜𝑑,𝜏 + 𝑉𝑣,𝜏 ⋅

𝜕𝑇𝑣,𝑜𝑑,𝜏

𝜕𝐾𝑓
)

𝑣

 

The partial derivatives are calculated as 

𝜕𝑉𝑣,𝜏

𝜕𝐾𝑓
= 2 ⋅ �̂� ⋅ 𝛾 ⋅ 𝑉𝑂𝑇𝑣 ⋅ 𝜌𝜏 ⋅

𝛼𝑓 

A ⋅ 𝑃𝜏
  

and 

𝜕𝑇𝑣,𝑜𝑑,𝜏

𝜕𝐾𝑓
= 2 ⋅ �̂� ⋅ 𝜌𝜏 ⋅

𝛼𝑓

A ⋅ 𝑃𝜏
⋅ 𝑡𝑣,𝑜𝑑,𝜏   

utilizing that the partial derivative of traffic density with respect to the vehicle kilometres travelled by 

car 𝑓 is 

𝜕𝑑𝜏

𝜕𝐾𝑓
= 2 ⋅ �̂� ⋅ 𝜌𝜏 ⋅

𝜕𝜌𝜏

𝜕𝐾𝑓
= 2 ⋅ �̂� ⋅ 𝜌𝜏 ⋅

𝛼𝑓

A ⋅ 𝑃𝜏
 

Substituting and simplifying the expression, the final expression for the marginal congestion cost due 

to an extra vehicle kilometre travelled by car 𝑓, expressed as a cost per vehicle kilometre travelled, is 
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𝑀𝑆𝐶𝑓,𝑜𝑑,𝜏 = 2 ⋅
𝛼𝑓 ⋅  �̂� ⋅ 𝜌𝜏

A ⋅ 𝑃𝜏
⋅ (1 + 𝛾 + 2 ⋅ 𝛾 ⋅  �̂� ⋅ 𝜌𝜏

2) ⋅ ∑ 𝑉𝑂𝑇𝑣 ⋅ 𝑞𝑣,𝑜𝑑,𝜏 ⋅ 𝐿𝑣 ⋅ 𝑡𝑣,𝑜𝑑,𝜏

𝑣

 

Note that in theory the marginal congestion cost is a sum over all road vehicle types (car, bus, truck). 

For this analysis, however, only cars and buses were considered, i.e., here, trucks did not contribute 

to the marginal congestion cost. 

4 Results 
This section presents the results of optimization and implementation of the three policies parking 

charges, congestion tax and kilometre taxes in Malmö and Uppsala.  

4.1 Welfare effects 
Net welfare at optimum is presented in Table 6. As seen, all scenarios show a net gain. Thus, this 

suggests that the baseline state is not optimal from a welfare perspective. Also, for all scenarios, the 

net welfare gain is higher in Malmö compared to Uppsala. For Malmö, the net welfare is in the 

interval +11 400 € per day to +38 500 € per day. For Uppsala, the welfare is in the interval +7 000 € 

per day to +22 100 € per day.3 

Table 6 The net welfare gain at optimum compared to baseline (or for scenario G at equilibrium). 

  Net welfare gain at optimum [€ per day] 

Scenario Policy instrument Malmö Uppsala 

A Parking charge + € 17,700 +€ 8,300 

B Congestion tax +€ 11,400 +€ 7,000 

C Kilometre tax +€ 17,500 +€ 8,200 

D Pure externality tax +€ 17,300 +€ 7,300 

 

Note that the optimization of these policy instruments one at the time all imply substantial increases 

in parking charges and introduction of substantial taxes (Table 7). These increases are mainly 

motivated by bringing the cost of individual trips in keeping with their total social costs.  

The welfare optimized instruments do not imply a simple ranking among the optimized instruments 

in welfare terms. In both cities, however, optimized parking charges give the largest welfare 

improvements and kilometre taxes is the next best policy.  

4.2 Optimal charges and taxes 
Comparing Malmö and Uppsala, it should be noted that traffic density is higher in peak in Uppsala 

than in Malmö, while the density in Malmö is higher in off-peak than in peak. This would suggest that 

charges and taxes should be highest in Malmö off-peak, followed by Uppsala in peak, Malmö in peak 

and Uppsala off-peak.  

