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Abstract

This paper analyse how the local incentives for electric vehicles affect the number
of people that purchase both conventional and electric vehicles. After the threshold
of 50 000 electric vehicles was reached in April 2015, there has been an ongoing de-
bate regarding whether the incentives for electric vehicles should be withheld. The
intent of the incentives is to develop a more climate friendly vehicle fleet. Although
the incentives impact on joint purchase is important to understand how efficient the
incentives are in achieving the policy objective, we are not aware of any research
on this area up to this point. Our contribution is a theoretical model that allow
consumers to purchase multiple differentiated product varieties, a behavior defined
as multi-homing. The model predicts that multi-homing softens the competition
between electric and conventional vehicles and partially absorbs the demand shift-
ing effect of the incentives. Furthermore, we conduct empirical research on the car
market to analyse how the car market historically has reacted to the incentives. Our
findings coincide with the model's predictions at a satisfactory level. We find that
all incentives increase the number of multi-homers. While our estimations shows
that free ferry admission leads to an increased vehicle fleet, the introduction of toll
stations, congestion charge and road toll lead to a reduction in the overall vehicle
stock. The empirical results reveal that the incentives only seem to phase out sales of
conventional cars if they are derivatives of policy instruments with a negative effect

on the demand for conventional vehicles.
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1 Introduction

Norway has become a country leading the way as an example regarding adaption of
electric cars, even though climate conditions and geographical factors should imply
the opposite. In addition to technological improvements, goal-oriented policies have
made Norway a leading electric vehicle country during the last decade. In 2015 elec-
tric vehicles accounted for 17.1% of new car sales, implying that every sixth vehicle

sold in Norway was electric.

Norwegian politicians have committed to develop a more environmentally- and
climate-friendly vehicle fleet through the climate agreement from 2007 and 2012
(Meld. St. 34 (2006-2007) & Meld. St. 21 (2011-2012)). During the first quarter of
2016, the Ministry of Petroleum and Energy presented a parliamentary white paper
articulating a goal of phasing out the sale of high-emission vehicles by 2025 (Meld.
St. 25 (2015-2016)). Attaining the goal involves replacing petrol- and diesel-fuelled

vehicles with hybrid and electric vehicles.

To achieve the climate goals, extensive incentives for buying electric vehicles have
been introduced. The incentives stimulate both purchase and use of electric cars, and
the intention is to shift demand from vehicles using fossil fuel onto electric vehicles.
Range challenges and uncertainty related to the electric cars' lifetime and residual
value make the survival of electric cars dependent on advantageous incentives (Oslo
Economics, 2015). In addition, the incentives may contribute to a low-emission
vehicle fleet by stimulating the technological development of electric cars such that
they become more competitive in themselves. Because the incentives cause increased
demand for electric cars, it becomes more imperative to invest in technology that
increase the willingness to pay or reduce the production costs of the cars. The reason
is that the higher profit margin would apply to more units. However, the global im-
pact of increased demand for electric cars in Norway would probably not be sufficient

to affect the car producers investment decisions[l] Because other countries such as

! According to Cazzola and Gorner (2016), Norways global market share is below 5%.
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Germany, Netherlands, UK and France also provide incentives for electric cars, it
is possible that the countries' united contribution to increased demand for electric

vehicles encourage technology investments.

As a part of the climate policy, electric vehicles have for a long period of time
enjoyed national buying incentives in addition to local subsidies that target car us-
age. According to Fearnley, Pfaffenbichler, Figenbaum, and Jellinek (2015), national
incentives that reduce purchase price and yearly costs are the most effective when it
comes to increasing the market share of electric vehicles. Moreover, they find that
bus lane access is the most effective time cost reducing incentive. Among the local
direct subsidies, which reduce user costs and range challenges, they find that exemp-
tion from road toll payments has the greatest impact on demand for electric cars,
followed by free parking, exemption from ferry fares and financial support of charging
stations. A survey conducted a year later confirms that free toll-road outperforms
other local incentives (Figenbaum & Kolbenstvedt, 2016)).

The costs of providing the incentives increase concurrently with the size of the
electric vehicle stock. For instance, an increased share of cars being exempted from
road toll payments, parking fees and ferry fares will imply lower revenues for the gov-
ernment, road toll companies and ferry companies. The benefits were thus planned
to be revised in 2017 or when 50 000 electric cars had been sold. The threshold num-
ber of cars were reached in April 2015, and initiated a debate concerning phasing out
the incentives. As this thesis is written several policy interventions affecting electric
vehicles have been made. The City Council of Trondheim decided to withdraw free
parking in the city from 2017. In Oslo, the county municipality, city municipality
and the government have agreed to incrementally introduce and increase congestion
charge and road toll payments from 2017. Furthermore, the Norwegian Public Roads
Administration currently restricts the access for electric cars to drive on certain pub-

lic transport lanes in Oslo, to give way to road projects in the area.

Moreover, it would be costly to spend government resources on inefficient policies.

14



Fearnley et al. (2015) have investigated how effectively the incentives are increasing
the stock and market share of electric vehicles relative to the costs of providing
them.ﬂ They find that bus lane access is the most cost efficient incentive. Nonethe-
less, for the purpose of this thesis it is the absolute effects on the incentives that
are of main interest. Although a particular incentive motivates many households to
buy electric cars, it does not categorically help phasing out the sales of conventional
cars. If enough households purchase an electric car as a second car due to the in-
centives, the overall car population increases and the replacement of conventional
cars is obviously smaller. According to Figenbaum and Kolbenstvedt (2016), 79% of
electric vehicle owners have multiple carsﬁ. This is a relatively low share compared
to PHEV owners and ICEV owners, where the shares are 46% and 48% respectivelyﬁ
Insight to the extent in which the incentives encourage people to buy multiple cars
would improve the understanding of how efficiently the incentives meet the policy
objectives. We thus believe that research on this area would be a nice complement

to previous studies.

The concept of consumers purchasing multiple varieties of a differentiated prod-
ucts is referred to as multi-homing in the industrial organization literature. The
alternative to multi-homing would be single-homing, which implies that consumers
buy only one product variant. In this thesis we apply the concept of multi-homing
and analyse how local subsides for electric cars affect the Norwegian car market. Our

main contribution in this context is thus the multi-homing perspective.

To predict how the incentives affect multi-homing we derived a theoretical model.
This model is somewhat different from the SERAPIS and Tobit models, which are

used by Fearnley et al. (2015) to predict future electric car sales and market shares

2The reports use the abbreviation BEV for electric vehicles, ICEV for internal combustion engine
vehicles and PHEV for plug in hybrid electric vehicles.

371% have the combination BEV and ICEV, 4% have a BEV and a PHEV and the remaining
4% have two electric vehicles.

4In this paper we consider PHEV as conventional vehicles.
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respectivelyﬁ The main difference is that our model includes the utility of a second
car and enables predictions of the extent to which people buy multiple car types. In
addition, we apply the model to different data sources. Fearnley et al. (2015) employ
their models to analyze data they have collected through web surveys, while we base
our analysis on the Motor Vehicle registry. Our theoretical model predicts that the
incentives encourage people to convert from public transport to electric cars, stim-
ulate owners of conventional cars to a buy a second car and affect the demand for
conventional cars to a small extent. Consequently, the overall vehicle fleet increases

and the incentives appear to be inefficient.

We conducted an empirical analysis to investigate whether historical observations
support our model's predictions, which they to a satisfactory extent do. According
to our empirical findings, exemptions from road toll payments, congestion charge
and ferry fares all lead to increased numbers of multi-homers. However, the analysis
revels that the efficiency is higher for incentives that are related to policy instruments
that directly affect the demand for conventional cars. Consequently, increased road
toll prices and introduced congestion charge reduce the demand for conventional cars
to an extent that outweigh the increased demand for electric cars such that the ve-
hicle stock decreasesﬁ Allowing free ferry rides for electric cars, on the other hand,
do not directly affect the costs and demand for conventional cars. Hence, increased
demand for electric cars dominates the reduced demand for conventional cars and

causes a larger car population.

The implications of the incentives contribution to multi-homing depend on sev-
eral factors beside the size of the vehicle stock. Hawkins, Singh, Majeau-Bettez,
and Strgmman (2013) investigated the environmental life cycle assessments of con-
ventional and electric vehicles. They decomposed the vehicles' global warming con-

tributions into CO2-emissions produced in different stages of a vehicle's life cycle.

5Simulating the Emergence of Relevant Alternative Propulsion technologies in the car and mo-
torcycle fleet Including energy Supply
6Increased road toll and congestion charge imply higher usage costs for conventional cars.
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They find that the production of electric vehicles do pollutes about twice as much as
the production of conventional cars, mainly because of the battery manufacturing]]
The pollution from the production of electric vehicles is, however, compensated for
during the vehicles' use phase, and in total the CO2-emissions are lower for electric
vehicles. Voller, Wolfgang, and Korpas (2014) point out that the climate friendli-
ness of electric vehicles also depends on the energy source of the electricity they run
on. While Norway's electricity is foremost based on hydropower, European power
plants are generally dominated by fossil energy sources. Norway is a net exporter
of energy, which implies that higher energy consumption within the country lead
to increased energy production in other European countries, and the proportion of
renewable energy sources decrease. Thus, electric cars may indirectly contribute to
CO2-emissions through their use of electricity. Voller et al. (2014) predict two main
scenarios for 2020, given that the vehicle fleet continues to grow in the same pace
as the last years and that half the car population will consist of electric cars. The
first scenario assumes that the power plant capacity remains on today's level, and
predicts that the electricity consumption of electric vehicles contributes to a energy
production where CO2-emissions are equal to 73 CO2 g/km. In the other scenario,
investments in wind power increase the energy capacity equivalent to the power con-

sumption of electric vehicles such that the CO2-emissions do not increase.

Our findings suggest that the incentives related to policies that simultaneously
affect the demand for conventional cars are efficient, despite of multi-homing. The
incentives that do not directly affect the demand for conventional cars seem to be
efficient in the short run, while their long term efficiency requires either no multi-

homing or increased production capacity of renewable energy sources.

"They estimate the CO2-emission of production to be 43 g/km and 87-95 g/km for conventional
cars and electric cars respectively. A cars lifetime is assumed to be 150 000 km.
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1.1 Research Question

This thesis will analyze to what extent local subsidies affect the number of people
that purchase both conventional cars and electric cars. It will further investigate the
consequences of joint car purchase for the incentives efficiency in phasing out the

sales of fossil-fuelled cars.
The aim with this thesis is to answer the following question:

How do local incentives for electric vehicles affect multi-homing, and what is the

implications of this for the the incentives efficiency in achieving the policy objectives?

1.2 Data

The data we use to conduct our analysis is the Motor Vehicle registry obtained
from the Norwegian Public Roads Administration. From the data files we could ex-
tract information about the registration history of the cars and technical car details.
Moreover, this information enabled us to separate electric cars from conventional
cars, identify ownership categories and distinguish between large and small cars. We
were also able to generate different geographical entities from the data. To carry
out the fixed effects analysis we collected supplementary data for level of education,
unemployment and population from SSB. E] Historical road toll prices and numbers
of toll stations were collected from AutoPASSP

1.3 Outline

This introductory section will be followed by a description of the market for new
cars where we, among other topics, take a closer look at the market share of electric
vehicles over the course. In section 3 we introduce the relevant theory, before we in

section 4 define the market and derive our theoretical model. In section 5, we present

8Statistics Norway.
9 AutoPASS is owned by Norwegian Public Roads Administration.
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the econometric methods we utilize and conduct our analysis. Section 6 includes a
discussion, where we incorporate our theoretical model with the empirical findings.

Finally, in section 7, we conclude.
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2 The Norwegian Car Market

In this section, we briefly describe new vehicles registration in the Norwegian car
market over type and counties. The aim is to give the reader insight into how the
market share of electric vehicles has developed the past years. In the second part we
will take a closer look at the dynamics in the vehicle stocks and ownership categories
in Norways' three largest cites, Oslo, Bergen and Trondheim. Moreover, we will

present figures and arguments for why multi-homing seems to take place.

2.1 The Market for New Vehicles
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B Gasoline ®Dijesel "Plug-in hybrid ® Electricity
Figure 2.1.1: New car registration (OFV AS).

The market for new vehicles has since 2005 experienced some volatility, especially

during the financial crisis in 2008 and 2009. This is not surprising as the automotive
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industry is moving together with the business cycle (OECD, n.d.)). However, since
2013 the growth has been positive with the highest number of registrations of private
vehicles since 1986 in 2015 (Seaeter, 2016). According to data collected by OFV AS
(Pal Bruhn, personal communication, October 7, 2016), a total of 150 686 vehicles

were registered in 2015, equivalent to a 4.3% growth from the previous year.

Table 2.1.1: New vehicle registration over regions (OFV AS).

2011 2012 2013 2014 2015
Count % Count % Count % Count % Count %
Akershus 19 702 14,2 20 455 14,8 21 505 15,1 21 610 15,0 22 643 15,0
Aust-Agder 2737 2,0 2 623 1,9 2 821 2,0 2775 1,9 2977 1,9
Buskerud 9473 6,8 9 560 6,9 9 774 6,9 10 010 6,9 10241 6,9
Finnmark 1333 1,0 1 300 0,9 1283 0,9 1 082 0,8 1222 0,8
Hedmark 5119 3,7 4 956 3,6 4 987 3,5 4 700 3,3 5175 3,3
Hordaland 12509 9,0 11895 8,6 12 370 8,7 13013 9,0 14 008 9,0

More og Romsdal | 6 333 4.6 | 6558 48 [6133 43 |6250 43 |6532 43
Nord Trondelag | 3164 23 |3053 22 |2944 21 |285 20 |2912 20

Nordland 4292 31 |4445 32 | 4537 32 |4167 29 [478 29
Oppland 4392 32 438 32 |4437 31 |4215 29 |[4570 29
Oslo 15910 11,5 | 16321 11,8 | 16532 11,6 | 17957 12,5 | 18320 125
Rogaland 11994 87 |12283 89 |12927 9,1 |13002 90 |12835 9,0
Sogn og Fjordane | 2131 15 |2119 15 [2161 1,5 |2261 16 |2246 1,6
Svalbard 33 00 |22 00 |12 00 |32 00 |33 0,0
Ser Trondelag 7670 55 | 7810 57 783 55 |8103 56 |8641 56
Telemark 5288 38 |48 35 |5198 37 |5240 36 |5484 36
Troms 3771 27 3770 27 3834 27 |[3571 25 |387 25
Vest-Agder 581 43 |5445 39 |5798 41 |5870 41 [6226 4,1
Vestfold 6339 46 |6363 46 |6838 48 |7112 49 [7302 49
Ostfold 10264 74 |9718 70 |10217 72 10367 7.2 |10660 72
Totalt 138 345 100,0 | 137 967 100,0 | 142 151 100,0 | 144 202 100,0 | 150 686 100,0

In table (2.1.1)) we present the registrations of new vehicles over regions. Aker-
shus is the biggest single market followed by Oslo, Hordaland and Rogaland. In the
time frame presented in the table, the four largest markets represent almost half of

the new vehicles registrations in Norway.

21



Table 2.1.2: New electric vehicle registration over regions with (OFV AS).
2011 2012 2013 2014 2015
Count % Count % Count % Count % Count %

Akershus 633 31,7 11037 26,3 | 1503 19,1 | 3023 16,7 | 4322 16,8
Aust-Agder 21 11|28 07 |97 12 1259 14 |454 18
Buskerud 125 6,3 233 5,9 471 6,0 884 4,9 1311 5,1
Finnmark 5 0,3 10 0,3 19 0,2 25 0,1 39 0,2
Hedmark 13 0,7 |20 05 |79 1,0 192 11 |461 1,8
Hordaland 199 10,0 | 541 13,7 | 1116 14,2 | 2961 16,4 | 4061 15,8
Mgre og Romsdal | 59 3,0 161 4,1 240 3,0 503 2,8 743 2,9
Nord Trgndelag 21 1,1 39 1,0 119 1,5 267 1,5 356 1,4
Nordland 43 22 |63 1.6 176 22 358 20 [685 27
Oppland 21 11|23 06 |54 07 |152 08 |32 12
Oslo 306 153 | 731 185 | 1564 19,8 | 3433 19,0 |4334 168
Rogaland 190 9,5 349 8,8 712 9,0 1788 9.9 2394 9,3
Sogn og Fjordane | 5 0,3 12 0,3 30 0,4 129 0,7 179 0,7
Svalbard 0 00 |0 00 |0 00 |0 00 |5 0,0
Ser Trondelag 141 71 |38 97 |644 82 |1452 80 |1825 7.1
Telemark 14 07 |16 04 |108 14 |343 19 |624 24
Troms 22 L1 |14 04 |59 07 |11 06 |205 1,1
Vest-Agder 60 30 131 33 331 42 |716 40 |1164 45
Vestfold 41 21 |76 1,9 [322 41 827 46 |1153 45
Ostfold 7 3,9 81 2,1 238 3,0 667 3,7 1052 4,1
Totalt 1996 100,0 | 3950 100,0 | 7882 100,0 | 18090 100,0 | 25779  100,0

Table (2:1:2)

presents the registrations of electric vehicles over regions, which

have experienced a steady growth since 2010. In total, only 117 cars were sold in
2010 and as much as 25 779 cars were sold in 2015. In 2015 the market share for

electric vehicle was 17.1%, implying that more than every sixth vehicle sold was an

electric. This is an increase in the market share from the previous year, where every

eight vehicles sold was electrically driven. Similarly, with 7 982 vehicles sold in 2015,

the market for plug-in hybrids stood for every twentieth sold VehicleH

Counties in the northern part of Norway, accounted for less than 4% of electric

vehicles sales in 2015E One explanation is that longer and harsher winters in the

north reduce the battery capacity of electric cars. The proportion of electric vehicles

10This is not shown in the tables.

HUFinnmark, Troms and Nordland.
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over counties reveals some volatility. One possible explanation to this volatility is
that introduction of local incentives for electric vehicles affect the car sales. This
assumption is not supported by the introduction of congestion charge in Trondheim,
which did not cause any sudden growth in the sales of electric vehicles, even though
electric vehicles are excepted from such payments. This could be explained by the
fact that there were few suppliers of electric vehicles in 2010 and the electric cars
were less developed relative to conventional cars than they are today. The launch
of Nissan Leaf and Mitsubishi iMiev to the Norwegian market in 2011 could partly
explain this years increased sales of electric cars. It seems reasonable that improved
car features, like better technology or energy-efficiency, also affect the consumers

purchase decision.

2.2  Vehicle Fleet and Multi-Homing

In this part chapter we present figures for the total number of electric cars, total
number of conventional cars and the particularly interesting ownership categories.
The figures are based on data from January 2011 to October 2015 for the three
largest cities in NorwayE

Total number of conventional vehicles Total number of electric vehicles
Oslo, Bergen & Trondheim Oslo, Bergen & Trondheim
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Figure 2.2.1: Total number of conven- Figure 2.2.2: Total number of electric ve-
tional vehicles in Oslo, Bergen € Trond- hicles in Oslo, Bergen & Trondheim.
heim.

12The data is not complete for November and December of 2015.
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Figure shows that the total number of conventional cars is slightly growing
in Trondheim and Bergen, but declining in Oslo. Moreover, all three cities are
experiencing growth in their electric vehicle stock (figure[2.2.2)). Interestingly, Bergen

and Oslo possess almost the same amount of electric cars in the end of our data

period.
Owners with one conventional vehicle Owners with one electric vehicle
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Figure 2.2.3: The number of owners with Figure 2.2.4: The number of owners with
one conventional vehicle in Oslo, Bergen one electric vehicle in Oslo, Bergen &
& Trondheim. Trondheim.

Figures [2.2.3| and [2.2.4| reflect the trends presented in the previous figures (2.2.1]
and [2.2.2)). There are more owners holding one electric vehicle in Bergen relative to

in Oslo, while Oslo has slightly more owners holding one conventional vehicle than

Bergen.
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Owners with one conventional and electric vehicle Owners with two conventional vehicles
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Figure 2.2.5: The number of owners with Figure 2.2.6: The number of owners with
one conventional car and one electric car two conventional vehicles in Oslo, Bergen
in Oslo, Bergen & Trondheim. & Trondheim.

Multi-homing occurs more frequently in Bergen compared with Oslo and Trond-
heim, although it seems to be increasingly common to own both car types in all
three cities (figure [2.2.5)). The development of the number of owners holding two
conventional vehicles is following a steady declining trend in Oslo. In Bergen and
Trondheim a slight reduction of owners with two conventional cars is visible from
the end of 2013. The number of owners holding two conventional vehicles is higher
in Bergen than in Oslo. Figure shows that multi-homing is taking place in
all the cities we have presented and that the number of multi-homers is growing.
Yet, multi-homing is a neglected topic in the debate regarding incentives for electric

vehicles.
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3 Theory

In this chapter we present the theories that constitute the foundation for our anal-
ysis. First of all, the theories are necessary to get a good grasp of the car market.
Second, we must understand these theories in order to modify and extend them fur-
ther. We will concentrate on the product differentiation subspace within the wider
space of industrial organization. Following Lancaster (1979), it has become common
among academics to distinguish between vertical and horizontal differentiation. The

two different strategies will be outlined in section 3.1.

