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Abstract: We describe the modification of an Austrian computable general equilibrium (CGE) model in order to construct such a model and database for Germany. Our objective is to assess the impact of road pricing measures on private household travel demand and some economic indicators. To account for the distributional effects of regulative policy instruments such as road pricing in the transportation sector, we introduce different household categories. Depending on the distribution of private households over different income categories, specific travel demand patterns and a revenue redistribution structure, an overcompensation effect of the road pricing charge can be observed in Germany for the lowest income category.
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1 Introduction

Increased greenhouse gas emissions resulting from the excessive growth in the global fossil fuel consumption is seen as one of the major causes of climate change. Production sectors that rely heavily on the use of fossil fuels in their production processes create negative externalities on the rest of the economy. The transportation sector is an important example of such market failures, where prices do not correctly reflect the social costs imposed by its services.


In most of the industrialized countries, the transportation sector contributes on average almost 30 % to overall national carbon emissions. This share is expected to increase in the coming two decades by about 20 % (see World Energy Outlook Recent, IEA (2006)). Recent energy consumption and CO2 emissions’ figures for Germany indicate an overall CO2 emissions’ share of round 20 % for the transportation sector. A significant share of almost 70 % of the entire CO2 emitted in the transport sector comes from motorized passenger travel on German roads (see Verkehr in Zahlen, BMVBS (2005/2006)). Intervening policy measures targeting the reduction of fossil fuel consumption in the German transportation sector are limited to taxation of mineral oil products and distance-related road use charges applied to freight transport on the autobahn network. Other regulative policy measures, such as different forms of road use charging, tolling, etc., or even the extension of CO2 emission permit trading on the transport sector are regularly subject to political debates. Nevertheless a strong overall consensus on the need for the reduction of transportation externalities exists, efforts to develop and implement required measures mostly results in opposition from the public as well as from numerous interest groups within the private economy.


The degree to which regulative policy measures are accepted by the target groups depends on the scope and distribution of (potential) welfare gains induced by the reform. On the individual level, acceptance can be expected if individual utility is not diminished by the measure. The difficulty with individual utility preservation and the overall welfare increase is the often uneven distribution of such gains (see Mayeres and Proost (2002), Farrell and Saleh (2005)). This is particularly the case, when uniform pricing policy instruments are implemented in the motorized passenger travel sector, where they yet affect different households with varying income and mobility profiles. In order to assess possible impacts from varying levels of distance dependent road pricing schemes on different household categories in the German economy, we extend an existing computable general equilibrium (CGE) model mainly by splitting the private household sector into specific categories according to different income levels and residential areas. Our modelling frame is based on the Austrian Road Pricing Model (ARPM), which was originally introduced and implemented in Steininger and Friedl (2004) to assess the consequences of road pricing policies in Austria. We adjust this model to the German case and extend the underlying Social Accounting Matrix (SAM) to account for effects household characteristics have on travel demand as known from transportation research and in particular from travel demand modelling. The particularity of our work is the combination of a bottom-up and a top-down modelling approach. Therefore we integrate micro-data based passenger travel demand patterns of differing private household categories into a full model of a small open economy represented within a CGE framework. In general, partial rather than general equilibrium models are most often used, when, e.g., mode choices and demand modelling on the individual level are taken into account within an economic framework. The main focus of our work is to develop an applicable instrument for the assessment of potential road pricing scenarios in order to illustrate possible effects resulting from changes of the assumptions underlying the formulation of the model as well as the scenarios themselves. We therefore document varying levels of the road charge applied to private car travel and we also introduce different redistribution structures of road pricing revenues to analyse the linkages and the sensitivity of our modelling tool. Welfare considerations such as a welfare-maximizing road charging designs, which meet optimal pricing criteria in terms of equity and/ or efficiency objectives are very important issues within the context of road charge implementation and their economic assessment. Nevertheless, a detailed analysis of welfare concerns would go beyond the scope of this paper and is therefore only briefly discussed as the background to our work.