Comparing the optimal parking charges to the congestion, kilometre, and pure externality taxes in 

welfare terms we find that the welfare optimal parking charges perform better than the pure 

internalization tax in both Malmö and Uppsala. The optimal parking charges are presented in Table 7. 

The model suggests a higher parking charge than in baseline to achieve higher welfare. Furthermore, 

the welfare optimal increase is relatively larger in off-peak than in peak period. This suggests that 

parking is relatively more underpriced in off-peak than in peak in both cities. The optimal congestion 

charges and kilometre taxes in Uppsala are higher than in Malmö in peak and off peak. This is not 

 
3 All monetary values were originally calculated using Swedish krona SEK. These values have been changed to 
EUROs using the exchange rate 1 EUR = 10 SEK. 
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surprising as the density of cars is higher in Uppsala than in Malmö in peak despite Malmö having a 

larger population. 

Table 7 Optimal changes of parking charges, at optimum net welfare in Scenario A. The values 
represent a multiplier value, based on the parking charge in the baseline state. Optimal congestion 
taxes at optimum net welfare in Scenario B. The values represent the car cost per trip in EUR. Optimal 
kilometre tax at optimum net welfare in Scenario C. The values represent the car cost per vehicle 
kilometre in EUR. 

Scenario Policy instrument Time period Malmö Uppsala 

A Parking charge Peak 1.25 1.30 

A Parking charge Off-peak 1.92 1.67 

B Congestion tax Peak € 1.91 € 2.43 

B Congestion tax Off-peak € 1.35 € 1.16 

C Kilometre tax Peak € 0.56 € 1.02 

C Kilometre tax Off-peak € 0.43 € 0.47 

 

Table 8 The derived parking charges per one way trip in EUR adjusted by the multipliers in Table 7. 

 Malmö Uppsala 

Time period Inner-Inner Inter Inner-Inner Inter 

Peak 6.65 8.68 7.84 10.56 

Off-peak 2.30 2.52 2.24 2.86 

 

Comparing the derived parking charges in Table 8 to the derived parking charges in baseline Table 4 

and the multipliers for Scenario A in  The optimal congestion charges and kilometre taxes in Uppsala 

are higher than in Malmö in peak and off peak. This is not surprising as the density of cars is higher in 

Uppsala than in Malmö in peak despite Malmö having a larger population. 

Table 7Table 7, it is clear that the outcome for off-peak parking is still substantially below optimal 

peak parking charges. 

The optimal congestion taxes presented in  The optimal congestion charges and kilometre taxes in 

Uppsala are higher than in Malmö in peak and off peak. This is not surprising as the density of cars is 

higher in Uppsala than in Malmö in peak despite Malmö having a larger population. 

Table 7 suggest introducing substantial taxes. They are higher in the peak period in both cities. Note 

that the peak taxes in Uppsala are higher than in Malmö, reflecting the fact that congestion is more 

severe in Uppsala in peak. 

Given the initial traffic delays, we expect that the optimal congestion taxes should be highest in 

Malmö off-peak, followed by Uppsala in peak, Malmö in peak and Uppsala off-peak. Here we find the 

highest tax in Uppsala in peak, followed by Malmö in peak, Malmö off-peak, and Uppsala off-peak. 

The optimal kilometre taxes presented in Table 7 The optimal congestion charges and kilometre taxes 

in Uppsala are higher than in Malmö in peak and off peak. This is not surprising as the density of cars 

is higher in Uppsala than in Malmö in peak despite Malmö having a larger population. 

Table 7 suggest a positive kilometre tax for all scenarios. The charge is higher in the peak period. 

Given the initial traffic densities, we expect that the optimal kilometre taxes should be highest in 
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Malmö off-peak, followed by Uppsala in peak, Malmö in peak and Uppsala off-peak. Here we find the 

highest tax in Uppsala in peak, followed by Malmö in peak, Malmö off-peak, and Uppsala off-peak. To 

see the effects of the policy instruments on model calculated average delays of the outcomes for the 

respective policy instruments, we present Table 9.  

