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Executive Summary

The deliverable describes the impact assessment in Transtools 3. The impact assessment is
carried out in a post-processing procedure after the transport model has been run.

The main contributions of the deliverable are the following:

Description of transport indicators: We describe in details which transport indicators will be
calculated in order to assess the transport impacts for a given scenario. This involves indicators
representing mileage and trip activity. The indicators are divided by purpose of trips, the mode
of transport and the geographical details related to the trip. The latter is divided into a country
division, a division into urban types and a division into link-types. The definition of transport-
indicators is closely related to the calculation of external costs as described in further details
below.

Calculation of baseline external costs: The calculation of external costs is described and in
particular the methods and data applied. The external cost calculation embrace cost estimates
for accidents, climate change, air pollution and noise. In the calculation of external costs we first
establish external cost estimates for the base year 2010. The costs can be distributed to the
level of the countries by using a PPP index as provided in the document.

Projection of technology: The model is going to be used for projecting and it is therefore
important to be able to project the value of the external costs. A key challenge in this is that
technology is changing, which will cause future cars to be more energy effective and more safe.
To tackle this we apply the PRIMES model and the corresponding technology cohort effects.

Consumer surplus calculation: We describe the calculation of consumer-surplus effects. We
use the rule-of-the-half approximation and describe in details how the calculations are carried
out.

Implementation guide: As a final section, we provide a brief description of the implementation

of the impact assessment.

Figure 1 below illustrates where in the Transtools 3 model structure the impact assessment is
carried out.
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Figure 1. Owerall model structure of TT3. Impact assessment as described in this deliverable
highlighted with red.
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1. Introduction

In Transtools 3 (TT3) the impact assessment will be calculated in a post-processing stage. Hence, the
calculation will take place after the transport model has been run.

The first part of the impact assessment is the calculation of a wide number of transport indicators,
which summarise the owerall transport activity. The transport activities are represented by number of
trips, transport mileage and passenger/ton kilometer for different classes of transport. These classes
are defined as combinations of travel purpose/commodity group, mode and the geographical level for
which the transport activity takes place.

The second part of the impact assessment is the calculation of external costs for a given scenario.
The calculation of these is essentially the product of unit prices for external costs in a given year and
transport activity. The methodology for calculating the unit prices of the external costs follows a step-
wise procedure:

1) Assess or calculate average 2010 cost estimates for EU28.
2) Conwert average 2010 cost estimates to individual countries by using a PPP index.

3) Assess the change in unit costs over time for EU28 solely as a consequence of technological
dewelopment.

4) Adjust the change in unit costs over time for EU28 by the growth in real GDP/Capita
(productivity growth) multiplied by a cost to GDP elasticity.

The two first steps establish a cost base for each country in 2010. However, it is important to take
account of the dewelopment in, e.g. vehicle technology (Step 3). To give an example, the cars of 2030
will use less energy and hawe lower environmental footprints with respect to air pollution, energy
consumption and accidents. In addition to the dewelopment in technology, there is also an increase in
productivity over time that needs to be considered (Step 4).

The third part of the impact assessment is the calculation of consumer surplus. On the contrary to the
two first impacts (the transport indicators and the external costs) this requires the existence of two
scenarios. Typically a baseline referred to as “0” and an alternative scenario typically referred to as
wqn

One may suggest that starting with European averages and then translate average to countries using
PPP index seems inappropriate. However, one should rather start with the country specific values,
then make the calculation at the country-level and then do the aggregation. Howewer, this way of
deweloping the external costs is actually consistent with the approach taken in the update of the
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Handbook on External Costs of Transport®. In fact, the updated Handbook provides, as part of its data,
PPP index tables in order to facilitate the calculation of indicators at the level of the different countries.

Taking this approach also makes it easier to construct the specific values applied in this analysis. A
challenge has been to link data from PRIMES (at the lewvel of countries) with external cost categories
and transport indicators from the model.

The model can be run up to 2040 and 2050 by changing the input variables accordingly or by
maintaining certain parts of the input data constant and changing other parts. However, we do not
provide forecasts for external costs longer than 2030.

1.1 Calculation premises

1.1.1 External costs reported in 2010 prices
All external cost estimates provided in TT3 will be based on 2010 prices.

1.1.2 No division by commodity group
For freight we will not divide external costs by commodity groups but provide external costs on a
unified Ton/Km basis.

1.1.3 EU average external costs

As mentioned above we assume a somewhat simplified calculation strategy where we build an
external cost database which is based on European averages. It has not been possible to link the
PRIMES database, the Handbook for external costs, and the transport indicators at the country level.

Still, we will capture effects from technology cohorts, e.g. that cars pollute less, by projecting the
external costs from the PRIMES database. Hence, for 2030 the KM footprint will be less than in 2010.

1.1.4 Only external costs for EU28
In TT3 we only provide an impact assessment for EU28.

1.1.5 The consumer surplus calculation is based on meta-VoT
For passengers, we will apply a meta-based value-of-time (VoT) to calculate the consumer surplus.
We will use an elasticity of 0.7 between VoT and GDP as recommended in the HEATCO manual®.

For freight the concept of VoT is less clear. For certain high value goods and food travel time savings
represent a value. Howewer, these are not clearly defined. Instead of using the concept of VoT for
freight we use a unified operating costs measure per ton-KM for the different modes. Hence, for
freight, we do not consider the time but only the mileage and the tonnage.

! hitp://ec.europa.eu/transport/themes/sustainable/studies/doc/2014 -handbook-external-costs-transport.pdf
2 Refer to http://heatco.ier.uni-stuttgart.de/HEATCO_D5.pdf and
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1.1.6 Income elasticities with respect to external costs are assumed to be 1
When productivity is growing, the damage cost of negative external effects, increases as well. We will
assume that the elasticity between real income growth / capita and the external costs is 1.
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2. General transport indicators

In general a very wide range of transport indicators can be assessed in TT3 and there are essentially
no limitations across distance bands, transport modes and purposes. Such indicators can either be
calculated directly from the underlying matrices or be found in the standard outputs of the model.
Refer to D12.3 section 8.2 for more details regarding the aggregated outputs.

Below we summarise some of the aggregated output transport indicators for all the different modes.
Howewer, in terms of division on e.g. distance bands there are essentially no limitations as described
above. Generally, the output at the level of countries can be defined in various ways:

i) All transport generated in a country
a. including border crossing traffic to other countries
b. excluding transit

i) All transport carried out inside a country
a. Transit included
iii) All transport carried out inside a country

a. Transit not included.

The model can calculate output for all of these definitions. Talks with the EC have made it clear that
transport indicator ii) is the most relevant. Hence, we will base the calculation of transport on this
indicator. The fact that the model is calibrated to the pocketbook does not change this. Aviation and
maritime transport, however, represent an exception as transport is not really carried out in countries
but in the international airspace and international sea. In this case we use definition i).

The format for the output transport indicators are presented below in Table 2.1- to Table 2.6.

