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Zusammenfassung

Gegenstand der vorliegenden Dissertation ist digwieklung eines methodischen
Werkzeuges, konkret eines allgemeinen rechenbateich@ewichtmodells (Computable
General Equilibrium Model, CGE), welches zur Bewrg politischer Malinahmen den
Personenverkehr  bzw. die  Personenverkehrsleistung  Deutschland  im

volkswirtschaftlichen Kontext abbildet. Ziel der Wit ist die Anwendung dieses
methodischen Instrumentariums zur Evaluierung igolier MalRBhahmen im
Verkehrssektor — wie der Einfihrung von StraBentremgsgebihren fur Pkw —
hinsichtlich resultierender Effekte, einschlie3ladr gesamtwirtschaftlichen Folgen.

Zur Untersuchung 6konomischer Umverteilungseffakter Pkw-Maut werden im Modell
nach Einkommens- und Wohnsiedlungsstruktur diffeete Haushaltskategorien
abgebildet. Dabei werden erhebungsbasierte Mikesdatzur Mobilitdt und

Einkommensverwendung privater Haushalte in ein esbhres, allgemeines
Gleichgewichtsmodell der gesamten deutschen Votksefiaft integriert. Damit wird die
private Nachfrage nach motorisiertem sowie offeh#m Verkehr in dem CGE Modell
Uber realisierte Konsum- bzw. Nachfrageentscheidangrivater Haushaltskategorien
abgebildet. Als wichtiges Ergebnis zeigt die Arbmigressive Wirkung einer Pkw-Maut
innerhalb der Einkommensverteilung privater Haughah Deutschland. Gleichzeitig
wirde eine Pkw-Maut von 5 Cent/km die £Bmissionen in diesem Sektor bereits um bis
zu 10 % senken. Die regressive Wirkung der MaRnakaren durch eine adaquate
Ausgestaltung der Einnahmenverwendung kompensiertlem. Damit kann die oft als

fehlend diskutierte Akzeptanz der Pkw-Maut innebohdgr Bevolkerung erhéht werden.

Schlagworter:
Personenverkehr, Allgemeine Gleichgewichtsmodeifigr Wohlfahrtseffekte,

Umverteilungspolitik, Gerechtigkeit, Stral3ennutzsgebihren






Abstract

The purpose of this dissertation work is the dgwelent of a methodological framework in
terms of a computable general equilibrium (CGE) etad order to carry out an integrated
impact assessment from road charging introducederpassenger car sector for Germany.
The pricing policy measure is applied to the pevatotorized travel demand covering the
overall road network. The uniqueness of this waskirniguishing it from the current state of
the research in the area of CGE modeling is firdtlg application of an existing
methodological approach to a newly constructed bdesa for Germany, secondly the
extension of the model framework by integratingdlamse characteristics of private
household residential location, and finally the dad assessment of distributional and
equity implications within the private householdtee from the introduction of road use
charging. To give a better understanding of distidnal, equity and welfare impacts from
the introduction of car road pricing within the ok economic context, mode specific
travel demand of private households is integrateéd the CGE model. The modeling
framework accounts for different household catezprivith respect to income and
residential location through the integration of &&bral mobility parameters as well as
household travel expenditures. The analyses ofcyposimulations are carried out
introducing different road charging revenue redsitiion schemes. The results of this work
show that distributional effects and equity coneeaire strongly related to the revenue use
patterns as well as to country and household spdwiivel demand profiles. However, the
introduction of road user charges can have a pesithpact on environmental welfare
through the reduction of car use and the correspgn@0, emissions, when mode shifts
are induced through the implementation of the poteform. They results of this work
provide country specific insights concerning thélpuacceptance of road user charges
applied to passenger car travel.

Keywords:
Passenger road travel, Computable general equitibmodel, Transport policy
assessment, Road use charging, Distributional itapBquity
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1 Introduction

Policies of any kind — targeted or not targetedfluence demand. Growing concerns about
energy consumption and supply issues, environmentrnalities, and climate change
matters emerge in the need for policy involvemdiiese concerns are closely linked to
transportation, in particular the road travel seckence, policy instruments are needed.
They are being developed and partially implementetackle negative external impacts
from motorised road travel on the environment damel gociety. Their effects require an
assessment and a deeper understanding. The objexfvovide a deeper understanding of
the overall economic and environmental effects froan road charging in general and
distributional impacts in particular are the driyimotivation for this dissertation work. The
development and the application of the methodobddmol for an integrated assessment of
such effects — with strong focus on household iBistional and equity effects — is the core
research task of this dissertation work.

There are several motivations for constructing alehdor Germany: Obviously Germany
is a large and therefore important economy. It alfers a good coverage of data that are
required for the construction of the model datapbdse, input- output- and social
accounting data as well as household travel, incame expenditure data. Germany is
furthermore one of the countries, where the idethermproposal for the introduction of car
road charging shows up regularly on the policy dgemrguments propagating car road
pricing are to finally introduce a road use chaogeforeign drivers using German road
network otherwise without paying for it. Furtherrapbecause a distance dependant road
use charge applied to the freight sector is alreadyace since 2005, it is not unlikely to
assume that with manageable technological enhamtertiee existing revenue collecting
infrastructure in the freight transportation seatould be adapted to passenger cars. The
technical feasibility of the measure is a strontedon when discussing its realisation; an
introduction of car road charging as discussed latein this work is not an unrealistic
undertaking.

Taxes or charges levied on car users are oftergrEs$ito meet specific internalisation

objectives of uncovered (external) costs associatgd car use. In some cases they
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combine the price of negative environmental or aodmpacts from (fossil) fuel
combustion and road use together with the paynantdad infrastructure provision. No
matter what is their exact definition, road chaggimeasures share a common problem:
they lack (broad) public acceptance. Introductiba coad use charges or an augmentation
of the fossil fuel tax evokes strong welfare disitional and equity concerns, mainly
among car users. Broad public opposition to carelsgéed measures for reduction of fossil
fuel consumption and therefore climate change mtitbgp is a well-known phenomenon
and often discussed in the literature. However gffective scope of the impacts on private
car users and the overall economy from the augrientaf automobility cost depends on
the exact design of the measure and on the accommgarevenue use or reallocation
scheme. Relevant factors are therefore the magnénd range of the policy measure or
the level and implementation scheme of the charge what assumptions is it based — and
what are the integrated (welfare) impacts on peviabuseholds, as well as effects on
environment and the overall economy. Still, it @mnon presumption and concern that
distance dependent road use charges work regrgsspgarding their economic and social
impacts. As households from the low income categospend a greater proportion of their
income on travel and energy, they are more likelyo¢ adversely affected by imposed
charges on car road use. In practice, the actuphétof road user charging on each
economic sector or agent is closely linked to dmeaharacteristics of the national
economy, but also to car travel demand patternglitoned upon the observable and
implicit sociodemogarphic and economic structurg@myate households, accessibility and
land use attributes. The strong influence of thBainliving conditions of households on
policy outcomes suggests the application of ansassent instrument that would account
for these characteristics through the model spmtibn and the construction of the
database.

The methodological approach has to take into adctnenmultidimensional and integrated
impact of policy measures such as road use chargspecially when public revenue is
collected and reallocated. The objective of thesgnéed doctoral thesis is therefore to

investigate equity and welfare distributional efsefrom car road charging on the private
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household sector in the specific case of Germahg. golicy impact assessment covers the
entire economy with special focus on the privatedetolds and their welfare situation
before and after the introduction of the measuie.give a funded understanding of the
mode of functioning of environmental and transpooticy measures targeting car use,
especially on their socioeconomic implications,oaerall model of the German economy
is extended by a more disaggregated private holdebpresentation. The methodology
used in this work is a computable general equiiriframework with integrated private
household car travel and public transport demaiitireintiated by combined income and
spatial residence characteristics.

The work reveals the effectiveness of road usegihgbeing the only approach of its kind
carried out for Germany. Varying scenario assummgtias to the design of the policy
reform provide the basis for the simulation analysf the model. As a result the work
guantifies the relationship between welfare andtgaifects from road user charging and
the formulation of the revenue reallocation scheriibe application of household category
specific behavioural parameters in form of travemand and travel demand elasticities
approximate the practical real life situation o€ tholicy implementation environment (in
Germany). Results obtained are derived from a samgirical basis providing a new
insight in the integrated assessment modellingarebe The uniqueness of this work
distinguishing it from the current state of thee@sh in the area of CGE modeling is
therefore, firstly the application of an existingetmodological approach to a newly
constructed database for Germany, secondly thensrte of the model framework by
integrating household categories of equivalentimeqguartiles and land use characteristics
of households’ residential location, and finallg thuantitative assessment of distributional
and equity implications within the private househekctor from the introduction of road
use charging.

In Chapter 2 of this thesis work relevant theosdtiaspects for the methodological
application and the interpretation of the resutts discussed. Research work on the basic
economic concept behind road charging, on roadgamgracceptability, and on welfare,

distributive and equity effects within the econondontext are presented. Chapter 3
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proceeds with an overview of the research doneinvitite area of applied overall economic
impact assessment of road pricing measures inrémsgort sector, taking into account
welfare distribution and equity effects. The objeztunderlying this doctoral work and the

description of the methodology used to obtain #seiits conclude Chapter 3.

Chapter 4 focuses on the detailed description efnttodel and the data applied. It starts
with a brief introduction of some basics of the geh equilibrium theory, goes over the

model structure and its particularities, and endth whe description of the extensive

database and the multiple data sources used tdrecnthe CGE model with integrated

private household demand. Emphasis is put on tleeifsp incorporation of passenger

travel demand into the economic modelling frame.

After the initial definition of varying scenariosiderlying the policy simulations, Chapter 5
deals with the description, interpretation and ukston of the model results.

Chapter 6 concludes and gives a critical outlookh@research subject of this thesis work.
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2 Theoretical discussion

In the following, relevant theoretical aspects floe methodological approach underlying
this work are discussed. The discussion includegarticular relevant aspects for the
interpretation of the modelling results and forwesng the research question concerning

distributional and equity impacts from road userghmg in the passenger car sector.

2.1 Theoretical discussion of road pricing

In this Chapter, firstly relevant basics concerrting theoretical background of road pricing
are revealed. The presented theoretical discusalwout social cost pricing focuses
exclusively on the road travel sector as the cargjest of this work. Some of the
theoretical aspects discussed are then linked &mples of the implementation of the
measure referring to current European Union (EUjcpdramework as well as national
policies regarding road pricing. The Chapter codetulinking the theoretical discussion

with the road charging policy implemented lateriothis work.

2.1.1 Social, private, internalised, and external co$t®ad use

Road pricing or road charging defined as direclectibn of user charges per km of
infrastructure demand look back at nearly a centdirgconomic research and literature. It
is based on the simple reasoning of economic ralitgrthat the individual willingness to
pay for consumption of goods and services shouldatethe marginal social cost of its
production. Market pricing of transportation resms such as vehicles, fuel, insurance, etc.
does not automatically bring about an efficient e$epublic roads. Direct cost of car
ownership and use represent individual transportatiosts and their payment does not
cover the overall social cost caused by (car) partsSocial cost of car travel has to reflect
the monetarised damage or negative externalitiggsed through individual car use on
society as a whole as well as on other car anduears. Pigou (1920) based his concept of
externalities on the work of Marshall (1890) antereng to it as the “indirect effect of a

consumption activity or a production activity oretbonsumption set of a consumer, the
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utility function of a consumer or the productiométion of a producer”’External costs are
therefore induced by transport users but not bbgnthem, instead these costs are passed
on to third parties and the general public. Thaidkexternal costs and the implementation
of road pricing goes beyond the mere applicatiorarmfeconomic, market based pricing
mechanism to the commodity “road space” reflectitgy scarcity. Its application is
extended to such goods as environmental qualitgitihesafety, even quality of life, and
others. Jansson (1997) defines marginal social aostfrastructure use as the sum of the
following marginal costs:

Costs borne directly by the motorist (provisiorvehicle and fuel, travel time of the car

user),

Cost imposed on the infrastructure provider (prioviand maintenance of the

infrastructure),
Costs imposed on the infrastructure users (delagsrereased risk of accidents),

Costs imposed on society as a whole (environmeuotaltion, noise, global warming,

etc.).

Hence, firstly a distinction between private anteotsocial costs is made, where private
costs are most often borne by the road or vehistg and therefore directly internalised.

The social costs comprise the extern social costsbarn the private road user and the
internalised social costs borne by the private noset. The extern cost components of the
social cost of road use are generally used asabss lfior the social marginal cost pricing

calculation.

Table 1 summarises the distinction by presentingmon negative externalities associated
with motorised travel and (marginal extern) soctalst calculations as well as the

individual or private costs of car use born by easér.

! External economies are mentioned in Marshall (199Q66).
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Table 1 Overview of social and private cost componés of car use

Negative externalities their social costs components vs. private costs generated from motorised travel

Negative externalities and extern social cost components

Private, internalized costs from car use
from car use

Congestion cost: Cost of car trip before taxes:

- timelosses, i.e., extra time costs caused to other - carownership,

road users, - maintenance,

- vehicle operating costs, - fuel, parking,

- environmental pollution, etc. - insurance, efc.
Health risks, fatalities and infrastructure damage from road Own time costs
accidents
Air pollution, e.g., CO2 emissions Taxes related to car and fuel expenditures
Noise exposure Other car use related charges
Climate change Own accident costs
Other externalities: Insurance premium for accident costs caused to others

- damage of nature and landscape,

- land use,

- soil and water pollution,

- up- and downstream processes,

- additional costs in urban areas,

- energy or fossil fuel dependency of the motor

vehicle sector, etc.

Sources: Delucchi (1997), Quinet (2004).

The total amount of the social external costs testtbom the summation of the cost
components enumerated in the first column of Table

Externalities can be basically defined as a simatvhere the economic activity of one
agent alters the profit or utility of at least oather agent in the economy and is not
accounted for by the market. According to economitciples of the neoclassical

economic theory this leads to a market failure hog a suboptimal or Pareto inferior

solution. Some scholars argue that the growth adl toaffic and resulting externalities are
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the result of distorted pricing policies for théfelient modes of transport, in particular road
travel. The failure to account for external costsransport prices have led to excessive
growth of the more polluting modes of transport andthe other hand hampered the
growth of more environmentally friendly modes.

Hence, many scholars, among them Marshall (189gpuP(1920), Smith (1937), Dupuit
(1952 [1844] and 1962 [1849]), Vickery (1948 an®8p Coase (1946), or Mohring (1964
and 1976), have been arguing in favour of (maighyernment intervention. The existence
of externalities justifies therefore governmenemention, e.g., through the introduction of

prices to internalise given externalities.

2.1.2 Marginal social cost pricing principles

The efforts behind the assessment of social roadcasts are induced by the need to set
(road use) prices as a method of resource allotalibe argument that the “right” price
does not exist has important implications for tieedssion of road pricing where different
cost calculation approaches have been developedtiogdast century. Hence, pricing is
based on the principle that it should rather reéfigatimal pricing strategies that allow
reaching specific goals. The optimal profit maximgs price may not coincide with the
price that would lead to the welfare maximum (coneu oriented) vs. one that would
cover long run investment decisions (supplier dgdh The main difficulty of pricing
policies — in particular also in the case of roattipg — lies in finding the general
consensus on the objective or the goal to be aediby a price setting (Button, 1993a).
The theoretical argumentation behind the markéiraidue to the uncovered social cost in
case of car and road use is often discussed bas#teqgraphical) reasoning behind the

basic road pricing model as presented in Figure 1.
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Cost per trip

4 MSC(Q)
()
O, O Number of trips (O)
Figure 1 Optimal taxation in the presence of sociatosts from car road travel

with a basic road pricing model
Sources: The presentation of the Figure 1 is a fieddversion of Walters
(1961) Figure 1.

Within the figurative representation of the basiad pricing model — that can be basically

applied mainly to congestion related externaliticalations — (see Figure 1) the following

assumptions are made: each individual makes opeaisi one person per vehicle, along a

single section of road between a common originaedmmon destination. The number of

trips, measured as an hourly flow, is plotted anhbrizontal axis. The cost per trip defined

as vehicle operating costs plus the opportunity obsravel time is plotted on the vertical

axis. As the number of trips Q increases, congestieentually forces drivers to slow
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down, increasing the average cost of a trip C(Q@pubh time delays. The motorist's
marginal cost coincides with average cost when eactorist accounts for a negligible
fraction of flow and all trips are identical in ¢oslence, the function C(Q) is assumed to
represents both the average cost and the privatgmahcost of car (and road) use.
Demand for trips (and trip utility) is described &ygonventional downward-sloping inverse
demand curve p(Q). Without road pricing equilibrianses at the point of intersection G,
where @ trips are made, each at a cost The equilibrium is inefficient because car users
ignore the fact that they absorb road capacity tedefore leaving less space to the
remaining road users. The excess demand of roadcitapmposes time delays and
therefore causes additional time cost to other meitdo Moreover, the private cost curve
C(Q) does not consider additional costs imposetheyndividual car user on the society as
a whole, i.e. environmental damage, noise, ete {sble 1). The total social cost of Q
trips is TC(Q)=C(Q)*Q, and the marginal social cosvf a trip is
MSC(Q)=TC(Q)0Q=C(Q)+C(Q)I0Q*Q. The social optimum is therefore represented by
the point D of intersection between the MSC(Q) p(@). The socially optimal number of
trips @ is less than © To reach the social optimum road users must tieacost of @
including the cost they impose on other road uasnsell as on the general public. This can
be realized by introducing an extra charge for roade at the level of
To=MSC(Q)—C(Qu)=0C(Qu)/0Qc*Qo, Whereto equals the marginal external congestion
of a car journey and can be extended to includeratbcial costs generated from car use.
To is also known in the literature as the “Pigouviar” or the “Pigouvian toll” and its
formula is intuitive since it equals the marginalay imposed by a driver on each other
driver 0C(Qo)/0Qo multiplied by the number of other motorists.(he social welfare gain
from imposing the additional road use charge issuesl by the increase in social surplus
covered by the area DFG. It results from the radadh total costs minus the reduction in
total benefits due to the decrease in traffic.

The argumentation behind the model described inurBigl might be convincing,
nevertheless the model implies a number of rathegalistic assumptions and difficulties

when it comes to the real world implementationteformalized mechanism.
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Some of the often criticized assumptions introduiced first best solution models for the
sake of its simplification are:

Ubiquity of user charges,

A single road connecting one origin to one desitimatno junctions),

One user per vehicle,

Travelers are assumed to have perfect informatioruficertainties),

Vehicles contribute equally to congestion,

Identical individuals except for their reservatynce to make a trip,

Traffic flow, speed and density are uniform alohg toad, and are independent of time,

Congestion is the only market failure; i.e. tham@o other transport externalities or
distortions elsewhere in the economy and they whaige to be additionally

incorporated into the model framework, and
There are no shocks due to accidents, bad weaftemial events, etc.
Rest of the economy operates under first best tondi

Moreover, not only the simplifying assumptions hdeen subject to critical discussion
among scholars in the field of economics as wekrgineering, the modeling framework
and the theoretical idea behind road pricing hamnbeearing an important number of
substantial concerns. Firstly, imposing road pgaimcreases drivers’ private costs since it
follows the objective of road capacity managemaenterms of car travel reduction. The
road pricing revenue accrues to the pricing operattich is usually assumed to be a
government agency. Hence, after paying the additiovad use charge motorists end up
worse off in the first place. Thedusers who continue to travel per unit of time sut
cost increase of £Cg, and the @Qp motorists who give up road use suffer a loss of
surplus that ranges from zero for the marginal @de@: in the pre-policy-intervention
situation to G-Cg for the new marginal user atoQThis argumentation is limited to the
road and car user society, if the analysis focosesongestion externalities. However, the
argumentation can be extended to the society afhi@ewincluding its non-motorised

members through the consideration of social margosts of externalities.
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Undoubtedly, these losses give grounds for oppmwsito road charging. The welfare
decline can be compensated only if the governmeas wat least part of the revenue to
invest into road capacity expansion, to improveraktive transportation means, to cut
other user charges, or to introduce rebates tcedriin some lump-sum manner. In his
discussion of external economies Pigou (1920) icitplipromoted the use of appropriation
suggesting that the revenue from the social cdstnalization measure should be “devoted
exclusively to the execution of new and specifiadamprovements”, to the effect that “in
the main, the motorist does not pay for the danfagealoes to the ordinary roads, but
obtains in return for his payment an additionalvieer useful to him rather than to the
general public’ (Webb and Webb, The King's Highwawy250 in Pigou 1920 p. 193). This
argumentation refers to some extent to the ideatki®internalisation of external effects
from road use is indirectly linked through road @am to the aspect of infrastructure
network financing.

Secondly, the mere collection of road charging ientanfrastructure, operating and
administration costs, including the inconveniermenhotorists. Is the demand for car travel
rather price inelastic — as it is generally theecasthe short run — the charging revenue
(covered under ADEB in Figure 1) is substantial paned to the welfare gain DFG. But it
should be kept in mind that the net social beriedih road pricing can easily turn negative
as soon as its proportional collection cost pet oin¢ollected revenue becomes high.
Hence, Pigou’s idea of government intervention digiointernalisation of externalities was
not fully uncontroversial on the basis of regulgtpolicy principles. According to Knight
(1924) and against the Marshallian tradition of eexédl economies, government
intervention and public transport management wess lefficient than private transport
management and were therefore considered supesflimost half of a century later
Coase (1960) brought into the debate the aspecm$action costs, being in general higher
for multilateral transactions when private partiese involved than for government
intervention. In this case public regulations maynore efficient.

To overcome some of the simplifications and shaonicgs of the theoretical approach as

presented in Figure 1, especially with regard togestion charge modelling, additional
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specifications were included in the time-independendel to make it time-dependént.
This is in line with the fact that travel demand@ constant over time. The additions refer
to how travel demand depends on time and how ¢réifiivs change over time and space.
The aspect of special travel demand distributicsh raad capacity use results from the fact
that road infrastructure supply can be considegedlexible (and extendible) in the long
run, in the short run or at a given point in tihéas a limited capacity. For the theoretical
consideration of excess road use demand and camgéekternalities), the objective will
be to model the welfare optimal level of congestiather than to model congestion-free
social optimum. Nevertheless, first best approadbesoad pricing calculations remain
subject to strong criticism. Significant barriersgarding the implementation or the
calculation of the mathematical solution for th#edent first best optimization approaches
are the unrealistic assumptions underlying the rsoae well as the estimation of the C(Q)
and p(Q) curves.

With the introduction of second best approachem#wginal social costs calculations at
least the dilemma with some of the difficult to rhassumptions underlying the first best
models have been tackled. According to the econgminciples underlying first best road
pricing solutions tolls are calculated equivalenttihe external costs generated by each
motorist or traveller. The economically efficieimst best solution is assumed to encompass
the optimal road use at its maximum efficiency. dhtveless, first best pricing has been
criticized as of largely restricted practical redece turning interest to second best pricing
as being closer to the practical reality. In secdrebt approaches to road pricing
calculations, one or more of the restrictions odei@assumptions required for the first best
solution as enumerated above are modified or rechd@eckmann et al. (1956) argue for
example that it is straightforward to compute flest tolls on a road network assuming the
ubiquity of user charges and perfect informatiout ib tolls are restricted to only some

links of the network or are held constant over titme second best approach becomes more

2 The consideration of individual time values playsarticular role when road charging is appliecgithe
objective of a congestion management mechanisnh kgard to equity concerns it has been a general
argument whether congestion charges work in a ssiye manner, i.e. in favour of high income growp®
are assumed to have higher values of time andftrertheir profit from congestion reduction excedus
burden of paying the congestion charge (Richards®n4; Evans, 1992; Arnott et al., 1994; Small, 3,98
Transek, 2002).
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suited for solving the problem. Some examples efgbcond best based pricing solutions
are cordon pricing around city centres instead otral network charging, the
implementation of stepwise pricing instead of srhfotime varying pricing schemes, or
road pricing according to fixed instead of varyohgly traffic conditions. Thus, “in reality,
the optimal prices are non-unique and deviate fnoanginal external costs, since they can
be practically imposed only on a set of links, andhclude the effect of several other
restrictions and market distortions, hence, yigldsecond-best’ pricing settings” (Tsekeris
and Voss, 2009).

In other words, the approximation of the theorétinadel with its optimum calculations to
the real life situation requires the relaxationsofme of the Paretian optimum conditions.
This is where the optimisation approach is beimgdferred from a first best to a second
best solution. As it is known the attainment of ard®an optimum requires the
simultaneous fulfilment of all the specified optimweonditions. The general theorem of the
second best indicates that if one of the Paretimoim conditions cannot be met due to
some constraints a second best optimum soluti@thseved only by giving up all other
optimum conditions. Hence, the failure of fulfilmeof one of the optimum conditions
makes the attainment of the remaining conditiorsotete, even if they are still attainable.
The resulting second best optimum situation isefoge by definition attained subject to a
constraint that hinders the realisation of a (fiosst) Pareto optimum situation (Lipsey and
Lancaster, 1956).

Nevertheless, to solve mathematically for the optimat point D and for the optimal
pricing level atto under first best or second best optimality coondsi remains rather
complex. Even the rules necessary for second bpStmam attainment are quite
challenging since they have to take into accountaamy of indirect effects. The
computation of the optimum requires the estimatbrthe (individual) demand and cost
functions, including elasticity parameters. Everthwthe current advances in computation
techniques and data collection methods this remaidemanding undertaking, regarding
the requirements and theoretical assumptions inh@&memarginal social cost and efficient
price calculations (Lindsey, 2003; Lindsey and \6efth 2001; Nash, 2001; Rouwendal and
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Verhoef, 2006; Rothengatter, 2033Jhey involve detailed information on the compasiti
and the sum of the external costs caused by transpoluding e.g. heterogeneous trip-
time preferences and time values of individual rasgkrs, i.e. anonymous vs. non-
anonymous, or type-specific pricing. Especially #simation of overall congestion costs
and the money value of lost travel time based quodpnity costs calculations face major
theoretical and measurement obstacles (Button,ld)993
Rothengatter (2003) points to additional restritsioimplied by the simple textbook
approach that throw a critical light on the implenaion of the marginal social cost
pricing approach:

Complex measurement,

Equity is ignored,

Dynamic effects including investment decisions teahnology choices are not taken

into account,
Financing issues are ignored,
Institutional issues (public economics) are ignored

Price distortions elsewhere in the economy areriggho

2.1.3 Alternative approaches to marginal social costipgic

Another critical aspect of (social) marginal cosicing taking into account some of
Rothengatter’'s (2003) critical notes is the didtortimplied between short run vs. long run
marginal cost. In line with the short run margiralst pricing approach no additional
infrastructure provision is taken into account mmuy infrastructure capital costs
irrelevant. The long run marginal cost pricing aggoh assumes that infrastructure
experiences an optimal expansion as response fition@dl traffic, reducing in turn the

additional negative effects from traffic congestienternalities. Hence, if capacity is

optimally adjusted up to the point where the adddi capital costs of expanding capacity

% For extended literature review on road pricingotlyealso see Langmyhr (1995 and 1997), Morrisoi8).9
and Small (1992).
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equal the reduction of the otherwise generated imargosts from excess travel demand
the short run marginal cost and long run margimat @qualise. The main problem with
equivalence assumption between the short run argdrlen marginal (social) cost pricing is
the fact that in most cases road capacity cannetbiy and flexibly, optimally adjusted to
demand.

As suggested by the neoclassical economic theorgina social cost pricing, defined as
the sum of the costs imposed by an additional aseghe network, on other users, and on
the society as the whole, is the welfare maximisfirgt best pricing scheme for charging
transport infrastructure use. It is also generalseasus that short run marginal cost is the
proper pricing approach. Nevertheless, the corgiders of long run marginal cost pricing
methods may be appropriate when decisions abougrtwsion of additional road capacity
need to be accounted for within the optimal priakewlation. This is for example the case
when self- financing constraints of the networlaarinter-modal transportation system are
applied to the calculation of the marginal sociastcoptimum. The optimal road charge
will then tend to exceed the intercept between dbeial marginal cost and the travel
demand curve and be located above it, where theageecost curve and the car use
demand curve cross each other.

However, on the theoretical basis and under cedasumptions Mohring and Harwitz
(1962) accomplished to bring together the shortsocial marginal cost pricing approach
and the postulate of infrastructure capacity coyerd he resulting cost-recovery theorem
implies that the revenues from short run socialgimal cost pricing suffice to pay for
optimal capacity if capacity is perfectly divisibéand supplied at constant marginal cost,
and user costs are homogeneous of degree zerage and capacity. Therefore, the cost-
recovery theorem seems to overcome the confliavdmt short run social marginal cost
pricing and the average or the full cost pricingoraach based on revenue coverage
criterions. Part of the research that followedittea of road pricing serving as a financing
source to pay for (road) infrastructure provisiaxplered the robustness of the cost-
recovery theorem to relaxation of assumptions (Newb1988 and 1989; Small and
Winston 1988; Small, Winston and Evans, 1989). Agaiready Dupuit (1962 [1849])

34



referred to road charging as to an instrument fovedng long-run costs of road
construction and maintenance in the sense of alifigntoll”, rather than to manage road
use in terms of a “decongestion toll”.

Especially growing political interest in and wiliness to actually implement road pricing
schemes in practice helped to navigate the theatediebate about second best marginal
social cost based price calculations for road asatds alternative pricing theories, where
the focus also lies on balanced budgets withineltag between the transportation sectors,
similar to the idea of the cost recovery argum&nt.mention just two alternative pricing
rules, average cost pricing and Ramsey (1928)nwiaire both considered as deviations
from marginal social cost pricing. According to theerage cost pricing rule prices are
equal to the sum of financial costs of the modeansideration divided by its total volume.
The structure of resource costs, i.e., fixed vsiabde, sunk or not, etc., and the type of the
transported medium, i.e., goods vs. passengersioaispecifically taken into consideration
within the calculation approach. The main objectvie average cost pricing is cost
recovery. Many forms of average cost pricing exsstice the numerator and the
denominator are to some extent arbitrary. Therefeeral volume indicators can be used
for the cost calculation, e.g., trips or vehiclRietres for passengers and ton kilometres or
vehicle kilometres for freight. Furthermore, difeces within accounting rules used within
the average cost calculation are not always unifetq, in terms of depreciation rules, etc.
and can therefore result in different total costaapts (Jha, 1998).

The discussion about the implementation of shartmarginal social cost pricing to induce
“efficient” usage of roads vs. average cost pridimijnance them goes back to the research
era of Dupuit and Pigou. The difference betweentiyee approaches lies especially in the
requirements related to their calculation, whereginal social cost pricing requires the
variation of charges with respect to space, ting \&hicle, or user characteristics calling
for finer pricing instruments than average costipg.

The rule applied for the calculation of Ramsey abcost prices is based on the idea that
prices are set as optimal deviations from margsoalal costs. The deviations are required

to meet cost recovery targets for the transportosexs a whole. In the case when the
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revenues collected based on the marginal socialpcasng do not cover the financial cost
of infrastructure (use), Ramsey pricing requireat tthe margins (price-marginal social
cost) are increased in a way that is inversely prignal to the elasticity of demand in the
relevant market (Proost and Van Dender, 2003).

In economic terms, the basic idea behind the emeragiternative cost calculation rules is
to calculate the optimal (most efficient) deviatibom the first best to the second best
pricing solution. This may also include the caltiola of “third best” pricing, i.e., setting
“quasi” first best tolls as if second best distam8 do not exist or the application of other
“rules of the thumb” to make the pricing calculatimore appropriate for implementation
in practice. Variable pricing schemes can still reeognised as generalizations of the
marginal social cost pricing approach. The advantafgvariable pricing rules is that they
bring about efficient behaviour in the Pareto aquiim without knowing initially what the

state of efficient behaviour is supposed to be.

2.1.4 Policy frameworks and road pricing calculations

The implementation of road pricing policies and tapplication of transparent and
politically approved calculation approaches can faeilitated by the introduction of
regulative policy frameworks.

Therefore, the implementation of market-based umsénts for internalisation of external
cost has been validate in EU Directives, partidyleglated to infrastructure cost pricing.
Hence, according to the amendment of the Directi989/62/EC adopted on 27 March
2006 — better known as the Eurovignette Directimer@ad charges — the European Union
allows member states to levy tolls on all roadsyd®dless its constraints, the Eurovignette
Directive is a substantial leap forward towards implementation of a European road
charging policy (EC 1999, 2008, 2006, and 2009).

4 An important constraints of the Eurovignette Diiee is the requirement that revenues may not ekcee
related infrastructure costs. Furthermore, the @ive limits the differentiation of charges accaorglito
capacity or environmental criteria allowing a magkof maximum 25 % only for mountainous areas to
reflect the higher infrastructure costs.
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Concerning the question about the methodologicprageh to calculate or estimate cost
components or price elasticities as the relevgomats for the application of the economic
theoretical concept of marginal social cost pricithg European Commission has raised the
issue of internalisation in several strategy papsush as the Green Book or the Green
Paper ‘Towards Fair and Efficient Pricing in Traogp(CEC, 1995), the White Paper on
efficient use of Infrastructure, the European Tpams Policy 2010 (CEC, 2001) and it's
midterm review of 2006 (EC, 2006), including a n@mlof research projects. The EC
White paper of the overall transport strategy dredrmidterm review emphasize the need of
fair and efficient pricing considering external t0sAs part of the 4th Framework
Programme and the followiAgthe Commission sponsored a large amount of relsear
how to implement pricing policies, in terms of fagl#ty and acceptability problems and on
resulting implications from their implementationgdh, 2001).
A great number of the studies carried out on thealieof the EU are concerned with the
evaluation and the quantification of external costs

EU-Research projects of several framework prograsnimestimate external costs

(such as UNITE, ExternE, GRACE, etc.),

Other EU projects on external and Infrastructurgssgoarticularly marginal costs of
Infrastructure use — towards a simplified appro@s Delft, 2004),

National research projects and studies on exteoss (particularly for the UK, the
Netherlands, Switzerland, Austria, Germany),

International estimates of external costs,

EU-proposals to standardize marginal cost estimdtiigh level group approaches),
EU-Networking projects to discuss pricing instrutsefCAPRI, IMPRINT, MC-
ICAM).

A number of EU research projects has been undertakevaluate and draw conclusions
on potentials of efficient transport pricing. Asvsmarized by Sikow-Magny (2003) the EU
projects TRENEN-II-STRAN, PATS and AFFORD investgh possible

® Detailed description of funded EU Framework Pragrees can be found under “Find Funding”, under
http://ec.europa.eu/research/index.cfm (25.12.2009)
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operationalisation options of the marginal sociaktcpricing principle. The projects
PROGRESS, CUPID, DESIRE, and MC-ICAM dealt with lempentation possibilities of
marginal cost pricing.

