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Abstract

This paper presents a pragmatic approach for redutie environmental impacts of transport in the
German Federal State Saxony. The aim is to uspdtemtial of pricing measures for effectively reihgc
environmental impacts of transport. They are coetbiwith less-effective but more accepted non-pgicin
measures in a policy package. The developmenti®fhproach starts with the calculation of the enirr
external costs of transport in the case study &eeond, a policy package reducing these exteos#s ¢s
composed. Third, the development of the externatscs assessed and compared in two scenarios, a
BAU-scenario and the policy scenario where meastgédscing the environmental impacts of transport
are implemented. Fourth, the public and politiceteptability of this policy package are investighte
The results show that it is possible to developolicp package that is effective for reducing the
environmental impacts as well as acceptable toptitdic and politicians. Therefore, such a package
approach is suitable to guide future political demis and actions towards a more sustainable twansp
sector.
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1. Introduction

For several decades, European transport policy $asght to reduce the
environmental impacts of transport and to suppwetdoncept of sustainability in the
transport sector. Significant progress was madélifierent areas, especially in the
development of new technology. However, the redustiin emission achieved by
innovations were largely overcompensated by areasad transport performance.

Economic measures are regarded as a promisingavagducing the environmental
impacts of transport. Such measures include not dinéct operating (internal) costs
but also costs resulting from environmental impactsmgestion, accidents etc. (the so-
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called external costs). These external costs areavered by travellers but are imposed
on the whole society, other regions or future gatens. As a result, current transport
prices do not reflect the full costs caused bygpant. However, these prices influence
mobility behaviour by setting the financial scopewhich people realise their travel. If
they do not include the external cost componentglgewill not include them into their
travel decisions either. Thus, pricing measuresirftarnalising the external costs, i.e.
making the users pay for all the costs they caargea powerful instrument to change
these decisions and reduce the environmental impéd¢tansport.

From a theoretical point of view the situation isar. In practice, political initiatives
to move forward with this approach are hardly impéeted even though there are some
notable exemptions, like the heavy good vehicleita$witzerland (Schade & Schlag,
2003). A reason could be that external costs, orlwthese internalisation measures
are based, are highly variable and their calculationtains a number of uncertainties
especially for long-term effects. Another and piaiganore important reason is the lack
of acceptability. Politicians are reluctant to mase the costs for transport because they
fear resistance from the public and the businesswamnity.

To overcome this problem a pragmatic approach wasldped for reducing the
environmental impacts of transport. The aim waslégign a policy concept that is
effective for reducing environmental effects as|vasd acceptable to the public and
politicians. A package approach was used combirgfigctive but less acceptable
pricing measures with more acceptable non-pricingasares. These non-pricing
measures do not directly internalise external costsstill contribute to the reduction of
environmental effects of transport. Hence, we dda mdend to stick to the
internalisation principle in the classical econorsénse but extend it and include non-
pricing measures that support the reduction of renmental effects as well. This
approach moves transport significantly towardsasnoability as outlined in the national
and international guidelines published for exampie the ECMT/OECD and the
European Commission (EC, 2006; ECMT 20b4).

This paper is based on a series of research pgdjleat aimed at designing such a
policy package for the German Federal State Saxdimg development process
included the calculation of the current externatsmf transport for the case study area.
These costs can be seen as a mirror of the envinat@inmpacts of transport which are
transformed to monetary units. Second, a packagmlafy measures was designed to
reduce these external costs and the environmeffedt® behind them. Third, the
effectiveness of the policy package to reduce tharenmental effects was assessed.
This was done by modelling the impacts of the popackage and comparing them
with a Business-As-Usual-scenario (BAU). The BAlgmsario is based on the
assumption that no significant changes in transpolicy will be implemented. The
comparison between both scenarios also illustridtessavings for the economy if the
policy package is implemented. Finally, the puldied political acceptability of the
policy package was assessed (see Becker, 200XxeG2600, 2004, 2006b).

The paper is organised in a similar way. The nextign introduces the case study
area which is the Free State of Saxony, its regjistracture and local conditions. In
section 3 the methodology to calculate the exteowsits is described, with special

1 A sustainable transport development requires thesideration of further aspects besides the

implementation of the polluter-pays-principle ahe teduction of environmental effects of transport;
see Gerike, 2007 for a comprehensive specificatibnthe concept of sustainable transport
development.
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emphasis on the specifications for Saxony. Sedtigmesents the current amount and
spatial distribution of external costs of transpiortSaxony. In section 5 the policy

package composed to reduce these external costshanehvironmental damages of
transport is outlined. In section 6 the resultshef modelling exercise are described. To
illustrate the effectiveness of the policy packé@gempacts are compared with a BAU-

scenario. In section 7 the methods and resultsassessing the public and political

acceptability of the policy scenario are presenfdte paper finishes with a discussion
of the results in section 8.

2. The regional structure of Saxony (Germany)

The Free State of Saxony is one of 16 Federal sstateGermany situated in the
eastern part of the country (see Figure 1). It towen area of 18,415 km2 with
approximately 4.3 million inhabitants.

Saxony, just as the other parts of Germany, isctdte by serious demographic
changes that affect passenger as well as freighsport (Scharfe, 2004; Saxon State
Office of Statistics, 2003). Two main trends in tevelopment of the population are
observed.

First, the population is expected to decline dudot® birth rates and employment
migration to the western part of Germany. Accordioghe population forecast of the
Statistical Agency of Saxony, the number of inhafi¢ will decrease from 2000 to
2020 by 14 percent to approximately 3,786,000 iithats (Saxon State Office of
Statistics, 2003). The differences in the densftghe population will increase since
sparsely populated rural areas will depopulate nstrengly than the urban centres.
Only for the biggest cities Leipzig and Dresdenlighs increase in the population is
predicted.