Section 3.2 is a recap of Hotelling's (1929) famous paper ”Stability in Compe-
tition”. His spatial competition framework is frequently used, both as a standard
analytical tool in its original state and as a valid starting point for extended models.
Variants allowing the consumers to multi-purchase are particularly interesting in this
setting, and we will introduce this concept in section 3.2.1. In his paper "Monopo-
listic Competition with Outside goods”, Salop (1979)) derived a circular alternative
to Hotelling's linear city, simplifying the analysis of oligopolies. Section 3.3 covers

Salop's idea.

3.1 Product Differentiation

Analyses of markets characterized by price competition often begin with a standard
Bertrand approach. The assumption of perfect substitutability implies that every-
one perceives the goods offered to be identical, leading all consumers to purchase the
cheapest product. The firms thus always have an incentive to undercut the price set
by its rivals in order to capture the entire market. This behavior lasts until price
equals marginal cost and all profit is gone. This outcome is often referred to as the

Bertrand paradox.

Product differentiation is a potential way out of the paradox, and the firms can
take a vertical or a horizontal approach. Vertical differentiation is characterized

by diversification in a dimension objectively graded from best to worst. A typical
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example is supermarkets, where consumers face a trade-off between well branded
products of superior quality and the supermarkets' own and cheaper versions. Hori-
zontal differentiation, on the other hand, occurs when products differ in a dimension
in which consumers disagree on what is best. An example is the decision of whether
to buy grey or blue shoes. Without subjective preferences one cannot say that grey
is better than blue. A third possibility is a mixed differentiation strategy, which is
most easily applied to complex products that can exist in different sizes, qualities,

functionalities, colors, styles etc.

Hotelling (1929)) formalized the differentiation concept in his theoretical representa-
tion of spatial competition in a duopoly. In the remaining sections of the chapter we

will go through his framework and look at a selection of supplementary material.

3.2 Hotelling's Linear City

The traditional way to illustrate Hotelling's framework is to tell the story of two
ice-cream vendors on a beach. The two vendors are identical, except for their place-
ment on the beach line. The consumers are uniformly distributed along the beach,
and their decision of where to purchase ice-creams is solely based on their distance
to the vendors. The longer a consumer has to travel, the lower utility he gets from
buying the ice-cream. Given equal prices, the consumers choose the vendor closest
to their own location on the beach. The literal perception of transportation costs in
this example is an analogy to the general disutility from purchasing a good that do

not exactly match ones preferences.

Normalizing the length of the beach (I) and the density of consumers () to 1,

Hotelling could present his spatial competition framework formally.
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1=1
Figure 3.2.1: Hotelling's framework.

Figure (3.2.1) illustrate Hotelling 's framework. The model is based on an as-
sumption of market coverage, which means that no consumer refrain from purchasing
either one good or the other. The utility of buying ice-cream from vendor 1 for a

consumer located at & can be presented in a utility function as the one shown below:

Uy =v—p —tla— 7

The utility this consumer would get if he bought the ice-cream from vendor 2

instead would be:

Upy=v—py—t[(1-0) — 7

Where v represents the consumer's gross willingness to pay for ice-cream, p; is
the price set by vendor 1 and py the price set by vendor 2. We assume that ven-
dor 1 is located at point a and vendor 2 at point 1 — b, where a > 0, b > 0 and
1 —a—>b > 0. The transportation costs of travelling to vendor 1 and vendor 2
are tla — x| and t|(1 — b) — Z| respectively. The consumers decide which vendor to
buy ice-cream from in a utility maximizing manner. The consumer located at z is
characterized by his indifference towards which vendor to buy ice-cream from. The
indifference is caused by U; being equal to Us, which implies that the consumer at z
would get the exact same utility of buying ice-cream from to vendor 1 as from vendor

2. The x consumers to the left of the indifferent consumer make up the demand for
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vendor 1, and the remaining (1 —z) consumers constitute the demand for vendor Z.H

Initially, both vendors charge the same price, and one of the ice-cream vendors
parks his cart at one end of the beach, while the other vendor settles at the opposite
extreme. This would imply that a = 0 and b = 0. Consequently, they serve one half
of the beach each. This, however, is not a stable equilibrium when transportation
costs are linear, as they are in the utility functions specified above. Both vendors
know that they could get exclusive access to their own turf and half the market
between the carts by pushing their own cart slightly towards the other. For that
reason they will be tempted to do so until they are located right next to each other.
Keeping in mind that location is the differentiation parameter in this example, it
is comprehensible that Hotelling's outcome has become known as the Principle of

Minimum Differentiation.

Hotelling's prediction of the vendors' tendency to gather at the midpoint can be
shown formally. We emphasize that the transportation costs are linear and that the
vendors choose their location. The demand functions can then be presented in this

way:

pp—p1 l4+a—0>
2t + 2

_ pi—p2  1+b—a
2t + 2

Furthermore, we assume that the vendors are profit maximizing, with the follow-

ing profit functions:E

™ = Dl(p17p2) X (p1 - C)

3Notice how this implies that all consumers buy one, but only one, ice-cream. We will return to
the assumptions of market coverage and single-purchasing later on.
4¢ represents the firms' marginal costs, and we assume that ¢; = ¢y = c.
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Ty = D2(p17p2) X (pz — C)

It can then be shown that they set their prices according to the reaction functions

below:
ppt+c  t(l4+a—0>b
Py = 220 1 )
2 2
+c¢ tl+b—a
PH(p) = o + ( )

2 2

Finally, we maximize vendor 1's profits with respect to location:

d7T1_p1—C
da 4

The equation above shows that it is optimal to increase a, which implies that

>0

vendor 1 moves towards the line's midpoint, and the same applies to vendor QE

Hotelling's argumentation is called into question in the paper On Hotelling's
”Stability in Compertition” by D'Aspremont, Gabszewicz and Thisse (1979). They
claim that the price competition that plays out when the firms imitate one another
eventually result in the Bertrand paradox with zero profits. Following their logic, the
Principle of Minimum Differentiation is at most a conditional state. Additionally,
D'Aspremont et al. proved that by substituting Hotelling's linear transportation
costs with quadratic transportation costs, the optimal strategy actually turns out to
be maximal differentiation. Tirole (1988)) identified two contradicting forces pulling
the differentiation strategy in opposite directions. On the one hand, the demand
effect causes the the firms to concentrate at the center in order to increase demand.
On the other hand, the strategic effect supports divergence to upheld the price level.
By differentiating their location, the vendors can avoid intense competition over the
same consumers and soften the price competition. Clearly the framework is sensitive

to its parameters, something that is important to bear in mind when working with

5The vendors' symmetrical functions imply similar behavior.
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the model.

3.2.1 Multi-Homing

Although Hotelling's framework is extremely useful, it does not allow consumers to
purchase more than one out of the product varieties. Ambrus and Reisinger (2006)
discovered that the predictions from a single homing model could change considerably
if multi-homers were added. Applying Hotelling's initial framework to multi-homing
markets could therefore result in unreliable outcomes. Nevertheless, along with the
last decades increased welfare it has become more common to acquire more than
one variant of differentiated products. It is not unlikely that a ski enthusiast holds
both a pair of classic skis and a pair of skating skies. Neither is it uncommon for a
dedicated gamer to enjoy both an Xbox and a Playstation or a film lover to subscribe
to both Netflix and HBO. The key point is that a second variant of a good provides
the consumer with additional attributes, while another unit of the same good has
no incremental value. Kim and Serfes (2006 addressed the issue of constraining the
consumers to buy only one good and then analyzed multi-homing in the Hotelling
framework. They demonstrated that under certain conditions Hotelling’s controver-

sial Principle of Minimum Differentiation is restored.

Exclusive (2) for its (1) for its Exclusive
demand(1) incremental incremental demand (2)
value value A
0 1
| : ' : '
Firm(1) T19 T T Firm(2)

Total multi homers

Figure 3.2.2: Hotelling's framework with multi homing.

Figure (3.2.2)) is a multi-homing extended version of figure (3.2.1)).

The consumers who buy just one good have the same utility functions as in
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the initial Hotelling model, while utility of multi-homing can be expressed by the

following functions:

Ulg:v1+ﬁvg—p1—p2—t|a—i|—t|(1—b)—f|

U21:U2+6U1—p2—p1—t|a—fi|—t|(1—b>—ff‘|

The multi-homing consumers pay for both products and they are exposed to
transportation costs in both directions. Moreover, they can enjoy the unique fea-
tures of both goods. However, if the goods have overlapping characteristics, the
consumers value the secondary good lower than the primary good. For instance, if a
person reads DN in the morning, he could still experience positive utility from read-
ing Finansavisen at lunch, although the utility from reading Finansavisen is lower
the more overlapping news. In this model, § is the parameter that adjusts the value
of the secondary good whenever the goods share common characteristics. We assume

that 5 > 0.

The closer to a firm consumers are located on the line, the more aligned are their
preferences with the characteristics of this firm's good. The consumer that is indif-
ferent towards buying just good 1 and both goods is located at 5. All consumers to
the left of z15 thus prefer to buy good 1 over joint purchase, and they make up the
exclusive demand for firm 1. Similarly, Z9; represents the consumer that is indifferent
between buying only good 2 and both goods. The consumers to the right of Z9; rather
buy only good 2 than both goods, and they represent the exclusive demand for firm 2.

The consumers that are located close to the line's center have less extreme prefer-
ences than the consumers towards the endpoints. These consumers still have stronger
preferences for one of the goods, but they also assign a positive incremental value to
the other good. The consumers between Z15 and T have a preference for good 1, but
they also buy good 2 for its incremental value. Similarly, the consumers between

and Ty buy good 2 as their primary product and good 1 as a secondary variant. The
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total of multi-homers are thus located in the interval between Z15 and Zo;. A firm's
total demand consists of its exclusive demand and the demand from the consumers
purchasing both goods. Hence, firm 1's demand equals the customers to the left of

Zo1, while 1- Z15 makes up the total demand for firm 2.

A major implication of multi-homing is that prices are strategically independent,
a fundamental difference from the complementary strategic relation present in the
single homing model (Anderson, Foros, & Kind, 2016). The intuition behind the
strategic independence can be illustrated in the case of a unilateral price decrease by
firm 1. The price reduction increases the demand for good 1, although the exclusive
demand is left unchanged. The consumers who preferred good 1 in the first place still
buy it, and they get a higher consumer surplus. Because the market is covered, there
are no new consumers in the market. The increased demand stems from new multi-
homers, driven by increased incremental value of good 1. The new multi-homers are
consumers who buy good 2 as their primary product, but who decide to buy good
1 in addition. Because the new demand is supplementary to good 2, rather than
instead of good 2, the total demand for firm 2 remains the same. Since the demand
for firm 2 is unaffected by the price decease of firm 1, there is no reason for firm
2 to adjust its price. In other words, firm 2's price setting is independent of firm
1's price setting. Multi-homers cancel the business stealing effect and reduce price

competition.

Under certain circumstances, the multi-homing model restores the Principle of
Minimum Differentiation. Firms might want to locate close to the midpoint on the
Hotelling line to minimize their distance to as many consumers as possible. The
firms then adapt to moderate preferences rather than meeting extreme preferences,
and they attract the mass market instead of niche segments. If both firms pursue
this strategy, they implicitly become more alike. In a single homing world the con-
sumers buy either good 1 or good 2, and one firm's loss is the other firm's gain.
Following D’Aspremont, Gabszewicz and Thisse (1979), the goods being minimally

differentiated make the firms compete fiercely over the same consumers and heavy
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price competition might eliminate all profits. The chain of reasoning is different in a
multi-homing setting, mainly because one firm serving a consumer does not exclude
the other firm from doing the same thing. Thus, in principle, both firms approach-
ing the mass market do not increase the competitive situation. As Kim and Serfes
(2006)) recognized, minimal differentiation could then be a rational move to increase

the consumer group purchasing both products.

Mussa and Rosen (1978) proposed a framework for modelling vertical differenti-
ation, and demonstrated that consumers have higher willingness to pay for products
of better quality. However, producing products of higher quality increases the firms'
costs. Taking the theory a step further, Gabszewicz and Wauthy (2003) added the
possibility of multi-homing to the framework. They find that joint purchase alters
the competition between a low-cost firm and a high-cost firm in two different ways.
On one hand, multi-homing might induce the low-cost firm to sell one unit of its
lower quality product to the "poors” plus one unit to the ”"richs”, who end up pur-
chasing two units in equilibrium. Such behavior enhances price competition and do
possibly lead to multiple equilibria. On the other hand, multi-homing could prevent
fierce competition over market shares by convincing the firms to focus on the rich
consumers who are likely to buy both product varieties. This strategy would relax
the price competition and yield higher equilibrium prices. Anderson et al. (2016)
extended Gabszewicz and Wauthy’s analysis, assuming that quality improvements
are more appreciated the closer the product is to the consumers preferences. In their
paper “Hotelling competition with multi-purchasing” the authors demonstrate how
higher quality gives ambiguous answers to whether the optimal strategy is minimal
or maximal vertical differentiation. Moreover, they show that higher quality do not
necessarily contribute to multi-homing. To exemplify they look at a market with two
competing newspapers, where better news coverage serves as the quality parameter.
On the one hand, higher quality makes a newspaper more attractive and increases
the likelihood of multi-purchasing. On the other hand, consumers might find it less
important to read both newspapers when each of the newspapers covers more. It can

thus be shown that the firms might be willing forgo some sales and rather charge a
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high price that prevents multi-homing when the quality levels are sufficiently high.

3.3 Salop's Circular City

Hotelling built his linear city for a duopoly, rejecting outside firms to enter the
market. Salop (1979) discovered that by uniting the ends of Hotelling's line, analysing

a market with multiple firms were feasible.

Figure illustrates an example of n =
3 equidistantly located firms["® One firm
is located at z;, the second at z;,; and
the third at zi_lm A unit mass of cus-

tomers are uniformly distributed on the

D(z;—1)

boundary of the circle, and they are only

allowed to travel along the boundary. For

simplicity, the circle's perimeter is set to
Figure 3.3.1: Salop's circular city. 1. The model specifications imply that
the firms have maximum two real com-
petitors, their neighboring firm on each

side.

The consumer that is indifferent between buying from the firm at z; and the
firm at z;,; is located at z;. Equivalently, Zo and z3 act as the indifference points
between their respective surrounding firms. The demand for a given firm can thus
be found by calculating the distance between the indifferent consumer on the firm's
left side and the one on its right side. The demand functions resemble the Hotelling
demand functions, but unlike the functions in the linear city, the demand functions in

the circular city account for tougher competition when the number of firms increases.

16 Tn theory, n could be any number greater than or equal to two.
"The symmetrical distribution has only been justified in the case of quadratic transportation
costs (Tirole, |1988]).
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A downside of the circular system is that a specifically nice feature of the end-
points gets lost, namely that the line goes from one preference extreme to the other
extreme. On the other side, the absence of endpoints makes it possible to include
firms that do not fit anywhere on a Hotelling line with one preference dimension. Fur-
thermore, since the symmetrical spacing is vindicated only for models with quadratic
transportation costs, location incentives should be discussed explicitly when Salop
models with linear or exponential transportation costs are applied. Economides
(1993) compared the linear city to the circular city and discussed their appropriate-
ness. He emphasize that context and purpose is crucial for determining which model
is best, although he claims that the linear city imposes the best structure for most

product spaces.
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4 A Model for Spatial Competition in the Car
Market

Our intention is to develop a model that describes the car market in a functional
and realistic manner. In particular, we are interested in the effects of electric vehicle
incentives on the competitive situation between electric cars and internal combustion
engine cars. Hotelling's linear city provides us with useful insight to the elementary
market mechanisms, but the framework does not allow us to unite multi homing and
an uncovered market. Considering the nature of the market, we preferably avoid
such a trade off. As a matter of fact, many households own more that one car
and there are a lot people capable of driving a car that choose alternative means of
transportation. In an attempt to get around the trade off, we derive a spin-off model

from Hotelling's linear city and Salop's circular city.

4.1 The Relevant Market

In essence, the market we are interested in equals the market for passenger cars.
In line with the purpose of the thesis, we distinguish between electric vehicles and
internal combustion engine vehicles[l¥| Cars serve as the predominant mean of trans-
portation for everyday travels (TQI, 2014), but travelers also find solutions to trans-
port outside the car market. Because some of the people who do not travel by car in
principle could buy a car if they wanted to, we cannot claim that the car market is
covered. According to Hjorthol, Engebretsen, and Uteng (2014), the majority of the
travelers that do not have a car use public transport. We define the transport market
as the market including both cars and public transport. Furthermore, we assume
that this market is covered, which implies that everyone with a need for everyday
transportation make sure to either buy a car or access public transport. We do not
deny the existence of cyclists and pedestrians, although we consider them as rather
unlikely candidates to convert to cars. If cars or public transport became more com-

petitive, we do not believe that people who currently walk to their workplace would

8Hereby referred to as conventional vehicles
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enter the transport market in droves. In light of how most people meet their need
for transportation, and what is actually considered as substitutes to cars, we find it
legitimate to confine ourselves to look at the market for passenger cars and public

transport.

In their competition over travellers, we assume that the means of transportation
primarily compete on prices, as price is the most flexible parameter and thus the
most likely factor to be adjusted in the short run. An attempt to change gross will-
ingness to pay, marginal costs or quantities, on the other hand, often requires costly
investments or contract renegotiations. Given these considerations, price stands out

as the most reasonable strategic decision variable.

To what extent it is right to assume that public transport is a market actor in
the same way as the car providers requires a short discussion. In comparison with
privately held car firms, the public transport sector emphasizes profit maximization
less and rather concentrate on efficient transfer of people, climate friendly travelling
and improved social welfare. We still expect that the prices for public transport
services react somewhat to the prices of alternative means of transportation. The
implementation of congestion charges in Bergen is an event supporting this claim.
When cars became relatively more expensive than public transport, due to the con-
gestion charge, Hordaland County Counsil immediately raised the buss and tram
prices in Bergen. Although it is plausible that a price increase would have taken
place anyway, we suspect that the timing is not just a fortunate coincidence. On the
other hand, the price of public transport also depends on regulations and statutory
subsidies. Furthermore, the public transport service is shaped by policymakers and it
is often adjusted in the wake of changed transport policies. For instance, to facilitate
the conversion to low-emission transport, congestion charges are often accompanied
by increased supply of public transport services. However, models are simplifications
of the reality, designed to concentrate on features that are important for what one
attempts to explain. The focal point in this thesis is the dynamics between electric

cars and conventional cars, and we believe that including public transport in the
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model improves the qualitative outcome, although the quantitative measures might

be imprecise.

4.1.1 Consumers, Preferences and Utility

The consumers of interest are the Norwegian inhabitants with a significant need for
transport on a daily basis. These people have some underlying opinions and views
that form their preferences. Many travelers are for instance concerned about con-
venience, some value flexibility the highest and others emphasize the importance of
travelling environmentally-friendly. The specifications of a consumers preferences

indicate this individual's preferred mean of transportation.

We assume that all travelers have a general inherent preference for range, which
has traditionally been the achilles’ heel for electric vehicles. The term "range anxi-
ety” was established a few years ago, when electrical cars became more popular, to
express the fear that a vehicle has insufficient range to reach its destination. Public
transport seldom transfer people from door to door, and it does not take people
everywhere, which also represents range limitations. Essentially, range preferences
favor conventional cars. Nevertheless, there exist travelers who are willing to let the
range considerations aside for other preferences. Some people do for instance care
for the environment to an extent that make them prefer public transport or electric
cars. Likewise, travelers with a high valuation of time and flexibility probably prefer
cars to public transport. It is no secret that public transport often is more time con-
suming as one has to plan on waiting times, transfers and delays. Public transport
is also less flexible than cars. It is for instance not as easy to stop by the grocery

store on the way back from work.

Ultimately, the travelers choose the mean of transportation that gives them the
highest utility possible, with positive utility being a strict requirement for any pur-
chase to take place. The utility from a certain mean of transportation depends on

several parameters. v; is the gross willingness to pay, p; is the price set by the car
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providers, and « is a parameter for the local incentives for electric cars. z; and x; are
the locations in preference space of the transport options and the travelers respec-
tively. Thus, |z;—z;| is the distance between mean of transportation ¢'s characteristics
and traveler ¢'s preferences. t > 0 is a parameter for preference heterogeneityﬁ We

have presented the single-homing utility function below:

U,z =v—pi —t|z — x| + o

Utility increase in v;, the willingness to pay for a mean of transportation. Factors
that could increase v; are, for instance, higher quality, better fuel-efficiency and
improved technology. Increased price implies that the travelers will have to pay
more for the mean of transportation, and utility thus decrease in p;. The further
away an option is from the traveler’s preferences, the greater is the subjective costs
of purchasing that alternative. Hence, utility is decreasing in |z; — z;;|, and to what
extent is determined by t. When t goes towards zero, preferences are less extreme

and the disutility of a certain preference distance is lower.

