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Abstract

In this study we calculate the private costs, nmeigexternal costs, and degree of internalizatisrafl modes in
Flanders for the period 2000-2014, with an outltmkards 2016. The private costs are the costshfouser.
For road transport these include the vehicle peltasts, insurances, maintenance, fuel costs;@ttransport
services (bus, train, plane) this is the ticketg@riMarginal external costs are the costs thedses not take into
account when deciding to make a trip. They areedatharginal as we focus on the additional effedhaf one
trip. We considered congestion, environment (altution and greenhouse gasses), noise, safetysinércture
wear & tear and health.

The internalization of external costs determin@sdhtent to which the user does take into accoaritqf these
external costs via taxes and levies. In the cadallahternalization, the user pays for all thestohe causes via
taxes and levies. Today, in most cases, the usesr niat pay the full costs he causes.

Based on our calculations we assessed the evolofidhe degree of internalization over time. Isridars
heading towards the “polluter pays principle”? @hsteps are needed to evolve to a better pridivigFound
that over the years the level of internalisationmiginly driven by changes in external costs rathan by a
targeted adjustment of taxes. Recent changesatidaxsuch as the changes in the car registradiorthe yearly
road tax and the km charge for trucks did leadrtangrease in internalisation, but we are still fiamm full
internalisation. Moreover, it would be better tdfelientiate taxes not only on environmental perfance but
also on time and place. The levels of internalisatire also very different — not only between mduolgtsalso
within the road mode.
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1. Introduction

This article is based on Delhaye, E. et. al. (20t 8iscusses the private costs, the externabasd the level of
internalization of transport in Flanders for theripg 2000-2014, with an outlook towards 2016. Vifstf
describe in more detail how the external costs @ndhte costs were calculated. Next, we discusdabel of
internalization, its importance and its evolutioreotime.

2. Which external costs are considered?

In this study, we consider the following externasts: costs caused by noise, congestion, accid#atsage to
infrastructure, and environmental costs. In sonsesathere are also external benefits such astidthtbenefits
of cycling. Figures 1 and 2 below show the différerarginal external costs for different modes amel fypes
per 100 passenger-km for passenger transport artDpaonne-km for freight transport.

The marginal external congestion costs are thetiaddl time costScaused by a road user to other road users by
driving an additional vehicle kilometre. The usedwn time costs are not part of the marginal exern
congestion costs. These external costs are pantigiiigh during peak hours and in urban areas.ctimgestion
costs in the figures are averaged over peak angeafk and over all road types. The figures alsartyleshow
that the congestion costs account for the majoresbéthe external costs for passenger cars amgkdor-or
public transport there exists another cost of cetige i.e. discomfort caused by crowding. This @ imcluded

in the calculations.

The marginal external environmental costs are tteiscdue to climate change (&@H, and NO) and air
pollution (SQ, NO,, NMVOC, heavy metals, PM and PMg). The non-exhaust emissions of PM and heavy
metals are also taken into account in the calaniatf the marginal external environmental costs-a®e the
indirect emissior’s They are calculated as the product of the diffeemission factofg(in kg/km) with the
respective monetary valuationgn euro/kg). For maritime shipping, we assufmat not all emissions which
happen on the North Sea reach the main land, lgadinower damage costs of emissions from maritime
shipping. The figure shows that the share of theginal external environmental costs (as a consezpi@f
emissions) in the total external costs decreaseuees 2000 and 2014.

The marginal external noise costs are very low drmodes, both in absolute and relative terms. The
methodology used is based on Ecorys (2005), thadimis based on Dekonink, L. (2016) and the vabuatin
Standaardmethodiek MKBA transport.