Also the implementation and evaluation of existifigad use) pricing policies on the
national level are of great importance for the egien and a better understanding of the
pricing mechanisms. In Europe, most often natigading strategies were introduced in
the sector of heavy goods vehicle (HGV) charginguding several countries, such as an
HGV-fee mostly covering the intercity national roadtwork (Autobahn) in Switzerland
since January 2001, Austria since January 2004avmany since January 2005. Urban
road pricing schemes, mostly aiming at the redactina better management of inner-city
car traffic in terms of a congestion charge, wargoduced for example in Bergen
(Norway), London (United Kingdom), and Stockholmwgtlen), as well as in Valetta
(Malta) and Milan (Italy)’

The advantages of road pricing are the flexibilitymplementation, the direct reference to
car use instead of to its inputs, and the abilitydifferentiate it between varying user
categories. The implementation of marginal soctddr pricing in practice is likewise
concerned with objectives of welfare distributiondasocial equity, especially when is
discussed in practice focusing on public acceptanoeerns.

Historically, the main fiscal instrument in pra&iaffecting motor vehicle use has been the
fuel tax. Its main purpose has been to raise reveather than to finance infrastructure
investment. The mechanism behind road infrastredinance in Germany is not based on
a clear-cut (tax) revenue inflow and finance outflaccount, i.e., not all of the finance
outflows are covered from inflows collected for #wclusive purpose of road infrastructure
investment but from other state funds. Due to ttewvig gap between rising motorised
travel demand and limited budgetary sources prowigif road capacity has become a

major challenge. One reason for the expected ngelimay of traditional, primarily tax

® For an overview of EU research projects on potsf efficient transport pricing see
http://www.transport-pricing.net/ (01.11.2009).

" An overview of implemented road pricing schemas loa found under
(http://portal.wko.at/wk/format_detail.wk?angid=1#6-240298&dstid=7164&opennavid=31614
(01.11.2009).
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based road infrastructure financing sources irfuhee is the likely revenue shortfall from
fuel taxes entailed be fuel consumption efficiengains. While technological
improvements of fuel use efficiency lead to dedrepduel consumption, car use and
therefore infrastructure use stagnate or even moatio grow. Within the current EU
context road charging has been also regarded aseaand more important revenue source
for the construction of the trans-European transpoetworks and 30 additional
transnational projects declared of particular ieseto the European UniSrTherefore one
objective mentioned in the White Paper of 2001 (CR001) states “The thrust of
Community action should be to replace graduallgtaxgy transport system taxes with more
effective instruments for integrating infrastrueuwosts and external costs (in the price of
transport). These instruments are, firstly, chaggfor infrastructure use, which is a
particularly effective mean of managing congestand reducing other environmental
impacts, and, secondly, fuel tax, which lends ftsetll to controlling carbon dioxide

emissions”.

2.1.5 Introduction of road charging in Germany

In Germany freight or heavy goods vehicles (HGV)énebeen charged a distance
dependent toll for the use of the intercity natiommead network (Autobahn) since January
2005. So far charging of cars remained on the le¥ed political debate and feasibility

studies. It is probably not unrealistic to assuim the existing HGV tolling technology

could be extended to the sector of passenger cavgel as urban roads after advanced
technological adjustments have been undertaken.

In general, provision of public roads together waghvernment intervention through the

introduction of road charging can be considered alsGermany an efficient alternative to

revenue seeking for infrastructure investment amadfic management. Often, practical

® Decision 884/2004/EC.
® According to the RECORDIT program the differenetween external costs in interurban and urban road
use varies depending on vehicle type from 5 to &@£ents per km.
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implementations of road pricing function rathere@genue generating mechanisms, than as
road use demand management or restrain tools €yagb02).

The implementation of road charging policies regsiithe specification of the level and the
type of charging. In this work it is assumed thaposing a road charge will align the
private cost of a car travel closer with the maagisocial cost of car use. For the model
implementation described in Chapter 5 the levetaafd charging is set based on social
marginal cost pricing calculations for Germany avith regard to the results obtained for
other EU countries. The scenario analysis is aaroat based on 0.05 Euro per km,
distance dependent road charge imposed as a mavk-tipe variable car travel costs on
private car drivers. In line with the economic thethe charging measure applies to travel
along a link, covering the entire road network. egrthere is no incentive for road users to
divert their traffic to uncharged roads. The 0.0&dEper km road charge rate is a lower
bound, averaged estimate drawn from a survey om@eras well as European studies on
road infrastructure cost assessment as well agnaxtaverage and marginal social cost
calculations. However, methods used for (full) rdemhsport cost assessment vary and
resulting numerical estimates differ since they@ten based on different assumptions as
to the kind of costs included into the calculati®he rate of 0.05 Euro is set as one half of
the reference value from average external costulzdions for cars and is assumed to
correspond to the lower bound from marginal extecoat calculations taking into account
the general external costs categories (see Tab(eletyy and Sedlacek, 2003; IMPACT,
2008; IVT, 2004; Infras/ IWW, 2000 and 2004; RECORDUNITE). 10 1

Albeit the historical tradition and established amttontroversial theoretical reasoning —

especially among economists — in favour of roadghag, the pricing instrument has been

19 Even though road charging schemes (when basedRigonvian taxation principles) are often related t
the principles of internalization of external costsn motorized road use, they not always meetrttagim.
Verhoef (1995) suggests therefore, the need teasseernalities occurring after implementation of
“optimal” road charging policies. Despite the diffity to determine prices for positive or negative
externalities of a different spatial scope (Ower$g5), this aspect is somehow relevant for thetgaguid
distributive impact evaluation in the context oddouse charging and revenue redistribution.

™ In general, the implementation of a road chargsjzected to bring about a more efficient utiliaatbf the
entire transport system and thus create a sodjalusu However, the policy definition implied doest fully
correspond to the marginal social cost pricing@ples. To some extent, the implementation of theer
charging policy follows the restrictions implied the modeling framework applied in this work. A reor
detailed description of the policy scenario defanitfor the model implementation is included in @tea 5.1.
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ever since struggling for public acceptance antbader dissemination in practice (see also
Chapter 1.1.2) (Gaunt et al., 2007). Transport egosts often endorse the positive
economic effects from road charging. The resedtehature often cites the Smeed Report
(U.K. Ministry of Transport, 1964) claiming roadariging being irrefutable. Nevertheless,
reluctance towards road pricing measures amongjgiatis and the public is the common
case. Only recently, the implementation of roadging has been gaining interest partially
due to technological innovations and new electrgniations, which could remedy some of
the existing shortcomings. More sophisticated rohdrging adjusted to specific time
frames, road categories, or even user groups doelldnplemented efficiently ensuring
convenience and lower operating costs, also takitayaccount the controversial issue of
data confidentially.

This implies the importance of investigating théemelation between acceptance of road
charging measures, its welfare and distributiveatffand the underlying sociodemographic
and economic characteristics, land use structergtdrial population distribution within an
overall macroeconomic picture. Oberholzer-Gee amtkAHannemann (2002) suggest the
incorporation of environmental quality within thesign of road charging instruments to
ensure the fairness of the system and in this wayin public acceptance. Viegas (2001)
discuss the influence of equity on political andblpu approval of road charging
mechanisms. Hence, even though the overall econoatiwelfare effect from road pricing
will most likely turn out positive, it may not ent@e the public acceptance as long as it
neglects distributional and equity effects conaggnthe burden and profit sharing of
different socioeconomic groups. However, the exgeeatdividual welfare enhancing effect
from the pricing measure can be generally brougbtiathrough the road charging revenue
use. The design of the revenue redistribution seheatcording to established
technological, institutional and acceptability teth barriers could be implemented to
counteract welfare equity concerns. Based on efulin standard neoclassical methods of
welfare analysis and from equity assessment (Atkind970) simulation analyses of net
benefit and equity implications can be carried outoducing different road charging

revenue redistribution schemes between the gemerdumer sectors included in the
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model. Hence, the policy simulation studies varyimgevenue redistribution are described
in detailed in Chapters 5.1 and 5.2. Chapter 5e3gts the results from the policy reform
implementation within the modelling framework ajpliin this work. The results provide
valuable implications for potential acceptability such policy reforms. The modelling
results for Germany lead to the conclusion thafledéhces in distributional effects with
respect to equity impacts are strongly relatedhéorevenue recycling patterns as well as to
household specific travel demand profiles that @epending on income and residential

location.

2.2 Discussion: acceptability of road charging

Despite the (overall social) welfare improving ftion of road charging, hardly anybody
imposed to such a measure values it as puttingstugety better off. This negative
individual perception is one reason for the gendsak of public acceptance of road
charging. Also the aspect of public revenue ger@ras generally ignored. Another reason
inhibiting the introduction of road charging comesm uncertainty about the negative
equity impacts resulting from the measure. In maages road charging is suggested to
have a regressive impact (with regard to incoméjclwmeans it is more disadvantageous
for the poorer drivers. Therefore, even though ianyn countries the existence of
institutional barriers is blamed for impeding thealisation of road charging schemes
(Glazer et al., 2001; Schade and Schlag, 2003)abisence of public and of political
acceptability remains the most difficult barrierdliminate on the path to the introduction
of road charging measures (Bartley, 1995; Luk ahdr@, 1997; Jones, 1998 and 2003;
Schade and Schlag, 2000a, 2000b, and 2003; LinkPamak, 2001; Jaensirisak et al.,
2005). The examination of the acceptability of wrl@ad pricing conducted in eight
European cities within the European project PRIN2AQ0) came to the conclusion that on
average less than 30 % of the population suppatt steasures. Consequently, only few
implementations of road charging exist this farywiich some are suboptimal solutions of
indirect charging and do not take into accountdiségance driven, hence the individual road

use (e.g. cordon pricing, city toll, etc.). Excémturban road charging schemes established
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in Singapore, Oslo, Bergen, Trondheim, StavangerlLandon (often referred to as
congestion charging), sophisticated systems of kimid have never reached beyond the
planning stage. Gaunt et al. (2007) lists numeoases, where intentions of implementing
road charging never materialized. Yet, the setdupad charging schemes has not only to
satisfy public acceptance criteria, but it haseaelective in meeting its primary objectives
of road use management, or revenue generationgJ&B88). The significance of public
acceptance for an unobstructed functioning of nasel charging is equally valued as and
also dependent upon the technical success of therrge Also important is the integrated
transport policy accompanying the pricing reformg.ein terms of the level of car
ownership and use related taxes and levies otherrttad charging (Gray and Begg, 2001).
Obviously, public acceptance of road charging ddpeon the amount charged, where
lower charges are more likely to be accepted thgheh ones (Safirova et al., 2002 and
2003; Jaensirisak et al., 2005).

However, public resistance to road use chargingeigher a static nor an irreversible
phenomenon. It is linked to numerous factors, sashsociodemographics, economics,
residential geography, individual attitudes, poétiviews, or the design together with the
implementation characteristics of the charging seheitself. Car ownership or car
availability and perception of benefits to oneseifd society have also a significant
influence on the success of the implementatioroatircharging policies (Jaensirisak et al.,
2003). Studies evaluating efficient pricing polgiguggest, that pricing policy design and
implementation need to consider in the first plaggistance from car users. For a road
charging policy to be publicly approved it has te perceived as beneficial to each
individual who is subject to the measure, to therall public, or to both. Is the measure
putting the society and its members better offraasing their welfare, or environmental
quality, it is more likely to be perceived as woliking paid for and as a result gains
acceptance (Giuliano, 1994; Goodwin, 1997). Acaggdbd Schlag and Schade (2000a) one
of the most decisive factors in favour or agaistdr charging reforms is the way in which

the revenues from the measure are reallocatedefdner hypothecating revenues towards
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specific targets, such as e.g. public transpocteimses significantly public support for road
user charging reforms.

Another crucial factor related to the acceptancerazfd charging policies are equity
concerns linked to distributional effects (Gaunalet2007). Although it is known that road
pricing will normally generate a net welfare susplthe argument alone may not be
particularly convincing in a real-world situatiohhe reason is that the argument neglects
equity effects in terms of the distribution of sind benefits of the measure across
socioeconomic groups. Equity and distributional as can embrace the social or
geographic sphere, and have an adverse effect puolgton with lower income or
disadvantaged social status or the economic pribgdrcertain spatial zones. Putting the
needy groups relatively worse off than others @ntlwas their initial state before road
charging, increases the chance for the measure tejécted (Jones, 1998 and 1991; PATS
Consortium, 2001; EURoPrice, 2002; Bell et al., 0@\ transparent and comprehensible
design of the policy measure and the revenue skkaty to evoke public acceptance. The
design of the revenue reallocation scheme can teefmmunicate the overall benefits
from the measure making them more visible.

Putting the two aspects together, adequate compi@msd disproportionately “penalized”
entities by the road charge through the desigh®févenue reallocation scheme affects the
resulting welfare distribution and finally the aptance and feasibility of the policy
measure. As a number of studies concerned withptacee of and equity effects from road
charging reforms acknowledge, that revenue redimtaschemes designed to cut other
taxes or improve the public transportation systemtribute positively to the endorsement
of road user charging (Jones 1991; Ison 2004; higton et al. 2001). The design of
revenue redistribution schemes that will have atpeswelfare outcome and lead to public
support of road charging policies requires infoioraton potential impacts from road
charging on different population groups in thetfppkace. This overlaps with the objective
of this thesis work. There exist a number of thecaé studies concerning equity effects
(Arnott et al., 1994; Glazer and Niskanen, 200@h&rdson, 1974; Richardson and Chang-
Hee, 1998; Small, 1983). They all largely conclutiat equity effects will in general
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depend on the design of the road charging poli©utting revenue recycling and on
socioeconomic differences in travel patterns,h@v mode and destination choices differ
across income or other population groups. Howeterge are significantly fewer studies on
detailed, quantitative assessments on equity ilspabtie objective of this dissertation work
is to contribute in closing this knowledge gap gsam adequate methodological approach
and an extensive data basis for Germany. Chaestizds more light on the theoretical
discussion about equity, welfare and distributissues that arise in the context of road

charging.

2.3 Equity concepts and criterions

The design of the charging policy as to the le¥athmarges imposed on each road user and
the revenue redistribution scheme are two imporgspects of equity and redistribution
considerations in the context of road charginggbedi.

In general, not all impacts induced by impositidrcbarges on road use can be perfectly
assessed. Ex-ante assumptions for supply adjusttoemhanges in demand are not
straightforward to make. Potential elasticity pagtens gathered from different empirical
studies and literature sources are afflicted withagray of uncertainties. Implications for
road charging scheme designs, as to who is chdmg&dnuch, where and at what time, are
derived from for the most part simplistic, modetéd studies. Hence, it needs to be kept in
mind when analysing impacts and discussing schessigks of road charging and revenue
recycling that the theory behind it is founded upeduced assumptions compared to the
reality (Pigou, 1920). However, when it comes tdfare impacts, high-income categories
are most often recognised as ending up betterfteff Bbad charging implementation than
low-income groups (Else, 1986; Giuliano, 1992; H&4892). With everyone paying the
same amount of road use charge for a distanceranglled (km), disproportional burden
is likely to be levied on low-income car users. STAspect may be seen as controversial,
nevertheless it lays down the link between roadgihg and economic concepts of welfare

distribution, equity and acceptance.
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Realised mobility patterns and travel expenditurefiles of individuals or private
households reflect their choices made based orectidgly valued choice alternatives,
taking into consideration the utility and the cadtthe choice alternative. Travel cost
increase through the imposition of road use chaogeaigmented fuel taxes introduced for
example as measures to internalise the social madrgost of negative externalities from
motorised vehicle travel. They will generate (fi)a@venue, but at the same time alter
travel choice behaviour.

Social marginal cost based road charging genemtescial welfare gain, which can be
redistributed to the different economic sectorgmups within the society. Distributional
and equity concerns entail the question to whichregates and in what division the
revenue should be reallocated. Aggregates suctarassers or people belonging to the
same income category still constitute a heterogenepoup of individuals. Transferring
revenues from road charging according to househotideme level might still miss the
equity criterion in terms of welfare distributiom@rrison, 1986, p.93).

The concept of distributive equity is difficult tgrasp from the economic theory
perspective. Distributive effects, equity effeaquity distribution, welfare effects, welfare
economics are some of the terms related to thetéff@mssess the “fairness” or “justice” of
a policy intervention in the functioning of markeisthe society?

In economics the concept of equity or the idea aifness originates from taxation or
welfare economics, where it is distinguished frararemic efficiency in overall evaluation
of social welfare. Describing welfare distributitie equity concept is used to describe a
fair and socially acceptable allocation in conttaseconomic inequality. However, equity
is used in a broader sense. In public finance bota@ equity describes the idea that
individual ability to pay taxes should determine tax amount paid and this applies to all
individuals. Hence, same individual affordabilityans same tax burden and is in line with
the concept of tax neutrality and against distariod (economic) behaviour. On the other
side, the concept of vertical equity used in pubhance refers to the idea that people with

a greater financial ability should pay higher taXescontrast to a tax burden proportional

2|n established literature on equity distributibie terms equity, fairness, or justice are usegmsryms
(Blanchard, 1986).
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to income stands the concept of progressive taxatMhere with increasing income an
increasing proportion of it has to be allocatedtas contribution to the state budget.
Progressive tax policy is further associated witktrihutive justice and redistribution.
Hence, the total consumer welfare is not the ordpeat to be examined. The way
consumer welfare is distributed among society’s s and how equitable that
distribution is are at least as relevant. The gdnewnsideration of equity with respect to
horizontal vs. vertical equity can be linked to Raan principles of justice (Rawls, 1999).
Hence, horizontal equity refers to the distributminwelfare among individuals who are
otherwise identical, drawing from Rawls’s “prina@pbf equal opportunity”. Vertical equity
refers to the distribution of welfare among indivads who are unequal in other respects,
drawing from Rawils’s “principle of difference”. Adabnally, a third form of spatial equity
has been specified by Raux and Souche (2004) inguitny Rawls’s “principle of liberty”
as the right of access to any location in space.

Imposition of road charges on road users can berstawbd in a broader sense as a form of
policy intervention. The difficulty with the assessnt of fairness and equity is that it is in
principle a normative criterion — the questiondan a universally accepted definition of
fairness exist and be operationalised in terms edisurement. Distributive effects in terms
of welfare reallocation between different populatiaggregates after policy reform
implementation are possible to calculate. It is aot exception that policy evaluation
integrates distributional considerations. To codeluwhether the observed shifts of
burdens and benefits are consistent with equityditimms is much more ambiguous.
Firstly, equity does not have to mean that everyonght to bear equal gains or losses.
Secondly, accounting for equity effects does nabraatically mean, that equity concerns
on all sides are equally taken into account. De§rand ensuring fairness is all too often an
impasse rather than a straightforward decision.

There exist a number of partially even inconsistamtcepts for equity (Blanchard, 1986).
Langmyr (1997) takes on from the literature “thertedistributive principles or criteria”
pointing to the relevance of the specific environtrg® which they are applied. Examples

for such analytical dichotomies proposed to aseessty distributive concerns are, e.g.
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horizontal versus vertical equity, as being propdbé most common approach, telelogical
versus deontological ethics, or equality of chanesus equality of outcomes. Blanchard
(1986) emphasizes seven rules to measure equigiroess of policies, after exhaustively
illustrating recent attempts in literature to proddferent conceptions of justice in
theoretical terms. He refers to such fundamentaksvas “A Theory of Justice” by Rawls
(1971), equity norms as defined by Hochschild (398&vy et al. (1974), Ryan (1981),
Miller (1976), or Lucy (1981).

Possible criterions for classifying or evaluatirguigy definitions are: explicitness, scope,
or to what systematic extent they interrelate. kobiid (1981) systematised the following
equity norms: strict equality, need, effort madeney invested, results, ascription, and
procedure. Overall equal shares are recovered bigct“gquality”. “Need” and “effort”
imply that redistribution takes place relative tove;mm needs and expended efforts,
respectively. An analogous implication applieste equity norms “invested money” and
“product”. If benefit or burden distribution is leb on genetic or socially defined
criterions, e.g. age, sex, or income, Hochschi@B{) talks about “ascription” being the
underlying equity norm. Finally “procedure” linkiset distribution scheme to some specific
procedural approach such as a certain kind of mglesr random lottery (Hochschild,
1981). Some of the equity concepts defined by Hdult (1981) can be possibly applied
for the impact assessment from car road chargimgy tan be used as guidelines for
designing and evaluating revenue collection andsteloution schemes under equity
considerations. However, the application of thesems depends on the formulation and
the scope of the research question and is likelyetéimited by the availability of data or
information required for the assessment of thesiyegorms.

Other equity concepts found in the literature ararket equity”, “equal opportunity”, and
“equal results” formulated by Levy et al. (1974helconcepts constitute a continuum with
respect to the redistribution degree going fromredistribution when “market equity” is
assumed to significant redistribution when the ®Bqubjective are “equal results”.
Regarding the definitions underlying each of thee¢hfairness concepts, differences as to

the nature of the distributed or redistributed Wietneeed to be taken into account.
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Distinction is therefore made between the qualiyg ¢he monetary value of a service (-
unit) that is being reallocated and the qualitysoope to which the service has met the
underlying objective. Applying this delimitation tine case of road charging revenue
collection and redistribution, this would imply tlléstinction between provision of (road)
infrastructure vs. assuring accessibility or megtmobility demand financed by revenue
from introduction of the policy measure. The lattencept corresponds better to the equity
norm of “equal results”. Hence, “market equity’ashieved when the benefit redistributed
to the individuals corresponds to the unique sipaogided at the cost of the benefit. This
happens disregarding pre-existing inequalitiesncome or wealth distribution, which in
fact are the prior basis for the distribution of thurdens and then for the allocation of the
benefits. The “equal opportunity” principle impli¢isat benefits are distributed at equal
values irrespective the individual contributionsdmaao the cost of the benefit provision.
This depicts then a case of true redistributionemvtine service is financed by a progressive
scheme, meaning those better off contribute highst shares to finance it, but everybody
is provided with equal shares of the service. n&hirness can be achieved when “equal
results” are obtained. To translate this standarthé case of revenue redistribution from
road user charging it could mean that after augmemie price of private car use, revenue
from the price increase is used to provide eaclivighgal with better or at least equal
mobility opportunities with regard to the initiat@essibility or the availability of “travel
tools”.

Although existent definitions of equity norms origting from different “schools” are in
some way comparable, their systematisation wittangédo underlying implications can
make a considerable distinction. The critical pasnthow far does the equity norm refer to
the allocation of resources vs. the allocation ofcomes. Is the road charging revenue
distributed to equal monetary shares per car uses the objective of the road charging
revenue redistribution to assure that each indalidan reach his place of work and make
the trip back home bearing an acceptable coseedins a reasonable assumption however,
that the allocation of outcomes is determined byndral distribution of resources. Ryan

(1981) stresses the equity concepts “distributibmesources” (calling it “fair play”) vs.

49



“distribution of results” (terming it “fair sharestontrasting them against each other within
an ideological context.

Other examples of equity norms are the definititorsnulated by Miller (1976). Hence
distribution can arrive at fairness by “right”, ‘skrt”, and “need”. “Right” implies that
legislation ensures equity by entiting membershef society to receive services, benefits,
and alike, irrespective the considerations. Withim concept of “desert” fairness is reached
when benefits are earned and therefore merited failreess standard according to “need”
assumes the existence of some basic “subsisterexdsenhich have to be satisfied.
Therefore, the subsistence needs define the shdrenefit individuals are entitled to in
order to establish fairness.

Lucy (1981) delineates five equity norms takingoisbnsideration positions of practicing
planers and particularly with regard to distribatiof “urban services”: “equality”, “need”,

“willingness to pay”, “demand”, and “preference”eW are the concepts “willingness to

pay,
those demanding the service and based on theiridudil “willingness to pay”. Therefore,

demand”, and “preference”. Fairness is achtkwhen services are allocated only to

only these users pay and their “willingness to peytietermined by their ability to pay.
This conception can again be critically contrasigdinst Ryan’s (1981) idea of “fair play”
and “fair shares”. Since one’s willingness to paflects one’s ability to pay, the initial
allocation of resources determines to some extsntémand for a specific service. It is
likely to assume that one’s ability to pay does mafitect one’s need for the service, when
referring to the norms “equality of results” or iffashares”. According to the norms
“demand” and “preferences” equity is satisfied wiraividuals are endowed with services
or benefits they want. Individuals can communiaatdifferent ways what it is they want,
but they are not obliged to. “Demand” and “prefexsi also consider the existence of
individual desires that cannot or simply are nomownicated or being asked for. The
notion of what people or the society desires intigadl into the summary of equity concepts
is somehow different to what has been discussedaisoThey basically address what

individuals want rather than what they are entite@_ucy, 1981).
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Referring the two types of commonly considered igap&br horizontal) equity and social
(or vertical) equity impacts, marginal social cosarging might be perceived as fair from
the perspective of charging all road users for ékternalities associated with their car
travel. At the same time, marginal social road gimy might be considered as “socially”
unfair due to the fact that it is harder to bearléw income road users since it absorbs a
relative greater proportion of their income (sdgiaharginal journeys are not equal to
economically marginal journeys). Distance basedgihg schemes applied to links and
routes might appear more acceptable from a sogigatyeperspective compared to cordon
based charging. Potential existence of (temporallygharged links or routes implies a
trade-off in routing and travel time choice dep&gdon the individual value of time of the
road user. Spatial equity refers to the road usesstiential location and travel destination,
concerning in particular cordon or area charginlics. Cordon or area charging is likely
to be regarded as inequitable if it is designedpply a different charge to persons residing
just within and just outside the boundary, bothvéiing the same distance within the
boundary. Therefore a link or distance based sysiens more likely to be viewed as
favourable under equity concerns in contrast tara@a or cordon based scheme.

In general, it has been argued if and to what éxtead charges work in a regressive way,
i.e. putting high income groups better off whilenpkzing population with lower income.
The effect of road and in particular congestioncipg on (vertical) equity has been
emphasised to work in opposite directions. On ar@righ-income earners bear a higher
tax burden by paying elevated income taxes as agethxes and levies related to car use
and car ownership (i.e. fuel or annual vehicle $3x@riving their cars more intensively and
purchasing bigger and more expensive cars. Thepset-the current road finance policy is
another aspect in this line of thought. Assuming ¢ase when infrastructure provision is
financed from taxes, e.g., income taxes, and th@eimentation of road charging would
provide an alternative source to infrastructurarficing, allowing to lower the initial tax
burden, then through the substitution of tax fund€édastructure investment and tax rate
cuts highly taxed income groups would experiendegher tax relief than low income

earners. On the other hand the same populatiorpgsoassumed to have higher values of
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time and therefore its profit from congestion rddut exceeds disproportionately the
burden of paying the congestion or the general obadge.

However, the assumption that individuals with higihreomes attribute higher values to
their time is not straightforward (Jones, 1992). ilsstrated by the following example,
people with a high marginal utility of time and mbney (e.g. a single parent worker) may
exhibit the same or similar value of time as peaplé a low marginal utility of both (e.g.
a wealthy holiday maker) (Langmyhr, 1997).

On the contrary to affluent individuals, populatigmoups with small economic margins are
expected to experience higher welfare losses froaad icharging. Living in the suburban
rather than the city centre area, low income grofgpse poorer public transport
opportunities. They are also assumed to be legibliéein their time of activity, especially
time of work choice to possibly avoid peak hourrgea (Richardson, 1974; Small, 1983;
Cohen 1987Evans, 1992; Arnott et al., 1994; Transek, 2002).

However, reversed arguments exist saying that lmvorme groups are likely to be the
winner from road charging, especially when theg lim an environment where the car is
not the principal transport mode. Most Europearnoregand almost all European cities are
more or less car-independent where accessibilitgubfic transport, walking or cycling is
satisfactory and therefore a competitive substitotecar mobility. Assuming that less
affluent population groups are more likely to patse travel modes other than use the car,
they will be less affected by road charging pocfeAs a result, road charging will have a
progressive impact (Glazer and Niskanen, 2000ceSin general road charging revenue is
spend on public transport improvement (Evans, 198%) income groups being frequent
public transport users (often captives) are mdeyito profit from the charging car road
use than persons with higher incomes. These cdinigagiews indicate the difficulty in

finding a clear-cut conclusion about the distribonal and equity impact of road charging.

13 Despite methodological uncertainties, quantitasiwalies of road and congestion charging carrie¢dasu
cities such as San Francisco (Schiller, 1998), @&liaistrom, 2000), Gothenburg (Transek, 2002), and
Cambridge, Northampton and Bedford (Santos andyRa[@04) indicate that high income population gmup
experience a greater negative welfare impact tharincome groups due to their high car use intesssand
their preference to reside in (suburban) areas hmitited access to public transport. Given an equal
redistribution of the road charging revenue thogh {ew incomes would end up being better off (Attret

al., 1994).
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Even so, case-adequate or sufficiently progresgivenue recycling schemes could ensure
that all income groups benefit overall (Small 199®)vertheless each road charging policy
needs its specific evaluation.

As Eliasson and Mattsson (2006) conclude from theidies of theoretical literature on
equity and distributional effects on car usersdwlihg the introduction of infrastructure
pricing policies, equity outcomes will in generatosigly depend on the design of the
policy instrument as well as on varying travel eats from socioeconomic differences of
population groups$? Evaluation of road charging policies needs to iErsdistributional
effects before and after the implementation ofedéht revenue redistribution schemes,
comparing net welfare surplus with the total dmttional effects. Drawing the conclusion
whether the measurable shifts in welfare distrdoutcaused by implementation of the
policy reform are equitable is far from straightfard. Even though different methods for
guantifying equity effects exist, the concept ofiiég however, is much more complicated
to “grasp”’® For example, an equal distribution of costs amelis suggests an equitable
final effect. But as Harrison and Seidl (1994) pabut, fairness does not automatically
correspond to equal distribution because peopleaimecessarily prefer the “most equal”
result. Instead, additional factors significantijluence the perception of fairness and they
vary among different individuals as well as soctemic groups? Therefore, it becomes
obvious that even if one single concept of equitisted, it would hardly satisfy the

preferences of all social entities involved. Thasen though various concepts of what

14 Eliasson and Mattsson (2006) refer in their litiera review to studies conducted by Arnott et H94),
Glazer and Niskanen (2000), Richardson (1974) andllS1983).

5 Ochmann and Peichl (2006) present four sub-coragpistributional effects: inequality, polarisati
progression in taxation and poverty and richnesgrevthey propose common descriptive measures of
inequality like the Gini-coefficient and the Loreoarve as well as other variance measures. Fra(20io4)
points to quantile-quantile plots and relative rilttions and polarization indices as methods dised
inequality and distribution assessment technigéibs. (1975) assesses distributional changes by lasitog
the weighted consumer surplus, and Feldstein aftd19i73) use linear programming to quantify consum
surplus. Furthermore, Thurman and Wohlgenant (1886)a general equilibrium demand curve to caleulat
the surplus; single equation error correction modet an appropriate method to calculate shortihamges
(Kelly, 2005).

% The contribution of Harrison and Seidl (1994)4rie link distributional and equity aspects. Théhats
depict that differing perceptions of equity amohg test persons complicate the introduction ofrasias
measures of equity of distributional impacts. Samjl, Atkinson (1970) criticises the current prajes of the
social welfare function lacking the proximity totaal social values, which in turn is one of thdidiflties
equity research is concerned with.
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could be meant by the terms “equity”, “fairness”“ustice” exist, a universal consensus
has not been found. Attempts to determine overatisfying concepts are based on
qualitative reflections rather than quantitativetimoels’’

Concluding, the discussion about equity concepts @guity assessment shows that its
overall “construct” is very difficult to be captutequantitatively by the economic theory.
Since there does not exist an indisputable conseabaut the definition of equity, the
concept (of an equitable distribution) lacks an l@pple theoretical basis. It therefore
remains questionable if equity can be measured aorely. Within the model
implementation described in Chapter 5 a measurapemented that accounts for welfare
changes in terms of economic utility from transgatwell as overall consumption. Hence,
using the Hicksian welfare index the so called Hiak equivalent variation is calculated to
indicate the amount of income necessary to comperea individual (in the pre-policy
situation) in order to reach equality with the ppsticy utility level (Just et al., 2004). The
welfare measure is based on an agent-based dtihigtion and therefore all changes in
transportation and economic conditions affectingjiviiduals are considered. It measures
changes in money metric utility between the pret post-policy equilibrium, which is the
amount of money required to bring a household liadke same level of utility as in the
benchmark equilibrium following changes in prices counterfactual equilibrium.
Nevertheless, measuring changes in economic uiétyes the question about the fairness
of the policy outcome unanswered. However, deshgeapparent lack of a single, theory-
based and measurable definition of equity, compilnvariety of concepts gives a sound
framework for a normative evaluation of the equéffects from passenger car road
charging in Germany, leaving the (dilemma of thejirdtion of the fairness norm to the

evaluator.

7 Among the qualitative research Adams establisineemity theory in 1962 which has been elaborated b
Walster, Walster and Berscheid (1978). This thetgws fairness as a basic need that navigatesl socia
behaviour. Rawl’s (1985) concept of equity inclugesitical and moral aspects, and King and Sheffrin
(2002) apply a concept that includes even psychchébglements based on prospect theory. Quantdgtiv
Bibi and Duclos (2003) for example use the avepamerty gap to measure fairness, whereas Butler and
Williams (2002) apply in their work cooperative gatmeory to approach the idea of equity.
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3 Computable general equilibrium (CGE) and travel denand modelling — extension

of the research

The general objective of this doctoral thesis is ihwestigate equity and welfare
distributional effects from car road charging oe frivate household sector in the specific
case of Germany. The policy impact assessment gdher entire economy with special
focus on the private households and their welfdauatson before and after the introduction
of the measure. To give a funded understanding hef tmmode of functioning of
environmental and transport policy measures targdprivate) car use, especially on their
socioeconomic implications, the overall model of tRerman economy is extended by a
more disaggregated private household representdttenmethodology used in this work is
a computable general equilibrium framework withegrated private household car travel
and public transport demand, differentiated by coedb income and spatial residence
characteristics.

