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Abstract

Numerous cities around the world have tried to internalize externality costs from road traf-
fic by instituting charges for entering their city centers. The revenues collected from these
charges are often redistributed to improve conditions for motorists, cyclists, pedestrians,
and public transport. At the same time, many schemes allow for exemption of cleaner
vehicles, which potentially reduces revenue collection. This paper assesses the effect of
exempting electric vehicles from urban toll ring charges on the charge that is levied on
conventional car drivers. Using panel data of Norwegian cities that have urban toll rings, I
exploit regional variation in electric car adaption and find that owners of conventional cars
pay 3.3 NOK (0.36 USD) more per passage due to the exemption. Moreover, I find that
local governments that are fragmented or have a left-wing majority increase toll charges
more due to the loss in revenue. As the majority of electric vehicle owners have above-
average incomes, the exemption implies a distributional effect in which low-income groups
pay the largest portion of the increased toll price.

Keywords Electric vehicles - Road pricing - Distributional effects

JEL Classification H230 - R40 - R42

1 Introduction

Increasing air pollution and congestion from road traffic are challenges that are faced
by many cities. These challenges have led to the development of a variety of schemes
that aim at curbing private vehicle usage, where a main motivation has been alleviat-
ing congestion externalities (Pigou, 2017; Vickrey, 1963). For example, in some cities,
such as Stockholm, London, Singapore, and Milan, commuters must pay to enter a pre-
defined congestion area. Another common approach for addressing increasing local air
pollution is to incentivize the purchase and use of cleaner vehicles. This can be realized
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by offering tax credits, providing access to high-occupancy vehicle lanes, or exempting
less-polluting vehicles from congestion charging, which is the focus of this paper.

Congestion charges are a well-established strategy for limiting the exhaust of harmful
pollutants; however, the combination of charging for driving in city areas and exempting
some vehicles from this charge is not entirely consistent. While toll charges are a means
of raising funds for road construction and public transport, exempting electric vehicles
from the charges reduces the potential revenues.

Many Norwegian cities have introduced urban toll rings as a means of raising rev-
enue to improve local roads and public transport. However, a dramatic improvement in
electric vehicle design and technology created a sudden surge in the number of electric
vehicles, which are nationally exempt from toll payments. This has led to many of the
municipalities’ road projects being underfinanced. Thus, local governments are left with
two possible outcomes. Either they must increase the toll price for paying, non-electric
vehicles, which is unfavorable as it increases the day-to-day commuting cost of many
voters, or they have to reduce road infrastructure investments, which entails cancelling
already promised projects.

The first option is particularly interesting. Because toll prices are a type of poll tax,
raising the price has negative distributional effects. These are exacerbated by the fact
that owners of electric vehicles are shown to have above-average income and belong
to two-car households, whereas owners of conventional vehicles to a larger extent are
spread across the whole income distribution (Institute of Transport Economics, 2016).
Thus, local governments may be hesitant to raise the toll price to compensate for the
revenue loss. This is especially true as the public opinion of road tolls has become
increasingly divisive. An example of rising opposition to road tolls is the single-issue
party People’s Action No to More Road Tolls (Folkeaksjonen nei til mer bompenger),
which was founded in 2014 and was elected with three (out of 67) representatives in the
Stavanger municipal council the following year.

The aim of this paper is to assess whether local governments raise urban toll ring
charges to compensate for an increase in the number of exempted electric vehicles.
In addition to being the first paper studying the effects of the exemption policy on the
charge for conventional motorists, it also explores how political fragmentation or ideol-
ogy can affect the charging policy.

The Norwegian setting provides an interesting study for a variety of reasons. A
number of cities in Norway have implemented “city packages,” which are projects
that aim at improving roads and public transport, funded by revenues from urban toll
rings. Moreover, throughout the past decade, there has been a substantial rise in the use
of electric cars in many countries. This rise has arguably been most rapid in Norway,
which is reported to have the world’s highest share of electric vehicles per capita (World
Economic Forum, 2019). For example, the electric vehicle share grew from 1% to one
third of new car sales between 2011 and 2018. The presence of several toll rings and a
nontrivial increase in the share of electric vehicles allows for a study that covers multi-
ple settings within a country over time.

Moreover, the urban toll price is determined at the local government level, where
partisanship and political fragmentation may influence the toll pricing decisions. For
example, the left-wing parties in Norway have been more positive towards the use of toll
charges to finance road construction. However, an increase in toll charges to compen-
sate for the exemption of high-income electric vehicle owners would be at the expense
of middle-income and low-income households. Thus, an extension of the analysis will
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explore how different political compositions can produce heterogeneous responses to
reductions in toll revenue.

I utilize data on the number of electric and conventional vehicles in cities with urban toll
rings and their adjacent municipalities from 2010 to 2017, which is a period that coincided
with increased electric car ownership. A challenge to the causal interpretation is that higher
toll charges and other policies that are included in the city packages may affect the uptake
of electric vehicles. To address this, I employ an instrumental variable strategy where I use
the electric vehicle share in other locations as a source of exogenous variation. This vari-
ation will reflect underlying factors that drive electric vehicle uptake, net of local factors
that affect the local electric vehicle uptake.

The baseline instrumental variable estimate implies that a one-percentage-point larger
electric vehicle share leads to a toll charge increase of 2.9%. A back-of-the-envelope calcu-
lation based on estimates in this paper suggests that in 2017, a conventional vehicle owner
paid 3.3 NOK (0.36 USD) more every time she crossed an urban toll ring compared with
the counterfactual case in which electric vehicles were not exempted from the charge. Due
to the income characteristics of the different vehicle types, the increased toll price is a bur-
den that is shifted mostly onto low-income, non-electric vehicle owners.

Moreover, I find that the changes in toll price are subject to the discretion of the munici-
pal council. In line with previous findings, such as Roubini and Sachs (1989), the results
also imply that local governments that are politically fragmented increase prices more than
governments with a few, strong parties. Furthermore, left-wing majority governments will
increase toll prices more than right-wing majority governments. Although aligning with
Norwegian left-wing parties’ positive attitude towards the use of toll rings, it contradicts
the traditional views that parties to the left act in the interest of the poor by advocating for
progressive taxes (Hibbs, 1977).

The remainder of the paper is organized as follows. In Sects. 2 and 3, I present the
related literature and the institutional background. Sections 4 and 5 present the data and the
empirical approach. Section 6 presents the main findings. In Sects. 7 and 8, I analyze polit-
ical heterogeneity and distributional effects, respectively. In Sect. 9, I conclude the paper.