The organisation of the paper is as follows. Its main objective is the impact assessment of the introduction of road pricing in the German economy, when different assumptions as to the level of the pricing measure, the reallocation structure of the corresponding revenues, or the classification of the private households by variant income bounds and therefore changing population and household shares with differing travel demand profiles are fine-tuned. Through the specification of different household categories we implicitly account for some of the aspects of passenger travel, which are of great relevance to evaluate the effects from implementing policy measures in the overall economic context. Section 2 provides a description of the German Road Travel Policy Model (GRTPM) based on the Austrian Road Pricing Model. Section 3 discusses the main extensions to the model and to the underlying database to make the ARPM model suitable for application to the German economy. Particular emphasis is put on the specific incorporation of passenger travel demand into the economic model. In Section 4 we introduce some results from applying the model to assess the impact of road pricing in different household classes, distinguished according to income levels. Section 5 concludes.

2 The German Road Travel Policy Model (GRTPM)

For information on CGE models, we refer to Shoven and Whalley (1992) or, more recently, to Ginsburgh and Keyzer (1997). The German Road Travel Policy Model (GRTPM) is based on the Austrian Road Pricing Model (ARPM), introduced in Friedl and Steininger (2004).
 We apply this standard, single country model for a small open economy to German data. The model accounts for 35 production sectors, of which the following are directly linked to the representation of passenger travel demand: extraction of crude petroleum and natural gas, transport equipment, distribution, land transport, supporting and auxiliary transport, finance and insurance, as well as other market services. Agents are modelled using either a representative microeconomic consumption or production function (see Varian (1993)).


A consumer is characterized by a preference ordering over the obtainable goods described by a utility function and by a budget set that is limited by his income. He is assumed to choose that bundle of goods in his budget set that maximally satisfies his preferences, i.e., his behaviour can be described by utility maximization over his budget set. Our model distinguishes basically three consumer categories: private households, the government, and the road pricing agency.


A production sector is assumed to use a production technology that transforms an input bundle consisting of all goods in the economy and of the primary production factors into an amount of its output good. The producer is assumed to choose his production or input-output bundle, so that it maximizes his profit, i.e., his behaviour can be described as profit maximization over the production set defined by his technology. Both agent categories are assumed to take the prices of the goods as given. Prices in turn satisfy the market-clearing criterion, where total demand equals total supply.


Production of non-passenger-transport goods follows a nested constant elasticity of substitution (CES) structure, with capital and labour as primary inputs, and intermediate inputs entering in a Leontief functional form with substitution elasticity equal to zero. The main equations underlying the model are summarized in the Appendix, where also an overview of the model variables is enclosed. The production of passenger travel consists of car travel and public transport and follows equations (3) to (6). In addition, household production of car travel comes from the combination of fixed and variable inputs, where the corresponding cost components follow a Leontief function with an elasticity of substitution set at zero. This implies that kilometre charges applying to the variable input cannot be substituted by fixed input components, i.e., vehicles or other technical goods and solutions. Private household demand is represented by a nested CES structure, with unity elasticity of substitution among non-passenger-transport goods and calibrated elasticities of substitution between the bundle of non-transport and transport goods as well as among different passenger transport goods (equations (10) to (12)). Finally, elasticities were assumed to be uniform across household income groups (see Steininger and Friedl (2004)).

3 The database extension

A proper assessment of the impact of regulative pricing policy measures implemented in the passenger travel sector requires an explicit consideration of the economic behaviour of private households with respect to travel choice, which in turn depends on individual or household-specific socioeconomic and sociodemographic attributes.
 Obviously, some of these attributes not only determine the demand for travel, but they also influence households’ reaction to changes in the supply conditions of travel, e.g., to the variation in price of a kilometre travelled in a car. However, apart from a few exceptions (see Mayeres (1998, 2004), Broecker (2002), Mayeres and Proost (2002), Steininger (2002), Munk (2003), Steininger and Friedl (2004), Schaefer and Jacoby (2005, 2006)) most CGE models are somehow limited with respect to impact assessment of passenger road travel pricing measures, basically because demand for passenger travel is not explicitly included, neither in the model database, nor in the model structure.

