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2nd Report - Marginal External Costs Matrices for Denmark 3

1 Introduction
Thisreport is the 2" Report of the project
“External Costs of Transport”.

The project has been undertaken by COWI in co-operation with DMU and
TetraPlan on behalf of the Danish Ministry of Transport.

1.1 Background and purpose
The objective of the project isfourfold:

» To provide an overview of and insight in European state-of-the-art knowl-
edge about quantitative assessments of the external costs of transport as
background for discussions with the European Commission about the pro-
posed framework directive on the principles for establishing infrastructure
charges.

*  To provide quantitative estimates of the marginal externa costs of trans-
port for all modes, which can serve as basis for evaluating cost based infra-
structure charges.

»  Torecommend arevised matrix of Danish unit costs for the marginal ex-
ternal costs of transport which can be used in economic appraisals of infra-
structure investments and transport policy initiatives.

* Toassessthetotal external costs of the freight and passenger traffic in
Denmark, split on modes. The calculations should serve as background for
comparison of these costs with the revenues from total payments of
charges and taxes in Denmark.

With aview to fulfilment of these objectives the project has produced three
outputs which are documented in three reports of which thisis the second:

1% Report

The 1% Report deals with the first objective and provides the main basis for the
second. The available results from the most important European research pro-
jects on external costs of transport have been reviewed. The 1% Report has also
compare and critically reviewed the applied methodol ogies and assumptionsin
the European studies, and analysed how the results can be adequately applied to
Denmark.

The key European projects have been identified to be the following five studies,
which are here referred to with abbreviations/acronyms (in bold):

- ExternE, aseries of very big research projects funded by the Euro-

pean Commission with primary focus on air pollution costs from en-
ergy cycles, including transport.
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- INFRAS/IWW, published March 2000, an update of a previous study
prepared for UIC in 1995, which was the first study presenting com-
prehensive external costs for all Western European countries. The re-
sults had important influence on the EU-Commission's Green book on
"Fair and Efficient Prices" in 1995.

- RECORDIT, a5" Framework RTD Programme project for DG
TREN focusing on estimating the full costs, internal and external, of
door-to-door intermodal freight transport in comparison with uni-
modal road transport

- UNITE isalso a5" Framework RTD Programme project for DG
TREN aiming at producing support policy-makersin the setting of
charges for transport infrastructure use - by providing appropriate
methodol ogies and empirical evidence. A key aspect of the UNITE
approach is the recognition that policy considerations behind setting
infrastructure charges consists of both efficiency and equity concerns
as formulated in the EC White Paper "Fair payments for infrastruc-
ture use" (CEC1998).

- TRL, aconsultancy project conducted in 2001 for the European
Commission. The project aimed at creating on overview of and con-
solidating empirical evidence on the external costs of transport in rela-
tion to implementing the objectives of the EC white paper "Fair pay-
ment for Infrastructure Use".

These five main studies have been supplemented with additional sourcesto the
extent necessary. This has primarily been the relevant predecessors of the five
studies within the field of each of the types of external costs considered.

2nd Report

The 2™ Report (this report) completes the second objective by setting up com-
prehensive and detailed matrices of marginal external costs for all major trans-
port modes in Denmark. The matrices provide both a best "estimate”" and a"re-
alistic range" for each cost component for each mode.

In the 1% phase of the project the approach was a "top-down" in the sense that
the established matrices with estimates were based in expert opinion about what
will most likely be the resultsif state-of-the-art methods were used to calculate
revised values of marginal external costs for Denmark. The estimates were gen-
erated by a combining three types of information for each type of externality:

*  Thefindings from the critical review of the European state-of-the-art;

»  Conclusions about how to apply these methods for Denmark and the likely
implications of using the specific Danish conditions as input;

»  Critical assessments of and comparisons with existing Danish estimates.
In the 2™ phase of the study, new marginal cost estimates for noise and air pol-

lution have been established based the findingsin the 1% Phase. The approach
has been thorough "bottom-up™ revisions of the existing Danish estimates.
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2nd Report - Marginal External Costs Matrices for Denmark 5

34 Report

The 3" Report deal's with the project's fourth objective. An initial step in setting
up accounts of the total external costs of freight transport in Denmark was to
establish estimates of the traffic volumes for each mode with the relevant sub-
divisions. Thisisimportant to ensure in order to be able to utilise the differen-
tiations provided by the full dimensions of the marginal external cost matrices.
The available information on traffic volumes allows calculations of total exter-
nal costs for passenger and freight transport for road and rail modes. The results
are presented as total costs and average costs per kilometre.

1.2 Report outline
The project deals with the following six types of external costs:

* Air pollution

* Climate change

* Noise

* Accidents

* Infrastructure (wear and tear)
»  Congestion

These are externalities from transport for which methods for monetarisation of
the impacts have been devel oped and actually applied.

The next chapter, Chapter 2, will present an overview of the total marginal ex-
ternal costs per vehicle kilometre which are ssmply calculated as the sum of the
six individual types of externalities. These will subsequently be dealt with in
turn in the following Chapters 3 - 8. To keep the presentation condensed, these
chapters assume that reader is familiar with the 1% report and will not give any
general description of the external effects nor of the methodologica approaches
for their monetarisation which have been discussed in 1% Report.

P:\56044A\Compiled Reports\Task 2 Marginal cost estimates\Final 10-08-04\2nd Report.doc COW.[
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2nd Report - Marginal External Costs Matrices for Denmark 7

2 Marginal external costs per vehicle km

This chapter presents the results in terms of Danish marginal external costs per
vehicle! kilometre. Firstly, the aggregate costs are presented followed by a dis-
aggregation on the six considered types of external costs. But before presenting
the actual figures some key definitions should be touched upon in order to en-
sure better interpretation and use of the results.

2.1 Definition of costs

The results are short run marginal external costs because this cost notion con-
stitutes the best basis for optimal pricing of infrastructure use. This approach to
infrastructure pricing is advocated by the European Commission in the White
Paper "Fair Payment for infrastructure use" from 1998. Why and under which
conditions thisis the case is explained in more detail in 1% Report. But in brief,
short run marginal cost pricing will in principle lead to efficient use of thein-
frastructure.

Marginal costs

The notion of marginal costsis essentially arather abstract term which can lead
to some confusion in practical applications. A practical definition of marginal
costsis given in the 1998 White Paper from the European Commission:

"Marginal costs are those variable costs that reflect the cost of an additional vehicle
or transport unit using the infrastructure. Strictly speaking, they can vary every min-
ute, with different transport users, at different times, in different conditionsand in
different places. Moreover for the last extra carriage on the train, car on the road, or
ship at the sea, marginal costs can often be close to zero. Clearly such a strict defini-
tionisof no practical use, and like al other charging arrangements in the commer-
cial world, a degree of approximation and averaging is necessary to develop under-
standable, practical charging structures. Marginal costs may at times merely reflect
an average of variable costs. More usefully, they should reflect infrastructure dam-
age, congestion, and air pollution costs, and so would vary according to factors like
unit weight or number of axles, peak times, urban travel, and engine emissions."2

External costs

In principle, we only consider external costs defined as socia costs imposed on
others, but not paid for, by the infrastructure user. The part of the social costs
which are actually paid are 'internalised’ and therefore assumed to be properly
reflected in the decisions taken by the infrastructure user. Hence, this study

1"vehicle" refers here and in what follows as a common term for not just road vehicles but
also different types of trains, ships and air crafts.
2 EC White Paper "Fair payment for infrastructure use" 1998, cited from TRL Vol. 2 p. 10.
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does not consider costs which are fully and directly paid by the user, such as
vehicle operating costs and own time use.

Especially, infrastructure for air transport and short sea shipping are driven un-
der normal market conditions and the related costs are therefore considered as
fully paid for by the user. These costs are therefore excluded from the analysis,
whereas infrastructure costs for road and rail transport estimated because these
costs can not be considered as fully reflected in infrastructure charges. Of
course, these aspects have to be taken into account when comparing the exter-
nal costs across mode and when fixing the structure and level of charges and
taxes to be paid by each mode.

The same line of argument holds for vehicle insurance payments which are as-
sumed to cover the property damage costs of accidents.

Short run vs. long costs

Short run, as opposed to long run, means that the capacity of the infrastructure
isregarded as fixed. Hence, the distinction is primarily relevant for infrastruc-
ture costs. Neither capital costs of expansion of the network nor maintenance
and operating costs which do not depend on the amount of traffic are included
in short run marginal costs but instead the opportunity costs derived from the
scarcity aspect of the fixed capacity should be included in terms of congestion.

Market prices

Finally, for the sake of consistency all costs are presented in market prices as
DKK-2000 per vehicle. Market prices have been chosen because valuation
methods for most cost components are primarily based on market prices. Infra-
structure costs are based on public accounts which are in factor prices. These
costs are converted to market prices by use of the "netto-afgiftsfaktor" recom-
mended by the Danish Ministry of Finance.

"DKK-2000" is both price base year and reference year. The first means that all
raw prices are inflated to 2000 price level. However, thisis not very important
given the level of inflation in the relevant period combined with the very high
degrees of uncertainty in the cost estimates. The second term means that the
costs are calculated for the actual situation in year 2000, especially with the
composition of vehicle fleet and traffic volumes corresponding to this year.
Thisisfor example important for air pollution where the steadily stricter emis-
sion norms over time imply that air pollution costs decreases as the vehicle fleet
is replaced.

2.2 Differentiating cost drivers

A characteristic aspect of the external costs from the transport sector is that the
variations according to the specific conditions are extremely important for the
results. Thisfact, which isresponsible for much of the complexity attached to
empirical quantification of the external costs, is often not treated explicitly or at
best not documented adequately. Hence, it is very important that any given es-

P:\56044A\Compiled Reports\Task 2 Marginal cost estimates\Final 10-08-04\2nd Report.doc



2nd Report - Marginal External Costs Matrices for Denmark 9

timate of external is explicit about under which conditions they are assumed to
bevalid.

Another way to formulate thisis that:
The critical topic isto identify the main driving factorsto use for clustering the

transport activities so that representative external costs give an adequate pic-
ture for the whole cluster.

In this study this structuring has been done based on four criteria:

* themost important cost drivers

*  robust proxies for these costs drivers from pragmatic considerations about
what is practically measurable

» which differentiating factors are actually relevant for infrastructure charg-
ing and taxation

*  aggregation to average values should be possible given data on the shares
of traffic volumes for each vehicle type and mode.

An overview of the resulting dimension of the external cost matrices of this
study is presented in Table 2.1 below. The dimensions of the table are dis-
cussed in more detail in the respective chapters of Volume 1.

P:\56044A\Compiled Reports\Task 2 Marginal cost estimates\Final 10-08-04\2nd Report.doc COW.[
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Table 2.1 Overview of included external costs and dimensions of differentiation.

Mode: Road Rail Air Sea

Transport units Freight: HGV Freight train Coaster

Van Container

Passenger:

9]
I

Pass. train Jet
Turboprop

Air pollution
Urbanisation
Fuel type
Engine technology

LI NI N

Climate change
Urbanisation
Fuel type
Engine technology

1 @ AN

K Ne

Noise
Urbanisation

Accidents
Urbanisation
Infrastructure category

e |Xe
e N0 |\
o

Infrastructure
Urbanisation
Infrastructure category

{r e

Congestion
Urbanisation
Time of day

@
ANANY N NANY NIRRT NN N NN TN N N

® Included v = Used for differentiation

Not included - = Not used for differentiation
Included, but set to 0

0

Although the dimensions included in the matrices of this study are rather de-
tailed there are till serious variations within each category depending on the
actual conditions, such as speed and trip length, weather conditions, population
densities, driver behaviour etc. Consequently, the approach chosen for cluster-
ing the trips and vehicles into aggregate categories for which the averages are
calculated has significant influence on the actual values for the different catego-
ries.

In addition, it isimportant to stress that

- the estimates presented for each mode in the matrices are representative
figures where these variations are averaged out,

- and more important, that the low and high values do not reflect these varia-
tions but instead the uncertainties related to the quantification of physical
effects and their monetarisation under given conditions.

Finally, it should be stressed that the results presented for each externality are
very uncertain as appear from the low and high values presented along with the
best estimates. However, the aggregate values, summed up over all six types of
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externalities, are slightly more robust as some of the uncertainties are expected
to cancel out.

2.3 Aggregate results

Table 2.2 below presents the overall results for each vehicle type for urban and
extra-urban areas as well as aweighted average. The best estimates are pre-
sented along with low and high values. Indicative capacities of the vehicles are
presented as well for comparisons across modes.

Overview of short run marginal external costs per vehicle kilometre. Split on mode and
localisation. Best estimate plus high and low values. DKK-2000 market prices.

DKK per vehicle km Fuel Capacity Urban Extra-urban Average

Mode ton or pass. Low Central High Low Central High Low Central High
Road

HGV Diesel 16t 0,90 4,92 8,57 0,56 2,07 4,59 0,66 2,38 5,30

Van Diesel 15t 0,45 1,18 3,53 0,16 0,48 1,66 0,26 0,73 2,33

Van Petrol 15t 0,40 1,03 2,73 0,15 0,45 1,55 0,24 0,66 1,97

Car Petrol 4p. 0,34 0,76 1,87 0,13 0,35 1,05 0,22 0,51 1,38

Car Diesel 4p. 0,35 0,80 2,11 0,13 0,35 1,07 0,22 0,53 1,49

Bus Diesel 40 p. 1,29 3,31 10,93 0,46 1,17 3,49 0,93 2,39 7,74
Rail

Freight train Electric 447 t 14,47 65,49 175,54 3,13 31,12 72,44 4,26 34,56 82,75

Freight train Diesel 211t 17,78 74,89 223,88 4,58 34,39 86,95 5,81 38,13 98,95

Passenger train Electric 475 p. 4,34 16,26 52,27 2,37 10,28 34,31 2,56 10,88 36,11

Passenger train Diesel 225 p. 5,47 19,54 67,43 2,67 10,85 34,61 2,95 11,72 37,89
Air

Jet 142 p. n.a. n.a. 1,86 4,90 36,88

Turboprop 50 p. 0,32 1,05 7,54
Sea

Coaster 2000 t n.a. n.a. 19,15 46,86 228,50

Container 3500t 49,42 120,95 589,80

P:\56044A\Compiled Reports\Task 2 Marginal cost estimates\Final 10-08-04\2nd Report.doc

Severa conclusions can be drawn from the above results:

»  Therange of uncertainty is substantial but of the same order of magnitude
for most vehicles. The ratio between the high and low value is about 6 for
all modes except rail for which the very sparse reliable information about
marginal infrastructure costs have increased the uncertainty®.

»  The costs ratios between vehicles are considered to be somewhat more ro-
bust especially within each of the sectors (road, rail, air and seatransport).
Thisis an important guidance for fixing infrastructure charges.

% The high and low values for the aggregate values are simply the sums of the high and low
values for each of the external cost categories. However, from a statistical point of view this
is an overestimate of the uncertainty range on the sum because some of the uncertainties
will cancel out unless the added effects are fully correlated which clearly not the case.

* In addition, the assumptions about representative train gross weights are indicative but
influence the infrastructure costs significantly.

COWIL
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«  Still, the variations behind the average figures presented in the table are
very significant depending on the specific conditions. This should also be
taken into account when deciding infrastructure charges. For all modes,
perhaps with the exemption of the small road vehicles, cars and vans,
weight and size are important cost drivers which are relatively easy to in-
clude in the specification of infrastructure charges. For air transport trip
length is an important factor because most of the external costs are related
to take-off and landing.

* Themarginal external costs of urban transport are significantly higher for
urban than for extra-urban transport. Theratio for road transport is be-
tween 2 and 3. The weighted average values are tentative results based on
rough estimates of the split of traffic on urban and extra-urban areas, which
will be substantiated in Phase 2.

»  Comparisons with previous Danish estimates in Trafikministeriet(1997)
shows that the new estimates are somewhat higher. The new best estimates
are about the same size as or above the high end of the previous range.

*  Comparison of external costs per passenger and ton kilometre will depend
on average load factors but calculation is straight forward from the costs
per vehicle kilometre when load factors are available. Comparing costs per
passenger or ton kilometre assuming full capacity utilisation is often very
problematic. Previous analysis hasillustrated that load factors are also very
sensitive to the specific conditions which makesiit difficult to draw firm
conclusions from comparisons across modes.

2.4 Comparison of costs per type of externality

Table 2.3 below presents the same marginal external costs per vehicle kilome-
tre as Table 2.2, but with a higher level of detail. For simplicity, the low and
high values are left out but the ranges are documented in the Chapters 3 - 8.

P:\56044A\Compiled Reports\Task 2 Marginal cost estimates\Final 10-08-04\2nd Report.doc
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Table 2.3 Short run marginal costs per vehicle kilometre. Split on mode, external cost component and
localisation. Best estimate DKK-2000 market prices.
Transport mode|Road
mean of transport HGV Van Van Car Car Bus
Fuel Diesel Diesel Petrol Petrol Diesel Diesel
Capacity (pass./ton per vehicle) 16 1,5 1,5 4 4 40
Average 2,38 0,73 0,66 0,51 0,53 2,39
Air pollution 0,20 0,10 0,03 0,02 0,04 0,65
Climate change 0,07 0,04 0,05 0,03 0,02 0,13
Noise 0,23 0,16 0,16 0,12 0,12 0,51
Accidents 0,71 0,09 0,09 0,12 0,12 0,26
Congestion 0,38 0,32 0,32 0,22 0,22 0,42
Infrastructure 0,78 0,01 0,01 0,01 0,01 0,43
Urban 4,92 1,18 1,03 0,76 0,80 3,31
Air pollution 0,48 0,19 0,03 0,02 0,08 0,99
Climate change 0,09 0,04 0,05 0,03 0,02 0,16
Noise 1,52 0,42 0,42 0,26 0,26 0,86
Accidents 1,20 0,14 0,14 0,18 0,18 0,33
Congestion 0,63 0,38 0,38 0,25 0,25 0,50
Infrastructure 1,00 0,02 0,02 0,01 0,01 0,48
Extra-urban 2,07 0,48 0,45 0,35 0,35 1,17
Air pollution 0,17 0,05 0,02 0,01 0,02 0,19
Climate change 0,07 0,04 0,05 0,02 0,02 0,09
Noise 0,08 0,02 0,02 0,01 0,01 0,04
Accidents 0,65 0,07 0,07 0,08 0,08 0,18
Congestion 0,36 0,28 0,28 0,21 0,21 0,31
Infrastructure 0,75 0,01 0,01 0,01 0,01 0,35
Transport mode Rail Aviation Short Sea Shipping
mean of transport] Freight train Passenger train Pass. Coaster Container
Fuel Electricity Diesel Electricity Diesel Jet Turboprop.
Capacity (pass./ton per vehicle) 447 211 475 225 142 50 2000 3500
Average 34,56 38,13 10,88 11,72 4,90 1,05 46,86 120,95
Air pollution 0,90 4,45 0,76 2,00 1,76 0,22 43,99 113,53
Climate change 1,04 1,07 0,86 0,47 2,94 0,62 2,87 7,42
Noise 4,32 4,32 0,75 0,75 - - -
Accidents 1,30 1,30 1,50 1,50 0,21 0,21
Congestion
Infrastructure 27,00 27,00 7,00 7,00
Urban 65,49 74,89 16,26 19,54
Air pollution 0,90 10,27 0,76 4,43
Climate change 1,04 1,07 0,86 0,47
Noise 35,25 35,25 6,14 6,14
Accidents 1,30 1,30 1,50 1,50
Congestion
Infrastructure 27,00 27,00 7,00 7,00 . .
Extra-urban T 3439 1028 1085 (Not differentiated on Urban and Extra-urban)
Air pollution 0,90 4,15 0,76 1,73
Climate change 1,04 1,07 0,86 0,47
Noise 0,88 0,88 0,15 0,15
Accidents 1,30 1,30 1,50 1,50
Congestion
Infrastructure 27,00 27,00 7,00 7,00

P:\56044A\Compiled Reports\Task 2 Marginal cost estimates\Final 10-08-04\2nd Report.doc
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The following main conclusions can be drawn from the table and from the
analyses behind the figures:

By transport sector

* Road: No single external cost component is dominant in the aggregate
marginal external costs for any road mode, neither for urban nor extra-
urban driving. All costs components constitute less than 50% of the total.

* Rail: Infrastructure costs dominate the aggregate marginal external costs
for rail transport. However, great caution should be taken in using these
figures because of the severe lack of empirical knowledge about the pure
marginal infrastructure costs for railways.

* Air: Climate change appears to be the most important externa cost of air
transport, especially for jets. Apart from that the differences between jet
and turboprop primarily relate to the size of aircrafts.

*  Sea: Theexterna costs of seatransport are limited to air pollution and cli-
mate change. The most important costs are air pollution with about 80% of
the costs. However, the air pollution costs could be somewhat overesti-
mated because the unit costs per kg pollutant are assumed to be equa to
that of extra-urban surface transport for which results are available. The
differences between coasters and container ships are apart from size al'so
due to engine technology (fuel) and speed.

By cost type

* Air pollution: The marginal external costs are of air pollution are domi-
nated by the value of lives lost. The main contributor is PM;o, especially
from diesel vehicles, and to some extent NO. The costs are 2-3 times
higher in urban than in rural areas for both road and (diesel powered) rail
transport. The continuously stricter demands to emission reduction from
road vehicles via the Euro-norms for new cars means that the costs for
older vehicles are several times higher than for new vehicles®. In relation to
the high costs for (diesel) buses, it should be noticed that today gas buses
stands for a very substantial share of the busesin public transport busesin
the major Danish cities.

* Climate change: Currently available damage costs are regarded as too un-
certain. Instead, avoidance cost estimates have been used with arange be-
tween 40 and 1200 DKK per ton CO,. Which value to use as best estimate
depends very much on politically determined reduction targets, but here
120 DKK per ton has been used. With this value climate change is only the
most important external costs for jet aircrafts, but the picture changes sig-
nificantly if the high value is used.

® This can not be concluded from the results in the table above. See Appendix 1 for further
details.
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2nd Report - Marginal External Costs Matrices for Denmark 15

* Noise: Noiseisto adistinct degree related to urban traffic where the mar-
ginal costs are about 20 higher than for extra-urban driving. This differ-
enceis significantly bigger than in previous Danish estimates from
Trafikministeriet(1997), whereas the traffic-weighted average is about
50% higher than in Trafikministeriet(1997). Thisisvery much in line with
the fact that the new international estimates includes explicit valuation of
health effects in addition to the effects derived from reduced real estate
prices. The difference between jet and turboprop is primarily due different
assumptions about trip lengths.

» Accidents: Road transport is the sector of major concern in relation to traf-
fic accidents. Thisisreflected in the cost figures where accident costs are a
big contributor to the aggregate costs and constitute a much higher share
for road transport than for other modes. In addition, it should be noted, that
the figures presented here does not include the internal accident costs.
Hence, the total accident costs per vehicle kilometre are significantly
higher®. The detailed accident registrations give a good basis for estimating
the accident costs if the valuation principles are accepted. The biggest un-
certainty relates to marginal influence from extra traffic on the general ac-
cident risk (the risk elasticity). Recent research indicates that this effect
could significantly reduce the marginal external accident costs for some
types of roads.

* Infrastructurecosts. The short run margina infrastructure costs do not
include investments in additional infrastructure. The infrastructure costs
for seaand air transport are considered as internalised; hence the external
costs for these modes are zero. For road transport the short run margina
infrastructure costs are almost ignorable for all other vehiclesthan the
large HGVs. For rail, it has not been possible to account for the scarcity
costs of the capacity constraint on certain lines. The unit costs for rail
transport are particularly uncertain which is critical as this cost component
is very dominant for both freight and passenger rail transport. The costs are
assumed to be closely related to the gross weight of the train and the dif-
ferences between freight and passenger trains primarily reflect different
gross weights.

»  Congestion: Congestion has only been considered relevant for road trans-
port and only in peak-hours’. Congestion is the type of external cost which
is most dependent on specific local conditions. Consequently, benefit
transfer of unit costs per vehicle kilometre is not subject to benefit transfer.

® Theinternal accident costs are important to include in cost benefit analysis of projects or
policy initiatives which affect the number of accidents. Theinternal costsinclude the
driver's own risk and property damage costs, which are assumed to be internalised by the
insurance.

" The scarcity aspect due to capacity constraintsis also relevant for other modes, especially
rail and air traffic but it a somewhat different character for these modes as traffic flows are
planned with scheduled dots for each train and flight. Congestion is not considered here for
rail and air traffic as methods for measuring effects of capacity constraints are not yet well
developed for these modes.
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The recommended figures are generalisations of preliminary results from
Danish case studies. The results indicate that congestion costs even on av-
erage are among the most important external cost components for small
vehicles. Congestion is even of some importance on extra-urban roads be-
cause of the very high marginal costs on some motorways in peak hours.
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3 Air pollution

This chapter presents the suggestions for Danish unit prices for the marginal
external costs of air pollution. The results are presented both per kg of each pol-
lutant and per vehicle kilometre for each mode with relevant subdivisions. First,
the TRIP project is presented. This project is considered to represent state-of-
the-art on the air pollution cost estimates in Denmark.

3.1 Danish research (TRIP)

The TRIP project

TRIP? is an open research centre linking researchers from universities and other
institutions. The centre is funded by the Danish Environmental Research Pro-
gramme 2000-2003. TRIP consists of a number of projects of which one con-
cerns valuation of external costs of air pollution from transport. The project is
carried out by COWI. Phase 1 of the project was completed in July 2002 and
Phase 2 will be finalised in August 2004. Final results are however, available
for the present project.

The purpose of the project is to establish updated unit costs of air pollution for
transport exhaust emissions in Denmark. The applied methodology is the im-
pact pathway methodology which was described in 1% Report.

The purpose of Phase 1 of the TRIP project was to update existing Danish unit
costs on the basis of the latest knowledge on dose-response functions and eco-
nomic valuation®. The main source was Friedrich and Bickel (2001): Environ-
mental External Costs of Transport.

The purpose of Phase 2 was to integrate results from other TRIP projects re-
garding exposure under Danish conditions. Further, the economic valuation was
updated to take into account the latest Danish knowledge in the area. Hence,
compared to the latest European unit costs from e.g. ExternE and BeTa, the
TRIP project aims at taking into account specific characteristics for Denmark.
Especialy, the detailed exposure modelling under Danish conditionsis unique.