Second, the population is expected to grow olderaverage due to higher life-
expectancy, as well as again low birth rates argfration (of mostly younger people).
The mean age will increase from 43 years in 200tgears in 2020. In 2020 the share
of people older than 65 years will be higher th@np8rcent in almost one third of the
Saxon municipalities.

Furthermore, Saxony is situated between variousf&an centres and therefore used
as transit route. In 2003 the share of foreignalebion Saxon motorways amounted to
20 percent and is expected to increase further (B26).

These developments impose potential problems ®trdmsport sector. There will be
no significant decrease in transport volumes bwefetaxpayers covering the costs for
the maintenance of transport infrastructure.
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Figure 1: The Free State of Saxony: Regional adsnation.

3. Methodology for calculating external costs

The methodology used for calculating externals cast transport in Saxony was
based mainly on the studies carried out by Infve¥1 (Infras/IWW, 2000, 2004), the
EU-projects UNITE (Nash, 2003) and ExternE (Bick2005) as well as on Swiss
projects (ARE, 2004 a-d; Ott, 2005). The methodsseh were modified to incorporate
the more detailed data available for the case siuely. Figure 2 gives an overview over
the main input data, the methodology and the bassumptions for quantifying the
external costs of transport in Saxony.
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Figure 2: Input data and methodology for quantify@xternal costs of transport in Saxony.
Source: Gerike, 2006b.

The following general approaches to monetise thr@mmental impacts of transport
were applied:

. Damage costs: Environmental damages that are céoysenad transport sector are
directly converted into monetary units. This appfo& the most suitable way of
assessing the costs of the environmental damagege\t¢r, it can only be applied
if dose-response-functions are known.

Willingness to pay (WTP)/hedonic price methodoloBgople are willing to pay
for measures to improve the environment. This WaPR loe regarded as the price
for this environment. The first option to quanttfyis price is to ask people how
much they are willing to pay for e.g. a certain amioof noise reduction (WTP).
The second option is to investigate the differenbesween prices e.g. for
dwellings with more and less noise exposure (haedpnce methodology). These
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differences can be interpreted as lost money duendise pollution. Both
approaches indicate upper limits of external c@std are used here e.g. for
guantifying noise and intangible costs.

Prevention costs: This method quantifies the ctst$ are necessary to avoid
certain environmental damages. To assess prevetdists it is necessary to set
goals for environmental protection. These goaldccte the result of a political
process or scientific consensus. This method msnofised for estimating climate
costs.

Based on these general approaches specific methaddéculate the different external
costs have been used. The following paragraph ibescthem in more detail (see also
Figure 2):

Accident costsThe first component was the costs of reproducinmuding costs of
medical treatment, professional rehabilitation guodicial costs. The second cost
component, the costs of resource losses, includei@tal production losses causes by
death or temporary inability to work. Net-productitbpsses were quantified as product
of losses of future working time and average p@itaaincome minus future
consumption. The third and very sensitive cost comept was intangible costs of
health damages. These costs are quantified by asirigk value” of 1.5 million Euros
per fatality. This risk value was applied only fopn-causers of accidents. The
assumption was that the causers know about the med&ted to their driving behaviour
and have included it into their personal cost-bemeldculation. The fourth cost
component, the costs outside the market, includegtoduction of goods and services
that are not included into the national account.tAbse costs were reduced by motor
vehicle third party liability insurance contributi® in order to get the external accident
costs.

Noise costsThe noise costs were calculated by using the @iss developed by
Infras/IWW (Infras/IWW, 2000, 2004). These costesatvere applied for a combined
target value of 55 dB(A) for daytime and 45 dB(A) hight-time. This assumption is
based on the recommendations of the German Adviouycil on the Environment.

Air pollution costs The air pollution costs are composed of healtbtg;obuilding
damages, costs due to crop losses and forest damidgalth costs are by far the
dominant component. They were calculated basedpatemiological results of the
WHO (Infras/IWW, 2000, 2004; WHO, 1999). As withcaent costs, the intangible
costs are a very sensitive component also fordlailation of air pollution costs. These
costs were quantified in the same way than thelaoticosts.

Climate change cost§&or quantifying the climate change costs a shaploge of 135
Euros per ton COwas used. This shadow price is based on calcokto avoidance
costs related to the goal of reducing transporg-€@issions by 50 percent until 2030
compared to 1990 (Infras/IWW, 2004; Becker, 2002} chosen value is much higher
than the shadow price of 20 Euros per ton,O&hich would result from using the
Kyoto-aims (Nash, 2003). The decision for the higlvalue was based on the
assumption, that the shadow price should refleet&pparent deviations from long-
term, scientific goals. The Kyoto protocol is arpontant step to achieve reductions of
CO, emissions, but it is a political compromise andhi@ long term not sufficient. Even

2 See SRU, 2005; using the target values of 65 dBigdtime / 55 dB(A) night-time recommended by
the Environmental Noise Directive (RL 2002/49/EGQ)uld lower the external noise costs by about 60
percent, see Gerike, 2004 for an analysis of Seitgit
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if all Kyoto aims will be met, there will be costsf climate change that future
generations have to bear and that were causeddby’sotransport. These costs should
be reflected by the external climate costs.

Nature and landscapeA biocentric approach was used to monetise thectsf of
transport infrastructure on nature and landscaperti®g from a predefined carrying
capacity it was analysed to what degree the curmemisport system exceeds this
carrying capacity and what costs would be necessarkeep it. The following
components were included: unsealing and repairscasists of contamination of soil
and water and a flat-rate value to consider furdffercts like visual constraints.