The primary objective of our CGE model is to account for this shortcoming for the case of Germany and include passenger travel demand into the model. We therefore extend the ARPM model described in the previous section with different private household types according to income categories and residential characteristics. This allows us to model the distributional effects emerging from household specific income levels and residential location related travel demand patterns. The model distinguishes between the demand for private and public transport. Within the demand for private transport, we account for variable household expenditures on car use in terms of kilometres driven and fixed household investment in car purchase. The first category depends almost entirely on household specific car use patterns and combines expenditure on car fuels, fuel taxes and levies, car repair and maintenance costs, and different kinds of costs for parking. Private demand for these inputs is satisfied from sectors within the German input-output table constructed from data provided by the German Federal Statistical Office (StaBuA). Such sectors are for example the intermediate sectors ‘crude oil’, ‘vehicles’ and ‘trade’.

3.1 The introduction of different private household categories

To improve the suitability of the CGE model for the evaluation of the distributional effects from policy intervention over different income classes in the passenger road travel sector, the model distinguishes among multiple household categories. Each household category is characterized by a uniquely parameterized utility function, as described in Section 2, and specific endowments of capital and labour. Household category specific primary factor endowment determines its wage and capital income. Household category specific travel demand parameters are included into the model through behaviour based mobility and travel expenditure coefficients. Corresponding to differences in income distribution, notable variations in household specific travel demand patterns exist. A comparable relationship can be observed for different land use categories and the quantity of kilometres travelled using different transportation modes together with resulting expenditures on travel. Thus, to account for different land use characteristics, three residential location attributes were defined. We differentiate between households living in agglomerations, other urban, and rural areas. Table 1 illustrates the correlation between household income and residential location for passenger car travel.

< insert here Table 1: Passenger car travel for different household income categories and residential location types >

For Germany we observe that private households falling into the highest income category (3,600 Euro per month) use the car four times more intensive than people in the lowest household income category, or almost twice the car use intensity of an average car user in Germany. in the agglomeration areas, where by definition the concentration of big cities is the highest, car use intensities as to annual vehicle kilometres driven per household are the lowest, even though the differences are not very pronounced.


Table 2 depicts the distribution of public transport demand among different household income and residential location types.

< insert here Table 2: Public transport travel for different household income categories and residential location types >


The illustrated travel activity patterns for households falling into different income categories as well as for households located in residential areas with different population densities clearly demonstrates existing variations in travel behaviour within the private household sector. These two aspects are of particular relevance for the assessment of the acceptability towards different road travel pricing measures, mainly because private households’ price and income elasticities with respect to (road) travel demand depend to a great extend on income and also on the availability of substitution alternatives to the car, where the latter is proxied by the residential location (see Dargay and Gately (1999), Dargay (2001), Hanly et al. (2002), Giuliano and Dargay (2006)). For the construction of household income- and residential-location-type specific travel patterns different data sources were used: the German Sample Survey of Income and Expenditure (Einkommens- und Verbrauchsstichprobe, EVS, 2003, STaBuA), the Continuous Household Budget Survey (Laufende Wirtschaftsrechnungen, LWR, 2003, StBuA), German Input-Output Matrix based on National Accounts (Volkswirtschaftliche Gesamtrechnungen, VGR, 2000) and finally survey data from Mobility in Germany (MiD, 2002) and The Car Mileage Survey (Fahrleistungserhebung, 2002). Figure 1 shows a simplified structure of the model database modification by splitting the private household sector into different categories in order to account for household specific travel demand.

< insert here Figure 1: Schematic picture of SAM disaggregation by two-dimensional household categories as to income and residential location classification >


To include household specific travel demand patterns into the model, we use travel activity parameters expressed in kilometres. Furthermore, we consider two different transportation modes: public transit and motorized individual car travel, where public transit contains local public transport as well as long distance public traffic. In addition to travel demand and mobility parameters, we use survey data on household expenditures on relevant transportation related goods and services within the classification of individual consumption by purpose (COICOP/ HICP 2000). Table 3 shows the remarkable differences in the distribution of household income and selected household consumption expenditures categorised by different income levels.