2 Related literature

Road pricing schemes can be regarded as serving two objectives. First, they align the cost
of private vehicle use in congested areas with the social cost of using the road. Second,
they provide funding for transport infrastructure improvements. Indeed, researchers have
found that tolls improve air quality, reduce congestion and, consequently, encourage labor
supply, in addition to increasing traffic safety (Fu & Gu, 2017; Gibson & Carnovale, 2015;
Green et al., 2016; Hymel, 2009). However, other economists have raised concerns regard-
ing the negative effects that road pricing mechanisms can have on economic activities.
Examples include discouraging labor force participation, adding congestion to areas in
which no charge is levied, and reducing retail real estate prices (Agarwal et al., 2015; Parry
& Bento, 2001, 2002).

The experience from several pricing schemes is that the number of exempt vehicles dra-
matically increases after the implementation of urban toll rings. This has led to a partial
offsetting of the decrease in congestion and a reduction in collected revenues (Borjesson
et al., 2012; Leape, 2006; Rotaris et al., 2010). Furthermore, Green et al. (2020) find that
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NO, emissions increased after the London congestion charge was imposed, which was pre-
sumably due to a shift towards exempt diesel vehicles.

This paper, in addition to studying how local governments in general respond to revenue
shortfalls, explores how the political composition of local governments can produce hetero-
geneous outcomes in the toll pricing policy. The existing literature implies that two factors
in particular can influence the pricing policy, namely political strength and partisanship.
Early examples of studies of the relationship between political strength and policy include
Roubini and Sachs (1989), Poterba (1994), and Alt and Lowry (1994), finding that politi-
cally fragmented coalitions tend to result in poor fiscal outcomes. A more recent example
by Artés and Jurado (2018) confirms that single-party majorities are better at raising rev-
enue and produce larger surpluses than coalitions. Despite the weak relationship between
party ideology and local economic policy found in the United States [see for example Reed
(2006) or Potratke (2017)], Pettersson-Lidbom (2008) notes that higher shares of left-wing
representatives in Swedish local councils lead to both greater spending and higher taxation.

For this paper, it is particularly relevant to review the evidence on the relationship
between municipal council composition and public policy in Norway. In general, both
political fragmentation and ideology are found to be important for tax levels and spend-
ing. For example, Borge (1995) notes that less fragmented local governments decreased the
size of the local public sector, and that an increase in left-wing politicians has the opposite
effect. These findings are supported in studies on the determinants of property taxation by
Borge and Rattsg (2004) and Fiva and Rattsg (2007). The authors find that political frag-
mentation and higher socialist shares in the municipal council increase the probability of
introducing municipal property tax. More generally, Fiva et al. (2018) find that increased
left-wing influence leads to more property taxation, but also higher spending on care for
children and elderly.

The existing literature therefore implies that toll prices are potentially higher in munici-
palities where the left-wing share is larger. An additional factor that supports this percep-
tion is that left-wing parties in Norway are more positive towards the use of toll charges
to finance road construction. This includes the Labour Party, which is the largest party
in Norway.! The largest right-wing party, namely the Conservative Party, has a stated
objective of reducing the share of road construction that is financed by toll road revenue,
whereas the second-largest right-wing and third-largest party in Norway, the Progress
Party, is strongly against toll rings.

Nevertheless, the literature provides little evidence on how different municipalities will
determine their pricing policies when faced with a revenue loss. It is not given that left-
wing majority municipalities are more likely to increase toll prices when faced with declin-
ing revenues. In fact, municipalities with an initially high toll price may be reluctant to
further increase toll prices. This paper contributes to our knowledge regarding the inter-
action between road charging polices and policies that aim at increasing the demand for
cleaner vehicles. Moreover, it adds to the extensive literature on incidence and heterogene-
ous policy outcomes.

" An exception is the Red Electoral Alliance, which is the smallest and leftmost party, that argues that toll
roads are inequitable.
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Table 1 Overview of electric

. . . Exemption from registration tax 1996
vehicle promotion policies
Reduced annual vehicle tax 1996
Exemption from road tolls 1997
Free parking (on public parking spaces) 1999
Reduced company car tax 2000
VAT exemption 2001
Access to public transit lanes 2005
Exemption from paying ferry fees 2009

The stated year is the year the policy became permanent. For example,
the exemption from registration tax was under trial from 1990 to 1995

3 Institutional background
3.1 Electric vehicle policy in Norway

Norway has a long history with electric vehicles. From the 1970s onward, there was a
strong desire to establish Norwegian electric vehicle production, and attempts at commer-
cialization were conducted. In the 1990s, an electric vehicle association was established,
of which the lobbying activities focused on removing barriers to electric vehicle adoption
(Figenbaum et al., 2015). These activities resulted in many benefits being implemented
in the late 1990s and early 2000s that remain in place today. Table 1 presents an overview
of all the policies and when they were implemented. For instance, drivers who buy electric
vehicles are exempt from registration and value-added tax (VAT), have a reduced annual
road tax, can recharge and park in public parking spaces for free, have access to public
transport lanes and, critically for this paper, can pass through road tolls free of charge.’

Nevertheless, the ownership of electric vehicles did not change substantially after the
implementation of these incentives. Figure 1 provides an overview of the shares of electric
vehicles in cities that were within commuting distance of a toll ring in Norway, between
2010 and 2017. The share of electric vehicles was essentially zero until 2010, when owner-
ship started to grow at an exponential rate. Figenbaum et al. (2015) explain this growth in
terms of increased international focus on greenhouse gas mitigation and improved battery
technology. In addition, from 2010 onwards, many of the large international car companies
introduced their electric vehicles into the Norwegian market. The vast increase in availabil-
ity of electric cars led to a rapid expansion in sales and increased price competition among
manufacturers, which further fueled the acquisition of electric vehicles.® According to the
Norwegian Road Federation, 5% of the car fleet was battery-only by the end of 2017, and
by August 2018, almost 30% of new car sales consisted of electric vehicles.

All electric vehicles have a registration number that starts with the letters EL or EK,
which offers a convenient way of differentiating between toll-paying conventional cars and
free-passing electric cars. When driving through a toll, the vehicle’s registration number
is automatically photographed. Every month, the local toll company sends an invoice to

2 In the later years, some municipalities began charging a full or reduced price for parking for electric vehi-
cles compared to conventional cars due to overcrowding of electric vehicles.

3 The price competition that followed the entry of international car companies into the Norwegian market
led to the end of Norwegian electric vehicle production.
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Fig.1 Average share of electric vehicles in municipalities with or within commuting distance of an urban
toll ring from 2010 to 2017 in Norway. Source: Statistics Norway

the vehicle’s registration address, where the number of passes, toll price, and rebates are
summed.