Separation effectsThese effects were monetised by time losses @weiting times
and detours which pedestrians face at transpogstrficture in built-up areas. They are
based on FGSV (1997) and Infras/IWW (2000).

Land consumptianThese costs were quantified by the costs of ggabased on
FGSV (1997) and Infras/IWW (2000): “The legitimigat of these costs is based on a
fairness principle: The road sector is leadingfgace scarcity in cities, which causes
additional cost especially for non-motorised tramsp (Infras/IWW, 2000, p. 48).
Thus, the costs for bike lanes which have to bé btihighly frequented roads were
guantified.

Up- and downstream effect3he external costs of up- and downstream effects
comprise all effects that are caused by activitbeshe transport sector that go beyond
moving goods or passengers. Examples for thoseiteediare the provision of energy,
the production of vehicles and infrastructure. Blase Infras/IWW (2000) costs of air
pollution and costs of climate change were inclulede as main components of up-
and downstream effects.

The resulting costs of the environmental damagas tilansport causes comprise a
certain degree of uncertainty. It arises from ttieent degree of accuracy of the input
data as well as the methods for calculating théscdavo strategies were applied to
cope with this uncertainty. First, different metBatglere used in parallel to monetise one
effect. In this way an interval with upper and lovienits was determined. Second, the
precautionary principle was used: In case of amgetainty concerning methodology
and / or quality of input data lower limits werdatdated. That means the results rather
underestimate the “true” external costs of transpor

Input data was available at different spatial lesetlisaggregation depending on the
type of external cost and transport mode. Data raffid volumes, air pollutant
emissions and energy use was available per linkafeery detailed network for all
transport modes. The road noise register of Sapooyided detailed data on noise and
population. Data on air pollutant immission wasetakfrom the Saxon immission
register with a spatial disaggregation of 2.5 x Rr&. Information on number and
severity of accidents was available on municipaéleLand-use data was obtained from
official Saxon statistics.

All environmental effects of transport were inclddmto the analysis as well as
external costs of accidentdhe calculation was carried out at different leved spatial
disaggregation. Depending on the input data and riethodology the most
disaggregated level possible was used. Finally,réselts per cost component were
converted to municipal level so that data on execosts of transport is available for
all of the 522 municipalities of Saxony.

¥ See Becker, 2002 for the discussion of congesiimhinfrastructure costs.
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All external costs of transport were calculatedoadimg to the inland principle: All
environmental effects within Saxony were considened matter whether they were
caused by Saxons or by other people. Thereforg, thel LTO-cycle (Landing-Take-
Off) was taken into consideration for aviation o®t5 m (3000 ft) (Gerike, 2000).

The methodology described above was applied taméete the status quo in Saxony
and to forecast the external costs for the polegnario as well as the BAU-scenario.
For both forecast scenarios the following assunmmgtivere made:

Only real changes were calculated: No rate of pncesase was included. Thus,
the changes of external costs predicted only refie changes of real
environmental effects. Consequently, the risk vadunel the shadow price for
climate costs are not extrapolated by any intesdst

Accidents: The estimated number of unreported aotgdwas taken from the
status quo based on the assumption that no relevemges in regulation will
come into effect. Furthermore, the share of causmrgared to all casualties is an
important input parameter. It differs between tledigle categories: For accidents
with two-wheeled vehicles involved, almost all ings are causer (80% with
motor bikes, 84% to 90% for mopeds). This shargedses to about 18 percent
for duty vehicles and 33 percent for private caeer(ke, 2006b). In the BAU-
scenario it is assumed that the transport voluménfo-wheeled vehicles and duty
vehicles increases, while it decreases for pricats compared to the status quo.
Since these trends are contrary to each othertenghiare of causers was stable in
the years analysed for the status quo, the staitusiyare of causers to non-causers
was applied to the BAU-scenario too.

Air pollution, noise: For the air pollutant emissgit could be referred to the
DAVUS-project and to the road noise register of @gx(Scharfe, 2004). The
immissions were predicted from the status quo basethe development of air
pollutant emissions as well as of climatic condigid

4. External costs of transport in Saxony - the stais quo

Table 1 shows the external costs of transport pst component for all transport
modes in the year 2002. This is the most recent galgulated in the status quo. The
dominant transport mode is road transport whiclseawabout 95 percent of all external
costs of transport. Rail transport is responsilole dbout 4 percent of total external
costs. Waterborne and aviation together cover deper

Table 2 gives an overview over the shares of tifferdint vehicle categories within
road transport. Here, the car is dominant causth@edicent of all external costs. The
most important cost component of cars is the aotidemponent. That is, because of
the risk value used to quantify intangible csthe risk value also influences the
external health costs caused by air pollution athéu important cost component. The
climate costs are very sensitive to the shadowepriecsed. These costs are also very

See LfUG, 2005 for a discussion of climate chamgdlems for Saxony.
See section 3 for the methodology used for gfyamgi intangible costs. See Gerike, 2000 for a
sensitivity analysis for all cost components.

5
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high since a shadow price of 135 Euros per ton @8&s taken as basis. The up- and
downstream costs depend mainly on external costs pbllution and climate change.

Table 1: External costs of transport modes in 2002.

[m Euros] Road Rail Aviation Waterborne Total
Accidents 2,185 0 1 0 2,186
Air pollution 1,386 63 0 8 1,457
Climate change 1,061 43 14 5 1,123
Up- and downstream processes 547 42 2 3 594
Noise 406 102 2 n.c. 510
Nature and landscape 197 0 0 n.c. 197
Land consumption 97 n.c. n.c. n.c. 97
Separation effects 1 0 n.c. n.c. 1
Total 5,880 250 19 16 6,165

Note: N.c. = not calculated.
Source: Gerike, 2006b.