The marginal external accident costs of road trarisgre the additional accident costs for society th a road
user driving an additional kilometre. The damagsts@overed by the insurance of the vehicle arenchided
in these external costs. The methodology is baseddirlberg (2006), while the monetary values argedaon
HEATCO and GRACE. The accident risk is calculatsthg national statistics. Especially motorcyclistsre
high marginal external accident costs due to thigih accident risk, particularly for accidents lemgto severe
physical damage. Cyclists also have relatively laghident costs, mainly as a consequence of thkitively
high accident risk — although they have a much kemédéxternal” part. Lorries are, per driven kilotre
relatively less involved in accidents. Howeveraggér part of the accident costs are externaldoies as the
probability that the lorry driver himself gets histlower than the probability that the other pantyhe accident

2 Values of time uses are based on KIM (2013) anttefaal Planbureau (2015). The values of time do no
evolve over time. The congestion curves were estidhasing real travel time data in Delhaye et28l().

® The indirect emissions take into account the eiomisswhich occur “from well-to-tank”. Hence theyclnde

the resource extraction, the distribution, the fiedéihing and electricity and the distribution tetvehicle. They
do not include the emissions from vehicle producto infrastructure construction.

* Direct emissions of road transport are based aaivise Emissie-Inventaris lucht (VMM). These areetam
COPERT 4 v11.3 and are based on measures in & @rddhg context. Direct emissions of rail, inland
waterways and maritime start from the EMMOSS mauhel of air transport from the EMMOL model. Indirect
emissions are based on CE Delft (2011) and CE [2ft5)

® For air pollutants based on VITO (2010) and faregthouse gasses based on Ricardo-AEA (2014).
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gets severely injured. For all vehicle types, we aedecrease in the accident risk over the yesasijrg to a
decreasing marginal external accident cost oveg.tim

The marginal external infrastructure costs areattditional costs for maintenance and repair oftta& surface,
locks, docks, etc., which are dependent on th&drablume. An additional lorry damages, dependimgts axle
weight, the road surface to a lesser or greateméxEFor passenger vehicles, these marginal cqs& eero as
the axle weight is very limited. For lorries, thesssts represent only a small portion of the tetdérnal costs.
Also for the other modes, we see that the margedérnal infrastructure costs are relatively lowheT
methodology for road transport is again based o®GR Information on infrastructure costs were takem
De Ceuster (2012). For rail, we used the valuergiyg Munduch (2002), for inland waterways and nirast
we use the values from Schroten, A. et.al. (20E6}.air transport, they are assumed to be intesedlivia the
airport charges.

The marginal benefits of health are unique for isygl These benefits are threefold: improved hefalththe
cyclist in the form of avoided early death andfmrease in quality of life, savings for the sosi@turity system,
and increase in productivity due to lower abseatest They were calculated in Delhaye et.al (20h7the base
of a literature review.
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Figure 1: Marginal external costs of passengeispart (Flanders, 2000 and 2014), euro per 100 pges&m. Source: TML

When we focus on the differences in marginal exkecosts between the different modes of passengesgort
(Figure 1) we can make the following conclusionfie Tmarginal external costs per passenger kilometre
increased over time for passenger cars. For ther gthssenger modes, they remained relatively condta
electric rail they decreased. In 2014, the higheatginal external costs (per passenger-km) for quages
transport were for motorbikes, followed by passengars. Over time, the marginal external costs for
motorcycling remained relatively constant, but tredative shares of the different costs changed. The
environmental and accident costs decreased oves, tivhile the congestion cost increased. Cyclistge ha
marginal health benefits. The differences betwéenpassenger cars are relatively low due to théogpneance
of the congestion costs — even when comparing altérnative fuel passenger cars. The differencasakist
are entirely attributable to differences in envirental costs. In 2014, the marginal external costmn electric
car were about 82 % of the external costs of aetliesr. These figures express the marginal extexosts per
passenger-km, hence transport (bus and rail) aiadi@v have much lower marginal external costs wutheir
economies of scale. Hence, the occupancy raterysimportant for this comparison. For buses, thisra strong
decrease in the marginal external environmentabkcbsit this is set off by the increase in the estign costs.
For aviation, the most important costs are the renwental costs, and greenhouse gasses in partidiie
electric train has the lowest marginal externat€esin which noise has the largest share (41 %).