Variable Description

Country EU28 (traffic in country — Pocket Book compatible)
Urban/Inter-Urban 1=Urban, 2=Inter-Urban

Link type 1=Motorway, 2=0Other roads

Mode Cars,

Measures VKM / Year (x1,000,000,000)

PKM / Year (x1,000,000,000)

Trips / Year (x1,000,000,000)

Person Hours / Year (x1,000,000,000)
Trips / Person / Year

Table 2.1: Transport output indicators for passenger road transport.
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Variable Description

Country EU28 (traffic in country)
High-speed 1=High-speed, 0=Conventional
Measures PKM / Year (x1,000,000,000)

Trips / Year (x1,000,000,000)
Person Hours / Year (x1,000,000,000)
Trips / Person / Year

Table 2.2: Transport o

utput indicators for passenger rail transport.

Variable Description

Country EU28 (traffic in country — Pocket Book compatible)
Urban/Inter-Urban 1=Urban, 2=Inter-Urban

Link type 1=Motorway, 2=0Other roads

Mode Types of trucks (LGV, HGV, GGV)

Measures VKM / Year (x1,000,000,000)

TKM / Year (x1,000,000,000)

Table 2.3: Transport output indicators for road freight transport.

Note that for trucks we do not know the distribution on diesel and gasoline trucks. However, as the
vast majority of trucks (small as big) is running on diesel this is not a critical assumption.

Variable Description
Country EU28 (traffic generated in country — Pocket Book compatible)
High-speed ferry 1=High-speed, 2=Conwventional
Distance 1=[0, 50 KM], 2=[50, inf]
Measures PKM / Year (x1,000,000,000)
Trips / Year (x1,000,000,000)
Person Hours / Year (x1,000,000,000)

Table 2.4: Transport output indicators for passenger ferries.

Variable Description
Country EU28 (traffic generated in country — Pocket Book compatible)
Distance 1=[0, 100 KM], 2=[100, inf]

TKM / Year (x1,000,000,000)

Table 2.5: Transport output indicators for short sea shipping.

Variable Description
Country EU28 (traffic generated in country — Pocket Book compatible)
Distance 1=[0, 300 KM], 2=[300, 1000], 3=[1000,inf]
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Measures PKM / Year (x1,000,000,000)

Trips / Year (x1,000,000,000)

Person Hours / Year (x1,000,000,000)
Trips / Person / Year

Table 2.6: Transport output indicators for passenger aviation transport.

Variable Description
Country EU28 (traffic in country)
Measures TKM / Year (x1,000,000,000)

Table 2.7: Transport output indicators for freight rail transport. VKM is

Variable Description
Country EU28 (traffic in country)
Measures TKM / Year (x1,000,000,000)

Table 2.8: Transport output indicators for IWW transport.

Variable Description

From country EU28

To Country EU28

Mode Car, Rail (conventional and HS rail), Aviation

Trips / Year (x1,000,000,000)

Table 2.9: Passenger transport between countries.

Variable Description

From country EU28

To Country EU28

Mode Road, Freight rail, IWW, Sea
Measures TKM / Year (x1,000,000,000)

Table 2.10: Freight transport between countries.
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2.1 Segmentation of impact calculations

For the calculation of impact assessment we will use the segmentation described in Table 2.11 below.

Segment Description
Country We will segment outputs by EU28.
Urban/Inter-Urban We will divide the output according to a classification into “Urban/Inter-

Urban”. This classification used in PRIMES® and in the handbook of
external costs®. In TT3 all road in urban areas has been flagged. We
will assume that links that are not urban will be inter-urban.

- For accidents we will further allow for a division into

motorways.

- For air pollution we cannot identify “metropolitan areas” and

will mark these as “urban areas”

- Climate effects are not divided into urban and inter-urban.
Mode and type TT3 does not facilitate a detailed fleet composition and we will use an
aggregated mode definition

- Private cars

- Freight light duty vehicles (LGV)

- Trucks (HGV and GGV)

- Passenger rail

o Conwentional passenger rail

- High-speed rail, Freight rail

o Diesel
o Electric

- Awviation

- Inland navigation

- Sea

Table 2.11: Segmentation of impact calculation.

3 http:/iwww.e3mlab.ntua.gr/e3miab/PRIMES%20Manual/ The%20PRIMES%20MO DEL %202013-2014. pdf
“ http://ec.europa.eu/transport/themes/sustainable/doc/2008_costs_handbook.pdf
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3. External costs 2010

A first step is to construct external cost estimates for the base year 2010. Two primary sources will be
used: i) The updated handbook for external costs (Korzhenewch et al., 2013) which is an update of
the external costs represented in Maibach et al. (2008)°, and ii) CE Delft (2011). Although the updated
handbook refers back to the CE Delft report, the latter represents the base year 2008 and considers
average values for EU27 only. Hence, a main difference between the two sources is that the updated
handbook uses 2010 as base year and provides individual specific values for EU27 countries. The
costs are converted from the EU lewvel to individual countries by using a PPP index as provided in the
Handbook (refer to Appendix A).

In the following, we will take a similar approach in that we first establish average cost estimates for
EU27 in the year 2010 and secondly conwert these values to individual countries using the PPP index.
In what follows, all external costs are measured in 2010 prices and in Euros (Euro cent).

3.1 Average external costs
Below in Table 3.1 we present average external costs by the different modes and the different cost
categories.

Pass.cars Buses [/ Pass.Rail Aviation LDV HDV Freight Waterborne
coaches rail
Cost Category €ct/pkm €ct/pkm €ct/pkm €ct/pkm €ct/tkm €ct/tkm €ct/tkm €ct/tkm
Accidents 3.45 1.32 0.06 0.05 6.01 1.09 0.02 0.00
Air pollution (avg.) 0.59 0.64 0.28 0.10 1.91 0.72 0.12 0.58
Climate average 1.09 0.57 0.10 2.94 2.79 0.61 0.06 0.22
Noise (avg.) 0.18 0.17 0.13 0.11 0.67 0.19 0.11 0.00
Urban 0.63 0.57 0.32 0.11 4.09 0.77 0.11 0.11
Inter-urban 0.01 0.01 0.03 0.11 0.11 0.01 0.11 0.11
Nature & landscape | o,06 0.03 0.02 0.06 0.10 0.07 0.00 0.04
Biodiversity losses | g o2 0.04 0.00 0.01 0.06 0.05 0.00 0.05
Soil & water pollution | g o3 0.10 0.05 0.00 0.19 0.09 0.04 0.00
Urban effects 0.11 0.04 0.06 0.00 0.33 0.05 0.01 0.00

Table 3.1: Average external costs (prices of 2010). Source: CE Delit (2011).

The costs are based on CE Delft (2011) and have been updated from 2008 to 2010 by using the
general EU27 inflation level from Eurostat (Table tec00118, consulted in September 2016), which
inwlve a 6.9% increase.

To segment the external cost for traffic noise according to urban and inter-urban traffic we have used
the division in PRIMES. According to PRIMES (PRIMES Reference Scenario, 2013°) calculated by the

5 http://ec.europa.eu/transport/themes/sustainable/doc/2008_costs_handbook.pdf
8 http://ec.europa.eu/transport/media/publications/doc/rends-to-2050-update-2013.pdf
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PRIMES model and provided for the project, in 2010 the transport activity in urban areas for
passenger cars for the EU28 corresponds to 27% of the total activity (for value by the lewvel of the
countries, refer to Table 0.1 and Table 0.2 in Appendix A). However, the total external cost for urban
areas with respect to noise was much higher due to a higher exposure (refer to Table 3.2 below).