Table 2: External costs of different vehicle catégmin road transport in 2002.

[m Euros] Car LDV/HDV MC Bus Total
Accidents 1,879 170 123 13 2,185
Air pollution 556 770 0 60 1,386
Climate change 659 370 9 23 1,061
Up- and downstream processes 324 208 3 12 547
Noise 125 260 16 5 406
Nature and landscape 133 60 2 2 197
Land consumption 78 17 2 1 98
Separation effects 1 0 0 0 1
Total 3,755 1,855 155 116 5,881

Note: LDV = Light Duty Vehicle; HDV = Heavy Duty \fecle; MC = Motorcycle
Source: Gerike, 2006b.

Figure 3 shows the spatial distribution of exterc@dts for all transport modes. Here
the concentration of external costs in the mairibecomes apparent. The 10 biggest
municipalities, where 37 percent of inhabitant® licause 31 percent of total external
costs. The three biggest cities Dresden, Leipzeg@nmemnitz alone, covering 5 percent
of the whole area of Saxony and 28 percent of iithats, generate a share of 24
percent of external costs of transport (Gerike 5200

69



European Transport \ Trasporti Europei n. 38 (2D0&L-84

Figure 3: Total external costs of all transport e®dh Saxony in 2002.
Source: Gerike, 2006b.

5. The policy package

The development of the policy package was guidethbyfollowing considerations
(see Gerike, 2004, 2006b):

The results so far have shown that external coststhus the environmental
effects in transport consist of several componesiieh are each characterised by
different qualities: Noise exposure depends fataimse mainly on traffic volumes,
road surface and technology of the vehicles, sighha engine performance.
Number and severity of accidents, however, dependriving behaviour and on
road design. Because of these varying characteyigtis not possible to choose
one single measure that effectively reduces alirenmental effects. Different
measures that target the different environmentphits of transport are needed.
Pricing and non-pricing measures differ in theige of effectiveness and
acceptability. Pricing measures are very effectige reducing environmental
effects, but they are lacking public and politicatceptability. Non-pricing
measures are on the other hand well accepted,dbasneffective. By combining
pricing and non-pricing measures in a so-calleck@ge approach a reasonable
degree of acceptability even for pricing measumas loe achieved (Jones, 2001;
Schade & Schlag, 2000; Goodwin, 1989).
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The results of section 4 and the knowledge abautktaracteristics of the external
costs of transport in Saxony to date enabled ugléatify the most relevant

components and areas in order to set the priontigisin the policy package

accordingly.

Furthermore, mainly measures were chosen which r§asoresponsible for the

implementation. However, this requirement neededbe¢o relaxed somewhat,

because the legal responsibility to implement sofitbe most effective measures
is assigned to the Federal or even European |&hels, a compromise had to be
made between the aim of effectiveness and the lgessnplementation by the

Free State of Saxony.

Finally, when specifying each measure current gotlevelopments in Saxony
were taken into consideration in order to faciétahe implementation of the

policy package by using current and possible fuirelows of opportunity.

These considerations let us conclude, that a pac&hgolicy measures is necessary
which focuses on different environmental effectd arcludes pricing as well as non-
pricing measures. The aim was twofold. On the camedhthe intention was to include
the main effects that cause the highest amountxtdrmal costs (air pollution and
climate costs, accident and noise costs). On therdtand the spatial distribution of
external costs of transport in Saxony was consttdtere, a significant concentration
in urban areas became apparent (see section 4).

Figure 4 describes the measures chosen and thegifisption for the modelling
exercise and the acceptability study. Since th&ampe became quite comprehensive, it
was decided to divide it into four parts to keeplé&ar and manageable. The four parts
of the package also represent the main foci ofpiblecy package resulting from the
Saxon conditions: urban transport, land consumptibmate change and safety.

The first part of the policy package focuses omaarbransport. It contains measures
which should be mainly implemented in the main Saxdies (Chemnitz, Dresden,
Leipzig). The focus was set on air pollution andsadhat are above average in these
urban areas. Furthermore, the measures are aimeduging traffic volume in the inner
cities in general in order to achieve an overafluation of environmental effects of
transport. The two pricing measures in this parthef package are urban road pricing
and parking management. The level of charge foamroad pricing was determined to
correspond with a single ticket for public trangpétarking management is explicitly
proposed for both, the city centre as well as simgppentres outside the city. That is, in
order to prevent the distortion of the competitlmetween the retail sector in the city
centres and the shopping centres outside. Sinaevdoaer of shopping centres outside
the cities exist, this specification seems necgssat only to prevent negative side-
effects but also to get support from the local bess community. Thus, the level of
both pricing measures was explicitly not based argmal external costs but was
chosen pragmatically. The aim was to move towandspolluter-pays-principle while
simultaneously keeping the pricing measures congm&hle for the public.

The external costs of land consumption do not lgeltm the main costs mainly
because of the methodological difficulties in masiag changes in soil and water
quality caused by transport. However, this is doser long-term problem from an
environmental point of view that attracts incregbinattention especially in the
discussion on sustainable development. Therefbie,ptoblem of land consumption
should be included in any policy package reducing énvironmental impacts of
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transport. Furthermore, the continuing migratiorpebple to other parts of Germany in
combination with the demographic change in Saxoitlyl@ad to declining tax revenues
in the future. This makes investments in infragticee and even the maintenance of the
existing transport infrastructure an expensive aader (Ahrens, 2005). By linking new
construction projects to existing public transpooinections, developments in new
areas will become less attractive which reducedl laonsumption considerably.
Furthermore, if public transport access needs tm Ipdace prior construction, the costs
of building new transport infrastructure becomet drthe overall land development
costs. That again makes areas that are closertexisting public transport network
more attractive.