< insert here Table 3: Income and travel expenditure distribution by different household income categories >


Through a specification of the road travel demand elasticities derived from micro-econometric modelling and partially adapted from secondary literature on travel demand research, we implicitly consider important results from behavioural analysis in travel demand modelling (for extensive literature survey see Goodwin (1992), Johansson and Schipper (1997), Blum et al. (1988), BMVBW/ MiD 2002 (2002), BMVBW/ IVT et al. (2002),Graham and Glaister (2002a, 2002b and 2004), Goodwin et al. (2004). As we know from the travel demand analysis for Germany, the short run price elasticity of fuel demand is round -0.3 and therefore relatively low. This result is in line with findings from numerous international studies on fuel demand. Therefore car fuel has been often categorised as a non-elastic good. In the long run, fuel price elasticity for Germany vary between -0.6 and -0.8. This means that with a 10 % rise of the fuel price, the demand for fuel falls at the highest by 8 %. Another interesting finding from studying demand reactions to fuel price changes concerns the cross-price elasticity of public transport demand. In the German case this elasticity is close to zero – at least in the short run –, which implies that hardly any travel demand is shifted from the private car to the public transit in case the price for fuel and therefore car use becomes more expensive. In the long run demand for public transport is expected to increase by 1.3 %, if the price for fuel rises by 10 %. In our model we use 0.04 as the elasticity parameter for the private travel demand bundle, where households choose between car travel and public transport to satisfy their demand for travel (BMVBW/ IVT et al. (2002)). The results for markedly low cross-price elasticities between car travel and public transport use hold not only for households living in rural areas, where there exist not enough compelling alternatives for substituting transit travel for car travel. But also households who reside in agglomerations with a convenient public transport supply do not show a tendency to switch from car to any public transit mode, as soon as the price for fuel goes up. Nevertheless, as we have already shown the use of public transport is noticeably higher in urban, than in rural areas.


Finally, another important purpose of the household-categorical disaggregation within a CGE model framework is to allow for the assessment of (re-)distributional effects from a reallocation of collected revenues from, e.g., road pricing measures imposed on passenger cars. Fact is, that the final effect of a regulative pricing instrument on social welfare within an economy, i.e., economic growth, individual utility, and fiscal revenues depends on the use or transfer of monetary returns collected from the measure (see Small (1992), Meyers (2000, 2001), Mayeres and Proost (2002), Farrell and Saleh (2005)). In the model used in this study, two separate agents are involved in the implementation of the road pricing measure. One road pricing institution is in charge of the collection, the other of the redistribution of the revenues flowing back from the application of the policy measure. The road pricing measure is implemented as a distance-dependent mark-up on the price of private transport in Cent per vehicle-km. For the model calculation some assumptions need to be taken: therefore the road pricing agency collecting the revenue consumes 15 % of the revenues total for self-financing purposes. The consumption expenditures of the road pricing collection agency are considered as intermediary input flows from the sectors ‘insurance and banking’, ‘electronic devices’ and the factor ‘labour’. One aspect left to future discussed is how this self-financing revenue share of the road pricing collection agency should be optimally adjusted to changing road pricing levels.