4.1.2 Multi-Homing

In this section we present the arguments for why multi-purchasing should be ac-
counted for and why we restrict multi-purchasing to the combination of electric cars

and conventional cars.

A survey by Nenseth and Hjorthol (2007) investigates the factors explaining the
use of public transport. The report reveals that having access to a car has the
strongest explanatory power. Moreover, car access and use of public transport are
negatively correlated, meaning that car owners travel by public transport signifi-
cantly less than those without a car. Nenseth and Hjorthol's findings suggest that
it is not very common to simultaneously own a car and use public transport. On
the basis of their findings, we assume that joint purchase of cars and public trans-

port can be omitted from the multi-homing model without major implications. A

YFor mean of transportation i, i = 1,2, 3.
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neat consequence is that we achieve a distinction between public transport and cars,
which turns out to be useful when taking market coverage into consideration. The
uncovered car market less public transport then equals the served car market. Hence,
someone converting from public transport to cars represents new individuals in the

market for cars.

The National Travel Survey by Hjorthol et al. (2014) points out that a substantial
and growing number of households have access to more than one car. This supports
the claim of multi-homing being a non-negligible feature of the car market. A recent
survey conducted by Figenbaum and Kolbenstvedt (2016]) indicates that 71% of elec-
tric car owners got a conventional car as a supplement to their electric car. According
to the same report, only 4% of the electric car owners have two electric cars while
about one half of the owners of conventional cars have two cars of the same type.
Neither related frameworks nor our model allow consumers to buy more than one
unit of the same product variant. While the small percentage holding two electric
cars probably could be ignored, we are more concerned about the great number of
people owning two conventional cars. We expect that the convenience of having a
small car combined with the benefits of a big car encourages people to acquire two
conventional cars. By segmenting the car market into small cars and large cars, and
then consider each segments in isolation, we believe that we can bypass the great
percentage holding two cars of the same type. The argumentation is based on the
assumption that the incremental value of a second conventional car is driven by size.
Thus, controlling for car size, multi-homing should apply mostly to the combina-
tion of one electric car and one conventional car. The empirical investigation of the
assumption shows that, for many years, there has been a small stable number of
travelers holding two small conventional cars. While it seemed to be increasingly
common to have two large conventional cars in the early 2000s, the prevalence of
this owner structure has either decreased or stabilized since around 2008. Moreover,
it has become more common to own one large and one small car. Hence, our as-

sumption appears to be valid from 2008 (Figure [D.3)) ]

20This is based on findings in Oslo, Bergen, Trondheim and Stavanger.
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In principle, the utility from buying both car types can be found by adding
together the single-homing utility functions for electric cars and conventional cars.
However, we have to adjust for overlapping car characteristics that reduce the value
of the secondary car. We use [ to make this adjustment. If 5 equals zero no one buys
two cars, because the second car is not assigned any value at all. On the contrary, if
[ equals one, the purchase decision of car type i is unaffected by whether the traveler
buys car type j. 8 becomes lower the more overlapping car attributes, as the value
of a second car hinges on its unique features. The utility from multi-homing is given
by:

Uij,l’i = UZ'—FﬁUj — Ps —pj —t|Z¢ —l‘il —t|Zj —l’i‘ +C¥i—|—04j

4.1.3 Market Coverage

This section is based on the utility specifications we defined in the previous section,
and it covers how the efficiency of the local incentives crucially depends on whether
the market is covered or not. Furthermore, it addresses the issue of combining market
coverage and multi homing. We begin with a review of the market of interest in

Hotelling's linear city. Then we look at the extended version with multi-purchasing.
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Figure 4.1.1: Single-homing and market coverage.

Figure shows the original Hotelling model, which is restricted to single-
purchasing and assumes market coverage. EV and CV represent the providers of
electric vehicles and conventional vehicles respectively. The car providers are lo-
cated one at each extreme of the Hotelling line and the car buyers are uniformly
distributed along the line segment. U; and U, represents the utility from purchas-
ing a conventional vehicle and an electric vehicle respectively. Buying the car type
closest to ones preferences gives the highest utility. This is illustrated graphically in
the figure, where Ui is increasing the closer to car type ¢ a car buyer is located. The
consumer at T is indifferent towards the two car types, while the consumers to the
left of z prefer conventional cars and the consumers to the right of x prefer electric
cars. Hence, U; lay above U, to the left of z, U, lay above U; to the right of z, and
U; equals U, at 7.

Di shows that firm ¢'s demand is made up by the consumers who get the highest
utility from purchasing car type i. Neither of the utility functions reach a level of
zero utility, which indicates that all travelers get a positive utility from buying any

car. Thus, everyone buys a car and market coverage is obtained.

The figure demonstrates the effect of a positive shift in U2, which symbolize that

the utility of electric cars has increased. This could happen if, for instance, new
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electric vehicle incentives were introduced or the old ones became more advanta-
geous. One can see that the indifference point moves from z to Z’. Some of those
who slightly preferred conventional cars before, change their minds now that the
incentives for electric cars are improved. Consequently, there is a shift in the de-
mand from conventional cars to electric cars. If the positive shift was initiated by
increased incentives for electric vehicles, and the objective was to reduce demand for

conventional cars, the policy is successfulﬂ

Given the existence of travelers using public transport instead of cars, the car
market will be uncovered. Relaxing the assumption of market coverage yields the

following figure:

U
(b) (a)
N
U, U,
T T
CV (1) 7 T2 EV (2)
D, No purchase Do.

Figure 4.1.2: Single-homing without market coverage.

Figure [4.1.2] is a representation of the Hotelling framework with single-homing,
but without market coverage. In contrast to what we saw in figure [L.1.1} Ui does
not span from one endpoint of the line to the other. In this model, U; intersects

with the horizontal line at ;, which is the location of the traveler that is indifferent

2IThe providers of electric cars capture some of the incentive's value by increasing the price. The
reduced demand for conventional cars cause a price reduction, partly reversed by the strategic price
increase as a response to the price increase for electric cars. This will moderate the incentive'effect
on car quantities.
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between buying car type ¢ and retaining from this purchase. The travelers who are
located between car provider i and z; get a positive utility from buying car type 1.
On the contrary, the travelers between z; and car provider j would not experience
any utility from car type ¢ at all. Thus, no one to the left of 7 would buy an electric
car. Likewise, a traveler to the right of 5 would never buy a conventional car. In
addition, there are some travelers located in the gap between &7 and #5. These trav-
elers do not get any utility from either of the car types and they rather use public
transport. Despite both car types being offered, the car market is uncovered because

of the travelers preferring public transport.

If the government increases the incentives for electric cars, a positive shift in U,
occurs, as illustrated at point (a). The result is that some of those who previously
travelled by public transport decide to get a car, and the overall car population
increases. The incentives do not affect the demand for conventional cars until the
market is covered, as the shift at point (b) demonstrates. As long as the car market is

uncovered, which we are quite confident that it is, the incentives will not be efficient H

Allowing for multi-homing, we return to the linear city with market coverage:

- Ui = Un
-
U2 Z/’ 1
I 1 1 1 1
I T T T 1
<
Ccv (1) 12 z12 21 EV (2)
Exclusive CV bf. Multi homers bf. Exclusive EV

Figure 4.1.3: Multi-homing with market coverage.

22The more responsive the car prices are, the less efficient will the incentive be, as changed
demand is met with price adjustments rather than altered quantities.
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Figure displays a multi-homing model with market coverage. U; and U,
still represent the utility from buying a conventional car and an electric car respec-
tively. The new utility function, Ui, represents the utility a traveler would get from
joint purchase of one conventional car and one electric car. While U; and U, are
increasing in conformity between traveler preferences and car characteristics, Uis is
a horizontal line. This is because a relocation on the Hotelling line makes preferences
get further away from car type ¢, but equivalently closer to car type j. Hence, for
someone holding both car types, the total distance from this traveler's preferences to
the two car types will be constant for any given location on the line. Multi-homing
only makes sense if the utility of joint purchase is greater than the utility from just
buying one conventional car or one electric car. Graphically, multi-homing occurs
when Uiy lay above both U; and Us. By looking at the figure, one can see that
this is the situation for the consumers located between x5 and xo;. As in figure
3.2.2 x;; represents the consumer that is indifferent between buying just car type
¢ and both car types. The consumers located between x;; and car type i prefer to
exclusively buy car type ¢, while the consumers located between x;; and xj; prefer
the joint purchase option. Hence, the multi homers are located towards the middle
of the Hotelling line. Intuitively, this makes sense; A traveler that is located closer

to the middle has less extreme preferences and higher valuation of a second car.

Increased incentives for electric cars would cause a positive shift in both of the
utility functions that include electric cars. The two utility functions, Uy and Uy,
change by the same amount, leaving the intersect between them unchanged. In
words, the increased incentives cause no change in the exclusive demand for electric
cars. The travelers with strongest preferences for electric cars do not change their
purchase behaviour, and still make up electric cars' exclusive demand. Because the
utility of electric cars has improved relative to the utility of conventional cars, Uy,
shift upwards, and the intersect between U;o and U; moves to the left. Intuitively,
this means that there are more travelers who buy an electric car in addition to their
primary conventional car. Increased incentives thus cause increased secondary de-

mand for electric cars. To sum up, the existence of multi-homing travelers imply
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that the new demand for electric cars is in addition to, rather than instead of, con-

ventional cars.

Now it is time to evaluate the setting with multi-homing and an uncovered market.
Recall the location of those who do not buy a car at all when the market is uncovered.
This is where we run into trouble, as they are located in the middle just like the multi-
homers. Combining the two concepts produces a contradiction where those who buy
no car also buy two cars. In the following section we will show that is possible to
treat the car market as uncovered while allowing for multi-homing. This is where the
definitions of both a car market and a transport market turn out to be convenient.
In an novel way we combine the theory of multi-homing in the linear city, theory of

market coverage and the circular approach.

4.2 The Model Setup

Before deriving the model, we briefly sum up the market specifications and assump-
tions. The market of interest is restricted to electric cars and conventional cars.
Given the existence of public transport users, the car market is not covered. The
transport market includes the most common means of everyday transportation, and
consists of passenger cars and public transport. We find it plausible that most peo-
ple make sure to show up for work and school every day, even if they depend on
transportation. Thus, those in the market for transportation have most likely access
to either cars or public transport and we can assume market coverage. Moreover, we
suppose that car providers define public transport as a real contender in the market
and that prices are the strategic decision variables. Regarding consumers and prefer-
ences, we assume that the travelers range requirements, environmental concerns and
need for time and flexibility determines which mean of transportation they favor.

Finally, we allow joint purchase of one electric car and one conventional car.

We find the Salop circle most appropriate to represent the entire market. First,

the circular city’s structure is convenient when we have three firms that do not fit
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on the same Hotelling line. For instance, given our preference specifications, conven-
tional cars can not be placed at the same spot as electric cars or public transport,
and neither in-between them. However, if we utilize a circular approach we can dif-
ferentiate over more than one dimension so that all three means of transportation fit
in. Second, the linear city complicates the competitive relation between two firms
that is separated by a third firm. Because we assume that electric cars, conventional
cars and public transport all compete against one another, the circular city seems
more suitable. Finally, we can get around the trade-off between multi-homing and a

uncovered car market.

Figure 4.2.1: Traveler preferences.

The travelers who are unwilling to sacrifice superior range for the environments
sake, and who value highly their time and flexibility, prefer conventional cars. Those
who place greater emphasize on the environment than the cars' range, but refuse
to compromise on traveling time and flexibility, choose electric cars. The remaining
travelers conclude that the environment matters more than range, they are less de-

pendent on traveling as fast and flexible as possible, and they prefer public transport.

Given that travelers perceive public transport as a substitute to cars, and that

electric cars, conventional cars and public transport represent the preference ex-
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tremes, we can distribute the three vehicle categories symmetrically on the Salop
circle. Accordingly, we can still analyze the strategic relations and equilibriums us-
ing the standard procedures. Adding multi-purchasing to the model does not cause
any particular problems. The elegant part of the setup is revealed when taking
market coverage into account. When looking at the car market as a fraction of the
covered transport market that is included in the model, we get an opportunity to

deal with the car market as uncovered.

D(3) = Demand public transport
= No car demand

Z3

Exclusive demand/CV Exclusive demand EV

D(1) = Total demand

conventional cars

D(2) = Total demand

electric cars

Exclusive §emand CV Exclusive deyhand EV

DH) = Total demand multi-homers

Figure 4.2.2: Our circular model with multi-homing and an uncovered car market.

Figure shows the model we have derived: A circular multi-homing model
with an uncovered car market. The locations of conventional vehicles, electric ve-
hicles and public transport are represented by z;, 2o and z3 respectively, while the

consumers are uniformly distributed on the circle boundary.lﬁ The utility functions

23We still use the normalized setup, which implies that the circle perimeter equals 1.
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of single-homers are given by:

U, zij = v —p1 — t|z — xij‘

U, ij = vy — Pa — t|2o — 235 +

Us,z;j = vs — p3 — t]|zg — x4

The utility functions of multi-homers are given by:

Uz, w45 = v1 + Bua — p1 — p2 — t|z1 — x45] — t|ze — 245] +

Ust, 45 = vg + Bur — pa — p1 — t|ze — x45] — t|z1 — 25| +

4.2.1 Demand

Car type i has two contenders, namely public transport and car type j.@ In its
competition against public transport, car type 7 fight over exclusive, demand from
single-homers. The traveler that is indifferent between public, transport and car
type 7 is located at x3;,. Hence, the travelers who choose car type ¢ instead of public
transport are located in the interval from x3; to z;, while the travelers between z3 and
x3; prefer public transport. In the car market, car type ¢ competes with car type j
over travelers making a choice between buying just one car and joint purchase. The
traveler that is indifferent between these two options is located at z;;. Hence, the
exclusive demand in the car market for car type ¢ is made up by the travelers located
between z; and x;;. Likewise, x;; separates the exclusive demand for car type j from

the joint demand for both car types. The multi-homers are thus located between z;;

24For car type i, i = 1,2 and for mean of transportation i, i = 1, 2, 3.
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and zj;. The total demand for car type 4, D;, is presented below:

Di = ‘1’31‘—2’1‘ —+ |Zi—.’L'ij| + ‘l’ji—.’ll'ij’
—— N—— ——
exclusive demand from  exclusive demand from overlapping demand
competition with competition with from multi-homers
public transport car type j

Dy and D, are the demand functions for conventional cars and electric cars re-

spectively, and they are thus given by:

Dy =3 — I

Dy = 215 — T3o

Public transport is only exposed to single-homers, and its demand function re-

flects the exclusive demand from competition against the cars:

D3 =T33 — T3

Evidently, the interval defining the demand function for a given mean of trans-
portation is found simply by subtracting the location of the indifferent traveler on
its right side from the location of the indifferent traveler on its left side. This is a
convenient feature of the uniform distribution of travelers and the normalized set up.
To obtain more informative demand functions, we identify the indifferent travelers

and insert the equations into the demand functions above.

The traveler that is indifferent between public transport and conventional cars is

located at x3;,, where U; = Us.

(21 + 23) n (v1 —vs —p1+p3)
2 2t

The traveler that is indifferent between public transport and electric cars is lo-

T31 =

cated at x3o, where Uy = Us.
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(22 + 23) n (v — vy —p3 +p2 — )
2 2t

The traveler at 7, is indifferent between a conventional car and both a conven-

T3 =

tional car and an electric car, and is located where U; = Ujs.

Bra —p2 +
t

The traveler at Zo; is indifferent between an electric car and both an electric car

Ti2 = 22 +

and a conventional car, and is located where Uy = Us;.

Bur — py
t

If an z-value increases it involves a clockwise movement on the circles] When

To1 = 21 —

inserting the equations for the indifferent travelers into the demand functions, we

get:

1 (1428)vy —v3 —3p1 +p3
+ 2t

1 (14+28)vy—wv3—3ps+p3 + «
~6" 2

1+2v3—vl—v2—2p3~|—p1—|—p2—a
3 2t

Car type i’s demand function is independent of car type j’s parameters. However,

it is influenced by the parameters of public transport. The demand function for public
transport got a different structure, because it depends on the parameters of both car
types. Factors improving the competitive edge of public transport will therefore

affect the demand for cars, and vice versa.

Proposition 1 Single-homing makes the demand for car type © dependent on the

parameters of public transport and visa verca.

25Whenever Z3, is increasing or Z3; is decreasing, the number of travelers that use public transport
increases. If Z15 increases or To; decreases, a greater amount of people get themselves a second car.
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If the demand for public transport is high, that would correspond to lower de-
mand for cars, because the only way for public transport to capture new travelers is
by business stealing. While multi-homing allows for traveler sharing, single-homing
implies competition over all travelers, which makes competition tougher in the lat-
ter context. Among the means of transportation, public transport is the only one
exposed exclusively to single-homers, which makes demand for public transport the
most vulnerable. Circumstances that improves the relative advantage of cars could
potentially harm public transport severely. This could happen if, for instance, cars
came in better quality, became cheaper or got more aligned with travelers prefer-
ences. Moreover, electric cars would be relatively more beneficial if the incentives
for electric cars increased. The demand for electric cars would then increase at the

expense of public transport.

Proposition 2 Multi-homing eliminates the effects of car type i's characteristics on

car type j's demand.

Car type ¢ competes against public transport in a single-homing context and
car type j in a multi-homing context. Although the demand for cars is threatened
by business stealing from public transport, softer competition within the car market
makes the overall demand for cars less sensitive than the demand for public transport.
Travelers in the car market purchase the car they associate with the highest utility,
and a second car if its incremental value is high enough. Since the demand for a
second car depends on the attributes of that car, and not those of the primary car,
the demand function for j is independent of the parameters of . Improved incentives
for electric cars increase the demand for this car type, but not at the expense of the

demand for conventional cars.

4.2.2 Strategic Interaction

To conduct a decent competitive analysis we need to understand how the market
participants respond to the actions of one another. We assume that prices are the

most flexible parameters and thus the most likely to be adjusted in the short run.
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An attempt to change willingness to pay, marginal costs or quantities, on the other
hand, often requires costly investments or contract renegotiations. Given these con-
siderations, price stands out as the most reasonable strategic decision variable. To
find the reaction functions of the prices, we differentiate each profit function with

respect to its strategic decision variable:

t (1+2B)v; —vs+ps+ 3¢

pi(ps) = 13 + 6
R t  (142B8)vg —v3+p3+3co + «
Py (p3) = =t G

t  2ks—vy —vy+p+p2t+2e—
p?(pl,pz)=g+ 1

P2

P1
Proposition 3 Multi-homing causes strategic independence between the prices for

electric cars and conventional cars. Single-homing causes strategic complementarity

between the prices for car type i and public transport.
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The peculiarity of multi-purchasing, independence between the strategic decision
variables, is present within the car market. A price reorientation for car type ¢
simply adjusts the secondary demand for this car type leaving the demand, and
likewise the price, for car type j unchanged. When public transport is added to
the equation, the expected relation from single-purchasing emerges and reveals the
strategic complementarity between prices for cars and public transport. Increased
prices for public transport boost the demand for cars, as more travelers rather drive
a car when cars become relatively cheaper. Because the demand for cars increases,
it is optimal to increase car prices as well. The most complex reaction function
accompany public transport, whose demand depends on both the price for electric
cars and the price for conventional cars. Public transport's reaction function is thus

a plane that spans two price dimensions.

Proposition 4 Increased incentives for electric cars lead to higher py, has contra-

dictory and net reducing effects on ps and do not directly affect ps.

Enhanced incentives for electric cars cause increased demand and higher prices
for electric cars. The price increase partly shifts demand onto public transport, and
the strategic reaction from the public transport sector would be to charge a higher
price for public transport as well. However, the strategic effect of the incentives on
ps3 is counteracted by the dominating direct effect. When additional travelers prefer
to drive electric cars, the demand for public transport falls and the optimal action
would be a price reduction for public transport. The demand for conventional cars

is unaffected by increased incentives for electric cars and p; should not be changed.

4.2.3 Equilibrium Prices

. 12t 4 (17 4+ 468)v; — 12vu3 — (5 — 208)ve + 69¢1 + 3¢ + 12¢3 — ba
P =
132

12t 4+ (17 4468)vs — 123 — (5 — 28)vy + 69¢ + 3c1 + 12¢3 + 17
B 132

js
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28t + 601}3 - (30 - 125)1]1 - (30 - 12&)@2 + 7203 + 1861 + 1802 — 30«
132

P =

Proposition 5 In equilibrium, the prices of the two car types depend on the param-

eters of public transport, but also on each other's.