The third part of the policy package deals witlmelie change. It is regarded as key to
the effectiveness of the policy package as a whleduction of external costs in that
area will influence all other environmental effectsa positive direction and is therefore
vital for environmental protection. Thus, the measubelonging to this part of the
package have been included despite the fact tegtrtiainly do not fall into the legal
responsibility of Saxony. However, on the Europeamd Federal level there is
considerable progress in the discussion on clinchnge and the transport sector.
Recently, the European ministers of environmentidéet to commit to reducing
greenhouse gas emissions by 30 percent until 202bea frame of an international
agreement on climate protection (compared to 19806¢ EU intends to reduce their
emissions at least by 20 percent until 2020 (coegpan 1990) until a new agreement
will be arranged and independent of their positiorinternational negotiations. The
German government announced even more ambitiougetsar Thus it seemed
reasonable to include these policy measures, éwargh they cannot be implemented
by the Saxon authorities themselves.

The last part of the package was devoted to trafifety. That is, because first
accidents cause significant external costs (segored). Second, in previous years
Saxony has invested considerable resources in wmgdraffic safety. For example,
Saxony participated in a pilot project introducitige learner driver's license, which
allows teenagers to drive already at the age dirsiead of 18), provided that they are
accompanied by a licensed driver. Therefore, thatige political climate in Saxony
may be used as window of opportunity to facilitite implementation of these policy
measures.
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Policy measures

Specification in the policy scemari

Measures focusing on urban transport

1: Urban road pricing
2: Parking management

3: Pedestrian zones

4: Higher environmental standards in public
transport

5: Promotion of cycling

6: Promotion of car sharing

7: Access restrictions

City centre cordon: flat rideentry of 1.70 /day

In city centres as well aping centres outside
cities: 1.00 /hour

Extension of existing pedesones
EEV for all public transport vehicles

Extension of the cycle netly bicycle parking
facilities

Centrally located pagkfacilities, co-operation of
car sharing operators with public transport

Access restrictions for highission vehicles in
sensitive areas such as city centres or naturevesse

Measures focusing on land consumption

8: Sustainable transport planning

Public transpocess must be in place prior new
developments

Measures focusing on climate change

9: CO-tax

10: Promotion of fuel saving driving behaviour

11: Promotion of alternative fuels

To cover climate damages an additional tax on
petrol: + 0.32 /litre and diesel: + 0.36/litre will be
levied

Dmits education and training programmes
emphasis and practice fuel saving driving behaviour
Biodiesel wi#t bubsidised by lower prices, more

petrol stations and research programmes

Measures focusing on safety

12: Risk differentiation of driver’s third party
liability insurance

13: Speed reductions
14: Reform of driver’'s education

15: Higher safety standards

Bonus-Malus system according to accident risk

Motorways: 120 km/hour , udraas: 30 km/hour

Pilot projectdedirner driver's licenses, which
allow a person to drive provided they are
accompanied by a licensed driver

Legal alcohol limitdoiving reduced to 0.00%o.

Figure 4: Package of policy measures.
Source: Gerike, 2006b.

Note: EEV = Enhanced environmentally friendly Védifcategory used in European emission standards)

6. Effectiveness of the policy scenario

In this section the results of the modelling exacanalysing the effectiveness of the

policy scenario are presented. The impacts of tleypscenario are compared to a
BAU-scenario. The BAU-scenario was based on thempton that there will be no
significant changes in transport policy within tti@e span of modelling. The policy
and BAU-scenario were modelled for the year 202fls Time span has been chosen
because it is far enough into the future to captateonly short time but also long-time
effects. On the other hand, the year 2020 is cssugh to the status quo so that
reliable results could be obtained by taking curtesmsport trends into consideration.
Furthermore, the project DAVUS (Scharfe, 2004) whias an important data base for
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Vehicle Kilometres Travelled (VKT) and air pollutaemissions provided detailed data
for the year 2020.

First, the expected development of key input datdascribed since these changes
considerably influence the development of extenwsts. Second, the development of
external costs itself will be presented. Table 8vwahthe Vehicle Kilometres Travelled
(VKT) in the policy scenario as well as in the BAldenario. Car traffic performance in
the policy scenario is about 12 percent lower caenbéo the BAU-scenario. Bus traffic
performance is significantly higher, about 10 patce

Table 3: Differences in vehicle kilometres travella the policy scenario compared to the BAU-scienar

[m vkm] 2020 BAU 2020 Policy Difference in %
Car 26,047 22,843 -12%
MC 805 792 -2%
Bus 198 218 +10%
LDV/HDV 6,428 6,114 -5%

Source: Gerike, 2006b.

Figure 5 describes the results for the air pollumission. The total emissions are
significantly lower in the policy scenario comparedthe BAU-scenario. This holds
true for the C@emmissions, the PM10-emmissons as well as the &l@issions. The
reasons for these reductions are a changed fleet and driving patterns as a
consequence of the policy measures. However, thelg@ment of the emissions is
partly compensated by the further increase inrdiid performance (see section 2).

Figure 5: Reduction of air pollutant emission ie ffolicy scenario compared to the BAU-scenario.
Source: Gerike, 2006b.
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The policy scenario furthermore results in reduddiof accident rates by 23 percent
compared to the BAU-scenario. That means that enpblicy scenario there are 23
percent fewer injuries per vehicle mile travelldédrt in the BAU-scenario. Figure 6
shows how this affects the total accident figuidse number of injuries decreases by
31 percent. Hence, the reduction of accident natéscilitated by decreasing transport
performance achieved through the policy measures.