3.2 Urban toll rings

The first urban toll ring in Norway opened at the end of the 1980s, and the number of rings
has been increasing steadily ever since. Initially, the objective of urban toll rings was not to
reduce traffic flows or pollution but to finance new road projects and to improve established
roads to handle growing traffic flows (Ramjerdi et al., 2004). This was manifested in low
toll rates and little or no variation in rates according to the degree of congestion or the time
of day.

Today, urban toll rings still serve as a mechanism for raising revenue for road infrastruc-
ture investments, some of which operate similarly to a congestion charge with rush-hour
charges. There are several rationales for municipalities using this strategy for raising rev-
enue. First, the city infrastructure is improved at a faster rate than if municipalities were to
wait for national government funding. Second, there is a principle of fairness that is based
on a user-pay concept. The driving population in and around the city pays the road tolls,
but they also benefit from the revenue in the form of investment in the local road infra-
structure. Third, municipalities often arrange a revenue-matching scheme with the central
government. The revenue that is raised in each toll ring is matched with an equal amount of
government funding, which provides additional incentives for local governments to imple-
ment toll rings (Larsen & @stmoe, 2001).

The process of instituting an urban toll ring begins with the affected municipalities and
counties initiating a project. The objectives of the project could be to enhance a road or the
public transport system, to improve safety for cyclists and pedestrians, and to finance the
project by using toll road revenue. Thus, tolls are situated around the city centers, so that
the payers of the tax in the next step can benefit from the revenues. If a majority among
the representatives of the local government councils is obtained, an independent public
company is established. The company’s responsibility is to manage the finances, which

@ Springer



Public Choice (2022) 193:187-209 193

includes obtaining loans that are related to the planned projects, administering the toll col-
lection, and managing revenue. After paying for operating costs, the profits are limited to
the expenditures on the predefined projects.

The initial toll charge is computed based on the predicted costs of the planned projects
and the expected revenues over the collection period. The typical factors considered when
selecting the toll charge include the financial contribution of the central government, the
number of paying cars in the focal urban area, and the duration of the collection period
(which cannot exceed 15 years). Two types of price increases are possible during the
urban toll ring’s operation period. The first type is price adjustment changes. For example,
charges are raised to adjust for increases in the general price level. The second type of
price change is politically determined, and often involves larger price changes. Municipali-
ties consider increasing the toll price when additional revenue is needed either to add pro-
jects to the city package or if the planned projects are underfinanced. These changes must
win the local government majority’s vote for the price change to be implemented. Conse-
quently, the political composition of the parties and their attitude towards the use of urban
toll rings for financing are likely to be important factors that determine to what extent toll
prices are changed.

By 2018, 11 cities in Norway had urban toll rings, and this number is expected to dou-
ble over the next decade.* An overview of the cities with toll rings, the years of imple-
mentation, prices, and population is presented in Table 2. The prices that are listed in
columns two and three are 24-hour averages, which are stated in 2017 prices. Averaging
is conducted to ensure that any changes in the ring operation hours or rush-hour charges
are reflected in the price. The real prices have increased most prominently in the largest
cities, whereas smaller and more recently opened rings have experienced moderate price
increases.

Ever since the urban toll rings opened, toll companies have offered subscriptions to toll
ring passers. The discounts were implemented to incentivize prepayment, and to give the
perception that toll ring costs were maintained at reasonable levels for frequent passers,
which likely contributed to lower public resistance (Larsen & @stmoe, 2001). The discount
schemes have varied between cities and over time. The discounts range between 10 and
50% per passage, and approximately 80% of crossings are conducted by vehicles with a
subscription (The Norwegian Public Roads Administration, 2018). This has at least three
implications: First, most vehicle owners face a lower price in practice than the stated prices.
Thus, the incentive for switching to an electric vehicle or an alternative transport mode is
reduced. Second, in some cases, the toll companies reduced the maximum discount instead
of increasing the toll price. Such changes will not be reflected in the stated prices, whereas
most commuters experienced a price increase in practice. Third, the discounted price rep-
resents the true income of the toll companies. Therefore, the rebated prices are a more
accurate measure of the revenue than the stated prices. Thus, I estimate the effect of the
electric vehicle share on the urban toll ring price under the assumption that the price com-
muters face is the price that corresponds to the maximal discount.

4 The cities that had toll rings in 2017 are Bergen, Bodg, Barum/Oslo, Fgrde, Haugesund area, Harstad,
Namsos, Kristiansand, Trondheim, Skien/Porsgrunn, and Stavanger area. I am excluding the toll rings in
Bodg, Fgrde, Harstad, and Skien/Porsgrunn from the analysis because they all opened late in the observa-
tion period (2015). Thus, these toll companies have more information about the relationship between the
toll price and the electric vehicle share and can set a high initial price to prepare for a large electric vehicle
share. However, I do include the toll ring in Tgnsberg, which closed in 2016 because the collection period
ended.
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Table 2 Overview of cities with an urban toll ring, years of implementation, prices, population, and electric
vehicle shares. Source: Fjellinjen AS, Ferde AS, Agder Bomdrift AS, Vegamot AS, The Norwegian Public
Roads Administration, Statistics Norway

City Year opened Price Price Pop Electric
(2010)* (2017) (2017) car share
(2017)
Bergen 1986 10.31 23 278,556 11.25%
Oslo 1990 23.68 36.65 666,759 9.97%
Beerum 2008 11.61 12.83 124,008 11.5%
Trondheim® 1991-2005, 2010 8.8 12.93 190,464 6.64%
Kristiansand 1997 12.03 12.37 89,268 9.06%
Stavanger area 2001 13.75 16 208,225 6.12%
Namsos 2003 8.6 10.2 13,051 1.16%
Tensberg 2004-2016 8.6 7.61¢ 44,922 4.93%
Haugalandet 2008 6.86 6 91,485 5.3%

The prices are specified in NOK and calculated as average hourly real prices to include hours with higher or
zero charge

“In terms of 2017 prices

*Trondheim has a scheme with one inner and one outer ring, and commuters pay both when entering and
when leaving the rings. The price differs between the two rings; hence, the stated price is the average price

“The stated price is the price that was valid in 2016, which was the last year that the ring was in operation

4 Data

The data used in this paper come from several sources. First, I retrieve information on toll
prices between 2010 and 2017 from all toll companies in Norway. Second, I draw data
from Statistics Norway on the number of registered cars in all 419 Norwegian municipali-
ties by fuel type.® The available statistic distinguishes between petrol, diesel, gas, electric,
and other fuel types, where “other” includes hybrid cars. I also collect data on population,
share of urban population, income, unemployment, and education. Since the data are pro-
vided on an annual basis, the prices of the toll rings are weighted annual averages, where
the weights are the numbers of days for which the corresponding prices are in operation.
This is done to capture price changes that occur during a calendar year. Table 3 provides
summary statistics for the included data.