The work reveals the effectiveness of road usegohgrgiven an initial state of a single-
country economy, being the only approach of itgllearried out for Germany. Differences
in household budgets, motorisation, demographiac$ atier road user characteristics
govern the response to road charging, and theretgyrdine the factual scope of expected
impacts. Varying scenario assumptions as to reagawameters and policy reform designs
provide the basis for policy simulations. The wddmonstrates the strong dependence of
welfare and equity effects from road user chargingthe unique design of the revenue
reallocation scheme. The application of micro syrdata representative for the German
population as well as the use of household categjegific behavioural parameters in form
of demand elasticities better approximate the malcteal life situation of the policy
implementation environment. Results are based ¢weremt micro and macro databases,
partially obtained through sophisticated modelvmgrk. They provide new insight to the
integrated assessment modelling research in thiel foé car road pricing policy

implementation and distributional effect.
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4 Model and database

The purpose of this Chapter is to give a generanogw on CGE modelling and the
particular work done within the area of applied @eeconomic impact assessment of road
pricing measures in the transport sector underideraion of welfare distribution and
equity effects and using CGE models. Furthermoregescription is given of the
methodology applied and the data developed to i@ results of this thesis work, where
the underlying objective is to conduct an integiatepact assessment of economic welfare
for Germany, in particular for different householdish regard to distributional and equity

effects after the introduction of car road charging

4.1 The general computable equilibrium model

The framework of a CGE model is a well suited apploto evaluate the socioeconomic
and environmental impacts of different economidgyoinstruments. The method allows

the introduction of a comprehensive empirical hasis setting of the model is coherent as
to linkages between the underlying social accogntimatrix (SAM), budget constraints,

macroeconomic agents or accounts, etc. and therotigo theoretical constraints.

Computable general equilibrium models offer a cstesit framework based on neoclassical
economic theory for conducting controlled experitsemegarding policy scenarios

concerning the economy as a whole.

The general equilibrium (GE) theory is the basisesonomic theory of numeric GE

models. The GE theory goes back to Walras (1874) fulstly constructed a general

economic model. GE models are based on Arrow-Del@@anomic theory approach

(Arrow und Debreu (1954) that were the first to y@othe existence of a general
equilibrium within a competitive economy based oali&s’ GE model (1874).

In General, CGE models include linkages betweersedtors within the economy, while

taking into account restrictions such as the lichismdowment with different resources.
These models are closed in a macroeconomic sensachyding the equalization of

economic accounts. Moreover, different policy iaggtions can be analyzed
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simultaneously. This is substantial characteristithe CGE modelling framework as the
overall impact might differ from the sum of all ts®lated effects.

Most common economic fields of CGE model applicatere public finance, taxation
issues, international trade policy questions, e@a of alternative development
strategies, implications of energy policies, regloguestions, or issues of macroeconomic
policy. The ex-ante evaluation of policy decisioa af particular interest when they affect
areas concerned with the intersectoral allocatioresources and distribution of income.
This is also the case when changes in transpadypialke place with regard to investment
in transport infrastructure. Both come with subs8tnmplications for the government
budget as well as income distributional consequengéen high marginal rates of taxation
exist, raising government revenue and redistrilbbuii@wome is associated with substantial
distortionary and administrative costs. Hence, ¢waluation of most transport policies
needs to take this cost into account, especiatigesthey generate fundamental general
equilibrium effects.

In general a computable general equilibrium apgraduld take an array of aspects into
account starting with the clarification of the pgliissue to be addressed. Next, the
methodology for the CGE based policy analysis shooé specified, including the
definition of the theoretical framework for use the methodology for transport policy
analysis, i.e., road charging. This encompasses dbscription of the concrete
implementation of the measure, the assessment agpraf the consequences from the
introduction of road charging, and finally the imteetation of the simulation results.

The theoretical basis of the model may be formdlias a theoretical model with the
theoretical statements being expressed in termmathematical relationships. In a fully
parameterised theoretical model the mathematidatioaships are specified in terms of
parameterised functions so that the model can pbkedpto a database, including a set of
estimates of the relevant parameters. The speifiicaf a parameterised theoretical model
is an intermediate step in constructing a CGE motlebenerally involves the exact
specification of the subsystems and variables ef ittodel and of the parameterised

functional relationships representing the behadbassumptions. The procedure used to
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find values for the free parameters of functiomahfs is known as calibration (Mansur and
Whalley, 1984). The consistency check of the det@stic calibration procedure is the
replication of the initial benchmark: the calibmt®odel must be capable of generating the
base-year (benchmark) equilibrium as a model swiwvithout computational work. The
consistency check of the model and the databaserie with reference to the required
theoretical restrictions of a general equilibriubhe reproduction of the base year data as a
solution to benchmark check requires a rigorousistency of parameters and the database
used in the model implementation. Therefore, thialnstage of model-oriented database
construction involves the transformation of oftanansistent raw data into fully consistent
data set. After the benchmark calibration and leetbe implementation of an exogenous
shock in terms of a policy intervention, the modehssumed to be in equilibrium. Hence,
the construction and application of the (static)rr@@n CGE model included several
working steps: the collection and analysis of thkevant data for the model database, the
harmonization, organisation, and compilation of dlaga into a SAM (format), and the data
adjustment in order to achieve an initial equilioni i.e., overall income must be equal to
overall expenditures, producers' revenues have &ghbal to total factor income, etc.

For the model application a model closure has tegecified. The closure of the model
depends on the issue to be analysed and it indiedtech variables are to be considered as
exogenous (i.e. specified by the model user, mstrument variables), or endogenous (i.e.
values determined by the values of the exogenousblas and the equations of the
model). The exogenous variables induce the chantenwhe modelling framework and
are therefore often referred to as “shocks”. To pota the model solution the number of
endogenous variables has to be equal to the nuofb@odel equations. To qualify the
performance or the “sensitivity” of the model, @fisitivity analysis” is usually conducted
testing the dependence of the model results oardift parameter choices.

The implementation of a policy scenario is oftefemed to as the introduction of an
exogenous shock. After the introduction of an exoges shock a new equilibrium is
computed by setting the prices and production guesitfor all commodities such that

market demand equals market supply for all inpots@utputs. In other words, after policy
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shocks (or simulations) a new counterfactual elguilim is calibrated within the numeric
empirically based modelling framework including apdate of the initial database. The
results between the initial equilibrium of the eoory and the equilibrium after the policy
(shock) implementation can be reported in percentdganges or in levels of economic
variables. Thus, through model simulations usinfylly specified CGE model that has
been programmed in appropriate software and thatasts a corresponding solution
algorithm it is possible to undertake quantitajpaticy analyses. Results obtained after the
policy shock implementation include changes in autpuantities, factor use and prices as
well as indicators such as consumer utility or esedf Welfare measures are usually based
on the underlying utility functions in the modebrRhe computation of welfare changes
most often the Compensating and Equivalent Vanatiweasures developed by Hicks
(1939) are used. More in-depth technical descmptibthe characteristics of CGE models
including examples can be found in Shoven and Wiall992 and 1984) or Ginsburgh
and Keyzer (1997).

4.2 CGE and travel demand modelling

The intention to introduce a nationwide road chaggicheme in the passenger car sector
comes together with a multitude of economic, ecologs well as social questions,
uncertainties, and concerns that need to be caesidgten simultaneousiy.A consistent
and integrated assessment of economic, environinemd welfare distribution impacts
from road charging implemented in the passengeelrsector is done more accurately
when the overall interactions within the economywasdl as the budgetary situation and
travel choice behaviour of private households akert into account. Information referring
to private household travel can be representedchyity parameters such as number of
trips, mode choice, trip purpose, distance tradedie well as monetary measurements such

as travel expenditure in absolute terms and asoptiop of the household dispensable

18 |n terms of sustainability impact assessment ti®jiean Union (EU) suggests a "careful assessnfiéiné o
full effects of a policy proposal [that] must indelestimates of economic, environmental and soujadcts”
(EC, 2001).
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income. Given the different sorts of mobility indiors, travel behaviour in general
including reaction to changes in travel costs —, gpgce increase of car use due to an
imposed road charge — depends primarily on sociodesphic and economic attributes
and choice alternatives. This implies that the ad@mographic and economic profile, e.g.,
the disposable income, as well as the residemitation characteristic of an individual or a
household determine the effect, which is imposedréyel supply side changes in form of
price rises® The integration of different household income amdidential location
categories within an overall economic frameworkaoComputable general equilibrium
(CGE) model under introduction of a policy reformck as road charging allows the
investigation of general economic and ecologicdeat$ together with accompanying
distributional and equity implications. The numatiproperty of a CGE model allows for a
guantitative assessment of concerning impacts faopolicy measure such as road use
charging. Furthermore, the methodological conscstenf the CGE approach gives the
advantage of an integrated comparison of quantdféetts in the overall sector context of
“environmental quality, economic performance andome distribution” (B6hringer and
Loschel, 2006, pp. 50-51).

Nevertheless, only a small number of one-countryeG@odels with focus on passenger
travel demand integration exist. Most CGE modeés global or multiregional, focussing
on research questions of international or globlvence, e.g. trade, finance or market
competition policie$? Even fever models tackle the area of passengeeltdemand.
Within these few models, where passenger travelademor passenger transport are
considered, most CGE models are somehow limitetl vaspect to — in particular — the
social impact assessment of policies introducech wiigard to passenger road travel.
Existing exceptions are described in Mayeres (18298 2004), Broecker (2002), Mayeres

19 For documented studies on passenger travel demaddling, car purchase, car ownership and car use
modeling see, e.g., Hautzinger (1978), Dargay (R0BRIVBW (2002), Bresson et al. (2004), Kalinowsita
al. (2005), van de Coevering and Schwanen (200&)iaBo and Dargay (2006), Johansson et al. (2006),
Kalinowska and Kuhfeld (2006), Limtanakool et &006), Naess (2006) for examples of passengeritrave
demand modeling, car purchase, car ownership angseamodeling.

20 For research work concerned with the topic of G&dflel implementation see, e.g., Conrad (1999 and
2001), Bergman (1990), Goittfried et al. (1990), dw (1986), Kehoe and Kehoe (1994), Klepper et al.
(1995), Pereira and Shoven (1988), Robinson (1E®)yven and Whalley (1984 and 1992), Fehr and
Wiegard (1996), Piggot and Whalley (1985 and 19Bhgttacharyya (1996), Gunning and Keyzer (1995).
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and Proost (2002), Steininger (2002), Munk (20@2gininger and Friedl (2004), Schaefer
and Jacoby (2005 and 2006). Finally, no CGE modethvaccounts for passenger travel
demand disaggregated for household income anderggad location categories has been
ever applied to Germany. In those CGE models yptiegpto German data, demand for
passenger travel is not explicitly included or dted not allow the evaluation of welfare
distribution (equity) effects on a disaggregateddahold level (Meyer and Ewerhart, 1989;
Broecker, 2001, 2002, 2004; Bach et al., 2001).acoount for this shortcoming a CGE
model including passenger travel demand for Germatlye German Road Travel Policy
Model (GRTPM) — has been constructed based on tistri&n version — the Austrian Road
Pricing Model (ARPM) introduced in Friedl and Sieger (20047' The GRTP model

represents a small open economy of a single cowmdyit accounts for different private
household types according to income and — as ansixin to the original structure of the
ARPM - residential location categories. The modgllframework and the underlying

database are described in detail in Chapter 4.

4.2.1 Description of the German Road Travel Policy Mo@&RTPM)

The methodological approach used in this dissertatiork is based on standard (static)
general equilibrium (GE) theory. The constructidrtte German CGE model is based on
the Austrian version — the Austrian Road Pricingdglo(ARPM) introduced in Steininger

and Friedl (2004). Moreover, a German database awastructed for the standard CGE
model and extended by a disaggregated incorporafidime private household sector. The
constructed model will hereafter be referred tdhes German Road Travel Policy Model
(GRTPM).The underlying model code is written in the Math&oa Programming System

for General Equilibrium Analysis (MPSGE), whichasprogramming language designed
by Rutherford (1999) in late 80s for solving Arr@ebreu (Arrow and Debreu, 1954)

economic equilibrium models (Paltsev, 1989).

21 The ARPM has been developed and implementda:d&d¢onomics Department of University of Grazsit i
documented in Steininger et al. (2007).

2 For the MPSGE based model specification the GésedaAlgebraic Modelling Software (GAMS) is used
(Brooke et al., 1992). GAMS is an optimization ga@fte used in general equilibrium model format by
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The GRTP modelling framework consists of separdiied containing the model code
including the functional forms and some numericalgmeters and the database in value
terms. The value terms of the model variables,, @ghduction or endowment values
correspond to a quantity and a price variable. i8githe model for its equilibrium
endogenously updates the values for quantitieéanes.

35 production sectors are distinguished in the GRidelel, of which the following are
directly linked to the representation of passengavel demand: extraction of crude
petroleum and natural gas, transport equipment;hlision, land transport, supporting and
auxiliary transport, finance and insurance, as \asllother market services. Agents are
modelled using either a representative microecoa@mnsumption or production function
(Varian, 1993). For an overview the main model éigua and variables are enclosed in the
Appendix 1 and Appendix 2.

A consumer is characterized by a preference orgeruer the obtainable goods described
by a utility function and by a budget set thatimited by his income. He is assumed to
choose that bundle of goods in his budget setrttzatimally satisfies his preferences, i.e.,
his behaviour can be described by utility maxim@atover his budget set. The GRTP
model distinguishes three agents: private househtie government, and the road pricing
agency.

A (non-transport good) production sector | is assdinto use the optimal production
technology that transforms an input bundle consgstif all goods in the economy and of
the primary production factors into an amount &f @utput good. Production of non-
passenger-transport goods follows a nested congksticity of substitution (CES)
structure, with capital and labour as primary isp@nd intermediate inputs entering in a
Leontief functional form (i.e. with substitution astticity equal to zero). The producer
chooses an input-output bundle that maximizes ro§itpi.e., the producer behaves in a
profit maximising (or cost minimizing way) over thgroduction set defined by his
technology. Equations (1) and (2) describe theggpseduction Xand the factor aggregate
H; of sector |:

introducing all required model equilibrium condit®into constraints on nonlinear optimization.dsta
convenient and transparent format as to its symtadisplay, explanatory and diagnostic features.
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(1) X, =min(H, /A X, /a;) for j=1,..,3¢,
where Aand § denote the Leontieff-input-output-coefficientssiector j,

for j=1,...,3%,

(@ H, = (5] Lj(”j -1)/o; +(1_5j ) K](aj -1)/o, )C’J/Ui -1

with L; as the labour and;jlas the capital input in sector j aodas the production elasticity
of substitution between labour and capital in seftd; denotes the constant elasticity of
substitution (CES) distribution parameter in segtor

Agents are assumed to take the prices of the gasdgiven. Prices in turn satisfy the
market-clearing criterion, where total demand esgjuatal supply. Thus, the equilibrium
conditions imply that markets for goods, labour aagital clear, firms receive zero exess
profits in equilibrium, and income is equal to emgiure for all households.

The production of the passenger transport interatedind final consumption goods as well
as household demand are of special interest fer wlirk and are therefore described
extensively in Chapter 4.2.2 as to the functiopalcgfication and in Chapters 4.3.3 to 4.3.5
as to the empirical representation.

The government sector is endowed with income fraractl (ad valorem on final sales)
taxes and indirect taxes on production, capitallabdur (income) as well as from fuel tax
and vehicle tax collection and a social insurancemmum contribution from private
households. The government budget is spent on @uansumption, investment and
household net transfers of social benefits usingoastant expenditure shares form.
Moreover, the government has the function of afifgcthe distribution of income through
road charging revenue financed household transfemsiernment budget balance is a

property of the equilibrium condition.

The foreign trade is subject to the Armington (19&8sumption of product differentiation.

The input cost on each composite good is decompodedthe cost of obtaining the

% The current model incorporates all standard egitiin conditions that are characteristics of the
computable general equilibrium literature (Shoved ®halley, 1992; Ginsburgh and Keyzer,1997).
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domestically produced variant of this good anddbst of the imported variant of this good
using a constant elasticity of substitution functi@ith a finite elasticity of substitution
between the domestically produced variant andrtiported variant. Hence, a change in the
price relation between foreign and domestic goadfollowed by a trade balance shift
according to the sector specific foreign tradetalig. Equations (7) and (8) denote foreign
trade in the GRTP model:

(7) EX, =EX?(P"/P)" for j=1,...,3E,

with EX; denoting export of sector j at the quantityj‘Emr the reference year 0)'jPbeing
the world market price of goods aggregate X in ae¢tand B being the (domestic)
production price of goods aggregate X in sectangg; describing the foreign trade price

elasticity parameter of demand in sector j;

8 M, =M?(P/P")" for j=1,...,35,

with M; denoting import of sector j at the quantit}PM)r the reference year O.
For the analysis of the labour market impact of ttasport policy introduced, it is
assumed that the labour market does not clear lemdinemployment is determined by

classical, i.e. high minimum wage unemployment &igun (9)):

W —_—
9) —=w,, Ou
0 W

p

The road charging measure is implemented as andes@dependent markup on the price of
car travel calculated based on the kilometres BeieThe overall effects of the charging
policy depend on the reallocation of the revenuekected from its implementation.

Implemented policy scenarios as well as the roadgthg revenue redistribution policies

are subject to simulation analyses and are descnibéetail in Chapters 5.1 and 5.2.
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The model is closed by a fixed foreign trade bataat the level of the reference year
("neoclassical closure", fixed foreign savings)ctsthat investment is savings driven and

the foreign exchange rate adjusts to achieve éaquith.

4.2.2 Private household sector, travel demand and trahppmduction

Private household demand is represented by a n€§i8dstructure, with unity elasticity of
substitution for consumption goods and servicegrothan passenger travel. In equation
(10) Gier denotes the total consumption of household type differentiated by income
level and/ or residential location attribute. Tdtalisehold consumption is the sum @f X
being the consumption of non-transport goods oskbaold Rk, and T being the transport
consumption of householde h 3.~ denotes the CES-distribution parameter in non-
transport consumption for householg, land o1~ the elasticity of substitution between

transport and non-transport demand for househgld h

i e Y
aoc, [6& xi, g ) J ,
hll M hl4
forh, =| : "-. : |, whereeistheincomecategory and r theresidential location attribute
h41 h44

Consumption of non-transport goods of househqldftilows equation (11) withhe i
denoting the CES-distribution parameter in nondpamt consumption for householdh
and one, the elasticity of substitution between non-tramspgoods in householdh

consumption:

o, Y]/ %
(11) X {Z(dér’ixri, R H
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For reasons of simplification, it is furthermoresashed that all households have the same
consumption structure within the bundle of non$ort goods. This assumption is as far
plausible as most of the consumption aggregatessaficiently similar across the
household categories defined for the purpose of #tudy. For the transport goods
aggregate household category specific consumptrantares are specified.

The, is the Transport consumption of household With 3., as the CES-distribution
parameter in transport consumption for househqld @nd one, as the elasticity of
substitution between private car transport andiputdnsport demand for householgd hs

shown in equation (12):

%, 4, Yo/l

T

(12)T, = JLT{E%”)/ o +(1—5;r)+Tr;r |

The demand between the bundle of non-transporttleadundle of transport goods and
services is governed by the calibrated elastiditgubstitution of5,°=0.275, used across all
household categories defied within the model.

A calibrated elasticity of substitutiody' =0.636 is used to express the relationship of the
demand for the two different passenger transpoddgoi.e., demand for motorized
individual car travel and for public transpéft.

Through the specification of elasticity of subditn parameters adapted from studies on
country specific micro-econometric travel demanddeiing (BMVBW, 2002), we
consider the quantitative extent of the reactioteptial to changes in the price of car travel
induced by road chargirfg.

The use of uniform substitution elasticities acrbssisehold income groups implies that

2 An elasticity of substitution between private gnublic transport with a value of 0.5, for examptesans
that a 1 % price rise of car travel relative to lputsansport induces a 0.5 % change in the maglél sere in
favour of public transport.

% For extensive literature surveys of car use andesship elasticities see also Goodwin (1992), Jstam
and Schipper (1997), Blum et al. (1988), Graham@ladster (2002a, 2002b and 2004), Goodwin et al.
(2004).
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observed distributional effects from the road chmygmeasure are induced by the
household specific travel behaviour in terms of esgiture and activity parameters
(Steininger and Friedl, 2004).

The elasticities of substitution governing the dathdetween the bundle of non-transport
and the bundle of transport goods and servid¢s0.275) as well as the bundle between
private and public transportatiod,{=0.636) imply a fairly inelastic demand for everyda
mobility. Hence, despite of the road charging iretuprice increase of private car travel,
the demand for car kilometers will be only littlfezted. Therefore, the CGE simulation
effects on the economy and welfare (re)distributtam be expected to be rather strong,
where the extent of welfare redistribution is lidk® the “generous” amount of revenues
from the road charging policy that is in turn reable also because of the fairly price rigid
travel demand.

In case of easier substitution between transpattnam-transport goods and/or between car
and public transport, negative impacts on econonetfare as well as on output could
ceteris paribus turn out to be weaker; i.e., trducgon in car travel demand would be
higher due to the road charge measure causindhaeer emission cutbacks. Given higher
substitution elasticities for car travel also lowead charging revenues would have to be
expected leading to a reduced redistribution paditgct.

The production of the passenger transport interatedand final consumption goods

follows the equations (13) to (16). Figure 2 ilhases the structure of household demand.
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Consumpiion O of household h

0275

Clonsumptionaf nwom —itransport goods 1, X f Passenger transport demand T}

0 F6

CarT) Public transport T,

Fixed casts TS Variablecosts TH
Note . Nown — zerovelices denote calibrated elasticitiesof sibstituion

Figure 2 Structure of household h final demand
Source: Steininger and Friedl (2004).

Household travel demand enters the model in a dgisggted fashion by household
category as to income and/ or residential locatibaracteristic through data on transport
expenditures and on transport activity quantified gassenger and vehicle kilometres
travelled by mode and per year. Passenger transposists of private and public travel
expenditures and can be considered as being a newvigtructed good within the
production and the final consumption of private $&holds.

As said before, identical structure but varyingaib® levels are assumed across household
groups with regard to all remaining consumption engitures. This simplifying
assumption is in line with findings based on datamf the German Sample Survey of
Income and Expenditurg.

Private travel expenses consist of variable houdeéxpenditures on car use and of fixed
household expenditures on car purchase and owperBhe first category depends almost

% Source: Einkommens- und Verbrauchsstichprobe (EA83B (StaBuA, 2005a, 2005b, 2005¢, and 2006).
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entirely on household specific car use patternscamibines expenditure on car fuels, fuel
taxes and levies, car repair and maintenance astisdifferent kinds of costs for parking.
Private household demand for these inputs is gatisfom corresponding (intermediate)
sectors within the input-output table, such as th&ned oil, transport equipment,

distribution, finance and insurance, and inlanagpmrt?’ Hence, all cost components of
household travel demand are linked with the cooedmg economic supply sectors of the
German input-output table and social accountingimas well as the government budget
in the case of vehicle or gasoline taxes.

Private car travel production is expressed threegynation (12) to (14):

(13) TP = I’T'lil'](-l-pf/Apf ’TPV/Apv) ,
(14) T" =min(X,/A") , and
(15) T™ =min(X, /A" kmP/A™) |

where P denotes private car passenger transport withb&ing the fixed and Pf the
variable, directly kilometre dependent input in greduction (and consumption) process of
private car passenger transporf’, AP and A" , A", are the corresponding Leontief-
input-output-coefficients in private car passengansport. A™ denotes the kilometre
input coefficient in private car passenger transgod kni are the vehicle kilometres
driven by households in private car transport. léboetd demand for car travel is satisfied
from the combination of fixed and variable inputshere the corresponding cost
components follow a Leontief function with an eileisy of substitution set at zero (see
Figure 2). This implies that kilometre charges gpg to the variable input cannot be
substituted by other fixed input components, itleere are no technical devices to avoid

kilometre charges other than reducing the drivictiyay.

% The German database in form of a social accoumtiagix has been constructed based on the inppisbut
table and other information available from the Gamnfrederal Statistical Office (for detailed desaipsee
Chapter 4.3).
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The production of public passenger transpdttfdllows a Leontief structure with ‘Aas
input -output -coefficient in public transport:

(16) T“ =min(X,/A")

where X stands for inputs from sector j.

The data used for the representation of the pritiatesehold sector were mainly derived
from two separate data sources: the German Sampleeysof Income and Expenditure
(Einkommens- und Verbrauchsstichprobe (EVS) 20@8B&A, 2005a, 2005b, 2005c¢, and
2006) and the survey data from Mobility in GermgMiD, 2002). The exact processing
and combining of the household micro data to geéedrausehold categories as to income
and residential location as well as the data ssuace described in detail in Chapters 4.3.3
to 4.3.5.

4.3 Database construction

For the construction of German travel patterns different household income groups,
several data sources were used: the German SampleySof Income and Expenditure
(EVS 2003), the Continuous Household Budget Suftayfende Wirtschaftsrechnungen
(LWR) 2003, StaBuA, 2005a, 2005b, 2005c, and 2Q0&&yman Input-Output Matrix
based on National Accounts (Volkswirtschaftliche s&@atrechnungen (VGR) 2000,
StaBuA, 2006b) and finally survey data from Molilih Germany (MiD, 2002) and The
Car Mileage Survey (Fahrleistungserhebung, 20025t82005). In the following the main
data sources, the merging of the data, and finhlyconstruction of different household

income and residential location categories arerdestin detail.

4.3.1 Input-output data

The core data basis of a CGE model is the soca@uating matrix (SAM) of the economy
considered. The fundament of the SAM is the inputpot table derived from economic
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supply and use tables. The symmetric input-outghietwith regard to the classifications or
units used in both rows and columns is the reduttatanced supply and use tables for a
given point in time, e.g., a base year.

Input-output tables portray in a detailed and d¢lelid out way the complex processes of
production and the use of goods and services (ptsgddrom domestic production and
imports, the use of goods and services for primaputs (labour, capital, or land),
intermediate consumption and final use (consumptgross capital formation, exports),
and the corresponding income generation within @nemy. Income or revenue of the
government is obtained by tax and tariff collectibyput-output tables show therefore the
structure of the costs of production and incomeegation in the production process, the
flow of goods and services produced within theoral economy, and the flows of goods
and services with the rest of the world. Componentgalue added such as compensation
of employees, other net taxes on production as agltonsumption of fixed capital, net
operating surplus are also considered within thmutioutput framework. The format of
symmetric input-output tables can either be madéherbasis of an industry by industry or
product by product classification. The classifioatiapplied for industries is the General
Industrial Classification of Economic Activities thin the European Communities
(NACE). Products are classified according to thasSification of Products by Activity
(CPA). The coding systems of both classifications eompatible with each other. The
selection of the classification type of input-outpables (product by product vs. industry
by industry) depends on the specific objectiveaafr®mmic analysis (Eurostat, 2008).
Figure 3 shows the systematic setup of a symmatpat-output table according to the

product by product classification as has been tsednstruct the SAM for the GRTPM.
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Current and constant prices
Homogeneous Branches Homogeneous Branches Final Uses

Final consumption expenditure

Final consumption expenditure
S|by government

Final consumption expenditure
«©|by non-profit organisations

o |by households

Products (CPA)

— |Agriculture

no|Industry

w |Construction

~|Trade, hotel, transport

o |Private services

o |Other services

~|Total

| Gross fixed capital formation
5|Changes in valuables

5 |Changes in inventories

'~ |Exports Intra EU FOB

51 |Exports extra EU FOB
S|Total

Y| Total use at purchasers' prices

Products of agriculture
Products of industry
Construction work Intermediate
Trade, hotel, transport services consumption
Private services at basic prices
Other services

Total at basic prices

Direct purchases abroad by residents

Purchases on the domestic territory by non-residents
10| Taxes les subsidies on products

11|Total at purchasers’ prices

12|Compensation of employees

13| Other net taxes on production Valua added at basic
14| Consumption of fixed capital prices
15|Operating surplus, net

16| Value added at basic prices
17|Output at basic prices
18|Imports CIF intra EU Imports CIF
19]Imports CIF extra EU
20]Imports CIF

21| Supply at basic prices
Source: Eurostat Manual of Supply, Use and Input-Output Tables.

Final demand at basic prices(1

© o|~No o~ w N O

Empty

Empty

Figure 3 Symmetric input-output table at basic pries (product by product)

The first quadrant of the table contains numeritadan the intermediate inputs used to
produce each product. The second quadrant coriteerdata on the final use of products in
the economy. Columns indicate the final demand foaluct. Data in the first and second
guadrant are not differentiated by the origin @& thputs, i.e., domestic vs. imports. Trade
and transport margins as well as taxes and subsaie explicitly accounted for in the
input-output matrix. Therefore, data in the talbie waluated at basic prices. Value added is
distributed across the different products accordangs origin. Finally, imports are added
by each product category to the domestic outpuingddp to the total supply in the
economy.

Final uses are outputs of economic activities egitihe economic cycle and divided into

private consumption in terms of the purchases nfapg consumption goods and services
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as well as goods and services from non-profit tustins, government consumption in
terms of all publicly provided service, fixed capiformation including change in stocks in
terms of investment goods employed in the prodagtimcess, and exports of goods and
services. In general, it is assumed that consurneabtes are consumed in one period.
Traditionally, the flows between the national ecmryaand the rest of the world only record
goods and services, excluding, e.g., externalities.

The symmetric monetary input-output framework cehdy and systematically links data
of industries, products and sectors. It is balangkdn total input equals total output for a
given column and row of products and total valugeaidequals total net final expenditure.
The input-output table provides the most importar@icroeconomic aggregates such as
gross domestic product, value added, consumptiorgsiment, imports and exports. To
calculate the gross domestic product different @@gies can be used in the input-output
framework: the production approach, the income @ggr, and the expenditure approach
(Eurostat, 2008). A systematic overview of the grasomestic product calculation
approaches is presented in Appendix 3.

The production approach is applied to compute vaticded and the gross domestic product
for all industries on an annual basis. In genénalkes into account the contribution of each
economic unit to production, i.e., the value ofithietal output less the value of employed
inputs. It is based on information on total outptibasic prices, intermediate consumption,
and product taxes less subsidies. Data requirethéoproduction approach come from the
annual business surveys, sales, purchases, inemtaross fixed capital formation,
employment cost, agricultural data and general gowent non-market data.

Based on the income approach gross domestic priglgedculated as the addition of the
different components of value added, i.e., taxessarsidies on products, compensation of
employees, other net taxes on production and grpsgting surplus. The gross domestic
product is the total of all income earned by residedividuals or businesses in the
production of goods and services. Alternative te itlcome approach is the expenditure
approach. It is used for calculation of the govezntifinal consumption expenditure based

on government accounts and for exports and impaiitgoods and services based on
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foreign trade statistics and balance of paymersssts. It also computes the household
final consumption expenditure and gross fixed @pformation. Final consumption
expenditure of private households is estimated feormatrix of the main consumption
activities of private households with products adet to the classification of production
activities (CPA) in the rows and the main categoré the classification of individual
consumption by purpose (COICOP) in the columnsgudieta from consumer expenditure
surveys and retail trade statistics. The expergligyopproach measures total expenditure on
final goods and services produced in the domestio@my. It is equivalent with the sum of
final uses of goods and services by resident utgtital units less the value of imports of
goods and services. The integral procedure of naetgin of input-output tables from use
and supply data ensures the equality of the GDimatgts using the production, income,
and the expenditure approach (Eurostat, 2008). fldwvechart in Appendix 4 gives a
detailed overview of the mechanism and data remeérgs underlying the construction of
national accounting tables including input-outalilés.

A social accounting matrix can be actually undexdtas an extended input-output table or
national accounting matrix. The term social accmgnimatrix has a long history going
back to the end of forties and beginning of théielf (Stone, 1949, 1951, 1955a, and
1955b; Stone and Croft-Murray, 1959) and its dabni has been gradually changing. The
social accounting matrix emphasises the role oplgem the economy representing them
by a more detailed breakdown of the household secta disaggregated representation of
the labour market taking into account various ocateg of employed persons or
sociodemographic (e.g., age, sex or educatioraihatent) as well as economic categories
The integration of human activities and interrelati of income and transfer flows between
the different institutional units — among them pt& households, non-profit institutions
serving households, and government — are other geamof the inclusion of the
socioeconomic aspect into the economic input-outputational account analysis. For the
input-output framework the consideration of the honfiactor can also mean that the final
use or the final consumption expenditures by produmup are further split by institutional

sectors, such as household types, household stdrsseor other population groupings
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(Eurostat, 2008).
Input-output data used for the construction of @&TPM social accounting database were

provided by the German Federal Statistical Offis®@BuA, 2004) and corresponded to the
generally promoted product by activity classifioatithat is regarded as being more
homogeneous concerning the description of the actims. The data are part of the
German national accounting and integrated intoBbeopean System of Accounts (ESA
1995), which is fully consistent with the world widystem of National Accounts (SNA
1993).

The square matrix format of the input-output matmithin the social accounting table
allows sector disaggregation according to the appbn of the model.

The database for the German road travel policy inbde a standard formulation of a

Social Accounting Matrix and consists of 35 sectasslisted in Table 2.
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Table 2 Sector data of the GRTPM

Input-output sectors in the GRTP model,

passenger travel demand related sectors are highlighted

No. CPA*
1. 01,02,05 Agriculture and Forestry
2. 10 Mining of Coal and Lignite
13, 1 Extraction of Crude Petroleum and Natural Gas
4. 23 Manufacture of Refined Petroleum Products
5. 40 Electricity, Gas, Steam and Hot Water Supply
6. 41 Collection, Purification and Distribution of Water
7. 27 Ferrous & Non Ferrous Metals
8. 13,14,26 Non-metallic Mineral Products
9. 24 Chemicals
10. 28 Metal Products
1. 29 Agricultural & Industrial Machines
12. 30 Office Machines
13. 31,32 Electrical Goods
14. 34,35 Transport Equipment
15. 15,16 Food and Tobacco
16. 17,18,19 Textiles, Clothing & Footwear
17. 20 Timber & Wood
18. 21 Paper
19. 22 Printing Products
20. 25 Rubber & Plastic Products
21. 37 Recycling
22. 33,36 Other Manufactures
23. 45 Construction
24. 50,51,52 Distribution
25. 55 Hotels and Restaurants
26. 60 Land Transport
27. 61,62 Water and Air Transport
28. 63 Supporting and Auxiliary Transport
29. 64 Communications
30. 65,66,67 Bank. Finance & Insurance
31. 70,71 Real Estate
32. 72 Software & Data Processing
33. 73,74 R&D, Business Services
34. 92,93,95 Other Market Services
35, 75,80,85,90,91 | Non-market Services

Source: Database GRTPM, and own calculations.
* CPA (Classification of Products by Activity) is the European statistical classification of products linked to branches of
economic activity in the European Economic Community, Edition 2002.
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Corresponding to the schematic presentation showFigure 3 additional economic data
such as direct taxes (on labour and capital), pginmgputs like labour and capital, imports,
and consumption, were included basically from tleen@n national accounting data of the
Federal Statistical Office to construct the dataldas the GRTPM.