Table 9 

Table 9 Model calculated average delays of the outcomes for the respective policy instrument. 

  Average delay for road travel in optimum 

  Malmö Uppsala 

Scenario Policy instrument Peak Off-peak Peak Off-peak 

Baseline  17.8% 21.9% 40.3% 14.0% 
A Parking charge 13.8% 14.9% 27.4% 10.3% 
B Congestion tax 15.4% 17.5% 29.9% 11.0% 
C Kilometre tax 13.8% 14.9% 27.4% 10.4% 

D Pure externality tax 14.5% 14.3% 32.5% 10.9% 

 

4.3 Mode change effects 
Applying an additional trip cost, individuals may choose another alternative and thus mode usage is 

modelled to change. In Table 10, the percentage change given the number of individual trips is 

presented per scenario. As seen, the sign of each change in number of trips for the modes is what can 

be expected. In total, for all scenarios, the model indicates that the number of trips decreases. The 

largest relative impact occurs for trips using car, with a decrease between -9% and -16% for Malmö 

and between -7% and 10% for Uppsala. In general, trips in Malmö are affected more than Uppsala at 

optimum net welfare; however, the numbers are in the same range. Note that the equilibrium 

scenario for the Pure kilometre tax in D has a similar impact on trips with car as the optimized 

scenarios, at least for Malmö while somewhat lower for Uppsala. 

Also consider the mode shift in percentage points in Table 11. Decreasing the mode share of cars by 

15% increases the mode share of bus by 5% but baseline car share is 40% and bus share is 15% so car 

decreases by 6 percentage points and bus increases by 0.75 percentage points. Most of the car trips, 

4 percentage points, simply cease.  

Table 10 The change of mode usage as percentage change, given the number of individual trips in the 
policy scenario compared to the baseline state. 

 Malmö Uppsala 

Scenario Car Bus Cycling 

and 

walking 

Total Car Bus Cycling 

and 

walking 

Total 

A -15% 5% 4% -4% -10% 4% 3% -3% 

B -9% 3% 2% -2% -8% 3% 2% -2% 

C -15% 5% 4% -4% -10% 4% 3% -3% 

D -16% 5% 5% -4% -7% 3% 2% -2% 
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Table 11 The effect on mode shares, as percentage point differences. 

 Malmö Uppsala 

Scenario Car Bus Cycling and 

walking 

Car Bus Cycling and 

walking 

Baseline 40% 15% 45% 45% 15% 40% 

A -5% 1% 4% -3% 1% 2% 

B -3% 1% 2% -3% 1% 2% 

C -5% 1% 4% -3% 1% 2% 

D -5% 1% 4% -2% 1% 2% 

Note the following patterns: 

1. The relative effects on car use are consequently larger in Malmö than in Uppsala. 

2. The relative effects on public transport use are mostly larger or equal in Malmö than in 

Uppsala. 

It is useful to compare how the different policy instruments affect an individual’s trip cost. Since the 

policy instruments are applied to different kinds of trip or part of a trip, they are not strictly 

comparable right away. However, they share one kind of trip, namely the inter trip between zones. 

Here, depending on the instrument, a parking charge is applied, a congestion charge is applied, or a 

kilometre tax is charged for a part of the trip. For each scenario, the additional cost is calculated, and 

a comparison of the interchangeability is presented in Table 15 in the Appendix, as an individual’s 

one-way car trip cost in EUR. This table shows the magnitude of the changes in trip cost for an inter 

trip for the welfare optimized scenarios A – D. These cost changes vary between € 0.68 and € 1.4 per 

trip for Malmö and between € 0.65 and € 1.88 per trip for Uppsala.  

When comparing the pattern of effects on mode shares of the three instruments, they are similar 

within Uppsala, as seen in Table 11. In Malmö the optimized parking charges and kilometre taxes 

induce a larger reduction of car use than the congestion charge case. This is not surprising since car 

trips within the inner city constitute a larger share in Malmö than in Uppsala. The welfare gain is also 

larger in proportion to the number of car trips in these two cases.  