Exposure modelling for Denmar k
Specific exposure modelling for Denmark was carried with two models:
First, modelling carried out with the AirGIS model*°.

Secondly, modelling carried out by the University of Stuttgart with the
EcoSense model, which is the exposure model applied in Externk.

8 TRIP stands for Centre for Transport Research on environmental and health |mpacts and
Policy. See aso http://www.akf.dk/trip/.

® For detailed documentation see TRIP Phase 1 Report on http://www.akf.dk/trip/.

O TRIP Project 3.3: Traffic Air Pollution, Human Exposure and Health.
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The output of these two models was used to establish a set of exposure factors
for Denmark.

In the following the method for estimating exposure factors for Denmark is de-
scribed™. The approach for calculating the marginal effect of a change in expo-
sure due to amarginal change in emission implies calculating the effect on the
exposure of - in principle - al persons of a change of emission on acertain lo-
cation. Therefore the following geographical distinction has to be made to cal-
culate the exposure factors:

The location of the emission.

The location of the receptors.
A large part of Sealand including the counties of Frederiksborg, Roskilde and
Copenhagen and the municipalities of Frederiksberg and Copenhagen (Area of
the Greater Copenhagen Bus Company, for short GCA) was selected for the
location of the emission. The GCA includes the capital and alarge number of
cities of varying sizes, but alarge part of the areaisalso rural areas.

The areaiisillustrated in the following figure.

Figure3.1  The Greater Copenhagen Area
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The GCA can be divided into seven urbanisation categories in accordance with
the definitions of the TU. This distinction implies that it is possible to calculate
the effect of differencesin loca exposure due to different population densities.

! For detailed documentation see TRIP Phase 2 Report.
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Exposure factors were calculated for a number of different locations within the

Greater Copenhagen Area as specified in the following table.

Table 3.1 Soecific locations of emission change
TU urbanisation category Example AirGIS | EcoSense
TU1: Capital Copenhagen centre All 1
TU2: Suburbs to the capital Gladsaxe, Herlev
TUS3: Urban areas >100.000 inhab. n.a.
TU4: Urban areas: 10.000 - 99.999 inhab. Hillered, Roskilde All 2
TUS: Urban areas: 2.000 - 9.999 inhab. Stenlgse All
TUG: Urban areas: 200 - 2.000 inhab. Skaevinge
TU7: Rural areas 200 > inhab. - All 2

The division of GCA into TU classesisillustrated in the following figure.

Figure3.2 TU classification of the GCA

Urban Classification (TU)

Note: TU7 isthe white area. The dataisincomplete for cities with 200-2000 inhabi-
tants (TU6) where some fall into the rura areas (TU7).

All of Europe was included as receptor location. The receptor areawas divided
into alocal area and the remaining Europe in accordance with exposure model-
ling which was divided into local and regional modelling. The two applied

P:\56044A\Compiled Reports\Task 2 Marginal cost estimates\Final 10-08-04\2nd Report.doc

COWIL



External Costs of Transport

models differ in respect to this distinction. In the figure bel ow the geographical
distinction is sought illustrated.

Figure3.3 Emission locations and receptor locations

Emission locations: Receptor locations:

Europe
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Economic valuation of health costs

In the TRIP project, the valuation of mortality from air pollution is based on the
value of alife year lost (VLY L) approach as described in the 1% Report. This
implies that detailed lifetime tables for the Danish population have been estab-
lished to take into account the affect of latency and discounting.

The point of departure for the VLY L approach isthe value of astatistical life
(VSL). According to the recommendations from the Danish Ministry of Trans-
port (2003): Partikelredegerelse a value of 13.6 MDKK should be applied as a
general value for VSL, e.g. for traffic accidents. However, taking into account
the high age in general of the people affected by air pollution, avalue of 9.64
MDKK isrecommended for air pollution.

The TRIP project applies the value of 13.6 MDKK as the basis for calculating
the VLYL, because the lifetime table approach assumes a starting point of the
VSL of aperson aged similarly to victims of traffic accidentsin generd, i.e.
around 40 years of age. Theresulting VLY L is shown in the below table along
with applied values for morbidity costs.
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Table 3.2 Applied valuation of health effects (2002 price level)

Health effect DKK/case Source

VLYL, chronic 357.927 VSL: Danish Ministry of Transport (2003):
Partikelredegorelse

VLYL, acute 611.382 -do-

Bronchodilator usage 110 NERI (April 2004)

Cough 416 CSERGE (1999)

Lower respiratory symptoms 63 NERI (April 2004)

Asthma attacks (AA) 1,993 Danish Ministry of Environment (2004):
Valuation of chemical Related Health Im-
pacts.

Respiratory Hospital Admissions 30,597 Statistics Denmark, NERI (April 2004),

(HA) CSERGE (1999), Friedrich & Bickel (2001)

Cerebrovascular HA 76,850 Statistics Denmark, NERI (April 2004),
CSERGE (1999), Friedrich & Bickel (2001)

Symptom days 416 CSERGE (1999)

Restricted Activity Days (RAD) 615 Statistics Denmark, CSERGE (1999), NERI
(April 2004)

Minor RAD 416 CSERGE (1999)

Chronic bronchitis 1.268.284 NERI (April 2004)

Congestive heart failure HA 46,643 Statistics Denmark, NERI (April 2004),
CSERGE (1999), Friedrich & Bickel (2001)

Chronic cough 1,879 Friedrich & Bickel (2001)

Emergency Room Visits (ERV) 5,067 Danish Ministry of Environment (2004):
Valuation of chemical Related Health Im-
pacts.

When comparing unit costs from TRIP with those of the European sources, the
following should be noted. In ExternE (Friedrich and Bickel) the starting point
for estimating mortality costsisaV SL value of approx. 25 MDKK, i.e. almost
twice the value applied in TRIP. Thisimplies that mortality costs are almost
twice as high in ExternE (Friedrich and Bickel) asin TRIP.

In BeTaa"chronic death” is valued approximately the same asin TRIP despite
the differences in the approach. However, an "acute death" is apparently valued
with the full VSL value (corresponding to the 9.64 MDKK) in BeTa.

In TRIP an "acute death” is assumed to shorten lifetime with only 0.75 year,
because "acute deaths' only happens to persons who would have died within a
short period of time anyway as they are weak and old (see Friedrich and Bickel
(2001)). Hence, the cost associated with "acute deaths" is0.75 timesthe VLY L
for acute deaths.
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Given the available documentation of BeTait is not possible to analyse pre-
cisely the impact of this difference in approach, but the BeTavalues for the
mortality effects are higher than those of TRIP.

It should be noted that a discussion is ongoing regarding the dose-response
functions for chronic mortality. In Friedrich and Bickel (2001) and in BeTaa
down-scaling of factor 3 of the US dose-response functions was applied for
Europe. However, it has been agreed among experts that this down-scaling is
not correct. Within the ongoing NewEXxt project it is discussed how to handle
thisissue in future calculations. It was therefore decided not take the down-
scaling into account in the unit costsin the TRIP project.

Regarding the morbidity costs several different sources have been applied in
estimating the costs. In general, costs cover direct costs (hospitalisation and
medicine), production loss and willingness to pay (WTP) to avoid the morbid-
ity episode. Generally, the cost component that is most difficult to estimate is
the WTP. In the applied costs emphasis has been given to the 5-Country Study
by CSERGE.

The CSERGE study covered the Netherlands, Norway, Portugal, Spain and the
UK. The same CV questionnaire was presented in Lisbon, Amsterdam, Oslo,
Vigo (Spain) and London plus surroundings to estimate the WTP for avoiding
health effects associated with air pollution. The pooled results for the five coun-
tries are applied here appropriately PPP-adjusted and inflated™.

3.2 Unit costs per kg pollutant

The unit costs per kg pollutant will be based on the Phase 2 results. But first,
Table 3.3 reproduces the EUR per tonne estimates from 1% Report converted
into DKK per kg for each pollutant as background for the decision on recom-
mended values for Denmark.

The review of the resultsin 1% Report from this project showed that due to the
widespread consensus about the impact pathway approach the results from the
other studies were in general in line with the Externk study. The few deviations
could be explained by alternative assumptions.

12 For detailed documentation see TRIP Phase 2 Report.
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Table 3.3 Comparison of estimates of unit costs of air pollutants. DKK/kg

Pollutant:| PM,5 NO, SO, co HC
Source |Country / City Urban Rural | Urban Rural | Urban Rural | Urban Rural | Urban Rural
ExternE |Germany / Stuttgart 1,659 141 47 22 108 34| 0.013 0.001 12 12
BeTa Germany / Stuttgart 1,594 119 31 31 314 45| n.a. n.a. 21 21
"""""" Denmark/Copenh. | 1,884 40| 25 25| 360 25 na na | 54 54
"""""" evt5 | 104 3| 39 na na | 16
Source: 1% Report Table 3.3.

The estimates for Denmark from the TRIP project are presented in the table
below. A best estimate combined with high and low valuesis presented.

Table3.4 Recommended Danish estimates for marginal air pollution costs.
DKKjyg00 per kg Urban Rural

Pollutant Low Central High Low Central High
PM; 5 432 1,393 7,578 107 296 1,447
NO, 7 14 54 8 15 61
SO, 31 55 168 12 30 135
GO o 0.013 0.026 0 0.002 0.004
HC 3 4 6 3 4 6

Note: The high/low estimates are adapted from the Danish Ministry of Transport (2000):
Valuation of the external costs of transport.

A comparison with the results of Table 3.4 shows that the particle costsin ur-
ban areas estimated in the TRIP project are quite close to ExternE and BeTa
results. For extra-urban areas the estimated costs are somewhat higher. NO
costs are lower which is probably due to alower nitrate exposure in the Danish
exposure estimates.

SO, costs are lower in urban areas - especially for BeTa - but of similar sizein
the extra-urban areas. The reason to the large difference in urban SO, costsis
most likely the acute mortality that isvalued with afull VSL in BeTa. CO costs
are comparable and HC costs are lower. However, in BeTa are very high expo-
sure factor for HC in Copenhagen is applied, and this seemsto be a clear mis-
take (it is higher than all other countries).

3.3 Marginal air pollution costs per vehicle kilometre

Unit costs per vehicle kilometre are subsequently derived by multiplying the
unit costs per kg pollutant with specific emission factors per vehicle kilometre
for each mode split on different vehicle types.

The applied emission factors are based on the TEMA-model from the Danish
Ministry of Transport. The emission factors which can be calculated directly
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from the TEMA-model require detailed specification of vehicle types, size,
driving pattern, age of vehicles etc. However, average values for aggregate uses
have been derived in a previous project*®, where emission factors were derived
for representative vehicles in the year 1999, 2004, 2009, 2014 and 2019 based
on the following assumptions:

For road the shares of the traffic for various emission norms (pre-EURO,
EURO-I and EURO-II) and size classes are based on projection to 2004 of
the 1999-distribution of traffic on age composition of the vehicles.

Default vehicle speeds and road typesin the TEMA-model have been as-
sumed.

The representative trip for petrol cars and vans includes one cold start and
11 and 8.4 kilometres under urban and rural conditions and adjustments
have been made for engine wear for older cars.

For HGV asize distribution of:

- 63% 3.5-18 ton (10tonin TEMA);

- 11% 18-32 ton (24 tonin TEMA);

- 26% >32 ton (48tonin TEMA);
has been assumed for al EURO-norms although the heavy trucks' share of
traffic decreases with vehicle age.

For diesel vehicles "low sulphur" diesel (<50 ppm) have been assumed,
which reduces the PM, s-emissions as well as the SO,-emissions.

For rail the different train types share of traffic in 1999 has been used

Emission factors per kWh from power production follow the approach of
the Danish Energy Agency

For air and seatransport air carriers and vessels and transport distances
which are representative for domestic Danish transport have been assumed.

Up- and downstream emissions have not been included.

In addition, some assumption about the application of the costs per kg pollutant
from Table 3.4 should be emphasised:

The size distribution of PM from power plant emissionsis probably differ-
ent from emissions from combustion engines in transport vehicles. This
tends to overestimate the air pollution costs from electric trains.

For air and sea transport extra-urban costs are applied. This assumption
probably overestimates popul ation exposure, and hence costs, because the
major share of the emissions take place more distant from popul ated areas.

The costs of HC emissions do not include costs from carcinogens. How-
ever, ExternE found that the documented health impacts are small (insig-
nificant) compared to other health effects from transport emissions.

13 See "Vagdisatning af trafikkens eksterne omkostninger” COWI for Danish Ministry of
Transport, 2000. These values have also been applied in the TRIP-project.
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Table 3.5 Recommended Danish estimates for marginal air pollution costs per vehicle kilometre.
2002-values.
DKK per vehicle km Urban Extra-urban Average
Mode Low Central High Low Central High Low Central High
Road
HGV diesel 0,18 0,48 2,35 0,08 0,17 0,73 0,09 0,20 0,90
Van diesel 0,06 0,19 1,01 0,02 0,05 0,25 0,04 0,10 0,52
petrol 0,01 0,03 0,16 0,01 0,02 0,09 0,01 0,03 0,12
Car petrol 0,01 0,02 0,11 0,01 0,01 0,06 0,01 0,02 0,08
diesel 0,03 0,08 0,41 0,01 0,02 0,11 0,02 0,04 0,23
Bus diesel 0,35 0,99 5,07 0,09 0,19 0,82 0,24 0,65 3,25
Rail
Freight electr. - - - 0,39 0,90 4,00 0,39 0,90 4,00
diesel 3,69 10,27 52,07 1,84 4,15 18,25 1,93 4,45 19,94
Passenger electr. - - - 0,33 0,76 3,37 0,33 0,76 3,37
diesel 1,59 4,43 22,49 0,76 1,73 7,64 0,85 2,00 9,12
Air
Jet - - - - - - 0,88 1,76 7,10
Turboprop - - - - - - 0,11 0,22 0,91
Sea
Coaster - - - - - - 18,19 43,99 199,77
Container - - - - - - 46,95 113,53 515,64
Note: For capacities of vehicles see Table 4.2.
Source: Table 3.4 and "Vaadisagning af trafikkens eksterne omkostninger™, COWI 2000.
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Results are presented in Table 3.5. It should be noted that no uncertainty inter-
vals have been applied to the emission factors. Comparison with the results
from the international results presented in 1% Report confirms the order of mag-
nitude of the results.

Finally, it should be stressed that the presented unit costs per vehicle kilometre
are broad averages for aggregated use. For specific applications due considera-
tions should be made about the appropriate vehicle composition. Thisis par-
ticularly important with regard to vehicle sizes (HGV and trains) and EURO-
norms, which will vary significantly over time. Appendix A presents unit costs
for individual EURO-norms classes for al road vehicles. The results show that
the air pollution unit cost per vehicle kilometre is afactor 3-5 from pre-EURO
to EURO-1V which will be introduced in 2006.
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4 Climate Change

Even the order of magnitude of the costs of climate change from mankind's
greenhouse gas emissions is a subject of dispute because of lack of knowledge
of the impact pathway, the long lag time of effects, and several other complex
matters.

Cost estimates based on the damage cost approach are from a theoretical point
of view - in principle - to be preferred to avoidance costs. However, thereis
widespread scepticism among experts towards the actual results of this ap-
proach based on the belief that the lack of knowledge leads to underestimation
of the actual costs because only quantifiable costs are taken into account. This
is supported by the fact that damage cost estimates are most often lower than
estimates based on avoidance costs. These considerations have led to the con-
clusion not to recommend the currently available damage cost estimates as ba-
sis for Danish monetarisation of greenhouse gas emissions.

On the other hand, avoidance cost estimates are very dependent of the level of
reductions and whether different cost structures across countries are levelled
out by joint implementation mechanisms such as e.g. emission trading within
EU.

4.1 Unit costs per ton CO,

Danish values

In recent years avalue of 300 DKK (40 ) per ton CO, for 2000 has been used
by the Danish Road Directorate based on "Energistyrel sens af skagringspris'
calculated in previous analyses of cost minimising reduction measuresin the
energy sector. Other analyses based on macroeconomic and CGE-models have
reached avoidance costs for Denmark in the same order of magnitude.

In February 2003 the Danish Ministry of Finance published a new strategy on
the reduction of greenhouse gasses™ based on the work of the "Flexible Meas-
ures' working group. The report was based on updated cost minimising reduc-
tion measures. The recommendation of the report isto apply a value of 120
DKK (16 ) per ton CO, as acommon value for the avoidance cost (cut-off
cost) across sectorsin Denmark. This valueis based on the reduction of CO,
emissions for Denmark according to the Kyoto Protocol, which corresponds to
areduction of 25%-30% of the emissions — or 20-25 million tonnes CO,
equivalents annually - in the target years 2008-2012.

The recommended value is based on the assumption that some of the reduction
is achieved by means of flexible mechanisms, i.e. joint implementation, inter-
national trade with quotes, and clean development measures.

14 Regeringen (februar 2003): Oplagy til klimastrategi for Danmark.
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Reduction costs in various sectors have been estimated both for Danish meas-
ures and flexible measures. The Danish measures arein general the most ex-
pensive, and moreover, the Danish measures are not sufficient to fulfil the
Kyoto Agreement for Denmark. However according to the strategy, if a sub-
stantial part of the reduction is carried out by flexible mechanismsthe priceis
not likely to exceed 100 DKK (13 ) per ton CO, and more likely to bein the
range of 40-60 DKK (5-8 ) per ton CO..

However, these estimates are based on the assumption that the US does not rat-
ify the Kyoto Agreement. Should the US later decide to ratify the agreement, a
substantial increase in the price on flexible measures should be expected, be-
cause the US would be a dominant demander in the market. In this case the
priceis more likely to be 100-200 DKK (13-27 ) per ton CO..

European values

Thefirst report of the present project summarises the values from a number of
international studies, which are used in the reviewed European studies. The
avoidance costs based on these studies are used here as input for establishing
the interval for the costs.

To summarise, the recommendations of the European studies were as follows:

* UNITE usesavalueof 20 per ton CO, based on Capros and Mant-
z0s(2000) estimatesin 1990 (Without emission trading). Thisvalueis close
to the avoidance cost value aso used in some ExternE sensitivity analyses.

* RECORDIT applies a preferred value of 38 -1995 per ton CO, referring
to the INFRAS/IWW-scenario derived under the assumption of reduction
in accordance with the Kyoto target and EU emission trading. Thisvalueis
close to the old value from the Danish Road Directorate.

* INFRAS/IWW appliesapreferred value of 135 -1995 per ton CO, calcu-
|ated in the scenario based on IPCC scientific reduction aim of 50% reduc-
tion.

Recommended values

Given the high degree of uncertainty in relation to both the methodol ogical ap-
proach and in the estimates derived from each approach thereisacertain
amount of arbitrariness in fixing the exact values to be used. At the end of the
day, there are some room for taking into account the political willingness to pay
for the reduced risks from a precautionary reduction strategy.

Priority is given to consistency with values applied in other sectorsin Denmark.
Therefore, the recent Danish value of 120 DKK (16 ) per ton CO, recom-
mended by the Flexible Measures working group is applied as the central value.
Thisvaueisrelatively close to the value recommended by UNITE given the
high level of uncertainty in thisfield. Thelow valueis also applied from the
recommendations of the Flexible Measures working group. As the high value
the value from INFRAS/IWW is applied. The values are shown in Table 4.1.
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Table4.1 Recommended interval for marginal climate change costs per ton CO...
2000-DKK™.
Low Central High
DKK per ton CO, 40 120 1200

4.2 Marginal CO, costs per vehicle kilometre

Finaly, the values per ton CO, have been converted to unit costs per vehicle
kilometre following the approach for generating emission factors described in
Chapter 3. Methane-emissions (CH,) have been converted to CO, equivalents
by a conversion factor 25 and assuming that methane constitutes 15% of VOC-
emissions'®, but this has no noticeable influence on the results. Hence, the ratio
between the different vehicles merely reflects their relative energy efficiency
per vehicle kilometre. The climate change impacts of nitrogen emissions from
aircrafts in high altitude reported by Friedrich and Bickel have not been in-
cluded due to the very uncertain knowledge of the effects of emissions.

Table 4.2 presents average values. More results have been calculated as well,
differentiated on urban and rural vehicle emission class but the differences are
small asthey only reflects minor changesin fuel efficiency across driving con-
ditions and the vintage of the vehicle (See Appendix A).

15 The Danish values - low and central estimates - have not been deflated to 2000-prices
due to the high degree on uncertainty and the fact that it is not clear exactly which price
level these are calculated for.

1® Rough average value of diesel (5%) and petrol cars (20%), see Friedrich and
Bickel(2001) p. 13.
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Table 4.2 Recommended Danish estimates for marginal climate change costs per
vehicle kilometre. 2000-val ues.

DKK per vehicle km Average
Mode Capacity Low Central High
Road
HGV diesel 16t 0.02 0.07 0.71
Van diesel 1.5t 0.01 0.04 0.42
petrol 1.5t 0.02 0.05 0.46
Car petrol 4 p. 0.01 0.03 0.26
diesel 4p. 0.01 0.02 0.22
Bus diesel 40 p. 0.04 0.13 1.32
Rail
Freight electr. 447t 0.35 1.04 10.39
diesel 211t 0.36 1.07 10.66
Passenger electr. 475 p. 0.29 0.86 8.63
diesel 225 p. 0.16 0.47 4.66
Air
Jet 142 p. 0.98 2.94 29.37
Turboprop 50 p. 0.21 0.62 6.21
Sea
Coaster 2000 t 0.96 2.87 28.73
Container 3500t 2.47 7.42 74.16
Note:

Source: Table4.1 and "Vaadisaning af trafikkens eksterne omkostninger”, COWI 2000.
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5 Noise

5.1 Introduction

This chapter presents the suggestions for Danish unit prices for the marginal
external noise costs. Results are presented in DKK per vehicle km for each
mode with relevant subdivisions. The figures are calculated using an applica-
tion of the impact pathway approach for noise as recommended by the interna-
tional studies reviewed in the 1% report.

Marginal noise costs are highly dependent on local and specific conditions, and
benefit transfer could only be recommended for use in analyses of broad policy
issues, whereas using noise costs for more specific costing should be more dif-

ferentiated.

The main cost drivers for marginal noise costs are: Population density closeto
the emission source, the time of day, the background noise level, vehicle/train
type and speed and for trains also the length of the train and type of brakes. The
background noise level depends for road and rail traffic mainly on the number
of vehicles or trains per hour, the traffic mix (e.g. share of HGV) and the speed
of the traffic. The applicability of international results to general Danish condi-
tionsistherefore problematic, as it depends very much on the extent to which
the same conditions prevail with respect to the cost drivers.

Therefore, new Danish estimates have been devel oped during this project fol-
lowing the methodological recommendations from the international state-of-
the-art as found in the European literature review in the 1% Report. The work
for road traffic hasinvolved the following five steps:

1. A new unit cost for noise annoyance based on a new hedonic estimation
plus epidemiological evidence on the health effects of noise.

2. Specially designed noise mappings for several cities and townsin
Denmark based on the noise model "DK Stgj".

3. Generdisation of the results into seven classes of urbanisation in accor-
dance with the TU-definitions.

4. Calculation of an average Danish value by weighting the urbanisation
classes by their share of the total number dwellingsin Denmark.

5. Differentiation between HGV and busses and between cars and van
based on noise emission factors for these groups.

In addition, simpler case study calcul ations have been made for rail transport to
get afirst indication of the values for the costs of railway noise.
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5.2 Unit cost of noise

The Danish unit for measuring traffic noiseis SBT, the noise annoyance index
(see Section 5.3). Consequently the unit cost of traffic noiseis measured in
DKK per SBT. The Danish unit cost for noise has been revised recently, as part
of the background analyses for the Danish noise strategy. The unit price con-
tains two elements:

*  Annoyance costs
*  Health costs

Annoyance costs reflects the cost which the individual s observe, e.g. when buy-
ing a house. Health costs are costs related to the long term health effects caused
by exposure to noise, such as medical costs and hospital costs and reduced pro-
ductivity. It is assumed that these two cost elements are independent, i.e. the
potential health risk is not taken into account in the real estate prices but only
peopl€e's perceived noise annoyance.

The Danish Environmental Agency has recently carried out a hedonic pricing
study for Denmark®’. The study looked at single-family dwellings with noise
levels above 55 dB. Statistical analysis was applied to derive the following
findings about the decrease in real estate prices:

* 1.64 % pr. dB was found for dwellings next to motorways
* 1.18 % pr. dB was found for dwellings next to other roads,
e 120% pr.dB asanaveragefor all roads.

The average percentage corresponds to a reduction in the average house price
of 13,000 DKK per dB with the average real estate pricesin 2000. With adis-
count rate of 6 % this value can be transated into a reduction in the yearly
house rent of 780 DKK per dB(A) which in the study has been converted to a
value per SBT of 33,100 DKK per year®.

As part of the work with development of the Danish noise strategy afirst rough
estimate of health costs have been made. Although the epidemiological docu-
mentation for health effects caused by traffic noiseis rather weak, the new es-
timate is still regarded as a better estimate than the previous very rough esti-
mate which was previously set arbitrarily at 50 % of the annoyance costs.

The new estimate assesses the health costs associated with increased risk for
ischemic heart disease and hypertension and include costs of medicine, doctors,
hospital costs and a valuation of the premature deaths by a value of a statistical
life. The increased risk of death has been valuated by using a WTP approach.

7 Miljastyrelsen: Hvad koster stgj, Miljgprojekt Nr. 795, 2003. See this report for further
details.

18 Note that willingness to pay in terms of the hedonic relationship is estimated as linear in
the noise level (in dB(A)) whereas the noise annoyance function, the SBT-curve, is expo-
nential in the noise level (See Section 5.3). Hence, the conversion implies an inconsistency.
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Relating the estimated total coststo the total SBT, thisresultsin a unit value of
21.250 DKK per SBT®.

Thetota unit cost of noise, including annoyance costs as well as health costs,
thus amounts to 54.350 DKK per year per SBTZ.

Table 5.1 Danish unit cost for noise, 2000.