Activity External cost noise
Inter-

Category Urban Urban Urban Inter-Urban
Pass. Cars 26.94% 73.06% 94.94% 5.06%
Buses / coaches 28.81% 71.19% 95.81% 4.19%
Pass. Rail including
tram and metro 34.99% 65.01% 87.24% 12.76%
Pass. Rail excluding
tram and metro 20.42% 79.58% 87.24% 12.76%
Aviation 0.00% 100.00% 0.00% 100.00%
LDV* 15.71% 84.29% 86.21% 13.78%
HDV 23.21% 76.50% 94.5% 5.50%
Freight rail 0.00% 100.00% 0.00% 100.00%
Waterborne 0.00% 100.00% 0.00% 100.00%

Table 3.2: Distribution of activities and external costs for noise in 2010. *Represent here freight.
Awerage EU values. Source: PRIMES Reference Scenario, 2013.

Marginal cost estimates for 2010 with a more detailed representation is given below in Table 3.3. As
an estimate of marginal costs for noise we apply the awerage cost estimates from Table 3.1. As
discussed in Korzhenewch et al. (2013) this is a valid approximation in case direct cost estimates are
not available.

For the calculation of marginal air pollution costs for rail a division between diesel and electrified rail is
essential. Howewer, this division is not directly supported by PRIMES or the updated handbook. To
differentiate we firstly need to know how transport activities are distributed between electric and diesel
rail. This distribution between diesel and electrified trains is based on the distribution of the rail stock in
PRIMES Reference Scenario 2013. According to it, 43% of all passenger trains in EU28 are diesel
driven whereas it is 51% of the freight trains in 2010.
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Pass. Cars HlEEE 7 / Pass. rail Aviation LDV HDV Freight rail Waterborne®
coaches

Cost
Category €ct/pkm €ct/pkm €ct/pkm €ct/pkm  €ct/tkm  €ct/tkm  €ct/tkm €ct/tkm
Electric/Diesel E D E D
Accidents 0.91 0.35 0.02 0.0210.01 0.65 0.12 0.002 0.002 | 0.00
Urban 3.17 1.21 0.06 0.06 4.01 0.73 0.014 0.014]0.00
Inter-Urban 1.24 0.47 0.02 0.0210.02 1.00 0.18 0.003 0.003(0.00
Motorways | 024 0.09 0.09 0.02
Air  pollution
(avg.) 0.59 0.64 0.03 0.64]0.10 191 0.72 0.011 0.21 |0.58
Metropolitan

1.68 1.25 0.04 1.81 9.46 1.22
Urban 0.86 0.79 003 0.71 4.05 0.84
Inter-urban | g 45 0.56 0.02 0.47|0.10 1.52 0.65 0.011 021 [0.58
Climate
average 1.09 0.58 0.01 0.2212.94 2.79 0.62 0.00 0.064 | 0.22

HS
rail 001 0.22

Noise (avg.)

0.18 0.17 0.13 0.13|0.11 0.67 0.19 0.107 0.107|0.11
Urban 0.63 0.57 0.32 0.32]10.11 4.10 0.77
Inter-urban | g o1 0.01 0.03 0.03(0.11 0.11 0.01 0.107 0.107|0.11
Inter-urban,
HS rail 0.03 0.03

Table 3.3: Marginal external costs (prices of 2010). Source: CE Delft (2011).

From CE Delft (2011) we know the average marginal €ct/pkm for rail, call this . What we need to
estimate is the corresponding average marginal €ct/pkm for diesel and electrified rail, refer to these as

and . From the first handbook of external costs (Maibech et al., 2008; Table 16) we can find
the ratio = / . These rates are shown below in Table 3.4.

Passenger rail Freight rail

Area type Electric unit costs / Diesel unit costs Electric unit costs / Diesel unit costs
Metropolitan 0.023 0.019
Urban 0.042 0.0346
Inter-urban 0.0493 0.041

Table 3.4: Factor between average marginal external costs with respect to air pollution for electrified
pkm and diesel pkm. Source: Maibach (2008; Table 16).

” Although external costs existfor coach and busses we cannot utilize this division in the model.
8
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Hence, according to Table 3.4 diesel trains pollute 1/0.023 ~ 44 times more than electric trains in
metropolitan areas. We can determine the “mark-up” for diesel and electric passenger rail and
from the following equation;

B 1
T (04+(1-04) )

= 0.4 + (1-04)

In a similar manner

1

(Oi’+ (1-0.4)

These scaling factors can then be multiplied with the average cost to arrive at an estimate for diesel
and electric trains.

For accidents we have used Table 33 in CE Delft (2011) which hawe then been converted from
€ct/vkm to €ct/pkm by using the implicit conversion rates based on Table 34 and Table 35 (in CE Delft,
2011). This implies using an average car occupancy rate of approximately 1.7 for private cars and a
standard shipment size for the freight modes. In addition, as the marginal costs for accidents were
only available as passenger cars and HDV, we hawe applied the lewvel in the average costs for the
different transport modes (Table 3.1) to translate the marginal cost to the remaining modes.

For accidents it is assumed that there is no difference with respect to diesel and electric.

For traffic noise, we hawe used awrage costs (refer to Table 3.1). The use of awerage costs for
marginal costs in case marginal costs are not available is recommended in the Handbook .

For marginal climate costs we use the average of marginal cost of the high and the low scenario.
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Rail Reil
Pass. ) o HGV, . . Waterborne
Pass.rail Aviation LVG Freight Freight
Cars GGV (WW, sea, roro)
Bectric Diesel

Cost

€ct/pkm €ct/pkm €ct/pkm  €ct/tkm  €ct/tkm €ct/tkm €ct/tkm  €ct/tkm
Category

E D

Accidents 0.02 |0.02( 0.02
Urban 3.17 0.06 |0.06 4.01 0.73
Inter-Urban | 1.24 0.02 |0.02( 0.02 1 0.18 0.003 0.003 0
Motorways 0.24 0.09 0.02
Air pollution 0.02 |0.47 1.92 0.72
Urban 0.86 0.03 |0.64 4.05 0.84
Inter-urban | 0.45 0.02 |0.47| 0.1 1.52 0.65 0.011 0.21 0.58
Climate 1.09 0.01 |0.22| 2.94 2.79 0.62 0 0.064 0.22
Noise 0.03 |0.03 0.67 0.19
Urban 0.63 0.32 |0.32 41 0.77
Inter-urban | 0.01 0.03 |0.03| 0.11 0.11 0.01 0.107 0.107 0.11

Table 3.5: Marginal external costs (prices of 2010) as they will be applied in the model. Source: CE
Delft (2011).

3.2 Distribution by country

First and foremost, we assume that what goes on in a country is connected to the citizens of that
country. Hence, if an Italian person gives rise to external costs in Denmark, this will be counted as
being generated by a Danish person. As the amount of traffic generated by foreign people is usually
very marginal this is a reasonable assumption.