In Table 12 the total welfare gain is compared to the public surplus gain and a ratio of total welfare 

gain to public sector surplus is also given. This shows that the public revenue surplus gain is 

consistently much larger than the total welfare gain, implying a substantial redistribution from car 

owners to the public sector.  
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Table 12 The revenue gain for public sector from each policy instrument, total welfare improvement 
and ratio. 

  Net welfare gain, public surplus and ratio [EURO per day] 

Scenario  Malmö Uppsala 

  Welfare 
gain 

Public 
sector 
surplus 
change 

Ratio Welfare 
gain 

Public 
sector 
surplus 
change 

Ratio 

A Parking 
charge 

+17,698 +69,193 0.26 +8,318 +36,504 0.23 

B Congestion 
tax 

+11,360 +94,510 0.12 +6,973 +58,907 0.12 

C Kilometre 
tax 

+17,509 +130,254 0.13 +8,218 +66,529 0.12 

D Pure 
externality 
tax 

+8,380  +126,808 0.07 +4,514 +49,863 0.09 

 

In Table 16 in the Appendix we compare the value of the reduction of CO2 emissions to the total 

welfare gain from the different policies. 

4.4 Combinations of parking charges and the taxes 
In this section we discuss the combinations of parking charges with congestion and kilometre taxes 

respectively. We want to know to what extent these policy instruments are substitutes or 

complements.   

The results in Table 13 and Table 14 imply that the optimal congestion and kilometre taxes are 

reduced when having optimal parking charges. The optimal parking charges reduce optimal 

congestion tax to almost zero.  

Table 13  Optimal values of parking charges together with optimal congestion taxes in EURO. 

Policy instrument Time period Malmö Uppsala 

Parking charge Peak 1.25 1.30 

Off-peak 1.92 1.67 

Congestion tax Peak € 0.05 € 0.0 

Off-peak € 0.05 € 0.04 

 

Also, for kilometre charges, welfare optimal parking charges reduce the usefulness of this instrument 

when MCPF is 1.  

Table 14. Optimal values of parking charges together with optimal kilometre taxes in EURO. 

Policy instrument Time period Malmö Uppsala 

Parking charge Peak 1.25 1.30 

Off-peak 1.92 1.67 

Congestion tax Peak € 0.00 € 0.00 

Off-peak € 0.00 € 0.00 
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These results suggest that there is a high degree of substitutability between parking charges and 

congestion taxes. In the case of Malmö, optimal parking charges reduce the usefulness of potential 

congestion taxes. This is also the case in Uppsala, which also supports the recommendation from 

Proost and Van Dender (2008) that parking and road-use pricing need to be determined 

simultaneously. 

5 Discussion and conclusion 
The aim of this paper is to compare the effects of welfare optimized charging of parking charges, 

congestion taxes implemented as a toll ring, and a kilometre tax charged to cars in an inner zone of 

Malmö and Uppsala in Sweden. We examine the relative potentials of these instruments to improve 

welfare, to shift demand from car use to other modes, and the substitutability of the instruments. 

Surprisingly, we find that road congestion was more intense in the smaller city of Uppsala than in 

Malmö in our data for the reference year 2017. Also surprising was that road congestion was more 

intense in “off-peak” in Malmö in our data.  

The results indicate that all three instruments have a potential to improve welfare by internalizing 

externalities and to substantially shift demand from car use to other modes. Although a marginal cost 

of public funds above 1 implies that higher levels of the policy instruments can be justified, earlier 

literature has argued that governments are mostly well advised not to increase charges above the 

level of marginal external costs as this may have undesired distributional effects. We find that in the 

case where marginal cost of public funds is equal to 1, the largest welfare improvements can be 

gained by the parking charges in both Malmö and Uppsala.4 The most interesting instrument is 

therefore the parking charges as these do not require any new charging infrastructure. Our results 

also indicate that the climate-related externalities are small compared to total welfare gains, 

indicating that the congestion externalities are large. This suggests that in a future with a larger share 

of electric cars, road pricing will still be justified by remaining externalities. 