Albeit the equilibrium price for car type ¢ does not depend on the parameters of
car type j in the pure multi-homing model, it certainly does in our partial multi-
homing model. A change in the parameters of car type j alters the demand and
price for public transport. Moreover, the alteration of public transport's parmeters
induces changes in the demand and price of car type i. Hence, the parameters of car
type j indirectly affect the demand for car type 7. Thus, the equilibrium price for

any mean of transportation is dependent on the parameters of all its contenders.

The price for car type ¢ is decreasing in the travelers willingness to pay for car
type 7, but to what extent depends on the valuation of a second car. If § = 0,
the second car has no incremental value and no one purchases two cars. Increased
willingness to pay for car type j then leads to increased demand for car type 5 and
an equivalent decrease in the demand for car type i. To recover its demand, car type
¢ has to reduce its price. For 8 > 0, there exist travelers who prefer joint purchase.
Increased demand for car type j then comes in addition to the demand for car type
i. Because multi-homing partly absorbs the effect on the demand for car type i, the

downward pressure on pj is lower.

The price of car type i is increasing in its marginal cost. If ¢; increases, the profit
margin decreases and it becomes less imperative to provide car type i. Thus, the
price will be set higher. Moreover, the price for car type ¢ is increasing in ¢;. This
happens because the price for mean of transportation j is increasing in ¢;, and prices

are strategic complements@

26The price for car type i increase when the price for mean of transportation j increase
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If preferences become more heterogeneous, the price for car type ¢ increases.
Greater heterogeneity implies that a traveler with initial preferences for car type ¢
gets more extreme preferences. Thus, the traveler dislikes to travel by mean of trans-
portation j even more than before, and his demand becomes less price sensitive. On
one hand, the providers of cars and public transport can charge higher prices without
loosing travelers to their competitors. On the other hand, greater heterogeneity is
a barrier to multi-homing as it scales down the number of travelers who find joint
purchase worthwhile. While prices are increasing in heterogeneity in a pure singe-
homing framework, they are unaffected by heterogeneity in a pure multi-homing
framework. Thus, the overall effect of more heterogeneous preferences depends on
the model specifications. Our approach is somewhere in between single-homing and

multi-homing, and our model therefore predicts a modest price increase.

Proposition 6 Enhanced incentives for electric cars increase ps*, reduce p3* and

slightly reduce p,*.

Increased incentives for electric cars improve the utility that travelers get from
buying this car type. The direct effect implies that demand shifts from public trans-
port onto electric cars. When the demand for electric cars increase, the price for
electric cars is set higher. Because of the complementary relation, a raise in po* leads
to a strategic increase in ps*. Furthermore, the reduced demand for public transport
causes a decrease in ps*. In turn, this induces strategic decreases in p;* and po*. In
addition to the direct effects, there are indirect effects. The price decrease makes
public transport behave aggressively towards conventional cars. Demand shifts from
conventional cars to public transport, and p;* decreases in order to retrieve demand.
The strategic effect of this price drop is that public transport lower its price even
further. In contrast, the price increase of electric cars has no impact on the demand
for conventional cars. Because of multi-homing travelers, factors that affect the com-
petitiveness of electric cars alter the secondary demand for electric cars rather than
adjusting the demand for conventional cars. In total, p3* is dominated by the direct
price reducing effect, which is counteracted by the direct strategic effect and rein-

forced by the indirect strategic effect. po* is dominated by the price increasing direct
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effect, although the effect is reduced by the direct strategic effect. Finally, there
are two forces putting downward pressure on p;*, the indirect effect and the direct

strategic effect.

Proposition 7 Multi-homing relax the price competition between the two car types.
Public transport is exclusively exposed to single-homers, which makes the price of

public transport the most responsive.

An interesting result is that the price of public transport is more reactive to the
increased incentives than the price of electric cars. Likewise, the price of public
transport is more sensitive to changes in preference heterogeneity, willingness to pay
and marginal costs. The reason is that public transport is exposed to though price
competition from both electric cars and conventional cars. The car types, on the
contrary, compete fiercely against public transport, but the multi-homing segment

softens the price competition between the car types.

4.2.4 Equilibrium Demand
18t + (25.5 + 698)v; — 18vy — (7.5 — 35)ve — 94.5¢; + 18¢y + 4.5¢5 — 7.5

D} =
1 132¢
Dt — 18t + (25.5 + 698)ve — 18vy — (7.5 — 35)vy — 94.5¢2 + 18¢y + 4.5¢1 + 25.5a
2 132t
. 286+ 60uy — (30 — 128)vy — (30 — 128)vs + 60c) + 18¢; + 18¢; — 30
y =
132t

Proposition 8 In equilibrium, the demand for a given mean of transportation de-

pends on the parameters of all its competitors.

In the same manner as the equilibrium prices, the equilibrium demand for mean
of transportation i is dependent on the parameters of all its competitors. The de-

mand for mean of transportation 7 is increasing in the willingness to pay for mean of

58



transportation ¢ and decreasing in the willingness to pay for mean of transportation
j. The demand is less sensitive to changes in the willingness to pay for mean of
transportation 7 when the valuation of a second car, [, is high. The reason is that

multi-homing would be more likely and business stealing scaled down.

The equilibrium demand is decreasing in ¢;. Higher marginal costs decrease profit
margins, (p; — ¢;), and makes it less imperative to produce high quantities. Hence,
it is optimal for mean of transportation ¢ to raise its price and increase the profit
margin at the expense of the sales volume. As a consequence, mean of transporta-
tion j become relatively cheaper, and the demand for j increases with a subsequent

Increase in p;.

The effect of stronger preference heterogeneity on the demand for mean of trans-
portation ¢ depends on the initial competitive position. For instance, assume that
mean of transportation ¢ has some relative advantages that attract travelers who
based on preferences alone would choose otherwise. Increased preference hetero-
geneity makes the demand less elastic, and additional efforts would be required to
capture these travelers. Thus, demand for mean of transportation ¢ decrease. Op-
positely, more extreme preferences have positive effects on the demand for the less
competitive mean of transportation j. When the demand becomes less elastic, mean
of transportation j can charge a higher price with lower risk of loosing demand to
mean of transportation . On one hand, increased preference heterogeneity makes
it possible to charge higher prices from the travelers, whose demand is less elastic.
On the other hand, it becomes more costly to attract travelers from the rivals. In
addition, more extreme preferences makes multi-homing less attractive and reduces

joint demand.

Proposition 9 Enhanced incentives for electric cars cause increased demand for
electric cars, reduced demand for public transport, and a small reduction in demand

for conventional cars.
Greater incentives for electric cars increase the utility of buying them, and when
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electric cars become relatively more beneficial, the demand increase. A direct con-
sequence is that the demand for public transport decreases with a subsequent price
reduction. Although multi-homing eliminates the direct effect on the demand for
conventional cars, the price reduction of public transport attracts some travellers
from conventional cars. Thus, the demand for conventional cars decreases slightly.
Whether it is optimal for electric cars to exploit the increased demand primarily by

higher prices or greater quantities depends on preference heterogeneity.

Proposition 10 Assume weak preference heterogeneity. High price elasticity of de-
mand. Incentives for electric cars stimulate multi-homing and new demand for cars.
Multi-homing limits the demand reduction for conventional cars, and the incentives

are inefficient.

For weak preference heterogeneity, preferences are less extreme and the travel-
ers are more persuadable. Willingness to pay, prices and incentives for electric cars
then matter relatively more compared to the underlying preferences. As a result,
the threshold for joint purchase is lower and business stealing more feasible. Hence,
the electric car providers can more effortlessly capture travelers that consider public
transport and increase demand from travelers who also purchase conventional cars.
However, less preference loyalty also implies that suppliers of electric cars cannot
increase their prices without loosing substantial demand. Therefore, electric cars
capitalize on sales volumes rather than higher profit margins for weak preference
heterogeneity.m Because the new demand for electric cars mainly represents former
users of public transport and multi-homers, increased incentives first and foremost ex-
pand the overall car population. The public transport sector experience the greatest
loss of travelers, although the downward pressure on its price attracts some travelers

from conventional cars.

Proposition 11 Assume strong preference heterogeneity. Low price elasticity of

2"We assume that the offered quantities are quite rigid, and that the car providers thus are forced
to adjust prices more than the optimal strategy suggest. This would not help shifting demand from
conventional cars onto electric cars, and the conclusion of inefficiency still holds.
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demand. The incentives for electric cars are not efficient. Their effects on the

demand for the car types is insufficient.

Strong preference heterogeneity implies more extreme preferences and less elastic
traveler demand. Thus, the demand for electric cars is less reactive to increased
incentives for electric cars than it was for weak preference heterogeneity. First, trav-
elers with underlying preferences for public transport are more reluctant to convert
to cars. Second, there are fewer travelers who find multi-homing worthwhile. A
characteristic of stronger preference heterogeneity is that demand decreases less for
a certain price increase. Hence, when greater incentives increase the utility of buying
an electric car, the providers of electric cars can price the additional utility higher.
Consequently, increased incentives for electric cars affect prices more than demand.
Although there exist travelers who would convert to electric cars, the effect of the
incentives are to a great extent captured by higher prices. Thus, increased incentives
benefit the providers of electric cars rather than shifting demand from conventional
cars to electric cars. Neither in this case do the incentives efficiently obtain the policy

objective.

Proposition 12 When multi-homing occurs, the incentives for electric cars are in-
efficient.

The incentives increase the demand for electric cars in addition to the demand
for conventional cars and at the expense of the demand for public transport. If
demand is price elastic, the incentives induce multi-homing and shift demand from
public transport to electric cars. The small shift of demand from conventional cars to
public transport is not sufficient to neutralize the growth in the car population, and
the incentives are not efficient. If the demand is price inelastic, the prices absorb the
effects of the incentives and make the car quantities less responsive. Hence, neither
in this case do the incentives shift demand from conventional cars to electric cars,

which implies that they are not efficient.
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4.2.5 Discussion of Locations

We have assumed a symmetrical distribution of the means of transportation on the
Salop circle, supposing that each mean of transportation represents a preference ex-
treme. However, we have not analyzed whether the incentives for electric cars would
induce new locations. Given the nature of the means of transportation, it would be
more feasible for car type i to imitate car type j than it would be for car type ¢ and
public transport to imitate each other. Thus we concentrate this discussion around

the differentiation strategies of the car types.

The emergence of hybrid cars indicates that the conventional car producers may
find it optimal to differentiate less. Nevertheless, since the hybrid cars only benefit
from national purchase incentives, we do not expect the local subsidies to increase

demand for this car type and make it more imperative to produce hybrid cars.

The incentives for electric cars have two opposing effects on the differentiation
strategy of electric cars. On one hand, the incentives increase the demand for electric
cars and make it more attractive to invest in factors that increase the willingness to
pay or reduce marginal costs®| Such investment could imply less differentiation ]
On the other hand, the incentives might contribute to divergence. The purpose
of the subsidies is to encourage people to purchase electric cars by compensating
them for inconvenient features such as range limitations. The subsidies increase the
demand for electric cars without imposing any costs on the car producers. If electric
cars become sufficiently similar to conventional cars, the subsidies will probably be
removed, which, ceteris paribus, reduce the willingness to pay for electric cars. To
conclude, if the profitability of reaching more travelers through less differentiation
exceeds the loss of lost subsidies, or providers of electric cars fear that the incentives
will be phased out anyway, then electric cars might become more alike conventional
cars. The development of battery capacity, quick charging ect. do however take time,

and there is no immediate change of locations. Thus the model seems to be valid at

28The intuition is that many units would be exposed to the increased profit margins.
For instance improved range.
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least in the short run.

4.2.6 Implications of Unresponsive Public Transport Prices

As mentioned earlier, the prices of public transport services are not necessarily profit
maximizing. In addition to market forces, also regulations and subsidies influence
the price setting. Consequently, the prices of public transport might be less respon-
sive than the model predicts. In this section we provide a brief discussion of how

unresponsive public transport prices would affect the model's predictions.

Regardless of public transport prices, enhanced incentives for electric cars in-
crease the demand for electric cars. As a result, the demand for public transport
decrease. A profit maximizing market actor would then reduce its price to retrieve
some of the demand. If the prices also serve other purposes, they might not be re-
duced to regain demand. In that case, the demand and prices for electric cars would

be higher than the model predicts.

In our model, public transport responds with a price reduction to the increased
demand for electric cars, and the reaction indirectly causes reduced demand for
conventional cars. However, when the price for public transport is insensitive to shifts
in demand, the indirect effect on conventional cars no longer occurs. Unresponsive
public transport prices then implies that the incentives for electric cars do not affect

the demand and price for conventional cars, at least less than our model predicts.
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5 Empirical Analysis

In this chapter we present past research on the incentives for electric cars, as well as
presenting our own empirical contribution. Based on the six most populous munic-
ipalities in Norway, we conduct a fixed effects analysis to assess the general impact
of the road toll incentive. We carry out three case studies to investigate the effect of

ferry subsidies, exemptions from road toll and congestion charge.

5.1 Fixed Effects Analysis of Road Toll Payments

Among the local direct subsidies, exemption from road toll payments has the greatest
effect on sales of electric vehicles (Figenbaum & Kolbenstvedt, 2016]). Yet, no previ-
ous research has analysed to what extent the incentive contributes to multi-homing
as far as we know. In this chapter we conduct a fixed effects analysis of the effects
of road toll payments on the car population and different ownership categories. The
sample we study consists of the six most populous municipalities in Norway and
includes data from 2008 until the end of 2015. First, we introduce the fixed effects
method, the development in the vehicle fleet and the road toll variable. Further, we

present the regression specifications and our analysis.

5.1.1 Fixed Effects Method

Fixed effects regression is a method to assess the net effects of the explanatory
variables by controlling for time and entity invariant characteristics. The method is
appropriate when the objective is to analyse the impact of a variable that is changing
over time and the observations belong to a panel data setfY] When using FE one
assumes that each entity has its own time-invariant characteristics that are correlated
with the explanatory variables of interest. Since the time-invariant characteristics

may bias the coefficients of the explanatory variables, they need to be controlled for.

30 Panel data implies that the data set contains observations of different entities, in this case
municipalities, across time.
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5.1.2 Vehicle Fleet Development

Table 5.1.1: Summary statistics: Passenger vehicles for 2008-2015 over municipali-
ties.

Muncipality Mean Std.Dev. Max Min

Oslo 364033.1  4703.443 372408 357763
Bergen 2450579  11142.13 262867 229925
Trondheim 135407.5  8646.013 146823 122577
Stavanger 77701.13  6122.484 85139 69094
Baerum 88674.38 10806.1 102515 74091
Kristiansand ~ 46657.63  2927.682 50524 42256
Total 159588.6  112617.6 372408 42256
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Figure 5.1.1: Total number of electric vehicles over municipalities.

Figure [5.1.1] shows that the vehicle fleet has increased steadily since 2008. Only

Oslo shows indications of a decrease, although the municipality still has the highest

65



level of cars. To identify how the composition of the vehicle fleet has developed, we

take a look at the population of electric cars.

Table 5.1.2: Summary statistics: Electric vehicles for 2008-2015 over municipalities.

Municipality Mean Std.Dev. Max Min

Oslo 3384 4460.34 12515 220
Bergen 2795  4128.649 11576 165
Trondheim 1161.75 1582.618 4389 54
Stavanger 687.625  971.7682 2704 30
Baerum 1199.375 1457.45 4276 169
Kristiansand 526.375  752.4271 @ 2112 23
Total 1625.688  2756.474 12515 23
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Figure 5.1.2: Total number of electric vehicles over municipalities.

Figure illustrates that the number of electric vehicles increased slightly from
2008 to 2010. Around 2010 the curves of the electric car populations have kinks and

then continue with higher growth rates. On average, there are most electric cars in
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Oslo and Bergen. In Trondheim and Baerum the numbers are almost half the size,

and the numbers are lowest in Stavanger and Kristiansand.

5.1.3 Road Toll Fees
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Figure 5.1.3: Road toll prices over municipalities.

The purpose of road toll payments is to achieve faster development of the road infras-
tructure. Furthermore, road toll might be applied to other areas, for instance, as a
tool to strengthen public transport in urban areas. The road toll prices thus depend
on a given municipality's scope of road projects and transport politics among other
influential factors. Since road toll payments serve local purposes, the price setting is
entrusted local authorities. This is why the figure shows that the road toll price in
one municipality may differ from the road toll price in another. Figure [5.1.3| shows
the development of road toll prices in the municipalities we included in our sam-
ple. Obviously, the road toll prices have evolved differently across the municipalities.
Oslo displays the highest price level during the entire period, Baerum has the lowest
average price, and Bergen is exposed to the greatest volatility. Although the prices

across entities might be on different levels, they have increasing trends in common.
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Hence, the road toll price variable is changing over time and between entities. The
fact that we have panel data and that we are interested in a dynamic variable make

FE seem appropriate.

5.1.4 The Regression Model
Y = a+ iR+ 51 XL+ + Be X bt + AaMa++ -+ As Mo + 0212 + - - + 06T

Where Y represents the car population variables and the ownership variables that
we want to explain.ﬂ. R,,; represents the road toll price in municipality m in year t,
and [ is the road toll coefficient. Ay to A\g are dummies that control for observed and
unobserved time invariant characteristics of the municipalities. For instance, we do
expect that road toll prices are correlated with some geographical factors. Because it
is challenging to build infrastructure in areas with uneven terrain or densely build-up
areas, projects will be more expensive in municipalities with such characteristics, and
if the projects are financed by road toll we believe that the prices will be set higher.
If the time invariant characteristics are not controlled for, the regression could be
biased. d5 to dg are time dummies that control for entity invariant characteristics. In
other words, we control for unexpected variation or special events that may affect Y.
Examples of such events, that are common for all the municipalities, could be range

improvements, changes in the national incentives for electric cars, or new car models.

Moreover, we included the following X1 to Xk control variables that we found

relevant:

31Y is log-transformed because the absolute values differs quite much from one municipality to
another, which could lead to one particular municipality driving the results.
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Table 5.1.3: Summary statistics: Toll stations for 2008-2015 over municipalities.

Municipality Mean Std.Dev. Max Min

Oslo 22 0 22 22
Bergen 14 0 14 14
Trondheim 10 9.319718 24 0
Stavanger 3 0 3 3
Beerum 7 0 7 7
Kristiansand 5 0 5 )
Total 10.16667  7.366784 24 0

We assume that road toll prices are correlated with the number of toll stations.
If there are more toll stations, the road toll payments are probably collected more

frequently and the price at each station can be set lower[?

Table 5.1.4: Summary statistics: Population for 2008-2015 over municipalities.

Municipality Mean Std.Dev. Max Min

Oslo 605179.9  30078.83 647676 560484
Bergen 261945.3  9586.412 275112 247746
Trondheim 175113.1  6896.327 184960 165191
Stavanger 126327.5  4415.263 132102 119586
Baerum 113972.5  4443.694 120685 108144
Kristiansand 82983.13  2907.804 87446 78919
Total 227586.9  180560.7 647676 78919

It seems reasonable to assume that a larger population implies increased demand
for cars. The population size could be correlated with road toll prices for at least
two reasons. First, when the population in a municipality grows, the need for more

extensive infrastructure increase. If new projects are financed by road toll payments,

32Except for in Trondheim, toll stations do not vary at all and we did not observe any substantial
differences by including this variable.
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the road toll price might increases. Second, a larger population may, on the contrary,
decrease road toll prices. When a greater number of people contributes to the road
toll payments, the price per passage could be set lower. It is therefore unclear
whether the population size in total causes the effect of road toll to be under- or

overestimated.

Table 5.1.5: Summary statistics: Education level for 2008-2015 over municipalities.

Municipality Mean Std.Dev. Max Min

Oslo 43.575  2.898645 48.4 40.3
Bergen 36.125  2.355995 40  33.3
Trondheim 37.9 2.55231 419 34.7
Stavanger 37.5375  2.766089  41.7 34.1
Beerum 46.9875  2.298719  50.8 44.4
Kristiansand 31.6125  2.003167 34.9 29.3
Total 38.95625  5.590985  50.8 29.3

The variable for education shows the share of inhabitants over 16 years old with
higher education. Surveys show that people with more education have a greater
tendency to buy electric cars than people without high education (Figenbaum &
Kolbenstvedt, 2016)). We suspect that education may be correlated with road toll
prices if decision makers perceive high education and high income as synonyms.
When the inhabitants have high education and high purchasing power, the threshold
for imposing road financing on the inhabitants could be lower. On the other hand,
more educated people often live the city centers because they work nearby and can
afford urban house prices. In cities with sufficient public transport services, the need
for cars is less evident. The assumption of positive correlation between education
and road toll price do not hold if a high share of more educated people implies that
there are fewer cars, and moreover, that high income individuals are less exposed to
road toll.
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Table 5.1.6: Summary statistics: Unemployment for 2008-2015 over municipalities.