Furthermore, 50 % of the revenue flows go into public transport. The remaining 35 % of the revenues total from road pricing are redistributed within the private household sector. However, this assumption can be modified, depending on the purposes or the objective target the model is used for. The redistribution of the road pricing revenues is done in varying proportions in correspondence to the different private household income levels by a separate agency. As a result from defining different household income categories, it becomes possible to apply the model to assess equity effects from imposing road pricing policy by the government and respectively redistribute the fiscal revenues from the measure to, e.g., support households belonging to the lowest income category. Furthermore, the structure of revenue redistribution among the different sectors participating in the process can be chosen to meet different policy objectives. Therefore, in this paper we illustrate the different characteristics of our model and its extension and the possibilities it gives to analyse road pricing measures implemented on private car travel, rather than to run a scenario satisfying optimality criteria in terms of efficiency or equity as to the level of the charge levied on car distance travelled or the structure of revenue redistribution. Consequently, the redistribution structure of road pricing revenues illustrated here does not result from welfare optimization studies. However, our model can be used to as an instrument to assess different revenue redistribution patterns in order to see what potential effects can be expected from given revenue redistribution policies. In the same way we choose the different levels of the pricing measure adopted for road use. The varying road charge levels we introduce in our model correspond from a very moderate scenario (5 Cent/ km) to a rather extreme case (50 Cent/ km), which even though already proclaimed by some “green” politicians, does not bear a realistic chance being enforced.

4  Results

In our scenario analysis we introduce varying levels of a distance dependent road pricing measure, which is imposed on private users of passenger cars: 5 Cent/km, 10 Cent/km, 25 Cent/km, and 50 Cent/km. Implementation of a road charge in the amount of 5 Cent/km would rise the price of a 100 km trip by 5 Euro, which corresponds at present to an amount of nearly 4 litre of gasoline fuel. In the extreme case of a road charge as high as 50 Cent/km, covering a distance of 100 km in a passenger car would cost round 50 Euro additionally. 50 Euro correspond currently to round 44 litres of diesel fuels and 37 litres of gasoline fuel. Obviously, imposing a km-dependent road charge of 50 Cent/km would make care use unrealistically expensive, compared to today’s situation. Another aspect is, that price increases of this dimension are unlikely to achieve public acceptance to be put in place. However, a widespread range of pricing measures introduced in the model demonstrates the interdependencies existing within the modelling framework, where the reactions to pricing measures often do not follow linear interrelations.


Concerning the aspect of externality internalisation through the introduction of road pricing, several effects can be subject to evaluation. Perhaps the two most important to mention are firstly, the abatement of negative effects on the environmental in general and on air quality and climate in particular. Secondly, road charge measures are often justified through the necessity of financing infrastructure investment, either in provision of new infrastructure or in the maintenance of already existing networks. Through the modelling of a road pricing implementation scenarios, we can assess the effect of possible car travel reduction caused by the increase of car use dependent travel costs. A decline in car mileage travelled observed through the model implies a reduction in the CO2 as well as other emissions of green house gases. The assessment of the effective emission cutback indicates the degree to which the environmental target addressed by the road pricing measure has been possibly achieved. On the other hand, a direct or indirect transfer of the road pricing revenues to sectors such as construction, transport or market services implies an investment and therefore a qualitative improvement or a quantitative extension of the road infrastructure supply or public transport services. This in turn suggests the overall welfare change, which can be assessed through the model implementation. This kind of welfare effect of illustrates explicitly the internalisation of extern negative effects – here induced by private car travel – as far as through the imposition of a monetary road use charge, the externalities from transport find their direct way into the economic flow process.


Already the descriptive comparison of different household income categories with respect to their consumption of transportation goods and services as well as to their income proportions as illustrated in Table 3, gives some important implications for the interpretation of the country-specific effects from the implemented road pricing scenarios.


One remarkable quality that we observe when examining the proportion of the total household income accumulated in the lowest income category, is its relatively small volume. In Germany, households with an income level less than 1,300 Euro obtain only 3 % of the overall private household income volume from labour and only 2 % of the overall private household income volume from capital. Matching country specific private household income distribution patterns is the allocation of relative household expenditures on transport goods and services, even though we observe some inconsistencies as to the distribution of the household across the different income categories, which are mainly due to different data sources used. The lowest income category merits some attention, since in this category all transport expenditure positions are by far the lowest. For instance, the share of the lowest household income group in the overall variable transport expenditures amounts to just 5.8 %.