When the goal is to reach maximum welfare, the optimal levels of the three policy instruments are 

not very large. The parking charges increase by about 25 to 90 percent. The taxes impose generalized 

travel cost increases in similar orders of magnitude. The reduction of car use is consistently larger in 

absolute terms than the increase in the walk, cycle, and public transport modes. The kilometre tax, 

however, consistently reduces car travel the most. 

An important point to make is that the optimal levels depend on the baseline state. That is, the levels 

of optimal charges and taxes depend on the levels of the input data. For example, if the baseline 

parking charges are lowered, the optimal multipliers will most likely increase. 

We also simulated the combination of optimal parking charges with congestion and kilometre taxes 

by fixing the parking charges at optimal levels and then optimizing the congestion and kilometre 

taxes respectively. For both these taxes we find that there is little scope for a further tax when 

parking charges are already welfare optimized when the marginal cost of public funds is 1. This 

suggests a high substitutability and low complementarity between these policy instruments.  This 

changes, however, when the marginal cost of public funds is 1.3. Then a potential for further funding 

and reduction of externalities may become attractive provided that system costs for a tax are not 

prohibitive. 

 
4 For higher values of the marginal cost of public funds most of the instruments become larger and yield higher 
welfare gains. 
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As in earlier studies of road pricing, an important observation is that the net welfare gains are small 

compared to the total payments of charges and taxes. They do, however, place a considerable 

monetary burden on car drivers, albeit reflected in a corresponding reduction of congestion delays, 

accidents, noise, carbon dioxide emissions, and air pollution and revenue increases. For the optimal 

parking charges with internalization only in Malmö, the increase in producer surplus for public and 

private parking owners is about € 128,000 and the loss of consumer surplus is about € 125,000 

(which is mostly due to parking expenses) and the net welfare gain is about € 18,000 per day. 

A second observation is that currently the costs for implementing systems for charging the congestion 

and kilometre taxes are unknown. If these costs are high these taxes may not be realistic. However, 

the systems for charging parking charges are already in place. A third observation is that even if the 

reduction of car trips is substantial, the mode shift effects of these policies are modest. Most of the 

trips taken by car are not substituted for bus or walk and cycle trips.  

A fourth observation is that the results for reduction of car trips and mode shift are not exclusively 

applicable to fossil fuelled cars. The relative importance of CO2 emissions valued at up to € 0.7 per 

kilogram is small. The remaining externalities when all cars are electric will still justify the suggested 

road pricing schemes with slight reductions in terms of reduced externalities.  

A fifth observation is that this paper has not considered distributional effects. We know from 

distributional studies that car travel is correlated to income (Eliasson et al. 2018). Within each income 

interval there is, however, a substantial variation. Earlier studies of the distributional effects of 

congestion taxes in Sweden, e.g. Börjesson and Kristoffersson (2014) for Stockholm show that when 

including travel time effects, the net of consumer surplus is positive. But West and Börjesson (2020) 

show inhabitants in Gothenburg are more car-dependent than Stockholmers and that low-income 

citizens pay a larger share of their income for congestion taxes in Gothenburg than workers in the 

highest income class. 

There are some similarities and differences compared to earlier results for large cities and Uppsala: 

1. The most important similarity to larger cities is the finding that there appears to be a 

substantial, albeit smaller degree of externalities from car use in smaller cities, and that this 

suggests a potential for improving welfare by also pricing car use in smaller cities. 

2. We do not, however, find a complementarity to the policy instruments directed at 

externalities from providing more public transport since the model indicates that both the 

studied Swedish cities over-supply public transport in base-line. 

3. In Asplund and Pyddoke (2021) the congestion charges were found to give larger welfare 

gains than the parking charges. The magnitude of the welfare gain and the policy instruments 

are, however, similar.  

It may appear plausible that increasing the policy instruments for pricing car use will increase the 

need for more public transport supply. As we examined the optima for public transport supply with 

optimal parking charges, we found that marginally increased public transport supply increases 

welfare in the inner zone of Malmö but decreases welfare in the outer zone of Malmö and in both 

zones in Uppsala. This indicates that both cities over-supply public transport compared to welfare 

optimal supply. These results are parallel to what was found in Asplund and Pyddoke 2020 and 2021. 