Figure 6: Number of causalities in road transport.
Source: Gerike, 2006b.

Table 4 shows the external costs of road trangpedicted for the year 2020 for the
BAU-scenario and the policy scenario. The totabexdl costs of road transport amount
to nearly 4,000 million Euros in the policy scepamwhich corresponds to 82 percent of
the total external costs in the BAU-scenario. Tisad reduction of 18 percent. The
strongest reduction is observed for the accidestscthat decline to 69 percent in the
policy scenario. This effect is exclusively dueth® lower number of injures in the
policy scenario (cf. Figure 5). The noise costslidedo 94 percent due to decrease in
traffic performance in some of the different vebichtegories. The costs of air pollution
and climate change are reduced because of theti@akiof air pollutant emissions and
energy use. It is expected that the policy measacbgeve improvements in the specific
environmental performance per vehicle kilometrevadl as in the total environmental
impacts. The external costs of nature and landsdapd consumption and separation
effects remain stable because it is assumed tleatrédmsport infrastructure remains
unaffected by the policy package. Despite the fhat no changes were assumed for
these effects, they are included in Table 4 andreid for making the absolute numbers
comparable to the status quo presented in seciton 4

® Spatial effects were treated separately (Spie&enn2005).
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Looking at the shares of the cost components theesbf accidental costs declines
from 26 percent in the BAU-scenario to 22 percentie policy scenario. The share of
all other components remains stable respectiveds gp even if the absolute numbers
decline. The share of air pollution costs for inst& goes up from 27 percent to 30
percent, the share of noise costs increases frpemncént to 9 percent.

Table 4: External costs of road transport: BAU- anticy scenario (in prices of 2000).

2020 BAU 2020 Policy Difference in %
Accidents 1192 819 -31%
Noise 337 318 -6%
Air pollution 1,235 1,093 -12%
Climate change 1,015 806 -21%
Nature and landscape 149 149 -
Usage of space 94 94 -
Separation effects 1 1 -
Up- and downstream processes 503 414 -18%
Total 4,528 3,694 -18%

Source: Gerike, 2006b.

Figure 7 gives an overview over the distributiorcoéts components within the road
sector as dominant transport mode in the two sanafhe strongest reduction of
externals costs is achieved within cars. The eaterosts decline from 2,592 million
Euros to 1,976 million Euros in the policy scenafiibe main reason for this decrease is
again the declining accident figures.

Figure 7: Total external costs of road transpo&020: BAU-scenario and policy scenario.
Source: Gerike, 2006b.
Note: Car BAU = Car BAU-scenario, Car Intern. = @alicy scenario
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7. Acceptability of the policy package

A political and public acceptability survey was dacted to assess the acceptability
of the policy package. A semi-standardised intevvigith Saxon citizens as well as
politicians and decision-makers was designed amdlwced. The policy package was
presented to the participants using the card sgprtechnique. That means, the
specification of each proposed policy measure wagga on a 15 cm x 21 cm card.
Theses cards and the specifications of the poliegsures respectively were presented
to the participants one by one with no referencéhofour parts of the package (see
Figure 4). After the presentation participants was&ed about their assessment of this
particular policy measure. If participants did notderstand the meaning of a policy
measure further explanations were given prior te #ssessment questions. These
explanations were determined beforehand and in Way standardised for all
participants. Each interview lasted approximaté&yn@nutes.

The citizen sample consisted of 40 participantspii®e and 21 female participants.
The average age was 42 years (SD = 16.45 year$)pgrcent of the participants were
living in Saxon cities and 42.5 percent were livingrural areas. 92.5 percent of the
participants had a driving licence and 77.5 peraembhed a private car. Those 77.5
percent also used their private cars as main mdédeaeel, only 22.5 percent used
public transport.

The sample of politicians and decision-makers ctediof 15 participants, 13 male
and 2 female participants. The average age waed® YSD = 7.29 years). All of them
were working in the transport sector in Saxonyhatttme of the interview and therefore
chosen as experts. However, this sample just asitihen sample is not representative
for the population of Saxon citizens and decisicakars. 3 participants belonged to the
Federal state level, 1 participant to the distieeel, 9 participants to local authorities
and 5 participants to relevant companies and assmes. Every participant possessed a
driver’s licence. 53 percent of participants udealrtprivate car as the main travel mode
followed by 40 percent using public transport.

After the presentation of each policy measure gigdihts were asked to evaluate
three aspects: the acceptability, the perceiveecfieness and the knowledge of each
measure on a 4-point scale from 1 = not at all kmleffective/acceptable to 4 = most
well known/effective/acceptable. The politiciansdagecision makers were not asked
about their knowledge. It was assumed that as experthe transport sector they are
familiar with these measures. Finally, the accaptalof the whole policy scenario was
assessed using the 4-point scale again.

In contrast to the evaluation of the effectivenafsthe policy scenario (see section 6)
the acceptability was not only assessed for thelevioenario but also for each policy
measure separately. Only after participants evatuaach policy measure they were
asked about their acceptability of the whole sdendihe reason for this procedure was
twofold. First, the composition of the policy pagkawas based on a number of
considerations (see section 5). For example, it agssimed that pricing measures are
least accepted whereas non-pricing measures ateawadpted. These considerations
are mainly based on the results of internationadiss and have not been validated in
the Saxon context. Thus, the results of the simgéasures were used to verify the
considerations of the package composition. Thersbceason was to give participants
enough time to get familiar with each policy measbefore they are asked to evaluate
the whole policy scenario.
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The results of the public acceptability, the knadge and the perceived effectiveness
of each policy measure are presented in Table §eheral most policy measures are
rather unknown. The most well-known measures weeeléarner driver's license, the
legal alcohol limit of 0.00%. and car sharing. Thadt known measures were the reform
of driver's third party liability insurance, parlgnmanagement and the g@x.
According to the participants their knowledge abihgt policy measures results mainly
from the political discussions in the media. Agaitiés background it is not surprising
that for example the new learner driver's licenseai rather well-known measure
whereas the more established parking managementafideceive a high knowledge
score. At the time of the interviews a pilot prajeoncerning the new learner driver’s
license has just started and pictured in the media.