In order to assess the effects of the implementation of road pricing on different household income categories as well as on the rest of the economy, we introduce a vehicle-km dependent road charge ranging stepwise from 5 Cent/km to 50 Cent/km. In Table 4, the results for different road pricing levels and different household income categories are summarized considering private transport demand bundle, car transport demand, and welfare.

< insert here Table 4: Results from introduction of different levels of road pricing on selected economic and travel behaviour indicators >


In general, overall private household transport demand as well as the demand for car travel both decrease gradually but degressively with rising road pricing levels. Welfare reduction for the different household income categories is by far more moderate, than the fall in travel demand. Households in the highest income category seem to react much less elastic to the implemented policy measure. In the German case, the effect from road pricing on household specific welfare takes on positive values for the lowest income category and also in the case of moderate road pricing values less than 25 Cent/km. It is interesting to see, that private households at the lowest end of the income scale experience almost in every case an increase of travel demand – overall and car travel – and corresponding to this an increase in their welfare. These somehow unexpected results seem odd, even though they are not inconsistent with the model assumptions. What we observe for the lowest income class are effects from overcompensation of imposed road pricing expenditures by revenue redistributed from the same road pricing measure directly to the different private household income categories, as well as to the public transport sector. The overcompensation can be mainly attributed to the transport demand pattern of the lowest household income group and to its relatively small budget volume as derived from the likewise small share apparent for the household income distribution pattern. Therefore, the lowest household income category as an aggregate disposes of a relatively small consumption (or purchasing) potential, due to the relatively low factor endowment from capital and labour. They also constitute a comparatively small share – of close to 20 % or almost 8 mio. households – in the entire household population (see Table 3). In addition, households falling into the lowest income category are characterised by a comparatively small demand for car travel (see Table 1 and Table 3). Therefore, they contribute a fairly little share to the total of road pricing revenues. At the same time, households belonging to the lowest income category reveal a relatively high demand share for goods and services provided by the public transport sector. Through the redistribution of part of the road pricing revenues to the public transport, prices in this sector can be cut. This will have an indirect positive effect on the demand for public transport goods and services as well as on consumer welfare. This effect is partially reflected in growing welfare and overall transport demand within the lowest income category. The unexpectedly high scope of these two effects shown in the results for Germany in Table 5 can therefore be explained through the rather small share of low-income households in the entire household population, on which in turn a great amount of road pricing revenues is concentrated through direct and indirect redistribution effects.


In several experiments not presented here in detail we found out, that the overcompensation effect within the lowest income group of German households can to some extent be eliminated through the modification of the value of specific model parameters. Therefore, if we change the proportions of road pricing revenues redistributed to the single household income classes, allowing for a lower share flowing into the lowest income class, the positive effect on transport demand and welfare in this category turns out to be notably smaller. Also, if we lower the fraction of revenues transferred from the road pricing organisation to the public transport sector, we observe a further reduction in the overcompensation effect of the household group at the lowest end of the income scale.


In our experiment with varying levels of the imposed road pricing charge we examined the macroeconomic effects caused by the policy measure implementation. Table 5 gives an overview of some basic results.


Examining the volume of revenues generated from the pricing policy measure, we observe a degressive raise in road charge revenues by increasing of the amount charged per car-kilometre.


Gross domestic product (GDP) experiences a positive development as result from the measure implementation. Furthermore, the growth of economic activity induced by the introduction of road pricing takes place independently whether or not we consider sectors related to the passenger travel and the implementation of road pricing.

< insert here Table 5: Macroeconomic results from introduction of different levels of car road pricing >


In line with the overall positive economic effects from the introduction of road pricing, the employment in the German economy also rises. Directly linked to this positive labour market effect, the absolute number of unemployed as well as the unemployment rate exhibit a decline with respect to the rising level of the road charge implemented on cars. Together with rising overall economic activity, also the demand of the government household shows an expanding tendency. In contrast to this, the overall welfare implies a negative change.