For freight transport, it is clear that road tram$performs worse than rail, inland waterways amakritime
transport (Figure 2).
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Figure 2: Marginal external costs of freight tram$g{Flanders, 2000 and 2014), euro per 100 tormeSource: TML

There are two reasons for this. Firstly, congesfitays an important role in the external costsoafdr modes.
This is not the case for the other modes. For helany vehicles, the marginal external congestiost€o
represented 55 % to 64 % of the total externalscios014; in 2000 this was only one third. Secpnttie very
low loading factors for road play a negative raighe comparison. The loading factor for road i®Wwe50 %,
whereas a loading factor of 71 % is assumed fanthwaterways and maritime transport.

Per tonne-km the light-duty vehicle performs watge to its low occupancy rate. For this mode, therelse in
accident and environmental costs is notable. Tkisreahse dominates the increase in congestion dests.
heavy-duty vehicles between 3.5 and 12 t the malgirternal costs increase due to the increaserigestion;
for heavy-duty vehicles >12 t this increase is cengated by the improved environmental performaite.
heavy-duty vehicle >12t and short-haul aviation éhaxomparable marginal external costs. Aviation is
outperformed by shipping. Electric rail has the éstvmarginal external costs.

3. Calculation of the private costs and taxes.

Even today, the user already pays for the useaobport modes. Transport is not for free. Therecasts for the
user, the so-called private costs (such as the @st train or bus fee, fuel costs, vehicle purehassts,
insurance costs, etc.) and there are taxes areklevi

For road transport the costs are calculated intglegil, distinguishing between fuel costs, c@sid subsidies
when purchasing a vehicle (purchase costs, VATtaxrels), and yearly costs such as the road taxtemaince,
insurance and the Eurovignet (replaced by the léloencharge in 2016 and hence only included inaeat).
Figures 3 and 4 below show the private costs @jatshing between net costs (purchase cost, maimtenatc.
including labour taxes) and taxes (including VAT).

It is clear that electric vehicles are still expgas Disregarding this type of vehicles, we sed tha user pays
between 12 and 32 euros per 100 passenger kilsndine purchase costs and the VAT have the laslese
in the total costs a car user has to pay. Therdiffee in purchase price per kilometre is mainlyedained by
the differences in the number of kilometres peajrlee with their car. On average, the absolute lpase costs
are higher for diesel cars than for gasoline daws$,this is compensated by the fact that diesed dawve more
kilometres due to the lower fuel costs.

Riding a motorbike is more expensive than a cah witost of about 71 euros per 100 kilometres.t@kdevel
is about the same, but the purchase cost and msesger kilometre are higher for the motorbikerrid
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Taking into account the subsidies, the costs faebus about -9.18 euros per 100 passenger kileseffhis
indicates that buses are over-subsidised as ttedsedare higher than the costs.

For rail, we calculated the costs in detail. Pagsetransport via rail only pays 6 % VAT. The difface with
the normal VAT rate of 21 % is considered to benalirect subsidy and hence is added to the othesidies. It
is clear from this picture that rail is heavily sidized.
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Figure 3: Total price per passenger km in 2014sgrager modes, in constant prices euro2015. Solitke:

Figure 4 below shows the net costs (including laldaxes) and the transport taxes (including VAT frefght
transport per 100 tonne-km. The cost or road fteiginsport varies between 11 and 140 euros peitdriite-
km. For road freight the most important cost elehaga the labour costs and labour taxes (varyiogf87 % of
total costs for the heaviest-duty vehicle and abtut% for the light-duty vehicle). For freight tsport the
cheapest mode per tonne-km is maritime shippingh(ttie exception of RoRo), followed by the largeiand
waterway vessels.

For inland waterways, the costs for three typeseasfsels were calculated: “spits” (a small vessel dfI350
tonnes), a “European Ship” (an average M5 long mond-Eemschannel vessel with an empty weight 00128
tons) and a large cargo ship (A large M8 Rhine elesghich can load 200 TEU on 4 layers). We distisged
between fixed costs (personnel costs, costs fonteénce and repair, etc.) and the variable casth as
energy and taxes. The most important costs fanthwaterways are the fuel costs and the persaostd.