Noise unit cost

DKK per SBT
Noise annoyance costs 33,100
Health costs 21,250
Total costs 54,350

In spite of substantial research the unit cost for noiseis still subject to signifi-
cant uncertainty. Recently, after finalisation of the work with Ve stgjstrategien,
AKF has published new research which based on new empirical datain Copen-
hagen come up with new cost estimates indicating that the annoyance costs of
noise could be significantly lower than the figure presented in Table 5.1, at
least for apartments. This has led to further investigations of the existing em-
pirical Danish evidence and of differencesin the results. Thisanaysisis docu-
mented in Appendix C. Based on the analysis and taking into account also the
uncertainties on the health costs is concluded that the unit costs are probably in
the range between 15,000 and 44,000 DKK/SBT per year. Hence, there are in-
dications that the current average unit cost of 54,350 DKK/SBT per year might
be too high and this will be taken into account in assessment of the uncertainty
range of marginal noise costs per vehicle kilometre in Section 5.4.4. However,
because of the lack of a solid empirical basisit has been decided not to recom-
mend a new unit cost until broader and in-depth study based on an extended set
of data covering a broader geographical range has been provided.

5.3 The noise annoyance curve

The unit SBT expresses the noise annoyance caused to the inhabitants of dwell-
ings. This measure takes into account inhabitants' perception of the noise level
measured in physical terms as dB(A).

For road transport the SBT index is calculated according to the formula:

SBT-factor per dwelling: SBT(L) = 4.22 %" &7

19 See note 17.

2 See Miljastyrelsen: Fordag til strategi for begramsning af vejtrafikstej, V ejstegjgruppen,
2003.
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where L = noise level for the dwelling, measured in dB(A) at the facade.

The formula was derived from an interview survey concerning how annoyed
people felt at various noise levels. The level of 73 dB at the fagade is the level
where 100 % of the interviewed persons felt strongly annoyed and thislevel is
established by definition as 1 SBT. The level of 68 dB corresponds to %2 SBT.
The SBT function isillustrated in the figure below.

Figure5.1 Noise annoyance factor curve for noise fromroad traffic.

SBT weight per house

50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76
dB

For railway noise asimilar curve has been established. However, interview
surveys have revealed that railway noise is generally regarded as less annoying
than road traffic noise, mainly because of the periodic character of noise. This
has been revealed through interviews. In the guidelines for traffic noisein ur-
ban areas from the Danish Environmental Agency the noise limit for railway
noiseisthus set at 60 dB as compared to 55 dB for road noise.

Correspondingly, the noise annoyance curve is shifted 5 dB(A) to the right for
railway noise:

SBT-factor per dwelling: SBT(L) = 4.22 %" &7®

where L = noise level for the dwelling, measured in dB(A) at the facade.

5.4 Road transport

To derive the marginal noise costs from road traffic in a given area using the
unit costs per SBT and the noise annoyance function above the relationship be-
tween the level of traffic and the noise level at the fagade of the dwellingsin the
area has to be calculated.
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For that purpose a series of scenario calculations has been carried out using the
Danish noise-mapping tool, MapNoise, developed by TetraPlan A/S. MapNoise
is an advanced GIS application for performing calculations of road traffic noise
using information from the Danish central Building and Dwelling Register (BBR)
and digital maps as data input for performing the noise calculations. The moddl is
based on the Nordic Prediction Model for Road Traffic Noise and distinguishes
between heavy and light vehiclesin the traffic flow.

Tetraplan is presently mapping the number of dwellingsin Denmark exposed to
road noisein aproject for the Danish Environmental Agency. Final results are
not available, but preliminary results for 2001, based on representative selected
noise areas (11 municipalities representing around 50 % of the dwellingsin
Denmark) are available and have been used in analyses in connection with the
Danish noise strategy 2003.

Table 5.2. Municipalities and cities in the noise mapping

Municipalities

Urban area (cities, towns and villages) and no. dwellings

Kabenhavn Kbh. By 278,608

Arhus Arhus By 108,741 Borum 118
Beder 1,622 Elev 207
Hjortshgj 930 Harup 288
Malling 1,292 Mejlby 112
Marslet 1,105 Sparring 286
Solbjerg 1,054 Studstrup 273
Trige 939 Land 20,947

Odense Odense By 73,467

Frederiksberg Frederiksberg By 51,437

Randers Randers By 29,027

Horsens Horsens By 23,705 Lund 500
Egebjerg 588 Land 1,948
Hatting 542

Ballerup Ballerup By 20,790

Greve Greve By 18,171

Glostrup Glostrup By 10,174

Svendborg Svendborg By 13,933

Frederikssund Frederikssund By 6,275 Land 1,364

Total: 11 municipalities

29 byer

668,443 dwellings

In order to calculate the marginal costs, several model runs have been carried
out, where traffic volumes have been marginally increased with 10 % for either
heavy vehicles or light vehicles. For comparison model runs have also been

P:\56044A\Compiled Reports\Task 2 Marginal cost estimates\Final 10-08-04\2nd Report.doc

COWIL



36

COWIL

External Costs of Transport

made for all vehicles. The result of the model runsis the noise impact ex-
pressed in terms of changes in the number of dwellings exposed to road traffic
noisein 1 dB(A) noiseintervals.

Next, by using the unit price of traffic noise the marginal costs per km for each
vehicletypeis calculated.

5.4.1 Specification of model runs

The model runs carried out to estimate marginal road noise effects thus com-
prise:

* 10%increasein light traffic in urban and rural areas, respectively
* 10 % increasein heavy traffic in urban and in rural areas, respectively
* 10%increasein all traffic in urban and rural areas, respectively

In order to limit the number of model runs, calculations have been carried out
for light and heavy vehicles for all urban areas covered by the noise model, but
only for selected rural areas. A total number of 33 model runs have been carried
out, comprising™

* 11 withincreasesin light traffic in urban areas (all model municipalities),

* 11 withincreasein heavy traffic in urban areas (all model municipalities),

« 3withincreasesin light traffic in rural areas (Arhus, Horsens and Fr.sund),
« 3withincreasesin heavy traffic in rural areas (Arhus, Horsens and Fr.sund),

It is assessed that the calculations are lessreliable in the rural areas, since fewer
model runs have been carried out and results are more dependent on specific
conditions because much fewer dwellings are exposed per vehicle kilometre.

The effect on the number of noise exposed dwellings is calculated and com-
pared to the current situation. The result is calculated as the changes in the
number of dwellings exposed to noise at 1 dB noise intervals starting at 55 dB.

Traffic volumes are calculated as the Annual Average Daily Traffic (AADT)
multiplied with the lengths of the road network in the calculation.

The results of the model runs for the specified geographical areas have been
reported for each area as shown in the table below:

2 Finally 5 model runs with traffic increases for all vehiclesin selected urban and rural
areas have been carried out as control
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Figure 5.2: Example of results table for model runs on marginal noise costs

Modelkommune: Horsens [ By] Hatting [
10% forggelse af trafikarbejdet i hele kommunen med
(1) Lette keretgjer | (2) Tunge keretgjer | (3) Lette karetgjer | (4) Tunge keretajer (6) Alle keretgjer
Basis by by land land (5) Alle karetgijer by land
Trafikarbejde lette
(mio vognkm pr &r) 1,40 1,54 1,40 1,40 1,40 1,54 1,40
Trafikarbejde tunge
(mio vognkm pr &r) 0,13 0,13 0,14 0,13 0,13 0,14 0,13
Antal boliger i alt 542 542 542 542 542 542 542
under 55 476 476 476 476 476 476 476
55-56 2 2 1 2 2 1 2
56-57 3 2 3 3 3 3 3
57-58 4 5 5 4 4 5 4
58-59 7 7 7 7 7 7 7
59-60 11 10 9 11 11 9 11
60-61 7 8 9 7 7 9 7
61-62 12 12 12 12 12 12 12
62-63 2 2 2 2 2 2 2
63-64 1 1 1 1
64-65 3 4 4 3 3 3 3
65-66 7 6 6 7 7 5 7
66-67 5 6 6 5 5 8 5
67-68 1 1 1 1 1 1 1
68-69 1 1 1 1 1 1 1
69-70
70-71
71-72
72-73
73-74
74-75
75-76
over 76

5.4.2 Marginal noise costs for light and heavy vehicles

For each geographical area of the model runsthe effects in terms of changesin
dwellings within each 1 dB category has been converted to achangein SBT
using the SBT formulafor road traffic in Section 5.3.

The effect in SBT is then divided by the changesin traffic volumes for the rele-
vant case (10 % changesin light or heavy vehicles) in order to derive a mar-
ginal changein SBT per km for each model run.

The estimate of the marginal costs of noise, in DKK per km, isfinally derived
for urban (city/town/village) and rural area by multiplying the change in noise
annoyance in terms of SBT per km with the SBT unit price (DKK per SBT)
according to the following formula:

MCnoise = Pnoise ASBT/ AT
where

ASBT = AN; SBT(L) isthetotal change in the noise annoyance index,
and

Proise . the unit cost of noise

AT : thetotal change in traffic volumes, measured in heavy or light
vehicle kilometres

AN; :  the change in number of dwellings belonging to noise interval i

i lower end of the 1 dB noiseintervals: 55 ....... 75dB(A)
Marginal costs for light and heavy vehicles have thus been calculated for each
of the 29 urban and rural areas. Finally, these results have been weighted to-

gether, firstly by the number of dwelling in each areato obtain representative
values for seven degrees of urbanisation, which corresponds to the level used in
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TU?, and secondly by the total number of dwellingsin Denmark in each ur-
bani sation degree to obtain national average values for urban and rural areas.
The results of the model runs are shown in the table and the figure below.

Table 5.3: Results of model runs on marginal noise costs

Dwellings Light vehicles Heavy vehicles
Urban area: in DK DKK/km DKK/km
Copenhagen 331.189 0,77 4,96
Suburbs of Copenhagen 368.987 0,21 1,26
> 100.000 inhab. 249.768 0,31 1,50
20.000 - 100.000 inhab. 414.481 0,20 0,82
5.000 - 20.000 inhab. 297.644 0,12 0,69
1.000 - 5.000 inhab. 358.884 0,13 0,71
200 - 1.000 inhab. 181.954 0,05 0,38
Urban areas average 2.202.907 0,26 1,52
Rural areas average 319.731 0,01 0,08
DKK/km Noise costs per km
5,00
4,00
ke jer b
3,00 m (1) Lette koretgjer by L
O (2) Tunge keretgjer by
2,00
-~ JI_ J|_ J

A AR A A B

As can be seen from the table and the figure the marginal costs vary very
clearly with the degree of urbanisation: The higher the degree of urbanisation,
the higher the costs. Thisis probably due to a combination of two effects. On
the one hand the logarithmic character of noise means that everything else be-
ing equal the marginal costs of noise decreases with increasing levels of exist-
ing noise. These will often be higher the higher the degree of urbanisation. On
the other hand, more dwellings are exposed to the noise in urban areas. The net
result is higher marginal noise costs at higher degrees of urbanisation.

% The National Travel Survey in Denmark.
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For urban areas the marginal costs vary between 0.05 and 0.77 DKK with and
average of 0.26 per kilometre for light vehicles, and in the rural areas marginal
costs are quite low. The marginal costs of heavy vehicles are about 6 times
higher.

5.4.3 Emission factors for vehicle types

As mentioned above, the noise model distinguishes between heavy and light
vehiclesin the traffic flow. However, the marginal noise costs vary for the in-
dividual modes within these groups: Vans are typically noisier than cars and
busses |ess noisy than trucks.

The differences in marginal noise costs across vehicle types can be estimated
on the basis of the relative emission factors of the vehicles. For this purpose the
noise emissions factors have been investigated.

Emission factors for the individual vehicles are known from a coordinated, na-
tional noise measurement, carried out by the Nordic road directorates in 1999-
2000, in relation to an overall Nordic project of revision of the Nordic Emission
model running from 1996-2001%,

The starting point for calculations is the existing emission formula from the
Nordic noise emission model for heavy and light vehicles. Next, corrections has
been made in order to arrive at the emission factors for specific vehicle catego-
ries, based on the emission measurements from the above mentioned project.

Noise from vehiclesis dependent on speed. The existing formulas for emissions
from heavy and light vehicles as function of vehicle speed are**:

Heavy vehicles:  Lae = 80.5 + 30 log (v/50);
Light vehicles: Lae = 73.5 + 25 log (v/50).

The average speed could be expected to be lower in urban areas than in rural
areas. For urban areasis assumed an average speed of 50 km/h and for rural
areas an average speed of 80 km/h is assumed. The formulas are interpreted as
applicable for trucks and cars which are the predominant heavy and light vehi-
cles, respectively. The correction factors for vans as compared to cars and buses
as compared trucks are shown in the table below:

% Reported in a conference paper at Alborg Trafikdage in 2002: Stgjudsendelse fra biler pa
vejnettet (Noise emissions from vehicles on the road infrastructure), by Bent Andersen and
Hans Bendtsen, Atkins Danmark.

# Results are only calculated for speeds above 50 knvh.

P:\56044A\Compiled Reports\Task 2 Marginal cost estimates\Final 10-08-04\2nd Report.doc COW.[



40

COWIL

External Costs of Transport

Table 5.4: Corrections for emission for van and bus (dB)

Speed Van as compared to car Bus as compared to HGV
Km/h noise emission noise emission

50 + 2 AdB - 2% AdB

80 + 1 AdB - 2% AdB

Using the emission formulas and the correction factors, the emission factors for
the different vehicle categories can be derived, as shown in Table 5.5.

Table 5.5: Emissions L g from different types of vehicles (dB)

Speed HGV Van Car Bus
50 km/h 80.5dB 75.5dB 73.5dB 78.0 dB
80 km/h 86.6 dB 79.6 dB 78.6 dB 84.1 dB

Equivalence factors

Using the emission factors, the next step is to calculate equivalence factors, ex-

pressing the relative contribution of other types of road vehicles as compared to
carsto the total noise impact, in terms of noise level at the fagade of the dwell-

ings.

In general, the noise contribution from one vehicle of type A equals the noise
from 10¢ 4" ~E A2 vehicles of type B, where Lag™ and Lag® isthe noise
emissionin dB from vehicle A and B, respectively. Thus, if e.g.

Lag " - Lag"9" = 8 dB,
then the noise from 1 heavy vehicle will equal the noise from 10¥%° = 6.3 light
vehicles.

The difference in noise emissions between vehicle types can be calculated from
Table 5.5 for 50 and 80 km/h, taking these speeds as broad indicators for the

speeds of urban and rural traffic, respectively. The noise from passenger carsis
used as the basis or unit value. The number of car equivalents corresponding to
each vehicle type can then be calculated, according to the formula given above.
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Table 5.6: Differencesin emissions and car equivalents

(dB) HGV Van Car Bus

Difference in emissions as compared to car

Urban 7,0 2,0 - 4,5
Rural 8,0 1,0 - 55
Car equivalents according to formula

Urban 5,0 1,6 1,0 2,8
Rural 6,3 1,3 1,0 3,6

Note: 50 km/hisused as an indicator for average speed in urban areas, and 80 km/his
used as an indicator of average speed in rural aress.

It should be noted that, since noise increases with increasing speeds, it will in-
fluence the equivalence factors if one vehicle type typically drives faster than
others.

Extra-urban areas comprise various kinds of roads, of which some are motor-
ways, where passenger cars and vans drive faster than trucks, and other roads
where the speeds may be more similar. When passenger cars and vans drive
faster than trucks, this will increase the noise from cars and vans and decrease
the difference between trucks and cars/vans. Thus, if e.g. atruck drives 80 km/h
and a car drives 110 km/h, the car equivalent of the truck will decrease from
about 6 to about 3. However, since al state roads, including all motorways as
well as other high speed roads, accounts for only a minor share of the total
noise problem (measured in SBT), it is assessed that in general using the 50
km/h and 80 km/h will be an acceptable rough estimate of speeds in urban and
extra-urban areas.

5.4.4 Marginal road noise costs

It isinteresting to compare the equivalence factors of Table 5.6 with theim-
plicit value for heavy vehicles relative to light vehicles which be derived from
the marginal costsin Table 5.3. Thisimplicit equivalence factor from this mar-
ginal cost ratio is 5.8 which is very close to of the equivalence factor of 5.0 (ur-
ban) and 6.3 (rural) for HGV as compared to Car in Table 5.6. The latter only
takes into account the differences in emissions between vehicle types whereas
the marginal costsin Table 5.3 aso includes geographical differencesin driv-
ing patterns within the urban areas between light and heavy vehicles.

The marginal road noise costs for the various vehicles typesis therefore cal cu-
lated by combining the results on the marginal costs for light and heavy vehi-
cles with the derived equivalence factors to differentiate busses from HGV and
vans from cars. It is assumed that the marginal costs for light vehicles corre-
spond to the marginal costs for car, and that the marginal costs for heavy vehi-
cles correspond to the marginal costs for HGV. The marginal costs for vans and
buses are then calculated by multiplication with the equivalence factors from
Table 5.6.
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Table 5.7: Central estimates for marginal road noise costs

Urban area: HGV Van Car Bus
Copenhagen 4,96 1,22 0,77 2,79
Greater Copenhagen 1,26 0,33 0,21 0,71
> 100.000 inhab. 1,50 0,48 0,31 0,84
20.000 - 100.000 inhab. 0,82 0,31 0,20 0,46
5.000 - 20.000 inhab. 0,69 0,19 0,12 0,39
1.000 - 5.000 inhab. 0,71 0,21 0,13 0,40
200 - 1.000 inhab. 0,38 0,08 0,05 0,21
Urban areas total 1,52 0,42 0,26 0,86
Rural areas total 0,08 0,02 0,01 0,04
Average 0,23 0,16 0,11 0,51

The figures presented in the table above are clearly subject to great uncertain-
ties although it has not been possible to make a statistical assessment of this
uncertainty. Instead, a rough assessment of the range of uncertainty for the es-
timates in the table above has been made by comparing the results of the calcu-
lations with corresponding results in the international studies as presented in the
1% Report and with previous Danish results from the Danish Economic Coun-
cil®®. The average figures from the latter is about half of the values estimated
here for vans, cars and busses and about twice the value for HGV. Similarly,
the low values from the international studies are also about half of the values
and the high end in the range of 1.5-3 times higher compared to the values pre-
sented here. Taking into account also the assessment of the uncertainty on the
unit costs per SBT per year from Section 5.2 the assessment is, that arange
from -50% to +100% of the best estimate are reasonable values for low and
high values around the central estimates.

5.5 Rail transport

For railway noise asimilar approach for calculation of marginal costs has been
applied, although at a smaller scale in terms of two case examples. Further
studies should be conducted to obtain more thorough analyses, taking more
cases into account. The examples shown here are therefore not representative
for Denmark as awhole, but can serve as an indicator of the size of marginal
costs for densely inhabited areas.

The Nordic noise model for railway noise have been used in two case examples
for calculating the change in the number of dwellings exposed to different noise
levels, caused by 10% increase in railway traffic for goods and passenger rail-
way traffic respectively following the approach from the road traffic estima-
tions.

% Danish Economic Council: Transportens Eksterne Omkostninger (External Costs of
Transport), 1996.
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Railway traffic noise depends on the length of the train. Therefore the 10% in-
crease in traffic is measured train metres. Traffic volumes are calculated as the
average yearly number of train metres multiplied with the lengths of the rail-
way linein the calculation. Next, by using the unit price of traffic noise the
marginal costs per train metre-km is calculated and converted into a price per
train kilometre by using the average lengths of the trains.

5.56.1 Specification of railway noise cases

Two theoretical examples have been set up based on actual noise data from the
greater Copenhagen area, both in densely populated areas. Assumptions have
been made regarding the density of dwellings, distances to the railway noise
source, the amount of traffic, the average speed for passenger and freight trains
respectively, the distribution of railway traffic on types of trains and the aver-
age length of trains. It is assumed that no noise screens have been set up in the
case aress.

Thefirst caseis a4.4 km long distance in a densely populated area with four
types of passenger railway traffic and one type of freight railway traffic. The
passenger railway traffic comprises two types of regional trains, high speed
trains and S-trains.

The second caseisa 2.1 km long distance in a densely populated area with
three types of passenger railway traffic and one type of freight railway traffic.
The passenger railway traffic comprises two types of regional trains and high
speed trains.

In both cases the regional train type 1 comprises so-called IC3 trains and re-
gional train type 2 comprises other trains.

The assumed train lengthsin the case studies are shown in the table below:

Table 5.8: Assumed lengths of trains

Train type Assumed average length of train
Regional train type 1 320
Regional train type 2 300
High speed trains 280
S-trains 160

Passenger trains (av.) 235

Freight trains 835

5.6.2 Marginal railway noise cost

For each case the change in the number of dwellings distributed on noise inter-
valsis calculated for the increase of 10% in passenger traffic and freight traffic
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respectively. The number of dwellingsin each interval before and after the traf-
fic increase is converted to a change in SBT, using the formula described in
section 5.2 along the same lines as described for road transport. The traffic vol-
umes are calculated as train metre-km and the marginal costs per train metre-
km is calculated as shown in the table below.

Table 5.9: Marginal noise cost, DKK per train metre-km

ASBT ATrain metre-km DKK
per train metre-km
Case 1
Passenger trains 8,58 11.730.164 0,04
Freight trains 8,58 6.559.158 0,07
Case 2
Passenger trains 1,98 3.784.232 0,03
Freight trains 3,96 3.079.695 0,07

The marginal costs per train metre-km are thus somewhat higher for freight
trains than for passenger trains. Thisis mainly due to the more noisy character
of freight trains, which more than outweighed by the lower speed for freight
trains.

The marginal costs for the different types of passenger and freight trains are

then calculated by smply multiplying with the average length of the train type.
The results are presented in Table 5.10 below.
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Table 5.10: Marginal train noise costs for different types of trainsin the case stud-

1es
Average DKK/trainkm
train length

Case 1
Regional trains 1 320 12.72
Regional trains 2 300 11.93
High speed trains 280 11.13
S-trains 160 6.36
Passenger trains total 235 9.35
Freight trains 835 59.36

Case 2
Regional trains 1 320 9.10
Regional trains 2 300 8.53
High speed trains 280 7.96
Passenger trains total 299 8.51
Freight trains 835 58.35

The marginal costs per kilometre of freight trains are much higher than passen-
ger trains, because in addition to the higher costs per train metre-km the aver-
age length of freight trainsis considerably higher than the average length of
passenger trains. Among the passenger trains the regional trains have the high-
est marginal noise costs, followed closely by the high speed trains, whereas the
S-trains have the lowest marginal costs.

The estimates in the table above are case specific. Several considerations have
to be made to generalise the results to typical values for national passenger and

freight rail transport:

* Firdtly, thetrain lengthsin the case studies are probably above average.
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But since it has not been possible to investigate the average train length in
more detail expert assessment of alength of

- 500 metresfor freight trains, and

- 180 metres for passenger trains
has been used as rough estimates.

Secondly, the sections of the rail network in the case studies are not typical
as they run through densely populated areas. Hence, the estimates from the
case study calculations have to be interpreted as values for urban rail
transport. A large part of the traffic volumes of regional and high speed
trains are, however, performed in less densely populated areas and rural ar-
eas, whereas most of the traffic volumes of S-trainsare carried out in
densely populated areas.
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* Thirdly, asignificant share of the freight transport by railway is undertaken
at night timein order to utilise the spare capacity of the network. There-
fore, the values for freight train might be underestimated because the noise
disturbance is worse during night time.

»  Fourthly, the extent to which noise barriers has been established along the
specific railway sections will influence the marginal noise costs because of
the strong convexity of the noise annoyance curve. The marginal noise
costs per kilometre will probably be lower for line sections with noise bar-
riers.

Finaly, very preliminary estimates for typical values of the marginal noise
costs per train kilometre are presented in the table below based on the case
studies and additional assumptions described above. However, it must be
stressed that further investigations based on more extensive analyses of a wider
range of case study situations have to be carried out in order to produce reliable
estimates of representative marginal noise costs for railway transport.

Table5.11  Prediminary estimates of marginal train noise costs for passenger and
freight trainsin densely populated areas

Marginal noise cost in ur-
Average Train length ban areas
Train type metres DKK per train-km
Passenger trains 180 6.14
Freight trains 500 35.25

The level of uncertainty of these estimates of the marginal noise costs are sub-
stantial but difficult to quantify. However, given the more sporadic nature of
the case calculations made for rail the uncertainty range should clearly be wider
than for road transport. In order to stress the uncertain nature of the values a
range from 33% to 300% of the estimates presented in Table 5.10 above is rec-
ommended.

Values for extra-urban areas have not been possible to estimate from the two
case studies. For road transport the ratio between urban and extra-urban areas
are about 20. This ratio should probably be lower for rail traffic because rela-
tively fewer dwellings are located near to railways in the open land. It is there-
fore suggested to use aratio of 40:1 for urban relative to extra-urban marginal
noise costs of rail traffic. This approach results in an extra-urban value for
freight trains which isin line with the value reported by RECORDIT for rail
noisein rura areas with "moderate population density". However, it must be
stressed that thisis avery rough preliminary estimate which inter alia depends
strongly on the length of the train and should only be used with great caution
and taking into account the ranges of uncertainty.
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5.6 Aviation

It has not been part of this project to carry out new calculations for aviation
noise costs. The international estimates are highly uncertain, since they are
based on very rough assumptions about the marginal costs share of average
costs. In addition transfer of international estimates will be very sensitive to the
location of the airport and of level of traffic because of the very non-linear rela-
tionship. Therefore, no recommendations for Danish marginal noise costs have
been made in this report. However, reasonable estimates could be probably be
derived from detailed model calculations of the noise annoyance from airports.

5.7 Sea transport

No international estimates of marginal seatransport are available and no further
investigations have been made for this report. It is assumed that the marginal
noise costs for seatransport is 0.

5.8 Summary of results

In the table below is presented a summary of the recommendations for marginal
transport noise costs for Denmark.

Table5.12  Summary of marginal cost estimates for noise in Denmark

Urban Extra-urban Average
Low Central High Low Central High | Low Central High

Road

HGV 0.76 1.52 3.04 | 0.04 0.08 0.15 0.12 0.23 0.47

Van 0.21 0.42 0.84 | 0.01 0.02 0.03 0.08 0.16 0.32

Car 0.13 0.26 0.53 | 0.01 0.01 0.03 0.06 0.1 0.22

Bus 0.43 0.86 1.71 | 0.02 0.04 0.09 0.25 0.51 1.02
Rail

Freight 11.63 35.25 105.75 | 0.29 0.88 264 n.a.

Passenger | 2.03 6.14  18.42 | 0.05 0.15 0.46 n.a.
Aviation n.a.
Sea 0,00 0,00 0,00
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6 Accidents

Below recommendations of Danish marginal external accident costs for both
freight and passenger transport based on the information from the literature re-
view in the 1% report are presented.