We have therefore chosen not to present further analysis of the optimal adaption of the public 

transport supply. 

Finally, this paper has not explicitly modelled parking taxes. Several different motives have been 

stated for these taxes (Kloo, 2021). In some cities it has been intended as an instrument to increase 
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the prices charged by private parking owners who were known to price below street parking charges. 

A second possible motive could be that the state uses parking taxes as an instrument to induce 

municipalities to charge more for parking and bring prices closer to social costs. A third motive could 

be a goal to shift mode choice from car to other modes; the latter if cities also charge below total 

social costs. Partly because of lack of data on private parking and partly because we do not know how 

under-pricing municipalities would react to a state tax of exactly the difference between city price 

and total social cost of parking, we have chosen not to try to model the effect of such a tax. Instead, 

we assume that a tax is implemented such that the total price becomes the welfare optimal price. 

A further motive could be that the state imposes a tax equal to the difference between current 

parking charges and the welfare optimal charges. If the city did not adjust its own parking price, this 

would give a welfare optimal total price for parking. If on the other hand the city disagreed with the 

state, it could possibly react to the state tax by lowering its own charges, thereby undermining the 

intentions of the state. As we do not know the relationship between a parking tax and the cities’ 

desired level of parking charges, we have simply assumed that the difference between the optimal 

parking charge and the baseline charge is the optimal tax. The welfare outcome of the parking tax is 

therefore the same as that of the welfare optimal parking charge. This means that in both cases the 

welfare optimal price level and the welfare optimal parking tax will yield the same price level for car 

users. 
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Appendix 
A1. A list of data sources used in BUPOV 

• Models 

o Sampers 

o Samlok 

o HUT 2010 

• Local travel surveys 

o Region Skåne (2018) 

o Uppsala kommun (2015) 

• Data from public sector 

o Region Skåne 

o City of Malmö 

o UL 

▪ UL årsbudget 

▪ Statistisk årsbok UL 2019 

• Guidelines 

o ASEK 7.1 

o Samkost 

o HBEFA 

• Publications 

o Eliasson, J. (2014). The Stockholm congestion charges: an overview, CTS Working 

Paper 2014:7 

o Börjesson, M., Fung, C. M., Proost, S., Yan, Z. (2019). Do small cities need more 

public transport subsidies than big cities? Journal of Transport Economics and 

Policy, Volume 53, Part 4, October 2019, pp. 275-298 

o Börjesson and Kristoffersson (2015)  

o SOU 2003:067 Kollektivtrafik med människan i centrum 

o Balcombe et al. (2004) 

o Trivector (unknown year and title) 

o Trafikanalys. (2015). 

Lastbilstrafik.https://www.trafa.se/globalassets/statistik/vagtrafik/lastbilstrafik/2

009-2015/2015/lastbilstrafik-2015.pdf 

o Trafikverket. 2016. Prognos för persontrafiken 2040. 

https://bransch.trafikverket.se/contentassets/e31a2e676a78453e97b170d11f9a

e975/2016/prognos_for_persontrafiken_2040_trafikverkets_basprognoser_1604

01.pdf 

• Other sources 

o https://www.tomtom.com/traffic-index/ 

https://www.gub.se/gub/miljo/fornybara-drivmedel/ 

A2.  Additional trip costs 

As seen in  the welfare optimized scenarios A - C, the cost varies between € 0.72 and € 1.12 per trip 

for Malmö and between € 0.65 and € 1.42 per trip for Uppsala. Note that scenario D using the pure 

externality tax shows cost per trip in the lower range of the interval. 
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Table 15 The additional trip cost for car from policy instruments on an individual’s one way car trip 
between zones in EURO.  