For maritime shipping, we distinguish between thsgees of vessels: RoRo, container and bulk. Fercibsts,
we distinguish between personnel costs, insuraasts,cmaintenance and repair costs, port costischges, etc.
For maritime transport, we see more variation wétspect to the most important cost categories. ttapbcost
components are again the fuel costs, the capitas depreciation and interest costs) and the peesaost.

For aviation, we distinguish between short and lbagls. With respect to the costs we distinguistween
purchase/leasing cost, costs of air traffic contrake-off fees, passenger fees, maintenance, drearvices,
fuel costs and personnel costs.



E. Delhaye et.al. / TRA2018, Vienna, Austria, April 16-19, 2018

160 €c

140€c

120€c
M Taxes

100 €c = Net

80 €c

60 €c

40 €c

20€c I
0€c e - - . l |
ﬂ) 1) o~ ] o J 4] © > . 4 o0
g 3 $ % 3% £ &2 &8 & & 3z 3 B %
S 2 h ~ @ x - e S Kd £ @ < K=]
g T o T T 3 =z 2 32 s £ g L, Eg
> > £ e c T v
2 =) 3 =) © c 2 2 S T o9 = D P
> =] =) © £ = =z =) 80 = c o
a I T = © z = 4 oS 5 v &£ 8
g9 = s = @ go s £z 2
0 k= £ £ S©® ©o7°
D ) = = 2 =
v X = = = ©
= 2 ] ] Rl S
fre s = Z <

Figure 4: Total price per tonne-km in 2014, freigiades, in constant prices euro2015. Source: TML.

4. What isinternalization of marginal external costs?

The transport user is not always aware of the naesa transport causes. Think for example of ailupoh,
climate change, noise nuisance, accidents and leriges, rail, inland waterway and sea transpodiamage to
infrastructure. This nuisance causes marginal eatarosts of transport. These costs are calledredtas each
of these aspects comes at a price, which is ndtdieectly by the polluter, but by society as a \ehdhey are,
in other words, external to the decision of theru3de user only takes into account his privatetcdgfor
example, fuel costs and the price of a train tigkaixes and levies (for example the annual ro&jl fhey are
called marginal as we only consider the additienaérnal costs caused by an additional vehiclaneéioé.

Internalization of external costs deals with thesjion to what extent the user pays for part o$ehexternal
costs via taxes and levies. Full internalizatioplies that the user pays for all the costs he causetaxes and
levies. Note that two approaches can be taken. In adjproach, the “polluters pays” principle, all exal

costs needs to be paid by those who causes hiditogic one should compare average costs to gedranefits.
In the second approach, the focus lies on the theemffects of prices, requiring marginal costsetpual

marginal benefits. When marginal does not equatamee costs/benefits, the two approaches do notte#ke

same result. Note that we take a rather mixed agras we compare marginal external costs to tbeage tax
level. This means that we somewhat overestimatéethe of internalisation.

5. To what extent doesthe transport user internalize their external costs?

Currently, most users do not pay for the nuisaticeg cause. Figure 5 below shows the degree ahilieation
for the different modes examined in this study. Tloenbers are relative: the sum of all external cesfuals
100%. The small grey bars show to what extent #éxes cover the marginal external costs. A negatixe
represents a subsidy. For cyclists, the marginakfis are larger than the marginal costs, so tiatsum of
external “costs” does not equal 100 %.

® All information is calculated at vehicle level. Tome to costs per passenger-/tonkm we dividee thests by

the load factor.
"It is also possible to internalize external casting tradeable emission or mobility rights.