6.1 Approach

Huge differences in the accident risks among the European countries limit the
information that can be used for deriving Danish estimates. The reviewed stud-
ies emphasise that relevant accident externality charges should be estimated
for each Member State using accident risk data and accident cost figuresin its
components. (RECORDIT D1, p. 178). Hence, the recommendations below are
based almost solely on estimates for Denmark from the reviewed studies and
the existing Danish estimates. Marginal external accident costs for other coun-
tries are used as a supplement only to verify the order of magnitude of the Dan-
ish estimates.

However, it should be noted that data are available in Denmark to apply the
European state-of-the-art approach to achieve fully revised reliable Danish es-
timates for the marginal external accident costs.

6.2 The level of disaggregation

Accident risk depends on the vehicle type, the infrastructure type, the volume
of traffic, the traffic composition, time of day, the road conditions and the
driver. Hence, theideal level of disaggregation islarge. However, some of the
dimensions are more important than others. For pricing policiesit is important
to make distinction between different types of vehicles involve in accidents.
Further, differentiation with respect to infrastructure type, traffic volume and
location is also important.

Although driver's characteristics are a so essentia, differentiation is not pro-
posed asisit not possible to collect the information needed for differentiation.

Hence, the following cost drivers effectively determining the appropriate level
of disaggregation for accident costs have been identified:

e Transport mode

* Vehicletype

* Infrastructure type
* Location type

For road transport the costs are differentiated with respect to vehicle type and

infrastructure/location type. For the other modes no further differentiation has
been possible based on the available information.

P:\56044A\Compiled Reports\Task 2 Marginal cost estimates\Final 10-08-04\2nd Report.doc COW.[



50

COWIL

External Costs of Transport

6.3 Marginal accident costs per vehicle km

Below, an interval of each element in the cost matrix has been estimated based
on the information from the literature review in the 1% report coupled with ex-
isting Danish estimates. The aim has been to try to give the best approximation
of the costs to reflect the estimates that can be expected if the Danish costs are
calculated based on the recommended ideal methodol ogy.

In general low and high values have been estimated on the basis on the avail-
able information. The best estimate has been decided based on a rough assess-
ment of the quality of the data and the methodol ogy applied in the study.
Hence, most weight has been given to the studies applying the HLG framework
methodology and to the existing Danish estimates from Trafikminis-
teriet(1997).

6.3.1 Road transport
The proposed values for road transport are based on information from:

RECORDIT
INFRASTWW
SIKA(2000)

PETS

e Trafikministeriet(1997)

Results from INFRAS/IWW have only been given alimited weight as the
methodology applied is not in line with the recommended ideal methodol ogy.

Table 6.1 Marginal external accident costs for road transport - best, low and high

estimates

DKK/1000 vkm HGV LGV Car Bus

Motorwa 300 52 65 113
v (100 - 469) (30-90) (45-95) (100-127)

Urban roads 1.200 137 176 327
(200 - 1626) (85-220) (135-230) (243 - 440)

Extra-urban 900 99 108 232
roads (180-1113) (66 -150) (75-155) (200 -270)

The estimates presented above are in the same order of magnitude as the exist-
ing Danish figures from Trafikministeriet(1997). All best estimates are within
the range of the existing low and high figures.

HGV

For HGV's high estimates are based on RECORDIT Danish motorways and
adjusted Swedish figures for other roads. Low estimates are based on
INFRAS/IWW, low values of RECORDIT and SIKA(2000).
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Most weight has been given to the RECORDIT study in the assessment of the
best estimate as it applies the proposed methodology and uses Danish risk data.

LGV

For LGV's high estimates are based on average of low and high values from
Trafikministeriet(1997) for urban and extra-urban roads. Motorways estimated
proportional to risk factor for HGV's. Low estimates are based on SIKA(2000).
Motorways estimated proportional to risk factor for HGV's.

Best estimates are the geometrical average of the low and high values.

Passenger car

For cars high estimates are based on INFRAS/IWW and SIKA(2000). Low es-
timates are based on average of low and high value from Trafikminis-
teriet(1997). Motorways estimated proportional to risk factor for HGVs

Best estimates are the geometrical average of the low and high values.

Bus

For buses high estimates based on average of low and high value from Trafik-
ministeriet(1997). Motorways estimated proportional to risk factor for HGVs.
Low estimates based on INFRAS/IWW and SIKA (2000).

Best estimates are the geometrical average of the low and high values.

6.3.2 Rail transport
The proposed values for rail transport are based on information from:

* RECORDIT
* INFRAS/IWW
« PETS
o Trafikministeriet(1997)
DKK/1000 vkm Passenger Freight
Rail transport 1,296 1,500
(700 -2,400) (300 - 3,850)

Passenger trains
For passenger transport the low value has been based on Trafikminis-
teriet(1997). The high value has been based on INFRAS/IWW.

Best estimate is the geometrical average of the low and high value.
Freight trains

For passenger transport the low value has been based on Trafikminis-
teriet(1997). The high value has been based on RECORDIT.
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Most weight has been given to the RECORDIT study in the assessment of the
best estimate as it applies the proposed methodology and uses Danish risk data.

6.3.3 Air transport
The proposed values for aviation are based on information from:
* INFRAS/IWW

« PETS
o Trafikministeriet(1997)

DKK/1000 vkm Passenger Freight
Air Transport 210 n.a.
(0-420)

It is not possible to estimate the marginal external accident costs of freight avia-
tion as no estimates are available from the literature.

For passenger transport the low value has been based on Trafikminis-
teriet(1997). The high value has been based on INFRAS/IWW.

Best estimate is the average of the low and high value.

6.3.4 Short sea shipping
The proposed values for short sea shipping are based on information from:

. INFRAYSIWW
e Trafikministeriet(1997)

DKK /1000 vkm Passenger Freight

Short sea shipping 0 0

Trafikministeriet(1997) aim to estimate the marginal externa accident of short
sea shipping. However, based on the fact that only 2 accidents with 2 fatalities
have been reported in 12 yearsit is concluded in the study that the marginal
external costs of shipping are negligible, e.g. equal to O (for both passenger and
freight transport).

In INFRAS/IWW the marginal external accident costs for freight shipping are
also estimated to O.

Thisisthe only available information on marginal accident costs for short sea
shipping availablein the literature.
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7 Infrastructure

This chapter presents the suggestions for Danish unit prices for the marginal
external costs of infrastructure wear. The presented results are to be considered
as short run marginal costs taking only into account only maintenance cost
items which are assumed to be directly related to the amounts of traffic. For
road transport the results are presented per mode and split on different road
types. For rail results are derived for typical passenger and freight trains based
on estimates per gross-ton kilometre. For both road and rail transport unit costs
can be differentiated further on types of vehicles.

7.1 Approach

Estimating marginal infrastructure costs have the advantage to other external
cost types that the costs can be eventually be derived from expenditures which
actually takes place without having to measure implicitly the unit prices for the
costs. However, several other complications make it rather difficult to come up
with reliable marginal infrastructure cost estimates. In fact, no robust, well
proven applied method has yet been established although preliminary results
have been obtained in the UNITE project®.

7.1.1 Road transport

The 3 Report makes a revision of the total Danish road infrastructure costs
with allocation on vehicle types which can be also used to give a preliminary
estimate of the marginal infrastructure costs. Thistotal costs revision includes
updates of the road expenditure accounts as well as revised estimates of the
capital costs which are based on the perpetual inventory model (see 3 Report
for further details).

The marginal costs have been derived from the revised total costs using the
same assumptions which was used in the 1% Report to adjust the figures from
Trafikministeriet(1997)%, that is:

- only reinvestments in surface renewal are strictly dependent on traffic vol-
umes;

- About 40% of these costs are invariant to marginal traffic increases, be-
cause surface renewal is also due to climate determined deterioration?®.

- Theremaining surface renewal costs are allocated on vehicle type foll ow-
ing the same principles asfor total costs.

In addition, only the depreciation, and not the interest, of the accumulated in-
vestmentsin road surface renewal isincluded in the marginal costs whereas

% UNITE D10 Case Sudies on Marginal Infrastructure Costs.
%" See 1st Report Section 7.2.2.
% 30% for Motorways and trunk roads and 50% for regional and local roads.
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both depreciation and interest of the capital stock isincluded in the total costs.
The argument is that under the assumed linear depreciation the average capital
stock in road surface investments will be half of the renewal costs irrespec-
tively of the level of traffic. Only the interval of renewal will decreaseif traffic
isincreased.

The results are presented in Table 7.2 below along with low and high values.
Theintervals of uncertainty for the marginal infrastructure costs are assessed by
comparing the

The literature review performed in the 1% Report basis for the suggested unit
costs for road transport isfirst of all a comparison of three sources of informa-
tion, which are relevant as background for assessing the marginal infrastructure
costs in Denmark:

- Therange of European values from DIW et.al.(1998), as reported by TRL
et.a.(2001);

- The adjusted Danish estimates based on Trafikministeriet(1997);

- Therough estimates for Denmark derived by TetraPlan by a cross country
comparison as part of RECORDIT.

The review showed that the Danish costs per vehicle kilometre from Trafikmin-
isteriet(1997) was quite high in a European comparison. However, the Danish
figures are calculated as long run marginal costs. When the Danish estimates
are revised to take a account only of maintenance and renewal costs which di-
rectly relates to traffic volumes they turn out to be fully in accordance with the
European values. The same is the case for the new estimates athough the val-
ues for heavy vehicles seem to bein the high end of the DIW-intervals®.

The RECORDIT estimates for an average truck appears to be somewhat higher
than the adjusted Danish estimates from Trafikministeriet(1997). Although this
could to some extent be due differences in assumptions about the size distribu-
tion of the trucks the final estimates are increases dightly keeping the relative
distribution between vehicles more or less constant.

Finally, the finding from RECORDIT that marginal costs for Motorway are
only about half of the costs of typical roads are used as well. It has not been
possible to differentiate between urban roads and rural roads.

The assessment of high and low values of the interval are primarily based on
the interval from the DIW-study reported in the TRL study taking into account
that if allocation costs were made solely according to the ASSHO-factors the
costs for light vehicles would be practically insignificant.

The best estimates and high and low bounds for marginal infrastructure costs
for road vehicles are presented in Table 7.2 below.

% See 1st Report Table 7.3.

P:\56044A\Compiled Reports\Task 2 Marginal cost estimates\Final 10-08-04\2nd Report.doc



2nd Report - Marginal External Costs Matrices for Denmark 55

7.1.2 Rail transport

For rail transport the available information about marginal infrastructure costs
are very sparse and Danish marginal cost estimates are not available although
work has been initiated by Danish Ministry of Transport. The IWW calcula-
tions reported by TRL seems to be the best starting point.

TRL refersto the IWW-estimates as long run marginal maintenance and operat-
ing costs. Hence, it is possible that these values over-estimate the short run
marginal costs but it can not be clarified from the documentation.

On the other hand, as it appears from Chapter 8, congestion costs has not been
estimated for railways. Hence, the total marginal cost figures do not include
any scarcity value in terms of the social opportunity costs for slots on line sec-
tions with capacity constraints. For railway sectionswith capacity problems,
short run marginal cost pricing alone will therefore tend to under-estimate the
true infrastructure costs.

Gross ton kilometres are considered as a more appropriate cost driver than train
kilometres. Central estimates for the unit costs per train kilometre are derived
by multiplying the values per gross ton kilometre with roughly estimated aver-
age weights of Danish trains. Hence, the costs per train kilometre are very sen-
sitive to the weight assumptions because the weight of different train types var-
ies significantly according to length etc. For passenger trains the parameters are
split on main lines and side lines. The input variables are presented in Table 7.1

below.
Table 7.1 Marginal costs per gross ton km and gross weights of trains.
Train EURO1998
Train type gross weight per gross ton km
Freight trains 1,000 0.0030
Passenger trains
Main lines (60%) 350 0.0029
Side Lines (40%) 175 0.0024

Source: IWW-calculations of long run marginal costs cited from TRL(2001) vol. 2 p. 18.
Train gross wei ghts own rough estimates. S-trains not included.

Aslow values the values from RECORDIT's recommendations for Denmark is
used. That isthe official Swedish values which amount to 1.15 DKK 1908 per
train kilometre which are based on basically the same source as UNITE's rec-
ommended value.

It appears from the table above that the costs per gross ton kilometre is higher
for main lines than for side lines this probably reflects higher standards re-
quired for the higher speed. But on the other hand the econometric studies also
indicate that marginal costs decline with traffic volumes which are generally
lower on the side lines.
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The approach for ng a high value for the train infrastructure costsis
based on the assumption that the costs for side lines per train kilometre are the
same as for main lines even though the trains are smaller. Secondly, we have
assumed that the costs per gross ton kilometre for freight trains equal those for
passenger main lines. Finally, we have estimated that the values for main line
isat maximum twice the IWW estimate in light of the concern about the inter-
pretation of the "long run" definition.

7.2 Marginal infrastructure costs per vehicle kilometre

The results are summarised in Table 7.2 below. The unit costs are presented in
2000 market prices. The recommended values for roads values are based on
Government budget data which are factor prices. The TRL-data are generally
factor prices, hence also the IWW calculations used for trains. Hence, all values
are transformed to 2000-factor prices by exchange rate conversion (7.45
EUR/DKK, inflation correction (+4%) and the "nettoaf giftsfaktor" (1.17).

Table 7.2 Recommended Danish estimates for short run marginal infrastructure costs. DKK per
vehicle/train kilometre. 2000-values in market prices.

DKK per vehicle km Motorways Other roads Average
Mode Low Central High Low Central High Low Central High
Road
HGV 0.10 0.39 0.58 0.25 1.00 1.50 0.19 0.78 1.16
Van 0.00 0.01 0.01 0.00 0.02 0.03 0.00 0.01 0.02
Car 0,00 0.00 0,01 0,00 0,01 0,02 0,00 0,01 0,01
Bus 0,05 0.21 0,32 0,12 0,48 0,72 0,11 0,43 0.64
Rail Main lines Side lines Average
Freight 1.4 27 53 1.4 27 53 1.4 27 53
Passenger 1.4 9 18 1.4 4 18 1.4 7 18

COWIL

It should be stressed again that the estimates for infrastructure costs are
founded on weak data, especially for railways, where key figures are trans-
ferred from other countries which is very problematic for infrastructure costs.
Hence, the figures should be taken only as indicative for Danish rail infrastruc-
tur, which is also indicated in the uncertainty interval.
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8 Congestion

The conclusion from the critical review of the European studies was that mar-
ginal externa congestion costs cannot be transferred from one area to another.
Consequently, a Danish set of values should be based on studiesin Denmark
and not on results from the European studies. A full set of Danish marginal ex-
ternal congestion costs do not exist, and the suggested costs are based on the
level found in Danish studies along with some of the relations between costs
found in the European studies.

8.1 Ciritical issues in transferring values to Denmark

Congestion has been handled along with the other marginal external costsin
INFRAS/IWW, RECORDIT and UNITE. So far costs have only been reported
in INFRAS/IWW and RECORDIT. Table 8.1 shows significant differencesin
costs even for the same categories of road, level of traffic and type of vehicle.

Table 8.1 Examples of marginal external congestion costs (1998 per vehicle km)

INFRAS/IWW RECORDIT

Car HGV Car HGV
Motorway
- relaxed 0.012 0.029 0.000 0.000
- dense 2.102 5.255 0.078 0.194
- congested 2.160 5.400 0.195 0.487
Urban road
- relaxed 0.028 0.069 0.000 0.000
- dense 2.879 7.197 0.060 0.150
- congested 3.291 8.228 0.179 0.446

One of the explanationsis that the marginal external congestion costsin
INFRAS/IWW are based on analyses in heavy congested cities like London,
Paris and Brussels, whereas the costs in RECORDIT are based primarily on
inter urban traffic outside the peak periods. This may influence the definition of
'relaxed’, 'dense’ and 'congested' traffic when compared to the traffic density.
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The marginal external congestion cost's dependency of geographical areais
supported by studiesin UNITE. In one case study the same traffic model and
methodology of deriving marginal costs are applied for Edinburgh, Helsinki
and Salzburg. Despite similarity in approach the obtained margina external
congestion costs vary up to afactor of four.

Besides the problems with transferability between different geographical areas
there are anumber of other important aspectsin obtaining marginal externa
congestion costs for Denmark. A general problem isthat the curve of marginal
external congestion costs depending on traffic intensity becomes very steep,
when traffic intensity reaches the capacity of the road. This means that small
changesin traffic will change the marginal external congestion costs signifi-
cantly.

Thisis of importance if the marginal external congestion costs should be used
to determine atolling level in aroad pricing system. The introduction of aroad
pricing system is expected to change behaviour and therefore the equilibrium
level of marginal externa congestion costs may be much lower than the current
level. Furthermore, congestion is a network problem, and the problem in the
network may not be the spot where the congestion occurs.

8.2 Deriving estimates for Denmark

Since the marginal external congestion costs cannot be transferred from one
area to another, the derivation of estimates for Denmark is based on a combina-
tion of Danish congestion studies and the results from the European studies
with regard to variations in costs and sensitivity analyses.

The Danish set of margina external congestion costs should include costs vary-
ing by

type of road (urban and extra-urban (motorway and rural road))
time of day (peak and off-peak)
type of vehicle (car, LGV, busand HGV)

For type of vehicle INFRAS/IWW and RECORDIT agree on a set of factors
used to calculate the costs for LGV's, busses and HGV s based on a set of costs
for cars. The factors are related to passenger car units (PCU) for the respective
types of vehicles. The factorsin INFRAS/IWW and RECORDIT are applied
for the Danish values as well. The factors are 1.5 for LGV's, 2.0 for busses and
2.5 for HGVs. In thisway the marginal external congestion costs of aHGV is
2.5 timesthe cost of acar. Thiscan be seenin Table 8.1 aswell.

It remainsto determine a set of marginal congestion costs for cars on different
types of road (urban roads, extra-urban motorways and rural roads) and in
peak/off-peak. These values are based on the preliminary results of a Danish
congestion project along with some of the principles from the European studies.
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For urban roads in peak periods INFRAS/IWW and RECORDIT obtained mar-
ginal external congestion costs of 24.5 and 1.3 DKK per vehicle km respec-
tively. The Danish congestion project obtained values of 2-4 DKK per vehicle
km for Vesterbrogade in Copenhagen, which is one of the more congested ur-
ban roads in Denmark.

It is assumed that the numbersin RECORDIT are most in line with the average
level in Denmark compared to INFRAS/IWW, and consequently the best esti-
mate for a Danish average of marginal external congestion cost for urban roads
in peak periodsis set to 1.0 DKK per vehicles km with 0.2 DKK asalow esti-
mate and 2.0 as a high estimate. For off-peak periods most urban roads in
Denmark have no congestion. Consequently, both the best estimate and the low
estimate are set to O while the high estimate is set to 0.25 DKK per vehicle km.
All the numbers are summarised in Table 8.2.

Table 8.2 Low, central and high values for urban roads (DKK per vehicle km)

Low Central High
Peak 0.20 1.00 2.00
Off-peak 0.00 0.00 0.25

The marginal external congestion costs for extra-urban roads are based on costs
for motorways and rural roads. The costs for extra-urban roads are derived as
weighted averages, where the amount of traffic is used as weights. In peak pe-
riods INFRAS/IWW and RECORDIT obtained marginal external congestion
costs for motorways of 16.1 and 1.5 DKK per vehicle km respectively. For ru-
ral roads the similar costs are 15.4 and 0.2 DKK per vehicle km. The Danish
congestion project reported costs of 1.75 DKK per vehicle km for Motorring 3
in Copenhagen which is one of the most congested motorways in Denmark.

Consequently, the best estimate for a Danish average of marginal external con-
gestion costsis peak periods for motorwaysis set to 0.75 DKK and for rura
roads to 0.10 DKK. Low estimates are set to 0.20 DKK and 0.00 DKK respec-
tively. It is anticipated that most rural roadsin Denmark are not congested not
even in the peak periods, but there are no specific studies supporting this.

Table 8.3 Low, central and high values for extra-urban roads (DKK per vehicle

km)

Low Central High
Peak 0.08 0.36 0.94
- motorway 0.20 0.75 1.75
- rural road 0.00 0.10 0.40
Off-peak 0.00 0.00 0.08
- motorway 0.00 0.00 0.25
- rural road 0.00 0.00 0.00
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For off-peak periods both the best and low estimates are set to 0 DKK per vehi-
cle km. Since some of the most congested motorways are usually not congested
in off-peak periods the best estimate for a national average is 0 DKK. However,
specific sections may be congested also on middays and therefore the high es-
timateis set to 0.25 DKK per vehicle km. For rural roads the high estimate is
set to 0 DKK.

Table 8.3 shows how the average values for extra-urban roads are derived from
the estimates for motorways and rural roads.

8.3 Danish estimates

Based on the above described approach a set of estimates for average marginal
external congestion costs are derived for Denmark. The estimates for cars have
been presented in Table 8.2 and Table 8.3, whereas Table 8.4 presents the full
set of estimated average marginal external congestion costs for Denmark based
on the factors for types of vehicles derived in INFRAS/IWW and RECORDIT.
The congestion costs for 'all roads are derived as a weighted average of the
congestion costs for urban and extra-urban roads.

Table 8.4 Danish average marginal external congestion costs. The top value is the
best estimate while the two values in brackets are low and high esti-

mates (1998 DKK per vehicle km)

HGV Van Car Bus

Urban roads 0.6 0.4 0.3 0.5
(0.1-1.7) (0.1-1.0) (0.1-0.7) (0.1-1.4)

- peak 2.5 1.5 1.0 2.0
(0.5-5.0) (0.3-3.0) (0.2-2.0) (0.4-4.0)

- off-peak 0.0 0.0 0.0 0.0
(0.0-0.6) (0.0-0.4) (0.0-0.3) (0.0-0.5)

Extra-urban roads 0.4 0.3 0.2 0.3
(0.1-1.1) (0.1-0.8) (0.0-0.6) (0.1-0.9)

- peak 1.0 0.8 0.4 0.9
(0.2-2.6) (0.2-1.9) (0.1-1.4) (0.2-2.3)

- off-peak 0.0 0.0 0.0 0.0
(0,0-0.2) (0.0-0.2) (0.0-0.2) (0.0-0.2)

All roads 0.4 0.3 0.2 0.4
(0.1-1.1) (0.1-0.9) (0.0-0.6) (0.1-1.2)
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It should be noted that the values are averages for al roads of the given typein
Denmark. Specific congested roads may therefore have marginal external con-
gestion costs that are higher than both the best and the high estimates.

The variations in both type of road and geography indicates that a uniform dis-
tance based toll is not optimal with respect to handling congestion.

COWIL
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Appendix A Air pollution costs per vehicle
kilometre on EURO-norms

Unit Cost Dimensions

DKK per vehicle kilometre

Transport mode Road |
mean of transport HGV Van Van Car Car Bus
Fuel Diesel Diesel Petrol Petrol Diesel Diesel
Average 0,07 0,04 0,05 0,03 0,02 0,13
0,02 0,71 0,01 0,42 0,02 0,46 0,01 0,26 0,01 0,22 0,04 1,32
Urban 0,09 0,04 0,05 0,03 0,02 0,16
0,03 0,91 0,01 0,41 0,02 0,45 0,01 0,29 0,01 0,24 0,05 1,62
Extra-urban 0,07 0,04 0,05 0,02 0,02 0,09
0,02 | 0,69 0,01 0,42 0,02 0,46 0,01 0,24 0,01 0,21 0,03 0,92
Urban Euro-0 0,09 0,04 0,05 0,03 0,03 0,16
0,03 0,93 0,01 0,42 0,02 0,47 0,01 0,32 0,01 0,31 0,05 1,65
Euro-I 0,09 0,04 0,04 0,03 0,02 0,16
0,03 0,91 0,01 0,40 0,01 0,44 0,01 0,29 0,01 0,23 0,05 1,62
Euro-lI 0,09 0,04 0,04 0,03 0,02 0,16
0,03 0,91 0,01 0,40 0,01 0,44 0,01 0,29 0,01 0,23 0,05 1,60
Euro-lll 0,09 0,04 0,04 0,03 0,02 0,16
0,03 0,91 0,01 0,40 0,01 0,44 0,01 0,29 0,01 0,22 0,05 1,60
Euro-IV 0,09 0,04 0,04 0,02 0,02 0,16
0,03 0,91 0,01 0,40 0,01 0,44 0,01 0,25 0,01 0,19 0,05 1,60
Euro-V - - - - - -
Extra-urban Euro-0 0,07 0,05 0,06 0,03 0,03 0,09
0,02 0,70 0,02 0,52 0,02 0,58 0,01 0,26 0,01 0,25 0,03 0,91
Euro-I 0,07 0,04 0,04 0,02 0,02 0,09
0,02 0,69 0,01 0,39 0,01 0,43 0,01 0,24 0,01 0,20 0,03 0,91
Euro-l 0,07 0,04 0,04 0,02 0,02 0,09
0,02 0,69 0,01 0,39 0,01 0,43 0,01 0,24 0,01 0,20 0,03 0,94
Euro-lll 0,07 0,04 0,04 0,02 0,02 0,09
0,02 0,68 0,01 0,39 0,01 0,43 0,01 0,24 0,01 0,20 0,03 0,92
Euro-IV 0,07 0,04 0,04 0,02 0,02 0,09
0,02 0,68 0,01 0,39 0,01 0,43 0,01 0,21 0,01 0,17 0,03 0,92
Euro-V - - - - - -
Unit costs per pollutant
|DKK/g Urban Extra-urban DKK/kg|Urban Extra-urban
Pollutant low cen high low cen high low cen high low cen high
PM10 050 0,72 1000 0,09 0,13 185 500 720 10000 92 133 1847,2
NOxX 002 004 o020 o001 002 005 20 40 100 10 20 50|
SO2 005 008 036 002 003 014 50 80 360 19 30 135
co - 0,00 0,00 - 0,00 0,00 0o 0,014 0,03 0 0,003 0,0064
HC 001 001 004]| 001 0,01 004 5 10 40 5 10 40
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DKK per vehicle kilometre

Transport mode Road |
mean of transport HGV Van Van Car Car Bus
Fuel Diesel Diesel Petrol Petrol Diesel Diesel

Average 0,07 0,04 0,05 0,03 0,02 0,13
0,02 0,71 0,01 0,42 0,02 0,46 0,01 0,26 0,01 0,22 0,04 1,32
Urban 0,09 0,04 0,05 0,03 0,02 0,16
0,03 0,91 0,01 0,41 0,02 0,45 0,01 0,29 0,01 0,24 0,05 1,62
Extra-urban 0,07 0,04 0,05 0,02 0,02 0,09
0,02 ] 0,69 0,01 0,42 0,02 0,46 0,01 0,24 0,01 0,21 0,03 0,92
Urban Euro-0 0,09 0,04 0,05 0,03 0,03 0,16
0,03 0,93 0,01 0,42 0,02 0,47 0,01 0,32 0,01 0,31 0,05 1,65
Euro-| 0,09 0,04 0,04 0,03 0,02 0,16
0,03 0,91 0,01 0,40 0,01 0,44 0,01 0,29 0,01 0,23 0,05 1,62
Euro-lI 0,09 0,04 0,04 0,03 0,02 0,16
0,03 0,91 0,01 0,40 0,01 0,44 0,01 0,29 0,01 0,23 0,05 1,60
Euro-lIl 0,09 0,04 0,04 0,03 0,02 0,16
0,03 0,91 0,01 0,40 0,01 0,44 0,01 0,29 0,01 0,22 0,05 1,60
Euro-1V 0,09 0,04 0,04 0,02 0,02 0,16
0,03 0,91 0,01 0,40 0,01 0,44 0,01 0,25 0,01 0,19 0,05 1,60

Euro-V - - - - - -
Extra-urban Euro-0 0,07 0,05 0,06 0,03 0,03 0,09
0,02 0,70 0,02 0,52 0,02 0,58 0,01 0,26 0,01 0,25 0,03 0,91
Euro-| 0,07 0,04 0,04 0,02 0,02 0,09
0,02 0,69 0,01 0,39 0,01 0,43 0,01 0,24 0,01 0,20 0,03 0,91
Euro-Il 0,07 0,04 0,04 0,02 0,02 0,09
0,02 0,69 0,01 0,39 0,01 0,43 0,01 0,24 0,01 0,20 0,03 0,94
Euro-lIl 0,07 0,04 0,04 0,02 0,02 0,09
0,02 0,68 0,01 0,39 0,01 0,43 0,01 0,24 0,01 0,20 0,03 0,92
Euro-IV 0,07 0,04 0,04 0,02 0,02 0,09
0,02 0,68 0,01 0,39 0,01 0,43 0,01 0,21 0,01 0,17 0,03 0,92

Euro-V - - - - - -

COWIL
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Appendix B Traffic volumes for road and rail
transport in 2000

(In Danish)
Trafikarbejdet i 2000

En opgerelse af det nationa e trafikarbejde skal benyttestil to formal i dette
projekt:

1. Det samlede trafikarbejde fordelt pa de kategorier som hver transportform
er opdelt pa, jf. Table 2.1, skal benyttes opgerelse af de totale eksterne
omkostninger for godstransporten i 3rd Report.