Results obtained for selected economic sectors as portrayed in Table 6 correspond to some of the results presented above for transport related variables and macroeconomic indicators. As one would expect the economic activity in sectors related to car travel demand decreases with the introduction of car road pricing. The most significant decline can be observed for the sectors car manufacturing (i.e., transport equipment), retail activity (i.e., trading), market services, and foremost production of refined petroleum products.

< insert here Table 6: Overall sectoral output results from introduction of different levels of car road pricing >


On the other hand, sectors related to the positively affected public transport demand and the use of road pricing revenues clearly exhibit a positive development, e.g., construction or non-market services. The most remarkable growth is yet revealed for the land transport sector. Nevertheless, also sectors linked to the economic activity of the road pricing collection agency display a positive upward trend, e.g., electrical goods or the banking and finance sector.

5 Concluding remarks

We implement a CGE model in order to properly assess the impacts that regulative policy measures have on agents' behaviour on one hand, and on the entire economy on the other. When assessing pricing policy measures imposed in the area of passenger road travel, heterogeneous reaction potentials within the private household sector need to be taken into account. From findings documented in the travel demand modelling literature, factors influencing individual or household behaviour responding to pricing measures are identified and assessed. In the database extension of our CGE model, we partially consider these factors through the specification of heterogonous household categories. Furthermore, we account for aspects relevant in the process of car travel generation. We therefore differentiate between car purchase or ownership and car use, treating the former one as a fixed expenditure on the purchase of a durable good. Finally, we implement the model to calibrate effects of different, distance dependent policy pricing measures implemented in the private passenger car travel sector. Depending on the distribution of private households between different income categories, specific travel demand patterns, and the revenue redistribution structure, an overcompensation effect of the road pricing charge can be observed in Germany for the lowest income category. The organisation of the revenue collection and redistribution is fundamentally decisive for the macroeconomic welfare as well as the sectoral impacts. Therefore, it has a great impact potential for the acceptability of regulative road pricing instruments. In this context it needs to be questioned, how far revenues from road charging generated through car travel and infrastructure use should be allocated back to the transportation sector by investing into road network infrastructure. This argument is well established in order to increase public acceptance of road user charges. However it is contradictory at the same time, since one of the environmental objectives of transport policy measures is to reduce motor vehicular travel. Therefore one can ask, how does this objective of cuts in car use intensities – and even more important its achievement – correspond to the use of the road pricing revenues for further extension of the road network infrastructure provision. The claim to transfer a major part of revenues from implementation of road use charges to the transport sector for financing purposes of infrastructure extensions conflicts to a great extend the idea of the internalisation of negative environmental externalities from road travel. The illustrated inconsistency in setting overall targets should be carefully taken into account, when modelling the assumptions and the structure for the redistribution of the revenues from road pricing in future research. Furthermore, inclusion of other characteristics, which explain private household reaction to policy intervention will allow to better target observable effects from such measures.
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elasticity of substitution between transport and non-transport demand for household h
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Tables

Table 1: Passenger car travel for different household income categories and residential location types
	Private car travel (as driver and passenger) per household (hh) in the category and per year in 2002

	Type of residential location as to population density and accessibility
	Income category, in Euro per month

	
	< 1,300
	1,300 to < 2,000
	2,000 to < 3,600
	>= 3,600
	Total

	
	In 1,000 km
	Number of hh in mio..
	In 1,000 km
	Number of hh in mio..
	In 1,000 km
	Number of hh in mio..
	In 1,000 km
	Number of hh in mio..
	In 1,000 km
	Number of hh in mio..

	Agglomeration area
	9.4
	6.7
	18.5
	3.9
	28.9
	6.9
	41.1
	2.6
	22.0
	20.1

	Urban area
	11.5
	4.7
	23.2
	2.5
	33.9
	4.5
	47.1
	1.4
	25.2
	13.0

	Rural area
	12.8
	1.7
	18.1
	0.9
	37.8
	1.6
	42.6
	0.5
	25.6
	4.7

	Total
	10.6
	13.0
	20.1
	7.3
	31.7
	12.9
	43.1
	4.5
	23.5
	37.7

	Source: Survey MiD 2002, own calculations DIW Berlin.