E. Delhaye et.al. / TRA2018, Vienna, Austria, April 16-19, 2018

%02-

%0
%02
%0%
%09
%08
r %004
%0Ch
%0v L
%09}

Bicycle
Bicycle electric

Motorcycle gasoline

Passenger car gasoline

Passenger car diesel

Passenger car CNG

Passenger car LPG

Passenger car electric

Passenger car hybrid

LDV gasoline

LDV diesel

HDV 3.5-12t

HDV >12t

Bus diesel

Coaches diesel

Company car gasoline

Company car diesel

Passenger train national diesel

Passenger train national elektric

Passenger train international

Freight train diesel

Freight train electric

IVWV - small

IVWV - average

VY - large

Maritime RoRo

Maritime Container ship

Maritime Dry Bulk

Aviation passenger short dist. Low cost

i @ mehb
Aviation passenger short dist. Full service | meic
i mmenc
Aviation passenger long dist. = meac
R meec
Aviation freight short dist. omecc

-—transport taxes
Aviation freight long dist.
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The degree of internalization for the modes bus passenger train fall outside the scale of thiplgrahe
degree of internalization for bus is -744 %, fosgenger train national diesel -540 % and for paggetnain
electric -1115 %.

mehb = marginal external health benefit

meic = marginal external infrastructure cost

menc = marginal external noise cost

meac = marginal external accident cost

meec = marginal external environmental cost

mecc = marginal external congestion cost
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Figure 5 clearly shows that current taxes and fewgie transport capture only a portion of the extbcosts. We
find that, in general, the degree of internalizatis the largest for road transport, and for motdes and
passenger cars in particular. The taxes for motbesyare higher than their external costs. Ambegiassenger
cars, the gasoline car has the highest level efrialization (80 %). Diesel cars only internaliZ2%. Company
cars (defined as cars owned by a company but asd tor personal purposes) have a much lower lefvel
internalization with only 66 % for gasoline cargda?il % for diesel cars. Due to its high subsidiratpublic
transport does not internalize its external cobe $ubsidies are about 7 times higher than theretteosts for
buses and about 5 (diesel) to 11 (electric) timghdr for rail (national passenger transport). @eaconly
internalize 19 %. Air transport for passengersritdaézes about 8% on short hauls, and only 2% aog lwauls.

For freight transport, the level of internalizatidor light-duty vehicles varies between 27 % and %0
depending on the fuel type (diesel versus gasolifeqvy-duty vehicles internalize between 15 % 286 of
their external costs. Rail freight transport intdizes about 30 % (diesel) and even pays more itBarosts
when electric (159 %). For freight air transpohgre is a large difference between short (18 %)lang (4 %)
distance transport. For maritime and inland watgsythe degree of internalization is low to inesist

6. What istheimportance of differentiated taxesfor road transport?

For road transport, we can make a further distimcth terms of time (peak versus off-peak hourg) place
(motorways, other roads, and urban roads) of tras@n average, the gasoline car does not intemdts
external costs. However, gasoline passenger cgrtopanuch in some situations. This is the casesk@ample
during off-peak hours on motorways and in peak foam “other roads”. Diesel cars, on the other hand
internalize less than gasoline cars. They never tpaymuch. Company cars — and certainly diesel ears
internalize much less than private owned cars. hWithe group of passenger cars using alternatiessf it is
clear that CNG cars are (over)subsidized. Theigmat external costs are very similar to gasoliaescbut they
pay far fewer taxes. The level of internalization ¢ars using alternative fuels lies between tfi¢he diesel and
the gasoline car. A similar picture is obtainedl@ories. In general, they pay too little, partiedy in peak hours
on motorways and in urban environments.

This implies that it would be economically optintaldifferentiate taxes and levies in terms of fiyple, place,
and time of transpdttToday, most taxes are dependent mainly on fuel/gvironmental performance of the
vehicle. In 2016, a start towards a location depahdharge was made with the introduction of tHenkétre
charge for heavy-duty vehicles (see section 7).

7. How did the level of internalization evolve over time?

Figure 6 shows the evolution of the level of intdization over time for road transport. For mosigemger cars,
the level of internalization decreases. This is enlinked to the increase in external costs — cdigesn
particular — than to a decrease in taxes. Taxegir=u relatively constant over time (in real terni$xes on
company cars did increase between 2012 and 201#bdbe reduction of the VAT deduction and the éase in
the imputed taxable benefit (and hence a decrdade amplicit subsidy) since 2013. This led toiaarease in
the level of internalization. For lorries, the lewd# internalization is relatively constant (nottyeking into
account the kilometre charge). Light-duty vehiasing diesel are the exception with an increag@eir level
of internalization.