4.3.2 Transportation sector input-output data

The economic input-output data related to privatasehold travel activity expenditures
were constructed based on the 2003 survey datacoime and expenditure of households
in Germany. Data representing private travel demesldted household consumption
expenditures were disaggregated according to hoilgsehcome and residential location
(see Chapter 4.3.5) and attributed to the corredipgnsectoral production activity of the
GRTP model's SAM. Both data sources — the inconteexpenditure survey information
and the input output national accounting data -eviaiegrated for consistency purposes of
the overall SAM database. The detailed illustratdrall data incorporated into the model

database as well as the disaggregation of theislptasented in Figure 4.
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Schematic picture of the integration of private |

il travel d

1 and production into the imput-output table for Germany, 2002
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Figure 4

Social accounting matrix of the GRTPM — dtibution of private

household travel expenditures to the sectoral inpubutput database

The relevant numerical information on differentdatprivate household expenditure on

travel activities as a consumption activity wasivk=t from the micro data of the German

Sample Survey of Income and Expenditure wheredalsulated based on the classification

by consumption purposes and included the indiratiier added tax (VAT). It was then

allocated to the sector systematisation of the thopiiput table by classes of production

activities, excluding indirect taxes (see Figure We correction for the VAT was made

based on the assumption of implicit VAT rates. Ehe®re calculated from the difference

between the sector specific private household aopsion given in the national accounting
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framework compared with the corresponding valuetaiobd from the income and

expenditure survey data, after its reclassificafrom consumption purpose to production
activity.

To obtain an accurate picture of the household tcarel expenditure the following

consumption purposes were taken into account:

Purchase of new vehicles,

Purchase of second-hand vehicles,

Spare parts and accessory for motor vehicles,
Fuels and lubricants,

Maintenance and repair of motor vehicles,
Rental fees for parking and garages,

Other services related to car usage,
Insurance and financial services, and
(Annual) Tax on motor vehicles.

Information on the amount of fuel tax was separdteth the household expenditure on
fuels. Fuel as well as motor vehicle taxes weracalied to the government budget revenues
(see Figure 4). Furthermore, expenditure on c&eltraas grouped into fixed and variable
expenditures. Variable expenditures are directlgted to car use, i.e. car kilometres and
comprise expenditures on fuels and fuel taxes. rEhaaining expenditures make up the
fixed costs of car use, i.e. annualised car puechas car maintenance costs.

Household expenditure for public transportation @wasved from expenditure attributed to
the consumption purpose “external transport sesweghout aviation and without holiday
trips”. It includes expenditures on passenger parisby local and long-distance bus and
coach services, urban light railways and tramwaysuntain and funicular railways, taxis
and chauffeur-driven hire cars. Hence, on houseleldand side separated consumption
expenditures — private and public transportatiorwere merged into one combined
passenger transport good of final household consampExpenditures for aviation and

holiday travel were excluded.
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4.3.3 Mobility data

To cover the need for information on householddtdehaviour, primarily data from the
National Travel Survey Mobility in Germany (MiD, @P) were used. To check the
coherence of selected mobility indicators additiotata from the Car Mileage Survey
(Fahrleistungserhebung, 2002) were taken into awcolhis data source will not be
discussed here in detail due to its secondary itapoe for the GRTP model data base
construction process.

The methodological groundwork and the technicaigaton of the MiD 2002 survey was
conducted by the German Institute for Economic ReteDIW Berlin and the Institute for
Applied Social Sciences infas, Bonn on behalf o frederal Ministry of Transport,
Building and Housing®

The MiD 2002 survey was carried out by mail ancepgbbne, where the interviewer
collected information on the daily travel and otlaetivities recorded in a diary for one
randomly assigned day as well as the economic anmdemographic attributes of the
household members. Sampled households were chbsmrgh a random selection from
population registers of 300 municipalities stratifi by types of regions. The register
provides information on names, address, gender, agk nationality of the survey unit.
The sample contained 25,000 households. Institalied persons, foreigners, and
children were included in the sample if they wezgistered within the municipality. The
sample provides an observed database of 61,700nseis 25,800 households owning
34,000 cars and reporting 168,000 trips, coverlhdagys of the year.

The MID is a large-scale, multipurpose cross-sectiorvey financed and supervised by a
national authority. The extensive data containedha MiD 2002 allow the analysis of
individual and household travel behaviour in thentest of household income,

sociodemographic or land use characteristics, atuhty (mixed-mode), or the

2 From the beginning on the entire project MobiiityGermany MiD 2002 has been documented on its
homepage including detailed information and dowdsoaf interim and final reports (www.mid2002.deheT
survey micro data are available via the Clearings#ofor Transport Data (www.clearingstelle-verkedy.
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interactions of travel patterns on the househaldl|eestimation of population totals, e.g. in

car ownership, the amount of travel, vehicle kilbreg, mode use, etc. Figure 5 gives an

overview of the information included in the MiD ZD8urvey.

Households Persons Vehicles Trips
v L L v
® Household size ® Socio-demographics ¢ Vehicle data
¢ Vehicle ownership e School/Occupation ¢ Annual mileage
* Telephone ¢ Drivers license e Main driver
® | ocal area e Long distance trips last ¢ Usual parking
=l° Profile of household quarter space
5|| members ® Duration of residence
S||® Income  Accessibility to transit
O || e Telephone number ¢ Car availability
e Cellular, computer, * Bike availability
internet e (Bike access & storage)
e Transit/rail subscription
* Mode usage habits
® Handicaps
» Accessibility normal * Purpose/aim/activity
destinations * Modes
» (Reasons for not » Distance
participating in survey) * Duration
(departure/arrival)
¢ Destination address
> e Zero trips e Odometer e Number of
o * Normal day reading companions
g‘ o Car availability e (Usein » Business trips module
a ® Weather household) » (Use of household
vehicle)
Figure 5 Contents of the Mobility in Germany 2002 srvey

Source: U. Kunert and Follmer, R. (2005).

4.3.4 Household budget and expenditure data

The Sample Survey of Income and Expenditure (EVM®32 StaBuA 2005a, 2005b and
2006a) and the Current Household Budget Survey (L\2803, StaBuA 2005c) are
components of the voluntary system of householdgeudurveys. Both surveys provide
important official statistics on the standards winlg of households in Germany. The

Sample Survey of Income and Expenditure was iedian 1962/63 and is conducted every
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five years in cooperation between the Federal Sizail Office and the statistical offices of
the German Laender. The Federal Statistical OfScesponsible for the survey technical
and administrative organisation as well as for fimther reprocessing of the data; the
German states recruit the households and condadntarviews. The current household
budget survey reports results on an annual basisptayed a minor role in the GRTP
model database construction. It has basically ser@® a secondary data source to
crosscheck the consistency of the results obtafmed the Sample Survey of Income and
Expenditure and it will not be described here itade

For the purpose of representativity the survey toegery five years approximately 60,000
households of all social groups in Germ&hyThis number includes about 12,000
households in the New Laender and the former EeadirB The selection of the survey
population follows a quota sampling plan based aota variables and applied to the
universe of households. By definition, the Samplev8y of Income and Expenditure does
not provide data on persons living in communalldsments and institutions, neither on
households with a monthly net income of over 18BQfb. The reason for putting a
ceiling on the income category are privacy andes@ntativity concerns resulting from the
small number of observed survey units falling ithis category. The quota variables such
as type of household, social status of the maionme earner, and net household income
determine the number of households to be intervdevibe Sample Survey of Income and
Expenditure comprises three components. The fadtgf the survey is a postal, reference
day-based introductory interview completed by thmudeholds. It captures the basic
sociodemographic and economic data of householdsiratividuals, information about
their housing situation and equipment with consutheables. The introductory interview

also contains a separate questionnaire about tiggota and financial property, consumer

2 The legal basis for the sample survey of inconmeexpenditure is the Law on Household Budget Siegis
in the amended version published in the Federal Gazette, Part Ill, Subsection No. 708-6, amended b
Article 10 of the Law of 14 March 1980 (Federal L&azette I, p. 294), in conjunction with ArticleoRthe
Ordinance of 26 March 1991 (Federal Law Gazetpe 846) and the Federal Statistics Law of 22 Januar
1987 (Federal Law Gazette |, pp. 462, 565), lagtraded by Article 16 of the Law of 9 June 2005 (Falde
Law Gazette I, p. 1534). The data are collectespasified by Article 2 of the Law on Household Batg
Statistics
(http://www.destatis.de/jetspeed/portal/cms/Sitestatis/Internet/EN/Navigation/Statistics/Wirtsasegchnu
ngenZeitbudgets/WirtschaftsrechnungenZeitbudgets,[#x1.01.2009).
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credit and mortgage debts of households. Both muestires are posted to the households
at the beginning of the survey year. Within theosekc part of the survey households
continuously (diary based) record their income amgenditure over a period of three
months. To ensure an even distribution over the tlea sample is subdivided into four
parts, each for a given quarter of the referenee. yehe third part of the survey is the so-
called "detailed log book"™ where every fifth paipating household enters its detailed
expenditure on food, beverages and tobacco by iyamid price for a given month of the
year. Data on household income and expenditureeapeded according to the international
classification of individual consumption by purpo&OICOP) and is available in the
micro-data as continuous variables in Euro. Thi®wa construction of household
equivalent income quartiles as used for the GRTBRemd-or the construction of household
income shares different income components suchabsuf, capital and government
transfers were taken into account. The Sample $uwiécome and Expenditure contains
comprehensive data on the households' differenteewf income, their property and debt
situation, equipment with consumer durables, amit fimal consumption expenditures. It
is therefore regarded as the reference data sdorcéhe construction of household
equivalent income quartiles later applied to thebility data of the Germany Travel
Survey. For an extensive description on the coostm of household equivalent income
guartiles see Chapter 4.3.5.

Data on household expenditure contain informationconsumption spending as well as
other expenditures, e.g., on insurance or vehilation.

The anonymised and coded data contain also houketiolmation on residential location.
Reported land use characteristics are the Gerndardestate (Laender), population-size
categories of municipalities, and a so-called “arbaral-region” classification, containing
seven classes:

High density agglomeration areas,
Agglomeration areas with outstanding centres,
Urban areas with high population density,

Urban areas with medium population density andya kével centre,
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Urban areas with medium population density and autla high level centre,
Rural areas with medium population density, and
Rural areas with low population density.

The “urban-rural-region” classification of housedsl residential location is based on the
“basic regional settlement structure typification” (Siedlungsstrukturelle
Regionsgrundtypen) developed and applied by then&erederal Office for Building and
Regional Planning (BBSR, 2005; Schuert et al., 2006 matches the corresponding
classification applied in the National Travel Syndata and is therefore used to construct
the four residential location classes used in tRF B model (see Chapter 4.3.5).
In general the “urban-rural-region” classificatidistinguishes regional patterns based on
population size and population density:
“Basic regional settlement type 1” are agglomeratjacharacterised by a main centre
area with more than 300,000 inhabitants or by aifaion density of about 300
inhabitants per kA

“Basic regional settlement type 2” are urban aweits a population density over 150
inhabitants per kfor containing a main centre area with more thaadd inhabitants

with a minimum population density of 100 inhabitaper kni, and

“Basic regional settlement type 3” are rural anedh a population density above 150
inhabitants per kfbut without a main centre area with over 100,00@bitants or
containing a main centre area with over 100,00@hitants but with a population

density below 100 inhabitants per km

Figure 6 gives an overview of the spatial distributof the basic regional settlement types
in Germany. 49 % of the German population and 5@f%ll employed persons occupy

11 % of the country’s are.
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Area types according to
settlement structure

Agglomeration areas

. Central cities

Szczecin I Highly agglomerated counties
Agglomerated counties

Rural counties

Urbanized areas

| Central cities
Agglomerated counties
Rural counties

Rural areas
[l Rural counties with higher density
Rural counties with lower density

Data base: Continuous Spatial Monitoring System of the
BBSR (Federal Institute for Research on Building, Urban
Affairs and Spatial Development within the Federal Office
for Building and Regional Planning)

Geometrical base: BKG (Federal Agency for

* Ziirich . Innsbruck y Cartography and Geodesy

© BBSR Bonn 2009

Figure 6 Basic regional settlement structure typiftation” (Siedlungsstrukturelle
Regionsgrundtypen), German Federal Office for Builihg and Regional
Planning (BBSR)

To obtain the four residential location classesdusghe GRTP model (see Chapter 4.3.5),
parameter values of the “urban-rural-region” vaealiere reassigned and partly merged:

Categories 1) and 3) were combined to one catéggglomerations”,

Categories 4) and 5) were merged into the catetynlyan areas”,

Categories 6) and 7) were summed up into the catéBural areas”, and

The residential location category 2) “Urban ceritasstituted a unique category.

The residential location attribute used in this kvdescribes the accessibility within the
area occupied by the specified household incomegoay. It has a number of advantages.

Firstly, they are comprised in the two key housdhdéta sources: the German Sample
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Survey of Income and Expenditure and the Mobiltysermany Survey.

Secondly, the construction of the regional typtiima used by the German Federal Office
for Building and Regional Planning takes into actadifferent administrative spatial units
such as regions, districts, and municipalitiess further based on the spatial distribution of
population in terms of the population density aogpylation size as well as the proximity
to and the existence of regional kernels with ticemmtre functions. Both attributes refer to
accessibility potentials of residential areas. Rgnpopulated areas with functional centres
providing residential infrastructure such as soarad other services and working activity
areas are assumed to be well accessible, i.eceityres, urban areas. On the other hand,
areas with low population densities, located reddyi far from functional centres indicate
lower accessibility, i.e., rural areas, parts ofglamerations. Accessibility potential
revealed by land use attributes implies the excgtesf travel mode alternatives as well as
their service quality regarding public transpodati Thus, rural areas are assumed to be
less accessible, especially by public transportatithey are not in direct proximity to
functional centres and can be best travelled byageitransport, i.e., car, bike or walking

(see also Appendix 10).

4.3.5 Combining different data sources — private houskhmlome, expenditures, and
mobility

To allow the application of the CGE model for ewaing the (re)distributional effects from
road charging policy implementation in the passengead travel sector, the model
distinguishes among 4 different household incorassds, i.e., equivalent income quartiles
and 4 different residential location attributes atidsng the households. Each household
category is characterized by a uniquely parameteériatility function, endowments of
primary factors such as capital and labour as wasll public income transfers and
unemployment benefits. Household primary factoroswdent determines its wage and
capital income. For the construction of the model¢l demand database by different
household income and residential location categptravel expenditure and travel activity

data were required. Since no database exists oorgdioth information, two different data
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sources had to be used. Hence, household categecyfis travel demand patterns were
included into the model through behaviour basedilityplparameters (in km per mode)
from the Mobility in Germany National Travel Survélravel expenditure coefficients (in
€) were derived from the German Sample Survey adrime and Expenditure. Even though
household model data were derived from two diffedata sources it had to allow for the
assignment into the same income and residentiatitothousehold population groups.
Furthermore, household equivalent income quartiébsto be calculated for the assessment
of household redistributional and equity effecteeTtonstruction of household equivalent
income quartiles requires reliable continuous hbakk income data accompanied by
further sociodemographic household information sashhousehold size and composition
together with the age structure of single houseméinbers. This data are required to
derive the equivalent scale that is used to mottify original household net income to
obtain household equivalent income.

4.3.5.1 Construction of equivalence-weighted income questil

While data from the Income and Expenditure Survemtain continuous information on
household income and wealth status, income in tit@Nal Mobility Survey is reported as
a categorical variable (differentiated for 8 mowtmet household income categories,
see Table 3) based on the self-assignment of sedvieguseholds. Thus the German travel
database contains only household income classes@ndontinuous household income
information. Table 3 gives relevant details undedythe differences in the way household
income is surveyed in the Sample Survey of Income& Bxpenditure compared to the
National Travel Survey Mobility in Germany.
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Table 3

Information available on household incomeamparing the Household

Income and Expenditure Survey (EVS, 2003) and the @man National

Travel Survey (MiD, 2002)

Sample Survey of Income and Expenditure of the German
Federal Statistical Office (Einkommens- und
Verbrauchsstichprobe, EVS, 2003, StaBuA)

German National Travel Survey Mobility in Germany
(MiD, 2002, infas and DIW Berlin)

Precise income is reported during a 3 month period by
sampled household — widely differentiated income categories
are reported, including different types of public and private
transfers as well as lump sum annual bonuses

Monthly household net income or disposable income are
calculated based on detailed household income structure
reporting

Household income is a continuous variable and has unique
observations for each (household) survey unit

In line with the survey design and for the reason of a limited
number of observations households with a monthly net income
over 18,000 Euro are eliminated from the sample

There are no missing values within the income variables —
each survey unit carries income information

Surveyed households are asked to assign themselves to
8 income categories of monthly household net income —
voluntary declaration based on self-assessment;

Less than 500 € per month
500 € to less than 900 €

900 £ to less than 1,500 €
1,500 € to less than 2,000 €
2,000 € to less than 2,600 €
2,600 € to less than 3,000 €
3,000 € to less than 3,600 €
3,600 € and above per month

The highest category of “3,600 € and above” of monthly
household net income is not restricted to a maximum
value

The share of households without income reported is
relatively high (14 % of the sample) - this is mainly due to
refused income indication (about 9 %)

Sources: MiD 2002 (infas and DIW Berlin, 2002), EVS 2003 (StaBuA, 2005).

To carry out the analysis of household welfareritistional and equity effects, population
segments (and their consumption and mobility pesjilhad to be classified according to

quartiles of equivalence-weighted household incodence, the income unit used here is

the household consisting of individuals living ttdger and participating in common

resources, e.g., combined household incomes. Thellagon of household equivalent

income takes into account household size and holdsebmposition as to the age structure
of the household members. It is based on the idat hHousehold income is earned by

individual household members and after it has hmmwied its allocation depends on the
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size and structure of the household as a wholegeimeral, consumption and income
allocation decisions take place depending on thasdiwold demographics. Hence,
household income is shared when expenditure anduogption choices are made by
individuals living together in a household conteXhe implementation of equivalence
scales derived from household size and structunebeaalso understood based on cost of
living functions derived from economic utility thgo applied to economies of scale for
persons living together (Y=C(U), where income Yresponds to the cost of living and
therefore the utility or welfare U of the householBor some expenditure purposes and
consumption goods or services household size andoinposition as to the age of its
members generate economies of scale with regalbiasehold utility. Several types of
economies of scale can be observed. The concepesp particular to travel decisions
and travel expenditures. The consideration of hooiseeconomies of scale through the
calculation of household equivalent income queastiier the distributional analysis within
the passenger travel sector is therefore esseft@h the consumption theoretical point of
view travel choices are made within the househabditext considering the utility
maximisation of the household as an economic éndbably the best practical example is
trip chaining of parents bringing their childrengchool on their way to work. Therefore,
for the investigation of equity impacts it is essa&ito take into account equivalent income
to provide a comparison of levels of individual l@ting or utility across households, in
particular when travel demand is considered. Feunalamental discussion of household
composition and welfare comparison see also Muadb§1973 and 1974).

Equivalence scales are applied to derive the leffehcome of an equivalent adult, the
equivalent income being weighted by the equivalestade applied. Hence, the relevant
population unit used in welfare analysis is theiegjent adult. The analytical framework is
therefore based on a derived income distributiorgpfivalent adults where differences in
(consumption) needs are taken into account correipg to household formation.

To calculate equivalence-weighted household incoimee OECD equivalence scale was
used (Atkinson et al., 1995; OECD, 1982 and 200B& OECD equivalence scale is based

on different weighting factors for adults and chald: the main or first household member
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receives the factor 1.0, further household membklsr than 14 years are weighted with
the factor 0.5; finally children at the age of Jhys and younger receive the factor8.3.

In the next step, income quartiles were computeskedaon the equivalence-weighted
household income. The extrapolated household supepylation was divided into four
equal-sized groups under consideration of the Hmldeequivalent income distribution.
Each quartile contains one fourth of the samplegufaion. Equivalence-weighted
household income quatrtiles had to be calculatdmbth household data sources used in this
work, i.e., the Sample Survey of Income and Expeneliand the National Travel Survey,
the latter originally containing only a categoriskedusehold income characteristic (see
Table 3).

4.3.5.2 From categorical to continuous income data in tagdval Travel Survey

Nevertheless, to compute equivalence weighted halgencome quartiles a continuous
income variable is required together with additidmausehold characteristics. Continuous
household income values were only available in 8snple Survey of Income and
Expenditure. Therefore, this data basis was us¢beaseference data source on household
income information for the computation of equivdlencome quartiles. Furthermore,
explanatory coefficients from the estimation ofauéehold equivalent income regression
function were used to predict the continuous incdorethe households in the National
Travel Survey data.

For the estimation of a linear regression moddimfsehold income a model was specified
with the log-transformed form of the monthly houslehnet income as dependent variable
and significant household characteristics as exdtag variables. In the regression only
comparable explanatory variables enclosed in ballveys could be considered.
Explanatory variables used were: the size of thesbbold/ number of household members,

number of working persons within the household, benof children at the age of 14 years

%0 For example, a family consisting of five membées, two adult parents and three children at teaf 14,
9 and 3 years, has a combined disposable incomeenéll 5,000 Euro per month. Their monthly net @EC
equivalence-weighted income amounts to 5,000/(55+@®.3 + 0.3 + 0.3) = 2,083 Euro.
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or younger, number of cars within the household, @erman federal state (Bundesland),
and a residential location characteristic as thiedn-rural-region” classification described
in Chapter 4.3.4. The estimation was carried oirigquthe econometric software Stata.
Since all of the explanatory variables are in catiegl form a desmat-linear regression
model was run in Staf&.

Given the limitations regarding the inclusion ofpknatory variables into account, the
model fit can be seen as satisfactory (Pseudo-Ru8aqf 0.5).

In the next step, data from the National TraveiByurwere merged to the Sample Survey
of Income and Expenditure that has been used itoastthe household income regression
model. Since the National Travel Survey data coethiexactly the same household
income explanatory variables as have been usdtiregression the income predictor was
calculated for both databases using the parameateffidents estimated from the
Household Sample Survey of Income and Expenditure.

(OECD) Equivalence scales were calculated sepgrtieleach dataset using the specific
household demographic characteristics. Based oreshienated household monthly net
income and the calculated equivalence scale paeaseiquivalence-weighted household
incomes were calculated for each household in weedatasets — the Sample Survey of
Income and Expenditure and the National Travel &urv

Finally, based on the equivalence-weighted houselmm@omes, household quartiles were
constructed. Quartiles rather than quintiles ofldeavere chosen for the model database to
limit the number of household categories after thelusion of the four residential
characteristics. The construction of two-dimensidmausehold categories based on, e.g.,
income deciles and the four residential locatiotnibattes would lead to 40 different
household categories with a likely critical numhsr observations in each category.
Besides, the interpretation of distributional effebetween 40 two-dimensional categories

could easily become fuzzy and unsound.

31 Data Analysis and Statistical Software STATA, wstata.com (24.11.2009).
32 For a detailed description of categorical regmssistimation procedures in Stata using desmat see
http://ideas.ugam.cal/ideas/data/bocbocode.t{itBl07.2009).
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4.3.5.3 Matching different data sources

An important precondition for merging informatiom dravel expenditure and travel
behaviour derived from two different data souraasthe estimated equivalence-weighted
household incomes quartiles is a good match of hikesehold population within the
guartiles. Therefore, households in the quartilesach database should show similarities
as to average household size, motorisation leagks structure of household members, etc.
The method used to estimate household income allawsatisfactory match of the
household population of each survey sample acogrdan the equivalence-weighted
household income quartiles. Small differences betwthe quartile income intercepts in
each dataset validate furthermore the comparabitify the household population

distribution within the household quartiles of baéita sources (Table 4).

Table 4 Equivalence-weighted household income quale intercepts calculated
from the Sample Survey of Income and Expenditure ahthe National
Travel Survey

. . Quartile income intercepts, in Euro
Equivalence-weighted household
income quartiles Sample Survey of Income and German National Travel Survey
Expenditure
Quartile 1 up to 1,569 1496
Quartile 2 up to 1,893 1,840
Quartile 3 up to 2,233 2141
Quartile 4 from 2233 2,141

Source: MiD 2002 (infas and DIW Berlin, 2002), EVS 2003 (StaBuA, 2005), and own calculations.

The analysis of distributional and equity effeatsni road charging will consider not only
household income quatrtiles, but is also supposddki® into account the four residential
location characteristics as described in Chap®#d4. Therefore, the constructed
equivalence-weighted household income quartiles aal@itionally combined with their
corresponding parameter values from the “urbanHnegion” classification in each

dataset. For the analysis of the model resultgyoats are distinguished as presented in
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Table 5.

Table 5 Household categories used in the applicatiof the GRTPM
Household categories used in the GRTP model

Income

HIQ1 Equivalence-weighted household income quartile 1

HIQ2 Equivalence-weighted household income quartile 2

HIQ3 Equivalence-weighted household income quartile 3

HIQ4 Equivalence-weighted household income quartile 4

Residential location

HRCent1 Urban Center

HRAgglo2 Agglomerations

HRUrb3 Urban areas

HRRul4 Rural areas

Combination of the equivalence-weighted household income quartiles and the residential location characteristic based on the
“urban-rural-region” classification

H1 HRCent1 + HIQ1
H2 HRCent1 + HIQ2
H3 HRCent1 + HIQ3
H4 HRCent1 + HIQ4
H5 HRAgglo2 + HIQ1
H6 HRAgglo2 + HIQ2
H7 HRAgglo2 + HIQ3
H8 HRAgglo2 + HIQ4
H9 HRUrb3 + HIQ1
H10 HRUrb3 + HIQ2
H11 HRUrb3 + HIQ3
H12 HRUrb3 + HIQ4
H13 HRRul4 + HIQ1
H14 HRRul4 + HIQ2
H15 HRRul4 + HIQ3
H16 HRRul4 + HIQ4

Sources: GRTPM, and own calculations.

All categories used for the application of the GRTBdel, i.e., 4 equivalence-weighted
household income quartiles, 4 residential locatiasses, and the 16 combinations between
income and land use attribute, are consistent legtlee two datasets as to the underlying
household population. Table 6 shows selected statisf the sample as to the number of
observations as well as the extrapolated samplethieg with relevant indicators such as

average household size or income.
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Table 6

Selected statistics from the Survey of Incoe and Expenditure and the
National Travel Survey

Selected household statistics, Germany 2002 and 2003

Aggregated total in

Average monthly net

Average number of

Number of observations - : .
million. income in Euro persons per household
MD | EVS MD | EvVS MD | EvVS MD | EVS
Income category
HIQ1 5,457 7,900 94 9.8 1,271 1,248 1.7 1.6
HIQ2 6,572 10,423 9.5 9.3 1,753 1,695 2.2 23
HIQ3 6,477 11,587 9.5 9.5 2,069 1,983 2.3 22
HIQ4 7,342 12,834 9.2 9.5 2,603 2,510 24 2.3
Total 25,848 42,744 37.7 38.1 1.920 1.856 2.2 2.1
Residential location
HRCent1 6,757 8,987 91 9.2 1,865 1,784 2.0 19
HRAgglo2 10,049 18,982 16.5 16.5 2,020 1,947 2.2 2.1
HRUrb3 6,059 9,127 74 7.8 1,852 1,812 2.3 22
HRRul4 2,947 5,648 4.7 46 1,780 1,750 2.3 22
Income category together with residential location

H1 1,688 2,289 29 3.1 1,281 1,256 1.6 1.6
H2 1,688 1,914 2.3 20 1,756 1,686 21 21
H3 1,508 2,202 1.8 19 2,078 1,962 2.3 22
H4 1,909 2,582 22 22 2,586 2,468 2.2 2.1
H5 1,359 2,419 3.1 32 1,292 1,269 1.6 1.6
H6 2,340 3,867 40 34 1,772 1,703 2.2 23
H7 2,703 5,759 4.6 4.8 2,079 1,982 2.2 2.1
H8 3,647 6,937 49 5.0 2,620 2,524 24 24
H9 1,617 1,908 19 21 1,240 1,230 1.8 1.8
H10 1,691 2,781 20 24 1,722 1,701 2.3 23
H11 1,545 2,283 20 1.8 2,053 2,006 24 24
H12 1,206 2,155 14 1.6 2,598 2,530 2.6 26
H13 793 1,284 15 1.3 1,248 1,203 1.9 1.8
H14 853 1,861 1.3 15 1,736 1,678 25 24
H15 721 1,343 11 1.0 2,036 1,988 24 2.3
H16 580 1,160 0.8 0.8 2,558 2,504 2.5 25

Sources: MiD 2002 (infas and DIW Berlin, 2002), EVS 2003 (StaBuA, 2005), and own calculations.

Based on the good comparability of the data witii@ Sample Survey of Income and
Expenditure and the National Travel Survey it cenabsumed that each category defined
within the two survey samples comprises (nearl@ same household population as to
demographic characteristics. Given consistent edgmce-weighted household income

guartiles,

including the residential characteristrput data on household income

distribution, travel expenditures, mobility paraerst and C@ emissions have been
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deducted from the two surveys and integrated ii@0cGRTP model.

Household data from the Survey of Income and Exipered were used to derive the
income shares for sources of income accordingadtiusehold categories specified in the
GRTP model as shown in Table 5. Income types takém account were: overall
household net income, household labour income nectsom capital, public transfers and
finally unemployment benefits.

Furthermore, for each household category expergditon travel related goods and services
including fuel and vehicle tax as well as car iaswwe were derived from the Survey of
Income and Expenditure database (for a detailecrigion see Chapter 4.3.2).

From the National Travel Survey mobility parameterse included in the GRTP model
according to household categories. Mobility infotima for annual kilometres travelled by
car and by public transportation means were usexte®er, household category specific
CO, emission parameters were computed, based on por@isg vehicle ownership
attributes as reported in the survey.

After the integration of the household data inrtt@del, numerous data checks and iterative
(calibration) adjustments followed to encompass datnsistency between the macro, top-
down economic data from the input-output tableshef national accounts and the micro,
bottom-up data from the two household surveys. it a trivial exercise, as empirical
data sources often reveal inconsistencies andeliffesorts of deficiencies.

The GAMS code of the GRTP can be viewed in the Adpell.
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5 Model implementation

5.1 Policy scenario definition

The implementation of road charging policies reggiithe specification of the level and the
type of charging. The road use charge is imposed distance dependent basis (per km)
and the level of per km charging fee is set basednarginal social or marginal average
road use cost calculations. In the past growingaeh activity has been dedicated to the
assessment of the full social costs of motor vehide, including external, or non-market
costs imposed e.g. on the environment and thetpriea market costs born by the car user.
Results from social-costs assessment provide datié specification of transport pricing
policy measures (Lee, 1993; Murphy and Delucchf8lDelucchi, 2000; Litman, 2003;
Quinet, 2004). Nevertheless, methods used for) (folkhd transport cost assessment vary
and resulting numerical estimates are often basetlfferent assumptions as to the kind of
costs included into the calculatidh.

The scenario analysis is carried out based on BU®d per km, distance dependent road
charge imposed as a mark-up on the variable ceelt@sts on private car drivers. The
0.05 Euro per km road charge rate is a lower boanetaged estimate drawn from a survey
of German as well as European studies on roadstnficture cost assessment as well as
external average and marginal social cost calaratiThe rate of 0.05 Euro is set as one
half of the reference value from average externat calculations for cars and is assumed
to correspond to the lower bound from marginal ek cost calculations (Herry and
Sedlacek, 2003; IVT, 2004; Infras/ IWW, 2000, 20BE£CORDIT, UNITE). The decision
to investigate a 0.05 Euro per km road chargegerathan a gas tax or a vehicle-specific
charge is clearly related to the given probabiitymplementation of such an instrument in
Germany, but also to the fact that energy tax olgze is already one of the highest
compared to other countries in the European Unm@md in particular compared to

Germany’s border countries. A further increase le# tax would worsen the already

33 Cost accounted for in the calculation can be aagetwith road congestion, traffic accidents, la=awell
as global air pollution, oil dependency, and no@ther external costs taken often into accountead
infrastructure maintenance costs, land use suadibas sprawl and parking, etc. (Parry et al. 208@jJ.
detailed description of road use externalitiesGeapter 2.1.
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existing adverse effect of “grey fuel imports aeflLielling tourism”. As the study is future
oriented it focuses on road charging as a polisyriument. At the same time it takes into
account two important policy changes already onda&ing place in Germany: Firstly, the
recent developments within the German vehicle tamascheme with regard to the
consideration of C®emissions; and secondly, the European Commisggulation to
come in 2012 forcing European car makers to cuskndihe CQ emissions of the newly
vehicle registrations to 120 GOg/km. Both policy regulations will improve fuel
efficiencies of passenger cars, inducing decreasiuell demand. It can be therefore
expected that in the long run both policy changékralax the impact of fuel taxation as
policy instrument to regulate car use and genegattate revenue and making it therefore
necessary to set up an alternative policy instrirsech as road use charging.

The level of 0.05 Euro is additionally linked tcetFact that it makes up about 30 % of the
per km cost of car use compared to the out-of-pockst of an average car driver in
Germany. It is therefore high enough to triggerawebural reactions of car users; at the
same time 0.05 Euro per km is a rather small amoantpared to the overall household
spending on car purchase, ownership and use. Neless, the implementation of full
social cost pricing would require very high chaggievels and therefore is bound to be
controversial.

For the implementation of the GRTPM the followingvenue use was assumed. Road
charging is collected and redistributed within @&E model structure, where 15 % of the
revenues total is retained for system-financingppses and redirected to intermediary
input sectors such as insurance and banking, etectdevices and the factor labour.

The remaining revenue is divided between a dinectsfer to private households and the
investment in public transportation services. Thigeknt revenue use scenarios as to
household refund are specified in detail in Chapt2r

Besides the cost associated with operating the obadging mechanisms no additional
costs from transactions or interactions betweenstiexj taxes and the introduced
transportation policy are considered. The constaeraof optimal tax structures and the

discussion over the revenue share used to coveapiation of the road charging agency
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are both complex topics and their in-depth analgees beyond the scope of this work. The
assumption about the transaction costs retaindthance the system operating the road
charging revenue collection and redistribution agdmas been ever since subject to critical
discussion, in particular when the cost is sethasesof the overall revenue. In this study
the approximate value or share of the system castbieen derived from existing road
infrastructure cost assessment studies, given liaege level of 0.05 Euro per kilometer
and corresponding revenues (Herry and Sedlacel3; 200, 2004; Infras/ IWW, 2000,
2004; RECORDIT, UNITE). The question of an optimalefficient revenue share of the
road charging agency, especially when simulatingnging road pricing levels is not
further elaborated in this dissertation work. Ittamly remains a relevant and interesting
research topic.