The effectiveness of the measures is assessed $atnmare positive. On average 75
percent of the policy measures were regarded astefé or rather effective. The legal
alcohol limit of 0.00%0 and the access restrictionsensitive areas are assessed as most
effective whereas the learner driver's license, pagking management and the
promotion of alternative fuels were regarded astledfective measures. Hence, the
theoretical assumption that more well-known measwuaee also regarded as more
effective does not apply to all cases (Schade &&§¢2000).

The acceptability of the policy measures was goiteed. As expected the pricing
measures such as urban road pricing or the-ta@®© were rather unacceptable. In
contrast non-pricing measures such as the promatiaycling and car sharing were
more acceptable to the public. The promotion oflisgcand fuel saving driving
behaviour were regarded as most acceptable. Leeseptable were parking
management and the G@ax as well as the learner’s driving licence.
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Table 5: Public acceptability of the policy packdtienot at all to 4=most, mean values).

Policy measures Knowledge Perceived Acceptability
Effectiveness

Measures focusing on urban transport

1: Urban road pricing 1.75 2.90 2.30
2: Parking management 1.23 2.30 1.70
3: Pedestrian zones 2.48 2.87 3.47
4: Higher environmental standards in public tramspo 2.00 3.22 3.35
5: Promotion of cycling 2.28 2.82
6: Promotion of car sharing 2.7( 2.65 3.15
7: Access restrictions 2.35 3.45
Measures focusing on land consumption

8: Sustainable transport planning | 1.65 2.50 2.90
Measures focusing on climate change

9: CO- tax 1.40 2.82 1.60
10: Promotion of fuel saving driving behaviour 2.10 3.10
11: Promotion of alternative fuels 2.05 2.32 2.25

Measures focusing on safety

12: Risk differentiation of driver’s third partyability 1.13 3.02 3.45
insurance

13: Speed reductions 2.33 3.00 2.27
14: Reform of driver’s education 1.90 1.97
15: Higher safety standards 3.5( 3.40

Note: the highest mean values are indicated byedréw numbers, the lowest mean values by black
bold numbers

The aim of composing a package of policy measuras o achieve a reasonable
degree of acceptability especially for the pricimgpasures. Thus, participants were
asked to evaluate the acceptability of the wholecpscenario. With a mean value of
2.12 the acceptability of the policy scenario heighin the range of the lowest mean
values (2: Parking management; 9: £&6x) and the highest mean values of the single
measures (5, 10: Promotion of cycling and fuel sg\driving behaviour). Overall 37.5
percent of the participants stated that they agtekeast somewhat with the policy
scenario. Compared to the figures of 10 percen2Qagpercent that are reported for
pricing measures as single measure this can bedexhas a substantial improvement
(see Schade & Schlag, 2000; Jones 2001; Lyons,epulater & Parkhurst, 2004).
That means that pricing measures received indeleigher acceptability score within
the policy package than as single measures. Orbpnuroad pricing received a
somewhat higher mean value as single measure.

The results for the political acceptability and peceived effectiveness of politicians
and decision-makers are presented in Table 6. &irtalthe public the decision-makers
assessed the effectiveness of the policy measatbsrrpositive. All measures were
assessed as at least rather effective with mealesvaigher 2.50. The only exemption is
the learner driver's license which is regarded ather ineffective. The positive
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assessment of the effectiveness of the policy meaday the experts can be regarded as
a tentative validation of the modelling exercissutes which demonstrated that the
policy package significantly reduces external costsansport in Saxony.

For the politicians pricing measures were less @ed®e than non-pricing measures
as well. However, the level of support for pricimgasures was higher compared to the
citizens. Furthermore, the learner driver's licetisat was already assessed as not
effective was rather unacceptable. Most acceptalilee politicians were the promotion
of cycling and fuel saving driving behaviour ané tleduction of the legal alcohol limit
to 0.00%o.

Table 6: Political acceptability of the policy pagje (1=not at all to 4=most; mean values).

Policy measures Perceived Acceptability
Effectiveness

Measures focusing on urban transport

1: Urban road pricing 2.73 2.47
2: Parking management 2.60 2.60
3: Pedestrian zones 2.93 2.80
4: Higher environmental standards in public tramspo 2.73 3.13
5: Promotion of cycling 3.8(
6: Promotion of car sharing 2.73 3.40
7: Access restrictions 3.29 3.36
Measures focusing on land consumption

8: Sustainable transport planning 3.13 3.27
Measures focusing on climate change

9: CO- tax 2.60 2.67
10: Promotion of fuel saving driving behaviour 2.67
11: Promotion of alternative fuels 2.73 2.73

Measures focusing on safety

;2: Risk differentiation of driver’s third partyability 3.07 3.33
insurance

13: Speed reductions 3.2( 2.73
14: Reform of driver’s education 2.07 2.00
15: Higher safety standards 3.6(

Note: the highest mean values are indicated byedréw numbers, the lowest mean values by black
bold numbers