The TT3 is a European-wide model which is aimed at doing policy analysis at the level of EU. It is a
choice whether the external cost should be represented as an EU awerage or by country by taking
account of differences in purchasing power parity (PPP) levels. The latter approach would mean that,
e.g. the unit cost for an accident in Denmark and Italy would be different simply as a result of the PPP.

We will facilitate a calculation by country. To calculate the marginal external cost table that correspond
to Table 3.3, we apply a PPP index as provided in the updated Handbook.

In other words, to arrive at country specific values, the EU awverage value is multiplied by the relative
difference in EU PPP and country PPP.

Hence, if the country GDP per capita 2010 at PPP is 50% higher compared to the EU awerage, the
external costs is scaled by 1.5.
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4. Projection of technology for 2020 and 2030

In Section 3 we described the calculation of external cost for the base year of 2010. Howeer, the
calculation of external costs for future years is not trivial. This is because technology trends will
generally reduce the marginal cost per passenger KM and vehicle KM.

For instance, with respect to road accidents, safer cars will bring the number of accidents down and
this will result in lower costs per passenger KM. For air pollution more efficient filters and a general
reduction in the energy consumption per passenger KM will have a similar effect.

A main determinant for the dewelopment in the external costs is the underlying development in the
wvehicle fleet. A complication is that the wvehicle fleet differs substantially from country to country. In
particular, for western European countries, for which the whicle stock is relative new, the
development will be different compared to countries in Eastern Europe.

4.1 PRIMES technology cohorts

To cope with the developments in technological and the underlying vehicle stock we have the option of
applying PRIMES projections for external costs. These data has been provided by the EC for the
project.

To make the calculations transparent and easily adjustable, we will calculate a set of EU27 unit cost
reduction factors from 2010 to 2030. These factors represent the projected change in unit costs
(€ct/pkm and €ct/tkm) solely as a result of improved and shift from fossil fuel technologies to electric
technologies.

It can be deducted from the PRIMES data that the dewelopment in external costs is proportional to the
development in the external units (accidents, tons of emissions, etc.). Hence, it is implicitly assumed
that the growth in productivity (GDP/Capita) will not influence the external cost estimates. We will
follow this principle although we note that assumption, which is equivalent of assuming a price
elasticity of 0 with respect to real economic growth, will generally underestimate the external costs. It
is common practise to use an elasticity between 1 and 0.

These numbers has been constructed by extracting the dewelopment in PRIMES Reference Scenario
2013 transport activity and relate this to the development in total external costs for the different costs.

For accidents we have assumed status-quo for rail, aviation and waterborne transport. No evidence
seems to support a different development. In the original PRIMES data provided for the project, data
with respect to the dewvelopment in external costs for accidents seemed to conservative. As evidenced
in Rich et al. (2013) there are very significant safety effects related to newer cars compared to old
cars. In seweral scenarios, Rich et al. (2013) showed that replacing the Danish vehicle fleet with newer
cars significantly reduced the number of accidents and fatalities. Fortunately, the newest version of the
PRIMES model (the PRIMES Reference Scenario 2016), has acknowledged this problem, and values
are now significant lower. We have used the later values in the calculations.
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Originally a table was set in here:

Table 4.1: Unit costs reduction factor for 2030 compared to 2010. Average EU 27. Source: PRIMES
Reference Scenario, 2013 and PRIMES Reference Scenario, 2016 (for accidents and air pollution).

However, as the data is confidential, the table has been taken out of this version of D10.1.

For air pollution we have applied the non-road external cost.

Climate changes are assumed to be proportional to the reduction in energy consumption.

For noise we do not distinguish between diesel and electric rail. For freight rail we assume status-quo.
The model will dewelop scenarios for 2010, 2020 and 2030. To facilitate a flexible way calculating
external costs for any year between 2030 and 2010 we will assume a linear decline in the unit cost

reduction factors.

® =15

Following the reduced classification of external cost components in Table 3.5 we present the following
reduced table for cost-reductions factors for 2030.

Cost . L ) .
Category Pass. Cars Pass. Rail Aviation LDV HDV Freight rail Waterborne
Electric/Diesel E D E D
Accidents

Urban 0.475 1 1 1 0.405 0.327 1 1 1
Inter-Urban 0.461 1 1 1 0.393 0.325 1 1 1
Motorways 0.461 0.393 0.325

Air  pollution

(avg.)

Urban 0.294 1 0.465 0.260 0.260 1

Inter-urban 0.267 1 0.352 | 0.528 0.229 0.229 1 0.352(0.93
Climate

average 0.59 0.66 0.60 |0.73 0.92 0.80 0.49 0.39 |0.93
Noise (avg.)

Urban 0.85 0.886 0.886 |1 0.638 1

Inter-urban 0.81 0.531 05311 0.955 1 1 1 1
Energy

consumption 0.59 0.66 0.60 |0.73 0.92 0.80 0.49 0.39 |0.93

Table 4.2: Unit cost reduction (reduced table) for 2030.
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4.2 Unit cost tables in application

Following the cost reduction and the unit costs for 2010 we now first define tables which are the
product of the cost reductions and the marginal external cost in 2010. For years beyond 2030 we
recommend using values for 2030 due to the substantial uncertainty of these numbers. The tables are
shown below in Table 4.3-Table 4.5.

These tables, howewer, has a subdivision which is not supported in the current network of the model
as also commented in Section 3.1. Hence, for practical use we propose using a reduced table as
provided in Table 4.6 below. This is the table, which will be implemented in the model.

Rail Reil
Pass. ) o HGV, ) . Waterborne
Pass.rail Aviation LVG Freight Freight
Cars GGV ) ) (WW, Sea, roro)
Blectric Diesel

Cost

€ct/pkm €ct/pkm €ct/pkm  €ct/tkm  €ct/tkm €ct/tkm €ct/tkm  €ct/tkm
Category

E D

Accidents 0.02 |0.02( 0.02
Urban 3.17 0.06 |0.06 4,01 0.73
Inter-Urban | 1.24 0.02 |0.02( 0.02 1.00 0.18 0.003 0.003 0
Motorways 0.24 0.09 0.02
Air pollution 0.02 |0.47 1.92 0.72
Urban 0.86 0.03 |0.64 4.05 0.84
Inter-urban | 0.45 0.02 [0.47( 0.1 1.52 0.65 0.011 0.21 0.58
Climate 1.09 0.01 (0.22] 2.94 2.79 0.62 0 0.064 0.22
Noise 0.03 |0.03 0.67 0.19
Urban 0.63 0.32 (0.32 4.1 0.77
Inter-urban | 0.01 0.03 |0.03 0.11 0.11 0.01 0.107 0.107 0.11

Table 4.3: Marginal external costs for 2010 (prices of 2010) as they will be applied in the model.
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Rail Reil
Pass. ) o HGV, ) . Waterborne
Pass.rail Aviation LVG Freight Freight
Cars GGV . . (WW, Sea, roro)
Blectric Diesel

Cost

€ct/pkm €ct/pkm €ct/pkm  €ct/tkm  €ct/tkm €ct/tkm €ct/tkm  €ct/tkm
Category

E D

Accidents 0.02
Urban 2.34 0.06 |0.06 2.82 0.48
Inter-Urban | 0.91 0.02 |0.02| 0.02 0.70 0.12 0.003 0.003 0
Motorways 0.18 0.06 0.01
Air pollution 0.72
Urban 0.56 0.03 |0.32 2.55 0.53
Inter-urban | 0.29 0.02 |0.18( 0.08 0.93 0.40 0.01 0.14 0.56
Climate 0.87 0.01 |0.22( 2.54 2.68 0.56 0.00 0.04 0.21
Noise 0.03 |0.03 0.67 0.19
Urban 0.58 0.32 |0.32 3.36 0.77
Inter-urban | 0.01 0.03 |0.03| 0.11 0.11 0.01 0.107 0.107 0.11

Table 4.4: Marginal external costs for 2020 (prices of 2010) as they will be applied in the model.