The follow-up simulation analyses of different roeaarging revenue recycling schemes
allow the assessment of welfare and equity impfota such policies, where the choices
of revenue redistribution reflect different poliobjectives. The disaggregation of the
private travel demand within a CGE model framewbeétween different transport modes
and household income and residential location caieg enables this assessment, where
the final effects from the pricing measure withime teconomy depend on the use or
reallocation of the monetary returns collected fritva road charge (Small, 1992; Meyers,
2000 and 2001; Mayeres and Proost, 2002; FarrdliSateh, 2005; Hau 1998, 2005a, and
2005b).

The answer to the question about acceptance ofmiasure strongly depends on the
definition of the acceptability criterion as we#l the revenue recycling policy. The GRTP
model allows the simulation of policy scenario asptions required to design an
acceptable policy reform, provided an applicablenéss and equity definition is assumed.
This includes also the examination of the queshow much redistribution has to take
place before the median voter supports a 0.05 perckm road tax. At the same time the
methodological approach used has the strong adyardé allowing the assessment of
distributional as well as overall economic and emwnental effects important for social

welfare analysis under consideration of revenuestiéolution decisions.
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5.2 Revenue reallocation schemes — household refund

To examine the differences in the distributionapacts, the overall net welfare, and other
economic effects depending on the road chargingystenario, the varying road charge
collection and reallocation schemes are specifiethé CGE model for Germany. In each
scenario the road charging measure is implemerst@ddistance dependent mark-up on the
price of car travel calculated based on the kiloesetravelled. The overall effects of the
charging policy depends basically on the reallorabf the revenues collected from its
implementation and is therefore subject to poliopwations described below. In each
scenario road charging is collected and redistetbuvithin the CGE model structure,
where 15 % of the revenues total are retainedystem-financing purposes and redirected
to intermediary input sectors such as insurance bmrking, electronic devices and the
factor labour. 50 % of the revenue flows to thensgort sector and is evenly used to
improve or expand the public transport system dmedrbad infrastructure. It is assumed
that the value added for a household group by p@mhsystem amelioration financed from
road charging revenue is proportional to the amo@ipublic transport trip-km travelled by
the household. Another possible interpretation lois tpublic transport service and
infrastructure improvement is that it indirectlyders public transport fares. Depending on
the policy design, the remaining proportion of ttead charge revenue of 35 % is
redistributed to the private household sector atingrto a specific household refund
scheme or remains part of the public household &udg

The different road charging revenue use policiescéied to carry out the simulation
analyses with the GRTP are as follows: A all of 85%e% of the revenue is refunded in a
lump-sum manner to the private household sector disiibuted evenly, i.e., in equal
proportions across the household categories, EbelEqual household refund®; in

scenario B “Proportional household refund” the atévhousehold refund is reallocated to

3 A lump-sum distribution of the revenue might sefamfrom the practical implementation being rather
theoretical. Nevertheless, there exist examplesaédit based pricing scheme similar to the lunap-s
revenue distribution scheme, proposed to improv®ipacceptance of the measure (Kalmanje and
Kockelman, 2004).

99



the household categories according to the spetifet tax burden of each group as
proportion of the overall fuel tax burden contridditby the private households to the state
budget and therefore to some extent reflecting\teetical equity” principle often referred
to in public economics (see Chapter 2.3); and nad scenario C no lump-sum road
charging revenue redistribution to the private letwadds takes place, labelled “No
household refund”. Table 7 gives a summary overvidwthe three policy scenarios
specified in the GRTPM for the conduction of théiggosimulations.

Table 7 Overview of the policy scenarios implementein the GRTPM
Overview of policy scenarios implemented in the GRTPM
Scenario label A EqurZIfS:;? ehold B “Proportional household refund* C "No household refund"
Network coverage Full network
Time differentiation None
Charging level 5 Euro-Cent/km
Revenue use 15 % System-financing, 50 % Transport sector, 35 % Private household refund
Evenly lump sum %-Redistribution according to the
Household refund _=venly ‘ump sum specific fuel tax burden of each No redistribution to the private
. redistribution to all private i
policy . household category as proportion of household sector
household categories
the overall fuel tax burden

Source: GRTM.

The redistribution structure of road charging rexenbetween household categories given
in Table 7 and illustrated in the following ChapfeB does not result from welfare
optimizing assumptions. The simulation of differeatistribution schemes of the road
charging revenue is rather used to provide a battderstanding of the welfare and equity
impacts from the road charging measure.
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5.3 Model results

For a comparative static impact assessment a destdpendent and time invariant overall
road network charge for car use is implementedhatlével of 0.05 Euro per km. The

implementation of road charging changes the pncear travel and generates a shift in the
modal split resulting in changing overall transpeaiumes, depending on the reaction
parameters introduced in the model. Furthermoren@wic, budgetary and environmental
sectors related to the demand for passenger texyarience an impact from the shifts in
the private travel mode choice.

The effects of road charging can be categorisefblisvs: 1) higher travel costs for car

users according to the distance driven (in km) e gublic road network, 2) rising unite

cost of car use triggers travel behaviour reactierreduction of car use and changes in
modal split towards “slow travel modes” to avoic tbharges, 3) revenue collection and
redistribution to e.g., provision of road infragtture, public transport service enlargement
or improvments, tax cuts, or public sector spendiadicy in general. Since the road

charging measure introduced in this work applieh®overall network and does not take
into account the travel time of the day, travel d#bur changes will not include route

choice effects, or changes in departure times.cbnebination of the three components, in
particular the revenue use policy determine the effgct of the charging scheme and
whether parts of the population will suffer or bné&rom the measure (Small, 1992;

Meyers, 2000 and 2001; Mayeres and Proost, 2002elFand Saleh, 2005; Hau 1998,

2005a, 2005Db).

5.3.1 Overall transport and macroeconomic impacts

In all road charging scenarios the impacts on tt@nemic activity are rather small. It
suggests that the policy can improve emission seaatl shift mode choice towards public
transportation without having negative secondarynemic effects of significant

magnitude. Table 8 summarizes the overall transgortironmental and macroeconomic

effects for varying road charge revenue reallocagiolicies.
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Table 8 Macroeconomic effects from different road learging scenarios,

Germany 2002
Overall effects from different road charging schemes for Germany
A . B c .
Reference hoﬁggﬁcl)l q Chaﬁ}fe n ngﬁgg;\%?jl Change in %|No household Chaﬁ}fe "
refund refund refund
Level of road charge Euro/ km - 0.05 0.05 0.05
Transport variables
Revenues total ~ Million Eurol 0 23,042 - 23,051 - 22,954
Rev. (semi-public)  Million Eurg 0 13,075 - 13,062 - 19,511
Car Million km 492,783 460,848 -6.5 461,012 -6.5 459,072 -6.8
Public transport Million km 133,144 140,725 5.7 140,633 5.6 140,080 5.2
Overall travel Million km 625,927 601,572 -39 601,645 -39 599,152 4,3
Environment
CO2 1,000 { 110,698 104,017 -6.0 104,051 -6.0 103,614 -6.4
CO difference 1,000 { - -6,681 - -6,647 - -7,084
Macroeconomic variables
Environmental wefiare y uion Eurg 2,568 2,555 2,711
change
GDP  Billion Eurg 2,143 217 1.3 217 1,3 2,173 1.4
Number of employees 1,000 39,096 39,308 0,5 39,308 0.5 39,384 0,7
Number of unemployed 1,000 4,061 3,849 5.2 3,849 -5.2 3,773 -7.0
Unemployment rate % 9.41 8.9 - 8.9 - 8.7
Price of capital % -0.04 -0.04 -0.05
Budgetary effects
Due to change in
Rev. from direct taxes ~ Million Euro| 722,674 725,302 0.4 725,312 0.4 726,284 0.5
Rev. from indirect taxes ~ Million Eurol 60,643 60,857 0.4 60,857 0.4 60,957 0.5
Labour market expend. ~ Million Euro] 43,710 41,432 -5.2 41,426 -5.2 40,615 =71
Government demand ~ Million Euro] 378,537 381,071 0.7 381,096 0.7 382,888 1.2
Sources: GRTPM, and own calculations.

The volume of car road charging revenue generat€slermany from charging car drivers

using the overall road network is to a great extetermined by the population size, the
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number of car users or degree of motorizationtalted car kilometre driven and finally the
level of the per km road charge. For the differsmsgnarios there are only slight differences
in the total revenue of about 23 billion Euro, kigeable differences between 13,062 and
19,511 million Euro, when the semi-public revenoéume is considered. The semi-public
revenue is calculated as the difference betweenrdlienue total and the amounts of
revenues transferred to the road charging collgaigency and the household refund (as
described in Chapter 5.2).

To have a better understanding of the total revesolieme from road charging (23 billion
Euro) it can be compared to the annual volume otavaor fuel tax collected in Germany.
Hence, in 2002 the German state budget receive®2 ihllion Euro of car tax and
42,192 million Euro of fuel tax. The approximatexhd charging revenue would therefore
vary between approximately twice the volume ofdhaual car tax and be close to half the
amount collected from fuel tax. According to the tiNaal Accounts, household
expenditure on overall transport amounted to 168b@Rlion Euro and for car fuel to
40,380 million Euro for the year 2002. Hence, oa #ggregated basis households would
have to pay for road use about one half of themuahfuel expenditure.

Before the implementation of the policy annual kilsmetres amount to about 493 billion
km. After the introduction of car road charge auetn in car use accompanied by an
increase in the use of public transportation camlserved for each scenario. Depending
on the revenue reallocation scheme, private caeltrdeclines between 6.5 % and 6.8 %.
The reduction in car use after the introductiortaf road charging is slightly higher, when
there is no direct revenue transfer to the privetesehold sector. The redistribution of a
revenue share directly to the private householdgis the negative effect of road charging
on car use. The decline in auto mobility due todistance dependent cost rise in car travel
is (partially) compensated by the use of publicgia Kilometres travelled with public
transport modes rise on average by 5.2 % to 5.THérefore, road charging revenue
redistribution to the private household sector pytea the switch from car to use of the
public transportation. Nevertheless, taking therkietres travelled in the car or in the

modes of public transport as a homogenous “mobiliyndle, the net effect of road
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charging on travel activity is in general negati®s.a result overall household mobility is
reduced by 4.3 % to 3.9 % in distance travellededdmg on the household income
category.

In nominal terms, where the foreign price levelused as numeraire, gross domestic
product (GDP) experiences a positive growth aftes tmplementation of the policy
scenarios. Since with the introduction of the neswise “environment” this factor of
production is now explicitly paid for GDP increasésirthermore, the consumption in
terms of GDP includes only market goods. Howevasinmg a road charge increases the
environmental consumption and this takes placbeatkpense of traditional consumption.
Therefore the nominal increase in GDP are in linghwhe decline in domestic

consumption by the private household sector dismigsChapter 5.3.5.4.

The aggregated welfare calculated within the mageintifies the social benefit from the
reduction of negative externalities from car use.lével is based on an average external
costs per kilometre calculation as an approximatbmnarginal external transport costs.
The aggregate external cost is calculated by niyilig the average marginal costs with the
total car kilometres travelled under the assumpbéra linear relationship between the
monetarized level of the negative externality dreldar road kilometres matfeAssuming
linearity of external costs in distance travellsgisimplification. In reality most functional
relationships between car use and externality géioar are non-monotonous, and non-
linear. External effects from fuel consumption,.eamissions of CO, HC, NOx, GCout
also accidents, etc. are not only a function ofdiséance driven but also of vehicle speed,
the technical characteristics of the vehicle, dwgvibehaviour, and other factors.
Nevertheless, to some extent the assumption ddirityebetween the external damage and
car travel is legitimate when costs are aggregateel a large population, partially
balancing out different non-linearities (Small afaizimi, 1995). The resulting net welfare

benefit is highest for the scenario without thensfar of the road charging revenues to

% In the approximated external cost calculation ftlewing categories are taken into account: isfracture
depreciation costs, external accident costs, addogrmental costs (noise, local pollutants, climaffects),
each differentiated by type of street and user,raiaf public revenues raised, e.g., from taxesmsuarance,
vehicle registration and fuels (Herry and Sedla@éK3; Infras/ IWW, 2000 and 2004). For more dstait
marginal social cost pricing approaches see Chapter
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private households since the scenarios with transtkice lower car use reductions. As
external transport costs in fact can be assumeddqrogressively with transport volume
rather than linearly as is approximated here, thieebt quantification can be considered

rather conservative (Steininger et al., 2007).

5.3.2 Environment

The model implementation allows quantifying theuettbn of fuel use related transport
externalities, i.e. C® emissions, depending on the scheme design. Thuss,ta the
reduction in car travel, CQOemissions generated in the motor vehicle sectodayen on
average by about 6 %, depending on the revenusstriediion policy. The positive
environmental effect of CQOreduction is based on the fact that the average éd@ssion
per passenger-km is far lower for public transpme than for car travel (VDV-Statistik,
2006). Therefore, because of the sizeable reducticar use and despite of the rise in the

use of public transport due to the modal shift,dlierall CQ emission level declines.

Overall results demonstrate that when the ultirpatey objective is a reduction in the fuel
combustion externalities from car use, direct renetransfer to private households should
be minimized to avoid a response similar to a redoeffect. Results on individual
household contribution to the reduction on JLC@missions are further elaborated in
Chapter 5.3.5.3.

5.3.3 Sectors

Results obtained for selected economic sectoregpond to the results presented in Table
8 for transport related variables and macroeconongicators. As one would expect, the
economic activity in sectors related to car tral@inand decreases with the introduction of
car road charging. The most significant decline tenobserved for the sectors car
manufacturing (i.e., transport equipment), retaih\dty (i.e., trading), market services such

as repair, and foremost production of refined petnm products. On the other hand,
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sectors related to the positively affected pubseoisport demand and the use of road pricing
revenues for qualitative improvement or a quarnigaextension of the road infrastructure
supply or public transport services exhibit higipeoduction. These sectors are mainly
construction, non-market services, or the landspart sector. The transfer of the RC
revenues to sectors such as construction, trangparairket services implies an investment
and therefore a qualitative improvement or a quainte extension of the road
infrastructure supply or public transport servicééso sectors linked to the economic
activity of the road charge collector agency, edlectrical goods or the banking and

finance sector, increase their output.

5.3.4 Budget

The positive sector effects merge into a positivgact on GDP (see Table 8). The
decrease in production lowers indirect tax reveramd exerts a downward pressure on
employment. Nevertheless the negative impact onl@®mgent is outweighed by the
positive labour market effect triggered by the geahift in production. Therefore, the
economy experiences after all a positive effectimfirect taxes that results from the
positive labour market effect and the moderateceféa private household welfare (see
Table 8 and Table 28). In summary, shrinking putdic revenues are compensated for by

the (semi-public) net revenues collected from oadrpricing.

5.3.5 Microeconomic impacts

The introduction of an overall road use charge amntmavel at the level of 0.05 Euro per km
means a considerable increase in the unit priceaotravel compared to the variable car

km cost before road use charging (on average aitah08 Euro) shown in Table 9.
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Table 9

Car and public transport expenditures acros household categories

Transportation cost in Euro per km for different household groups and different transportation means, Germany 2002

Residential category

Public transportation cost in [Euro/km]

Income quartile HRCent1 HRAgglo2 HRUrb3 HRRul4 Total
HIQ1 0.09 0.11 0.08 0.10 0.10
HIQ2 0.08 0.09 0.05 0.04 0.07
HIQ3 0.05 0.06 0.05 0.06 0.05
HIQ4 0.07 0.07 0.07 0.05 0.07
Total 0.07 0.08 0.06 0.06 0.07

Car variable cost in [Euro/km]
HIQ1 0.07 0.06 0.08 0.05 0.06
HIQ2 0.07 0.09 0.08 0.09 0.08
HIQ3 0.08 0.08 0.08 0.09 0.08
HIQ4 0.07 0.07 0.08 0.09 0.07
Total 0.07 0.08 0.06 0.06 0.08

Sources: MiD 2002 (infas and DIW Berlin, 2002), EVS 2003 (StaBuA, 2005), and own calculations.

The resulting effects vary considerably across @bakl income groups and with reference

to the road charging revenue redistribution poficgnario as will be presented in Chapters
5.3.5.1 and 5.3.5.4.

5.3.5.1 Household travel expenditure

After the introduction of 0.05 Euro per km of caad charging, expenditure for car travel

as well as for public transportation use increagdls respect to the pre-policy situation for

each household group, irrespective of the poli@nado introduced. In Table 10 transport

expenditure impacts from car road charging aregmtes! for different household groups as

%-change relative to the reference scenario fdemiht revenue redistribution schemes.
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Table 10 Car and public transport expenditure impats across household
categories and road charging revenue reallocatiorcenarios

Distributional impacts across road pricing policy scenarios and household groups, Germany 2002
Transport expenditure impacts from car road charging in % change relative to the reference scenario for different revenue
redistribution schemes
Equal household refund in [%-change]
Car Public Transport
Income
Category HRCent1 | HRAgglo2 | HRUrb3 | HRRul4 Total HRCent1 |HRAgglo2| HRUrb3 | HRRul4 Total
HIQ 1 13.5 13.0 141 23.3 15.6 47 45 5.9 9.8 5.3
HIQ2 141 10.9 13.7 124 125 5.9 47 5.9 55 5.4
HIQ3 12.5 13.5 15.5 141 13.8 5.3 5.7 6.8 6.4 5.8
HIQ4 14.7 13.8 12.7 12.2 13.6 6.2 5.9 5.6 5.6 5.9
Total 13.8 13.1 13.8 13.9 135 5.5 5.2 6.0 71 5.6
Proportional household refund in [%-change]
HIQ 1 131 12.5 13.5 221 14.9 43 4.0 5.3 8.7 43
HIQ2 13.9 11.0 13.7 121 125 5.7 48 5.9 5.3 5.7
HIQ3 124 13.8 15.5 13.7 13.8 53 6.0 6.9 6.1 5.3
HIQ4 14.8 14.1 12.8 11.8 13.8 6.3 6.2 5.7 5.3 6.3
Total 13.8 13.4 13.8 13.5 13.6 4.0 4.8 6.0 6.2 5.5
No household refund in [%-change]
HIQ 1 12.8 12.2 13.0 216 14.5 4.0 3.8 49 8.2 44
HIQ 2 134 10.6 131 11.5 12.0 52 43 5.4 47 49
HIQ3 12.0 13.3 15.0 131 13.3 48 55 6.3 55 5.4
HIQ4 14.4 13.7 12.2 11.2 133 5.9 5.8 5.2 4.7 5.7
Total 13.3 12.9 13.3 12.9 131 49 4.9 54 6.0 5.1
Sources: GRTPM, and own calculations.

Looking at all three policy scenarios, the increasexpenditures for car travel is much
(two to three times) higher than for public trangation use. This mainly results from the
limited substitutability of public transportationyrneys for car trips. Moreover, with the
redistribution of road charging revenues to thevgig household sector the increase in
expenditure for travel related goods and servisdsgher than without the refund.
Expenditure changes also differ with household gate and the differences are most
pronounced for specific combinations of househddgsncome and residential location.

Irrespective of the policy scenario, i.e. with oitheut introduction of some form of
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household refund, households in the lowest incousetide experience the highest increase
of car use expenditures and the lowest increasgublic transportation spending. The
highest income group experiences the lowest reatierease for car travel. Therefore,
road charging works regressively on car use experedi® In contrast, changes in public
transportation expenditures are clearly progresasress household income quartiles, i.e.
they constitute a greater proportion of income ra®ine rises. Thus, households in the
lowest income quartile experience the lowest angsébolds in the highest income quatrtile
the highest change in public transportation expganeli When residential location is
considered as single distinction, results turn ratiher homogeneous between household
groups and their interpretation is therefore niightforward.

When household refund is assumed (scenarios A gndoBseholds in the two lowest
income quartiles benefit most from the revenuestiemin terms of increasing spending on
travel activities. Furthermore, while expenditurgacts vary between 12 to 15.6 % for car
use and 4.4 to 6.1 % for public transportation wlecome and residential location
characteristics are considered separately, theyrglevbetween 10.6 and 23.3 % and 3.8 and
9.8 % respectively when household categories bly imatome and residence are taken into
account.

For spatially and income disaggregated househdieégosaes, households in the lowest
income quartile residing in a rural area experiebgefar the highest car expenditure
increases, ranging from 21.6 % for scenario C t® 28 when scenario A is assumed.
Therefore, for this household group the introductiof road charging has a clearly
regressive impact on their car use expenditures. sEime effect is also observed for the
public transportation spending of this householdugr On the other hand, households
living in city centres display a rather progresstae expenditure change across household

income quartiles. Again, a similar result is alsvéhtrue for the expenditures on public

% The terms regressive and progressive will be tisedighout the work to desctribe the income regviégs
or progressibvity effect with regard to expendituas well as to welfare impacts occuroing after the
introduction of the policy reform, i.e., car roasatging. Hence, a progressive effect in expenditefiers to a
situation, where the percentage change accordihgusehold income category is higher for high ineom
quartile groups than for low income quartile housiids. Accordingly, a regressive distribution refes an
outcome where low income quartile households egpe& a higher relative change than high incometitpiar
categories (Suits, 1977 and Kiefer 1983).
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transportation.

Most of these important findings can be interprdteded on a range of different factors,
above all to household specific travel expenditasavell as travel demand profiles in the
pre-policy situation resulting among others from usehold demographics and
motorisation, as will be discussed in more detailGhapter 5.3.5.2 together with the
description of mobility impacts from road charging.

In the pre-policy situation households display diedifferent expenditure patterns for car
use as well as for the use of public transportati@pending on their income level and their
residential location. Table 11 shows selected Hmldencome and expenditure parameters
in absolute numbers. An additional table with absohousehold expenditures on fixed car

use related components is presented in the Appéndix
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Table 11

Household income, overall consumption amsklected transportation
expenditures for household categories

Household net income total consumption and transportation expenditure in Euro, Germany 2003

Residential category

Net income in [billion Euro]

HRCent1 HRAgglo2 HRUrb3 HRRul4 Total
HIQ1 60.6 60.7 415 27.0 189.8
HIQ2 58.0 109.9 771 48.8 293.8
HIQ3 71.0 170.2 68.2 39.0 348.4
HIQ4 101.5 244.8 79.0 38.3 463.6
Total 29141 585.6 265.8 153.1 1,295.6

Consumption Total in billion Euro]

HIQ1 51.3 51.9 35.1 227 160.9
HIQ2 46.7 89.1 62.1 39.0 236.8
HIQ3 56.4 133.6 49.8 28.1 267.9
HIQ4 724 173.3 57.0 27.6 330.3
Total 226.8 4479 204.0 117.3 996.0

Total fixed car travel expenditure in million Euro]
HIQ1 1,780 1,435 1,802 1,232 6,249
HIQ2 4,002 7,874 6,084 4,094 22,054
HIQ3 5,707 13,525 5,036 3,179 27,446
HIQ4 8,241 20,131 8,451 3,952 40,775
Total 19,730 42,965 21,372 12,456 96,524

Total variable car travel expenditure for fuels in million Euro]
HIQ1 706.2 501.5 817.2 580.4 2,605
HIQ2 1,625 3,073 2,485 1,643 8,826
HIQ3 2,104 5175 2,492 1,441 11,211
HIQ4 2,916 7,709 2,824 1,471 14,920
Total 7,351 16,458 8,618 5,135 37,562
Total car travel expenditure in million Euro]
HIQ1 2,486 1,937 2,619 1,812 8,854
HIQ2 5,626 10,947 8,569 5,737 30,880
HIQ3 7,811 18,700 7,527 4,619 38,657
HIQ4 11,157 27,839 11,275 5,423 55,694
Total 27,081 59,423 29,990 17,592 134,085
Public transportation in million Euro]
HIQ1 1,152 1,035 4721 253.9 2,913
HIQ2 608.9 7254 3775 211.8 1,924
HIQ3 614.5 920.6 273.9 164.6 1,974
HIQ4 848.5 1,276 27041 148.8 2,543
Total 3,224 3,957 1,394 779.2 9,353
Total travel expenditure in million Euro]

HIQ1 3,638 2,972 3,091 2,066 11,767
HIQ2 6,235 11,673 8,946 5,949 32,803
HIQ3 8,426 19,620 7,801 4,784 40,631
HIQ4 12,006 29,115 11,545 5,571 58,237
Total 30,304 63,380 31,384 18,371 143,438*

Sources: EVS 2003 (StaBuA, 2005), and own calculations. *Total travel expenditure excludes aviation and holiday travel packages.
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For the interpretation of the expenditure impaotenf road charging it is equally useful to
look at relative expenditure shares in householtbrire as shown in Table 12 and
additionally in households’ overall consumption emgiture as presented in Appendix 7.
Additional information on household expendituresfiged car use related components as
shares in household income can be found in the AgiRed. In the Appendix 9 shares of
fixed car use related expenditure components inotlezall consumption expenditure are

presented.
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Table 12 Household overall consumption and selectédnsportation
expenditures as shares in household net income foousehold categories

Total consumption and transportation expenditures as net income shares in % for different household groups, Germany 2003
Residential category
Total consumption expenditure in [%-change]

Income

quartile HRCent1 HRAgglo2 HRUrb3 HRRul4 Total
HIQ1 84.6 85.5 84.6 83.9 84.8
HIQ2 80.5 81.0 80.5 79.9 80.6
HIQ3 79.5 78.5 73.0 72.1 76.9
HIQ4 71.4 70.8 722 721 71.2
Total 77.9 76.5 76.7 76.7 76.9

Total fixed car travel expenditure in [%-change]
HIQ1 29 24 4.3 46 33
HIQ2 6.9 72 7.9 8.4 7.5
HIQ3 8.0 7.9 74 8.2 7.9
HIQ4 8.1 8.2 10.7 10.3 8.8
Total 6.8 7.3 8.0 8.1 75
Total variable car travel expenditure for fuels in [%-change]
HIQ1 1.2 0.8 2.0 21 14
HIQ2 28 28 3.2 34 3.0
HIQ3 3.0 3.0 3.7 37 32
HIQ4 29 3.1 3.6 3.8 32
Total 25 28 3.2 34 29
Total car travel expenditure in [%-change]
HIQ1 41 32 6.3 6.7 47
HIQ2 9.7 10.0 111 11.8 10.5
HIQ3 11.0 11.0 11.0 11.8 111
HIQ4 11.0 114 14.3 14.2 12.0
Total 9.3 10.1 111 11.5 10.3
Total public transportation expenditure in [%-change]
HIQ1 1.9 1.7 1.1 0.9 15
HIQ2 1.0 0.7 0.5 0.4 0.7
HIQ3 0.9 0.5 0.4 0.4 0.6
HIQ4 0.8 0.5 0.3 0.4 0.6
Total 1.1 0.7 0.5 05 0.7
Total travel expenditure in [%-change]
HIQ1 6.0 49 7.5 72 6.2
HIQ2 10.8 10.6 11.6 12.2 11.2
HIQ3 11.9 11.5 114 12.3 1.7
HIQ4 11.8 11.9 14.6 14.5 12.6
Total 10.4 10.8 11.8 12.0 11.1*
Sources: EVS 2003 (StaBuA, 2005), and own calculations.
*Total travel expenditure excludes household expenditures for aviation as well as for holiday travel packages.

Regarding the distribution of absolute income aadsamption expenditure volumes for

household income quartiles and residential locatobraracteristic separately and as
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combined category remarkable differences can berebd. Households in the lowest
income quartile dispose of less than one half ef ribt income available to the highest
income quartile, or about 15 compared to 36 % efdterall household income in 2003.
The differences between the second and the thiadtitpiare less pronounced with shares
of 23 and 27 % in the overall household income.

By household residential location, highest incomepprtion (45 %) is allocated to
households in agglomerations. This correspondeediigh household population share of
about 43 % attributed to this residential locatoategory (see Table 6). The next two big
groups according to available overall income asgdents of city centres with 23 % and of
urban regions with 21 %. Households in rural regioomprise of about 12 % of the overall
household population and they dispose of almo$tX# the overall household net income
available within the economy. For combined housg#hotome and residential location
categories the row and column distribution of metome volumes looks more complex.
While the distribution of net income volumes witleach household income quartile over
the four residential location groups follows thétean of household population distribution
and is comparable to the overall income distributior aggregated household residential
categories, the distribution within each locatiostegory and over household income
quartiles is more differentiated and does not apoed exactly to the household population
distribution across these categories (see Tabléh&).pattern of clearly progressive income
distribution across income quartiles observed whnen residential characteristic is
accounted for can only be found within agglomeraiowithin households living in city
centres, a share of 20 % in total household nenmecvolume of this residential category is
available to households in the lowest income gkeadompared to the highest share of
34 % in household population falling in this grodggom the second quartile on, income
shares are distributed progressively and housghapdlation shares are distributed almost
equally within city centres’ residents.

The distribution of household net income share®saciincome quartiles within urban
regions and rural regions are rather similar exéepthe highest income quartile. Hence,

while in urban regions almost one third of the alldnousehold income is available to the
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L quartile its share comprises only one fourth imakuegions. In both residential
categories households attributed to the top incouartile comprise of the relatively
smallest household population shares of no more 206.

The distributional patterns of household income &aodsehold population volumes are
reflected in the average monthly household netrnmegresented in Table 6. Furthermore,
the distributional pattern of income across houkkleategories implies the structure for
households’ total consumption expenditure showhahle 11 and Table 12, where overall
consumption shares in net income behave regregsa@ioss income quartiles. This
includes household overall expenditure for tra¥etemost for car ownership and use
related expenditures, but not so for public transpion.

Hence, households’ income shares spend on oveaattltgoods and services rise from
6.2 % for the lowest to 12.6 % for the highest meoquartile. This observation is in line
with findings on significantly positive income eliities for car ownership and car u¥e.
The patterns are different for car vs. public ttaagpenditures. While household income
expenditure shares for car use increase with risiogme from 4.7 to 12 %, they decline
for the use of public transportation from 1.5 fbe toottom to 0.6 % for the upper income
quartile. Progressivity for car use expenditured eegressivity for public transportation
spending across household income quartiles carbberved to a different extent within
each of the four household residential locatiorgaties. Furthermore, as Table 12 shows
expenditure income shares for car use increase dettining population density of the
residential location category, from 9.3 for urbamtce dwellers to 11.5 % for households
living in rural areas. This is inline with the oa#rexpectation assuming that households
living in big cities with well developed accessityilare less dependent on their automobile,
while for households resident in less populateshote rural regions the automobile is often
the only mean to meat their travel needs. This lsarequally observed regarding the
structure of expenditure income shares for useublip transportation across household
residential location groups, falling from 1.1 % fayuseholds in urban centres to 0.5 % for

3" For further reading on income elasticities for anership and car use see also Dargay and Gag99;
Dargay, 2001; Hanly et al., 2002; Johansson-Sten@@02; Pucher and Renne, 2003; Giuliano and Dargay
2006; Kletzan et al., 2006.
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those living in rural or small town urbanised areas

The income spent on road use after the introduatfdahe 0.05 Euro per car km charge has
similar shares (in income) and comparable distidoutaicross household groups as the
expenditure on car use related fuel tax as showirabie 13. Table 14 additionally shows

the absolute level of the road use charge speatbly household category.

Table 13 Household expenditures on road charging anfuel tax as share in
income for different household categories
Income shares of fuel tax and road charge expenditures for different household categories, Germany 2002
Residential category
Fuel tax expenditure share in household income in [%-change]
Income quartile HRCent1 HRAgglo2 HRUrb3 HRRul4 Total
HIQ1 0.7 05 1.2 14 0.9
HIQ2 1.8 1.8 20 2.1 1.9
HIQ3 1.9 1.9 23 23 20
HIQ4 1.8 20 23 24 20
Total 1.6 1.8 20 2.1 1.8
Road charging expenditure share in household income in [%-change]
HIQ1 0.8 0.6 1.2 20 1.0
HIQ2 1.8 14 1.9 1.8 1.7
HIQ3 1.7 1.9 22 20 1.9
HIQ4 20 20 2.2 2.1 2.1
Total 1.7 1.7 20 20 1.8
Sources: MiD 2002 (infas and DIW Berlin, 2002), EVS 2003 (StaBuA, 2005), and own calculations.
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Table 14 Level of road charging payment and houseklbrefund according to
scenario B in million Euro for different householdcategories

Road charging expenditure and refund for different household categories, Germany 2002
Residential category
Road charging payment in [million Euro]

Income quatrtile HRCent1 HRAgglo2 HRUrb3 HRRul4 Total
HIQ1 486 362 483 531 1,863
HIQ2 1,023 1,542 1,496 882 4,943
HIQ3 1,240 3,230 1,471 793 6,734
HIQ4 2,078 4,885 1,760 787 9,511
Total 4,827 10,020 5,210 2,993 23,049

Household refund from road charging revenue in [million Euro]
HIQ1 123 87 142 101 453
HIQ2 282 534 432 286 1,635
HIQ3 366 900 433 250 1,949
HIQ4 507 1,340 491 256 2,594
Total 1,278 2,862 1,498 893 6,530
Sources: MiD 2002 (infas and DIW Berlin, 2002), EVS 2003 (StaBuA, 2005), and own calculations.

Hence, the road charging burden as share in holgsémme is strongly progressive
across household income quartiles varying from 2.10% and only slightly progressive
across residential categories with decreasing pdipul density and deteriorating
accessibility, changing from 1.7 for city residetds2 % for inhabitants of less populated,
rural or small urban areas. The progressivity ¢ tbad charging distribution across
household income quartiles sustains within theedafiit household residential categories.
Furthermore, compared to the income shares speptibgte households on the overall
travel expenditure varying between 5 and 15 % {sd®e 12) an expenditure share on road
use charging between 1 and 2 % can be considemrszbasmically still justifiable.

The examination of absolute road charge amounts$ Ipaihousehold income quartiles as

well as received refund according to policy scen&¥ (see Table 14) and corresponding

38 In scenario 1) 1/3 of the collected road chargagnue is redistributed evenly, i.e. in equal pripns,
across the household categories. In scenario Biveviom road charging is reallocated to the hoolskeh
categories according to the specific fuel tax bardieeach group as proportion of the overall faal tburden
contributed by the private households to the diatiget (see Appendix 5).
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shares in the revenue total (see Table 15) sholeaaly progressive pattern, where the
lowest income quatrtile contributes only 8 % to tbad charging revenue total compared to
over 40 % paid by households in the highest incajuartile. Within the residential
location categories households living in agglomerast— of which most are suburban areas
of large or medium sized cities — pay the highésires (about 44 %) in the overall road
charging revenue. Households in rural areas acdoutie lowest share of almost 14 % in
the road charge revenue total.