During the sample period there are eight cities with toll rings, which suggests that only
eight municipalities should be included in the analysis. However, it is possible that the
most frequent toll passers in Oslo, for example, are not people who live in Oslo. People
who live in the adjacent municipalities and commute to Oslo for work are more likely to
face the toll charge. This emphasizes the importance of including nearby municipalities in
the analysis. Consequently, I include municipalities that have strong proximity and eco-
nomic and labor market attachments to the municipality where the toll ring is located. For
example, if a city has an urban toll ring, the inhabitants of neighboring municipalities will

5 There were 426 municipalities in 2017. There have been several splits and mergers of municipalities dur-
ing the last decade in Norway, and the seven missing municipalities from my data are a consequence of this.
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-(r;gi%iz (? {1 711)1 mary statistics Variable Mean Std. Dev.  Min Max N
Toll price 17.20 10.56 6 50 64
Share EV 0.92 175 0 22 3352
Population 11.92 3729 0.2 673.5 3352
Share urban 53.15 2724 0 99.25 3352
Income 405,491 46,021.1 302,296 885,612 3352
Unemployment  0.160 0.612 0.003 12.042 3352
Education 2.935 13.388 0.038 277.441 3352

The toll prices are adjusted for inflation, and population, unemploy-
ment, and education are per 1000

Table 4 Summary statistics for Variable

the adjacent sample (2010-2017) Mean Std. Dev. Min Max N
Share EV 2.461 3.132 0 22 496
Population 37.61 89.55 0.2 673.5 496
Share urban 68.55 26.6 0 99.25 496
Income 452,228 66,761 313,064 800,313 496
Unemployment  0.542 1.5 0.003 12.042 496
Education 11.341 33.09 0.038 277441 496

The toll prices are adjusted for inflation, and population, unemploy-
ment, and education are per 1000

be assumed to face the same price as the inhabitants of the ring city.® This increases the
sample to include 61 municipalities.

The summary statistics for the municipalities with or adjacent to a toll ring are pre-
sented in Table 4.

5 Empirical approach

I explore whether the rapid increase of electric vehicles in the Norwegian car market con-
tributes to increasing the price in the toll rings. I estimate the following equation:

In (veal price);, = a;ShareEV,;, + a,Pop;, + azUpop;, + a,lnc;, + asUnemp;, + agEdu;, + a; + €
(D
where In(realprice),, is the natural logarithm of the inflation-adjusted price of a toll ring
in municipality i in year ¢, and ShareEV,, is the number of electric vehicles divided by all
vehicle types in municipality i at time 7.

® Two additional groupings have been applied in the analysis. One follows the structure of Statistics Nor-
way’s economic regions, which are based on labor and commodity market flows and on population levels.
The other follows the proposed groups of Bhuller (2009), where the main grouping criterion is the commut-
ing patterns in the municipality. Neither of the two alternative groupings yielded any significant differences
in the results. Therefore, they are excluded from the paper but available on request.
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An alternative approach would be to have the total number instead of electric vehicle
share as the main variable of interest. However, an increase in the number of electric vehi-
cles might be due to an increase in the total number of cars, keeping the share of electric
vehicles unchanged. An increase in the total number of cars may increase the need for road
repairs, which could increase the toll prices. Thus, the dependent variable is the share of
electric vehicles.

I also control for several observed covariates, including population level, share of urban
population, average income, unemployment rate, and educational level for municipality i
at time t. a; denotes unobserved time-constant effects in municipality i, and ¢;, denotes the
time-varying idiosyncratic errors. The key parameter of interest is @, which provides an
estimate of the effect of an increase in the share of electric vehicles on the price of the toll
ring.

One clarification related to the setup and timing of the variables is needed. The number
of vehicles in the data is recorded at the end of a year (31st of December). However, the
prices are averages over a year. For this to make sense, the data are aligned such that the
number of electric vehicles in year 2010 is matched with the average prices in 2011. Thus,
the share of electric vehicles variable is implicitly lagged so that politicians observe the
number of electric vehicles at the end of last year before deciding to change the road toll
price.

Several econometric challenges arise when identifying the effect of the electric vehicle
share on the toll rates. First, the main explanatory variable is the number of registered vehi-
cles and is therefore a proxy for the actual usage of a specified vehicle type. Newer vehicles
may be more frequently used than older vehicles due to improvements in fuel efficiency,
safety, and appearance. This is a source of measurement error, which implies that the true
effect of the electric vehicle share on toll charges may be underestimated when using the
number of registered vehicles. Thus, there is a chance that the result in this paper is some-
what more conservative than the true effect.

The alternative would be to use the number of toll ring crossings. However, this is a
more responsive and potentially noisy variable. There are myriad factors that might impact
the day-to-day decision to drive, such as weather or traffic conditions, that are hard to pick
up using annual data. Moreover, not controlling properly for these conditions would intro-
duce an omitted variable bias to the model and produce inconsistent estimates. This is
considered a more serious problem than the potential measurement error which produces
estimates that are skewed towards zero. Additionally, to be able to study distributional
effects of the exemption policy later, the ownership of the cars is of most interest in this
paper. Therefore, I use the number of registered cars as the main variable of interest in the
analysis.

An additional challenge is that the number of planned projects and, thus, the cost of
the projects will vary among city packages. Moreover, the topography and car culture may
influence car use, toll cordon placement, and the number of cordons that are required for
the formation of a ring around the city. These time-invariant variables affect both the share
of electric vehicles and the toll price. Failing to control for the time-fixed variables will
thus result in a biased estimate of «;. To address this concern, all regressions are estimated
with municipality fixed effects. In addition, several time-varying variables, including pop-
ulation size, share of urban population, average income, and unemployment levels, are
included in the model.

Finally, one might expect higher toll prices to incentivize consumers to buy electric
vehicles, since passing the tolls with an electric vehicle is free of charge. If this is the case,
we have a situation with reverse causality, which might lead to the fixed-effects estimates
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Fig.2 Map of Norway with the
different groups of municipalities

Municipality overview

[ | Distant municipalities
[] Commuting zone
I Adjacent

Il Toll ring city

overstating the true impact of electric vehicles on the toll price. To overcome the potential
reverse causality problem and causally identify the effect of a rising electric vehicle share
on the toll price, I instrument the electric vehicle share in one area by the average share of
electric vehicles in other Norwegian areas.’