With a mean value of 2.67 the acceptability of éméire policy scenario lies within
the range of the lowest mean values and the higheah values of the single measures
for the politicians and decision-makers as wellthan road pricing vs. 5: Promotion
of cycling). Overall 66.7 percent of this samplaleated the entire policy scenario as
suitable for reducing external costs of transporiSaxony. Even thought politicians
accepted pricing measures as single measure tfhartdegree compared to the citizens
they also supported them more as part of a pohckage.
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Comparing public and political acceptability it see that there are only minor
differences. Both groups regarded the promotiorcyaiing and fuel saving driving
behaviour as the most acceptable measures. Fudheriie reduction of the legal
alcohol limit of 0.00%. and the access restrictioeseived high acceptability scores.
The smallest mean difference between both grougsolaerved for the learner driver's
license. Both groups did not accept this measuney Bhared the view that teenagers
are not mature and careful enough at that agehé&umnbre, they do not agree with the
imitation of American examples, with which this #inof driver's education is
associated. Statistically significant differencesaeen public and political acceptability
were found for the C@tax and the parking management which were accejotel
higher degree by the politicians. The reverse hlas for the access restrictions which
were accepted to a higher degree by the public (M&hitney U-Test, p < 0.05).

Figure 8 compares the public acceptability with fhblic acceptability as it is
perceived by politicians and decision-makers. Tlesults show that the public
acceptability is mostly underestimated. This regibs the results of a similar study by
Schade and Schlag (2000). The closest correspoadeas found for the C&ax, the
promotion of car sharing and the promotion of aléwve fuels. The biggest
discrepancy was found for urban road pricing, pe@es zones and the risk
differentiation of driver's third party liabilitynisurance. The public acceptability of
these measures was far higher than anticipatedebigidn-makers. And even though
this acceptability study comprised only a small antrepresentative sample it suggests
that not only the public acceptability of pricingeasures but restrictive measures in
general is underestimated by politicians and dewcisnakers. That may explain why the
overall positive political acceptability of the pased policy measures has not been
translated into political actions so far.

1: Urban road pricin;ﬁ : )

2: Parking managemem
3: Pedestrian zone
4: Higher env. standards in

5: Promotion of cycing and waknEe————— \
6: Promotion of carsharnfE

7: Access restriction:

8: Sustainable transport planni

9: CO2- taxf;

10: Fuel saving driving behaviol
11: Promotion of alternative fue
12: Risk differentiation of insuranc

13: Speed edicioE

14: Reform of driver's educatim
15: Higher safety standar
1 T T T T

1 2 3 4 5

‘D Public acceptabilty Perceived public acceptabil‘ty

Figure 8: Comparison of public acceptability aneé #ssumed public acceptability by politicians and

decision-makers (mean values).

Note: Perceived public acceptability was measurea percentage scale from 1 = 0-20%, 2 = 21-40%, 3
= 41-60%, 4 = 61-80% to 5 = 81-100%. The relatikegfiency of the public acceptability has been

transformed into the percentage scale for compariso
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8. Summary and Conclusions

There is scientific consensus, that external costse inefficiencies in the transport
sector. Their reduction is a vital condition for kimey transport more efficient and
environmentally friendly. The situation is clearethetically. However, political
activities to move forward with this approach hawnty been undertaken tentatively.

Politicians are reluctant to increase the costdréorsport because they fear resistance
from the public and the business community. Pricimeasures, which are very effective
for reducing the environmental impacts of transpdéck public and political
acceptability. Non-pricing measures on the otherdhare well accepted, but not as
effective. The combination of pricing and non-pngimeasures in a so-called package
approach is regarded as a promising solution sodiemma. An increase in the costs of
transport will probably always remain a controvarsssue, but a policy package may
gain sufficient public support to move forward witte implementation of the polluter-
pays-principle reducing the environmental impadtsansport.

This paper presents such a package solution foFtbe State of Saxony. Based on
the current situation of external costs of transpoiSaxony (the status quo) a package
of policy measures was developed. The impact sfibiicy scenario was assessed and
compared with a Business-As-Usual-scenario (BAlhade). Furthermore, the public
and political acceptability of this policy packagas analysed.

The main conclusions of this research are:

The decline in population due to the demographiange does not solve the
environmental problems of transport in Saxony. Ettevugh a decrease by 14
percent is predicted from 2000 to 2020, road trartsglumes will remain stable
with car volumes decreasing by only 4 percent aredglit transport even
increasing by 15 percent. Therefore, political @i are necessary to significantly
reduce the environmental impacts and thus the madteosts of transport.

The modelling results show that a package appro&giricing and non-pricing
measures is effective for reducing the environmeimi@acts in transport. The
policy package reduces the external costs by 18epercompared to the BAU-
scenario.

The interviews revealed that citizens as well abtipans assessed the policy
package as rather effective for solving the envirental problems of transport.
As expected the acceptability of the single polgasures was mixed. Pricing
measures such as urban road pricing or the-ta@© were rather unacceptable.
Non-pricing measures such as the promotion of mgaind car sharing were more
acceptable. But overall almost 40 percent of theeans supported the entire
policy package. This is a substantial improvemdrihe acceptability of pricing
measures. Presented as single measures they liyygaad public support of only
10 percent to 20 percent. However, the level oflipudzceptability especially of
restrictive and pricing measures was clearly urstenated by politicians and
decision-makers. That may explain why they hesitatgout forward effective
pricing measures in the transport sector.

This paper has demonstrated that it is possibteesign a package of policy measures
for reducing environmental impacts in transport thaffective as well as acceptable on
a local level. Even though it is certainly not rett to assume that this package will
fully be implemented in a short period of time,c&n serve as a guideline for a
sustainable transport policy in Saxony in a lonmgatgerspective. Furthermore, the
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process of designing such a policy package desthbee may serve as an example for
other cities or regions how to initiate a procelsseducing external costs of transport.
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