2. Denrélative fordeling af trafikarbejdet pa disse kategorier skal benyttes il
at sammenveje de marginale eksterne omkostninger til reprassentative
vaadier for hver transportform.

Vetrafikken

| "Transportsektorens energiforbrug og emissioner”, Vejdirektoratet (2002),
omtales varebiler over 2 tons som kilde til godstransportarbejde, mens varebiler
under 2 tons betragtes som persontransportarbejde. V gjtrafikarbejdet er opgjort
af Vejdirektoratet og kan sesi Tabel B.1.

Tabel B.1 Vejtrafikarbejdet 2000 (mio. vognkilometer)

Trafikarbejde
Personbiler, hyrevogne og MC under 2 tons 38.669
Varebiler 2-3 tons 2.904
Lastbiler 3-6 tons 2.548
Lastbiler over 6 tons” 1.526
By- og turistbusser 629
| alt 46.276

1) , inkl. pdhaangs- og sadtevogne samt renovationskersel
Kilde: Ve direktoratets hjemmeside, www.vd.dk

Som det kan ses af tabellen, ligger graansen mellem vare- og lastbiler ligger ved
3 tonstotalvaegt i Vejdirektoratets opgerelse. | mange opgerel ser som involve-
rer sondring mellem vare- og lastbiler ligger gramsen ved 3,5 tons, fordi der
kraeves saligt karekort til karetgjer over 3,5 tons. Denne undersggel se benytter
denne definition.

| Danmark var der i 2000 indregistreret 102.109 biler med en totalvaggt mellem
3 0g 3,5 tons, mens der kun var indregistreret 4899 karetgjer med en total vaagt
mellem 3,5 og tons.* Det ma sdledes forventes at den langt overvejende andel

%0 Jf. Statistiske Efterretninger, Transport 2003:10, tabel 3 og 4.
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af trafikarbejdet for keretgjer mellem 3 og 6 tons foretages af varebiler hvortil
der kan anvendes almindeligt kerekort.

Alle lastbiler mellem 3,5 og 6 tons er derfor regnet som varebiler og fejlen her-
ved vurderes at vaare ubetydelig. Saledes opgeres trafikarbejdet for varebiler i
denne undersggel se 5.452 mio. vognkilometer for 2000.

Lastbiler (over 6 tons) karte 1.526 mio. vognkilometer, altsa knap en tredjedel
af varebilernes trafikarbejde, selv om lasthilerne stér for langt den overvejende
del af det indenlandske godstransportarbejde. Turist- og bybusser tilsammen
karte 629 mio. vognkilometer.

Der er ikke opdaterede data for luftfartstrafikken, men godstransportarbejdet
med fly er ubetydeligt i det samlede indenlandske billede opgjort i tonkm. For
skibstrafikken viser statistikken, at 2794 coastere anlgb danske havne i 2000,
mens det tilsvarende tal for containerskibe er 1728. Der findes kun tal for an-
Igb, men ikke transportarbejde. Der er ikke pa basis heraf foretaget en vurde-
ring af fordelingen af trafikarbejdet ud fra antallet af anlgb, da usikkerheden
herved vil vezre for stor.

Togtrafikken

| felge opgerelser fraDSB blev der i 2000 kert 62,5 mio. togkilometer med
passagertog, mens trafikarbejdet med godstog var 5.4 mio. togkilometer. Forde-
lingen heraf pa el- og dieseldrivkraft sesi Tabel B.2.

Tabel B.2 Fordelingen af trafikarbejdet med tog pa drivmiddel og type 2000

Trafikarbejde El Diesel Total
mio. togkm"
Godstransport 5,4 4,7% 3,3% 8,0 %
Persontransport 62,5 333% 58,7 % 92,0 %
Total 67,9 38,0 % 62,0 % 100 %

1) Eksklusiv transittrafik
Kilde: Oplysninger fra DSB og Danmarks Statistik

Vejtrafikarbejdets fordeling mellem land og by

Trafikkens pavirkninger er forskellige palandet og i byerne. Der er for eksem-
pel flere uheld i byerne, og stgj og forurening er ogsa et sterre problem her, da
befolkningstagheden er starre. Derfor er det interessant at kende fordelingen af
trafikarbejdet mellem land og by. Som det vil vise sig er det dog ikke helt enty-
digt hvordan denne skelnen kan og ber foretages.

Data om fordelingen af trafikarbejde mellem land og by fordelt pa karetgjer kan
belyses ved hjadp af data fra Trafikministeriets Rejsevaneundersggel ser, TU.
TU dataer en stikpreveundersggel se hvor et tilfaddigt valgt udsnit af befolk-
ningen udsperges om deres transportadfaard. Fordelingen af persontransportar-
bejdet pa by og land ud fra TU data sesi nedenstéende tabel:
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Tabel B.3 Fordelingen af persontransportarbejde pa visse karetgjer og
by/landdistrikt i TU data (pct.)

Heltby Mestby Ligeligt Mestland Heltland | Total
MC, cykel og knallert 56,7% 10,2% 7,5% 20,7% 4,9% 100%
Personbil 14,9% 4,7% 13,2% 65,1% 8,0% 100%
Bus 33,9% 10,4% 10,4% 41,1% 4,2% 100%
Vare/lastbil 9,2% 4,7% 13,2% 65,1% 7,9% 100%
Kilde: TU data.

| TU data sperges for erhvervsrejser ikke til turens fordeling mellem by og
land, hvorfor tabellen kun omfatter private rejser. Endvidere er tadleenheden
personkilometer, mens den relevante opdeling for fordelingen af trafikkens eks-
terne omkostninger er karetgjskilometer.

TU data fremkommer pa baggrund af telefoninterview angaende respondentens
rejseaktivitet en given dag. Hvad angér karetgjer®! kan respondenten vadge
mellem flere mulige, herunder samtlige de naavnte i tabellen. At lastbil og vare-
vogn aligevel er daet sammen skyldes DTF og V ejdirektoratets prassentati-
onsmaessige valg, som ikke kan omgeres uden adgang til grunddata.

Hvad angér fordelingen af turen pd by og land® spgrges respondenten: " Fore-
gik turen hovedsagelig i byomrade eller i landomréde?' og kan herefter vadge
mellem 5 muligheder: "Helt i byomrade", "Mest i byomrade”, "Ligeligt i by- og
landomrade”, "Mest i landomrade" og "Helt i landomréde". Disse svar kan na-
turligvis ikke give en eksakt fordeling, og opdelingen pa transportarbejdet pa
by og land vil derfor vaae behadtet med nogen usikkerhed.

For cykler og knallerter er det oplagt at persontransportarbejdet og trafikar-
bejdet i storetraek er ens, og at det i gvrigt er svaat at forestille sig at eventuelle
forskelle skulle samvariere med turens fordeling pa by og land.

For MC er der muligvis en lidt starre forskel mellem trafik- og persontrans-
portarbejde, men her ger sig ogsa gaddende at der ikke umiddelbart er grund til
at tro at denne skulle haange sammen med fordelingen af turen pa ny og land.

For personbiler er anvendt transportarbejdet for personbilfagrer, som mavaae
stort set akvivalent med trafikarbejdet med personbil.

For bus er vurderingen noget vanskeligere, idet bel aagningsprocenterne kan
variere ganske meget. | "TEMA 2000, Teknisk rapport” (Trafikministeriet maj
2000) er det opgjort at bybusser kerer med gennemsnitligt 12,6 passagerer, re-
gionalbusser med 9,4, fjernbusser med 10,3 og turistbusser med 27 (sidstnaevn-
te karer godt halvdelen af bussernes trafikarbejde). Turistbusserne er saledes
vaesentligt forskellige fra gvrige busser, men det er ikke umiddelbart til at vur-

3 Se http://130.226.153.65/tu/VV ARIABL E/TUR/maxmid/vari abel beskrivel se.htm
% Se http://130.226.153.65/tu/V ARIABLE/TUR/byland/variabel beskrivel se.htm
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dere om disse kgrer vassentligt anderledesi forhold til by/land end andre busser.
Derfor antages det at forholdet for transportarbejde mellem by og land ogsa kan
anvendestil trafikarbejdet.®

For varebiler vurderes fordelingen af kerslen paby/land i TU data at vagre re-
prassentativ for den faktiske karsel. En stor del af vare/lastbil-karden foregar i
falge TU mest pa landet, hvilket muligvis kan vaare en overvurdering for vare-
biler, idet lastbiler ma tamkes at kegre endnu mere palandet (hoved- og motor-

veje).

Datagrundlaget for lastbiler i TU data vurderes at vaae for spinkelt og nagppe
repraesentativt. Derfor er der i stedet taget udgangspunkt i Danmarks Statistiks
tal for transport med lastbiler over 6 ton*. Her er trafikarbejdet opgjort pa tur-
laengder. For lasthiler ma det antages at lange ture primaat kares mellem byer,
dvs. pa hoved- og motorveje som for langt den sterste del ligger pa landet. En
stor del af de korte ture (mindre end 15 km) maimidiertid antages at veae i
bymaessig bebyggel se.

Jo langere turen er, jo mindre en del ma antages at foregai by. Dog ma det for-
ventet at langt de fleste ture starter og slutter i by. Det kan altsd med rimelighed
antages at nogle fa kilometer af turen i gennemsnit som hovedregel vil forega i
bymaessig bebyggelse. | Tabel B.4 er opregnet et over- og underkants- samt et
middel skan over andelen af lastbilernestrafikarbejdei by.

Tabel B.4 Falsomhedsanalyser for bykersel-andelen for lasthiler

Underkants- Middel- Overkants-
sken skon skon
Minimum bykersel 2 km 4 km 8 km
Turleengde (km) < 15 40% 80% 100%
15 - 29 10% 40% 50%
30 - 49 3% 10% 20%
50 < 0,5% 1% 4%
Samlet bykersel (% af alle ture) 5% 11% 20%

Felsomhedsanalyserne viser at bykerslen for lastbiler formentlig udger mellem
5 0g 20 procent. De valgte parametre til middelskennet giver at knap 11 pro-
cent af det nationale trafikarbejde med danske lasthiler over 6 tons foregar i by.
Dette resultat afviger en del fra TEMA 2000, hvor det blev antaget at 27 pro-

3 Af Tabel B.3 fremgér at der er en pukkel af transportarbejde "mest pé lan-
det", som kan taankes at vage turistbusser (som kerer passagerer fra by til by,
fx. skiturisme og éndagsture). Hvis dette er korrekt vil de gjorte antagel ser
overvurdere andelen af trafikarbejdet palandet for busser.

¥ Statistiske Efterretninger, Transport 2002:32.
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cent af trafikarbejdet med lastbiler foregik i by. Det ma understreges at det fore-
liggende statistiske grundlag er staakt begraanset.

Fordelingen af trafikarbejdet mellem land og by for forskellige transportmidler
er sammenfattet i Tabel B.5 pa baggrund af de ovenfor fremlagte oplysninger. |
opgerelsen er det for tallene med baggrund i TU data er det antaget at "Mest
by" svarer til 75 procent af trafikarbejdet i by, 50 procent for "Ligeligt”, og 25

procent for "Mest land".

Tabel B.5 Fordelingen af trafikarbejdet pa by/land

Trafikarbejde i by

Trafikarbejde pa land

MC, cykel og knallert
Personbil

Bus

Varebil

Lastbil

73%
41%
57%
36%
11%

27%
59%
43%
64%
89%
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Appendix C Revision of the Danish Unit Cost

C.1
C.2
C.3
C4

for Noise
(In Danish)

Indledning
Komparativ analyse af danske undersggelser
Opstilling af ny enhedspris for vejstoj

Forslag til fremtidige forbedringer

Bilag 1 Sundhedsomkostninger

P:\56044A\Compiled Reports\Task 2 Marginal cost estimates\Final 10-08-04\2nd Report.doc COW.[



72

COWIL

External Costs of Transport

C.1 Indledning

Dette notat udger afrapporteringen af en opdatering af enhedsprisen pa stgj.
Notatet er udarbejdet under projektet " Transportens eksterne omkostninger” af
COWI A/S. De centrale elementer vil blive indarbejdet i direktei hovedrappor-
terne, mens dette notat vil blive inkluderet som bilag.

C.1.1 Baggrund

Som en del af projektet " Transportens eksterne omkostninger” er der udarbejdet
nye enhedspriser for trafikstgjen. Enhedspriserne bestdr dels af en enhedsprisen
pr. SBT, dels af enhedspriser pr. km baseret pa af opgerelse af den marginale
stgjgene, malt i SBT pr. kilometer, og enhedsprisen pr. SBT.

Enhedsprisen pr. SBT er baseret pa baggrundsmateriale udarbejdet i forbindelse
med den netop udgivne vejstgjstrategi, som anvender en opdateret enhedspris
for stgj. Enhedsprisen indeholder bade en vaardisagning af genevaardien opgjort
ud fra en husprisundersggel se (Miljastyrel sen, 2003a) og af omkostningerne
som felge af sundhedsskader fra vejstgjeksponering (Miljastyrelsen, 2003d).
Vaadisaetningen oversadtes til en prisfor aandringer i det sdkal dte stejbelast-
ningstal (SBT), som udtrykker en funktionel sammenhaang mellem stgjniveau
(dB(A)) og gene.

Umiddelbart efter udgivelsen af vejstgjstrategien udgav AKF en rapport med
resultaterne af et vaardisagningsstudie af vejstg) (Bjarner et al, 2003). Denne
rapport indeholder et markant lavere estimat for stgjomkostningerne og kon-
kluderer, at den hidtidige anvendte enhedspris for stgj fra Trafikekonomiske
Enhedspriser (TRZK) er alt for hgj. Enhedsprisen fra TROK er af samme star-
rel sesorden som den opdaterede enhedspris der anvendesi Ve stgjstrategien.

Foranlediget af de store forskelle i enhedsprisen pa stgj i de forskellige studier
afholdt Trafikministeriet den 7. januar et made mellem AKF, Miljgstyrelsen,
DTF, COWI og Trafikministeriet, hvor forskellene i resultaterne blev diskute-
ret. Medet ndede i store tragk frem til enighed om:

- enafklaring af hvori forskellene mellem de to tilgange bestér,

- aende af kritikken af Vejdirektoratets metode er berettiget;

- at AKFsresultater ikke er direkte anvendelige som udgangspunkt for
en ny enhedspris

- at datagrundlaget fra AKF's undersggel se kan geres til genstand for
supplerende analyser for yderligere at belyse forskellene;

- atdeledf kritikken af Vejdirektoratets metode kan korrigeres uden
omfattende nye undersggel ser;

- at enkelte centrale punkter, som for eksempel graden af ikke-linearitet
i sammenhaangen mellem stgjniveau og stgjgene/betalingsvilje, kree
ver vaesentlige yderligere undersggel ser.

Som opfalgning pa medet har DTF og AKF samarbejdet om supplerende ana-
lyser pA AKF's datamateriale. Resultaterne viser, at forskellenei forhold til en-
hedsprisen fra vejstgjstrategien er mindre end AKF's farste resultater.
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Endelig har COWI og DTF afholdt et mede for at praecisere principperne for
sammenstilling af resultaterne.

C.1.2 Formal og afgraensning

Pa baggrund af de nye resultater fra AKF og kritikken af V gjdirektoratets me-
tode og dermed den hidtidige anvendte enhedspris er formalet med dette projekt
at beregne og anbefale en ny revideret enhedspris pr. SBT. Dette gares pa basis
af en sammenlignende analyse af de eksisterende danske undersggel ser samt
diskussioner pa medet i Trafikministeriet d. 7. januar. Den anbefal ede enheds-
pris bar have bred opbakning frainteressenterne, som derfor hegresi analysefa-
sen.

Den del af enhedsprisen pa stgj som vedrgrer sundhedsomkostninger er usand-
ret taget fra Vejstgjstrategien (Miljastyrel sen, 2003b).

Denne analyse er en del af det igangvaarende projekt om trafikkens eksterne
omkostninger. Den ny enhedspris, som er resultatet af analysen, integreres s&-
ledesi reviderede versioner af 2nd og 3rd Report fra projektet.

C.1.3 Tilgang

Enhedsprisen pa stgj udledes pa baggrund af tilgeangelige studier. Den anvendte
tilgang er sdledes en form for "metaanalyse" af gennemfarte betalingsvillig-
hedsstudier for vejstgj. Analysen bygger sdledes pa systematisk bearbejdning af
de tilgeengelige resultater og baserer sig pa:

e Trafikekonomiske Enhedspriser (TRGK)

*  Baggrundsrapporterne i forbindel se med vejstgjstrategien (specielt Milja-
styrelsen, 2003a: Hvad koster stgj?)

* AKFsrapport "Valuation af Noise Reduction" (Bue Bjgrner et a 2003)

»  Supplerende analyser pd AKF's data af Mogens Fosgerau og Thomas Bue
Bjarner, 2004: " Joint models for noise annoyance and WTP for road noise
reduction”

Tilgangen i denne analyse er at sammenstille resultater, data og forudsagninger
frade forskellige studier med henblik pa at na frem til "det bedste" bud paen
ny enhedspris for stgj ved en genberegning pa basis af nye forudsagninger.

| analysen inddrages ikke resultater fra andre studier end ovenstdende, ligesom
der IKKE udfgres nye undersggelser eller nye (statistiske) analyser pa de eksi-
sterende data. Derimod "genberegnes’ resultaterne med nye forudssgninger.

| forbindelse med vejstgjstrategien afdaskkede AMI, Muusmann og COWI s&
ledes de samlede sundhedsomkostninger. Det er alene dette bud pa de sund-
hedsmaessige omkostninger, som laggges til grund for denne del af den samlede
enhedspris pa stgj.
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C.1.4 Indhold

| afsnit 2 praesenteres en komparativ analyse af de rel evante danske undersggel -
ser. Der redegares indledningsvist for en raskke principielle forhold omkring
enhedsprisen pa stgj, som er centralei forhold til naavearende analyse. Afsnittet
indeholder endvidere en kort beskrivelse af de anvendte studiers metodegrund-
lag og anvendte antagel ser samt resultater. Endelig indeholder afsnittet en
kvantitativ dekomponering af forskellene mellem AKFs resultater og den en-
hedspris pa stgj som blev anvendt i Vejstgjstrategien.

| afsnit 3 afdaekkes stgjomkostningerne med fokus pa geneomkostningerne og
det nye bud pa enhedsprisen pa stgj motiveres og dokumenteres.

| afsnit 4 beskrives en ragkke fordlag til hvordan det nye estimat for enhedspri-
sen pa stgj eventuelt vil kunne forbedresi fremtiden.

C.2 Komparativ analyse af danske underso-

gelser
| dette kapitel gennemfares en komparativ analyse af de udval gte danske under-
segelser. Afsnittet indledes imidlertid med en kort praesentation af et par centra-
le principielle forhold i forhold til opgerelse af den samfundsgkonomiske en-
hedspris for stgj. Herefter felger en oversigt over og kort praesentation af de
forskellige studiers tilgang, metode, afgraensning og resultater. Endelig falger
en kvantitativ dekomponering af forskellene mellem AKFsresultater og den
enhedspris pa stgj som blev anvendt i Vejstgjstrategien.

C.2.1 Principielle forhold omkring enhedsprisen
| det fa@lgende redegares der kort for en raskke principielle forhold i forhold til
opgerelse af den samfundsgkonomiske enhedspris for stgj.

C.2.1.1 Komponenter i enhedsprisen for stgj

Stg] medferer omkostninger for samfundet, fordi det generer mennesker og
medferer forhgjet risiko for visse sundhedsskader. Generne bestdr i forstyrrelse
ved bl.a. samtale, lassning og savn samt koncentrations- og indlaaingsproble-
mer. De samfundsgkonomiske omkostninger ved stgj kan opdelesi:

*  Omkostninger som fglge af de oplevede stgjgener
*  Omkostninger som falge af sundhedsskader

Omkostninger ne som fglge af de oplevede stgj gener

Omkostningerne som falge af de oplevede stgjgener, ogsa kaldet geneomkost-
ninger, skal afspejle de omkostninger, som personer i gennemsnit tillasgger
stgjeksponering. Det betyder, at geneomkostningerne afspejler, hvor meget per-
sonerne er villige til at betale for et reduceret stgjniveau for at reducere gener-
ne.

Geneomkostningen kan enten afdaskkes gennem direkte vaardissgningsmetoder

som f.eks. contingent valuation (CV) eller gennem indirekte metoder som he-
donisk prisssgning.
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Omkostninger som felge af sundhedsskader

St er forbundet med omkostninger som felge af sundhedsskader. Omkostnin-
gerne bestdr dels af direkte sundhedsmaessige udgifter til behandling i sund-
hedsvaesenet, dels af velfaardstab i form af reducerede levedr og fraves fraar-
bejdsmarkedet i forbindel se med sygdommen.

Udgifterne til sundhedsbehandling afholdes ikke af de enkelte individer, hvor-
for de ikke kan forventes at vaare afspejlet i betalingsvillighedsundersagel ser.
Det kan derimod diskuteres hvorvidt de individuelle velfaardsomkostningerne
ved den forhgjede risiko for sundhedsskader er helt eller delvist inkluderet i den
afdaskkede betalingsvillighed for at undga stgj(gener).

Der findes ingen undersggel ser af dette. Men det vurderes, at det nagope kan
forventes at personer inddrager langsigtede hel bredseffekter som falge af vej-
stgj i deres udtrykte betalingsvillighed bl.a. fordi dette kun i meget begraanset
omfang vurderes at vage kendt viden for befolkningen. De to omkostnings-
komponenter vaardisadtes derfor separat og adderestil de samlede samfunds-
gkonomiske omkostninger ved stg.

En forudsagning for at udlede en ny anbefalet enhedspris har vaaret at omkost-
ningerne ved sundhedsskader skal baseres pa en nylig baggrundsundersagel se
udarbejdet i forbindelse Vejstgjstrategien.

C.2.1.2 Stojbelastningstallet (SBT)

Stgjbelastningstallet SBT er et mal som er udledt for at kunne udtrykke gene-
virkningen af forskellige stgjniveauer. Det er nemlig ikke hensigtsmaessigt at
fastlasgge stgjbelastningen direkte ud fra det fysisk malte stgjniveau, da de op-
levede stgjgener stiger mere end proportionalt med det malte stgjniveau. Derfor
udtrykkes stgj som miljgbelastning i planlaggningssammenhaange ofte som SBT
baseret pa en omregning fra dB.

Der findes en raskke danske og udenlandske undersagel ser af sammenhaangen
mellem stgjniveau og genevirkningen pa mennesker. Undersagel serne gennem-
fares typisk som interviewundersggel ser, hvor det underseges, om personer fo-
ler sig staarkt generet, lidt generet eller ikke generet af stgj ved forskellige stgj-
niveauer. Den funktionelle sasmmenhaang mellem stgjniveau (dB) og stgjgene,
som anvendes ved beregning af stgjbelastningstallet (SBT) baserer sig imidler-
tid painformation fra danske undersggel ser fra 1970'erne. | " Sgjhensyn ved nye
vejanlagg” fra 1989, blev der sdledes udledt en sammenhaang mellem genevirk-
ningen og fysiske stgjniveauer baseret pa disse undersagel ser. Denne sammen-
haeng anvendes fortsat i planlaggningssammenhaange i Danmark.