Figure 2 is a graphical illustration of the instrumental variable strategy. The munici-
palities marked with black are municipalities with toll rings. The municipalities in green
are the adjacent municipalities, that is, municipalities that share a border with the toll
ring municipalities. The gray municipalities indicate the labor marked region of the toll
ring city. They are defined following the structure suggested by Bhuller (2009), where all
municipalities are divided into 46 labor market regions, where commuting patterns are the
main sorting criteria. The municipalities in white are considered distant to all urban toll
rings, and thus should not react to changes in or influence the toll rings in any city. To put
the distances in perspectives, it is approximately 2500 km from the northernmost point to

7 Similar approaches have been applied by Hausman et al. (1994), Nevo (2001), Autor et al. (2013), and
Hausman and Ros (2013).
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the southernmost point in Norway. Moreover, the distances between the northernmost toll
ring (Namsos) and the ring on the southeast (Kristiansand) is 1000 km, or a 15-hour drive.

Thus, the instrument for the electric vehicle share in Kristiansand and its adjacent
municipalities is the share of electric vehicles in all other municipalities except for the
municipalities adjacent to or belonging to the commuting zone of Kristiansand. This leave-
one-out strategy is then repeated for all toll ring areas. The approach should be in line with
the exclusion criteria because the share of electric vehicles in the distant municipalities
does not influence the toll ring prices in the focal city. In an alternative instrumental vari-
able strategy, I only use the municipalities categorized as distant as an instrument.

On the other hand, the government’s electric vehicle policy, as well as the supply and
the technological progress of electric vehicles, is homogeneous within the country. Con-
sequently, changes to any of these components will cause analogous effects across the
country. For example, an extended range due to improved battery technology will have a
positive effect on electric vehicle demand irrespective of where one lives. This satisfies
the relevance criteria, and allows the electric vehicle shares in distant municipalities to be
exploited as instruments for the endogenous electric vehicle share around a given city.

In summary, the identifying assumption that underlies this strategy is that other regions’
electric vehicle uptake should not be a function of the focal city’s tolls. Moreover, area-
specific market conditions will provide independent variations across regions. The empiri-
cal specification is as follows:

In (realprice);, = a;ShareEV,, + a,Pop;, + azUpop;, + ayInc;, + asUnemp;, + agEdu;, + a; + €,
@

where

ShareEV;, = B,ShareEV,, + p,Pop;, + p;Upop;, + P,Inc; + psUnempit + fcEdu;, + pi + €;,
3)
where ShareEV,, is the average electric vehicle share in all municipalities except for
municipality i and its adjacent municipalities. In discussing the results, I consider potential
threats to identification such as learning effects across urban toll ring areas and the choice
of the cluster level of the standard errors, and seek to address these. Importantly, I show
that the key results are robust to a range of exercises that seek to address these concerns.

6 Results

I start this section by estimating the relationship between electric vehicle share and urban
toll ring prices with a fixed-effects approach. In all regressions, the standard errors are
clustered at the municipal level, which is motivated by the concern that the error terms
might be correlated within municipalities across years.® In columns (1) and (2) in Table 5,
I present a model that is estimated with ordinary least squares (OLS) and fixed effects,
respectively. The difference between these two columns demonstrates a slight upward bias

8 The selection of the cluster level is not straightforward in this case. One could argue that standard errors
should be clustered at the urban toll ring level, namely including all municipalities that commute through
a selected toll ring, or at the county level. However, there are only eight toll rings and 13 counties in the
analysis, and clustering in low numbers is advised against (Cameron & Miller, 2015). An alternative is to
cluster at lower levels, for instance municipalities, where a greater number of clusters are available. Several
different clustering levels have been applied (not included in the paper), which negligibly altered the results.
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Table 5 The effect of the share of electric vehicles on the urban toll ring prices

Y] 2 3) 4) (5) (6)
OLS FE FE FE FE FD
Share electric vehicles — 0.060%%* 0.042%3#:% 0.032%3#:% 0.037%: 0.031%*
(0.013) (0.008) (0.008) (0.018) (0.014)
Population 0.022 0.069%: 0.013 0.008%#:*
(0.015) (0.029) (0.015) (0.003)
Share urban 0.007 0.011%* 0.005 —0.002%**
(0.005) (0.006) (0.005) (0.001)
Income (0.298) 0.562* 0.873%: 0.078
0.419) (0.224) (0.061)
Unemp. rate 0.041 0.098%** 0.026 0.025
(0.048) (0.044) (0.049) (0.019)
Education —0.018 —0.065%* —0.010 —0.005
(0.014) (0.031) (0.014) (0.003)
Electric vehicles 0.050%*
(0.022)
Conv. vehicles —0.018%*
(0.008)
Constant 2.537%s%:* 2.58 1 #sk* -5.711 —11.067%%* 0.242 0.021*
(0.069) (0.019) (3.724) (5.248) (2.909) (0.011)
Year dummies No No No No Yes Yes
R? 0.114 0.357 0.413 0.310 0.456 0.190
N 491 491 491 491 491 491

The dependent variable is the natural logarithm of the urban toll ring price. The standard errors in parenthe-
ses are clustered at the municipality level. *** **_ * jndicate statistical significance at the 1%, 5%. and 10%
levels, respectively

OLS ordinary least squares, FE fixed effects, FD first-difference

in the OLS estimates. The estimate from the fixed-effects model suggests that an increase
in the share of electric vehicles of one percentage point, for example from 10 to 11%,
will increase the toll ring price by approximately 4.2%. Thus, a toll charge of 20 NOK
(2.35 USD) will increase to 20.84 NOK (2.45 USD). Controlling for population growth,
increased urbanization, income level, unemployment rate, and education level in column
(3) reduces the point estimate somewhat but does not substantially affect the coefficient of
interest.

Next, I move on to disentangle the distinct effects of electric vehicles and conventional
vehicles on the toll ring price. I estimate a model in which electric and conventional cars
enter as separate variables, which is presented in column (4). The baseline category is
“other” cars, including gas and hybrids. Separating the variables suggests that having more
electric vehicles increases the toll prices, whereas having more paying conventional vehi-
cles has a negative effect on the toll price, keeping all else constant. More specifically, an
increase of 1000 electric cars will increase the price by 0.46%, whereas an increase of 1000
conventional vehicles will decrease the price by 0.2%. This asymmetry suggests that toll
prices are more readily increased in the case of lost income than decreased in the case of
increased income. In column (5), I re-estimate the main model and add year dummies to
control for national factors that change each year and may affect toll prices. The coefficient
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Table 6 Further exploring the empirical model