® The calculations take account of the average enriental performance of the vehicle fleet, but dbfarther
distinguish between Euro standards. Different Eiamdards have a different impact on marginal aater
environmental costs. Given the importance of thegestion costs, it seems more important to diffiéae with
respect to time and place.
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Figure 6: Internalization of external costs overdi(2000-2014) — road transport. Source: TML

For non-road transport we observed that the lefvgiternalization of diesel freight trains decredsEor electric
freight trains and international passenger trartsplog level of internalization remains rather dant National
passenger rail transport is more and more subsidirel hence the level of internalization decreabes.
shipping, the level of internalization remains tielgly constant for inland waterways, whereas itnans
virtually zero for maritime shipping. For air trgowst, the level of internalization also remainstiely constant
— although this is partly caused by the lack ofedéntiated time series for many elements.

In 2016, several measures were taken which affectevel of internalization to a greater or lesssetent. The
kilometre charge for heavy-duty vehicles increagedden keeping all other private and external cfigsed at

the level of 2014) the level of internalization fogavy-duty vehicles 3.5-12t from 15 % to 34 % &wodh 26 %

to 45 % for heavy-duty vehicles of more than 12te Thange in the car registration tax and yeawdy tax also
increased the level of internalization — althouglatlesser extent. When all other private and pategosts are
fixed at the level of 2014, the level of internalion increases from 83 % to 86 % for gasoline eadsfrom 44
% to 46 % for diesel cars.

8. Doesthis meansthat Flandersison theright track?
Not really....

Over the years, changes in the level of internitimaare mainly driven by developments in exteroasts
(improvements in environmental performance, indrepgongestion) rather than by a targeted adjustroén
taxes. Overall, we observe a declining trend inlével of internalization. Over the last years,réhbave been
some changes. For company cars, we see a markedhsecin the degree of internalization, mainly the
change in the imputed taxable benefit in 2012. Harethe difference with “ordinary” cars remainglhi The
introduction of the kilometre charge for heavy-dughicles was a first step in the right directi®he changes to
the car registration tax (BIV) and the yearly raax for cars in 2016 also had a slightly positiffee.

If we look at the degree of internalization, we tage differences between the different modes.dRmnsport
internalizes relatively much of its external cosust inland waterways and maritime shipping do Rogight rail
is at the same level as road freight transportdfesel traction) or pays more than its costs éfectric traction).
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For aviation, the level of internalization is réealy low. Moreover, there are also major differeaavithin road
transport itself. For example, the taxes leviedC®NG cars are much lower than for gasoline carghoagh the
differences in external costs are small.

There are also large subsidies for public transgous and rail). The question can be asked whether
difference with the other modes is not too largef?tkle other hand, subsidies can be used to stienolaties
with lower external costs, and there are also ath&sons such as providing accessibility.

From an economic theory perspective, users havgayothe right price. This means that users payfihe
marginal costs — for all modes. When we set thegand levies equal to the external costs, the snatitb the
lowest social costs (= net private costs and eaterasts) are bicycles, rail-electric, buses anidten. The
most important reason for the low social cost faaton is the high occupancy rate compared torothedes.
Also in freight transport, the alternative modestsas rail and water remain considerably cheapar tgmne-
km). It is not because road transport has the $aigeel of internalization today that a furtheteimalization for
the other modes will lead to large changes in theddative prices.

Finally, today taxes are mostly differentiated wigispect to the environmental performance of theécles — if
they are differentiated at all. Given that exteroasts also depend on the time and place, it wbaltetter to
differentiate them further. This has started faaddreight with the introduction of the kilometrearge with a
differentiation in terms of place, but this coulé Further differentiated by time period and/or exted to
passenger cars.
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