Rail Reil Waterborne
Pass. ) o HGV, . .
Pass.rail  Aviation LVG Freight Freight (WW, Sea?,
Cars GGV
Bectric Diesel roro?)
Cost
€ct/pkm €ct/pkm €ct/pkm  €ct/tkm  €ct/tkm €ct/tkm €ct/tkm  €ct/tkm
Category
E D
Accidents 0.02
Urban 1.506 0.06 |0.06 1.624 0.239
Inter-
0.572 0.02 |0.02| 0.02 0.393 0.059 0.003 0.003 0
Urban
Motorways | 0.111 0.035 0.007
Air
. 0.72
pollution
Urban 0.253 1.000 [0.298 1.053 0.218
Inter-urban | 0.120 1.000 |0.165| 0.053 0.348 0.149 0.01 0.074 0.539
Climate 0.643 0.007 [0.132 2.146 2.567 0.496 0.00 0.025 0.205
Noise 0.03 [0.03 0.67 0.19
Urban 0.536 0.284 |0.284 2.616 0.77
Inter-urban | 0.008 0.016 (0.016| 0.11 0.105 0.01 0.107 0.107 0.11

Table 4.5: Marginal external costs for 2030 (prices of 2010) as they will be applied in the model.

The table to be use for practical implementation is shown below. It is possible to edit this table to
whatever values is required, for instance it would be straightforward to adjust some of the rail external
cost variables as to include weighted average across cost representing diesel and electrified trains.
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Cost Type Mode Value Value Value
category (2010) (2020) (2030)
Accidents Urban CarPass 3.17 2.34 1.506
Accidents Inter-urban CarPass 1.24 0.91 0.572
Accidents Motorway CarPass 0.24 0.18 0.111
Air pollution | Urban CarPass 0.86 0.56 0.253
Air pollution | Inter-urban CarPass 0.45 0.29 0.120
Climate CarPass 1.09 0.87 0.643
Noise Urban CarPass 0.63 0.58 0.536
Noise Inter-urban CarPass 0.01 0.01 0.008
Accidents RailPass 0.02 0.02 0.02
Air pollution RailPass 0.02 0.02 0.02
Climate RailPass 0.01 0.01 0.01
Noise RailPass 0.03 0.03 0.03
Accidents AviationPass | 0.02 0.02 0.02
Air pollution AvationPass | 0.1 0.08 0.053
Climate AviationPass | 2.94 2.54 2.146
Noise AviationPass | 0.11 0.11 0.11
Accidents Urban LGV 4.01 2.82 1.624
Accidents Inter-urban LGV 1.00 0.70 0.393
Accidents Motorway LGV 0.09 0.06 0.035
Air pollution | Urban LGV 4.05 2.55 1.053
Air pollution | Inter-urban LGV 1.52 0.93 0.348
Climate LGV 2.79 2.68 2.567
Noise Urban LGV 4.1 3.36 2.616
Noise Inter-urban LGV 0.11 0.11 0.105
Accidents Urban HGV 0.73 0.48 0.239
Accidents Inter-urban HGV 0.18 0.12 0.059
Accidents Motorway HGV 0.02 0.01 0.007
Air pollution | Urban HGV 0.84 0.53 0.218
Air pollution | Inter-urban HGV 0.65 0.40 0.149
Climate HGV 0.62 0.56 0.496
Noise Urban HGV 0.77 0.77 0.77
Noise Inter-urban HGV 0.01 0.01 0.01
Accidents RailFreight 0.003 0.003 0.003
Air pollution RailFreight 0.21 0.14 0.074
Climate RailFreight 0.064 0.04 0.025
Noise RailFreight 0.107 0.107 0.107
Accidents SeaFreight 0 0 0

Air pollution SeaFreight 0.58 0.56 0.539
Climate SeaFreight 0.22 0.21 0.205
Noise SeaFreight 0.11 0.11 0.11

Table 4.6: Final external marginal cost values for use in application. All prices are 2010.
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5. Calculation of consumer surplus

The impact of e.g. reduced travel time and congestion as a result of improved infrastructure is often
referred to as “consumer surplus”. By this is meant the total monetary (social) benefits that users
experience as a result of the improvement.

In TT3 these effects are all calculated using a “rule-of-the-half” approximation (Kidokoro, 2004).

The premise for calculating a consumer surplus is that a change has occurred. To represent a change
we let "0" refer to a baseline and “1” to a scenario.

5.1 Passengersurplus

The dimensions of the consumer calculation for passengers is shown in

Variable Description Unit

i From zone Nuts 3

i To Zone Nuts 3

p Trip purpose

m Transport mode

T(, j, p, m) Tour matrix (GA) Tours
VoT (i, p, m) Value of time Euro/Hour
CS(i,j,p,m) Consumer surplus Euro

Table 5.1: Consumer surplus definitions.

Firstly we define the following weights which conform with the weight applied in the Transport demand
model and the assignment model.

Car time penalty parameters | Description Value | Unit
Penalty (minutes) for changes in public |6 Minutes
PubNocPenalty transport
PubWaitPenalty Public waiting time "mark-up” 15 Scale
PubWalkPenalty Public walk time access penalty 15 |Scale
Air access-egress time “markup” with|1.5 Scale
AirAccessEgressPenalty respect to ordinary travel time
Air access-egress time “markup” with|1.5 Scale
AirTransferTimePenalty respect to ordinary travel time
Air access-egress time “markup” with|1 Scale
AirHeadway TimePenalty respect to ordinary travel time

Table 5.2: Pub time weighting parameters.
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Car time penalty parameters |Description CategorylD | Value |Type Unit
CongPenalty Congestion "mark-up” Commute 1.35 Real Scale
Other 1.82 Real Scale
Vacation 1.82 Real Scale
Business 1.56 Real Scale
FerryWaitPenalty Ferry wait time "mark-up” | Commute 0.3 Real Scale
Other 0.3 Real Scale
Vacation 0.3 Real Scale
Business 0.3 Real Scale
FerryTimeShort Zserg) rfga:l[l)lg% time defined Commute 0.8 Real Scale
Other 0.8 Real Scale
Vacation 0.8 Real Scale
Business 0.8 Real Scale
FerryTimelLong zserg) rf’ga}'[l)'zgl time defined Commute 0.7 Real Scale
Other 0.7 Real Scale
Vacation 0.7 Real Scale
Business 0.7 Real Scale
ArrivalPreDeparture gﬂé;:itjr: rrival pre Commute 1 Real Scale
Other 1 Real Scale
Vacation 1 Real Scale
Business 1 Real Scale

Table 5.3: Car time weighting parameters.