@ @ 3 @
FE FE FE FE
Share electric vehicles (EVs) 0.037** 0.064%** 0.037** 0.063***
(0.018) (0.016) (0.018) (0.016)
Share EVs squared —0.002 —-0.002
(0.001) (0.001)
Sum vehicles —0.008 —-0.007
(0.007) (0.007)
Population 0.013 0.010 0.020 0.016
(0.015) (0.014) (0.015) (0.014)
Share urban 0.005 0.005 0.005 0.005
(0.005) (0.005) (0.005) (0.005)
Income 0.121 0.135 0.125 0.138
(0.224) (0.245) 0.229) (0.249)
Unemp. rate 0.026 0.018 0.022 0.015
(0.049) (0.045) (0.045) (0.042)
Education —-0.011 —0.008 —-0.010 —-0.008
(0.014) (0.013) (0.014) (0.013)
Constant 0.242 0.174 0.082 0.042
(2.909) (3.170) (2.991) (3.236)
R? 0.456 0.467 0.458 0.468
N 491 491 491 491

The dependent variable is the natural logarithm of the urban toll ring price. The standard errors in parenthe-
ses are clustered at the municipality level. *** **_ * indicate statistical significance at the 1%, 5%, and 10%
levels, respectively

FE fixed effects

for the electric vehicle share increases somewhat compared with column (3) and is less
precisely estimated. However, the estimate remains statistically significant at the 5% level.

To examine whether the result is sensitive to estimation method, I estimate the model
using a first-difference approach, which is presented in column (6). Virtually no change is
observed in the estimated coefficient.”

So far, I have assumed a semi-elastic relationship between the share of electric vehicles
and the toll price, where the electric vehicle share enters linearly in the equation [re-esti-
mated column (1) in Table 6]. It is however possible that the effect of electric vehicle share
on the toll price is nonlinear. For example, a 10-percentage-point increase from a 10% and
50% electric vehicle share, respectively, might have different effects on the toll ring price.
Specifically, if the share of electric vehicles approaches 100, one would expect nonlinear
effects on the toll price.

I explore whether this is the case by including the squared share of electric vehicles in
the model. The result is presented in column (2). The point estimate of the squared variable
is negative, which implies a concave relationship between electric vehicle share and toll
price. This suggests that the increase in prices decreases as the share of electric vehicles

° In unreported estimates I also used a one-step Arellano-Bond estimator, with two lags on the dependent
real price variable and the share of electric vehicles. There was no substantive change in either the signifi-
cance or magnitude of the effect of electric vehicles on toll prices.
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increases. Consequently, controlling for the squared electric vehicle share also increases
the point estimate and increases the significance of the main variable of interest. However,
the squared term is relatively small and not statistically significant.

I go on to explore the empirical model further. The dependent variable, the share of
electric vehicles, is defined as the number of electric vehicles divided by the total number
of cars. One would expect that if the total number of cars increases, while controlling for
the share of electric vehicles, the potential revenue of the toll ring is larger and the toll
price should be lower. On the other hand, an increase in the number of vehicles overall
increases congestion and road wear and tear, which in turn implies a positive effect on the
urban toll ring prices. I explore empirically how the total number of cars affects the toll
price by including the sum of vehicles explicitly in the model. The result is presented in
column (3) and shows that controlling for the total number of cars changes neither the coef-
ficient size nor the significance of the main variable of interest.

In summary, I find that neither the squared share of electric vehicles nor the total num-
ber of cars is statistically significant when included separately in the model. In column (4),
I estimate a model where I include both variables simultaneously. Again, neither of the two
variables is statistically significant, and an F-test of 1.46 (not reported) suggests that the
variables are also jointly not statistically significant. This result has some possible explana-
tions. First, because the share of electric vehicles and total number of cars are accumulative
variables, they are relatively slow-moving, and there are no “sudden shocks” or large vari-
ations within one municipality that provide enough variation to fit a quadratic functional
form. Second, because all models are estimated using fixed effects, these slow-changing
variables are largely accounted for in the baseline estimate.

Due to the potential reverse causality problem in the paper, which is discussed subse-
quently, there is a need for an instrument for the share of electric vehicles. Leaving the total
number of cars or the squared electric vehicle in the model would mean that I have more
than one endogenous variable, which thus would require more than one instrument. Since
neither the squared electric vehicle share nor the sum of vehicles is statistically significant,
my preferred estimate is the model in column (1).

The prior analysis suggests that a one-percentage-point higher electric vehicle share
increases the price in urban toll rings by approximately 3%. However, a fundamental con-
cern is that an increase in the toll price may itself lead to an increase in the share of electric
vehicles, representing a reverse causality and potentially producing inconsistent estimates.
The instrumental variable strategy, which is outlined in Sect. 4, identifies the component of
electric vehicle take-up that is due to overall reduced usage costs and improved technology,
thereby circumventing the potential bias that is caused by reverse causality in the fixed-
effects estimates.

Table 7 presents the estimates of the relationship between the electric vehicle share
and the toll price obtained by using an instrumental variable approach. In the top part of
the table, the first-stage estimates from the model in column (1) are presented. The coeffi-
cient suggests that the electric vehicle share increases by 2.5 percentage points when other
municipalities have an increase of one percentage point in their shares of electric vehicles.
This implies that the increase in the overall electric vehicle share in Norway is somewhat
slower than in cities with toll rings. Moreover, the coefficient is statistically significant at
the 1% level. An F-statistic above 10 is obtained, and thus, following Staiger and Stock
(1997), the instrument passes the standard thresholds for detecting weak instruments.

The estimates in column (1) are the IV counterpart of the fully specified fixed-effects
model in column (3) in Table 5. The coefficient is slightly reduced compared with the
fixed-effects estimate but remains statistically significant at the 1% level. The relatively
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Table 7 IV estimation of the effect of the electric vehicle share on urban toll ring prices

IV estimates

First stage Share electric vehicles Standard error F-statistic

ShareEV_;, 2.48%* %% (0.214) 38.01

Second stage Leave one area out Distant municipalities
)] ) 3

Share electric vehicles 0.028%*** 0.082%** 0.029%**
(0.007) (0.025) (0.007)

Year dummies No Yes No

Area time trends No Yes No

Municipality fixed effects Yes Yes Yes

First-stage F-statistic 38.01 13.92 160.61

Hausman test (p-value) 0.054 0.000 0.1385

R? 0.410 0.693 0.412

N 491 491 491

The dependent variable is the natural logarithm of the urban toll ring price. All regressions include controls
for the population level, share of urban population, income level, unemployment rate, and education level.
The standard errors in parentheses are clustered at the municipality level. *#* ** * indicate statistical sig-
nificance at the 1%, 5%, and 10% levels, respectively

small change in the point estimate of the coefficient estimated with the instrumental vari-
able approach has one important implication. It suggests that the reverse causality prob-
lem, where increases in toll price increase the electric vehicle share, is not that substantial.
Indeed, because the estimates do drop somewhat, the toll price has a positive effect on the
electric vehicle share. However, it does also imply that toll price is just a small portion of
the totality of drivers of the electric vehicle uptake, such as technological progress, charg-
ing possibilities, and other relevant policies.