SBT sammenhaangen eller genevirkningen ved fysiske stgjniveauer er udledt
ved at beregne hvor mange procent af interviewpersonerne der feler sig staarkt
generede ved forskellige stgjniveauer. Disse procenter har dannet grundlag for
estimation af en genekurve, der igen har dannet grundlag for at opstille en for-
mel for gene (SBT) som funktion af stgjniveau (dB). SBT pr. bolig beregnes ud
frafglgende formel:

Genefaktor (SBT vaggt pr. bolig) = 4,22 %% 73
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hvor L = stgjniveauet for helarsboliger, malt i dB ved facaden.

| formlen for SBT ganges det malte fysiske stgjniveau med en relativ skala, sa
det stemmer med genevirkningen (normaliseret sdledes at 73 dB svarer til pree
cis 1 SBT). Genevirkningen er eksponentielt stigende med stgjniveauet. Sam-
menhaangen er illustreret pa kurven nedenfor.

Figur C.2.1  Genefaktorkurven for stgjeksponering
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Note: Kurven fremkommer ud fraformlen for genefaktor ovenfor.

SBT sammenhaangen er meget nyttig i planlaggnings- og analysearbejde, da den
muligger sammenvaagtning af forskellige stgjreduktioner og kan brugestil at
udlede den samlede gevinst ved reduktion i forskellige stgjniveauer.

| dette projekt anvendes den funktionelle ssmmenhaang mellem stgj og gene,
som ligger bag SBT. Dette er en forudsagning for dette arbejdet med at udlede
en ny anbefalet enhedspris og skal sesi lyset af at SBT sammenhaangen er
stagkt forankret i planlaggningssammenhamnge i Danmark. Vi kigger sdledes
IKKE efter en bedre funktionel sasmmenhaang mellem stgjniveau og gene, selv-
om dette er en central diskussion i AKFsrapport (og et af kritikpunkterne mod
opgarelsen i Trafikekonomiske Enhedspriser og Miljgstyrelsen, 2003a: Hvad
koster stgj?).

C.2.1.3 Banestogj

Denne analyse fokuserer pa vejstgj, da de undersggelser som behandles kun
omhandler vejstgj. Tidligere har man pa baneomradet benyttet enhedsprisen for
vestej fra Trafikekonomiske enhedspriser (TRAK). Ved beregningen af om-
kostningerne ved banestg] har man ligeledes opgjort SBT og ganget med en-
hedsprisen for vejstgj. Dog er SBT beregningen gjort ved en korrektion af det
malte stgjniveau i dB(A) pa-5 dB(A) for at afspejle at folk i mindre grad ud-
trykker at de feler sig generet af banestgj malti dB(A) i sammenligning med
vejstgl med samme stgjniveau.
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| denne analyse er der ikke taget stilling til hvorvidt det vil vaare en robust at
anvende den nye anbefa ede enhedspris for vejstgj pa baneomradet med de hid-
tidige korrektioner. Se afsnit 0.

C.2.2 Studiernes tilgang og metode
Tabellen nedenfor giver en oversigt over tilgang, metode og afgraansning for de
aktuelle studier.

Tabel C.2.1  Oversigt over studiernes tilgang, metode og afgraansning
Studie TROK" MST AKF (CV)? AKF (HP)® Bjorner &
Forhold (Vejstojstrategien) Fosgerau
Veerdiseaetningsmetode Hedoniske priser | Hedoniske priser cvV Hedoniske priser cv
(gener)
Den undersggte population | Huse ved Huse i hoved- Lejligheder Lejligheder = AKF (CV)
Motorringvejen stads-omradet i Kbh. i Kbh.
(+ svensk kilde)
Datagrundlaget 279 huse 1715 huse over Spergeske- 125 huse + 2505 = AKF (CV)
(+ svensk un- 25-arig periode ma 2200 lejligh. 1996 til
dersagelse) resp. 2002
Antal observationer Reelt 10 huse 855 huse 1142 svar 2505 lejligh. = AKF (CV)
(+ svensk kilde)
Rente 7% 6% - 2% -
Ejendomsveerdi 1.029.000 DKK 1.084.000 DKK - 893.396 DKK -
-1.512.718
DKK?
Husprisreduktion 1,16% 1,2% - 0,49% -
pr. dB over 55
Funktionel sammenhaeng SBT Linezer/SBT Eksponentiel Lineager Eksponentiel
mellem stgjniveau og gene
Sundhedsomkostninger Ja) ¥ Ja Nej Nej Nej
inkluderet
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1) Estimatet for husprisreduktionen pr. dB er estimeret pa baggrund af resultaterne frato undersg-
gelser: Hjort-Andersen, 1978 og Hammer, 1974.

Gennemsnitlig lgjlighedsprisi stikpreven forskellige for forskellige 5 dB stgjintervaller.

Dette er et studie, AKF (Bjgrner et al (S@M)): Vauation of Noise Reduction

Pragmatisk som 50% af geneomkostningerne.

2)
3
4)

C.2.2.1 Trafikockonomiske enhedspriser (TROK)

Enhedsprisen for stgj i TROK er baseret pato gamle hedoniske prisundersegel-
ser fra 70'erne, der begge estimerede en linesar sammenhaang mellem dB og
husprisreduktion (Hjort-Andersen, 1978 og Hammer, 1974). Ud fra disse er det
anvendt et fald i huspriser pa 11,6% i intervallet mellem 55 og 65 dB som ud-
gangspunkt for fastlaeggel sen af enhedsprisen.

Med udgangspunkt i antagelser om rente og egendomsvaardi som ovenfor er der
beregnet en arlig omkostning pa 8.350 DKK/10 dB for ar 2001.
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Denne omkostning er omregnet til SBT ved at dividere med forskelleni SBT
intervallet 55-65 dB, som er 0,236 SBT pr. 10 dB. Pa denne baggrund fas
35.400 DKK/SBT. For at afspejle sundhedsomkostningerne er dette estimat for
geneomkostningerne tillagt 50%, saledes at der samlede resultat er 53.100
DKK/SBT (TR@K 2001).

C.2.2.2 MST (Vejstojstrategien)

Den enhedspris som er anvendt i Vejstgjstrategien bestar af summen af ge-
neomkostningerne afdaskket i et nyt studie af MST (Hvad koster stgj?) og
sundhedsomkostningerne analyseret i en baggrundsrapport til strategien.

Studiet af geneomkostninger er baseret pa en hedonisk prisfastsadtel se og om-
fatter enfamilienusei 8 parcelomrader i Storkabenhavn. Et centralt element i
undersggel sen er fastlasggel sen af den funktionelle form pa husprisfunktionen
herunder stgjs indvirkning pa salgsprisen. Til dette formdl er der anvendt s&-
kaldt Box-Cox funktion, som er et vaaktgj som kan anvendestil at afdakke
hvilken funktionel form som passer bedst pa data. Anvendelsen af dette vaaktgj
giver dog ikke nogen garanti for at man finder den optimale funktionelle form.

| den bedste model estimation anvendes en dobbeltlogaritmisk model, hvor alle
parametre med undtagelse af stgj er logaritmisk transformeret. Stgj indgér sdle-
des linesart i modellen.

Undersagel sen resultat er, at enfamiliehuse ved "almindelige” veje belastet med
stgj over 55 dB i gennemsnit falder i prismed 1,18% pr. dB i forhold til ikke
stgj-belastede huse. For huse ved motorveje er faldet beregnet til 1,64% pr. dB.
For at fa et samlet estimat for prisreduktion som felge af stgj er der beregnet et
vagtet gennemsnit af Miljastyrelsens estimater for "almindelige” veje og mo-
torvgie. | sammenvaggtningen er statens andel af den samlede stgjbelastning
(5%) anvendt som et udtryk for stgjbelastningen fra motorveje. Det vaggtede
gennemsnit er beregnet til prisreduktion pa 1,2 % pr. dB. Denne nye undersg-
gelses resultat bekradter saledes sterrel sesordenen pa det hidtidige anvendte
estimat fra TRGK.

Til brug for Vejstgjstrategien er dette resultat transformeret til en enhedspris pr.
SBT. Med udgangspunkt i antagelser om rente og jendomsvaardi som i tabel-
len ovenfor er der beregnet en arlig omkostning pa ca. 780 DKK/dB. | Vejstgj-
strategien er denne omkostning omregnet til SBT ud fra den samme tilgang
somi TRAK. Det vil sige, at den funktionelle sammenhaang mellem stgjniveau
og gene fra SBT er anvendt, og enhedsprisen er divideret med SBT/dB forskel-
leni intervallet 55-65 dB. P4 denne baggrund f&s 33.100 DKK/SBT. Med
sundhedsomkostningerne fas en samlet enhedspris pr. SBT pa 54.350
DKK/SBT.

* Dette skal dels sesi lyset af konsistenshensyn i forhold til tidligere, delsi lyset af at an-
tallet i observationer i detteinterval i er dominerende (ca. 87 %), hvorfor resultat primaat er
estimeret i dette interval.
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Hedonisk prisfast-
satelse

Contingent valuation

Den anbefalede en-
hedspris

C.2.2.3 Bjorner et al (SOM): Valuation of Noise Reduction

| dette studie er det udelukkende genevaardien af stgj som er afdaekket. Studiet
inkluderer sdledes ikke de sundhedsmaessige omkostninger. Geneomkostnin-
gerne er afdackket gennem bade en hedonisk prisfastsadtel se og en contingent
valuation anayse.

Studiet omfatter jendomme fra 55 gader i Kgbenhavns Kommune. | den hedo-
niske analyse indgik 2505 lgjligheder, mens 1149 ud af 2170 udvalgte individer
besvarede et fremsendt spargeskema og sl edes udgjorde basi sgrundlaget for
CV undersggel sen.

Som i MST undersggelse er der valgt en logaritmisk model, hvor alle variable
med undtagelse af stgj er logaritmisk transformeret. Stgj indgar saledes linesat
i modellen. Denne funktionelle form pa husprisfunktionen understettes af Box-
Cox transformationer. Resultat af andre modeller er dog ogsa prassenteret og
diskuteret.

Resultatet af hovedmodellen er at Iejligheder belastet med stgj over 55 dB i
gennemsnit falder i prismed 0,49 % pr. dB i forhold til ikke stgj-belastede | -
ligheder. En model hvor stgj indgar som en stykvis linesa parameter i stgjinter-
valler giver stigende prisreduktion pr. dB, men har insignifikante parametre.

Den procentvise reduktion pr. dB er omregnet til en enhedspris pr. dB med ud-
gangspunkt i antagelser om rente og ejendomsvaadi som i tabellen ovenfor. P&
denne baggrund fas en arlig omkostning pa ca. 92 DKK/dB pr. husholdning ved
50 dB stigendetil ca. 147 DKK/dB pr. husholdning ved 75 dB. Den fundne ik-
ke-linearitet i betalingsvilligheden skyldes variansi husprisen i de forskellige
dB intervaller, hvilket saledes ikke nadvendigvis kan generaliseres.

| CV analysen er betalingsvilligheden (WTP) for hver 5 dB stgjinterval over 50
dB til 75 dB beregnet. Betalingsvilligheden er farst estimeret for forskellige
gene-niveauer. Disse estimater er herefter sasmmenholdt med en estimeret sam-
menhaang mellem stgjniveau og gene for at beregne betalingsvilligheden som
funktion af stgjniveau (ud fra en implicit antagel se om uafhaangighed mellem
udtrykt betalingsvillighed og udtrykt gene).

Resultatet er 9,5 DKK/dB pr. husholdning ved 50 dB stigende til ca. 79
DKK/dB pr. husholdning ved 75 dB.

Studiet anbefaler at bruge resultatet fra CV undersggel sen primaat begrundet i
at resultatet fra den hedoniske prisfastsadtel se kan vaare overestimeret, fordi der
ikkei tilstraskkelig grad er taget hgjde for andre miljgkarakteristika (f.eks. luft-
forurening og barriereeffekt), som ligeledes kan have en negativ indvirkning pa
prisen og vaae positivt korreleret med stgj.

C.2.2.4 Fosgerau og Bjorner: Joint models for noise annoyance
and WTP for road noise reduction

| dette studie er der gennemfart supplerende analyser af CV datafra AKF's un-

dersggelse (Bjarner et al, 2003) med henblik pa at forbedre praecisioneni esti-

matet for betalingsvillighed for stgjreduktion.
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I AKF's undersggel se blev der ikke taget hgjde for evt. korrelation mellem ud-
trykt gene og udtrykt betalingsvillighed for forskellige stgjniveauer. | dette stu-
die forsgger man netop at undersgge og tage hgjde for denne eventuelle korrela-
tion ved at opstille en statistisk model, som behandler bade betalingsvillighed
0g gene som endogene variable.

Der er opstillet en model som inkluderer informationen om gene ved stgj direk-
tei en model til bestemmelse af betalingsvillighed. Denne model resulterer i en
reduktion af standardafvigelsen pa estimatet for betalingsvillighed (log(WTP))
med ca. 5-10% og dermed en bedre model.

Resultatet er en marginal betalingsvillighed pa 9,0 DKK/dB pr. husholdning

ved 55 dB stigende il ca. 147 DKK/dB pr. husholdning ved 75 dB. Resultatet
er vist grafisk i figuren nedenfor.

Figur C.2.2 Den marginale betalingsvillighed (DKK/dB) ved forskellige stgjniveau-
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C.2.3 Dekomponering af resultat forskel for AKF og MST
For naamere at forklare forskellene mellem AKF's og MST's resultater dekom-
poneres resul taterne nedenfor®.

Resultaterne frade to studier er ikke direkte sammenlignelige, da de ikke ud-
trykker prisen i samme enhed®’. Ved dekomponeringen er der taget udgangs-
punkt i at udtrykke resultatet af begge studier som DKK/dB ved 60 dB og her-

% | dekomponeringen er resultatet fra TR@K udeladt, idet resultatet i store tragk er det
samme som resultatet fra MST' nyere undersggel se. En dekomponering i forhold som in-
kluderer TRGK resultatet vil derfor ikke bidrage med nogen yderligere information.

37V ejstgjstrategiens resultater er udtrykt som en procentvis reduktion i huspris omregnet til
SBT og siden tillagt sundhedsomkostninger. AKF's CV resultater er udtrykt direkte som
DKK/dB som en funktion af dB (gene), mens HP resultaterne ligeledes er omregnet til
DKK/dB ud fra gendomsvaadi og forudsagninger om rente.
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efter korrigere studiernes resultater, sa de har samme antagel ser for en raskke

forhold.
Tabel C.2.2 Dekomponering af arsagernetil forskellen mellem AKF og MST (Vejstgjstrategien)
Forhold \ Studie MST (HP) (Vejstej- | AKF (HP) AKF (CV) MST / MST /
strategien) AKF (HP) | AKF (CV)

Basisresultat 54.350 DKK/SBT | 55dB: 92 DKK/dB 55dB: 17 DKK/dB

75dB: 147 DKK/dB 75dB: 79 DKK/dB
DKK/dB ved 60 dB 1.283 87 29 14,7 44,2
uden sundhedsomk 781 87 29 9,0 26,9
med 2% rente 260 87 29 3,0 9,0
med AKF boligpris 215 87 29 2,5 7,4
med AKF %-reduktion 87 87 29 1,0 3,0
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Dekomponeringen viser hvori hele forskellen mellem Vejstgjstrategiens en-
hedspris og AKF's enhedspris fra den hedoni ske prisundersagel se bestar.

Renses prisen fra Vg stgjstrategien for sundhedsomkostninger ne reduceres
prisen med 39%. Det faktum at AKF ikke medtager sundhedsomkostninger gi-
ver sdledes en faktor 1,6 til forskel.

Forskellei antagelsen om rente (2% i AKF og 6% i MST) giver alene faktor 3
i forskel.

Forskellen i g endomsvaer di (893.396 DKK i AKF og 1.084.000 DKK i MST)
giver en forskel pafaktor 1,2.

Endelig betyder for skellen i det egentlige resultat af den hedoniske analyse,
dvs. den procentvise reduktion i huspris pr. dB (0,49% pr. dB i AKF og 1,2%
pr dB i MST), en forskel pafaktor 2,5.

Tilsammen giver alle disse forskelle en forskel i det samlede resultat pa ca. fak-
tor 15.

AKF anbefaler at bruge CV resultaterne. Dader er faktor 3i forskel mellem
AKFsresultat baseret p& hedoniske priser og resultatet baseret pa contin-
gent valuation er der yderligere faktor 3 til forskel pa AKF's anbefalede en-
hedspris og V gjstgj strategiens enhedspris (ved 60 dB).

Dekomponeringen ovenfor er alene vist for 60 dB. Forskellen i resultaterne er
anderledes ved andre stgjniveauer, fordi SBT er anvendt som den funktionelle
sammenhaeng mellem stgj og gener i V gjstgjstrategiens enhedspris, mens der i
AKF'sresultater er anvendt den sasmmenhaang som analyserne har resulteret i.
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Tabed C.2.3 Forskellen mellem AKF og MST (Vejstgjstrategien) resultater ved forskellige stgjniveauer

DKK/dB ved 55 dB
DKK/dB ved 60 dB
DKK/dB ved 65 dB
DKK/dB ved 70 dB
DKK/dB ved 75 dB

MST AKF (HP) AKF (CV) MST / AKF (HP) | MST / AKF (CV)
(Vejstojstrategien)
599 92 17 6,5 34,5
1.283 87 29 14,8 44,8
2.527 97 44 26,1 57,2
5.191 104 63 50,0 82,7
10.664 147 79 72,7 135,6

COWIL

Note: Vejstgjstrategiens resultater beregnet ved at gange enhedsprisen pr. SBT med aandringen i SBT
pr.dB i 5dB intervaller (for 55 dB som forskellen mellem SBT for 57,5 til 52,5 dB divideret med 5
(0,207-0,052)/5=0,011 SBT/dB). For 60 dB er der dog anvendt 0,0236 SBT/dB og ikke 0,0226
SBT/dB, idet dette er den omregningsfaktor som er anvendt i V gjstgjstrategien.

Omregningen fradB til SBT giver sdledes ikke nogen forskel netop ved 60 dB,
hvilket bekradtes ved at der ikke er nogen forskel i resultatet for AKF's hedo-
niske resultat og V ejstgjstrategiens resultat efter korrektion for de gvrige for-
hold. Ved 75 dB er der yderligere en faktor 3 til forskel mellem AKF's anbefa-
lede CV resultat og V ejstgjstrategiens resultat.

Opsummering af de vaesentligste for skelle
De vaesentligste forskelle ved de forskellige studier gennemgaet ovenfor kan
opsummerestil:

1. Om sundhedsomkostninger er medtaget eller g

2. Omregning fra husprisreduktion i % pr. dB til betalingsvillighed i DKK pr.
dB - dvs. den anvendte rente og den gennemsnitlige e endomsvaa di

3. Den funktionelle sammenhaang mellem stgj og gene - dvs. hvordan man har
modelleret dette/forsagt at tage hgjde for den kendte sammenhaang om at
folk giver udtryk for stigende gene ved stigende stgjniveauer

4. Forskel i resultatniveau (og population) - dvs. om prisen er afdakket for
lejligheder eller huse

5. Metode - dvs. om der er anvendt en direkte (CV) eler indirekte (Hedonisk
prissadning) vaadissgning af vejstg

| naeste kapitel opstilles en ny enhedspris for vejstgj baseret pa en genberegning
af resultaterne med fadles forudsagninger (punkt 2 og 3) og sammenvejning af
de forskellige resultater baseret pa forskellige populationer og metode (punkt 4
0g 5).
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C.3 Opstilling af ny enhedspris for vejstoj

| dette kapitel udledes og motiveres det nye bud pa enhedsprisen for vejstgj.
Kapitlet fokuserer pa geneomkostningerne, mens der henvisesi gvrigt til bilag
1 for en beskrivelse af sundhedsomkostningerne.

Kapitlet er opdelt i to afsnit. | det farste afsnit motiveres et forslag for en revi-
deret vaardi for geneomkostningen og i det andet afsnit praesenteres budet pa
den samlede enhedspris som tillasgges sundhedsomkostningerne.

De forudsagtninger der er gjort i dette afsnit er i vid udstrakning baseret pa
overvejelser som blev diskuteret pa et made mellem COWI og DTF med op-
starten af denne undersggel se.

C.3.1 Forslag til revideret veerdi for geneomkostningen

Afsnit 0 ovenfor dokumenterede betydningen af forskellige antagel ser for det
samlede resultat. Det viste samtidig at der er en reel forskel i resultat mellem
AKF's CV undersggel se og de hedoniske prisundersagel ser.

| dette afsnit gives et fordag til en revideret enhedspris for gene pa basis af en
naamere analyse af studiernes resultater.

Farst genberegnes studierne resultater med nye forudsagninger for:
»  Omregning fra husprisreduktion i % til betalingsvillighed i DKK pr. dB
*  Den funktionelle sammenhaang mellem stgj og gene

Dette resulterer i at undersggel sernes resultater alle udtrykkes som DKK/SBT.

Endelig sammenlignes niveauet for de forskellige undersggel ser og det diskute-
res hvordan forskellene eventuelt kan forklares med forskellige i metode (CV
kontra HP) og population (huse kontra | ejligheder).

C.3.1.1 Omregning fra husprisreduktion til betalingsvillighed
Nedenfor genberegnes omregningen fra husprisreduktion til betalingsvillighed
ud fra standardiserede forudsagninger. Disse genberegnede resultater indgar
herefter som input i naeste afsnit hvor resultaterne transformerestil DKK pr.
SBT. Disse resultater indgar endeligt i den samlede vurdering af enhedsprisen
for gene som falge af vejstgj™.

Omregningen fra husprisreduktion i % til betalingsvillighed i DKK pr. dB in-
volverer et centralt element med at omsadte husprisreduktionen til en privat-
gkonomisk arlig besparel se pa boligomkostningerne.

Hidtil har den arlige betalingsvillighed pr. dB vaget beregnet ud fraen realrente
og en implicit antagel se om uendelig tidshorisont samt ejendomsvaadien og
den fundne reduktion pr. dB, dvs.:

¥ Resultaterne fra TRAK er ikke genberegnet, daresultat i store tragk er det samme som for
M STs undersggel se og derfor er reprassenteret ved denne undersggel se.
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Arlig besparelse pr. dB = Huspris* %-vis husprisreduktion pr. dB * arlig rente
= AHuspris * arlig rente (1)

| TRAK blev der anvendt en rente pa 7%, i MST en rente pa 6% og i AKF en
rente pa 2%. Den arlige besparelse i renteudgifter som fglge af en reduceret
huspris fra vejstgj kan tolkes som en indikator for den arlige privatgkonomiske
besparel se sammenlignet med en ikke stgjramt bolig. | lyset af disse meget for-
skellige renter er der behov for et mere stringent gkonomisk rationale for hvor-
dan man ber opgare den arlige besparelsei boligomkostninger som falge af en
reduceret ejendomsvaadi fravejstg).

Den &rlige besparel se bar afspejle husholdningens privatakonomiske besparelse
i boligomkostninger efter skat.

Besparel sen vedrarer ikke aene den reducerede renteudgift til finansieringen af
boligen, men ogsa den reducerede beskatning af boligens vaardi samt korrektion
for inflation og evt. reale vaadistigninger eller tab forskellig frainflationen.

| Lunde og Hvidt, 1999 er de privatgkonomiske konsekvenser af bossgning i
gjerboliger grundig belyst. Med udgangspunkt i denne analyse kan der opstilles
et udtryk for den arlige privatgkonomiske besparel se ved en husprisreduktion.

Lunde og Hvidts artikel har fokus pa at opgere de samlede boligomkostninger
(user costs), mens fokusi denne analyse alene er pa at opgere aandringen i bo-
ligomkostningen som falge af en reduktion i husprisen fravejstg. Dette giver
en forskel, da en rakke boligomkostninger dermed kan ignoreres i denne analy-
se. Analysestruktur og definitioner er imidlertid adopteret fra denne analyse.

Et generelt udtryk for user costs er opstillet nedenfor (frit efter Lunde og Hvidt,
1999):

UC, =i * (1-T)* HR +& * BV, +g,* GV, = (I + R)* HR ,
hvor(2)
UG Dereale user costs (huspris afhaangige) i periode t

it Den nominelle afkastrate for kapital i periodet (for en investering
med samme risiko som boliginvestering)

T: Kapitalindkomstskattesats i periode t
HP, Husprisi periode t

& Ejendomsvaadiskattesats i periode t
EV. Ejendomsvurderingen i periode t

O Grundskyldspromillen i periode t

GV, Grundvaadieni periodet
It Inflationen i periodet
P Real prisstigning for egendommen ved fastholdt kvalitet i periode t
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De redle user costs er saledes summen af renteomkostningerne efter skat, om-
kostninger til ejendomsskat og grundskyld korrigeret for inflation og prisudvik-
ling pa huset.

Der kan nu opstilles et udtryk for aandringen i user costs under antagelse af at

husprisen er lig den offentlige g endomsvurdering (reduktionen i husprisen som
falge af vejstg) er afspejlet fuld ud i den offentlige vurdering):

. AGV
AUCt: It*(l_-rt)+et+%*gt_lt+|3t *AHPt
t

AUC, =[i, *(@-T))+g +a*g —1, +R]*AHR =R *AHR ,hvor  (3)

R : Omkostningi procent af huspris efter skat i periodet
a : Denoffentlige grundvaadisandel af det samlede nedslag i huspris
som felge af vejstg

Som det fremgar af udtrykket opgeres besparelsen ud fra en alternativomkost-
ningsbetragtning, som belyser hvordan en boligegjer ville vaae stillet, hvis han
aternativt havde investeret i et andet gode eller havde valgt en anden bolig (til
en reduceret vaardi). Beregningen af besparelsen kan alene ske ex-ante, dvs. pa
baggrund af forventede starrelser. De forventninger boligkeberen har til "user
cost” for gjerboligerne vil danne en ligevaagt, som udger markedets samlede
forventninger til rente, inflation, efterspargsel mm.

Ejere af en stejfri ejendom har ekstra kapital bundet (typisk Iant mere) i forhold
til gjere af en gendom med praecis de samme attributter dog plaget af stg) prae
cissvarende til forskellen i vaardi af gendommene. Bindingen af kapital har en
omkostning som kan bestemmes som det afkast efter skat, gjeren kunne have
opnaet ved en mindre realkreditfinansiering (alternativt ved placering af frigjor-
te kapital). Hertil skal lasgges den reducerede beskatning af boligens vaardi samt
korrektion for inflation og evt. reale vaadistigninger eller tab i boligen.