The value-of-time is based on the meta-model described in Deliverable 8.1. The conwersion factors
between time and cost, reflecting different values of time for trip purpose, mode and income has been
calculated based on Wardman et al. (2013). The following formula was applied

:eX(p9.80510.1361 1 02541 03681 02941 065
+ 1 04 2)6 07061 01281 0029

(2

is expressed in Euro per minute. In (2) 1 denotes an indicator for commute, 1  indicate business
whereas 1 , 1 , 1 , 1 indicate train user, bus user, air user and car user respectively. 1
Indicates air values whilst 1 denotes an inter-urban trip. Finally, GDP is annual gross domestic
product per capita.

Time and cost variables are defined for scenario “0” and “1”. We skip the scenario ID in the following.
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©)

(4)

Q)

Car_time(i,j,p) = Car_free(i,j,p) + CongPenalty(p)*Car_cong(i,j,p)

Ferry TimeShort(p)*Car_fts(i,j,p) + Ferry TimeLong(p)*Car_{tl(i.j, p) +
FerryWaitPenalty(p)*Car_fwt(i,j,p) + ArrivalPreDeparture(p)*Car_apd(i,j,p)

Rail_time(i,j,p) = Pub_inv(i,j,p) + PubNocPenalty*Pub_noc(i,j,p) +
PubWaitPenalty*Pub_wait(i,j,p) + PubWalkPenalty*Pub_walk(i,j,p)

Air_time(i,j,p) = AirTime(i,j,p) + AirAccessEgressPenalty * AirAccessEgress(i,j,p) +
AirTransferTimePenalty* AirTransferTime(i,j,p) + AirHeadway TimePenalty *

AirHeadwayTime(i,j,p)

Cost variables is then defined as

(6)

()

@)

©)

Cost_Air(i,j,p) = PriceAir(i,j,p)
Cost_Rail(i,j,p) = PriceRail(i,j,p)
Cost_CarD(i,j,p) = FuelCost(i,j,p) + TollCost(i,j,p)

Cost_CarP(i,j,p) =0

Moreowver, define the following notation

T(,j,p,m): GA tour matrix. Hence, it represents tours (not trips) which originate from i, goes to j and
return toi.

VoT(i,p,m): Value-of-time table where origin i represent the country of origin.

The passenger consumer surplus is now calculated by the different modes as.

(10)

1)

12

13

CS_Air(i,j,p) = (T70(,j,p,m=air) + Ti(,j,p,m=air))*0.5*[( Air_time0(,j,p)*VoTO0(i,p,m=air) +
Cost_Air0(i,j,p)) — (Time_Airl(i,j,p)*VoT1(i,p,m=air) + Cost_Airl(i,j,p))]

CS_Rail(i,j,p) = (T0(,j,p,m=rail) + Ti(,j,p,m= rail))*0.5*[( Rail_time0(,j,p)*VoTO(i,p,m=rail) +
Cost_Rail0(i,j,p)) — (Time_Raill(i,j,p)*VoT1(i,p,m=rail) + Cost_Raill(i,j,p))]

CS_CarD(i,j,p) = (T0(,j,p,m=carD) + Ti(i,j,p,m= carD))*0.5*[( Car_timeO0(i,j,p)*VoT0(i,p,m=car)
+ Cost_CarD(i,j,p)) — (Time_Carl(i,j,p)*VoT1(i,p,m=car) + Cost_CarD(i,j,p))]

CS_CarP(i,j,p) = (TO(i,j,p,m=carP) + Ti(i,j,p,m= carP))*0.5*[( Car_time0(i,j,p)*VoTO(i,p,m=car))
— (Time_Carl(i,j,p)*VoT1(i,p,m=car))]
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5.2 Freight

The dimensions of the consumer calculation for freight is represented by (i,j,q). Each dimension is
considered as a separate transport market. The calculation of the freight consumer surplus is largely
similar to that of the passenger except that the travel purpose is replaced by a commodity group and
the unit in the matrices is transported ton.

Define units and variable.

Variable Description Unit

i From zone Nuts 3

j To Zone Nuts 3

q Commaodity group NSTR/2007
m Transport mode

T™(,j,q,m) Ton matrix Ton

VoC (m) Freight value of operating cost Euro/Ton-km
CS(,j,q,m) Consumer surplus Euro

Table 5.4: Consumer surplus definitions for freight.

In the calculation of freight surplus we only distinguish between: i) Onboard time, and ii) Terminal time.
The latter represent all time for which the transport is not “on the road”. This includes time at terminals
as well as re-loading time.

The value-of-time for freight is based on unified costs of operation per ton-km for the different modes
(Schade et al. 2006), which has then been converted to 2005 and 2010 values.

Operating costs EU25 (2005) EU27 (2010)
EUR/tkm EUR/tkm

HGV 0.14 0.153

LGV 5.05 5.540

Rail freight 0.11 0.120

Short Sea Shipping 0.009 0.010

Inland Waterways 0.008 0.009

Table 5.5: Value-of-Operation-Cost for freight represented as euro per ton-km.

As for the calculation of passenger surplus, attributes for scenario “0” and “1” is needed. This is stated
explicitly below. Also notify that the VoC table (as the VOT table) in principle needs to be defined for
both scenarios.

(14) Cost_Rail0(i,j,q) = TonKMO(i,j,q)*VoCO(m=rail)

(15) Cost_Raill(i,j,q) = TonKM1(i,j,q)*VoCl(m=rail)
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(16)

an

(18)

(19)
(20)

(21)

(22)

(23)

24)

(25)

(26)

@7)

Cost_HGVO0(i,j,q) = TonKM(i,j,q)*VoCO(m=HGV) + TollCost0(i,j,q,m=HGV)

Cost_HGV1(i,j,q) = TonKM(i,j,q)*VoC1(m=HGV) + TollCost0(i,j,q,m=HGV)

Cost_LGVO0(i,j,q) = TonKM(i,j,q)*VoCO(m=LGV) + TollCost0(i,j,q,m=LGV)

Cost_LGV1(i,j,q) = TonKM(i,j,q)*VoC1l(m=LGV) + TollCost1(i,j,q,m=LGV)
Cost_IWWO(i,j,q) = TonKMO(,j,q)*VoCO(m=IWW)

Cost_IWWL1(i,j,q) = TonKM1(,j,q)*VoC1l(m=IWW)

Cost_SSSO0(i,j,q) = TonKMO(i,j,q)*VoCO(m=SSS)

Cost_SSS1(i,j,q) = TonKM1(i,j,q)*VoC1l(m=SSS)

CS_Rail(i,j,q) = (TMO0(,j,q,m=rail) + TM1(i,j,q,m=rail))*0.5*[Cost_Rail0(i,j,q) - Cost_Raill(i,j,q)]

CS_HGV(ijq) = (TMO(i,j,q,m=hgy) ~ +  TM1(ij,q,m=hgV))*0.5*[Cost HGVO(.j,Q) -
Cost_HGV1(i,j,q)]

CS_LGV(ija) = (TMOGi.j,q.m=lgy) ~ +  TM1(i,j,q,m=Ig\))*0.5*[Cost_LGVO(i,j,q) -
Cost_LGV1(i,j,q)]

CS_IWW(ij,q) = (TMOGij,q.m=sss) +  TML(ij,q,m=sss))*0.55(Cost_SSSO0(i,j.q) -
Cost_SSS1(i,j,q)]
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6. Implementation guide

StepO0: Define economic growth assumption by country.
Stepl: Define elasticities.
- Elasticity between VoT and economic growth (default = 0.7)

- Elasticity between external cost and economic growth (default = 1).