There is a concern that macroeconomic cycles and infrastructure development might
affect both toll prices and electric vehicle adoption. Economic downturns might cause stag-
nant toll prices or affect electric vehicle adoption. In addition, improvements in the charg-
ing station infrastructure in an area might not only increase the electric vehicle share in
that area, but also possibly lead to spillover effects that increase the demand in other areas.
If that increase in electric vehicles raises the toll price in the other areas, then the exclu-
sion assumption for a valid instrument is violated. I approach this concern by estimating
a model that includes both year fixed effects and toll-ring-specific time trends. The results
are presented in column (2). The coefficient of interest increases substantially compared
with column (1) and is statistically significant at the 1% level. The instrument loses some
explanatory power but still passes the standard threshold for a valid instrument. However,
in controlling for the macroeconomic variables, I also take out the underlying factors that
affect national electric vehicle take-up, which is a crucial deflator in the instrumental vari-
able approach. Thus, knowing that the model is robust to accounting for broad macroeco-
nomic effects, the model presented in column (1) is my preferred IV estimate.

An additional cause of concern is that a learning effect might occur between cities with
urban toll rings. Imagine a shock that affects the number of electric vehicles in one area.
Other areas can observe the consequences of this shock and, in turn, alter the prices in their
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toll rings to prepare for a similar shock. This learning effect, if present, can only occur
between areas where an urban toll ring has been established. To determine the extent to
which a learning effect is present, I construct a second instrument, which includes only
the average share of electric vehicles in areas without urban toll rings (the municipalities
marked in white in Fig. 2).

The result obtained using the alternative instrument is presented in column (3). The
negligible changes in the estimated coefficients relative to the results in column (1) suggest
that a learning effect is not present in the data. Moreover, because this approach removes
the effects of other tolls overall, it serves as a robustness test of the initial instrument. Note
however that the Hausman test of endogeneity suggests that the share of electric vehicles
is no longer endogenous. While Hausman tests are useful in many cases for determining
between IV and OLS models, it is sensitive to the instrument being used. The fact that the
Hausman test was rejected in the previous two models but not in this one suggests that
using only the distant municipalities as an instrument is not to be preferred. This is likely
due to the lack of sufficient variation in the electric vehicle share when excluding all other
areas with toll rings. Thus, the leave-one-out approach is the preferred instrument.

7 Political heterogeneity

The main result suggests that when the share of toll-exempt vehicles increases, the toll
charge increases. However, raising the toll charge is at the discretion of the municipal
council. For example, some municipalities indeed respond to a loss in revenue by increas-
ing the toll charge. Others might be more reluctant to increase tolls and instead seek fund-
ing elsewhere or drop planned projects. As discussed in subsection 3.2, price setting and
price changes depend heavily on the incumbent parties in local governments. In this sec-
tion, I explore how political fragmentation and ideology effect the toll charging policy.'”

The strength of political parties is operationalized using the effective number of par-
ties (the inverted Herfindahl index). This index, developed by Laakso and Taagepera
(1979), represents a measure of political fragmentation in the local municipal council. A
higher effective number of parties (ENoP) represents less political strength and is expected
to increase the toll price. I re-estimate the main model and include an interaction term
between the share of electric vehicles and ENoP. I use observations only for 2010, 2012,
and 2016, which are the first full years following an election.'!

The result is presented in column (1) in Table 8. The baseline effect of an increase in
electric vehicle share is marginally lower than what the results in the main analysis sug-
gested and is statistically significant at the 5% level. Moreover, the interaction term
between electric vehicle shares and the effective number of parties is positive and statis-
tically significant. This implies that more fragmented municipalities tend to increase toll
prices, which indeed is in line with previous findings reviewed in Sect. 2.

I move on to explore the effect of partisanship on toll pricing policy. I re-estimate the
main regression and interact the share of electric vehicles with left-wing and right-wing

10 The data on local government elections are provided by Fiva, J. H., Halse, A. H., and Natvik, G. J.,
(2017): Local Government Dataset.

1 The first relevant election occurred in September 2007. However, since I do not have data for 2008, I use
the first available year, namely 2010.
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Table 8 Analysis of political

Number of parties ~ Majorit
heterogeneous effects P yority

@ @
Dependent variable Toll price Toll price
ShareEV 0.021%* 0.078***
(0.009) (0.012)
ShareEV x ENoP 0.027*** (0.008)
ShareEV x Left-wing majority —0.047%**
(0.015)
ShareEV x Right-wing majority —0.093%#%*
(0.011)
Population 0.007 0.018
(0.020) (0.012)
Share urban 0.002 0.003
(0.003) (0.002)
Income 0.961%** 0.574%%*
(0.288) (0.233)
Unemp. rate 0.035 0.064**
(0.084) (0.029)
Education —0.004 —0.022*
(0.020) 0.011)
Method v v
First-stage F-statistic 54.04 28.95
R 0.495 0.689
N 186 186

The standard errors in parentheses are clustered at the municipality
level. *** #** * jndicate statistical significance at the 1%, 5%, and
10% levels, respectively

majority.'? The result is presented in column (2) in Table 8. Note that the multiparty sys-
tem in Norway implies that a municipality can be governed without any left-wing or right-
wing majority but can consist of coalitions across the political spectrum. Therefore, the
baseline estimate can implicitly be interpreted as politically fragmented municipalities, as
they are governed without a clear majority.

The baseline effect suggests that in cases where municipalities are governed by coali-
tions, the effect of electric vehicles on toll price is much stronger compared with the main
estimates. When there is a left-wing majority in the municipal council, the effect is drasti-
cally reduced. Thus, political strength reduces the price increase effect, which is also in line
with previous literature. Moreover, the reduction of the price increase is stronger under a
right-wing majority. In fact, in councils with a right-wing majority, the effect of an increase
in electric vehicle share on the real toll price is close to zero. This might imply that right-
wing governments, because of reduced toll revenues, reduce road expenditure instead of
increasing the toll charge.