Scenario Policy instrument Time 
Period 

Additional trip cost - 
Malmö 

Additional trip cost - 
Uppsala 

A Parking charge Peak 1.02 1.39 

A Parking charge Off-peak 0.72 0.65 

B Congestion tax Peak 1.12 1.42 

B Congestion tax Off-peak 0.79 0.68 

C  Kilometre tax Peak 0.90 1.30 

C Kilometre tax Off-peak 0.68 0.61 

D Pure externality tax Peak 0.80 0.81 

D Pure externality tax Off-peak 0.73 0.48 

 

A3 The value of the reduction of CO2 emissions per day  

In Table 16 the climate gain is compared to the total welfare gain. This shows that the climate gain is 

mostly small in comparison to the total welfare gain of the policies. 

Table 16 The value of the reduction of CO2 emissions over total welfare gain ratio. 

  The value of the reduction of CO2 emissions  
EURO per day 

  Malmö Uppsala 
Scenario Policy instrument Climate 

gain 
Climate 
Welfare 
ratio 

Climate 
gain 

Climate Welfare 
ratio 

A Parking charge +1,180 0.07 +961 0.07 

B Congestion tax +675 0.06 +766 0.06 

C Kilometre tax +1,176 0.07 +964 0.07 

D Pure externality tax +948 0.11 +558 0.11 

 

A4 The elasticities used in this study  

The calibrated price elasticities are calibrated to match the response at equilibrium, about 12% 

reduction of number of trips, after introducing a congestion tax of € 1.5 and € 0.8 in peak and off-

peak respectively in Gothenburg (Börjesson and Kristoffersson, 2015). Using the calibrated and 

statistical elasticities, a generalized cost elasticity is derived. The generalized cost elasticities 

determine the trip mode and time period choice shift. 
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Table 17 Elasticities used in this study. 

City Mode Time 
period 

Value Elasticity type Source 

Malmö Car Peak -1.29 Price Calibrated 

Malmö Car Off-peak -0.815 Price Calibrated 

Malmö Bus Peak -0.26 Price 
Balcombe et al 
(2004) 

Malmö Bus Off-peak -0.48 Price 
 Balcombe et al 
(2004) 

Malmö Car Peak -1.71 Generalized cost Modeled 

Malmö Car Off-peak -1.45 Generalized cost Modeled 

Malmö Bus Peak -1.61 Generalized cost Modeled 

Malmö Bus Off-peak -3.03 Generalized cost Modeled 

Uppsala Car Peak -1.34 Price Calibrated 

Uppsala Car Off-peak -0.9 Price Calibrated 

Uppsala Bus Peak -0.26 Price 
Balcombe et al 
(2004) 

Uppsala Bus Off-peak -0.48 Price 
Balcombe et al 
(2004) 

Uppsala Car Peak -1.68 Generalized cost Modeled 

Uppsala Car Off-peak -1.35 Generalized cost Modeled 

Uppsala Bus Peak -1.15 Generalized cost Modeled 

Uppsala Bus Off-peak -2.20 Generalized cost Modeled 

 

A5 The derivation of congestion delays   

For the derivation of delays in the inner zones in Malmö and Uppsala we use published delay 

calculations from Tomtom see Table 18. 

Table 18 Road transport delays presented by Tomtom for 2019. 

City Citywide delay [%] Average weekday delay peak [%] 

Malmö 15 27 

Uppsala 23 36 

 

These are in turn used to estimate the delays in peak and off-peak using travel survey data from the 

respective city; see Table 19. 

Table 19 Distribution of relative delays between peak and off-peak based ultimately on travel surveys 

City Statistic Value 

Malmö Citywide delay [%] 15 

Malmö Average weekday delay peak [%] 27 

Uppsala Citywide delay [%] 23 

Uppsala Average weekday delay peak [%] 36 

 

Note the derived baseline delay in inner zone. It may be strange that the baseline off-peak delay is 

larger than the peak delay. The surprisingly high modelled delay in Malmö off-peak is derived from 
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the combination of vehicle kilometres travelled and number of hours in each period, and area size 

and citywide statistics. 

Table 20 Modelled delays in baseline for Malmö and Uppsala 

City Time period Modelled delay (baseline) [%] 

Malmö Peak 17.8 

Malmö Off-peak 21.9 

Uppsala Peak 40.3 

Uppsala Off-peak 14.0 

 

 