Step2: Prepare VoT and VoC tables for the scenario year. This inwlves a scaling of baseline 2010
tables with economic growth and corresponding elasticities.

Step3: Define passenger transport activity matrix {i,j,p,m} for EU27.
Step4: Define freight transport activity matrix {i,j,q,m} for EU27.

Step5: Calculate based on (Step3 and Step4) transport activity indicators for EU27 according to the
definitions in Table 2.1-Table 2.10.

Step6: Prepare the external unit costs for the scenario year. This is based on Table 3.3 and updated
with the unit costs reductions in Originally a table was set in here:

Table 4.1: Unit costs reduction factor for 2030 compared to 2010. Average EU 27. Source: PRIMES
Reference Scenario, 2013 and PRIMES Reference Scenario, 2016 (for accidents and air pollution).

However, as the data is confidential, the table has been taken out of this version of D10.1.

and based on equation (1).

Step7: Calculate the external cost impacts by multiplying the updated unit costs (Step5) with the
transport activity tables (Step 3 and Step4). The external cost output should follow the categories in
Table 3.3 but be divided for each country.

Step8: Define LoS data, Cost data, and transport activity matrices for scenario “0” and Scenario “1”.

Step9: Calculate consumer surplus based on Step8 and Step9 according to the formulas in Section
5.1 and 5.2.
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7. Reporting of results

For the external cost calculation we will summarise the calculations in the following table as part of the
model run.

CountryCode | Impact PassCars | PassRail | Avation | RoadFreight | RailFreight | lww Sea
BE Accidents | € € € € € € €
BE AirPolution | € € € € € € €
BE Climate € € € € € € €
BE Noise € € € € € € €
DK Accidents | € € € € € € €
DK AirPolution | € € € € € € €
DK Climate € € € € € € €
DK Noise € € € € € € €
Table 7.1: Country specific calculation of impacts.

For the consumersurplus calculation there will be two tables. First an aggregate table across all

countries and purposes and secondly atable categorised by from-country asseenin Table 7.2 and

Table 7.3.

Impact PassCars | PassRail | Aviation | RoadFreight | RailFreight | lww Sea

CcVv € € € € € € €

Table 7.2: Aggregated consumer-surplus table when measured against the baseline.

CountryCode | Impact PassCars | PassRail | Avation | RoadFreight | RailFreight | lww Sea
BE CcVv € € € € € € €
DK Ccv € € € € € € €

Table 7.3: Consumer-surplus table by from-country when measured against the baseline.
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Appendix
Country Cars LGV HGV

Urban Inter-Urban |Urban Inter-Urban | Urban Inter-Urban
Austria 21.02%  78.98% 7.20% 92.80% 12.80% 87.20%
Belgium 21.37% 78.63% 20.72%  79.28% 17.88% 82.12%
Bulgaria 23.93% 76.07% 12.61% 87.39% 32.14% 67.86%
Croatia* 8.24% 91.76% 0.00% 100.00% 5.21% 94.79%
Cyprus 10.22%  89.78% 0.66% 99.34% 0.05% 99.95%
Czech Republic |29.02% 70.98% 16.25% 83.75% 18.23% 81.77%
Denmark 22.16% 77.84% 25.85% 74.15% 19.02% 80.98%
Estonia 38.47% 61.53% 1.43% 98.57% 10.89% 89.11%
Finland 26.93% 73.07% 19.06% 80.94% 27.15% 72.85%
France 28.50%  71.50% 5.92% 94.08% 31.21% 68.79%
Germany 26.64% 73.36% 9.43% 90.57% 24.20%  75.80%
Greece 33.73% 66.27% 23.44%  76.56% 24.12%  75.88%
Hungary 10.13% 89.87% 10.70%  89.30% 3.27% 96.73%
Ireland 23.50%  76.50% 22.57% 77.43% 30.78%  69.22%
ltaly 18.21% 81.79% 20.71%  79.29% 13.65% 86.35%
Latvia 30.68% 69.32% 1.64% 98.36% 19.32% 80.68%
Lithuania 26.41% 73.59% 0.80% 99.20% 0.00% 100.00%
Luxembourg 55.62%  44.38% 70.65%  29.35% 70.38% 29.62%
Malta 13.20% 86.80% 13.01% 86.99% 3.98% 96.02%
Netherlands 26.56% 73.44% 4.58% 95.42% 23.81% 76.19%
Poland 21.73% 78.27% 1.65% 98.35% 12.16% 87.84%
Portugal 23.43% 76.57% 12.81% 87.19% 11.79% 88.21%
Romania 10.44%  89.56% 9.63% 90.37% 1.35% 98.65%
Slovakia 19.69% 80.31% 0.10% 99.90% 0.00% 100.00%
Slovenia 32.15% 67.85% 0.00% 100.00% 12.93% 87.07%
Spain 27.52% 72.48% 13.94% 86.06% 27.97% 72.03%
Sweden 30.80% 69.20% 12.43% 87.57% 31.95% 68.05%
Great Britain 42.86% 57.14% 34.55% 65.45% 51.89% 48.11%
EU average 26.94%  73.06% 15.71% 84.29% 23.21% 76.79%

Table 0.1: Owerall distribution of road traffic activities on urban and inter-urban as a mean of
differentiating average external costs. Source: Primes Reference Scenario 2013. .
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Country Rail Freight rail
Urban Inter-Urban Urban Inter-
Urban