Municipality Mean Std.Dev. Max Min

Oslo 3.1625  .4274091 3.6 2.2
Bergen 2.3375  .3997767 3 1.7
Trondheim 2.55 3070598 3 2.2
Stavanger 2.1 .9942693 4.4 1.1
Beaerum 1.825  .3991061 2.2 9
Kristiansand 3.0125 .5743008 3.8 1.8
Total 2.497917 7171129 4.4 9

While one might expect unemployment and education to be negatively correlated,
data from SSB challenge this assumption and shows that unemployment increased
most among highly educated people in 2014.@ Hence, we included both variables.
The economic uncertainty and lack of income make it plausible that demand for cars
decreases in unemployment. It is not obvious that unemployment are correlated with
road toll prices, but we can think of a couple of reasons to why it could be possi-
ble. Unemployment sends signals about the business cycle to the decision makers.
If unemployment increases, it is an indication of low conjuncture. On one hand,
this might prevent increased road toll prices to avoid imposing additional costs on
the inhabitants. On the other hand, the government might initiate infrastructure
projects when the conjuncture is low to stimulate the economic activity. This could

increase the road toll prices.

5.1.5 Analysis of The Car Population

In this section we analyze how road toll affect the car population. The result from

the regression model we specified in the previous section is presented below.

33The low oil price did, for instance, force firms in the petroleum industry to lay off many highly
educated people in Rogaland.
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Table 5.1.7: Regressions of number of cars with fized municipalities, fived years and
control for other variables.

(1) (2) (3)
Total Total EV  Total CV

Fixed time effects v v v
Fixed entity effects v v v
Control variables v v v
Road toll -0.00584**  0.0390** -0.00587**
(0.00248) (0.0153) (0.00249)
R? 0.999 0.991 0.999

Standard errors in parentheses

*p < 0.10, ** p < 0.05, *** p < 0.01

The regression results show that the total number of electric vehicles significantly
increase when the road toll prices increase. More specifically, when the road toll price
increase by 1 Norwegian Krone, the regression model estimates that the number of
electric cars increases by 3.90% in that municipality. In Oslo, for instance, that

would correspond to 488 electric cars in 2015.

We can calculate how many conventional cars that must be replaced to compen-
sate for an increase of 488 electric cars. The CO2-emissions related to car production
were estimated to 85 CO2 g/km for electric cars and 43 CO2 g/km for conventional
cars. Furthermore, the lifetime of a car is assumed to be 150 000 km (Hawkins et
al., 2013)). According to Figenbaum and Kolbenstvedt (2016|) electric cars is driven
15 500 km per year, while conventional cars are driven 500 km less. In years, the

lifetimes of electric cars and conventional cars are then 9.67 years and 10 years re-
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spectively. Thus, electric cars are replaced slightly more frequently than conventional
cars, which must be accounted for in the calculations. From the data set we find that
the average CO2-emissions in the use phase are 0 g/km for electric cars, 119 g/km
for cars using petrol fuel, 132 g/km for cars using diesel fuel and 87 g/km for hybrid
cars. Weighing the CO2-emissions of conventional cars based on market shares gives
an average of 120.6 g/km. To offset the pollution from the production of the electric
cars, the number of conventional cars has to decrease by at least 268@ The road
toll coefficient for the number of conventional cars suggests that 1 NOK increase in
road toll prices on average cause 0.586% reduction of conventional cars in Oslo. That
would correspond to 2025 cars in 2015. If the number of conventional cars actually
do decrease by 268 and the number of electric cars increases by 488, a net increase
of 220 electric cars would make the environment equally well off. The road toll coef-

ficient for the total number of cars suggests 0.583% reduction, which equals 2087 cars.

We can do the same calculation for a future point in time when the electric vehicle
fleet has exceeded 1.5 millions. Using the Co2-estimates and car features of Voller
et al. (2014), we find that 488 more electric cars requires 494 fewer conventional cars
to offset the CO2-emissionsf”| Thus, the incentive is less efficient the more electric
cars there are. Many factors can, however, improve the outcome of the calculation.
Battery manufacturers may find more climate friendly ways to produce batteries,
which would reduce the CO2-emissions from the production phase of electric cars.
Longer lifetimes of electric cars would reduce the average annual CO2-emissions, as
the production pollutions are spread out over a longer period of time. Furthermore,
Norway and other European countries may invest in higher capacity of renewable
energy sources, reducing the fossil energy compensation of electricity used by elec-

tric cars.

To sum up, if a municipality government increases its road toll prices, the re-

gression suggest that the number of electric cars increases and that the number of

34C02 emissons and market shares are based on 2015 numbers. See Appendix chapter E.2.
35 Assuming that the conventional car mix of diesel, petrol and hybrid cars remain the same.
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conventional cars decreases. Hence, in the short run, the regression model do reject

the hypothesis that the road toll incentive leads to an increased overall car popula-

tion Y]

5.1.6 Analysis of Owner Structures

Table 5.1.8: Summary statistics: Owners with one electric vehicle for 2008-2015 over
municipalities.

Municipality Mean Std.Dev. Max Min

Oslo 475.625  451.8505 1241 93
Bergen 363.625  407.3033 1112 53
Trondheim 174.125 185.5405 502 23
Stavanger 92.375  98.68121 259 11
Beerum 142.875  126.5221 335 25
Kristiansand 63.5  71.16179 189 4
Total 218.6875  296.2697 1241 4

360n a 10% significance level.
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Figure 5.1.4: Owners with one electric vehicle over municipalities in logarithm.

The growth rates for the numbers of owners with one electric car were highest from
2010 until 2013. The growth levels off during 2013, and from 2014 the number
of owners with one electric car decreases. However, from the previous section we

know that the total amount of electric cars increases in 2014, which implies that the

number of multi-homers must increase.

Table 5.1.9: Summary statistics: Owners with one conventional car for 2008-2015

over municipalities.

T
2015

Municipality Mean Std.Dev. Max Min
Oslo 187950.9  25614.48 221960 147493
Bergen 136148.5  4844.642 143279 128720
Trondheim 76042.75 2735.08 79938  T1535
Stavanger 42357.13  1869.189 44937 39137
Baerum 31495.75  872.8102 32663 30255
Kristiansand ~ 25440.13  866.1756 26668 24103
Total 83239.19  296.2697 1241 4
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Figure 5.1.5: Owners with one conventional car vehicle over municipalities in loga-

rithm.

In Oslo, the number of owners with one conventional car decreases the entire
period. In the other municipalities, the numbers are more stable, but is possible to

spot a weak growth from 2008 until 2013 with a subsequent decrease until 2015.

Table 5.1.10: Summary statistics: Owners with one conventional and one electric

vehicle for 2008-2015 over municipalities.

Municipality Mean

Std.Dev. Max Min

Oslo 839  1084.773 2985 63
Bergen 1009.625  1464.606 4037 68
Trondheim 414.375 564.394 1531 12
Stavanger 240.5  331.9858 909 6
Beerum 335.375  401.3886 1101 27
Kristiansand 186.625  269.3601 744 8
Total 504.25  831.3748 4037 6
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Figure 5.1.6: Owners with one conventional and one electric vehicle over municipal-
ities in logarithm.

While the number of multi-homers with one conventional car and one electric
increased just a little from 2008 to 2010, the growth rates increased around 2010
and have remained high since. The number of multi-homers in Bergen surpasses
the number in Oslo around 2013, which is interesting considering that Bergen is a

smaller municipality.
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Table 5.1.11: Summary statistics: Quners with one/two conventional and one elec-
tric vehicle for 2008-2015 over mumnicipalities.

Municipality Mean Std.Dev. Max Min

Oslo 995.625  1136.055 3057 105
Bergen 1163.875 1521.51 4094 95
Trondheim 497.5  601.9578 1589 25
Stavanger 282.875  351.9105 928 12
Beaerum 402 425.0381 1141 45
Kristiansand 222.625  284.2117 761 13
Total 594.0833  882.5534 4094 12
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Figure 5.1.7: Owners with one/two conventional and one electric vehicle over mu-
nicipalities in logarithm.

Figure shows the number of multi-homers with one electric car and one
or two conventional cars. The figure look pretty much like the figure and by
comparing the summary statistics we see that there exist people with three cars or

more.
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Table 5.1.12: Summary statistics: Owners with two conventional vehicles for 2008-

2015 over municipalities.

Municipality Mean Std.Dev. Max Min
Oslo 33953.75  3685.828 38354 27218
Bergen 36829.38  2210.483 39336 33686
Trondheim 20516.5  1073.804 21919 18902
Stavanger 11436.88 823.387 12513 10246
Beerum 8621.875  424.5766 9143 8075
Kristiansand 7100.625  330.8102 7452 6667
Total 19743.17  12134.05 39336 6667
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Figure 5.1.8: Owners with two conventional vehicles over municipalities in logarithm.

While it seems to be less and less common to have two conventional cars in Oslo,

this trend only accounts for the other municipalities from around 2013, and to a

lesser extent. In total, the figures and summary statistics show that the last couple

of years the number of multi-homers with both car types has increased, while the

number of owners with exclusively conventional cars has decreased.
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Table 5.1.13: Regressions of ownership with fixed municipalities, fixed years and
control for other variables.

(1) (2) (3) (4) (5)
OneEV ~ OneCV  CV4EV MCV+IEV ~ 2CV

Fixed time effects v v v v v
Fixed entity effects v v v v v
Control variables v v v v v
Road toll 0.0324***  -0.00342 -0.00179 0.00827 -0.00256
(0.0116)  (0.00205) (0.0178) (0.0141) (0.00203)
R? 0.992 0.999 0.988 0.991 0.999

Standard errors in parentheses

*p < 0.10, ** p < 0.05, *** p < 0.01

In accordance with our theoretical model, the regressions of car owners suggest
that higher road toll prices increase the number of single-homers with one electric
car by 3.24%. The coefficient for the number of multi-homers with one electric car
and one conventional car shows 0.179% decrease, but if we look at the extended seg-
ment of owners with one or two conventional cars and one electric car, the number of
multi-homers seems to increase by 0.827%. Since the highest percentage also applies
to the largest owner group, the coefficients suggest that the number of multi-homers
will increase, although insignificance bring uncertainty to the effects. The coefficients
for conventional car owners suggest that there will be fewer owners of one and two
conventional cars, although the coefficient for owners of two conventional cars is in-
significant. However, we do not know whether the majority replace one conventional

car with an electric car or if they buy an electric car in addition. Our model sup-
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ports the latter explanation, but the ambiguous multi-homing coefficients and the
significant increase in one EV might as well illustrate the first explanation. Neither
do we know whether the new electric car owners are former users of public transport,
which our model claims, or if they are people who replaced their conventional car
with an electric car. Even though the percentage change is lower for owners of one
conventional car than for owners of one electric car and owners of both car types, the
absolute change is probably much higher for owners of one conventional car because

of the huge size of this owner category.

If we consider Oslo once more, the percentage changes imply that there will be
25 more multi-homers with one electric car and one or two conventional cars. In
addition, there will be 16 new single-homing electric cars owners. Reversing the cal-
culations from the previous section, we find that in order to justify the environmental
effect of 41 electric cars, 23 conventional car owners must substitute one conventional
car for an electric one. According to the face value of the coefficients, there will on
average be 504 fewer car owners with one conventional car and 70 fewer owners of
two conventional cars. Hence, it seems like the reduction of conventional cars is
sufficient, although some of these people keep their conventional cars and buy sup-
plementary electric cars. According to Minken (2005)), increased road toll prices shift
demand from conventional cars to public transport, which would be in line with our
models predictions. Nevertheless, we can not empirically investigate what happens
in the public transport sector with our data set. The reduction of conventional cars
should be sufficient to reduce CO2-emissions, at least in the short run. In the future
based example from the previous section, we saw that a given increase of electric
cars requires an almost equivalent decrease of conventional cars. Thus, unless bat-
tery production becomes more climate friendly or the capacity of renewable energy
sources increase, just a few multi-homers may cause negative environmental effects

when the electric vehicle fleet exceeds 1.5 million cars.
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5.2 Case Analysis
5.2.1 Econometric Method

To analyse specific cases of local incentives we use a difference-in-differences (DiD)
method. The aim is to identify the causal effect of policy interventions on various
vehicle and ownership structures. We will use the setup to measure the causal effect
of ferry fares, toll stations and congestion charge. The setup, in its simplest form,
requires one treatment, one control group and two periods; before and after the in-
tervention (Angrist & Pischke,|[2009). In an ideal research situation we would be able
to observe the counterfactual outcome of the treatment group. However, considering
it is unobservable, we will introduce control groups with similar attributes as the
treatment groups and we assume that they have equal trends in the absence of any
treatments. As a result of the policy intervention the setup assumes deviation from
the common trend, as illustrated in figure [5.2.1] Hence, the difference between the
treatment group and the counterfactual treatment group is the causal effect we are
interested in. We will utilize this method to compare cities or local areas where a

policy change occurs with similar cities or local areas where there is no change.

As mentioned, the strict parallel trend assumption for DiD has to hold. This is
a strong assumption, as there are various policy interventions that have taken place
at different times and places that might affect the outcome variables of interest. The
common pre-treatment trend can be investigated by looking at historical data, while
other factors that might affect the outcome variables for either of the groups must

be investigated.
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Figure 5.2.1: Difference-in-Differences.

In particular, we estimate:

InY;et = 0 + yAs + 0Post; + a(AsPosty) + €5t (1)

Where InY is the outcome variable, which is related to different ownership struc-
tures and vehicle types. By looking at three locations with different vehicle fleet
sizes the most interesting interpretations stem from percentage changes over abso-
lute changes. We therefore utilize an approximation by log transforming the outcome
variables. The average pre-treatment effect in the control group is represented by
0. The indicator A is a dummy that switches on if the area is treated and ~ is
the average pre-treatment effect in treatment group relative to the control group,
implying that if we add d to v we get the average pre-treatment effect for the treated
area, as illustrated in figure Similarly, Post; is a dummy for post treatment
periods and 6 is the average post-treatment effect for the control group. Moreover,
given that the strict parallel trend assumption is satisfied, adding 6 to § and ~ will
give the average outcome for the counterfactual treatment group after the interven-
tion. The interaction term A,;Post; denotes the treated city and the control group

after the intervention. The average treatment effect we are interested in is the differ-
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ence between the average outcome for the counterfactual treatment group and the

treatment group, and is denoted with «.

5.2.2 Case 1: Ferry Fares in Fosen

When the government decided to give electric vehicles free admission to national
road ferries in 2009, several county municipalities began to practice this payment
exemption on county road ferries as well. Since then, the number of electric vehicles
on the ferries has escalated. The costs these free riders impose on the ferry com-
panies has made some county municipalities get second thoughts about the policy.
A supporting argument is that conventional cars do not have higher emissions than
electric cars on the ferries, as the engines are switched off. Sgr-Trgndelag county
municipality abolished the ferry payment exemption on the first of June 2014, simi-
larly Rogaland county municipality introduced a reduced fare for electric cars in June
2016. Given that the free ferry admission encouraged people to buy electric cars, one
would expect diminishing growth in the sales and people selling their electric cars

when the subsidies were removed.

Fosen is a peninsula in Trgndelag, and the place of residence for several people
commuting to Trondheim. The commuters located close to the mainland travel most
easily by car or public transport, and those who live at the south-west part can ac-
cess a coastal express to Trondheim. For our purpose, however, the most interesting
commuters are the residents on the south-east part of Fosen. From here, the ferry
takes you to Trondheim three times faster than driving on the mainland.ﬂ Thus,
most commuters in this area use the ferry. Similarly, from Ryfylke in Rogaland a
great proportion of the workforce commutes to Stavanger. The ferry is the fastest

and thus the most common mean of transportation.

In the following, we present a case study of the free ferry incentives based on a

DiD analysis of Ryfylket and Fosen. First, we check whether the two districts are

37 According to Google maps it takes approximately three hours to drive from Rgrvik Ferry Quay
to Trondheim and one hour with a combination of ferry and driving.
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appropriate candidates for the DiD model. We then proceed with regressions and
interpretations of the results. When we conduct our analysis we consider the time

interval that begins one year before the policy intervention and ends one year after.
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Figure 5.2.2: Total number of electric vehicles in Fosen & Ryfylke in logarithm.

From 2009, when the decision of free ferry admission for electric vehicles was
made, the populations of electric cars share increasing and parallel trends in Ry-
fylket and Fosen. Moreover, the trends separate in June 2014, when Sgr-Trgndelag
Municipality withdrew the incentive for the ferry between Fosen and Trondheim.
Just before the withdrawal, we see a small decrease in the growth rate of electric ve-
hicles in Fosen, this is probably because the policy change became public knowledge
in late April 2014. The immediate growth reduction is most likely due to travelers
who were considering to buy an electric car but decided not to do so when the ferry
fare increased the user cost of eletric vehicles. In addition, a lagged reduction in
the growth probably occurs as the owners of electric cars who wants to sell their car
have had enough time to sell them. While the number of electric cars in Ryfylke has

grown steadily the entire period, Fosen has experienced a diminishing growth since
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the incentive were removed. As a result, Ryfylke is surpassing Fosen in total electric

vehicles one year after the withdrawal of free ferry admission.

Table 5.2.1: Estimates from regressions of passenger car types in logarithm.

(1) (2) (3)
Total cars Total EVs Total CVs

Dummy Fosen -0.217%** 0.48*** -0.22%**
(0.0032) (0.054) (0.0029)
Post treatment 0.018*** 0.30%** 0.015**
(0.0032) (0.054) (0.0029)
Treatment effect Fosen  -0.0040 -0.16% -0.0033
(0.0045) (0.076) (0.0042)
Intercept 8. 79 4.29** 8. 78"
(0.0023) (0.038) (0.0021)
N 24 24 24
R? 0.998 0.882 0.998

Standard errors in parentheses
* p <0.05, " p<0.01, *** p < 0.001

The regression estimates show that the total number of electric vehicles in Fosen
were reduced with approximately 16% as a result of the policy implication. This
implies a reduction of eight electric vehicles. In November 2014, the last period in-
cluded in the analysis, there were 136 electric vehicles in Fosen and 5267 conventional
vehicles, which implies that their market shares were 2.5% and 97.5% respectively.
The treatment coefficient for the total number of vehicles indicates a negative, but

insignificant effect.
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Table 5.2.2: FEstimates from regressions of owner structures in logarithm.

(1)

(2)

(3)

(4)

()

(GAY EV CV+EV 2CV 1lor2CV+1EV
Dummy Fosen -0.27 0.727 047 -0.20" 0.24**
(0.0019) (0.065) (0.047) (0.0093) (0.046)
Post treatment 0.0059**  0.36™*  0.31™*  0.041*** 0.25%**
(0.0019) (0.065)  (0.047)  (0.0093) (0.046)
Treatment effect Fosen -0.0081** -0.23* -0.21** 0.015 -0.12
(0.0027)  (0.092) (0.067)  (0.013) (0.065)
Intercept 8.36™*  3.19"*  3.49*** 6.78"* 3.86***
(0.0014) (0.046)  (0.033)  (0.0066) (0.032)
N 24 24 24 24 24
R? 0.999 0.913 0.894 0.978 0.777

Standard errors in parentheses
*p <0.05, % p<0.01, *** p <0.001

The withdrawal of the ferry incentives has a negative and statistically significant
effect on both single- and multi-homers holding electric cars. Our estimates show
a 23% reduction of owners with only one electric vehicle and 21% reduction in the
number of multi-homers, which is equivalent to a reduction of three single-homers
and six multi-homers. These effects are in accordance with figures and
which show that the quantity of single- and multi-homers flattens out after the inter-
vention in Fosen. Intuitively, the immediate policy implication is lowest for owners
already possessing a electric vehicle and highest for those considering to acquire one.
The reason is that one can more effortlessly change a purchase decision than one
can sell a car. Surprisingly, the number of single-homers holding one conventional
vehicle also experiences a statistically significant decrease, although the effect is be-
low 1% and economically insignificant. The significance could be a result of the
parallel trend assumption not being satisfied for this group of owners. Figure
shows that trends for the treatment and control group are diverging before the inter-
vention. Moreover, the curves for owners holding one conventional vehicle shows no
kink, implying that single-homers who give up their electric vehicle do not seem to

substitute it for a conventional car. The coefficient for the number of owners holding
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two conventional vehicles indicates an increased amount of this owner type, but the
result is insignificant. Even though the effect is statistically insignificant, the graph
shows a positive effect (figure , this might be a result of potential multi-homers
choosing two conventional vehicles instead of one of each type due the removal of the

ferry incentives.
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Figure 5.2.3: Owners with one conventional and one electric vehicle in Fosen &
Ryfylke in logarithm.