Nér det antages, at huskabere ved et huskab forventer at de forskellige paramet-
retil hgjre for lighedstegnet i (3) er konstante over tid kan den arlige besparelse
pr. dB med en uendelig tidshorisont opgeres ud fra en mindre omskrivning af
udtryk (1) ovenfor:

Arlig besparelse pr. dB = AHuspris * R; 4)
Diskussion og kvantificering af elementernei user cost udtrykket
Grundskyld beregnes som en procent gange med grundveardien som er en del af

den samlede g endomsvurdering (huspris).

Told og Skat opger grundvaardien separat for parcelhuse, men den opgares som
en del af den samlede g endomsvurdering for gerleligheder.
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For parcelhuse er grundvaardien vaardien af grunden i ubebygget stand. Grund-
vaadien er med andre ord farst og fremmest et udtryk for vaadien af jendom-
mens beliggenhed, dvs. retten til at opfare og eje en bolig pa en grund det be-
stemte sted i landet. Den forskel, der er i priserne pafast gjendom rundt om-
kring i landet, er farst og fremmest udtryk for, at grundvaardierne er forskellige.
Typisk veesentligt hgjere i hovedstadsomradet end i de egne af landet, hvor
egjendommene er hilligere.

Told og Skat forklarer pa deres hjemmeside hvordan kvaliteten af en gjendom
som ikke kan tilskrives selve huset indvirker pa grundvaardien i den samlede
vurdering. De skriver: "Grundvea dien kan veare forhgjet med et tillaa, f.eks.
fordi beliggenheden er sazrlig god i forhold til andre gendomme i omradet.
Den Egan 0gsa vage nedsat, f.eks. fordi det er konstateret, at grunden er forure-
net."

Nér vaadien af en gjendom er reduceret som felge af vejstg ber det derfor ged-
de, at reduktionen slar fuldt i gennem pa grundvaardiens andel af den samlede
gjendomsvaadi, idet selve bygningsveardien (udgifternetil at opfere den) ma
vage uafhaangige af vejstgien. Om dette er tilfaddet i praksis kan imidlertid dis-
kuteres, idet de offentlige vurderinger i en arrakke har vaaet kritiseret for ikkei
tilstraskkelig grad at tage hgjde for positiv eller negativ beliggenhed vil f.eks.
skov eller ved en stgjende vej. Omvendt er der formentlig ingen tvivl om, at en
gjer af en stgjplaget gendom som klager over en for hgj vurdering og kan sand-
synliggere dette f.eks. ud fra vurderinger af tilsvarende grunde i omradet som
ikke er stgjplaget vil have en god sag over for Told og Skat, jfr. de geddende
regler om offentlig ejendomsvurdering.

Ejendomsvurderingerne fra Told og Skat er offentlige tilgeengelige og kan fin-
des pa Internettet. En hurtig segning viser at eendomme beliggende pa adresser
belastet med meget vejstg) har faet et kontant nedslag i grundvaardien. En gjen-
dom pa Lyngbyvej i Gentofte har f.eks. faet et nedslag pa DKK 557.560 i
grundvaadien sdledes at grundvaardien er vurderet til 552.200 og ikke DKK
1.109.760 som en standardopgerel se ville foreskrive™.

For gjerlejligheder vurderes det pa baggrund af beskrivelsen af vurderingspro-
ceduren at afslag som felge af stgj vil blivetillagt proportional pa den samlede
gjendomsvurdering og altsa sla proportionalt i gennem pa grundvaadien.

Tilbage er nu at fastlagyge parametrene i udtryk (2) og diskutere antagel sen om
at disse skal vaare konstante over tid.

Den nominelle afkastrate for kapital ber afspejle den gennemsnitlige (langsig-
tede) boligrente, typisk den effektive rente pa en 30-arig obligation. Endvidere

39

http://www.erhverv.toldskat.dk/obj.asp?0_id=158133& ov_id=200555& i=4& top=117649&
action=vis#158133

40 (se

http://www.vurdering.toldskat.dk/02/Ejendomsvurdering?& KMNR=157& sideNavn=vliste
& EIJDNR=119486& POSTNR=& VEJKODE=0527& VEINAVN=LYNGBYVEJ)
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ber renten relatere til det & prisen pa boligerne stammer fra, fordi der eksisterer
en klar ssmmenhaang (negativ korrelation) mellem pris og renteniveau. Denne
rente bar vaae et vaagtet gennemsnit af renten pa de forskellige produkter som
typisk anvendes ved finansiering af en gendom ved kabet (obligationer med
korte og lange | gbetider samt rente pa pantebreve, banklan mm). Det er meget
vanskeligt at fastsadte denne rente. | stedet anbefal es det med udgangspunkt i
overvejelser fraLunde, 1999 at anvende den effektive rente for en 30-arig obli-
gation tillagt 0,7%-point. Tillagyget skal dels afspejle at en del af finansieringen
vil vaare daskket af produkter med en hgjere effektiv rente (banklan, pantebreve
mv.), dels at der er betydelige ekstra omkostninger forbundet med real kreditfi-
nansiering (tinglysningsafgift**, kurtage, stiftelsesprovision, bidrag og andre
gebyrer)*,

Kapitalindkomstskattesatsen, ejendomsvaadiskattesatsen og grundskyldspro-
millen ber ligeledes afspejle niveauet, som er aktuelt for det ar prisen paboli-
gerne stammer fra ud fra en pragmatisk antagel se om at kgberen antager disse
kontant i en uendelig tidshorisont.

Kapitalindkomstsatsen har fra 2001 vagret 32,6%. Tidligere var den hgjere og
afhang af indkomstforhold og skatteforholdene i den enkelte kommune™.

Ejendomsvaardiskatten og grundskyldspromillen har ligeledes udviklet sig over
tid (og har heddet noget andet). Grundskyldspromille opkraeves af bade amt og
kommune og varierer derfor fra kommune til kommune. Ideelt set burde der
tages hgjde for dette i forhold til de konkrete €endomme som har indgaet i en
undersggel se.

Ejendomsvaadiskattesatsen™ har fra og med & 2000 udgjort 1% af ejendoms-
vurderingen af boligen (ndr den er under 3.040.000 DKK og 3% af den vaadi
der ligger over denne graanse).

! Afgiften for tinglysning af ejerskiftedokumenter (f.eks. skade) udger 1.400 DKK + 0,6%
af gjerskiftesummen. Afgiften for tinglysning af pant i fast gjendom (realkreditlan, private
pantebreve etc.) udger 1.400 DKK + 1,5% af det pantsikrede bel gb. Ved |aneomlaggning
(konvertering af 1&n, omprioritering) af realkreditlan, skal der kun betales afgift af forskel-
len mellem det nye og det gamle realkreditlan.

“2 De 0,7% er skgnsmaessigt fastsat som summen af 0,25% i bidrag, 0,20% i afgifter ved
|&neoptagel se (20.000 DKK i gebyr pa et 30-&rigt |8n med en effektiv rente pa 6,5 forhgjer
den reelle rente til 6,7%) og 0,3% fra anden finansiering end obligationer (20% af den sam-
lede finansiering med pantebrev som typisk forrentes med 1,5% hgjere rente end realkredit-
obligation).

3 Hvis boligejer netto havde positiv kapitalindkomst, var beskatningen i 1998 - far Pinse-
pakken - 40,4 %, 46,4 % eller 58,7 % i en gennemsnitskommune, afhaangigt af boligejeres
kapitalindkomsts og gvrige indkomsts hgjde. Hvis boligejer i stedet netto havde negativ
kapitalindkomst, reducerede beskatningen med dette fradrag og blev dermed beskattet med
40,4 % ved en personlig indkomst under 139.000 DKK og med 46,4 % ved hgjere ind-
komst.

“ Denne erstattede skatten lejevaadi af egen bolig.
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Den gennemsnitlige grundskyldspromille i Danmark som helhed har de seneste
ar vagret ca. 2,7%.

Fastsadtel sen af den offentlige grundvaerdis andel af det samlede nedslag i
gjendomsvaadi som falge af vejstg afhaanger som forklaret ovenfor af om der
er tale om en gjerlglighed eller et parcelhus. For parcelhuse kan man argumen-
tere for at den bar vaare 100%, fordi reduktionen i et hus vaadi ifalge reglerne
skal afspejlesfuldt ud i grundvaardiens del af den samlede jendomsvurdering.
Denne antagel se er benyttet her. Til sammenligning udger grundvaadiens andel
af den samlede gjendomsvaadi for parcelhuse i hovedstadsomradet typisk er ca
30-35%. For gerlejligheder udger grundvaardien blot ca. 10% af den samlede
gjendomsvurdering, hvilket ma anbefal es anvendt som reduktion i grundvaadi
for gerlgjligheder.

Inflationen og den reale prisstigningstakt for g endommen er ligel edes vanske-
lig at fastsedte. Forventningen til den fremtidige inflation antages at falge net-
toprisindekset palang sigt, jfr. Lunde, 1999. Med udgangspunkt i inflationstak-
ten de seneste 10 ar fastsadtes inflationen til 2,1%. Det antages at priserne pa
ejendomme falger den gennemsnitlige prisudvikling, hvorfor den reale prisstig-
ningstakt pa ejendomme satestil O.

Pa baggrund af ovenstdende antagelser kan omkostningen i procent beregnes
for huse og lgjligheder. De praecise forudssgninger og det samlede resultat
fremgar af tabellen nedenfor.

Tabel C.3.1  Opgerelse af omkostning i procent af gget ejendomsveardi relevante for
huse (MST) og Igjligheder (AKF)

Boligtype Lejligheder Huse
(AKF (Ar 1996-2002)) (MST (Ar 1975-2001))

Nominal afkastrate for kapital 7.2% 7.2%
- heraf effektiv rente 6,5% 6,5%
- heraf tillaeg 0,7% 0,7%
Kapitalindkomstskattesats 32,8% 32,8%
Ejendomsveerdiskattesats 1,0% 1,0%
Grundskyldspromillen 2,7% 2,7%
Grundveerdis andel af det samlede ned- 10% 100%
slag i ejendomsvaerdi som folge af vejstoj

Inflation 2,1% 2,1%
Real prisstigningstakt for eiendomme 0% 0%
Omkostning i procent i alt 4,01% 6,44%

Kilder: Danmarks Statistik, Told og Skat og KL

Omkostningen i procent er beregnet for bade huse og |jligheder med udgangs-
punkt i & 2001. Da denne omkostningsprocent senere anvendes til beregning af
betalingsvilligheden i DKK/dB pr. &r baseret pa AKF og MST's undersagel ser

er det relevant at diskutere hvorvidt omkostningsprocenten for ar 2001 er valid.
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AKF's undersggel se vedrarer gendomshandler af Igjligheder i perioden 1996-
2002. Dette bevirker at omkostningsprocenten i princippet burdes opgeres selv-
staandigt for hver ejendom i forhold til det konkrete salgsar. Med forudsagnin-
ger som i tabellen ovenfor benyttes omkostningen i procent pa 4,01% paalle
handler, hvilket vurderes at vaare en rimelig approksimation da omkostnings-
procenten nagope har aandret sig meget i den 5-arige periode.

MST's undersggel se er baseret pa hushandler i en ca. 25-arig periode fra 1975
til 2001. For denne undersagelse er problemet med at opgere den arlige om-
kostning konsistent for en husprisreduktion i et givent ar (2001) sdledes starre
end for AKF undersagelsen. Der valgt de samme antagelser som for lgjligheder,
dog med undtagel se af antagelsen om grundvaardiens andel af det samlede ned-
slag i ggendomsvaadi, jfr. den tidligere diskussion af vurderingspraksis for hus
kontralgjligheder.

Det skal indskydes, at netop det faktum at MST undersggel se er baseret pa hus-
handler over en 25-drig periode kan vaare problematisk. Forestiller man sig s&-
ledes at den reale arlige omkostning i % er steget, fordi beskatningen og den
reelle renteudgift (dvs. rente-skattefradrag-inflation) er steget, vil dettejo im-
plicere at man for 20 ar siden ville vagre villig til at acceptere en starre procent-
vis forskel mellem et hus med og uden stgj, séfremt den absol utte betalingsvil -
lighed skal vaare real konstant. Hvis dette er tilfaddet vil det resulterer i en
overvurdering af husprisreduktionen i %.

Prisen pa huse og lejligheder

I AKFs undersggel se er omregningen fra husprisreduktion i % til betalingsvil-
lighed i DKK pr. dB baseret pa de faktiske gennemsnitlige lejlighedspriser i
hvert stgjinterval for de lejligheder som er indgaet i undersggel sen. Dette giver
det mest retvisende billede af betalingsvilligheden for gjerne af disse lgjlighe-
der.

Né&r man skal beregne en betalingsvillighed som kan benyttes for hele landet er
man imidlertid nadt til at fastlasgge hvorvidt husprisreduktioneni % er konstant
i hele landet eller betalingsvilligheden i DKK pr. dB er konstant.

Pabasis af de danske undersggelser er der ikke noget empirisk grundlag for at
vurdere hvad der ger sig gaddende. | TRZK har det hidtidigt implicit vaaet an-
taget at husprisreduktionen i % er konstant i hele landet. Denne antagel se er
ogsa anvendt ved omregningen af M ST resultatet fra husprisreduktion i % til
betalingsvillighed i DKK pr. dB i Ve stgjstrategien. Denne antagel se anvendes
0gsai denne sammenhaang.

Tabel C.3.2 Deanvendte priser palejligheder og huse.

Boligtype Lejligheder Huse

(AKF) (MST (Vejstojstrategien))
Ejendomsveerdi anvendt i 893.396 - 1.512.718 DKK 1.084.000 DKK
undersogelsen
Gns. ejendomsvaerdi (2001) 960.000 DKK 1.084.000 DKK
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Kilde: Danmarks Statistik, Statistiskbanken

Med udgangspunkt i de beregnede omkostninger i procent og de gennemsnitli-
ge priser pa hhv. lgjligheder og huse kan husprisreduktion i % nu omregnes til
DKK pr. dB for de to studier med henblik pa at sammenligne resultaterne under
konsistente antagel ser. Resultatet fremgar af tabellen nedenfor.

Tabel C.3.3 Betalingsvilligheden (DKK pr. dB) for vejstgjreduktion beregnet pa ba-
sis af ny omregning

Stojniveau AKF MST

Over 55 dB 189 DKK/dB 838 DKK/dB

Den genberegnede betalingsvillighed fremgar af tabellen. MST's resultat er ca.
7% hgjere end det oprindelig beregnet, svarendetil at den arlige omkostning i
procent steget med denne faktor (tidligere anvendtes 6% nu anvendes 6,4%
som den &rlige omkostningsprocent). AKF's resultat er ca. 30-110% hgjere (tid-
ligere anvendtes 2% nu anvendes 4% som den arlige omkostningsprocent, lige-
som den prisen palejligheder er andret fratidligere 893.396 DKK - 1.512.718
DKK mod nu 960.000 DKK).

C.3.1.2 Den funktionelle sammenhang mellem stgjniveau og gene
Som det fremgik af afsnit O skyldes en vaesentlig del af forskellen mellem un-
dersagel sernes resultater forskellige antagel ser om den anvendte funktionelle
sammenhaang mellem stgjniveau og gene (kurvens krumhed). Som tidligere
beskrevet anvendes den funktionelle ssmmenhaang mellem stgj og gene, som
ligger bag SBT i dette projekt.

Der er sdledes behov for at transformere resultatet af de enkelte undersggel ser
sa enhedsprisen udtrykkes pr. SBT i stedet for pr. dB, jfr. afsnit O.

Bedste bud baser et pa contingent valuation

Fosgerau og Bjarner's supplerende analyser af CV data fra AKF's undersggel se
ma betegnes som det mest valide bud pa geneomkostningerne baseret pa con-
tingent valuation.

Resultatet af Fosgerau og Bjarner's supplerende analyser er stigende marginal
betalingsvillighed. Ligeledes er sammenhaangen mellem stgjniveau og gene
marginal stigende. De to funktionelle sammenhaange fremgar af grafen neden-
for.
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Figur C.3.1
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Den marginale betalingsvillighed fra Fosgerau og Bjarner's analyse og

den marginale andring i SBT pr. dB
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Figuren viser at deto kurver har meget ens forlgb, svarendetil at den funktio-
nelle sasmmenhaang mellem stgj og omkostning fundet i Fosgerau og Bjarner's
analyse er nassten den samme som den funktionelle sammenhaang mellem stgj
0g gene bag SBT.

Figuren nedenfor viser den betalingsvilligheden i DKK pr. SBT for forskellige
dB intervaller (beregnet som den marginal betalingsvillighed pr. dB gange med
dB divideret med den SBT(dB)).

Figur C.3.2

Den marginale betalingsvillighed (DKK/SBT) pr. dB
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Som det fremgar af figuren ovenfor er den marginale betalingsvillighed udtrykt
som DKK/SBT pr. dB ikke konstant. Kurven bekragter dog at den funktionelle
form pa de to kurver for betalingsvillighed og gene er rimelig ens idet forskel-
len pa minimum og maksimum pa kurven ovenfor blot er ca. 25%.

Det kan konkluderes, at CV studiets resultater i nogen udstraskning bekragter
den anvendte funktionelle form mellem stgj og gene (SBT) udtrykt ved beta-
lingsvillighed. Det kan dog konstateres en forskel, som der er behov for at for-
holde sig til (se afsnit 0). Dette understetter sdledes forudsagningen om at fast-
holde SBT sammenhaangen ved beskrivelse af betalingsvilligheden.

For at udtrykke betalingsvilligheden pr. SBT som en konstant for ale dB er der
pagrund af forskellen ved forskellige dB behov for en transformation af Fosge-
rau og Bjarner's resultater til SBT sammenhaangen.

Transformationen begr som udgangspunkt minimere afvigelsen mellem deto
funktionelle sammenhaange. Ved estimationen af betalingsvilligheden er der
taget hensyn til fordelingen pa forskellige stgjniveauer, hvorfor det ogsa synes
rimeligt at tage hgjde for denne fordeling ved transformationen.

Pa denne baggrund kan det problem der skal |@se matematisk opskrives sdledes
med udgangspunkt i mindste kvadraters metode til minimering af afvigelsen:

minzi (a* SBT(dB,)— P(dB,))* , hvor i ={boliger i undersegelsen}

a : prisen udtrykt pr. SBT (DKK/SBT)
SBT(dB;): SBT veadien for boligi's stgjniveau i dB
P(dB) prisen for stgj (i DKK) beregnet som funktion af dB for bolig i

Dette problem | @ses med udgangspunkt i fordelingen af boliger pa 5 dB inter-
valler fraBjarner et a (side 29).

Tabellen nedenfor viser beregningen og resultatet af transformationen (minime-
ringsproblemet).

Tabel C.3.4  Transformation af resultater udtrykt i dB til SBT

dB SBT P(dBi) (DKK) Antal boliger Fejl Fejl * Fejl (Fejl * Fejl)
57,5 0,11 586 138 -403 162.068 | 22.365.396
62,5 0,22 712 283 -334 111.792 |  31.637.059
67,5 0,45 951 334 -176 30.900 | 10.320.578
72,5 0,93 1.375 263 218 47.652 | 12.532.502
Fejlialt | 76.855.535
Pris DKK/SBT 1.712

COWIL
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Enhedsprisen for gene som felge af vejstgj er sdledes beregnet til godt 1.700
DKK pr. SBT baseret pa CV undersggel sen.

Til sammenligning fas en veardi pd 3.000 DKK pr. SBT ndr man beregner et
simpelt gennemsnit pr. 1 dB over intervallet fra 55 dB til 75 dB og 2.700 DKK
pr. SBT ndr man beregner et vaegtet gennemsnit (i forhold til fordelingen af bo-
liger pa stgjniveauer).

Den transformerede betalingsvillighed med den funktionelle SBT sammenhaang

er sammenlignet grafisk med den oprindelige betalingsvillighed udtrykt i DKK
ved de forskellige stgjniveauer i figuren nedenfor.

Figur C.3.4 Betalingsvillighed i DKK far og efter transformation
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Figuren ovenfor illustrerer igen at CV studiets resultater i vid udstrakning be-
krad'ter den anvendte funktionelle form mellem stgj og gene (SBT) udtrykt ved
betalingsvillighed.

Bedste bud baser et pa hedonisk prisfastsattelse

Der er prassenteret resultater fra tre analyser baseret pa hedonisk prisfastsadtel -
se- TRAK, MST og AKF. Resultaterne udtrykt som husprisreduktion i % afvi-
ger, hvilket bl.a. skal sesi lyset af at det er forskellige populationer, som er be-
lyst. Der er imidlertid ikke noget objektivt grundlag for pa forhand at udvedge
en analyses resultater til videre analyse endsige forkaste en af analyserne.

Som tidligere naevnt giver bade MST's og AKF's analyse et resultat hvor den

betalingsvillighed er lineas med stgjniveauet (malt i husprisreduktion i % pr.

dB), svarende til at den marginal betalingsvillighed er konstant. Dette resultat
er sdledes i uoverensstemmelse med SBT sammenhaangen mellem stgjniveau
0g gene, som er marginalt stigende.
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Der kan vaare en rakke arsager til at undersggelserne finder linesare resultater
selvom bade talrige geneundersggel ser og CV undersagel sen peger pa at den
marginale gene stiger med stgjniveauet, hvilket burde kunne aflaeses i resulta-
tet.

»  For det farste er det ikke sikkert at en hypotese om en konveks funktion
som SBT ville blive forkastet, hvis man gennemfgrte en statistisk analyse
med disse model antagel ser.

«  For det andet er der noget som tyder pa at resultaterne kan vagre biased i
retning af en overvurdering ved lave stgjniveauer og en undervurdering
ved hgje stgjniveauer. AKF-undersggel sen har sdledes pavist at det er
nemmere end forventet at vaane sig til stgjen for de lave stgjniveauer,
mens det er svagere end forventet for de hgje stgjniveauer (p. 81 tabel 6.6).
Husprisundersagel sens resultater er altsa skaevvredne fordi kgberne ikke
har fuld information (de har en forkert opfattelse af deres egen stgjtilvaan-
ning) om stgjens virkning. Pa denne baggrund kan der argumenteres for at
resultaterne fra husprisundersegel serne bar korrigeres for den viden vi har
fra genekurverne baseret pd interviewundersggel ser, dvs. ved at benytte
omregning til SBT.

e For det tredje er der i MST's undersggel se meget fa observationer med hgj
stejeksponering, ligesom de ogsa er underreprassenteret i AKF undersggel -
sen. Dette kan bevirke at det er vanskeligt at pavise en eksponentiel sam-
menhaag, fordi antallet af observationer dominerer pa det stykke af kurven
som er tilnaamelsesvis lineaa.

»  For det fjerde er der resultater fra AKFs undersggel se som indikerer at be-
talingsvilligheden vokser med stgjniveauet. Resultatet af AKFs HP under-
segelse er at lgjligheder belastet med stgj over 55 dB i gennemsnit falder i
prismed 0,49 % pr. dB i forhold til ikke stgj-belastede |gjligheder. Men
med andre af skaaringer for stgjniveauet fas andre resultater. Sdledes fas
0,31 % nar dle lejligheder med stgj over 45 dB inkluderes og 0,62 % nar
afskagringskriteriet er 60 dB. (side 75).

Pa denne baggrund synes det rimeligt at overfare SBT sammenhaangen til
AKFsog MSTsresultater. Tilbage er at bestemme hvordan den lineaae sam-
menhaang bedst muligt transformerestil SBT sammenhaangen.

Transformation af MST'sresultat til brug for Vejstgjstrategien omfattede alene
en omregning over intervallet fra 55 dB til 65 dB. Denne tilgang synes proble-
matisk, fordi den dermed kun prioriterer resultatet i dette interval, hvorved re-
sultatet omregnet frapr. SBT til pr. dB i de hgje stgjniveauer resulterer i en
overvurdering.

| stedet ber den transformation som blev beskrevet og anvendt til transformati-
onen af CV resultaterne anvendes (se afsnit 0). Denne transformation minime-

rer afvigelsen mellem de to funktionelle sammenhaange under hensyn til under-
sagel sens fordeling af boliger pa forskellige stgjniveauer.
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Resultat af transformationerne er en enhedspris for gene pa

e ca 21.500 DKK pr. SBT baseret pA MST undersagel sens resultater

e ca 4.700 DKK pr. SBT baseret pA AKF hedoniske resultater.

De transformerede betalingsvilligheder med den funktionelle SBT sammen-

haang er sammenlignet grafisk med de oprindelige betalingsvilligheder udtrykt i
DKK ved de forskellige stgjniveauer i figurerne nedenfor.

Figur C.3.4 Betalingsvillighed i DKK far og efter transformation (MST)

35.000 +

30.000 +

25.000

20.000 +

Kr.

15.000 +

10.000 +

5.000 +

54,5 55,5 56,5 57,5 58,5 59,5 60,5 61,5 62,5 63,5 64,5 65,5 66,5 67,5 68,5 69,5 70,5 71,5 72,5 73,5 74,5 75,5
dB

\ —— MST —=-Transformeret \

Figur C.3.5 Betalingsvillighed i DKK far og efter transformation (AKF HP)
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Som det fremgar af figurerne ovenfor er de to transformationer en lille smule
forskellige, hvilket afspejler at fordelingen af stgjramte boliger er lidt forskellig
i de to undersggelser. MST undersggel sen har generelt flere boliger i lave stgj-
intervaller end AKF undersggel sen.

C.3.2 Det bedste samlede bud pad geneomkostningerne
Pabasis af ovenstdende haves nu tre resultater for betalingsvilligheden udtrykt
som DKK pr. SBT baseret pa standardiserede omregningsantagel ser og resul-
tattransponeringer.

Tabel C.3.5 Undersagel serne genberegnede resultater

Fosgerau & Bjorner (CV) MST (HP) AKF (HP)

DKK pr. SBT 1.700 21.500 4.700

Som det fremgar af tabellen er de tre resultater meget forskellige.

For at fastlasgge det bedste samlede bud pa geneomkostningerne er der behov
for en ssmmenfattende diskussion af hvad forskellen i resultaterne kan skyldes
og for en samlet kvalitativ vurdering af styrkerne og svaghederne ved detre
undersggel ser. De starste forskelle mellem studierne vurderes at vaare metoden,
den population som indgér i undersggel serne og datagrundlaget, som derfor er
central i diskussionen nedenfor.