Austria 43.52% 56.48% 0% 100.00%
Belgium 28.84% 71.16% 0% 100.00%
Bulgaria 48.99% 51.01% 0% 100.00%
Croatia 33.02% 66.98% 0% 100.00%
Cyprus N.A. N.A. N.A. N.A.
Czech Republic |61.87% 38.13% 0% 100.00%
Denmark 30.44% 69.56% 0% 100.00%
Estonia 38.33% 61.67% 0% 100.00%
Finland 37.63% 62.37% 0% 100.00%
France 25.37% 74.63% 0% 100.00%
Germany 33.42% 66.58% 0% 100.00%
Greece 71.72% 28.28% 0% 100.00%
Hungary 50.98% 49.02% 0% 100.00%
Ireland 41.17% 58.83% 0% 100.00%
Italy 26.55% 73.45% 0% 100.00%
Latvia 29.36% 70.64% 0% 100.00%
Lithuania 0.00% 100.00% 0% 100.00%
Luxembourg 46.13% 53.87% 0% 100.00%
Malta N.A. N.A. N.A. N.A.
Netherlands 31.47% 68.53% 0% 100.00%
Poland 25.92% 74.08% 0% 100.00%
Portugal 31.88% 68.12% 0% 100.00%
Romania 70.22% 29.78% 0% 100.00%
Slovakia 10.93% 89.07% 0% 100.00%
Slovenia 24.95% 75.05% 0% 100.00%
Spain 33.08% 66.92% 0% 100.00%
Sweden 43.79% 56.21% 0% 100.00%
Great Britain 44.73% 55.27% 0% 100.00%
EU average 34.99% 65.01% 0.00% 100.00%

Table 0.2: Owerall distribution of road traffic activities on urban and inter-urban as a mean of
differentiating average external costs. Pass. Rail including tram and metro. Source: Primes Reference
Scenario 2013.
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Country Rail Freight rail
Urban Inter-Urban Urban Inter-
Urban

Austria 22.16% 77.84% 0% 100.00%
Belgium 21.24% 78.76% 0% 100.00%
Bulgaria 26.90% 73.10% 0% 100.00%
Croatia 11.90% 88.10% 0% 100.00%
Cyprus N.A. N.A. N.A. N.A.
Czech Republic [9.81% 90.19% 0% 100.00%
Denmark 27.82% 72.18% 0% 100.00%
Estonia 20.01% 79.99% 0% 100.00%
Finland 29.28% 70.72% 0% 100.00%
France 13.72% 86.28% 0% 100.00%
Germany 20.31% 79.69% 0% 100.00%
Greece 35.92% 64.08% 0% 100.00%
Hungary 35.11% 64.89% 0% 100.00%
Ireland 36.13% 63.87% 0% 100.00%
Italy 13.66% 86.34% 0% 100.00%
Latvia 17.76% 82.24% 0% 100.00%
Lithuania 0.00% 100.00% 0% 100.00%
Luxembourg 46.13% 53.87% 0% 100.00%
Malta N.A. N.A. N.A. N.A.
Netherlands 24.44% 75.56% 0% 100.00%
Poland 13.10% 86.90% 0% 100.00%
Portugal 13.10% 86.90% 0% 100.00%
Romania 31.13% 68.87% 0% 100.00%
Slovakia 0.00% 100.00% 0% 100.00%
Slovenia 24.95% 75.05% 0% 100.00%
Spain 14.39% 85.61% 0% 100.00%
Sweden 32.35% 67.65% 0% 100.00%
Great Britain 34.64% 65.36% 0% 100.00%
EU average 20.42% 79.58% 0.00% 100.00%

Table 0.3: Owerall distribution of road traffic activities on urban and inter-urban as a mean of
differentiating average external costs. Pass. Rail excluding tram and metro. Source: Primes Reference
Scenario 2013.
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id [ Country GDP per capita 2010 at PPP
1 [Austria 30,800
2 | Belgium 29,100
3 | Bulgaria 10,700
4 | Croatia 14,500
5 | Cyprus 23,200
6 [Czech Republic 19,400
7 | Germany 29,000
8 | Denmark 31,000
9 | Estonia 15,700
10 | Spain 24,400
11 | Finland 28,000
12 | France 26,300
13 | Greece 21,900
14 | Hungary 15,800
15 | Ireland 31,100
16 | ltaly 24,600
17 | Lithuania 14,000
18 | Luxembourg 66,300
19 | Latvia 13,400
20 | Malta 20,200
21 | Netherlands 32,500
22 | Poland 15,300
23 | Portugal 19,500
24 | Romania 11,400
25 | Sweden 30,300
26 | Slovenia 20,700
27 | Slovakia 17,900
28 [ United Kingdom 27,400
29 |EU 24,400

Table 0.4: GDP per capita (2010) at Purchasing Power Parity (PPP). Source: Tables has been
provided as part of the update handbook (Korzhenewch et al., 2014).

Pass.cars Buses / Pass.rail Aviation LDV HDV Freight Waterborne
coaches rail

Cost Category €ct/pkm €ct/pkm €ct/pkm €ct/pkm €ct/tkm €ct/tkm €ct/tkm €ct/tkm
Accidents 3.23 1.23 0.06 0.05 5.62 1.02 0.02 0
Air pollution (avg.) 0.55 0.6 0.26 0.09 1.79 0.67 0.11 0.54
Climate average 1.015 0.535 0.09 2.745 2.605 0.575 0.055 0.21
Noise (avg.) 0.17 0.16 0.12 0.1 0.63 0.18 0.1 0
Urban 0.591 0.53 0.297 0.1 3.825 0.724 0.1 0.1
Inter-urban 0.012 0.009 0.024 0.1 0.101 0.013 0.1 0.1
Nature & landscape 0.06 0.03 0.02 0.06 0.09 0.07 0 0.04
Biodiversity losses 0.02 0.04 0 0.01 0.06 0.05 0 0.05
Soil & water pollution | 0.03 0.09 0.05 0 0.18 0.08 0.04 0
Urban effects 0.1 0.04 0.06 0 0.31 0.05 0.01 0
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Table 0.5: Awverage external costs (prices of 2008). Source: CE Delft (2011).

Buses . L ) -

Pass. Cars coaches Pass. rail Aviation LDV HDV Freight rail Waterborne

Cost Category |€ct/pkm €ct/pkm €ct/pkm €ctipkm  £ct/tkm  €ct/tkm  €ct/tkm €ct/tkm
E D E D
Accidents 0.85 0.324 0.016 |0.016|0.013 0.606 0.11 0.002|0.002| 0
Urban 2.96 1.127 0.055 | 0.055 | 0.046 3.747 0.68 0.013]0.013|0
Inter-Urban 1.16 0.442 0.022 (0.022 | 0.018 0.937 0.17 0.003 | 0.003 |0
Motorways 0.22 0.084 0.083 0.015
HS rail 0.022 | 0.022
Air pollution (avg.) | 0.55 0.6 0.03 [0.60 [0.09 1.79 0.67 0.01 | 0.20 |0.54
Metropolitan 1.57 1.17 0.04 |1.69 8.85 1.14
Urban 0.8 0.74 0.03 [0.66 3.79 0.79
Inter-urban 0.42 0.52 0.02 (0.44 [0.09 1.42 0.61 0.01 |0.20 |(0.54
HS rail 0.02 |0.44
Climate average [1.02 0.54 0.01 [0.21 [2.75 2.61 0.58 0.06 0.21
HS rail 0.01 |0.21

Noise (avg.)

0.17 0.16 0.12 |0.12 |01 0.63 0.18 0.1 0
Urban 0.59 0.53 0.297 10.297]0.1 3.83 0.724
Inter-urban 0.012 0.009 0.024 10.024 (0.1 0.10 0.013 0.1 0.1
Inter-urban,  HS 0.024 |0.024

Table 0.6: Marginal external costs (prices of 2008). Source: CE Delft (2011).
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