5.2.3 Case 2: Road Toll Payments on Askgy

The circumstances in our second case resembles the situation in case 1, where com-
muters were connected to their workplaces through ferries. There are, however, three
main differences. Firstly, in this case we consider commuters who have to cross a
bridge rather than taking a Ferry. More specifically, we look at Sotra and Askgy,
two islands with bridges connecting them to Bergen. Secondly, we look at a situ-
ation where one of the islands, Askgy, introduced toll stations and thus provided
an indirect incentive for electric cars, but affecting conventional cars more directly.

Toll stations are usually introduced to finance road projects. Askoypakken, which
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includes seven road projects and improved public transport services on Askgy, is a
good example of such road toll financing. Compared with the Fosen case we expect
to see the opposite effects of what we saw in the first case. We also expect stronger
effects on variables related to conventional vehicles, as road toll directly makes these
cars more expensice to drive. Finally, while the announcement and the introduction
of the policy change in Fosen happened almost simultaneously, inhabitants of Askgy
anticipated the toll stations before the introduction and had time to adapt to the

change.

Because travelers from the two islands are exposed to the same conditions once
they have crossed their respective bridges, only island-specific factors distinguish the
Askgy-Bergen journey from the Sotra-Bergen journey. We expect that both islands
share similar attributes and are exposed to identical effects of other interventions
that take place in Bergen, which in turn satisfy the DiD parallel trend assumption
and make Sotra a suitable control group. We thus assume that any divergence in

trend is caused by the intervention in Askgy.
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Figure 5.2.4: Total number of electric vehicles in Askoy € Sotra in logarithm.
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Before the toll stations on Askgy were operative, travelers from Sotra and Askgy
were exposed only to common road toll payments in Bergen. Figure [5.2.4] confirm
the expected parallel trends, which last until end of 2013, when the Norwegian Par-
liament approved the introduction of toll stations on Askgy. Because electric vehicles
have been exempted from such payments since 1997, road toll reduce the user costs
of electric cars relative to conventional cars, and encourage travelers to buy the elec-
tric type. After the announcement, the number of electric vehicles grew faster on
Askoy relative to on Sotra. We expect that some people prepared for the change, and
shifted their car park on beforehand. Thus, we assume that the increased growth in
Askgy is due to the announcement, and we use the announcement date to define the
occurrence of the treatment. We find it appropriate to include 12 months before and

after the announcement in the analysis [

Table 5.2.3: Estimates from regressions of passenger car types in logarithm.

(1) (2) (3)
All vehicles Total EVs Total CVs

Dummy Askgy 0.12*** 0.25 0.12%**
(0.0047) (0.14) (0.0036)
Post treatment 0.032*** 1.31% 0.019**
(0.0047) (0.14) (0.0036)
Treatment effect Askgy -0.0063 0.25 -0.015*
(0.0066) (0.20) (0.0052)
Intercept 9.28*** 3.94** 9.27***
(0.0033) (0.10) (0.0026)
N 48 48 48
R? 0.970 0.828 0.979

Standard errors in parentheses
* p<0.05, " p<0.01, ** p<0.001

Even though the graphical illustration (G.2|) shows an increase in the total num-

ber of electric vehicles due to the announcement, our regression result indicates that

38The toll stations were operational 11 months after the announcement.
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the increase is statistically insignificant”] Figure shows that the total number
of conventional vehicles grew steadily in Sotra, while Askgy experienced a drop af-
ter the announcement, this is reflected in our estimation where we see a significant
reduction on 1.5%, which is equivalent to a reduction of 33 conventional vehicles.
In November 2014 there were in total 12 579 vehicles in Askgy, more specifically,
577 electric cars and 12 002 conventional cars. The maket shares for electric and

convetnional cars were 4.6% and 95.4% respectively.

Table 5.2.4: Estimates from regressions of private vehicle types and multi-homers in
logarithm.

(1) (2) (3) (4) ()

CV EV ~ CV+EV  2CV  1or2CV+1EV
Dummy Askgy 0.16*  0.43*  -0.070  0.081** 0.11
(0.0024)  (0.14)  (0.17)  (0.0074) (0.16)
Post treatment 0.016**  1.36™*  1.20*** -0.0021 1.27**
(0.0024)  (0.14) (0.17)  (0.0074) (0.16)
Treatment effect Askgy -0.0099**  0.12 0.53* -0.024* 0.35
(0.0034)  (0.20) (0.24) (0.010) (0.23)
Intercept 881  3.01™*  3.26™*  7.33** 3.39"
(0.0017) (0.098)  (0.12)  (0.0052) (0.11)
N 48 48 48 48 48
R? 0.994 0.842 0.786 0.809 0.795

Standard errors in parentheses
* p<0.05, ** p<0.01, ** p < 0.001

In line with the theoretical prediction, the regression results indicate that the
number of owners with one electric car increases as a response to the announcements
of road toll-incentives. However, we do not have strong evidence of this increase, as
the coefficient is insignificant. Further, our regression estimates show that there is

a statistically significant reduction of owners holding one conventional car on about

39Increasing the post-period to the maximum length given our data-set also gives insignificant
results.
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1%, equivalent to a reduction of 156 conventional vehiclesf'Y The 53% increase in
the number of multi-homers with one car of each type indicates that the reality
reflects the theoretical prediction. Although it is statistically significant, the multi-
homer coefficient requires cautionary interpretation considering that the trends were
not parallel before the treatment and there is no kink afterwards (figure [5.2.5)). In
addition, the volatility related to multi-homers from Sotra makes the DiD method
inappropriate for this group of owners. The number of owners holding two conven-
tional vehicles decrease by 2.4% as a result of the policy implication, equivalent to
reduction of 38 owners. The finding is supported by figure [G.5]
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Figure 5.2.5: Owners with one conventional and electric vehicle in Askoy € Sotra in
logarithm.

5.2.4 Case 3: Congestion Charge in Kristiansand

Introduction of congestion charge has been a hot political topic in Oslo lately, and it
has already been established in Trondheim (2010), Kristiansand (2013) and Bergen

4OTncreasing the post-period to the maximum length given our data-set gives a negative effect of
2.4%. This could be interpreted as long term effects whereas the change in behaviour caused by
introduction of the toll stations are included in much greater extent.
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(2016). All these cities have under certain weather conditions experienced poor
air quality during the winter, whereas extraordinary increases in congestion charge
prices have been regarded as a solution under these circumstances. The purpose of
the congestion charge is to improve the air quality by increasing the efficiency of
the vehicle flow during rush hours. The payment encourages owners of conventional
cars to drive outside rush hours, use public transport or buy electric cars instead.
Electric vehicles contribute to better air quality through two sources. Firstly, electric
vehicles do not pollute. Secondly, electric vehicles ease the congestion by their access
to public transport lanes. The possibility to reduce queue and create a smoother car
flow do, however, require available public transport lanes. In our third case, we will
take a closer look at how introduction of congestion charge affect Kristiansand. We

will use Stavanger as control group since this municipality only charges flat toll rates.

Stavanger and Kristiansand are, respectively, the fourth and fifth largest cities
in Norway in terms of population size, and they share many similarities. Both cities
work as cruxes for surrounding municipalities and are monocentric. We therefore
expect similarities in settlement, driving pattern and organization of public trans-
portation. Even though the population sizes are different, we assume similar popu-

lation growth.

Kristiansand has five toll stations covering vehicles travelling to the city, which
had flat toll rates before the introduction of congestion charge in mid November
2013@ Similar to the drivers on Askgy, the car owners in Kristiansand had some
time to adapt to the policy, as the decision was made by the city council in June
2013. The congestion charge incentive shares many similarities with the toll road
incentive, but there is one main difference. While the introduction of toll stations
on Askgy affected all travelers more or less in the same way, the congestion charge

can be avoided by adjusting the driving behavior. Workers with flexitime can, for

41Commuters driving on weekdays between 06:30 and 09:00 in the morning and between 14:30
and 17:00 in the afternoon, paid 7 NOK more compared to the general flat toll rate outside the
rush hours.
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instance, attend the office earlier or later. As mentioned, some traveler segments will
find it hard to avoid the congestion charge, and certain traveler groups will probably
be more encouraged to purchase electric vehicles than others. For instance, families
with younger children could be more affected by the policy as they may not have the
same flexibility to drive outside the rush hours as other population groups. According
to a report by Figenbaum and Kolbenstvedt (2016)) that include sociodemographic
factors over vehicle type owners, states that while PHEV and ICEV owners share
many similarities, there are greater differences between ICE and BEV owners@ On
average, BEV owners have longer distances to work and live in larger households
with more and younger children. Among BEV owners, the share of more educated
people and workers are greater than among ICE owners. Since the congestion charge
can be avoided, we expect greater effects from introduction of toll stations than from

implementing congestion charge.ﬁ
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Figure 5.2.6: Total number of electric vehicles in Kristiansand & Stavanger in loga-
rithm.

42The reports use the abbreviation BEV for electric vehicles, ICEV for internal combustion engine
vehicles and PHEV for plug in hybrid electric vehicles.

43For a sufficiently high congestion charge price relative to the flat toll rate, one might expect
that congestion charge has the greatest impact.
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Figure shows that inhabitants of Kristiansand almost possess the exact
same number of electric vehicles as inhabitants of Stavanger. However, after the
announcement, the trend lines diverge, most likely due to the announcement and
implementation of congestion charge. We therefore modify the setup slightly by
excluding observations within the time frame between the announcement and the
introduction and look at the effect six months before the announcement and six

months after the introduction of the congestion charge["]

Table 5.2.5: Estimates from regressions of private vehicle types in logarithm.

(1) (2) (3)
All vehicles Total EVs Total CVs

Dummy Kristiansand -0.29* -0.048 -0.29**
(0.0026) (0.088) (0.0019)
Post treatment 0.028*** 0.86™** 0.022***
(0.0026) (0.088) (0.0019)
Treatment effect Kristiansand — -0.0069* 0.10 -0.0098**
(0.0032) (0.12) (0.0028)
Intercept 10.9*** 5.45"* 10.9***
(0.0022) (0.062) (0.0014)
N 24 24 24
R? 0.999 0.915 1.000

Standard errors in parentheses
*p <0.05, ** p<0.01, *** p <0.001

The total number of electric vehicles gives an indication of a positive effect due
to the intervention. However, by the end of the post-period, both cites had almost
the exact same quantity of electric vehicles. Moreover, there are no obvious paral-
lel trends before treatment takes place (figure , and the DiD approach will be
inappropriate to estimate the total number of electric vehicles. Furthermore, our
analysis shows that the total number of conventional vehicles have a statistically
significant negative treatment effect, but the economical significance is rather low as

the decrease is below 1%, which is equivalent to a reduction of 370 conventional ve-

4 November 2013 will be the first post-period, even though the introduction took place 18th.
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hicles. The negative treatment effect on conventional vehicles outweigh the positive
effect on electric vehicles, causing a significant negative effect for private vehicles in
Kristiansand due to the introduction of the congestion charge. The vehicles market

shares in February 2014 were 1.4% for electric cars and 98.6% for conventional cars.

Table 5.2.6: Estimates from regressions of private vehicle types and multi-homers in
logarithm.

(1) (2) (3) (4) ()

CV EV CV+EV 20V lor2CV+1EV
Dummy Kristiansand -0.27 -0.22F 0.088 -0.28* 0.087
(0.0020) (0.092)  (0.090)  (0.0058) (0.086)
Post treatment 0.030*  0.83***  0.91"*  -0.0084 0.94**
(0.0020) (0.092)  (0.090) (0.0058) (0.086)
Treatment effect Kristiansand -0.018"*  0.15 0.18 0.0030 0.12
(0.0028)  (0.13) (0.13)  (0.0082) (0.12)
Intercept 10.57  4.747* 429" 875" 4.53***
(0.0014) (0.065) (0.064) (0.0041) (0.061)
N 24 24 24 24 24
R? 0.999 0.908 0.928 0.996 0.932

Standard errors in parentheses
*p <0.05, ** p<0.01, *** p < 0.001

Our estimation shows that the number owners holding one conventional vehicle
decrease by 1.8% as a result of the policy intervention. The reduction might be
caused by diverging pre-parallel trends between Kristiansand and Stavanger, making
the DiD method inappropriate for this group of owners (figure [H.6). The same
seems to apply for multi-homers with both car types according to figure While
the number of multi-homers grows steadily in Kristiansand the entire period, there
is greater volatility in Stavanger, and the results are thus not as reliable as we
would like. The trends for owners of one electric vehicle, on the other hand, satisfy
the parallel pre-trend assumption (figure , but the positive effect is statistically
insignificant. There could be several explanations to why the results are insignificant.
As mentioned, compared with the previous case, congestion charge can much easier

be avoided without. Another explanation could be related to the introduction of
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Tesla Model S into the Norwegian market in August 2013. According to Figenbaum
and Kolbenstvedt (2016), in comparison with other electric vehicle owners, Tesla
owners more often single-home. The range and size of a Tesla make it resemble a
conventional vehicle and the model launch of Tesla can be regarded as a technology
improvement in our model )] The DiD-method assume that the introduction have
equal effects on the treatment and the control group. Our data collection reveals
that the level of educations is higher in Stavanger, which has a positive effect on
number of owners holding electric vehicle (Figenbaum & Kolbenstvedt, 2016)), and
probably makes the effect of the introduction of Tesla Model S higher in Stavanger.
Education is most likely correlated with income, and higher income in Stavanger
would reinforce the effect. Figure supports this argument, considering that we
only observe a kink for Stavanger after the introduction of Tesla S. Nonetheless, our
coefficients will in this regard only be underestimated and the insignificance do not

alter the validity of our analysis.

Owners with one conventional and electric vehicle
Pre treatment Excluded Post treatment

55 /
/ /

T T T T T T 1
01.13 03.13 0513 07.13 0913 1113 0114 03.14
Date

Quantity of owners in logarithm
[4)]
1

Stavanger ‘

Kristiansand

Figure 5.2.7: Owners with one conventional and electric vehicle in Kristiansand €9
Stavanger in logarithm.

450ther cities also show similar trends. In this thesis we have focused on local incentives, and
will therefore leave quality improvements for further research.
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5.3 Heteroskedasticity

The presence of heteroskedasticity will, according to Wooldridge (2013)), imply that
OLS is no longer the best linear unbiased estimator. As a consequence, statistical
inference is weakened, and there is a higher risk of incorrect conclusions of statistical
significance or vice verca. Figure shows that the variance is not constant, which
is an indicator of heteroskedasticity. Conducting a Breush-Pagan test support this
claim. Running a regression with robust standard errors improve the old-fashioned
standard errors that assume homoskedasticity (Angrist & Pischke, 2009). However,
this would only give higher precision in cases where the statistical inference is unequal
to our initial estimation, which implies that the conclusions we drew most likely are

correct even if heteroskedasticity occurs.
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Figure 5.3.1: RVF plot of regression estimates from total electric vehicles in Fosen.

5.4 Weaknesses of the Analysis

A price examination would improve the analysis of the strategic interactions and pro-

vide more robust results. This would require access to historical price information
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of all car types and public transport servicesﬁ In addition, official car prices are
not necessarily representative. Rather than giving a discount on the purchase price,
car dealers compete on car equipment prices and the final price the car buyers pay

is not officially reported. The price analysis is left out for further research.

Because hybrid cars are partly driven by petrol or diesel fuel, and do not benefit
from the local incentives for electric cars, we have treated them as conventional cars
in our analysis. On average, hybrid cars drive in E-mode 55% of the time (Figen-
baum & Kolbenstvedt, [2016)), and thus produce fewer emissions than conventional
cars. In addition, among hybrid car owners it is more common to single-home than
it is among owners of electric cars (Figenbaum & Kolbenstvedt, 2016). If the hybrid
cars replace joint purchases of one electric car and one conventional car, they might
be the most climate friendly solution. Not only would they reduce the number of
cars produced, but they also pollute less compared to multi-homers driving their
conventional car more than 45% of the time. A complete analysis of the incentives
environmental effects would therefore identify whether the incentives increase multi-

homing at the expense of single-homers with hybrid cars.

Due to other factors or incentives affecting the outcome variables of interest, the
applied time frames restrict our analysis to short term effects. Consequently, our
estimates for multi-homers might be overestimated considering that some would ac-
quire a new vehicle before selling the one they already possess. On the other hand,
the effects on owners with one or more cars of same type might also be lagged if
people want sell the car they already got before purchasing different type. Introduc-
tion of toll stations or congestion charge is often accompanied by changes in public
transportation provision, implying that change of behavior could also be caused by
improved public transport services.@ As a result, our coefficients might be overes-
timated, however, we assume that this effect is small, considering that owning cars

usually serve more purposes than only commuting back and forth from work. Fur-

46We were not able to obtain this during the period of our thesis
47 Askgypakken is a such example.
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thermore, longer time frames would probably produce more statistically significant

estimates, but also make it harder to pinpoint the causality as mentioned.

5.4.1 Serial Correlation

Utilizing a difference-in-differences approach often relies on time series data that is
not independent of past and future observations. Such correlation can lead to overes-
timation of t-values and significance levels, which in turn can lead to false rejections
of the null hypothesis (Bertrand, Duflo, & Mullainathan, 2004)). There are three
factors to consider when serial correlation occurs, the length of the time series, serial
correlation of the most commonly used dependent variables and correcting proce-
dures. In this paper, we have used the same dependent variables on different data,
depending on the case we are interested in. The time series length of case 2, is longer
compared with case 1 and case 3, making the probability of overestimated t-values

higher.

Bertrand et al. (2004) suggest several solutions to overcome serial correlation in
difference-in-differences applications. Given large number of groups, robust block
bootstrap can be used to compute consistent standard errors. Another method, that
require fewer groups, eliminates the time series dimension by collapsing data into
pre- and post-periods. The drawback is that it takes away statistical power, and
increase the likelihood of accepting a false null hypothesis. Both methods require
several treatment groups, while our cases only consider one group as we could not
find other suitable candidates. We have also considered collapsing the data over
postal number, but this would require more data power and time resources than we

have to our disposition.

100



6 Discussion

In this chapter we return to our research question with the intention of bringing
together the empirical findings with the theoretical model we have derived. The pur-
pose of this thesis is to assess the effect of local subsidies on multi-homing, which is
important to understand how efficiently the incentives obtain their objectives. Even
though the market share of electric vehicles in Norway has increased steadily the last
years and was 17.1% in 2015, it will take a long time before the entire vehicle fleet
consists of low-emission vehicles if the subsidies leads to multi-homing. The second

part of this chapter discuss the generalisability and causality of our findings.

6.1 Combining the Theoretical Model With the Empirical
Results

Our theoretical model predicts that increased incentives for electric vehicles make it
more imperative to buy an electric car in addition to a conventional car. Under such
circumstances, our model suggest that the number of multi-homers will increase.
Furthermore, our framework predicts that enhanced incentives shift demand from
public transport onto electric cars. When the demand for public transport decreases
the profit maximizing solution would be to reduce the price of the service, although
we admit that the public transport prices are not necessarily profit maximizing and
might be unresponsive. However, if public transport reduce its price, the indirect
effect is that conventional cars become less competitive and demand shifts from con-
ventional cars to public transport. In the case with inflexible public transport prices,
the demand for conventional cars is unaffected by the incentives for electric vehicles.
Because the objective of the incentives is to replace conventional vehicles by low-
emission vehicles, the model with responsive public transport prices is more careful
not to assume that the incentives are inefficient. Based on the model, we expect
the net effects of enhanced incentives for electric cars to increase multi-homing, in-

crease single-homing of electric cars and have low or no effect on the demand for
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conventional cars. Consequently, we expect an increased car population and that

the incentives do not meet the policy ob jective.@

The empirical findings partially concur with the theoretical model's predictions.
In the table below we consider increased incentives for electric vehicles and present

the predictions of our model along with the empirical indicationsEq]

Table 6.1.1: Comparison of the theoretical model's predictions and the empirical
findings related to increased incentives for electric cars.

(1) (2) (3) (4) (5)

Model FE DiD DiD DiD
expectations Road toll Road toll Congestion charge Ferry fares

One EV T T T T T
One CV + d 4 1o To
EV + CV T T To To T
Total EV T T T To 0
Total CV ) ) ) Il 0
Total T 3 3 3 T

The model expectation of total CV is in parenthesis to signal that the reduction is either low or absent.

o: Indicates absence of pre-treatment parallel trends, making DiD analysis inappropriate.

In line with our model, the regression estimates show that the number of single-
and multi-homers with electric cars increases in enhanced incentives for electric cars.
Accordingly, the theoretical and empirical models agree that the total number of

electric vehicles will increase. The red arrows highlight differences between the theo-

48Removal of incentives for electric vehicles would cause opposite effects.