Pa grund af betydelig usikkerhed ved de anvendte antagelser og resultater prae
senteres et lavt og et hgjt estimatet som supplement til det centrale estimat. Det
er imidlertid ikke muligt at udlede at lavt og hgjt estimat som kan siges at re-
praesentere hhv. 5%-fraktilen og 95%-fraktilen af det centrale estimat. Det lave
og hgje skan fastsadtes pragmatisk pa basis af resultaterne fra de undersggte
studier.

Den grundlasggende forskel mellem de to metoder er, at contingent valuation er
en direkte metode baseret pa hypotetisk udtrykt betalingsvillighed, mens hedo-
niske prisfastsadtel se er en indirekte metode baseret pa observeret adfaard.

Den starste styrke ved hedonisk prisfastsadtelse er at den baserer sig pa faktisk
observeret adfaad. Omvendt er dette den sterste svaghed ved CV, idet denne
baserer sig p& hypotetisk udtrykt betalingsvillighed. De adspurgte individer op-
lever ingen konsekvenser af deres svar, hvilket kan betyde at de svarer strate-
gisk (underdriver eller overdriver) i forhold til egne interesser. Selvom man
forseger at fange og korrigere for strategiske svar udger dette problem ved CV
analyser. Den svaghed ved CV fremhaaves ofte potentielt at fare til for hgje
skan over betalingsvilligheden for stgjreduktion, fordi det er lettere at bruge
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hypotetiske penge frem for rigtige penge. Man kan imidlertid ogsa forestille sig
systematisk bias der traskker den modsatte vej*®.

En af de starste svagheder ved den hedoniske prisfastsadtelse er at der er risiko
for en lave en fejlestimering som falge af en forkert model specifikation. Meto-
den stiller store krav til datamaterialet, da det er ngdvendigt at medtage og af-
dakke sammenhaangen med alle de variable, som pavirker husprisen for at fa
isoleret effekten af stgj frade avrige effekter. | denne sammenhaang er det spe-
cielt problematisk at der kan vaae forklarende variable som er ted korreleret
med stgj (barriereeffekt, luftforurening, visuel gene mm.). Dette skaber pro-
blem med multikollinearitet og kan bevirke at man overvurdere betydningen af
stgj fordi man ikke fér fanget betydningen af de andre parametre.

En anden svaghed ved den hedoniske prisfastsadtel se er det implicit antages, at
kabere af et hus er fuldt bevidst om stgjniveauet og generne (og betalingsvillig-
heden) heraf. Man kan szdte spergsmal stegn ved om dette er tilfad det, idet ke
berne kun har oplevet huset i en meget begramset periode. Dette kan tragkke
skaevvride resultat i begge retninger, men da magylere vil vagetilbgeligetil at
vise et stgjbelastet husi perioder med lav trafikintensitet er det maske mest
sandsynligt at det vil resultere i en undervurdering.

Fordelen ved CV er at den er ssmpel og kan anvendes direkte pa en malgruppe
af individer som med rimelighed ma antages at have fuld viden om konsekven-
serne (generne) af vejstg) (eksisterende beboere i stgjramte g endomme). Desu-
den kan man designe CV analysen sdledes at man undgar at gener fraandre ef-
fekter end stgj inkluderes.

| Bjerner et a, 2003 er der givet mere indgdende generel diskussion af svaghe-
derne og styrkerne ved de to metoder, som i store trak fremdrager de samme
aspekter som ovenfor. Desuden sammenlignes resultaterne af de to studier og
de perspektiveresi forhold til andre internationale resultater baseret pa de to
metoder. Det konkluderes pa denne baggrund, at det er sandsynligt at begge
estimater er overskan. Som fglge heraf foretragkkes CV undersagel sens resulta-
ter og anbefales il brug for samfundsgkonomiske resultater. Som et alternativ
anbefales de to estimater anvendt som hhv. et lavt og hgjt skan.

Det er vanskeligt at argumentere for det rimelige i helt at ignorere resultaterne
fra HP undersggel sen. | denne sammenhaang synes det mest fornuftige sdledes
at vage, at basere et samlet bedste skan pa resultatet fra begge metoder, dog
med det forbehold at resultater fra den hedoniske analyse kan vaere overvurde-
ret som felge af at det ikke har vaget muligt at korrigere for luftforurening og
andre lokale gener fra vejtrafik.

Huse og lejligheders karakteristika adskiller sig pa en raskke omrader og det ma
derfor forventes at stgj har forskellig indflydelse pa prisen pa hhv. huse og lgj-

ligheder. For eksempel har enfamiliehuse tilknyttet haver eller udendersareaer,
hvor stgjen er vaesentlig hgjere end indendars. Nyttevaadien af udendersarealer

5 Hvis f.eks. den adspurgte forestiller sig at hans svar vil blive brugt politisk og at han ikke
vil have at der bruges ressourcer pa stgjreduktion.
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forringes vassentligt ved et hgjt stgjniveau. Dalgligheder i mange tilfadde ikke
har tilknyttet udendersarealer, der benyttes i samme omfang som for huse, kan
det tamkes at stgjs indflydelse pa prisen er mindre pa l€jligheder end pa huse.

Resultaterne fraM ST og AKF hedoniske prissagninger bekradter at andet lige
denne hypotese. MST's HP undersggel se omfatter kun parcel huse, mens AKFs
undersggelse omhandler lejligheder og hvor MST nar frem til en husprisreduk-
tion pa 1,2% nar AKF frem til kun 0,5%. Nar husprisreduktionen omregnes til
betalingsvillighed i DKK pr. dB forstaakes denne forskel kraftigt, fordi bespa-
relsen ved en husprisreduktion er hgjere for huse end for lgjligheder. Sdledes er
der konstateret ca. faktor 4,6 i forskel i absolut betalingsvillighed mellem de to
undersggel ser.

Hvorvidt hele denne forskel mellem de to undersegel ser kan forklares med den
forskellige population er imidlertid sveat at afgere. Det kan sdledes ikke ude-
lukkes at andre faktorer har indflydelse pa forskellen i resultatet - eksempelvis
forskellei de forskellige ar for hushandler, de forskellige geografiske omrader
der er belyst, de forskellige model specifikationer mm.

Hvis det antages at hele forskellen er et udtryk for forskellen i geneomkostnin-
gen for lgjligheder og huse ber resultaterne vaggtesi forhold til den samlede
stegjeksponering over 55 dB af hhv. lejligheder og huse. Baseret pa en opgarelse
over fordelingen af stgjbelastede boliger pa bebyggel sesart fra 1995 vejstgjkort-
Iaagnlpgen er fordelingen af SBT palejligheder og huse opgjort til hhv. 55% og
45%™.

Datagrundlaget i de tre undersagel ser er kort praesenteret i overskriftsform i
Tabel C.2.1. Set ud fraen overordnet synsvinkel synes der ikke at vaare forskel-
le der kan berette at man bare foretragkke den ene analyse frem for den anden.

Der indgar flest observationer | AKF HP undersggel se (2150), mens der indgar
fearest i MSTs (855). | MSTs undersggelse er der relativt fa observationer i de
hgje stgjniveauer, hvilket man kan problematisere, da det alt andet lige ger det
vanskelige at pavise en eksponentiel sammenhaang mellem stgjniveau og
husprisreduktion. | transformationen af resultaterne af MSTs og AKFs resulta-
ter fra den hedoniske undersagelse er der imidlertid taget hgjde for fordelingen
af observationer i stgjintervaller.

Som tidligere naa/nt er MST undersggel se baseret pa hushandler over en 25-
arig periode, mens AKF HP undersagel se er baseret pa handler fra 1996-2002.
Der er en rakke problemer forbundet med at medtage hushandler over laangere
tidsperioder, hvilket umiddelbart gar M STs resultater mindre valide end AKF
resultater.

Med en lige vaggtning af CV resultater og HP resultater og en vaggtning af re-
sultater for den samlede stgjgenes fordeling pa lejligheder og huse kan "det
bedste bud" beregnes som et simpelt gennemsnit. Tabellen nedenfor praesente-

“ Frabilag 2 i Miljgstyrelsen, 1998. Etageboliger og tag rand antaget som lejlighed, mens
parcelhuse er antaget huse og kategorien ted/lav er ignoreret ved opgerelse af fordelingen.
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rer endvidere et lavt og et hgjt bud baseret pa hhv. CV undersagelsen og HP
undersggel sernes resultater. | tabellen er det implicit antaget, at en CV under-
segel se gennemfart for huse, ligeledes ville have givet et resultat med samme
faktor til forskel, som det er tilfaddet i AKF studie for |ejligheder baseret pa
hhv. CV og huse.

Tabel C.3.6  Enhedspris pa gene (veagtet med fordeling lejlighed og hus) (DKK/SBT)
DKK/SBT SBT Lav Central Hoj
andel (cv) (simpelt gns.) (HP)
Lejligheder 55% 1.712 3.196 4.679
Huse 45% (7.878) 14.706 21.534
Veegtet 100% 4.492 8.386 12.279

Note: Prisniveau 2001.

Pa denne baggrund vurderes det bedste bud for en samlet enhedspris for gene at
vage 8.400 DKK pr. SBT.

C.3.3 Den samlede enhedspris for stgoj

Den samlede enhedspris for stgj er beregnet som summen enhedspriserne for
gener og sundhedsskader. Der henvises til bilag for en opgerelse af sundheds-

omkostningerne. Enhedsprisen fremgar af tabellen nedenfor.

Tabel C.3.7 Den samfundsgkonomiske enhedspris for vejstg

Omkostningstype Lav Central Hoj
DKK/SBT DKK/SBT DKK/SBT
Genevirkning 4.500 8.400 12.300
Sundhedsskader 11.100 20.800 31.500
I alt 15.600 29.200 43.800

Note: Prisniveau 2001. Omkostningerne ved sundhedsskader tilbageskrevet med inflation fra 2002 til
2001 (2%).

Det lave og hgje sken er pragmatisk fastsat som summen af hhv. det |ave/hgje omkostningsestimat for
genevirkning og det lave/hgje omkostningsestimat for sundhedsskader.

Som det fremgar af tabellen udger det centrale bud pa en samlet sasmfundsgko-
nomisk enhedspris beregnet til ca. 29.200 DKK/SBT.

C.4 Forslag til fremtidige forbedringer
| dette afsnit prassenteres en rakke fordlag til hvordan i fremtiden kan forsage
at forbedre estimatet for en enhedspris for stgj.

C.4.1 Ny sammenhang mellem stojniveau og gene

En af forudsagningerne for dette arbejde med at udlede en ny anbefalet enheds-
pris har vaaet at den nuvaarende sammenhaang mellem stgjniveau (dB) og gene
skulle lagyges il grund og at enhedsprisen dermed fortsat skulle udtrykkes pr.
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SBT. Dette skal sesi lyset af at SBT sammenhaangen er staakt forankret i plan-
lagningssammenhaange i Danmark.

Dette arbejde har imidlertid vist at der kan vaae behov for at revidere sammen-
haangen mellem stgjniveau og gene.

Indledningsvis bar det dog sls fast, at den grundlaeggende tanke bag SBT bi-
beholdes. Stgjen udtrykt ved dB(A) fortedler ikke noget om genevirkningen.
Det er derfor hensigtsmasssigt at vaggte det fysiske tal, sa det kommer i bedre
overensstemmel se med genevirkningen - ogsa selvom genevirkningen métte
vokse linesat med stgjen fra et vist niveau.

Den nuvaaende sammenhaang af spejler hvor mange mennesker, som har ud-
trykt, at de faler sig staarkt generet af vejstgj (Vejdirektoratet, 1989). | den un-
dersggelse som er lagt til grund har man ved samme Igjlighed spurgt hvor man-
ge som falger sig generet og lidt generet af vejstg) og dette giver en anden
funktionel sammenhaang mellem stgjniveau og gene.

| Vedirektoratet, 1989 redeger rapportens forfattere for praamisserne bag den
valgte vaggtning. De skriver: " Arbejdsgruppen har valgt en vaagtningsfaktor,
der er i rimelig overensstemmel se med de subjektive genekurver, der er omtalt i
afsnit 1.3 [staarkt stgjbelastet] . Kurverne er beregnet ud fra resultater af inter-
viewundersggelser om, hvorledes de interviewede faler sig generet af trafikstg.
Den valgte vaagtningsfaktor ma dog udformes saledes, at den fortsadter ud over
det stgjniveau, hvor 100% af de interviewede faler sig generet. Uden denne
lgsning vil stgjbelastningstallet ligge fast, nar farst stgjnivauet nar ud over
denne gramse. Dermed vil tallet ikke beskrive den miljemeessige veardi af foran-
staltninger ved meget hgje stgjniveauer . Der redegeres ikke neamere for dette
valg.

Man kan sdledes pastd, at den nuvaaende anvendte sammenhaang mellem stgj
0g gene savner et solidt funderet rationale for, hvorfor man har anvendt den
funktionelle sammenhaang afdaskket ved spargsmdlet om andelen der er stagrkt
belastede ved et givent stgjniveau frem for nogen af de andre funktionelle
sammenhange.

Med Fosgerau & Bjarner's nye undersagelse foreligger der imidlertid et empi-
risk grundlag, som kan anvendes til at udlede en sammenhaang mellem stgjni-
veal og gene baseret pa en velfaardsgkonomisk rationale. Konkret kan man an-
vende den udledte betalingsvillighed (WTP) som rationale for sammenhaangen
mellem stgjniveau og gene.

Hvis man vadger at udlede en ny SBT sammenhaang ber man:

*  bibeholde grundideen med at tallet (SBT) udtrykker "en andel" som er
normeret i forhold til et bestemt stgjniveau som er 1 (f.eks. 73 dB som i

dag);

e skreat den formd som udledes er forholdsvis enkel.
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Dette vurderes at vaae forudsagninger for at en ny funktionel sammenhaang kan
fa gennemsl agskraft.

En opdatering af sammenhaangen mellem stgj og gene skal ikke kun sesi en
snaver gkonomisk sammenhaang, idet sasmmenhaangen har mere vidtraskkende
konsekvenser. Den anvendte ssmmenhaang har sdledes i almindelighed stor ind-
flydelse p& hvordan man prioriterer stgjbekaampelse - uafhaangig af om dette
sker med basisi gkonomiske vurderinger eller €. En bred forankring er derfor
nadvendig.

C.4.2 Supplerende CV/HP undersggelser i provinsen

Selv efter de seneste undersggel ser er antallet af betalingsvillighedsundersggel -
ser af vejstg) i Danmark fortsat begraanset. Der er derfor behov for flere under-
segelser af betalingsvilligheden for vejstgj. Der synes saaligt at vaare behov for
savel hedoniske undersagelser som CV undersggelser for hhv. huse og folk i
provinsen, da disse ikke er reprassenteret i hidtidige studier pa omradet.

Det kan ikke udelukkes, at den individuelle betalingsvillighed for personer i
provinsen afviger fra betalingsvilligheden for folk i Hovedstadsomradet. For et
efterpreve dette er der behov for supplerende undersggel ser.

Seerligt for HP undersgogelserne

| forbindelse med konkrete HP studier er der behov for en nsemere analyse af
hvorvidt betalingsvilligheden udtrykt som DKK pr. dB pr. & er konstant eller
det snarere er husprisreduktionen i % som er konstant. Dette er relevant ved
generaliseringen af den betalingsvillighed man afdaskker for det konkrete studie
til at gadde generelt for hele landet (se ogsa afsnit 0).

| forlaengel se heraf kan det ligeledes mere hensigtsmaessigt neamere at under-
sege hvorvidt betalingsvilligheden udtrykt som DKK pr. dB pr. ar er konstant
eller det snarere er husprisreduktionen i % nar omkostningen i procent varierer
og der antages ingen indkomsteffekt. For at afdagkke dette kan man gennemfere
en HP undersagel se hvor man estimerer pa den beregnede betalingsvillighed
udtrykt i DKK pr. & (som funktion af omkostningen i procent) i stedet for di-
rekte pa husprisreduktionen i %.

C.4.3 Fokus pa sundhedsomkostninger

Denne analyse resulterer i at enhedsprisen for genevirkningerne af vejstgj redu-
ceres betydeligt. | den samlede enhedspris for vejstg er betydningen af enheds-
prisen for sundhedsomkostningerne fra vejstgj saledes steget markant. Hvor
sundhedsomkostningerne tidligere udgjorde ca. 40% af de samlede omkostnin-
ger (Vejstgjstrategien) udger de nu hele 75%.

Sundhedsomkostningerne er baseret pa pionerarbejde for vurdering af de sund-
hedsmaessige omkostninger knyttet til sygdomseffekter baseret pa sammen-
haangen mellem stgjeksponering og effekt (sundhedsskade), ogsa kaldet dose-
response funktionen, jfr. bilag 1. Det vurderes at estimatet er forbundet med
betydelig usikkerhed.
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Set i dette lys bar den fremtidige indsats med at forbedre vaadissgningen af
vejstgj prioritere betydelige ressourcer pa at forbedre estimatet for sundheds-
omkostningerne.

C.4.4 Banestogj

Denne analyse fokuserer - som tidligere studier - udel ukkende pa omkostnin-
gerne ved vejstgj. | dag benytter man pa baneomradet enhedsprisen for vejstg
fra Trafikgkonomiske enhedspriser (TRAK), idet man ved SBT beregningen
korrigerer det malte stgjniveau i dB(A) med -5 dB(A) for at afspejle at folk i
mindre grad udtrykker at de faler sig generet af banestgj sammenligning med
vestg) med samme stgjniveau.

Det anbefales at man i fremtiden gennemferer undersegel ser som forsgger at
vaadisadte stgj fra banen direkte eller subsidiaat at der gennemfares en under-
segelse af hvorvidt enhedsprisen for vejstgi som en rimelig approksimation kan
anvendes ved banestgj.

C.4.5 Betalingsvilligheden fra andre end beboere

Det er sdledes aene beboeres individuelle betalingsvillighed, som er repraesen-
teret i enhedsprisen for stgj, idet HP og CV studierne udelukkende sgger at af-

dakke beboerne betalingsvillighed for at stgjen ved deres bopad dsempes. Det

betyder at eksempelvis betalingsvilligheden for personer som faardes i naturen,
faardesi trafikken eller arbejder pa stgjramte arbejdspladser ikke er inkluderet i
estimatet.

Der kan argumenteres for at beboerne betalingsvillighed udgere langt den star-
ste del af den samlede betalingsvillighed, men der mangler undersagelser som
kan underbygge hvorvidt dette reelt er tilfaddet eller g.

C.5 Litteratur

Thomas Bue Bjgarner, Jacob Kronbak, Thomas Lundhede, 2003: Valuation of
Noise Reduction - Comparing results from hedonic pricing and contingent
valuation, S&M nr. 51, 2003.

Banestyrelsen, 1998: Vurdering af stgjomkostninger ved banetransport - Ka-
benhavn - Ringsted, COWI for Banestyrelsen, november 1998.

Mogens Fosgerau og Thomas Bue Bjgarner, 2004: Joint models for noise an-
noyance and WTP for road noise reduction, research paper, 2004.

Jens Lunde og Anders Hvidt, 1999: Privatgkonomiske konsekvenser af bossd-
ning forskellige steder i Hovedstadsregionen og boligpolitikkens og skattereg-
lers betydning for dette, fra SBI rapport 315: "Boligmarkedet i @resundsregio-
nen", 1999.

Miljastyrelsen, 2003a: Hvad koster stgj?, miljgprojekt nr. 795, 2003.

Miljastyrelsen, 2003b: Forslag til strategi for begraansning af vejtrafikstg,
V g stgjgruppen, 2003.

Miljastyrelsen, 2003c: Strategi for begraansning af vejtrafikste) - Delrapport 1,
tekniske aspekter, COWI, 2003.

P:\56044A\Compiled Reports\Task 2 Marginal cost estimates\Final 10-08-04\2nd Report.doc



2nd Report - Marginal External Costs Matrices for Denmark 103

Miljastyrelsen, 2003d: Srategi for begraansning af vejtrafikstg) - Delrapport 2,
stgj, gener og sundhed, COWI, AMI og Muusmann, 2003.

Miljastyrelsen, 2003e: Strategi for begraansning af vejtrafikstgj - Delrapport 3,
virkemidler og samfundsgkonomiske beregninger, COWI, AMI og Muusmann,
2003.

Trafikministeriet og Miljastyrelsen: Begramsning af trafikstgj, COWI for Tra-
fikministeriet og Miljastyrelsen, Miljanyt nr. 30. 1998.

Vejdirektoratet, 1998: Vejtrafik og stgj - en grundbog. Rapport nr. 146. 1998.
Vgjdirektoratet, 1989: Stgjhensyn ved nye vejanlaag, rapport 2:31, 1989.

Bilag 1 Sundhedsomkostninger

Baseret p& oplysninger frabl.a. WHO* har man i mange &r haft en stagrk for-
modning om, at trafikstg) kan medfere sundhedsskader i form af hovedpine,
foraget blodtryk, forgget risiko for hjerte/karsygdomme, hormonelle pavirknin-
ger, stress og sgvnproblemer. Den seneste forskning bekragter nu at stgjekspo-
nering bl.a. medfarer gget risiko for hjertekarsygdomme og forhgjet blodtryk.
Stgj er derfor forbundet med omkostninger som falge af sundhedsskader.

Omkostningerne bestadr dels af direkte sundhedsmaessige udgifter til behandling
i sundhedsvaesenet, dels af velfaardstab i form af reducerede levedr og fravea
fra arbejdsmarkedet i forbindelse med sygdommen.

Hidtil har der ikke i dansk sammenhaang foreligget vurderinger af de sund-
hedsmaessige omkostninger knyttet til de neavnte sygdomseffekter baseret pa
sammenhaangen mellem stgjeksponering og effekt (sundhedsskade), ogsa kal-
det dose-response funktionen. De sundhedsmaessige omkostninger har derfor
hidtil kun vearet meget overslagsmaessigt ansldet som 50 % af geneomkostnin-
gernei den officielle enhedspris for stgj (Vejdirektorats Trafikakonomiske En-
hedspriser).

| forbindelse med udarbejdelsen af den nationale Ve stgjstrategi (Miljastyrel-
sen, 2003b) er der imidlertid gennemfart en baggrundsundersggel se, som har
givet et farste bud pd omfanget af de sundhedsmaessige konsekvenser. Resulta-
tet af dette arbejde ma betegnes som state-of-the-art viden pa omradet og er
derfor lagt til grund for vurderingen af de sundhedsmaessige omkostninger i
dette projekt. Undersggel sen er ganske kort resumeret nedenfor med fokus pa
resultatet. For en mere omfattende beskrivel se henvises til Miljastyrelsen,
2003d.

Stgj, gener og sundhed

Formalet med baggrundsundersagel sen var at tilvejebringe et overblik over de
sundhedsmaessige konsekvenser af vejtrafikstg) samt at give en konkret vurde-
ring af de sundhedsmaessige omkostninger. | undersggel se er de sundhedsmaes-

4" WHO: Guidelines for Community Noise, 2000
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sige omkostninger i forbindelse med hjertekarsygdomme og forhgjet blodtryk
forbundet med vejstgj opgjort. For disse to sygdomme er der dokumenteret sta-
tistisk signifikante risikoforggel ser ved eksponering for vejstgj.

Med udgangspunkt i den foreliggende viden er det forsigtigt anslaet, at i star-
rel sesordenen 800-2.200 personer arligt rammes af hjertekarsygdomme eller
forhgjet blodtryk som falge af trafikstgj. Overfares samme risiko pa antallet af
dedsfald, skennesi sterrelsesordenen 200-500 personer arligt at datidligere
end ellers som falge af vejstgjrelaterede sygdomme.

Den konkrete vurdering af de sundhedsmaessige omkostninger omfatter ggede
udgifter til sygehuse, sundheds- og socialvaesen og det @vrige behandlersystem
samt omkostninger i forbindelse med sygefravaa og dedsfald. De sundheds-
maessige omkostninger i sundhedssektoren er anslaet til i starrel sesordenen 40-
100 mio. DKK arligt, mens omkostningerne ved dgdsfald og sygefravaa er an-
séet til i starrelsesordenen 1.800-5.100 mio. DKK &rligt med den betalingsvil-
lighedsbaserede opgerel se af produktionstab ved tabt liv. Det bedste estimat pa
de samlede sundhedsomkostninger er opgjort til ca. 3,4 mia. DKK arligt (pris-
niveau 2002). Nedre og @vre skan udger hhv. 1,8 mia. DKK og 5,1 mia. DKK

| undersggel sen fremhaaves det, at det foreliggende grundlag for at vurdere om-
kostningerne er relativt spinkelt, men det skennes dog samtidig, at anvendelsen
af det her udarbejdede skan giver et bedre estimat end den hidtidige metode,
hvor omkostningerne blot anslas til 50 % af geneomkostningerne.

De samlede arlige sundhedsomkostninger skal relaterestil en enhedspris pr.
SBT. Dette er gjort i vejstgjstrategien ved at beregne det totale SBT for alle bo-
liger belastet med stgj over 55 dB, idet de sundhedsmaessige effekter netop er
estimeret for personer estimeret for stgj over dette niveau.

Det totale SBT for alle boliger over 55 dB er beregnet for den totale fordeling
af stgjbelastede boliger i & 2001. Det totale SBT er beregnet til knap 159.000
for boliger med stgj over 55 dB. Pa denne baggrund er den samfundsgkonomi-
ske enhedspris for sundhedsskader som falge af vejstg) opgjort til 21.250
DKK/SBT for estimatet baseret pa betalingsvillighed. Nedre og gvre sken ud-
ger hhv. 11.300 DKK/SBT og 32.100 DKK/SBT.

Det skal indskydes, at nar sundhedsomkostningen udtrykkes pr. SBT overfares
den bagvedliggende sammenhaang mellem stgjniveau og gene til sundhed. Det

kan diskuteres hvorvidt dette er hensigtsmaessigt, fordi dette ikke nadvendigvis
afspejler sammenhaangen mellem stgjniveau og forhgjet risiko for sygdom.

Ved at dividere med SBT fasimidlertid et udtryk, som relativt til den samlede
vestgj er korrekt, men hvis SBT sammenhangen ikke gedder, vil man ikke
nadvendigvis reprassentere vaardien for de enkelte stgjniveauer korrekt. Af Mil-
jostyrelsen, 2003d (side 35) fremgar det dog, at der er en svag eksponentiel
sammenhaang mellem stgjniveau og relativ risiko (ligesom SBT sammenhaan-
gen er eksponentiel).
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