12 The left-wing parties are the Red Electoral Alliance, the Socialist Left Party, the Labour Party, and the
joint lists of left-wing parties. Right-wing parties include the Liberal Party, the Centre Party, the Christian
Democrats, the Conservative Party, the Progress Party, and the joint lists of the right-wing parties.
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Thus, the results in column (2) suggest that governments with left-wing majorities are
more prone to increasing the toll price than right-wing majorities, which is in line with the
stated ideology of left-wing parties. More specifically, left-wing governments react to a
loss in revenue by increasing toll charges, presumably to avoid a reduction in transportation
spending. Right-wing majority governments are more likely to accept the revenue loss and
reduce transportation spending or search for alternative funding. Although these results
align with Norwegian left-wing parties’ positive attitude towards the use of toll rings, they
contradict the traditional view that parties to the left act in the interest of low-income indi-
viduals. It should be noted, however, that the increase in toll prices by left-wing majorities
is lower than the price increases performed by governments with no majority.

8 Distributional effects

As a final point I consider the distributional consequences of the electric vehicle exemption
policy. I approach this exercise by first presenting a back-of-the-envelope calculation of the
counterfactual toll price if there were no exemption policy. Second, I explore how the own-
ership of electric and conventional vehicles varies by income group to assess whether some
income groups receive a net benefit from the policy.

How much more is a conventional vehicle owner paying per urban toll ring passage as
a consequence of the larger electric vehicle share? In 2017, the mean electric vehicle share
in municipalities that were adjacent to a toll ring was 6.7%. The average toll ring price was
23 NOK (2.5 USD). The result that was obtained in the main analysis suggests that the toll
price increases by approximately 3% per percentage-point increase in the electric vehicle
share. Suppose instead that every electric car is a paying vehicle, all other things being
equal. The average price of the toll rings would be 19.17 NOK (2.09 USD).'® This naive
calculation suggests that a conventional vehicle owner pays 3.3 NOK (0.36 USD) more per
toll ring crossing today than in the counterfactual scenario in which there is no exemption
policy.

Next, I divide the ownership shares of the vehicle types by three income groups.'* By
the end of 2017 there were approximately 95,000 electric vehicles in and around munici-
palities with toll rings, whereas 1.07 million cars were running on conventional fuel types.
Assuming that all cars pass a toll ring every day for a year, and using the mean toll ring
price for 2017 (2.5 USD), the lost revenue that is attributable to electric cars is 87 million
dollars."” Dividing this loss by the number of conventional vehicles yields an increase of
0.2 dollars in excess payment in 2017.

Table 9 provides an overview of vehicle type ownership according to income group.
The first row in section A suggests that the above-average income group owns the major-
ity of electric vehicles, whereas the below-average and average income groups constitute

13 The following formula is applied: Py, =(1+a-ShareEV,)P., where Py, and ShareEV, are the current
toll ring price and electric vehicle share, respectively, a is the coefficient that was obtained in the main
analysis, and P is the counterfactual price.

14 The statistics on ownership shares and income are derived from the National Travel Survey from
2013/2014 (Institute of Transport Economics, 2016), and include subjects driving to work five times a week
with cars as the main mode of transportation. The income statistic is only available in nine intervals.

15 Although it is inaccurate to assume that car owners drive to work every day, it is likely that, when
accounting for trips undertaken during leisure time, the average number of toll crossings over a year
approach one per day.

@ Springer



206 Public Choice (2022) 193:187-209

Table 9 Distributional effect and tax burden according to income groups

Income group

Below average Average Above average
A: Electric vehicles
Ownership share (%) 5 20 75
Value exempted tolls (million $) —4.4 —-17.4 —65.3
B: Conventional vehicles
Ownership share (%) 18 28 53
Value excess tolls (million $) 15.7 24.4 46.1
C: Tax distribution
Net cost (million $) 11.3 7 —-19.2

The below-average (<38,000 USD), average (38—47,000 USD), and above-average (>47,000 NOK)
income groups relate to commuters who travel by car daily

25% of electric vehicle owners. In the second row, I calculate the value of the exemption
(87 million dollars) according to the ownership share in each income group. In section B,
I calculate the value of the excess payment by the conventional car owner to bridge the
toll company’s revenue gap according to income group. In section C, the values of the
exempted tolls and excess tolls by income group are summed to obtain the net cost of the
policy according to income group. Table 9 reveals that individuals who earn less than aver-
age have a net cost of approximately 11 million dollars in 2017 due to the electric vehicle
exemption policy. Furthermore, individuals who belong to the average income group have
a net cost of 7 million dollars, whereas the above-average earners receive a net benefit of
19 million dollars.

This analysis identifies nontrivial differences in the net cost among income groups as
a consequence of the exemption policy. The increased toll price is a burden that is shifted
mostly onto low-income non-electric vehicle owners, thereby resulting in an inverse rela-
tionship between cost and income. This suggests that the policy is regressive and implies
an unfavorable distributional effect.

However, as described in Parry and Bento (2001) and Parry and Bento (2002), the total
welfare effect of general road pricing depends on the revenue recycling effect. Left-wing
majority governments might increase toll charges to keep revenue at a constant and to
avoid reducing public transport investments. Even though increasing toll charges for con-
ventional vehicles might appear to have a negative distributional effect, the total welfare
effect depends on whether the revenue is recycled to improve or subsidize public transport
supply. This is especially true if low-income groups utilize public transport to a higher
degree than other income groups.

9 Concluding remarks

The development of measures for addressing increasing traffic levels in urban areas has
become increasingly important for policymakers. Several road pricing mechanisms have
been implemented to restrict traffic growth. Charging motorists to enter city centers can
reduce congestion and, thus, reduce air pollution, improve road safety, and serve as a mech-
anism for revenue collection. However, many schemes exempt less-polluting vehicles from
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charge to obtain a cleaner car fleet, which might offset some of these effects and may have
implications for social welfare.

This paper explores how toll charges, set by local governments, are affected when
selected vehicle types are exempt from the charges. By analyzing the prices in several
urban toll rings in Norway over time, I find that an increase in the share of electric vehicles
increases the toll price. Moreover, I find that the changes in toll price are at the discretion
of the municipal council. Local governments that are politically fragmented increase toll
prices more than governments with a few, strong parties. Also, left-wing majority govern-
ments will increase toll prices more than right-wing majority governments.

The policy raises the question of whether the combination of congestion charging and
electric vehicle exemptions have unintended consequences for social welfare, where the tax
that is collected from conventional motorists is used to subsidize well-off electric vehicle
owners. I find that the increase in toll charges is shifted onto the below-average income
group, implying a negative distributional effect. This distributional effect is found to be
driven by left-wing governments. However, the total welfare effect of the exemption of
electric vehicles from toll charges is uncertain. If the revenue from urban toll charging is
recycled so that it benefits the lower-income groups more, such as investment in public
transportation, this will have a positive effect on the total welfare. Therefore, the net effects
of electric vehicle exemption on society and heterogeneous groups should be explored in
future research.
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