491n order to make all cases comparable, we reverse the findings for the case with removed ferry
incentives such that we get the results for increased incentives. We assume that introduction of free
ferry admission will give similar opposite effects as the observed withdrawal.
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retical model and the empirical results, and the deviating results seems to be related
to the incentives effects on conventional cars. The theoretical model only predicts
a reduction of conventional cars if the public transport prices are responsive to the
demand shifting caused by the electric vehicle incentives. However, the reduction
would be small and, moreover, we suspect that the public transport prices do not
respond or affect the demand for electric cars at all. The empirical results, on the
other hand, suggest that road toll and congestion charges significantly reduce the
number of owners with one conventional car. Given the owner category sizes, the
percentage changes would imply that the reduced number of conventional car owners
offset the increased number of single- and multi-homing owners with one electric cars

such that the overall car population decrease.

Hence, the empirical results indicate that the theoretical model is overestimating
the incentives demand increasing effect on electric cars or underestimating the de-
mand reducing effect on conventional cars. The model deviations is probably related
to people having heterogeneous preferences and utility functions. If the model over-
estimates how much the incentives increase the demand for electric cars, it is an indi-
cation of people being more reluctant to buy electric cars in the real world. Peoples'
preferences for conventional cars or public transport could be stronger than expected
and the incremental valuation of a second car might be lower than anticipated. If the
model underestimates the incentives reduction of demand for conventional cars, it
could be a sign of conventional car owners having weaker preferences than expected.
Furthermore, it signals that the car buyers behavior is heterogeneous and can not be
the modelled exactly. We do, for instance, believe that some people substitute their
conventional for an electric car, a bicycle or walking shoes, due to the incentives,

although our theoretical model do not take into account such behaviour.

Interestingly, the ferry incentive produces results that are quite different from
road toll and congestion charge incentives. First, the differences demonstrate sen-
sitivity to the model assumptions. If ferry fares become cheaper for electric cars,

the regression shows an increased number of conventional car owners, which is a bit
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strange and likely a bi-product of not parallel pre—trends.ﬂ Second, it emphasizes an
important difference in the incentives nature. While reduced ferry fares is a direct
subsidy that applies solely to electric cars, increased road toll and congestion charge
affect conventional cars directly and subsidise electric cars indirectly. In contrast
to our theoretical model, the empirical results also capture the direct effect on con-
ventional cars, which could explain why increased road toll and congestion charge
cause such great reductions of conventional Carsg The effect of policies that sub-
sidise electric cars without affecting conventional cars could therefore be less efficient,
which would be supported by the empirical findings for ferry fares and the theoretical
model. To test this hypothesis, it would be interesting to investigate the effects of
access to public transport lanes, charging stations and free parking. Unfortunately,

we must leave this for further research due to time-constraints.

By combining the theoretical predictions, empirical findings and past research we
find that the incentives contribute to multi-homing. Whether multi-homing cause
the incentives'to be inefficient depends on the incentives nature and the considered
time horizon. The electric vehicle incentives that are indirect consequences of policies
that directly reduce the demand for electric cars, such as road toll and congestion
charge, appear to be efficient in achieving their objectives. They reduce the overall

vehicle fleet, as well as replacing conventional cars with electric cars.

It is more ambiguous whether incentives that affect electric vehicles directly, but
do not have a direct impact on conventional cars, are efficient. Such incentives are
ferry fares, bus lane access, free parking and quick or subsidised charging stations.
They seem to increase single- and multi-homing of electric cars, while the reduc-
tion of conventional cars is much less evident. In the short run their contribution
to multi-homing do not seem to outweigh the positive effects on the environment.

The CO2-equivalent calculation shows that a net increase of electric cars could be

50 As mentioned, in order to make all cases comparable, we reverse the findings for the case with
removed ferry incentives.

5ncreased road toll and congestion charge make conventional cars more expensive to use and
the demand decrease.
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compatible with a more climate friendly vehicle fleet. The explanation is that a
larger car population with a sufficient share of electric cars can pollute less than a
smaller vehicle fleet with a higher share of conventional cars. In the long run, the
efficiency depends on whether the electricity consumption of the electric cars, either
directly or indirectly, contributes to increased production of fossil energy. When
the electric vehicle fleet exceeds 1.5 million cars, the incentives is only efficient if the

power plants have greater renewable energy capacity or if multi-homing is prohibited.

Finally, the incentives may stimulate the technical development of electric cars,
such that electric cars in the future can outperform conventional cars. Hence, the
incentives may help phasing out high-emission vehicles in the long run regardless of
whether they contribute to multi-homing in the short run. The technological aspect
has not been the prime focus in this thesis and is, as mentioned, left out for further

research.

6.2 (Generalisation and Causality

Since road toll and congestion charge affect the demand for conventional cars regard-
less of their effects as incentives, we do not assess the net incentive effect. The causal
relationships between the incentive and the outcome variables are thus challenged.
However, the road toll incentive can not exist without road toll's other attributes

and we therefore find it relevant to consider the gross effect of road toll[*7]

Because of restricted computer capacity we found it necessary to extract a sample
of municipalities and years for the fixed effects analysis. We do not include the years
before 2008, when electric vehicles were sold to a very limited extent. Moreover, we
only include the six most populous municipalities in N orway.[?] We are aware that
car ownership may respond differently to road toll prices in the sample municipalities

than in other areas. Because cold temperatures reduce electric cars's range and make

52The same applies to congestion charge.
530slo, Bergen, Trondheim, Stavanger, Beerum and Kristiansand.
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charging slower, we expect that the effect of road toll is lower in municipalities with
extremely cold winters, like Karasjok, Rgros and Tynset. Moreover, range challenges
are more difficult to overcome in areas with long distances. As more than 50% of
Norway's municipalities cover greater areas than the largest municipality within our
sample, the average effect of road toll is probably lower across the whole population
than for our sample. Although our sample is not representative for the entire Nor-
wegian population, it is still interesting. First, the sample includes about 30% of the
Norwegians, and by uncovering causal effects we can predict the behavior of a big
share of the population. Second, we believe that our results can be extrapolated to
other municipalities. Such municipalities would be characterized by areas that are
about 500 km? or smaller and without the coldest winters. Finally, we pinpoint the
effects in areas where it is most likely that such incentives will be introduced. For
road toll to be a relevant financial income source, a certain car flow would be re-
quired, which makes it most relevant to look at municipalities with a certain number

of inhabitants.

The DiD method applied in our cases, is a great tool to reveal the causal effect of
policy changes giving it high degree of internal validity. However, if the intervention
had happened somewhere else, we would expect different estimation results. Hypo-
thetically, if the removal of the ferry incentives had happened in Ryfylke rather than
Fosen, different alternative routes, public transportation service and time of travel
would give different effects. Hence, the cases do not have strong external validity.
However, the aim of the cases was to supplement the findings from the fixed effects

model and take a closer look how the intervention concretely affects intervened areas.
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7 Conclusion

The purpose of the research was to identify to what extent incentives for electric cars
contribute to multi-homing. This is important to understand how effective the in-
centives are in achieving the policy objective, as this channel is not well understood.

In this chapter we present our contributions, main findings and recommendations.

Our first contribution is a theoretical model intended for the transportation mar-
ket, derived from Hotelling's linear city and Salop's circular city. According to our
model, increased local incentives for electric cars lead to a greater number of single-
and multi-homers with an electric car. The existence of people buying more than one
car type softens the competition between electric and conventional vehicles such that
the incentives have no direct effect on the demand for conventional cars. Whether it
could exist an indirect effect depends on the responsiveness of prices for public trans-
port. In theory, public transport prices would be reduced because of demand shifting
from public transport to conventional cars. However, we have provided arguments
for why the prices might not be adjusted. In either case, the indirect effect of the
incentives on the demand for conventional cars would at most be modest. Hence,
the model predicts that the incentives mainly increase the overall vehicle fleet rather
than replacing conventional cars by electric ones, which implies that the incentives
are inefficient. In order to test our model we have conducted empirical research on
the car market. In particular, we have carried out a fixed effect analysis to assess the
effect of the road toll incentive, and we have used a difference-in-differences setup to

investigate the effects of exemptions from road toll, congestion charge and ferry fares.

The empirical results show that all of the evaluated incentives encourage people
to buy multiple cars. However, the results indicate that multi-homing not categor-
ically cause the incentives to be inefficient. Also the characteristics of a particular
incentive and the considered time horizon must be taken into account. The regres-
sions estimate that higher road toll prices and congestion charge indirectly subsidise

electric vehicles, which increase the number of single-and multi-homers with an elec-
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tric car. The results also suggest that, in addition to the indirect subsidy effects,
these payments have direct effects reducing the demand for conventional cars. More-
over, the direct effects outweigh the effects that increase the demand for electric
cars such that the overall car population decreases. Introducing a ferry incentive, on
the other hand, do not directly affect the demand for conventional cars. Thus, the

incentive primarily increase the demand for electric cars and expand the vehicle fleet.

Since road toll and congestion charge contribute to replacing conventional cars
with electric cars and also reduce the car population, we recommend that these incen-
tives are withheld. It is more unclear whether the incentives without a direct impact
on conventional cars should be continued, as they seem to increase the overall num-
ber of cars in Norway. CO2-equivalent calculation shows that these incentives may
be efficient in the short run even if they enlarge the vehicle fleet. The requirement
is that each new electric car replace at least 0.623 conventional cars, which leaves
room for some multi-homing. However, as the number of electric vehicles increases
it becomes more challenging to replace the electricity the vehicles consumes with
renewable energy. Given the current renewable power generation capacity, one con-
ventional car must be replaced per new electric car when the electric car population
exceeds 1.5 millions. Thus, in the long run, these incentives will only be efficient if
the power plants have greater renewable energy capacity or if multi-homing of both
car types do not occur. This could be the case if technology improvements make
electric vehicles superior in the future. Finally, we emphasize that the electric vehi-
cle incentives evidently contribute to multi-homing, and we recommend that decision

makers use frameworks that consider such purchase behavior.
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Technical Appendix

To conduct our analysis we got access to five excel files that contained the Motor
Vehicle registry obtained from Norwegian Public Roads Administration. One file car-
ried information about every vehicle that has been type approved in Norway. Using
stata, we merged this file with another file containing technical information regarding
the cars, before appending a file with the individually approved vehicles@ Finally,
we merged the file including all approved vehicles with a file containing detailed
historical information over license numbersﬂ The resulting data file included the
cars registration history, such as first time registration, notifications of sale, change
of ownership, deregistration and wrecking, as well as technical details. We used
information about fuel type to identify electric cars, length to distinguish between
large and small cars and postal numbers to separate municipalities and districts. A
challenging next step was to turn our data set into a usable panel data set with
monthly observations for each license-number and unique ownership periods for any
combination of car and owner that had existed P For the fixed effects and difference-
in-differences analyses we aggregated the individual observations over postalnumbers
to obtain municipality- and district-entities. From SSB (Statistics Norway) we col-
lected data for level of education, unemployment and public transport, and historical

road toll prices and number of toll stations were collected from AutoPASS.

54 This file already contained technical information about the vehicles.
55The car history file has missing values for wrecked cars and owners that are passed away.
56This task proved to be challenging due to lack of consistency over registrations.
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Appendices

Parameters
t . Preference heterogeneity.
z;: Location of mean of transportation i.
pt = Price for mean of transportation i.
vi = Gross willingness to pay for mean of transportation i.
[ = Factor for adjusting the value of the car for being secondary.
ot = Local subsidies for electric cars.
Z;; = Location of traveler that is indifferent towards i and the bundle i and j.
Z;; = Location of traveler that is indifferent towards i and j.
U; = Utility of mean of transport i.
Ui; = Joint utility of mean of transport i and j.
...where i= 1,23 and j = 1,2
The general utility functions are derived directly from these parameters.
Us,xij = v; — pi — t|zi — @45| + o
Uij, ij = v; + Pvj — p; — p; — tlzi — x5 — t|z; — 2ij| + o4 + o
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A Derivation of Traveler Demand
A.1 Indifferent Consumers

219 represents the traveler that is indifferent between purchasing a conventional car
and both a conventional car and a electric car. Z;s is located on the circle where
U1 == Ulg.

Uy=v1—p1 — t(zl - fu)
Uig = v1 + oo — p1 — p2 — t(z1 — T12) — t(T12 — 22) +

U, = U5 then gives :

v —p1 — t(z1 — T12) = v1 + P —p1 — P2 — (21 — T12) — H(T12 — 22) +

Puy —p2 + (1)

Zi12:,22+ ;

Symmetrically, Zo; represents the traveler that is indifferent between purchasing

a electric car and both an electric car and a conventional car.

Uy =vy —p2 — t(T21 — ) +

Uy = vy + vy —py — p1 — H(Tor — 22) — t(21 — T21) + @
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Uy = Uy then gives :

Vg — o — t(To1 — 22) + @ = Vo + S — pa — p1 — t(Ta1 — 22) —t(21 — To) + @

Py — p1 (2)

To1 = 21 — ;

Zo3 shows the traveler that is indifferent between electric cars and public trans-

port.

Uy = vy —p2 — t(20 — T2) +
Us = v3 — p3 — t(ZTg2 — 23)
Uy = Us then gives :

Vg — pg — t(22 — T32) + @ = v3 — p3 — t(T32 — 23)

(22 + 23) n (v3 —vp — p3 +p2 — @) (3)

T2 =Ty 2t

The traveler who is indifferent between conventional cars and public transport is
located at Z13, and is found by replicating the above procedure.
Uy =v1 —p1 —t(T31 — 21)

112



Us = v3 — p3 — t(23 — T32)

U, = U; then gives :

v —p1 — t(T31 — 21) = v3 — p3 — t(23 — T32)

Tyy = (21 —2F 23) n (v3 — vy 2—15193 + 1) n

A.2 Demand

The demand for a mean of transportation equals the interval ranging from the in-
different traveler on it’s left side to the indifferent traveler on it’s right side. The
normalized circle perimeter, normalized density of travelers and uniform distribution
of travelers do facilitate the derivation of the demand functions. We can simply

subtract the intervals right endpoints from the intervals left endpoints.

Demand for conventional cars:

Dy =3 — I

&tz v —U3—p1+ps By + p1
= + -
2 2t t

223—21+(1+25)U1—U3—3—3p1+p3
2 2t

1 1+28)vy —vs — 3py +
D1:6+( 5) 1 2t3 P1 T P3 (5)
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Demand for electric carsf|

Dy = 215 — T2

5k’2—p2+06_ Z2+23+U3—U2—P3+p2—06
t 2 2t

29 —23  (1+2B)va —v3—3pa+ps+a
=5 ° 2t

1 1+208)vy —vg3 — 3py + p3 + «
D2:6+( 5)2 ;t P2 T P3

Demand for public transport and the size of the uncovered car market:

D3 = T30 — T3

23+z2+v3—112—p3+p2—a_ Z1+Z3+U1—Us—p1+p3
2 2t 2 2t

22—21+203—U1—U2—2p3+p1+p2—06
2 2t

1+2v3—vl—v2—2p3+p1+p2—04
3 2t

57The symmetrical distribution of z; implies that z3 —z; and zo — 23 equals % and that zo— 21 =
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B Strategic Interaction

B.1 Reaction Functions

Prices are the strategic decision variables in out model. To derive the reaction func-
tion of the strategic decision variables, we differentiate the profit functions with
respect to prices.

Reaction function conventional cars:

m = D1 x (p1 — 1)

677'1 8D1
—— = _—— X — D=0
apl 3]?1 (pl Cl) + D1
3 zZ3 — 21 (1+2ﬂ)1)1—1)3 —i—p3—3p1 o
o X (L —e) =5+ 21 =0
t 1+ 208)vy —vs + p3 + 3¢
pf(p3)=—+( Jor = 05 + pa 1 31 (8)
18 6
Reaction function electric cars:
Ty = Dy X (p2 — ¢2)
877'2 8D2
— == — D> =0
apz apZ X (p2 02) + 2
3 29—z (142B8)ve —v3+ps —3p2 +
_2 _ =0
5 X (P2me)+ =5 — 21
t 14+ 28)vg —v3+p3+ 3¢+«
p(ps) = L 4 LH 2002 = s b 30y )

18 6
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Reaction function public transport:

73 = D3 x (p3 — c3)

877'3 8D3
— 2 =" x — Ds =0
apg 8]93 (p3 C3)+ 3
1 — 203 — v — — 2pg —
_¥X<p3_03)+2222’1+ VU3 — U1 Uz+§;+p2 D3 04:()

2U3—1)1—U2+p1 +p2+263—04
4

t
5 (p1,p2) = 6 + (10)

C Equilibriums
C.1 Equilibrium Prices

First we insert equation (10) for ps into equations (8) and (9):

Equation 8:

t (1 + QB)’Ul — V3 + p3+ 3¢y

R [—

18 6 6

6 4

t (142B)v; —vs+ 3¢ 1<t+2v3—vl—v2+p1+p2+263—a)

6t (3 —+ 85)'[}1 — 2’03 — Uy + 1261 -+ 203 +p2 —

— 11
253 * 23 (11)

Pf (P2) =
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Equation 9:
t (1+2B8)vy —v3+p3+3c+a

R _t
7i+(1—|—25)vg—v3—1—302—|—a+l £+203—vl—v2+p1+p2+203—a
18 6 6\ 6 4

6t 3+ 8B)vy — 2u3 — vy + 12¢5 + 2¢5 4+ p1 + 3«
p§<p1):253+( U2 3 123 2 3 1 (12)

The equilibrium price for conventional cars is then found by inserting (12) into

(11):

6t (3+8B)vy —2v03 — vy +12¢1 +2c3+p2 —
Ripy— 20

6t (34 88)vy —2u3 —vg + 12¢) + 2¢3 —
23

T 253
N 1/ 6t (3+ 8B)vy — 203 — vy + 12¢9 + 2¢3 + 3«
23\ 253 23

. 126+ (17 +468)vy — 1205 — (5 — 208)ve + 69¢1 + 12¢3 + 3ca — ba

Inserting (13) to (12) gives the equilibrium price for electric cars:
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ot n (3 + 85)1}2 — 2v3 — vy + 12¢9 + 2c5 —f—pT + 3«
253 23

pE(p}) =

6t (3+ 88)vy — 203 — vy + 12¢5 + 2¢3 + 3«

~ 9253 23
1 (12t + (174 4658)vy — 12vu3 — (5 — 2)vy + 69¢1 + 12¢3 + 3¢ — 5a)
23 132

. 12t 4+ (17 +468)vy — 1203 — (5 — 20)vy + 69¢2 + 12¢3 + 3¢1 + 17«

The equilibrium price for public transport is found by inserting (13) and (14) into
equation (10):

. s t 203 —v —va+p]+p5+ 25—
p?(p17p2> ~ 6 + 41 2

b 2u3—v vt 23—«

“6 4
1 /12t + (17 4+ 465)vy — 1203 — (5 — 2f)ve + 69¢1 + 12¢5 + 32 — b

_l’_ —
4 132

N 1 (12t + (17 + 465)vy — 1205 — (5 — 20) vy + 69¢o + 12¢5 + 31 + 17a)
4 132

. 28t +60v5 — (30 — 128)vy — (30 — 128)vs + T2¢5 + 18¢; + 18¢5 — 30a
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C.2 Equilibrium Demand

To find the equilibrium demand for conventional cars we insert the equations for p}

and pj into D;:

1 1+2 —v3 — 3
D1:6+( +28)0 2:3 D1+ P3

(1 + 2/6)’01 — U3

Ly
6 2t
3 (12t + (17 + 468)v, — 1203 — (b — 28) vy + 69¢; + 12¢3 + 3¢ — 5a)
2t 132

30 — 128)vg + 72¢3 + 18¢; + 18¢o — 30@)
132

1 (28t + 60v3 — (30 — 1283)v; — (
2

— (7.5 =3B)vy — 94.5¢1 + 18¢3 + 4.5¢5 — 7.5

18t 4 (25.5 + 698)v; — 18us
132t
(16)

Di =

The equilibrium demand for electric cars is found likewise, by inserting p3 and pj;

into Ds:

1+(1—|—25)vg—03—3p2+p3—|—a

Dy = =
276 ot
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(1 —|—26)v2—vg—|—a

132
28t + 60v3 — (30 — 128)v; — (30 — 128)ve + 72¢3 + 18¢; + 18¢o — 3004)
132

1

5

3 (12t + (17 —|— 460)vy — 1203 — (5 — 2f)vy + 69c2 + 12¢3 + 3¢; + 17«
a( )
1

“(

D 18t 4 (25.5 + 698)vy — 18vs — (7.5 — 3B)vy — 94.5¢5 + 18¢3 + 4.5¢; + 25.5a
2 132t
(17)

To find the equilibrium demand for public transport we insert pj, p5 and pj into

D33

1 2u3—v1 —v—2p3+p1 +p2—
Da=g+ 2

1 2v3—v; —v9 —«

N 2t
2 (28t + 60v; — (30 — 128)v; — (30 — 128)vs + T2¢3 + 18¢; + 18¢5 — 30

a %( 132 )
1 (12t + (17 + 465)vy — 1205 — (5 — 2)vg + 69¢1 + 12¢5 + 3co — 504)

+ J—

2t 132
1 (12t + (17 4+ 468)vy — 1203 — (5 — 2)v1 + 69co + 12¢5 + 3¢1 + 17
%( 132 )

s — 281+ 00us - (30 — 128)v1 — (30 — 128)vs — 60cs + 18¢1 + 18¢5 — 30a 18)

132¢
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C.3 Equilibrium Profits

Equilibrium profit for conventional cars:

m = Dy X (p] — 1)

(18t 4 (25.5 + 698)vy — 18v3 — (7.5 — 33)vy — 94.5¢; + 18¢3 + 4.5¢2 — 7.5
B 132t
" (12t + (17 4+ 465)v; — 1205 — (5 — 28)ve + 69¢1 + 12¢5 + 32 — b )
132

1181+ (2554 698)v1 — 18u5 — (7.5 — 38)v, — 94.5¢; + 18cs + 450, — T5a
ot 132
" (18t + (25.5 +698)v; — 18v3 — (7.5 — 3[)vy — 94.5¢1 + 18¢3 + 4.5¢5 — 7.5a>

198

(18t + (25.5 + 698)v1 — 18vs — (7.5 — 38)vy — 94.5¢1 + 18¢5 + 4.5¢, — 7.501)?
26136t

*
7T1:

Equilibrium profit for electric cars:

™y = D5 X (p3 — ¢2)

132¢
8 (12t + (174 465)vy — 12vu3 — (5 — 26)vy + 69¢y + 12¢3 + 3¢4 + 17 )
132

_<18t + (25.5 + 698)vy — 18v3 — (7.5 — 3B)vy — 94.5¢5 + 18¢3 + 4.5¢1 + 25.5@)
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118 4 (25.5+ 698)vy — 18vs — (7.5 — 38)v1 — 94.5¢; + 18¢3 + 4.5¢1 + 25.50
ot 132¢
X(mv+@55+wmw—q&@—w5—3mm—g4@y+m@+4&n+%wa)

198

(18t + (25.5 + 698)vy — 18vs — (7.5 — 38)v1 — 94.5¢5 + 18¢5 + 4.5¢1 + 25.50)?
26136t

Ty =

Equilibrum profit for public transport:

™y = Dy x (p3 — ¢3)

128t + 60v5 — (30 — 128); — (30 — 128)vy — 60 + 18¢; + 18¢; — 30

ot 132t

" (28t + 60v3 — (30 — 1283)v; — (30 — 1258)vy + T2¢5 + 18¢; + 18¢y — 30« )
132

()28t + 60vs — (30 — 128)v; — (30 — 128)vs — 60cs + 18¢; + 18¢s — 30a)?
26136t

™ =
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D Model Assumption
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E Fixed Effects Regression

We have in our fixed effect regression estimates utilized Oslo and year 2008 as base
categories. Control variables includes population, unemployment, education, public

transport and number of toll stations.