The distribution of absolute amounts of househefdnd from road charging according to
scenario B as presented in Table 14 follows thativel shares in fuel tax paid by each
household category. Since the road charging payaepends on car kilometres travelled
and therefore on fuel consumption, distributiortalictures shown in Table 15 are rather
similar. In the case of scenario A each of the tasehold categories receives an equal
refund amount of 408 million Euro or between ab®®00 to 12,000 Euro per household

depending on the number of households in each @at@g shown in Table 6.
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Table 15

Household share of the road charging payméeand the policy refund in

the revenue and refund total according to scenari8 in % for different
household categories

Distribution of road charging payment and revenue for different household categories

Residential category

%-distribution of road charging payment across household categories

Income quartile HRCent1 HRAgglo2 HRUrb3 HRRul4 Total
HIQ1 21 1.6 21 2.3 8.1
HIQ2 4.4 6.7 6.5 38 214
HIQ3 54 14.0 6.4 34 29.2
HIQ4 9.0 212 7.6 34 41.3
Total 20.9 43.5 226 13.0 100.0

%-distribution of household refund from road charging revenue across household categories for the policy
scenario B
HIQ1 1.9 1.3 22 15 6.9
HIQ2 4.3 8.2 6.6 44 235
HIQ3 5.6 13.8 6.6 3.8 298
HIQ4 7.8 20.5 75 3.9 39.7
Total 19.6 43.8 229 13.7 100.0

Sources: MiD 2002 (infas and DIW Berlin, 2002), EVS 2003 (StaBuA, 2005), and own calculations.

For the comparison of road use charging burdenhesisehold refund from the road
charging revenue Table 16 presents the individoak&hold refund shares in income for

different household groups depending on the roadgihg revenue redistribution policy.
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Table 16 Road charging refund redistributed to private households as share in
income, different household categories

Household road charging revenue refund %-share in income for different policy scenarios and different household
categories
Residential category
Scenario A in [% of total]
Income quartile HRCent1 HRAgglo2 HRUrb3 HRRul4 Total
HIQ1 0.7 0.7 1.0 1.5 0.9
HIQ2 0.7 04 0.5 0.8 0.6
HIQ3 0.6 0.2 0.6 1.0 0.5
HIQ4 04 0.2 0.5 1.1 04
Total 0.6 0.3 06 1.1 05
Scenario B in [% of total]
HIQ1 0.2 0.1 0.3 0.4 0.2
HIQ2 0.5 05 0.6 0.6 05
HIQ3 0.5 0.5 0.6 0.6 0.6
HIQ4 0.5 05 06 0.7 0.6
Total 04 05 0.6 0.6 05
Sources: MiD 2002 (infas and DIW Berlin, 2002), EVS 2003 (StaBuA, 2005), and own calculations.

Household refund shares from road charging revémuecome as shown in Table 16 as
well as in the road charging expenditure as preskemt Table 17 vary first of all with the
revenue use scenario and also with the householggr

Road charging refund shares relative to incomeaiicy scenario A (“Equal household
refund”) (see top of Table 16) can be describedeasessive across household income
guartiles. When residential location of the housdghds additionally taken into account the
regressivity across income quartiles is somehow pesnounced. Is residential location the
only household characteristic accounted for, hooigishin rural areas receive the highest
refund share in income of about 1.1 % comparedhéo lowest refund share of 0.3 %
received by households living in agglomerations.

For the policy scenario B (“Proportional househatlind”) the results are a lot different
than for policy scenario A, in particular for hohséls in the lowest income quartile. The

road charging redistribution scheme applied in aderB has a strongly progressive effect
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across income quartiles. Relative to income houddshm the bottom income quartile
receive from 0.1 to 0.4 % of the refund dependingheir residential location. Therefore
they are by far worse off than households in higheome quartiles, whose shares vary
between 0.5 and 0.6 %.

As shown in Table 17 using shares of road charggfignds in road charging payments in
case of scenario B each household category recaivather similar share of refund of an
average of about 30 % of their payment, whereasémario A road charging contributions
of households in the bottom income quartile aralpemmpensated and in one case even
overcompensated by the refund they receive fronrdhd charging revenue. On the other
hand, households in the top income quartiles (H&®@ HIQ4) receive the lowest
recompensation compared to the road use charggadné¢ributed. This is in particular the
case for households living in agglomerations —ahd 12.6 % (for Scenario A are by far
the lowest shares in what households had to payrdad use according to the car

kilometres travelled.
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Table 17 Road charging refund redistributed to private households as share in
the amount of the road charging payment, differenhousehold

categories
Household road charging revenue refund %-share in road charging payment for different policy scenarios and
different household categories
Residential category
Scenario A in [% of total]

Income quartile HRCent1 HRAgglo2 HRUrb3 HRRul4 Total
HIQ1 84.0 112.7 84.5 76.8 87.6
HIQ2 39.9 26.5 27.3 46.3 33.0
HIQ3 329 12.6 21.7 51.5 242
HIQ4 19.6 8.4 232 51.8 17.2
Total 33.8 16.3 31.3 54.5 28.3

Scenario B in [% of total]
HIQ1 253 240 294 19.0 243
HIQ2 276 34.6 28.9 324 311
HIQ3 29.5 27.9 294 31.5 28.9
HIQ4 244 274 27.9 325 27.3
Total 26.5 28.6 28.8 29.8 28.3
Sources: MiD 2002 (infas and DIW Berlin, 2002), EVS 2003 (StaBuA, 2005), and own calculations.

5.3.5.2 Household travel demand

Selected descriptive characteristics of disaggegghbusehold categories (economic, travel
behaviour related, and sociodemographic) providestsuntial insight into different mobility
patterns and the explanation of the correspondifegts from road charging. As shown in
Table 6, whereas by definition the number of pevabuseholds is equally distributed over
the four income quartiles, the distribution of ino® over the different household quartiles
as well as the residential location categoriesarsldss evenly distributed as discussed in
Chapter 5.3.5.1 and shown in Table 11. Betweennwecand the number of kilometres
travelled by car in each household category a Iglgarogressive relationship can be
observed (see Table 18 and Table 19).
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Table 18 Car, public transportation, and total disance travelled in km per year
and per household across household categories
Household travel activity across household categories, Germany 2002
Total km per year in billion | Km per household and per year
Residential category
Car travel
;"u“;'t‘i‘lz HRCent1 |HRAgglo2| HRUrb3 [HRRul4| Total | [HRCent1|HRAgglo2|HRUrb3| HRRul4 | Total
HIQ 1 10.7 8 10.5 12 41.1 3,431 2468 5083 8,944 4,215
HIQ 2 22 325 31.9 18.7 | 105.2 11,162 9,455 13,339 12,490 11,305
HIQ 3 26.4 68.9 315 16.9 | 143.7 13,784 14,350 17,597| 16,417 15,069
HIQ4 44.7 104.2 37.3 16.6 | 202.8 20,278] 20,943 24,095 21,063 21,312
Total 103.8 213.7 111.2 64.1 | 4928 11,263] 12,983 14,277] 13,792[ 12,930
Public transportation travel
HIQ 1 125 9.3 6.3 24 305 3,998 2,864 3,043 1,817 3,122
HIQ 2 79 8.1 8.1 5.2 295 4,027 2,363 3,394 3,508 3,165
HIQ 3 13.5 15 55 2.8 36.8 7,038 3,130 3,052] 2,699 3,854
HIQ4 12.3 17.2 3.8 3.2 36.5 5,570 3458 2485 4,018 3,835
Total 46.2 496 23.7 136 | 133.1 5,012 3,016 3,042 2,930 3494
Overall household travel

HIQ 1 23.2 17.3 16.7 144 | 716 7,428 5332 8,26] 10,761 7,336
HIQ 2 30 40.7 40.1 239 | 1346 15,189 11,818 16,733 15,999 14,470
HIQ 3 39.9 83.9 37 196 | 180.5 20,8221 17,480 20,649 19,116 18,923
HIQ4 56.9 1214 41.2 19.8 | 239.3 25,848 24,401 26,580 25,083 25,147
Total 150 263.3 134.9 77.7 | 6259 16,275 15,999 17,319] 16,722 16,424

Sources: MiD 2002 (infas and DIW Berlin, 2002), and own calculations.
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Table 19 Distribution of car, public transportation, and total distance travelled

across household categories

Distribution of car, public transportation, and total distance travelled across household categories in %, Germany
2002
Residential category
Car travel in [% of total]

Income

quartile HRCent1 HRAgglo2 HRUrb3 HRRul4 Total
HIQ1 22 1.6 2.1 24 8.3
HIQ2 45 6.6 6.5 3.8 213
HIQ3 54 14.0 6.4 34 29.2
HIQ4 9.1 211 76 34 411
Total 211 434 226 13.0 100.0

Public transportation travel in [% of total]
HIQ1 94 7.0 47 1.8 229
HIQ2 6.0 6.1 6.1 39 22.1
HIQ3 10.1 11.3 41 2.1 276
HIQ4 9.2 12.9 29 24 214
Total 34.7 37.3 17.8 10.2 100.0
Total travel activity in [% of total]
HIQ1 3.7 28 27 2.3 114
HIQ2 48 6.5 6.4 3.8 215
HIQ3 6.4 134 5.9 3.1 28.8
HIQ4 9.1 19.4 6.6 3.2 38.2
Total 24.0 421 21.6 124 100.0
Sources: MiD 2002 (infas and DIW Berlin, 2002), and own calculations.

This relationship is valid for household annualatotar kilometres as well as for car
kilometres travelled per household and per yeareNbeless, while the highest income
quartile comprises almost 2.5 times the income g towest household quatrtile,
households in this category make 5 times more tamktres per year (overall and per

household) than households in the bottom incomemro

According to residential location characteristibsuseholds in the rural area display the
lowest annual car use intensities of about 64 amlkm compared to 214 billion km driven
by households in agglomerations. This distributtan be partly explained by the number

of households in each residential category. Whemalncar kilometres per household are
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calculated, households in large city centres hdne lbwest number in car kilometres
travelled per year (11,263 km). The highest perskbold car use intensities in km have
households in urban areas, often living in outdyusibs and having to commute to work
longer distances. This distribution of car usensttes is in line with overall expectations,
assuming that people residing in big cities havéebaccessibility than those in rural area
or small-town urban regions, where commuting to kvar larger neighbouring cities is

often the case.

The assumption about poor accessibility found malrareas is further confirmed by the
distribution of public transportation kilometresitelled by households, as annual total as
well as per household and per year (see TableHE)ce, highest public transportation use
intensities (as annual household totals in km) frend for households living in
agglomerations and city centres and lowest for ghbging in rural areas. Public
transportation kilometres made per household and y@ar underline the regional
differences in mode specific household travel pesfiwhere households from big cities
travel almost twice as many kilometres per housklaold per year (5,012 km) by public

transportation means as do households in ruras #2830 km).

Regarding the distribution of public transportatitilometres travelled by household
income quartiles, the progressivety between incangtravel observed for car use is not
observed, in particular when per household kiloesetre taken into account (see Table 19
and Table 25). Furthermore, the differences in @Ver per household distance travelled
by public transportation according to income querdire much more pronounced than for
car travel. Car use intensities are more variabless household income categories than

kilometres travelled by means of public transpavtat

Even though it can be assumed that household®itothincome quartile are less affine to
take public transportation means compared to thos¢éhe bottom income category,

households in the top income quartile are mordylite consist of more members including
children who in general are more prone to use puldnsportation to reach school or other
educational institutions. Table 6 shows the indarepsverage household size with rising

household income. Moreover, households with childiee in general more mobile than
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families without children. Table 20 shows overalilg household travel per household for

different household types — with and without cheldr and different trip purposes.

Table 20 Overall kilometres travelled including allmodes per day and per
household by household type and trip purpose

Overall kilometres travelled per day and per household by household type and trip purpose, Germany 2002
Trip purpose in [km/ day/ hh]
. . Business Private . .
Household type |Commuting| Education related Accompany buSIness Shopping | Leisure Total
Working single 14 0 11 1 3 3 18 51
Not-working single 1 1 0 1 4 3 12 21
Single parent 17 7 8 9 7 7 33 88
Couple without
children both working 32 0 2 2 6 8 30 105
Couple without 15 2 12 2 8 8 30 77
children one working
Couple without 1 1 0 2 10 9 29 51
children not-working
Couple with children | 5, 7 24 13 9 11 53 149
both working
Couple with children | o 6 17 16 9 12 52 136
one working
Other household type 33 10 21 7 11 14 55 151
Average over all 16 3 19 4 7 8 31 81
household types
Sources: MiD 2002 (infas and DIW Berlin, 2002), and own calculations.

Hence, couples with children or single parents warage display higher daily travel

activities. Couples without children make per degnf 51 to 105 km depending on their
employment status. However, couples with childnewvel between 136 and 140 km per
day. The reason is that children themselves haeeltrdemands and at the same time
generate extra household mobility since very oftery need to be accompanied by older

individuals or adults, mostly other family or hobel members. The differences in daily
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overall distance travelled according to househgfzetand trip purpose as presented in
Table 20 are characteristic for all settlementgaities.

Comparing household type residential location igtron according to the presence of
children in the household it can be seen that teespe dominating share of the overall
households in Germany living in agglomerations arighn regions, families with children
or multiple-member households are stronger reptedeim suburban and peripheral, or

rural regions as shown in Table 21.

Table 21 Household distribution as to residentialdcation and the presence of
children in the household

Household distribution as to residential location and the presence of children in the household in %, Germany 2002

Residential category in [% of total]

Household type HRCent1 HRAgglo2 HRUrb3 HRRul4
Household without children 72.7 68.4 63.6 63.2
Household with one or more children 16.5 19.8 212 223
Other household type 10.8 11.8 15.2 14.5
Total 100 100 100 100

Sources: MiD 2002 (infas and DIW Berlin, 2002), and own calculations.

Families with one or more children tend therefaselive in less accessible areas like
suburbs or peripheral regions, where they haveogipertunity to reside in a house rather
than a flat. The less intense use of public trarisgoe to lower accessibility in less

populated rural or suburban areas is reflectethénhibusehold travel intensities according
to travel mode and residential location attributespnted in Table 18 and Table 19.

Showing the correlation between household income laousehold size based on the
distribution of single household shares accordingdusehold category Table 22 underpins

the assumption that multi-member households are tilely to fall into the upper income
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guartiles, having higher car use preferences thasetin the bottom ones. Thus, the bottom
income quartile displays by far the highest singéeisehold rate (63 %). According to
residential location category highest single hookkhates are found among city dwellers
(41 %).

Table 22 Share in % of single households in the @tnumber of households
according to household category

Share of single households in the total number of households according to household category in %

Residential category in [% of total]

Income quartile HRCent1 HRAgglo2 HRUrb3 HRRul4 Total
HIQ 1 64 70 57 55 63
HIQ 2 43 34 30 25 34
HIQ 3 29 41 34 27 36
HIQ 4 19 9 1 4 10
Total 41 35 33 32 36

Sources: MiD 2002 (infas and DIW Berlin, 2002), and own calculations.

Summing up, households falling into higher inconagegories, who tend to be multiple-
member households with children residing in subnidrarural areas, display higher car use
intensities. Hence, the distribution of public spartation as well as car use intensities by
household category can be largely explained bygoayespecific household size and

household composition.

In general, as shown in Table 19 selected Germarsdimlds appear to be rather
automobile than public transportation use orientedking annually almost 13,000 km per
household by car and only 3,500 km by public transpion means. Also, the average
workday use of public transportation (12 km) iosgly outweighed by distance travelled
using a car (51 km) as shown in Table 23. Remaekdiflerences can be also found when
examining the distances travelled per householdpmmdvorkday according to household

income quartile as well as to the residential lmratVariations in household category
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specific daily travel patterns underpin in genéha structures presented in Table 18 and
Table 19.

Table 23 Car and public transportation distance travelled in km per household
and per workday for household categories

Car and public transportation distance travelled in km per household and per workday across household categories

Residential category
Public transportation travel in [km/ hh/ workday]

Income quartile HRCent1 HRAgglo2 HRUrb3 HRRul4 Total
HIQ1 12.2 10 10 53 10
HIQ2 13.5 9.4 9.7 12.3 10.7
HIQ3 22.1 10.7 10.7 11.8 13
HIQ4 17.7 13.9 11.6 17 14.6
Total 15.7 11.2 10.4 10.6 12

Car travel in [km/ hh/ workday]
HIQ1 14.5 8.3 171 233 14.4
HIQ2 38.6 35.9 51.8 61.8 43.5
HIQ3 53.6 59.5 67.3 72 61.5
HIQ4 83.6 83.4 100.7 90 86.7
Total 44.4 51.2 56.7 55.9 51.2
Sources: MiD 2002 (infas and DIW Berlin, 2002), and own calculations.

The assumption about an existing “dependency”’ afeshousehold categories more than
others on car use is in line with single- and roigtorisation rates (together about 81 %)
compared to the relatively low share of non-motatifouseholds (almost 20 %) presented
in Table 24.
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Table 24 Household shares according to motorizatiolevel for different
household categories

Household %-share in the total number of households according to motorization level across household categories
Residential category
No car in [% of total]

Income quartile HRCent1 HRAgglo2 HRUrb3 HRRul4 Total
HIQ1 74.8 86.4 60.5 52.3 72
HIQ2 1.7 44 0.7 0.7 49
HIQ3 2.1 1 0.1 0 0.9
HIQ4 0 0.1 0 0 0
Total 269 174 16.2 175 19.5

1 car in [% of total]
HIQ1 234 12.3 36 415 254
HIQ2 78.8 90 83.2 76.8 84.1
HIQ3 70.9 73.1 61.9 60.7 68.9
HIQ4 479 33.6 176 174 331
Total 52.6 541 524 51.6 53.1
2 and more cars in [% of total]
HIQ1 1.8 1.2 3.5 6.2 2.7
HIQ2 9.5 5.6 16.1 225 11
HIQ3 27 259 38 39.3 30.2
HIQ4 52.1 66.4 824 82.6 66.8
Total 20.5 28.5 314 30.9 274
Sources: MiD 2002 (infas and DIW Berlin, 2002), and own calculations.

Moreover, household motorisation and non-motosashares across income quartiles and
residential location characteristics exhibit thesipee correlation between household
income and car ownership as well as a negativéiaethip between population density of
residential location, i.e. accessibility potentiBy far highest non-motorisation rates are
found in the lowest income quartile (on averageéj2and for the city centres (about
27 %). In fact, considerable regional differencedste in household mode choice
preferences. In some urban agglomerations morehhtrof all households do not own a
car, in some rural areas a high share up to 50®sramre of households never has used any

kind of public transportation.
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The variations in public and car transport demandr adhe disaggregated household
categories are relevant for the assessment of ¢beptability towards road charging
measures since income, the availability of alteveat and household demographics
determine the reaction potential to price increadesar travel (Dargay and Gately, 1999;
Dargay, 2001; Hanly et al., 2002; Giuliano and Rgrd006).

Travel mode use differences across household inggomgs correspond on the whole with
the differences in mode specific expenditure shamedousehold income, as shown in
Chapter 5.3.5.1. While household expenditure sharedixed car cost components are
clearly progressive with increasing income, rekltexpenditures on variable car travel,
mainly fuel, is lowest for the highest income grotipis implies that the highest household
income category is relatively less “sensitive” be introduction of road charges on car use

if they are implemented proportional to distanesétled.

As shown before, expenditure shares for publicspart in monthly household income
decline considerably with rising income. Regardihg relative household expenditure
patterns for travel services, the lowest incomeugrbas the highest income expenditure
share on public transport, and the lowest on car TBis may by a tentative indicator that
households in this category satisfy their mobililgmand as far as possible by public
transport and the mobility demand allocated to gigvcar use cannot be easily shifted to
other transport modes. Real-life examples of suobility patterns found in Germany are
households living in remote areas of mainly fornmeastern Germany with high
unemployment and low population densities, andefioee poor accessibility, where the
only way to get to work is to commute long distamd®/ car. Due to low disposable
income, such households find it often difficult lave their residential area and move
closer to their economic activity. These househstdad as an example for the population
group at risk to experience the highest welfaresdesfrom the introduction of distance

dependent road charging.

Altogether, the structure of mobility parametersgented in this chapter is on the whole in
line with mode specific household travel expendisupresented in Chapter 5.3.5.1. The

initial differences in household expenditure sha@s mobility services and the
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corresponding travel activity parameters reveal dlsgmmetric availability of reaction
potentials to the pricing measure, and are thegefelevant for the interpretation of the

mobility, but in particular the welfare and equitypacts from car road charges.

Hence, the implementation of road pricing changesprice of car travel and generates a
shift in the modal split resulting in changing aalétransport volumes, the extent of which
depends on the reaction parameters introducedeimtbdel. Table 25 presents the effects
the introduction of road use charging has on tréwshaviour of different household

categories and according to the policy scenariingetace.

Table 25 Car and public transportation distance travelled impacts across
household categories and road charging revenue réatation scenarios

Travel behavior impacts across road pricing policy scenarios and household income categories
Impacts on distance travelled from car road charging in % change relative to the reference scenario for different
revenue redistribution schemes
Equal household refund in [% change]

Car km Public transportation km
Income
Category | HRCent1 | HRAgglo2 | HRUrb3 | HRRul4 | Total HRCent1 [HRAgglo2| HRUrb3 | HRRul4 | Total
HIQ 1 8.9 -8.8 -7.0 -10.3 -8.8 4.8 45 59 9.8 53
HIQ 2 6.9 -5.3 -6.4 -54 6.0 59 47 59 5.6 55
HIQ3 6.0 6.5 6.7 -5.6 6.4 54 58 6.9 6.5 58
HIQ4 -7.0 6.6 5.7 -4.8 6.4 6.3 5.9 5.6 5.7 6.0
Total 6.9 6.4 6.3 6.2 6.5 5.6 54 6.1 6.5 5.7
Proportional household refund in [% change]
HIQ 1 9.3 9.3 -71.5 -11.2 94 44 4.0 53 8.7 4.8
HIQ 2 7.1 -5.2 6.3 -5.6 6.0 5.7 48 6.0 5.3 55
HIQ3 6.1 6.3 6.7 -5.9 6.3 5.3 6.0 6.9 6.1 5.9
HIQ4 6.9 6.2 -5.6 -5.1 6.2 6.4 6.2 5.7 5.3 6.1
Total -7.0 6.2 6.3 -6.6 -6.4 54 5.5 6.0 6.1 5.6
No household refund in [% change
HIQ 1 9.5 9.4 -7.9 -11.6 9.7 4.1 3.8 4.9 8.3 45
HIQ 2 -15 -5.6 6.8 6.0 6.5 53 44 54 4.8 5.0
HIQ3 6.5 6.7 -7.1 -6.4 6.7 49 5.6 6.4 5.6 54
HIQ4 -7.3 6.6 6.0 -5.6 -6.6 6.0 5.8 5.2 4.8 5.7
Total -7.3 6.6 6.7 -7.1 6.8 5.0 5.1 55 5.6 -5.2
Sources: GRTPM, and own calculations.
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Irrespective of the revenue reallocation or houkkhefund scheme introduced along with
road charging, each household category reducesaitsuse and in turn increases its
utilization of public transportation (in km). Compag these general results with the
impacts on travel expenditures shown in Table 1€ait be observed that despite falling
demand in car kilometres, expenditure for car frastll goes up, basically as a
consequence of low elasticity. In contrast, exptemeifor public transportation use rises,
but so does the kilometres demand for the correlpgn transportation means.
Considerable differences across household categerist in travel behaviour reaction to
road charging. Regarding car travel, the highdshietre reductions are displayed by the
lowest household income quartile (comparing ale¢hpolicy scenarios between 7 and
11.6 %). Noteworthy, within the lowest income quearby far the highest reductions in car
use intensities take place in the category of hmoigls living in rural areas — depending on
policy scenario between 10.3 and 11.6 %. Incometidpsm two to four display rather
moderate car use reductions compared to the othesehold categories. This can be
explained by the fact that the relative share oftammed travel in overall travel of
households living in remote rural areas with lovpplation densities is already rather high
to begin with, i.e. before the introduction of roeldarging (benchmark scenario). Poor
accessibility of these regions leads to the assompihat longer car travel distances result
mainly from necessary service trips of differemids as well as travel to work. Such trips
are often difficult to resign and due to the ladkpablic transportation alternatives, and
sometimes also due to the length of the trip, thegome impossible to substitute by other
modes. Therefore, households in rural areas wdktren general with lower car use
reductions to rising car use costs. On the othadha radical cut in leisure or other less
necessary trips will take place in households eithall budgets in order to afford the
maintenance of the indispensable car trips, sudtaasl to work, getting medical care, etc.
This can be observed for the bottom income quamtieding in rural regions compared to
the remaining households income groups that shtatively weaker reactions.

Regarding solely the income quartiles, the biggksp in car use as reaction to road
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charging takes place when scenario C is introd(@8d%). The progressivity at which car
use falls across income quartiles holds for aldesgtial location categories.

The distribution of the negative impact on car kiktres after the introduction of road
charging across households’ residential locatidagmies is more homogenous than across
income quatrtiles. Irrespective of the revenue tabigtion policy car use falls highest in
the category of city residents.

After the introduction of road charging, househd&imand for public transportation travel
augments between 3.8 and 9.8 %. Interestingly, éfmids in the lowest income quartile
with residential location in a rural area displayethighest increases for public
transportation travel, irrespective of the houséhefund policy. This reaction reflects the
strong budgetary restrictions faced by these haldshthat require the abatement of not
obligatory car trips and the substitution of as ynear trips as possible by the use of public
transportation means. On the other hand, houseliwltge bottom income quartile who
live in city centres show on the whole the lowesivwgh rates in public transportation use
induced by the introduction of road charging. Olgly, households in this category are
only little dependent on car use due to good pubbmsportation coverage generally
available in highly concentrated urban centresc&most of their trips are already carried
out by modes of public transportation, only limitedtential is left for further substitution.
Moreover, because households in this category beeather small (variable) car use
expenditure burden due to their overall low usensities, the impact from increasing car
use costs as consequence from road charging willhem to a comparatively limited
extent.

As shown in the policy simulation, the redistrilouti of only a small part of the road
charging revenue to the private households wilyanbderately mitigate the negative road
charging impact on car use. Therefore, the rebigion of a proportion of the road
charging revenue will not noticeably counteract ¢ém@ironmental objective of GQand
NOx) emission reduction. However, a differentiatedusehold refund structure can
significantly absorb the negative net effect on iiyt(and welfare) induced by rising cost

of car use (see “Overall travel” in Table 8).
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5.3.5.3 Households’ contribution to the reduction in £&nissions

Based on household vehicle ownership informatiarhsas engine size, vehicle model and
year of its first registration and the informatiom corresponding kilometres travelled
available from the MiD survey, household categgegcific CQ emission parameters were
calculated. The parameters were incorporated inGREP model to account for the
observation that households who are better oféims of income tend to own bigger and
therefore (for the most part) less fuel efficieatscthan do poorer households. On the other
hand richer household tend to have newer and trerehore fuel efficient cars. The two
arguments are somehow counterbalancing. Howevegdbumption of more G@mission
intensive car travel among richer households cabaatonfirmed when household income
guartiles are considered. Hence, while differennethe distribution of C@emissions in
1,000 t across household categories are quite kaiolerbecause they are mainly driven by
household specific car use, differences in houski@), emissions per car-km as well as
per overall km travelled where household use oflipulansport is taken into account are
rather small (see Table 26). In line with the pesitorrelation between household income
and car use, household share related €@issions vary with rising income level from
8.7 % for the lowest to 40.8 % for the highest meaguartile.
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Table 26 Selected C@emission characteristics of household categories the
pre-policy situation, Germany 2003

CO: emissions from household travel across household categories, Germany 2002
Residential category
Total CO; emission distribution across household categories in [% in total]
Income quartile HRCent1 HRAgglo2 HRUrb3 HRRul4 Total
HIQ1 24 1.8 2.2 2.3 8.7
HIQ2 45 6.7 6.5 38 214
HIQ3 5.5 14.0 6.3 3.3 29.1
HIQ4 9.2 20.8 7.3 34 40.8
Total 216 43.2 223 12.9 100.0
Total CO2 emissions in [kg/overall km travelled]*
HIQ1 0.115 0.114 0.144 0.180 0.134
HIQ2 0.166 0.182 0.179 0.175 0.176
HIQ3 0.152 0.184 0.189 0.188 0.179
HIQ4 0.179 0.190 0.197 0.192 0.189
Total 0.159 0.182 0.183 0.184 0177
Car CO2 emissions in [kg/car km travelled]
HIQ1 0.213 0.211 0.213 0.210 0.212
HIQ2 0.215 0.220 0.217 0.216 0.217
HIQ3 0.215 0.218 0.216 0.214 0.217
HIQ4 0.220 0.216 0.214 0.223 0.217
Total 0.217 0.217 0.215 0.216 0.217
CO2in [1,000 {]

HIQ1 2,659 1,964 2,414 2,583 9,619
HIQ2 4,973 7,403 7,175 4,193 23,744
HIQ3 6,081 15,474 6,974 3,691 32,220
HIQ4 10,193 23,026 8,099 3,797 45,115
Total 23,906 47,867 24,661 14,264 110,698

Sources: MiD 2002 (infas and DIW Berlin, 2002), and own calculations.

*The total CO2 emissions are calculated based on (car) driver km for private car transport and on passenger km for public

transport, under the assumption of an average occupancy of 20 person per bus km.

After the introduction of charges for passengerroad use C@emissions fall mainly due
to decreases in car travel and therefore fuel copsion shown in Table 25. Following the
differences across households in the reductiorapiuse after the implementation of road

charging, different household categories contrillifferently to the decrease of car related
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CO, emissions as shown in Table 27. According to hioolske equivalence-weighted
income quartile the lowest household income quartibs the highest GCemission
reduction contributions in each revenue reallocasicenario.

Independently of household income quartile thegyadicenario where no private household
refund takes place encompasses the highest d&Olines. In the scenario with equal
household refund shares income quartiles 1 andplagi highest C@reductions, reflecting

shifts in car and public transport travel after ithieoduction of a car road use charge.

Table 27 Overall CQ, emission impacts across household income groupstan
road charging revenue reallocation schemes
Overall CO, emission impacts from car road charging in % change relative to the reference scenario for different
revenue redistribution schemes, Germany 2002
Residential location
Equal household refund in [%-change]
Income quartile HRCent1 HRAgglo2 HRUrb3 HRRul4 Total
HIQ 1 -7.0 -7.0 6.0 938 -15
HIQ 2 6.3 5.0 6.0 5.0 5.7
HIQ 3 53 6.1 6.4 5.3 5.6
HIQ4 -6.5 6.3 5.5 -4.6 -6.1
Total 6.2 6.1 6.0 -5.8 -6.0
Proportional household refund in [%-change]
HIQ 1 -14 -14 6.5 -10.6 -8.0
HIQ 2 6.5 -4.9 5.9 5.3 -5.6
HIQ 3 5.3 -5.9 6.4 5.7 5.6
HIQ4 6.5 6.0 5.5 -4.9 -5.8
Total 6.3 5.8 6.0 6.2 -6.4
No household refund in [%-change]
HIQ 1 -16 -1.6 6.9 -11.0 -8.3
HIQ 2 6.9 5.3 6.4 -5.6 6.0
HIQ 3 5.7 6.3 6.8 6.1 6.0
HIQ4 -6.8 6.3 5.9 5.3 6.3
Total 6.6 6.2 6.4 6.7
Sources: GRTPM, and own calculations.
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The distribution of the C®emission reduction looks less differentiated whensehold
groups according to residential location are exauahin

Overall, results in C® reductions as effects from the introduction of dragharging
demonstrate that when the ultimate policy objectsvihe reduction in the fuel combustion
externalities from car use, direct revenue trandterprivate households should be

minimized.

5.3.5.4 Household distributional welfare and equity effects

The set-up of the GRTPM allows the assessment b&meethat accounts for the changes in
transportation as an economic variable. The welfaeasure is based on an agent-based
utility function and therefore all changes in trpogation and economic conditions
affecting individuals are incorporated in the wedfaneasure. In Table 26 welfare impacts
calculated as Hicksian welfare index consistinglbhousehold expenditures and Hicksian
transportation welfare index are reported. The blak equivalent variation indicates the
amount of income necessary to compensate an in@ivigh the pre-policy situation) in
order to reach equality with the post-policy wilievel (Just et al., 2004). It therefore
measures changes in money metric utility betweenptte- and post-policy equilibrium,
which is the amount of money required to bring aidehold back to the same level of
utility as in the benchmark equilibrium followinghanges in prices in counterfactual
equilibrium. Furthermore, the calculated welfaredex does not account for the
environmental welfare improvement but measures trmdychange in traditional marketed
goods consumptiotr.

As shown in Table 28 the welfare change of unigoeskhold categories turns throughout
negative, but varies considerably with the roadging revenue redistribution scenario and

with household category.

39 Depending on the road charging revenue redistdgbuyolicy households in the lowest income quartile
would have to be compensated by a fraction betWetand 1.2 % of their income in order to maintaieir
pre-policy overall consumption utility level aftére implementation of the road charging policy.
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Table 28 Welfare impacts across household categasiand road charging
revenue reallocation scenarios

Consumption welfare impacts from car road charging in %-change relative to the reference scenario for different
revenue redistribution schemes, Germany 2002
Hicksian welfare index overall household expenditure
Residential location
Equal household refund in [%-change]

Income quartile HRCent1 HRAgglo2 HRUrb3 HRRul4 Total
HIQ 1 -0.3 0.1 -0.4 08 -04
HIQ 2 -1.0 0.9 -1.3 -0.9 -1.0
HIQ 3 -1.0 -14 -1.2 -0.7 -1.2
HIQ4 -1.2 -14 -1.3 0.7 -1.3
Total -1.0 -1.2 -1.1 -0.8

Proportional household refund in [%-change]
HIQ 1 -0.8 0.6 -1.0 -1.7 -0.9
HIQ 2 -1.2 038 -1.3 -1.1 -1.1
HIQ 3 -1.1 -1.1 -1.2 -1.1 -1.1
HIQ4 -1.2 -1.1 -1.2 -1.0 -1.1
Total -1.1 -1.0 -1.2 -1.2
No household refund in [%-change]
HIQ 1 -1.0 038 -14 2.2 -1.2
HIQ 2 -1.6 1.3 -1.8 -1.6 -15
HIQ 3 -1.5 -1.5 1.7 -1.5 -1.6
HIQ4 -1.5 -1.5 -1.6 -1.5 -15
Total -14 -14 -1.6 -1.7
Sources: GRTPM, and own calculations.