Table E.1: Regression of total vehicles with fixed effects for cities and years.

0 @) ®)
Total Total Total
Road toll 0.0120"*  -0.00270 -0.00584**
(0.00254) (0.00297) (0.00248)
City dummies Yes Yes Yes
Year dummies No Yes Yes
Control variables No No Yes
R? 0.994 0.997 0.999
N 48 48 48

Standard errors in parentheses
*p <0.10, ** p < 0.05, *** p < 0.01

Table E.2: Regression of total electric vehicles with fized effects for cities and years.

(1) (2) (3)
Total EV  Total EV  Total EV

Road toll 0.353***  0.0349**  0.0390**

(0.0441)  (0.0152)  (0.0153)
City dummies Yes Yes Yes
Year dummies No Yes Yes
Control variables No No Yes
R? 0.684 0.988 0.991
N 48 48 48

Standard errors in parentheses
* p <0.10, ** p < 0.05, *** p < 0.01
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Table E.3: Regression of total conventional vehicles with fized effects for cities and
years.

0 @) G)

Total CV  Total CV  Total CV
Road toll 0.00956***  -0.00286  -0.00587**

(0.00235)  (0.00296)  (0.00249)
City dummies Yes Yes Yes
Year dummies No Yes Yes
Control variables No No Yes
R? 0.995 0.997 0.999
N 48 48 48

Standard errors in parentheses
*p<0.10, ** p < 0.05, *** p < 0.01

Table E.j: Regression of single-homers holding one electric vehicle.

(1) (2) (3)

EV EV EV
Road toll 0.260**  0.0372*** 0.0324**
(0.0354) (0.0125) (0.0118)
City dummies Yes Yes Yes
Year dummies No Yes Yes
Control variables No No Yes
R? 0.705 0.988 0.992
N 48 48 48

Standard errors in parentheses
* p <0.10, ** p < 0.05, *** p < 0.01
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Table E.5: Regression of single-homers holding one conventional vehicle.

(1) (2) (3)

(GAY (GAY (GAY
Road toll -0.000761  0.00112  -0.00342*
(0.00286) (0.00453) (0.00205)
City dummies Yes Yes Yes
Year dummies No Yes Yes
Control variables No No Yes
R? 0.993 0.994 0.999
N 48 48 48

Standard errors in parentheses
* p<0.10, ** p < 0.05, *** p < 0.01

Table E.6: Regression of multi-homers holding one conventional and electric vehicle.

(1) (2) (3)
CV+EV  CV+EV  CV+EV

Road toll 0.364**  -0.000328 -0.00179

(0.0501)  (0.0189)  (0.0178)
City dummies Yes Yes Yes
Year dummies No Yes Yes
Control variables No No Yes
R? 0.633 0.983 0.991
N 48 48 48

Standard errors in parentheses
* p<0.10, ** p < 0.05, *** p < 0.01
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Table E.7: Regression of multi-homers holding one or two conventional and one
electric vehicle.

(1) (2) (3)
1lor2CV+1EV  1or2CV+EV  1or2CV+EV

Road toll 0.336 0.0137 0.00827
(0.0439) (0.0153) (0.0141)
City dummies Yes Yes Yes
Year dummies No Yes Yes
Control variables No No Yes
R? 0.661 0.987 0.993
N 48 48 48

Standard errors in parentheses
* p<0.10, ** p < 0.05, *** p < 0.01

Table E.§8: Regression of owners holding two conventional vehicles.

(1) (2) (3)

2CV 2CV 2CV
Road toll 0.00250 0.00150  -0.00256
(0.00301) (0.00402) (0.00203)
City dummies Yes Yes Yes
Year dummies No Yes Yes
Control variables No No Yes
R? 0.990 0.994 0.999
N 48 48 48

Standard errors in parentheses
* p<0.10, ** p < 0.05, *** p < 0.01
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E.1 CO2-emission equivalents

Table E.9: 2015 market shares and CO2-emissions.

Car type Market share CO2 production CO2 use

EV 17.1%
ICE petrol  29.6%
ICE diesel  40.9%
ICE hybrid 12.4%

87 g/km
43 g/km
43 g/km
43 g/km

0 g/km short term, 73 g/km long term
119 g/km
132 g/km
87.5 g/km

Weigthed CO2-emissions for use of conventional cars:

Share petrol ICE = 29.6

40.9+29.6.+12.4

Share diesel ICE = 40.9

40.9+29.6.+12.4

Share hybrid ICE = 12.4

40.94-29.6.4+12.4

= 0.357

= 0.4933

= 0.1496

Average CO2 g/km = (0.357 x 119) + (0.4933 x 132) + (0.1496 x 87.5) = 120.6

How many conventional cars must be replaced to maintain or reduce

CO2-emissions if the number of electric cars increases by 268:

Short term:

CO2-emissions 488 electric cars:

87¢g/km x 150 000km x 488 = 6 368 400 000¢g

CO2-emissions per conventional car:

(43 + 120.6)g/km x 150 000km = 24 540 000g
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Lifetime adjusted CO2-emissions per conventional car:
24 540 000g x 0.967 = 23 730 180

Minimum reduction of conventional cars:

6 368 400 000

= 268
23 730 180

Long term:

CO2-emissions 488 electric cars:
(87 + 73)g/km x 150 000km x 488 = 11 712 000 000g
CO2-emissions per conventional car:
(43 4+ 120.6)g/km x 150 000km = 24 540 000g
Lifetime adjusted CO2-emissions per conventional car:
24 540 000g x 0.967 = 23 730 180

Minimum reduction of conventional cars:

11 712 000 000g
23730 180

494

F Fosen

Following postal numbers have been included in the analysis from Fosen: 7100, 7101,
7105, 7110, 7112, 7113, 7114, 7119, 7120, 7121, 7125 7126.

129
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Figure F.1: Total number of vehicles in
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Figure F.2: Total number of electric vehicles in Fosen & Ryfylke in logarithm.
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Figure F.3: Total number of conventional vehicles in Fosen & Ryfylke in logarithm.

Owners with one electric vehicle
Pre treatment Post treatment

| E——

35 /

3

T T T T T
12.13 02.14 04.14 06.14 08.14 10.14
Date

Quantity of owners in logarithm

Fosen Ryfylke

Figure F.j: Owners with one electric vehicle in Fosen € Ryfylke in logarithm.
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Owners with two electric vehicle
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Figure F.5: Owners with two electric vehicles in Fosen & Ryfylke in logarithm.
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Figure F.6: Owners with one conventional vehicle in Fosen € Ryfylke in logarithm.
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Owners with two conventional vehicles
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Figure F.7: Owners with two conventional vehicles in Fosen & Ryfylke in logarithm.
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Figure F.8: Owners with two large conventional vehicles in Fosen & Ryfylke in log-
arithm.
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Owners with two small conventional vehicles
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Figure F.9: Owners with two small conventional vehicle in Fosen & Ryfylke in loga-
rithm.
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Figure F.10: Owners with one large and one small conventional vehicle in Fosen €
Ryfylke in logarithm.
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Owners with two conventional and one electric vehicle
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Figure F.11: Owners with two conventional and one electric vehicle in Fosen &
Ryfylke in logarithm.
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Figure F.12: Ouwners with one/two conventional and one electric vehicle in Fosen &
Ryfylke in logarithm.
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F.2 Regression Estimates

Table F.1: Estimates from regressions of private electric vehicles owners in logarithm.

(1) (2)
EV 2EV
Dummy Fosen 0.72%**
(0.065)
Post treatment 0.36*** 0.25

(0.065) (0.12)
Treatment effect Fosen -0.23*

(0.092)
Intercept 3.19*  0.69"*

(0.046) (0.085)
N 24 12
R? 0913  0.304

Standard errors in parentheses
*p<0.05, ** p<0.01, ** p <0.001

Table F.2: Estimates from regressions of private conventional car owners.

(1) (2) (3) (4) (5)

CV 2CV 2LCV 25CV  LCV4SCV
Dummy Fosen -0.27*  -0.20™*  -0.10"*  -0.49*** -0.38**
(0.0019) (0.0093) (0.010) (0.044) (0.018)
Post treatment 0.0059**  0.041*** 0.021 0.049 0.10***
(0.0019) (0.0093) (0.010)  (0.044) (0.018)
Treatment effect Fosen -0.0081** 0.015 0.034* 0.17* -0.061*
(0.0027)  (0.013)  (0.014) (0.062) (0.025)
Intercept 8.36™** 6.78*  6.42"*  3.19™ 5.5o***
(0.0014) (0.0066) (0.0072) (0.031) (0.013)
N 24 24 24 24 24
R? 0.999 0.978 0.894 0.910 0.982

Standard errors in parentheses
*p <0.05 * p<0.01, ™ p<0.001
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Table F.3: Estimates from regressions

of multi-homers in logarithm.

0 @) )
CV+EV 2CV+1EV  10or2CV+1EV
Dummy Fosen 0.47** -0.63*** 0.24*
(0.047) (0.073) (0.046)
Post treatment 0.31*** 0.087 0.25%**
(0.047) (0.073) (0.046)
Treatment effect Fosen — -0.21** 0.19 -0.12
(0.067) (0.10) (0.065)
Intercept 3.49*** 2.68*** 3.86**
(0.033) (0.051) (0.032)
N 24 24 24
R? 0.894 0.861 0.777

Standard errors in parentheses
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Figure G.1: Total number of vehicles in Askoy & Sotra in logarithm.

137



Electric vehicles
Pre treatment Post treatment

5 /

Quantity of vehicles in logarithm

3

T T T T T
12.12 04.13 08.13 12.13 04.14 08.14
Date

Askay Sotra |

Figure G.2: Total number of electric vehicles in Askoy € Sotra in logarithm.
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Figure G.4: Owners with one electric vehicle in Askoy & Sotra in logarithm.

Owners with two electric vehicle

Pre treatment Post treatment

2 -
£
s
=
S 1.5
k)
£
4
o
‘s
c
©
=
(¢}

0 -

T T T T T
12.12 04.13 08.13 12.13 04.14 08.14
Date
‘ Askay Sotra

Figure G.5: Owners with two electric vehicles in Askoy € Sotra in logarithm.
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Owners with one conventional vehicle
Pre treatment Post treatment

’/\—/_/’\/\_———\

8.95
8.9

8.85

-

Quantity of owners in logarithm

8.8 N/—/_/_’

T T T T T
12.12 04.13 08.13 12.13 04.14 08.14
Date

Askay Sotra ‘

Figure G.6: Owners with one conventional vehicle in Askoy € Sotra in logarithm.
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Figure G.7: Owners with two conventional vehicles in Askoy & Sotra in logarithm.
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Owners with two large conventional vehicles
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Figure G.8: Owners with two large conventional vehicles in Askoy € Sotra in loga-
rithm.
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Figure G.9: Owners with two small conventional vehicle in Askoy € Sotra in loga-
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Owners with one large and small conventional vehicles
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Figure G.10: Owners with one large and one small conventional vehicle in Askoy €9
Sotra in logarithm.
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Figure G.11: Owners with two conventional and one electric vehicle in Askoy €
Sotra in logarithm.
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Figure G.12:
rithm.
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G.2 Regression Estimates

Table G.1: Estimates from regressions of private electric vehicles owners in loga-

rithm.

(1) (2)

EV 2EV

Dummy Askay 0.43**  -3.2e-16
(0.14) (0.21)
Post treatment 1.36*** 0.50*

(0.14)  (0.22)
Treatment effect Askgy  0.12 0.73*
(0.20)  (0.28)

Intercept 3.0  1.1e-16
(0.098)  (0.15)

N 48 27

R? 0.842 0.738

Standard errors in parentheses
*p<0.05, " p<0.01, ** p<0.001
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Table G.2: Estimates from regressions of private conventional car owners.

(1) (2) (3) (4) ()

CV 2CV 2LCV ~ 2SCV  LCV4SCV
Dummy Askay 0.16™*  0.081** 0.079***  0.082* 0.081***
(0.0024)  (0.0074) (0.0085) (0.039)  (0.0079)
Post treatment 0.016=*  -0.0021  -0.016  0.26™** 0.043**

(0.0024) (0.0074) (0.0085) (0.039)  (0.0079)
Treatment effect Askgy -0.0099**  -0.024*  -0.032* -0.021 0.015
(0.0034)  (0.010)  (0.012) (0.055) (0.011)

Intercept 881 T.33%*  6.79%*  4.05%*  6.39"
(0.0017)  (0.0052) (0.0060) (0.028)  (0.0056)

N 48 48 48 48 48

R? 0994 0809  0.768  0.669 0.884

Standard errors in parentheses
* p<0.05, ** p<0.01, ** p <0.001

Table G.3: Estimates from regressions of multi-homers in logarithm.

0 2 G)
CV+EV 2CV+1EV  1or2CV+1EV
Dummy Askay -0.070 0.96* 0.11
(0.17) (0.19) (0.16)
Post treatment 1.20™ 1.70" 1.27
(0.17) (0.19) (0.16)
Treatment effect Askgy  0.53* -0.46 0.35
(0.24) (0.27) (0.23)
Intercept 3.26"* 1.18** 3.39"
(0.12) (0.14) (0.11)
N 48 48 48
R? 0.786 0.774 0.795

Standard errors in parentheses
* p <0.05, ** p<0.01, ** p <0.001
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Figure H.1: Total number of vehicles in Kristiansand € Stavanger in logarithm.
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Figure H.2: Total number of electric vehicles in Kristiansand € Stavanger in loga-
rithm.
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Figure H.3: Total number of conventional vehicles in Kristiansand € Stavanger in
logarithm.

146



Owners with one electric vehicle
Pre treatment Excluded Post treatment

5.5

/

//

4.5+

Quantity of owners in logarithm
()]
1

T T T T T T T
01.13 0313 0513 0713 0913 1113 0114 03.14
Date

Kristiansand Stavanger ‘

Figure H.4: Owners with one electric vehicle in Kristiansand € Stavanger in loga-
rithm.

Owners with two electric vehicle
Pre treatment Excluded Post treatment

2.5+

1.5

I NEVAVA\VS

Quantity of owners in logarithm

T T T T T T T
01.13 03.13 0513 0713 0913 1113 01.14 03.14
Date

Kristiansand Stavanger

Figure H.5: Owners with two electric vehicles in Kristiansand € Stavanger in loga-
rithm.
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Figure H.6: Owners with one conventional vehicle in Kristiansand & Stavanger in
logarithm.
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Figure H.7: Owners with two conventional vehicles in Kristiansand € Stavanger in
logarithm.
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Figure H.8: Owners with two large conventional vehicles in Kristiansand € Stavanger
in logarithm.

Owners with two small conventional vehicles

Pre treatment Excluded Post treatment
5.9
£
S
g 584 /_\//\/\\/\/
K]
£
(7]
5 571
5
o
O 56+ \/’\
2
=
[]
=1
& 554

T T T T T T T
01.13 03.13 0513 0713 0913 1113 01.14 03.14
Date

Kristiansand Stavanger

Figure H.9: Owners with two small conventional vehicle in Kristiansand € Stavanger
in logarithm.
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Owners with one large and small conventional vehicles
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Figure H.10: Ouwners with one large and one small conventional vehicle in Kris-
tiansand € Stavanger in logarithm.
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Figure H.11: Owners with two conventional and one electric vehicle in Kristiansand
& Stavanger in logarithm.

150



Owners with one/two conventional and one electric vehicle

Pre treatment

Excluded

Post treatment

6 -

o
o
|

~
3
|

P

Quantity of owners in logarithm
[$)]
1

I
1

_~

—

T T T
01.13 0313 05.13

T T
07.13  09.13  11.
Date

T T
13 0114 03.14

Kri

istiansand

Stavanger ‘

Figure H.12: Quwners with two large conventional vehicles in Kristiansand € Sta-

vanger in logarithm.

H.2 Regression Estimates

Table H.1: Estimates from regressions of private electric vehicles owners in logarithm.

(1) (2)

E

\% 2EV

Dummy Kristiansand

Post treatment

-0.22*  -0.25

(0.092) (0.21)
0.83*** 1.09***
(0.092) (0.21)

Treatment effect Kristiansand — 0.15 -0.012
(0.13)  (0.29)
Intercept 4.74**  (0.83***
(0.065) (0.15)
N 24 24
R? 0.908 0.742

Standard errors in parentheses

*p <0.05, ** p<0.01,

** p < 0.001
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Table H.2: Estimates from regressions of private conventional car owners.

0 2 ©® 0 )
CV 2CV 2LCV 2S5CV  LCV+SCV
Dummy Kristiansand -0.27  -0.28"  -0.277 -0.27 -0.26™*
(0.0020) (0.0058) (0.0081) (0.014) (0.0071)
Post treatment 0.030*  -0.0084 -0.032***  0.032* 0.035**
(0.0020) (0.0058) (0.0081) (0.014) (0.0071)
Treatment effect Kristiansand -0.018**  0.0030 0.022 0.074** 0.029**
(0.0028) (0.0082) (0.011)  (0.019) (0.010)
Intercept 10.5%* 8.75%* 8.11 5.77 7.89**
(0.0014) (0.0041) (0.0057) (0.0096)  (0.0050)
N 24 24 24 24 24
R? 0.999 0.996 0.990 0.971 0.992

Standard errors in parentheses
*p <0.05, ** p <0.01, *** p < 0.001

Table H.3: Estimates from regressions of multi-homers in logarithm.

0 2 G)
CV+EV 2CV+1EV  1or2CV+1EV
Dummy Kristiansand 0.088 0.072 0.087
(0.090) (0.093) (0.086)
Post treatment 0.91%* 1.03*** 0.94**
(0.090) (0.093) (0.086)
Treatment effect Kristiansand 0.18 -0.093 0.12
(0.13) (0.13) (0.12)
Intercept 4.29** 2.98*** 4.53*
(0.064) (0.066) (0.061)
N 24 24 24
R? 0.928 0.917 0.932

Standard errors in parentheses
*p <0.05, % p<0.01, " p < 0.001
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