In general, negative overall household consumpti@ifare changes are rather small,
depending on the policy scenario ranging betwe@ridd.households in the bottom income
guartile living in big cities when scenario A is ptamented and 2.2 % for those in the
bottom income quartile and in a rural area in cabescenario C. Examining overall
consumption welfare changes according to incometiteg after the introduction of road
charging none of the policy scenarios encompassekealy regressive distributional
impact, where the bottom income quartile bearshighest negative welfare burden from
the implementation of the measure. For scenaribéAdpposite is clearly the case, where
imposing a road charge induces a strongly progresstect, reducing welfare from 0.4 %
for the bottom to 1.3 % for the top household ineoquartile. Even though, negative
welfare changes across income quartiles in scega@md C are not straight forward to

characterise as to their distributional impactpeeglly the results obtained for scenario B
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display an interesting pattern of close to equdfame losses across the household income
categories. Moreover, for scenario B the only regike welfare distributional outcome can
be observed across household income quartiles nwitive rural residential category.
Remarkable differences in welfare losses can berebd between scenarios A and B
compared to scenario C where no household refumah froad charging revenue takes
place, in particular for the lowest income quatijebut also for households in rural areas.
Each household category is better off when househohnsfers are introduced.
Nevertheless, the gains from the revenue redistobutowards the private household
sector are most pronounced in the bottom incometitpiaWith regard to possible equity
implications drawn from the welfare impacts presdnin Table 28, scenario B yields the
most evenly distributed welfare losses within tleeigehold income or residential location
categories.

The interpretation of overall welfare losses actbssfour residential location categories as
well as across households disaggregated by incamde residential location are not
straightforward. For residential location categetilke differences between the groups and
within each policy scenario are less pronouncea foa income quartiles. Nevertheless,
when no direct refund is introduced households eepee the highest welfare losses when
solely their residential location is taken into @aet. The introduction of household
transfers reduces the welfare losses accordingsidential location considerably, foremost
for households living in rural (1.7 compared to %8as or small town, urban areas (1.6
compared to 1.1 %) of the country.

Regarding household categories disaggregated egpect to both substantial differences
exist between the row- and column averages and ksereed mixed results. The
progressivity of the distribution of the negativeelfare effects across income quartiles
observed for scenario A cannot be easily transdeorgo the income quartiles within each
residential location group. In the residential lbwa categories 1 through 3 a “close to” or
“interrupted” progressivity across income quartilean be observed (see Table 28).
Furthermore, welfare losses across income quantilitsin the 4" residential location

category for scenario A are very similar, compaxethe same categories for scenarios B
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and C.

All observation discussed are important for theigtesf possible refund policies with the
introduction of car road charging. Results obtaifeded on scenario C show which
household categories are to what extent at risgdeto the highest negative welfare burden
from the implementation of road charging. In Gergndrouseholds at risk have a low
income (bottom quartile) and live in rural areashave a moderate income"{2juartile)
and live in small town, suburb areas. Nevertheldsspite the considerable welfare losses
among better situated households (top income dg@ribne can argue if these households
are most affected by road pricing. The interpretatof corresponding results is not
straightforward. In general they are in line witle tfindings that car use increases with
rising income, even though it is equally importaottake into account the residential
location of the household to draw conclusions abbetdistributional and equity effect of
car road charging in Germany. Findings obtaineddermany from the implementation of
the GRPM are in line with results from studies aactdd for European countries arguing
that those with low incomes would gain the mostfrdifferent kinds of road use charging
(see acceptability discussion in Chapter 2.2). Thiwainly explained through the fact that
in the European travel context car is often notdbminant mode of transport, in particular
for citizens living in bigger cities who have aceés public transportation and are provided
with good conditions for using the so called “slovodes”, i.e., cycling and walking.
Assuming that those using the fast mode (car) lysaad the more affluent travellers, car
road charging will be progressive (Glazer and Nigka 2000; Evans, 1992). Since low-
income groups more often use public transport,amby will they be less affected by the
charges, but they will also profit more from theewues if they are spent on improving
public transport as designed in the implemente@tyskenarios for part of the revenues.
Furthermore, the distributive effects illustratedTiable 28 reproduce on the whole the pre-
policy mobility profiles of the different householdcome categories and therefore their
“vulnerability” to the road charging policy. Thesidts show that the negative welfare
effect from road charging can be best compensayerevenue redistribution directly to

households. The relatively highest benefit fromerawe redistribution is allocated to the
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bottom income category. An important implicationtbis result is that the net welfare or
equity effect, and therefore the social acceptarficead charging policies is clearly linked
to the redistribution scheme of the revenues frioenmeasure. This is in line with research
done by Small (1992) showing that different userefenues will imply different net
effects, and accordingly will determine whether thad use charging policy as a whole
will be progressive or regressive.

As shown in the simulation study, the redistribntaf only a small part of the revenue to
specific household groups will induce a rather natkepositive effect on their (car) travel
demand and therefore not counteract the envirorahevibjectives of the measure.
However, a differentiated household refund strieean significantly absorb the negative

welfare effect of the rising cost of car use.

5.3.5.5 Equity measurement

In the economic theory diferent approaches existsgess income or welfare distributional
as well as equity or inequality issues. Most ofeme kind of income or welfare function
is defined to apply a summary statistics for conmgadifferent frequency distributions in
order to conclude with a result on inequality measwent. However, the choice of the
inequality or distributional measurement approaclispends on the initial data (-
distribution) used to conduct the analysis. Somanmgles for common empirical
approaches to income or welfare distribution oguradity assessment are the use of ex ante
or ex post (microeconometric) microsimulation mdidgl using a variety of indices
depending on the underlying data and the spe@8Bearch question of interest. In general,
within the literature on the measurement of incodmgributional effects from policy
measures — very often taxation reforms — four ceffié subconcepts can be outlined: first
being the traditional concept of inequality, secdming the rather novel concept of
polarisation, third representing the concept of gpegsion in taxation, and fourth
concerning the concept of income poverty. The bfasishe development and application
of distributional and inequality indicators is thdroduction of an appropriate concept of

income. The appropriate definition of the underyincome is crucial for the interpretation
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of the results from the distributional analysis.eTimost prominent descriptive indices of
inequality — mainly based on econometric calcutetiaising descriptive statistics — are,
e.g., the Gini coefficient, the relative mean daweig the coefficient of variation, the
logarithmic variance, the variance of the logarighrthe Mehran index, and the Piesch
index?°

Another group of indices of inequality is deriveaisbd on the concept of probability of the
occurrence of events that is based on informaheorty.

A special and rather normative group of inequahtices is concerned with the concept of
social welfare, where the welfare analysis of thstional effects takes into account
individual preferences, coherent utility functiortee formulation of riskiness, and the
concept of risk aversion. The underlying socialfarel function provides the link between
welfare theory and inequality measurement, as bezpme a function of the equity of an
income distribution. Using the concept of ineqyakiversion it is assumed that social
welfare increases the more equal incomes are lalistd. Examples of welfare
measurement indices are e.g., different formulatwithe Atkinson welfare index.

Given the complexity of data base definition anceotietical justification of the
distributional measure to be applied, the calcafatf a critical number of even a small
number of distributional indicators goes beyond daa available in this work. In this
study only household income quartiles were contdjcbased on the equivalence-
weighted household incomes. This provides a ctitiganber of only four observations for
a possible application of inequality or distributa measures. The reason quartiles rather
than quintiles or deciles were chosen for the mald¢abase was to limit the number of
household categories after the inclusion of ther foesidential characteristics. The
construction of two-dimensional household categoliased on, e.g., income deciles and
the four residential location attributes would leadtO different household categories with
a likely critical number of observations in eachegmry. Besides, the interpretation of
distributional effects between 40 two-dimensionalegories could easily become fuzzy

and unsound. On the other hand, the calculatiatistfibutional indices based on the four

“0 A detailed description and the mathematical déigweof the indices can be found in Ochmann andtei
(2006).
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measurement points used in this work is likely &dbitical as far as the interpretation,
comparison, and the reliability of the results ancerned. However, this aspect remains a
crucial point concerning the definition of futuessearch resulting from the results obtained

from this thesis (see Chapter 6).
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6 Conclusion

The objective of this dissertation work is the dontated) quantitative impact assessment of
car road charging on welfare and travel demandsagoavate household categories as well
as on selected economic and environmental indigator

To be able to investigate the research questimmguatable general equilibrium model for
Germany was constructed. The CGE model for Gerng@mRTPM) and the database were
built on the basis of an existing standard moddkecd he model was furthermore extended
through the inclusion of different household categg Differentiated household categories
as to equivalence-weighted income and residendiztion were introduced to allow the
assessment of distributional and equity effectsnftbe implementation of road charging
policies within the model based economic framewbtusehold categories were specified
through individual road and public transportatiennd profiles as to distances travelled
and transportation expenditures. Hence, heterogsneaction potentials in response to the
policy scenarios within the private household sewtere taken into account. Expenditures
on car travel were further disaggregated into figedt of car purchase or ownership and
variable costs of car use. After calibration of thedel on the new database, effects of
distance dependent road charging policy reformdampnted in the private passenger car
travel sector were calculated. The policy measnt®duced is a distance dependent and
time invariant road charge of 0.05 Euro per caorkiétre. The analyses of different road
charging revenue recycling schemes served as this k& the evaluation of welfare,
distributional, and equity impacts from chargingdaise of private cars.

Depending on the revenue recycling policy accompanyhe road charging scheme a
general reduction in car use together with an emxein the use of public transportation
across household categories can be observed. Hodsebnsumption and therefore
household welfare decrease independent of thalimpte-policy income level due to the
road charge. Nevertheless, it needs to be emplasiatthis effect depends on how far the
internalisation benefits are taken into account ainht kind of revenue use policy is
introduced. However, the magnitude of the distitmdl impact depends on the initial

household travel behaviour and its socioeconomafilpr The top household income

145



guartile experiences the highest welfare lossesspective of the road charging revenue
reallocation scheme. The bottom household inconaetitgi reacts more sensitively to the
introduction of a road charging revenue redistidoupolicy. Hence, when some proportion
of revenue from road charging is transferred towatle private household sector,
households in the bottom income groups experidmeediatively highest mitigation effect
of the negative welfare impact from road chargihigis implies that negative welfare or
equity effects — especially burdensome for findhcidisadvantaged households — and
therefore the social acceptance of road charginiicig® can be determined by the
redistribution scheme of the road charging revenddss conclusion holds also for
household net welfare effects according to residerdbcation. When no revenue
redistribution takes place, households from rurabs are clearly the losers of the road
charging policy reform. They can be put signifidaritetter off by the implementation of
household refunds financed from the road chargewgmues.

The redistribution of the road charge revenue slimectly to the private households
lowers the negative effect on car use as well asausehold welfare. At the same time it
prevents the switch from car to public transpootatiHowever, the net effect on car travel
of levying a road charge and the redistributioragfart of the revenue is negative. As a
result, overall household mobility is reduced dejeg on the household income category.
This is an important implication when pursuing eammental objectives. The introduction
of road charging can clearly lead to the reductibrcar use whereas the increase in e.g.
fuel taxes might lead to the use of more fuel &fit cars in the first place without actually
reducing car road use. Moreover, the relevanceaoffael efficiency in the case of a
gasoline price increase is ambiguous in its distiimal implications, since richer
households tend to have bigger (and thus lesseffjccars, they are also more likely to
have newer and thus more efficient models. Thesa®tito investigate a per-km road
charge, rather than a gas tax or a vehicle-speclimrge is also related to the given
probability of implementation of such an instrumenGermany, as well as to the fact that
energy tax on gasoline is already one of the higbespared to other countries in the

European Union, and in particular compared to Gasgisaborder countries. A further
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increase of the tax would worsen the already egstidverse effect of “grey fuel imports
and refueling tourism. At the same time it takes account two important policy changes
already or soon taking place in Germany: Firsthe tecent developments within the
German vehicle taxation scheme with regard to tsideration of C@emissions; and
secondly, the European Commission regulation toecam2012 forcing European car
makers to curb down the G@missions of the newly vehicle registrations t® 120,
g/km. Both policy regulations will improve fuel affencies of passenger cars, inducing
decreasing fuel demand. It can be therefore exgettat in the long run both policy
changes will relax the impact of fuel taxation adiqy instrument to regulate car use and
generating state revenue and making it therefocessary to set up an alternative policy
instrument such as road use charging.

Model results show furthermore that due to the e&dun in car travel, the carbon emissions
generated in the motor vehicle sector are alsordsmed.

The labour market and public demand experience aitip® impact after the
implementation of the policy scenarios, whereasgitess domestic product experiences a
negative impact after its deflation with the desieg purchasing power parities relative to
abroad resulting from the initial increase in theional production. Hence, the nominal
GDP increases by about 1.3 %, the number of unegmeglds reduced by about 2
percentage points, leading to a change in the ulogment rate from 9.3 % to 8.9 % in the
reference year 2002.

The research approach used in this study, inclutiagnethodology and the database are
unique for Germany. The construction of the databasderlying this study as to the
combination of two different micro data sources;luding income estimation for the
delimitation of equivalence-weighted household meoquartiles can serve as a good
example for future studies of this kind. Furtheremdrouseholds included in the data base
were categorised as to their residential locatidtribate, and therefore including
information on immanent accessibility potentials ghown through the results obtained
from this work this is an important extension fbe tevaluation of travel demand related

policy instruments. Thus, the results obtained ttoge with the methodological tool
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constructed for this study are a new contributiorine literature of CGE modelling with
integrated passenger travel demand for differensébold categories and the assessment
of distributional and other economic and environtakaffects after the implementation of

a policy measure, e.g., road use charging.

Hence, the study results confirm the assumption tiegative individual consumption
welfare effects from implementing road user chaggian be best compensated by revenue
redistribution towards the private household sectbe redistribution of only a small part
of the revenue will moderately mitigate the negateffect on household (car) travel
demand induced by road charging and therefore fig¢tahe environmental objective of
the measure. However, an adequate household retuncture can significantly mitigate
the negative welfare effect from rising cost for aae, especially for the household groups
at risk, i.e. bottom income quartile and rural areasidents. The pre-policy variations in
public and private passenger transport demand @droasehold income categories are
relevant for the assessment of the acceptabiltyatds road charging measures since
income and the availability of alternatives detereithe reaction potential to price
increases of car travel. Pre-policy settlementcttines, car availability and public transport
use across household income and residential locagimups — all interconnected
parameters — have a decisive impact on the disiital impact of a car road pricing
scheme. The quantitative results of welfare or tyeghifts induced by road charging imply
to what extent social acceptance towards the patiegsure can be expected. In that sense,
the distributional impact assessment suggests lobodesign an adequate road charging
revenue redistribution scheme in order to imprdgesocial acceptance across different
population groups, since a differentiated househelind structure can significantly
absorb the negative welfare effect from the rigiogt for car use.

To have a better understanding of equity and fagnémplications derived from
guantification of distributional and welfare effedrom road charging in Germany, the
relevant literature concerning current equity aaidnkess concepts was examined. Varying
reflections on equity and different methods oBi$sessment were surveyed to subsequently

investigate the possible outcomes of such publog@amme regarding the changes and
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effects on equity. In fact, surveyed literaturee&g strongly contrasting views on the
guestion, indicating the difficulty in finding aedr-cut conclusion about the distributional
and equity measure of road charging. Neverthebdgsproad consensus says that case-
adequate or sufficiently progressive revenue réegadchemes can ensure that all income
groups benefit from the measure, even though eaath charging policy will still require
its specific evaluation.

Another conclusion is that equity outcomes wilggneral strongly depend on the design of
the policy instrument as well as on varying trgpatterns from socioeconomic differences
of population groups. This argument could be alsufioned from results obtained within
this work. Evaluation of road charging policies a&do consider distributional effects
before and after the implementation of differenvteraue redistribution schemes, comparing
net welfare surplus with the total distribution#fleets. Whether the measurable shifts in
welfare distribution are equitable is much mordididt to answer. Even though different
methods for quantifying equity effects exist, tlemcept of equity, however, is much more
complicated to “grasp”. A multitude of factors méince the perception of fairness and they
vary among different individuals as well as socmemmic groups. Various concepts of
what could be meant by the terms “equity”, “fairsiesr “justice” exist, nevertheless a
universal consensus has not been found. Attempdstermine overall satisfying concepts
are based on qualitative reflections rather thantjtative methods.

Another aspect to be kept in mind concerning theuation of the equity question is the
fact that although it might be feasible to desigreeenue disbursement package that will
compensate aggregate losses across income claissssrather impossible to try to
compensate all losses to all individuals. Therefarespective of the efforts behind the
design of the policy scenario and the revenue trldision scheme, it is likely that some
travellers will be made worse off as a result cidacharges. This is one core aspect
concerning the implementation of road charging thah the focus of fairness concerns
when discussing such policy reforms. It has besa sliggested by scholars that because of
the large number of factors determining the impamtscar road charging, revenue

redistribution cannot solve all equity and fairnesacerns. It is unrealistic to believe that a
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road charging policy program can be designed imag that is both completely equitable
and administratively feasible.

Nevertheless, researchers can provide policy makéts useful information regarding
equity issues comparing the distribution of costs benefits for various road use charging
policies and estimating the total amount of revermilable from the measure
implementation. This partially reflects the objgetiof this work. The information provided
from the implementation of integrated economic ioipassessment tools is essential for
determining redistributions that are equitable @moto satisfy relevant social groups (of
concern) and gain their acceptance for the pobéyrm.

Road charging policies are most often discussedinvithe context of such concepts as
efficiency and equity. Both concepts are cruciathe evaluation of the policy measure
from the research point of view. They will haveheat little appeal on politicians and in
particular the concerned public. The distributioh benefits and costs is generally
considered more important politically than the spzehe net benefits. Benefits and costs
may be either diffuse or concentrated, where timeeatration of benefits and the diffusion
of costs are likely to have a positive effect oe thcceptance of the measure when
compared to the reverse case. Still, individuadsmaore likely to oppose to new costs than
to support new benefits. Furthermore, even sophai$yi designed redistribution schemes
cannot resolve all equity concerns due to individ@nd household-level variation in
flexibility and reaction potentials (alternativeés)the charging measure.

Concluding, the discussion about distributionaketf§ and equity shows that the overall
“construct” of equity is very difficult to captutey the economic theory and quantitatively.
Since there does not exist an indisputable conseabaut the definition of equity, the
concept (of an equitable distribution) lacks anl@pple theoretical basis. Furthermore, it
remains questionable to what extent a universatjyitable welfare situation can be
achieved through road charging revenue redistobutaking into account the plurality of
individual interests of car drivers and their ur@gperception of equity and fairness.
Nevertheless, due to the relevance of road chargisga “multifunctional” policy

instrument the evaluation of its economic impaamains indispensable since it can

150



significantly help to develop a policy scheme thait be equitable enough to satisfy a
majority of the public involved in the measure ieplentation.

Finally, some ideas for future research in thedfief this study shall be mentioned.
Depending on the policy concern to be examinedgusia modeling tool developed within
this work, the modeling mechanism can be furthéerded and refined. One possible idea
is the introduction of a bundle of strategies oliqyinstruments to reduce environmental
impacts of transport, besides road use chargingleid simultaneous impact analysis. An
approach of this kind could help to better understhe effects from the implementation of
road charging and a simultaneous reduction indndl or other car related taxes.
Furthermore, the household income quartiles intedran the model database could be
further disaggregated, e.g., as to income declles would allow the implementation of
guantitative methods in the assessment of distabat and equity effects.

Another model extension could concern the comlonatf the travel demand data with
road infrastructure network data to allow for thedalling of road congestion. This kind of
model refinement could also include the introductad household social utility functions
that would consider individual value of time anuéi use preferences.

The existence of valuable research ideas relatedetavork done within this dissertation
show — together with the results discussed abdwe vdlue of the research carried out here

and the benefit of the modelling tool developecmithis work.
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8 Appendix

Appendix 1  List of core model equations
Source: Steininger and Friedl (2004).

Production
(1) X, =min(H, /A X, /a,) for j=1,..,3¢

@ H, =(5i LV (1= )kl e )0'/0’_1 for j=1,..,3¢
@) TP =min(T" /A" T™/A™)

@ T =min(X,/A")

5T = min(Xi/Apv ,km”/Ak’“’)

6) T" =min(X,/A")

Foreign Trade

(@) EX, =EX?(P"/P )" for j=1,..., 3

@M, =M?(P/P")” for j=1,..,3E

Labour Market

©) — 2w, Ou
p

Household Demand
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Appendix 2 Variables

Source: Steininger and Friedl (2004).

Factor demand
L
K

Production

Foreign trade

Labour Market
w
Wiow

Pp
u

Total labour demand

Total capital demand

Gross production of sector |

Capital input in sector |

Labour input in sector j

Factor aggregate in sector |

Leontief-input -output -coefficients in sector |
CES-distribution parameter in sector j

Elasticity of substitution in production betweebdar and

capital in sector j

Export of sector |

Import of sector |

Production price of goods aggregate X in sector |

World market price of goods aggregate M in sector |
Export and import quantities in sector j in thesrehce year

Foreign trade price elasticity of demand in segtor

Nominal wage rate
Lower bound on the real wage rate
Paasche index of the aggregate price level

Rate of unemployment
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Transport
Tp

T

™

TU
AP APV APTAPY

Akmp
AY

kmP

Consumption
Ch

Xp©

Th

3n°

S

3¢

On

Private car passenger transport

Private car passenger transport production fixpdtin
Private car passenger transport production variaplegt
(directly kilometre dependent)

Public passenger transport

Leontief-input -output -coefficients in private qasissenger
transport

Kilometre input coefficient in private car passengjansport
Leontief-input -output -coefficients in public tigport

Vehicle kilometres driven in private car transport

Total Consumption of household typ& h

Consumption of non-transport goods of household h
Transport consumption of household h

CES-distribution parameter in consumption for hdwade h
CES-distribution parameter in transport consumption
household h

CES-distribution parameter in non-transport consiongdor
household h

Elasticity of substitution between transport and-transport
demand for household h

Elasticity of substitution between private car sport and

“*1 Household type can be distinguished by incomel lené/ or residential location attribute:

he’r =

h41 h44
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On

Oh

public transport demand for household h
Elasticity of substitution between non-transporbd®in

household h consumption
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Appendix 3 Gross domestic product calculation appraches for an input-output

table

Source: Eurostat (2008).

Production approach
Total output at basic prices
— Intermediate consumption
— Taxes less subsides on products
= Value added at basic prices

+ Taxes less subsides on products

= Gross domestic products

180

Income approach
Compensations of employees
+ Other net taxes on production
+ Capital consumption
+ Net operating surplus

= Value added at basic prices
+ Taxes less subsides on products

= Gross domestic products

Expenditure approach
Household final consumption expenditure
+ NPISH final consumtion expenditure
+ Government consumtion expenditure
+ Gross fixed capital formation
+ Changes in inventories
+ Acquisitions less disposals of valuables
+ Exports of goods and services
— Imports of goods and services
— Direct purchases abroad by residents
= Gross domestic products



Appendix 4

Source: Eurostat (2008).

Input-output tables and data sources witin the national and European
system of accounts

(20)
Consumer (_J)
Price < Establishmen
Census
v v v
(19) Production Income Expenditure
Producer approach approach approach (_2)
Price GDP GDP GDP 4| Business
Statistics (unbalanced) || (unbalanced) || (unbalanced) Register
Y 4 Y
() Supply and o)
Capital use tables at Valuation AmmEl
Expenditure purchasers'’ matrices Business
Survey prices (unbalanced) Surveys
(unbalanced)
(17)
M aterial @ .
Input lq| Construction
Statistics SLLEY
Supply and
(16) use tables alt Valugtlon Gross domestic product (5)
Balance of p» purcr.lasers matrices (balanced) <« Income
Payments prices (balanced) survey
(balanced)
() * * * Sector accounts 6)
Foreign Supply and use tables at basic Total 1 Non-financial corporations Consumer
Trade [P prices economy 2.Financial corporations d| Expenditure
Statistics 3.General g.oyerr?mgnt 4. Ht?useholds Survey
5. Non-profit institutions serving households
¥y ¥ v v ¥y ¥
Product by Industry by . Distribution . )
) product industry Goodsand || Production || jnqgeof ||Accumulatio Government
Production b | input-output || input-output SR BRI income n <« Expenditure
Statistics tables tables account CEEEUS accounts and
DaAviAaniin
A A A A A A
(13) (12) (1D (10) ) ()]
Census of Agriculture Population Employment Monetary Financial
Agriculture Statistics Census Statistics Statistics Statistics
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Appendix 5 Household refund distribution in scenaro B according to fuel tax

payments
Household fuel tax share in the overall fuel tax state contribution, in %
Income
HIQ1 6.9
HIQ2 235
HIQ3 29.8
HIQ4 39.7
Residential location
HRCent1 19.6
HRAgglo2 438
HRUrb3 229
HRRul4 13.7
Income and residential location
H1 19
H2 43
H3 56
H4 78
H5 1.3
H6 8.2
H7 13.8
H8 20.5
H9 22
H10 6.6
H11 6.6
H12 75
H13 15
H14 44
H15 338
H16 3.9
Sources: EVS 2003 (StaBuA, 2005), and own calculations.
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Appendix 6 Household expenditures on fixed car uselated components for
household categories

Transportation expenditure in million Euro

Residential category

Purchase of new and second-hand vehicles

Income quartlie HRCent1 HRAgglo2 HRUrb3 HRRul4 Total
HIQ1 730.6 763.7 7245 544 4 2,763
HIQ2 1,988 3,771 2,862 1,968 10,590
HIQ3 3,026 6,914 2,222 1,488 13,650
HIQ4 4,372 10,611 5,061 2,158 22,203
Total 10,117 22,060 10,870 6,159 49,206

Spare parts and accessory
HIQ1 85.0 104.9 141.9 73.8 405.6
HIQ2 2448 479.2 350.2 2354 1,310
HIQ3 338.3 761.5 337.8 235.8 1,673
HIQ4 434.0 1,188 501.7 247.2 2,371
Total 1,102 2,534 1.332 792.3 5,760
Maintenance and repair
HIQ1 352.1 153.7 346.7 212.2 1,065
HIQ2 638.2 1,409 1,084 681.9 3,813
HIQ3 961.5 2,291 949.2 499.8 4,702
HIQ4 1,368 3,126 1,026 566.1 6,087
Total 3,320 6,980 3,406 1,960 15,666
Other services related to car use
HIQ1 173.0 109.7 105.3 59.3 447.3
HIQ2 170.5 356.9 2421 136.4 905.9
HIQ3 228.2 493.0 206.1 118.1 1,045
HIQ4 332.3 717.6 234.2 127.6 1,412
Total 904.1 1,677.3 787.6 441.5 3,810
(Annual) Tax on motor vehicles
HIQ1 90.9 63.9 122.9 80.2 357.9
HIQ2 231.3 520.4 393.0 2671 1,412
HIQ3 286.9 7781 3184 199.8 1,583
HIQ4 415.6 1,048 377.0 207.8 2,048
Total 1,025 2,410 1,211 754.8 5,401
Car insurance and related financial services
HIQ1 3484 239.3 360.4 261.9 1,210
HIQ2 7294 1,337 1,152 804.8 4,023
HIQ3 865.9 2,287 1,002 637.2 4792
HIQ4 1,319 3,440 1,251 644.7 6,655
Total 3,262 7,303 3,766 2,349 16,680
Total fixed car travel expenditure
HIQ1 1,780 1,435 1,802 1,232 6,249
HIQ2 4,002 7,874 6,084 4,094 22,054
HIQ3 5,707 13,525 5,036 3,179 27,446
HIQ4 8,241 20,131 8,451 3,952 40,775
Total 19,730 42,965 21,372 12,456 96,524

Sources: EVS 2003 (StaBuA, 2005), and own calculations.
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Appendix 7 Household expenditures on transportatioras shares in the overall
consumption expenditure for household categories

Fix car travel related expenditures as total consumption expenditure shares in % for different household categories

Residential category

Total fix car travel expenditure

Income quartlie HRCent1 HRAgglo2 HRUrb3 HRRul4 Total
HIQ1 35 28 5.1 5.4 39
HIQ2 8.6 8.8 9.8 10.5 9.3
HIQ3 10.1 10.1 10.1 1.3 10.2
HIQ4 114 11.6 14.8 14.3 12.3
Total 8.7 9.6 10.5 10.6 9.7

Total variable car travel expenditure for fuels
HIQ1 14 1.0 2.3 2.6 1.6
HIQ2 3.5 3.5 40 4.2 3.7
HIQ3 3.7 39 5.0 51 4.2
HIQ4 4.0 44 5.0 5.3 45
Total 3.2 3.7 4.2 4.4 3.8
Total car travel expenditure
HIQ1 48 37 75 8.0 55
HIQ2 12.0 12.3 13.8 14.7 13.0
HIQ3 13.8 14.0 15.1 16.4 14.4
HIQ4 154 16.1 19.8 19.7 16.9
Total 11.9 13.3 14.7 15 13.5
Total public transportation expenditure
HIQ1 22 20 1.3 11 1.8
HIQ2 1.3 0.8 0.6 0.5 0.8
HIQ3 11 0.7 0.6 0.6 0.7
HIQ4 1.2 0.7 0.5 0.5 0.8
Total 14 0.9 0.7 0.7 0.9
Total travel expenditure
HIQ1 7.1 5.7 8.8 9.1 7.3
HIQ2 134 131 14.4 15.3 13.9
HIQ3 14.9 14.7 15.7 17.0 15.2
HIQ4 16.6 16.8 20.2 20.2 17.6
Total 134 14.2 15.4 15.7 14.4

Sources: EVS 2003 (StaBuA, 2005), and own calculations.
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Appendix 8 Household expenditures on fixed car uselated components as shares
in household net income for household categories

Fix car travel related expenditures as net income shares in % for different household categories

Residential category

Purchase of new and second-hand vehicles

Income quartile HRCent1 HRAgglo2 HRUrb3 HRRul4 Total
HIQ1 1.2 1.3 1.7 2.0 1.5
HIQ2 34 34 3.7 4.0 3.6
HIQ3 43 41 3.3 3.8 39
HIQ4 4.3 4.3 6.4 5.6 4.8
Total 35 3.8 41 4.0 3.8

Spare parts and accessory
HIQ1 0.1 0.2 0.3 0.3 0.2
HIQ2 0.4 0.4 0.5 0.5 0.4
HIQ3 0.5 0.4 0.5 0.6 0.5
HIQ4 0.4 0.5 0.6 0.6 0.5
Total 0.4 0.4 0.5 0.5 04
Maintenance and repair
HIQ1 0.6 0.3 0.8 0.8 0.6
HIQ2 1.1 1.3 1.4 1.4 1.3
HIQ3 1.4 1.3 1.4 1.3 1.3
HIQ4 1.3 1.3 1.3 1.5 1.3
Total 1.1 1.2 1.3 1.3 1.2
Other services related to car use
HIQ1 0.3 0.2 0.3 0.2 0.2
HIQ2 0.3 0.3 0.3 0.3 0.3
HIQ3 0.3 0.3 0.3 0.3 0.3
HIQ4 0.3 0.3 0.3 0.3 0.3
Total 0.3 0.3 0.3 0.3 0.3
(Annual) Tax on motor vehicles
HIQ1 0.1 0.1 0.3 0.3 0.2
HIQ2 0.4 0.5 0.5 0.5 0.5
HIQ3 0.4 0.5 0.5 0.5 0.5
HIQ4 0.4 0.4 0.5 0.5 04
Total 0.4 0.4 0.5 0.5 04
Car insurance and related financial services
HIQ1 0.6 0.4 0.9 1.0 0.6
HIQ2 1.3 1.2 1.5 1.7 14
HIQ3 1.2 1.3 15 1.6 14
HIQ4 1.3 1.4 1.6 1.7 14
Total 1.1 1.2 1.4 1.5 1.3
Total fixed car travel expenditure
HIQ1 29 24 4.3 46 3.3
HIQ2 6.9 72 7.9 8.4 7.5
HIQ3 8.0 7.9 74 8.2 7.9
HIQ4 8.1 8.2 104 10.3 8.8
Total 6.8 7.3 8.0 8.1 75

Sources: EVS 2003 (StaBuA, 2005), and own calculations.
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Appendix 9 Household expenditures on fixed car uselated components as shares
in household overall consumption expenditure for hosehold categories

Fix car travel related expenditures as total consumption expenditure shares in % for different household categories

Residential category

Purchase of new and second-hand vehicles

Income quartile HRCent1 HRAgglo2 HRUrb3 HRRul4 Total
HIQ1 14 1.5 21 24 1.7
HIQ2 4.3 42 46 5.1 45
HIQ3 5.4 52 45 5.3 5.1
HIQ4 6.0 6.1 8.9 7.8 6.7
Total 45 49 5.3 5.2 4.9

Spare parts and accessory
HIQ1 0.2 0.2 0.4 0.3 0.3
HIQ2 0.5 0.5 0.6 0.6 0.6
HIQ3 0.6 0.6 0.7 0.8 0.6
HIQ4 0.6 0.7 0.9 0.9 0.7
Total 0.5 0.6 0.7 0.7 0.6
Maintenance and repair
HIQ1 0.7 0.3 1.0 0.9 0.7
HIQ2 14 1.6 1.7 1.8 1.6
HIQ3 1.7 1.7 1.9 1.8 1.8
HIQ4 1.9 1.8 1.8 21 1.8
Total 1.5 1.6 1.7 1.7 1.6
Other services related to car use
HIQ1 0.3 0.2 0.3 0.3 0.3
HIQ2 0.4 0.4 0.4 0.4 0.4
HIQ3 0.4 0.4 0.4 0.4 0.4
HIQ4 0.5 04 0.4 0.5 0.4
Total 04 04 0.4 0.4 0.4
(Annual) Tax on motor vehicles
HIQ1 0.2 0.1 0.4 0.4 0.2
HIQ2 0.5 0.6 0.6 0.7 0.6
HIQ3 0.5 0.6 0.6 0.7 0.6
HIQ4 0.6 0.6 0.7 0.8 0.6
Total 0.5 0.5 0.6 0.6 0.5
Car insurance and related financial services
HIQ1 0.7 0.5 1.0 1.2 0.8
HIQ2 1.6 1.5 1.9 21 1.7
HIQ3 15 1.7 2.0 2.3 1.8
HIQ4 1.8 2.0 22 2.3 2.0
Total 14 1.6 1.8 2.0 1.7
Total fixed car travel expenditure
HIQ1 35 2.8 5.1 5.4 3.9
HIQ2 8.6 8.8 9.8 10.5 9.3
HIQ3 101 101 101 11.3 10.2
HIQ4 114 11.6 14.8 14.3 12.3
Total 8.7 9.6 10.5 10.6 9.7

Sources: EVS 2003 (StaBuA, 2005), and own calculations.
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Appendix 10 Accessibility of centres and functionalirban areas in Germany by car,
German Federal Office for Building and Regional Planing (BBSR)

The spatial distribution of a car accessibility erdcalculated by the BBSR as shown
(below) accounts more for the proximity in termsti@vel time than travel distance. The
structural picture reveals the rather heterogenemasio- and polycentric distribution of
functional urban areas in Germany and the functibnkages implied by the network of
national road infrastructure. In Germany road istinacture has in general a significant
influence on accessibility. 58 % of the German ¢pumrea can be attributed to rural
regions or peripheries. Their population densitige about 100 inhabitants per km
compared to the national average of about 230 pepgt kni. Nevertheless, these areas
comprise one quarter of the entire German populafite resulting spatial dispersion of
scarcely populated rural areas in Germany conggtd the car dependency observed in
some places (Schuert et al., 2005).
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Appendix 11 GAMS code of the German Road Travel Pay Model (GRTPM), 2002

* Mul ti househol d hh versi on GRTPM

* Year of cal cul ation:

2002

* Di ssertation Kalinowska Dom ni ka

scal ar ur base
uabase
| base

/ 43157/
enp

/ 39096/ ;

* PUBLI C FI NANCE

scal ar | wt axr
kt axr
pubdef

unenpl oynment rate base year /9.41/
unenpl oyed in 1000 base year /4061/
tot | abor force avail incl unenpl in 1000

total |abor force enployed base year in 1000

| abor wage tax rate /0.930681064/
capital revenue tax rate /0.289784016 /
public deficit in mo euro /-64300/;

*
2222222222222222222222222222222222222222222222222222

$ont ext
LAW
KOHLE
COELBB
CELVER
ELEK
WASSER
El SEN
STEI N
CHEM E
VETALL
MASCH
BUEROM
ELEI NR
FAHRZ
NAHR
TEXTI L
HOLZ
PAPI ER
VERLAG
GUW
RECYC
SPROD
BAU
HANDEL
GAST
VERK
SUL
SVERK
KOW
GELD
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REAL
DATEN
FUE

SODI EN
NVDI EN
UALLO
$of f t ext

*
22222222222222222222222222222222222222222222
*

DEFI NI TI ONS

*
22222222222222222222222222222222222222222222

set esps econoni c sectors and primary factors

/ LAW, KOHLE, CELBB, CELVER, ELEK, WASSER, EI SEN, STEIN, CHEM E, METALL
MASCH, BUEROM ELEINR, FAHRZ, NAHR, TEXTIL, HOLZ, PAPIER, VERLAG,
GUW , RECYC, SPROD, BAU, HANDEL, GAST, VERK, SUL, SVERK, KOW
GELD, REAL, DATEN, FUE, SCDI EN, NMDIEN, |TAX, LTAX, KTAX
L, K, TXTRNS, UBEN, W FX, |TAXRT, OUTPUT, EX, IM,

espw econoni ¢ sectors and agents

/ LAW, KOHLE, CELBB, CELVER, ELEK, WASSER, EI SEN, STEIN, CHEM E, METALL
MASCH, BUEROM ELEINR, FAHRZ, NAHR, TEXTIL, HOLZ, PAPIER, VERLAG
GUW , RECYC, SPROD, BAU, HANDEL, GAST, VERK, SUL, SVERK, KOW
GELD, REAL, DATEN, FUE, SODI EN, NMDIEN, W CONS, GOV, EX, IM
QUTPUT, L, K, |TAXRT, BESCH,

es(esps) econoni ¢ sectors
/ LAW, KOHLE, CELBB, CELVER, ELEK, WASSER, EI SEN, STEIN, CHEM E, METALL
MASCH, BUEROM ELEINR, FAHRZ, NAHR, TEXTIL, HOLZ, PAPIER, VERLAG
GUW , RECYC, SPROD, BAU, HANDEL, GAST, VERK, SUL, SVERK, KOW
GELD, REAL, DATEN, FUE, SODI EN, NWVDI EN,

ess(espw) econom ¢ sectors again

/ LAW, KOHLE, CELBB, CELVER, ELEK, WASSER, EI SEN, STEIN, CHEM E, METALL
MASCH, BUEROM ELEINR, FAHRZ, NAHR, TEXTIL, HOLZ, PAPIER, VERLAG,
GUW , RECYC, SPROD, BAU, HANDEL, GAST, VERK, SUL, SVERK, KOW
GELD, REAL, DATEN, FUE, SODI EN, NWVDI EN/,

hh househol d types
/h1l, h2, h3, h4, h5, h6, h7, h8, h9, h10, hll, hl12, h13, hl14, h15, h16 /,

*househol ds
hs househol d suns
/all _hh, hel, he2, he3, he4, hr1, hr2, hr3, hr4/,
hzu(hs, hh) / all_hh.(hl, h2, h3, h4, h5, h6, h7, h8, h9, hl1l0, hll, hl2

h13, h14, h15, hi16)

hel. (h1l, h5, h9, h13)

he2. (h2, h6, h10, hi14)

he3. (h3, h7, hll, hil5)

he4. (h4, h8, hl2, hil6)

hrl.(h1l, h2, h3, h4)

hr2. (h5, h6, h7, h8)

hr3. (h9, h10, hll, h12)

hr4.(h13, hl4, h15, h16)/,
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hel( hh) househol d i ncone typel
/h1, h5, h9, h13/,

he2( hh) househol d i ncone type2

/h2, h6, hl1l0, h14/,

he3( hh) househol d i ncone type3

/h3, h7, hll, h15/,

he4( hh) househol d i ncone type4
/'h4, h8, hl2, hlé/,

hr 1( hh) househol d regi onal typel
/hl, h2, h3, h4/,

hr 2( hh) househol d regi onal type2
/' h5, h6, h7, h8/,

hr 3( hh) househol d regi onal type3

/h9, h10, hl1, h12/,

hr 4( hh) househol d regi onal type4

/h13, h14, hi15, hié/,

he househol d i ncone types

/hel, he2, he3, hed/,

hr househol d regi onal types

/hrl, hr2, hr3, hré4/;

ALI AS (ES, SS);

*
2222222222222222222222222222222222222222222222222222222222222222222222
*

ECONOMI C DATA

*
2222222222222222222222222222222222222222222222222222222222222222222222

tabl e sam(esps, espw) benchmark social accounting matrix
$ondel i m

$i ncl ude d:\di ss\ ARPM Model \ sand2002. csv

$of f del i m

di spl ay sam

set r(esps)
/ LAW, KOHLE, CELBB, OELVER, ELEK, WASSER, EI SEN, STEIN, CHEM E,

METALL,
MASCH, BUEROM ELEINR, FAHRZ, NAHR, TEXTIL, HOLZ, PAPIER, VERLAG,
GUW , RECYC, SPROD, BAU, HANDEL, GAST, VERK, SUL, SVERK, KOwM
GELD, REAL, DATEN, FUE, SODI EN, NWVDIEN, |TAX, LTAX, KTAX
L, K, TXTRNS, UBEN, W FX, OUTPUT/, c(espw)
/ LAW, KOHLE, CELBB, CELVER, ELEK, WASSER, EI SEN, STEIN, CHEM E,
VETALL,
MASCH, BUEROM ELEINR, FAHRZ, NAHR, TEXTIL, HOLZ, PAPIER, VERLAG
GUW , RECYC, SPROD, BAU, HANDEL, GAST, VERK, SUL, SVERK, KOWM
GELD, REAL, DATEN, FUE, SODI EN, NVDIEN, W CONS, GOV, EX, IM
QUTPUT/ ;
par anet er rchk(r) row sum check
cchk(c) colum sum check;
rchk(r) = sum(c, san(r,c));
cchk(c) = sum(r, san(r,c));

tabl e sans(es, es) i nput tabl e per sector
LOOP(es, LOOP(ss, sans(ss, es)=(sun(ess, san(ss, ess)$(ord(ess)=ord(es))))))

191



22222222222222222222222222222222222222222222222222222222222222222222222

MULTI HOUSEHOLD | NCOVE DI STRI BUTI ON

22222222222222222222222222222222222222222222222222222222222222222222222

*16 new hh
*| n Kernst
*| n Kernst
*| n Kernst
*| n Kernst

* Aggl om oh.
* Aggl om oh.
* Aggl om oh.
* Aggl om oh.
*ver st aedt .
*ver st aedt .
*ver st aedt .
*ver st aedt .

categories as follows

aedt en< 500 TEWu. 1500

aedt en< 500 TEW 1500-u. 2600
aedt en< 500 TEW 2600-u. 3600
aedt en< 500 TEW 3600

Ker nst aedt e>500TEW u. 1500

Ker nst aedt e>500TEW 1500- u. 2600
Ker nst aedt e>500TEW 2600- u. 3600
Ker nst aedt e>500TEW 3600+
Raeune/ u. 1500
Raeune/ 1500- u. 2600
Raeune/ 2600- u. 3600

Raeunme/ 3600+

*| aendl . Raeune/ u. 1500
*| aendl . Raeune/ 1500- u. 2600
*| aendl . Raeune/ 2600- u. 3600
*| aend| . Raeune/ 3600+

*total incone incorporates selfenployed and enpl oyees
i ncs( hh) share of total income per

par anet er
/hl
h2
h3
h4
h5
h6
h7
h8
h9
h10
h11
h12
h13
h14
h15
h16

par amet er
/ h1
h2
h3
h4
h5
h6
h7
h8
h9
h10
h11
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0. 046775117
. 044767507
. 054814582
. 078308642
. 046817928
. 08485037

. 131373693
. 188990716
. 032021855
. 059536605
. 05261998
. 060985583
. 020858652
. 037630954
. 030092354
. 029557284 !/

[eNeoNeoloNoNoNeoNe]

cNeoNoNoNoNoNe)

i ncl s(hh) share of | abour
0.014128817
. 042987016
. 04476612
. 112594548
. 019543136
. 062671388
. 116643931
. 266955381

. 013081157
O 039955945
0. 066044755

OO0OO0O0OO00O0O0OO0o

h1
h2
h3
h4
h5
h6
h7
h8
h9
h10
hl1
h12
h13
h14
h15
h16

i ncome per

hh

hh



h12
h13
h14
h15
h16

par amet er
/h1
h2
h3
h4
h5
hé
h7
h8
h9
h10
h11
h12
h13
h14
h15
h16

par anet er
/hl
h2
h3
h4
h5
h6
h7
h8
h9
h10
h11
h12
h13
h14
h15
h16

*NEU090709

par amet er
/hl
h2
h3
h4
h5
h6
h7
h8
h9
h10

[eNeoNeoNoNoNoNeoNe]

[eNeoNoloNoNoNeNe]

. 085483168
. 008848666
. 026795984
. 037595981
. 041904007

[eNeoNeoNoNe]

ubens( hh)

0. 086020576
. 078657124
. 055243187
. 036505936
. 08875567
107662339
. 087543123
. 108706424
. 071250367
. 075176916
. 035015962
. 030805725
. 053374574
. 048256089
. 019780496
. 01724549

[eNeoNoloNoNoNe]

transf s(hh)
0. 146448135
. 039522829
. 082206489
. 019764343
. 109499189
. 105249511
. 158270127
. 043497748
. 085661845
. 079260119
. 01720345
. 009928888
. 050918837
. 043375241
. 005940016
. 003253232

cNeoNoNoNoNoNe)

ks(hh)
0. 040395493
. 045704825
. 062946637
. 07809991
. 036546907
. 090294066
. 150426334
. 18457952
. 023643368
0. 06225439

/;

share of unenpl oyed transfer

!

i ncome per

share of transfers incone per hh

/;

share of capita

i ncome per

hh

hh
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h11
h12
h13
h14
h15
h16

par amet er
/h1
h2
h3
h4
h5
hé
h7
h8
h9
h10
h11
h12
h13
h14
h15
h16

*
22222222222222222
*

[eNeoNoNoNoNoNeNe]

[eNoNoNoNeNe]

0.

. 048943646
. 061348323
. 01701506

. 040860167
. 027117022
. 029824332

f xs(hh)
161407197

. 037914051
. 125314168
. 054621517
. 063942647
. 07495688

. 216406296
. 086412885
. 069888877

0.

044075831

- 0. 009550738

0.
0.
0.

020401341
043387442
023455465

-0.021518899

0. 00888504

share of foreign exchange income per

!

l;

2220222222222222222222222222222222222222222222222222222
SAM ADJUSTMENT

*
22222222222222222222222222222222222222222222222222222222222222222222222

par anmet er
/hl
h2
h3
h4
h5
h6
h7
h8
h9
h10
h11
h12
h13
h14
h15
h16

par amet er
/ hl
h2
h3
h4
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2
2
4
6
5
7
1
1

kf zst euer (hh)

90. 868
31.321
86. 896
15. 613
3. 891
20.411
78.117
047. 807
22.912
393. 012
318. 424
376. 950
80. 185
267. 095
199. 760
207. 769

nmoest ( hh)

444, 915

1023. 445
1325. 382
1837. 088

energy tax per

car tax per

hh



h5 315. 961

h6 1936. 243

h7 3260. 101

h8 4856. 374

h9 514. 848

h10 1565. 248

h11 1569. 780

h12 1779. 233

h13 365. 662

h14 1035. 338

h15 907. 527

h16 926. 704 /;
par anet er oevexp( hh) vari abl e public transport expenditure per hh
/hl 1470. 036

h2 777.158

h3 784. 409

h4 1083. 058

h5 1321. 336

h6 925. 970

h7 1175. 035

h8 1628. 086

h9 602. 604

h10 481. 844

h11 349. 595

h12 344.734

h13 324. 140

h14 270. 303

h15 210. 141

h16 189. 975 /;
par anet er i npf z(hh) production input fromvehicle prduction
sector per hh

/hl 541. 904

h2 1474. 276

h3 2244, 736

h4 3243. 163

h5 566. 425

h6 2797. 244

h7 5128. 568

h8 7870. 527

h9 537.414

h10 2123. 023

h11 1647. 955

h12 3753. 873

h13 403. 781

h14 1460. 038

h15 1103. 675

h16 1600. 764 !/
par anet er i npha( hh) production input fromtrade etc. per hh
/hl 63. 018

h2 181. 590

h3 250. 953
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h4 321.932

h5 77.835
h6 355.422
h7 564. 827
h8 881. 188
h9 105. 269
h10 259. 781
h11 250. 534
h12 372. 096
h13 54.749
h14 174. 633
h15 174.918
h16 183. 388 !

paraneter inpge(hh) production input fromfinance and insurance per hh
/hl 348. 385

h2 729. 367

h3 865. 853

h4 1318. 850

h5 239. 289

h6 1336. 873

h7 2286.981

h8 3440. 181

h9 360. 428

h10 1152. 320

h11 1002. 348

h12 1250. 917

h13 261.894

h14 804. 822

h15 637. 204

h16 644. 747 /;
par anet er i npso( hh) production input fromaux. services per hh
/hl 161. 144

h2 158. 829

h3 212. 540

h4 309. 497

h5 102. 196

h6 332.401

h7 459. 174

h8 668. 389

h9 98. 034

h10 225. 449

h11 191. 913

h12 218. 169

h13 55. 201

h14 127. 080

h15 110. 027

h16 118. 881 /;
par anet er i npoe( hh) production input from fuel per hh
/hl 261. 300

h2 601. 071

h3 778.399

196



h4
h5
h6
h7
h8
h9
h10
h11
h12
h13
h14
h15
h16

par anet er
cost per
/hl

h2

h3

h4

h5

h6

h7

h8

h9

h10

hil

h12

h13

h14

h15

h16

par anet er

* sum fixed and variabl e car use expenditure and variable public
transport expenditure
vausg( hh)

par anet er
hh

par anet er

1078.

925

185. 564

1137.
1914.
2852.

158
663
156

302. 371

9109.
921.
1044. 946
214,
608.
532.
544.

hh
261.

272
935

754
055
992
255

i nphav(hh)

149

473. 352
713. 208

1014.

772

114. 021

1045.
1699.
2318.

238
309
786

257.185

804.
704.
761.
157.
505.
370.
419.

197
024
166
408
767
747
914

oel t axr (hh)

m vfi x(hh)
m vvar ( hh)
m vcar ( hh)

capo( hh)

!

production inpurt fromtrade to variable

energy tax rate on fue
oel t axr (hh) =(noest ( hh) +i npoe(hh)) /i npoe(hh)-1;

fixed car
vari abl e car

expendi ture per
expendi ture per
expendi ture per
m vfi x(hh)=kf zst euer ( hh) +i npf z( hh) +i npha( hh) +i npge( hh) +i npso( hh);
ni vvar (hh) =noest ( hh) +i npoe( hh) +i nphav(hh);
vausg( hh) =oevexp( hh) +m vfi x( hh) +m vvar ( hh);

ni vcar (hh) =m vfi x(hh) +m vvar (hh);

calibrated price for
capo( hh) =1+oel t axr ( hh);

oel verbr;

*
22222222222222222222222222222222222222222222222222222222222222222222222
*

ROAD PRI CI NG BASE DATA

*
22222222222222222222222222222222222222222222222222222222222222222222222

private hh transport expenditure per
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san(" OELVER', "W)

sanm( " FAHRZ", "W )

san( " HANDEL", "W )

san( " VERK", "W)
san(" GELD", "W)

san( " SODI EN', "W)

=sanm(" CELVER', "W ) - (sum(hh, inpoe(hh)));
=sam(" FAHRZ","W)- (sum(hh, inpfz(hh)));
=san( " HANDEL", "W ) - (sum(hh, inpha(hh)+i nphav(hh)));
=sam(" VERK", "W ) - (sum(hh, oevexp(hh)));
=san(" CGELD', "W ) - (sum(hh, inpge(hh)));
=sanm(" SODI EN', "W ) - (sum(hh, inpso(hh)));

* REFUND OF ROAD PRI CI NG REVENUE

scal ar netrev road pricing revenue net of system costs;
netrev=0. 85;

scal ar hhr ef share of road pricing revenues refunded to hh;
hhr ef =1/ 3;

* hhr ef =0. 00001;

scal ar revshare share of road pricing revenues used for oev;
revshare=0. 5;

par anet er ivlevel | evel of car transport relative to base

i vl evel =1. 0;

par anet er r ot ax road pricing tax level in Euro per km (m o Euro

per mo km;

r ot ax=0. 000000001;

par anet er

par anet er
/hl
h2
h3
h4
h5
h6
h7
h8
h9
h10
h11
h12
h13
h14
h15
h16

par amet er
/ h1

h2

h3

h4

h5

hé

h7

h8

h9
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oet ax
oet ax=0. 000000001;

ni vkn( hh)
10721.

794

22023. 285
26403. 228
44656. 949
7988. 711

32541. 210
68914. 639

104213.

152

10450. 981

31939.
31527.
37304.
11952.
18684.
16858.
16601.

oevkn{ hh)
12493.

475
906
760
024
331
702
439

715

7945. 830
13480. 591
12267. 291
9272. 907
8131. 870
15029. 183
17209. 019
6256. 236

hypot heti c oev tax level in Euro;

car kmper hh in mo

l;

public travel pkmper hhin mo



h10
h11
h12
h13
h14
h15
h16

par anet er

*di fferent
*par anet er

*

L S I I I

par anet er

/

hl

h2
h3
h4
h5
h6
h7
h8

8125. 774
5468. 459
3848. 100
2427. 785
5247. 550
2771. 863
3167. 449 /;
rel( hh)
/ hi 0. 0625
h2 0. 0625
h3 0. 0625
h4 0. 0625
h5 0. 0625
h6 0. 0625
h7 0. 0625
h8 0. 0625
h9 0. 0625
h10 0. 0625
hil1l 0. 0625
hl2 0. 0625
h13 0. 0625
h14 0. 0625
h15 0. 0625
h1l6 0.0625 /;
revenue redistribution scenario
rel( hh)
/  hl 0. 019
h2 0. 043
h3 0. 056
h4 0. 087
h5 0. 013
h6 0. 082
h7 0.138
h8 0. 205
h9 0. 022
h10 0. 066
h11l 0. 066
h12 0. 075
h13 0. 015
h14 0. 044
h15 0. 038
h16 0.039 /;
COeni fctr(hh)
0. 213
0. 215
0. 215
0.22
0.211
0.22
0.218
0. 216

refund share per

refund share per

CO, enission factors
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h9 0. 213

h10 0. 217

h11 0. 216

h12 0.214

h13 0.21

h14 0. 216

h15 0.214

h16 0. 223 /;
scal ar ckmmax car km hi ghest possibl e val ue /1000000000/ ;
par anet er cknbase car km base year 2002;

cknmbase=sun{ hh, m vkn{ hh));

scal ar oekmax public travel pkm highest possible val ue /1000000000/;
par anet er oekmbase public travel pkm base year 2002
oeknmbase=sun( hh, oevkn( hh));

*
22222222222222222222222222222222222222222222222222222222222222222222222

* FOREI GN TRADE PARAMETERS

* 22222222222222222222222222222222222222222222222222222222222222222222222

paraneter telas(es) El ast of substitution Arm ngton from Reinert and
Hol st

/ LAW
KOHLE
CELBB
CELVER
ELEK
WASSER
El SEN
STEI'N
CHEM E
METALL
MASCH
BUEROM
ELEI NR
FAHRZ
NAHR
TEXTI L
HOLZ
PAPI ER
VERLAG
GUW
RECYC
SPROD
BAU
HANDEL
GAST
VERK
SUL
SVERK
KOwW
GELD
REAL

(62061

corpPErRPRRPRPPRPORERRPRRERERERRPRPPRPOOOCORRERRERRERER
VUCUEOEOOUIOOUAR®RUIANRR®NNNUIOO00O
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DATEN
FUE

SCODI EN
NMVDI EN

Cooo
oo Ul o
~

22222222222222222222222222222222222222222222222222222222222222222222222
LABOR MARKET

22222222222222222222222222222222222222222222222222222222222222222222222

par anet er urate unenpl oynent rate

refurate reference is base case unenpl oynment rate

uabs unenpl oyed in 1000

unenp unenpl oynent base year in foregone wage
ear ni ngs

enpl change change in enpl oynment absol ute

usubsr unenpl oynent subsidy rate

pusb price incl unenploynent subsidy rate;

unenp=((-sanm("L","Cons"))/enp)*uabase
usubsr=((-sam " UBEN', "CONS") )/ unenp) *(-1);
pusb=1+usubsr;

¥ 222202222222222222222222222222222222222222222222222222222222222222222222222222
GOVERNMENT REVENUE A ND EXPENDI TURE

*
222222222222222222222222222222222222222222222222222222222222222222222222222222

scal ar nettransf net direct tax and transf paynents plus public
savi ng
ubpwor k unenpl oynent benefit per worker
govdem gover nment denand;
par anet er pcal i bl price level for calibration of factor |abor
pcal i bk price level for calibration of factor capital;

pcal i bl =1+l wt axr;

pcal i bk=1+kt axr;
govdenesuny( es, san{es, "GW"));
nettransf=(-san(" TXTRNS", "CONS"));
ubpwor k=( - sam(" UBEN", " CONS") ) / uabase;

par anet er def public deficit
defref public deficit reference base year |evel
def =pubdef ;
def r ef =def ;
par anet er tix(es) indirect tax rate net of subsidy;

tix(es)=sam(es,"| TAXRT");

22222222222222222222222222222222222222222222222222222222222222222222222
FURTHER VARI ABLE DEFI NI TI ON

22222222222222222222222222222222222222222222222222222222222222222222222

par anet er opchp(es) sectoral output change in percent

t est capital supply factor

dschp(es) sectoral output direct change first round in
per cent

chenp(es) absolute change in sectoral enploynent

enmpchcorr correction term change in enpl oynment roundi ng
error
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chex(es) change in exports
chi nm( es) change in inports
chva(es) change in val ue added per sector

tdirch direct tax revenue change absol ute

tindch i ndirect tax revenue change absol ute

ubench change in public unenpl oynent benefit
subsi di es absol

govch change in governenent expenditure absol ute

fch change i

i
in capital account
pxch(es) change i
i
i

donmestic production prices in %
pgch(es) change in domestic sales prices in %

pkch change in capital price

dirch(es) direct change first round in sectoral demand
dirchp(es) direct change first round in sectoral demand

35 3 35

in %
em vkm car kmtotal
eoevkm public travel kmtota
m vch relative change in car travel kmin %
oevch relati ve change in oev kmin %
consch(hh) change in househol d consunption transport
vch( hh) change in total transport expenditure
exoev(hh) expenditure for public travel per hh group
exoevch(hh) change in expenditure for public travel per
hh
exi v( hh) expendi ture for travel per househol d group
exi vch(hh) expenditure for travel change in %
ei vkm(hh) total kmcar travel per househol d group
eovkm(hh) total km public travel per household group
hm vch(hh) relative change in mv kmin % per househol d
group
hoevch(hh) relative change in oev kmin % per househol d
group
rprev road pricing revenue total
22222222222222222222222222222222222222222222222222222222222222222222222
MPS/ GE MODEL
22222222222222222222222222222222222222222222222222222222222222222222222
$ont ext
$nodel : rp_Gl16
$sectors:
x(es) I output of donestic production sectors
y(es) I level of domestic supply of domestic production
m_ es) I level of sectoral inports
ex(es) I level of sectoral exports
g(es) I level of domestic conposite good supply
w I Hicksian wel fare index
v( hh) I private transport demand bundl e
i v(hh) I car transport
i vv(hh) I car transport variable conponents
i vf (hh) I car transport fixed conponents
oev( hh) I public transport

$commodi ti es:
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px(es) I market price for sectoral donmestic production

py(es) I market price of donmestic supply of domestic
production

pex(es) I export price

pm(es) I inmport price

pg(es) I domestic conposite good price

pl I wage rate

pk I capital rent

pw I price index for welfare wi thout transp
(expendi ture function)

pv(hh) I price index of passenger transport

pi v(hh) I price index of car tranpsort

pi vv( hh) I price index car transport variable conponents

pi vf ( hh) I price index car transport fixed conponents

poev( hh) I price index for public transport

pf x I price foreign exchange (real terns of trade)

pt ax I price of tax paynents

plinc I price index of |abour incone

pr ot ax I car road pricing tax |eve

poet ax I hypothetic publi ctransport pricing tax |evel

pkf zst I car tax price index

$consuners:

cons( hh) I representative agent

| mar ket I | abour market overal

govt I gover nnent

schi ck I use of rp revenues agency

rps I use of rp system expenditures

$auxi liary:

u I unenpl oynent rate

uf knr o I restriction on car km

upknmoe I restriction on public travel pkm
$prod: x(es) s: 0 el k(s):0

0: px(es) g: (-sam(es, "OUTPUT")) A: govt T: Tl X(es)

i :pg(ss) g: sans(ss, es)

i:pl g: san(es, "L") P: pcal i bl A: govt T: LWTAXR
el k:

i:pk g: sam(es, "K") P: pcal i bk A: govt T: KTAXR
el k:
$prod: y(es) t:tel as(es)

o: py(es) g: ((-san(es, "OUTPUT")) - sam(es, "EX"))

0: pex(es) g: san(es, "EX")

i:px(es) g: (-sam(es, "OUTPUT"))
$prod: g(es) s:tel as(es)

0: pg(es) g: ((-san(es, "OUTPUT")) - sam(es, "EX") -
sam(es, "I M))

i:py(es) g: ((-san(es, "OUTPUT")) -sam(es, "EX"))

i:pmes) g: (-sames,"IM))
$prod: n( es)
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o: pr( es) g: (-sames, "I M))

i :pfx g: (-sames, "I M))
$pr od: ex(es)

0: pf x g: sam(es, "EX")

i : pex(es) g: san( es, "EX")

$prod:iv(hh) s:0

0: pi v(hh) g: (m vfix(hh)+m vvar (hh))
i :pivf(hh) g: m vfix(hh)
i :pivv(hh) g: m vvar ( hh)
$prod:ivf(hh) s:0
o: pi vf (hh) g: m vfix(hh)
i :pg(" FAHRZ") g: i npfz(hh)
i : pg(" HANDEL") g: i npha( hh)
i :pg("GELD") g: i npge( hh)
i :pg("SODI EN") g: i npso( hh)
i : pkfzst g: kf zst euer (hh)
$prod:ivv(hh) s:0
0: pi vv( hh) g: m vvar ( hh)
i : pg("CELVER") g: i npoe(hh) P:capo(hh) A:govt T:oeltaxr(hh)
i : pg(" HANDEL") g: i nphav( hh)
i : protax g: m vkm( hh)
$pr od: oev( hh) s:0
0: poev( hh) g: oevexp( hh)
i:pg("VERK") g: oevexp( hh)
i : poet ax g: oeknbase
*Wel fare
$prod:w  s:1
0: pw g: (-sam("W,"W)-sun{hh, vausg( hh) -
kf zst euer (hh) - nbest (hh)))
i :pg(es) g: (sanm(es,"W))
$prod: v(hh) s:0.635
o: pv( hh) g: vausg( hh)
i :piv(hh) g: (m vfix(hh)+m vvar (hh))
i : poev(hh) g: oevexp( hh)
$demand: cons(hh) s:0.275
d: pw g: ((sam("W, "CONS") *i ncs(hh)) -
vausg( hh) +kf zst euer ( hh) +moest ( hh))
d: pv(hh) g: vausg( hh)
e:plinc g: ((-sam("L","CONS"))*incl s(hh))
e: pk g: ((-sam("K","CONS"))*ks(hh))
e: pf x g: ((-san("FX","CONS"))*fxs(hh))
e: pt ax
g: (nettransf*transfs(hh) +kf zst euer (hh) +noest ( hh))
e: pt ax g: ((-san("UBEN', "CONS")) *ubens(hh)) R u
e: pr ot ax g: (rel(hh)*hhref*netrev*ckmmmax)

204



e: pr ot ax g: (rel(hh)*hhref*netrev*(cknbase- ckrmax))
R uf knr o

$demand: | mar ket

d:plinc gq: (-sam("L","CONS"))
e: pl g: ((-san("L","CONS")) +unenp)
e: pl g: (- unenp) R u
$denmand: govt
d: pg(es) g: san( es, "GOV")
e: pt ax g: (- nettransf-sum(hh, noest (hh) +kf zst euer (hh)))
e: pt ax g: san( " UBEN', " CONS") R u
e: pkf zst g: (sun( hh, kf zst euer (hh)))

*no system costc included, revshare for public transport sector
$demand: schi ck

d: pg( " BAU") g: ((1-revshare)*0.9)

d: pg(" NVDI EN') g: ((1-revshare)*0. 1)

d: pg(" VERK") g: (revshare*0. 9)

d: pg( " NVDI EN") g: (revshare*0. 1)

e: prot ax g: ((1- hhref)*netrev*ckmrax)

e: pr ot ax gd: ((1- hhref)*netrev*(cknbase- ckmrax))
R uf knr o

e: poet ax g: oeknmax

e: poet ax g: (oeknmbase- oekmmax)
R upknoe

*redi stribution of system costs
$demand: r ps

d: pg(" CGELD") g: (1/3)
d: pg(" ELElI NR") g: (1/3)
d: pl g: (1/3)
e: pr ot ax g: ((1-netrev) *ckmax)
e: prot ax g: ((1-netrev)*(cknbase- cknmmax))

R uf knr o

$constraint:u
pl =E=pw;

$constraint: ufknro
pr ot ax=G=r ot ax;

$const r ai nt : upknoe
poet ax=G=o0et ax;

$REPORT:
V. donesti c_out put (es) Q px(es) PROD: x( es)
V: donesti c_suppl y(es) QO py(es) PROD: y( es)
V: domestic_conposite_supply(es) O pg(es) PROD: g( es)
V:inport(es) Q pn( es) PROD: n( es)
V: export (es) Q pfx PROD: ex( es)
V: car _transport (hh) Q piv(hh) PROD: i v( hh)
V: car _transport_fix(hh) Q pi vf (hh) PRQOD: i vf (hh)
V: car _transport_var (hh) Q pivv(hh) PRQOD: i vv( hh)
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V: public_transport (hh) QO poev( hh) PRCOD: oev( hh)
V: wel fare_cons O pw PROD: w
V: wel fare_trans(hh) Q pv(hh) PRQOD: v( hh)
V: wecons( hh) W cons( hh)
V:revenues_rp W schi ck
V: GovDemand( es) D: pg(es) DENMAND: govt
$of f t ext
$sysi ncl ude npsgeset rp_Gl6
plinc.|=1;
pt ax. f x=1;
*foreign price as nuneraire
pf x. f x=1;
pkfzst. fx=1;

*
222222222222222222222222222222222222222222222222222222222222222222222222
*

B ASE RUN

*
222222222222222222222222222222222222222222222222222222222222222222222222

pex. | (es)=1.0;

pml (es)=1.0;

u.l=1.0;

r ot ax=0. 0000000001;

pr ot ax. | =0. 0000000001,
oet ax=0. 0000000001;
poet ax. | =0. 0000000001,
uf knro. | =1;
upknoe. | =1;
rp_Gl6.iterlim9999;
OPTI ON MCP = PATHC,

$i ncl ude rp_Gl16. GEN
solve rp_Gl6 using ntp;

*OUTPUT

par anet er gdpf act or gdp factor definition

govprice price index public demand

gdpuse gdp use definition

gdpr ef gdp adjusted for welfare price index

gdpbase gdp base | evel

govpbase govprice base

weor ef (hh) wel fare i ndex consumers hh reference |evel of
base year

gdpgrowt h growh rate of gdp in use definition

CObase( hh) C02 base run
CObasecar (hh) CO,car base run
CObasepub( hh) CO2pub base run

ni vknges overall travel km

nm vknbase(hh) car km base
oevknbase(hh) public travel km base
vbase travel e exp base
vausgg( hh) travel exp
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oevexpbase(hh) public transport exp base
nm vfi xbase(hh) fixed car exp base

ni vvar base(hh) Varcarausgaben base

nmi vcarbase (hh) total car exp base

hhi | abor ( hh) hh income | abour

hhi capi t (hh) hh incone capita

hhi trans(hh) hh incone transfers

hhi t ransbase(hh) hh inconme transfers base
consbase(hh) consbase

CO,(hh) CO, passenger travel

CO,car (hh) C02 car

CO,pub(hh) C02 pub

2222222222222222222222222222222222222222222222222222222222222222222222

COUNTERFACTUAL

* Ok X X %

2222222222222222222222222222222222222222222222222222222222222222222222

r ot ax=0. 05;
pr ot ax. | =0. 05;

rp_Gl6.iterli m9999
$i nclude rp_Gl6. GEN
sol ve rp_Gl6 using ntp;
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