Table 2: Public transport travel for different household income categories and residential location types
	Public transit travel per household (hh) in the category and per year in 2002

	Type of residential location as to population density and accessibility
	Income category, in Euro per month

	
	< 1,300
	1,300 to < 2,000
	2,000 to < 3,600
	>= 3,600
	Total

	
	In 1,000 km
	Number of hh in mio..
	In 1,000 km
	Number of hh in mio..
	In 1,000 km
	Number of hh in mio..
	In 1,000 km
	Number of hh in mio..
	In 1,000 km
	Number of hh in mio..

	Agglomeration area
	2.5
	6.7
	2.6
	3.9
	3.1
	6.9
	3.8
	2.6
	2.9
	20.1

	Urban area
	1.4
	4.7
	1.9
	2.5
	2.3
	4.5
	3.0
	1.4
	2.0
	13.0

	Rural area
	0.9
	1.7
	1.0
	0.9
	3.0
	1.6
	4.5
	0.5
	2.0
	4.7

	Total
	1.9
	13.0
	2.1
	7.3
	2.8
	12.9
	3.6
	4.5
	2.5
	37.7

	Source: MiD 2002, own calculations DIW Berlin.


Table 3: Income and travel expenditure distribution by different household income categories
	Income and travel expenditure distribution by different household income categories,

in % of overall total household income or expenditure volume in 2003

	

	Income categories
	Number of households in mio.
	Households in % of the total
	Labour income
	Capital income
	Total transport exp.
	Fix transport exp.
	Variable transport exp.
	Public transport exp.
	Exp. on (new) car purchase

	< € 1,300
	7.7
	19.8
	3.2
	1.9
	5.2
	3.9
	5.8
	12.8
	1.5

	< € 2,600
	13.2
	34.0
	18.1
	15.5
	24.1
	22.7
	25.6
	28.3
	18.8

	< € 3,600
	7.3
	18.8
	20.2
	19.0
	22.1
	22.0
	23.2
	18.1
	22.0

	>= € 3,600
	10.7
	27.4
	58.5
	63.6
	48.7
	51.4
	45.4
	40.8
	57.7

	Total
	38.9
	100.0
	100
	100
	100
	100
	100
	100
	100

	Source: EVS 2003, own calculations DIW Berlin. 


Table 4: Results from introduction of different levels of road pricing on selected economic and travel behaviour indicators
	 Household income category
	5 Cent/km
	10 Cent/km
	25 Cent/km
	50 Cent/km

	
	Private transport demand bundle

	less than € 1,300
	120.1%
	94.0%
	51.0%
	16.7%

	less than € 2,600
	-0.7%
	-8.1%
	-22.8%
	-36.6%

	less than € 3,600
	1.4%
	-4.3%
	-16.4%
	-28.7%

	more than € 3,600
	-13.2%
	-15.1%
	-20.1%
	-26.3%

	 
	Car transport

	less than € 1,300
	108.8%
	77.4%
	30.7%
	-3.0%

	less than € 2,600
	-1.9%
	-10.3%
	-26.3%
	-40.6%

	less than € 3,600
	0.8%
	-5.5%
	-18.6%
	-31.4%

	more than € 3,600
	-13.3%
	-15.5%
	-21.1%
	-28.0%

	 
	Welfare including transport

	less than € 1,300
	139.8%
	125.6%
	95.9%
	65.4%

	less than € 2,600
	4.1%
	1.2%
	-6.3%
	-15.4%

	less than € 3,600
	5.0%
	3.3%
	-1.3%
	-7.6%

	more than € 3,600
	-12.3%
	-12.5%
	-13.2%
	-14.6%

	Source: EVS 2003, own calculations DIW Berlin.


Table 5: Macroeconomic results from introduction of different levels of car road pricing
	Macroeconomic indicators
	Reference level (year 2000)
	5 Cent/km
	10 Cent/km
	25 Cent/km
	50 Cent/km

	Revenues from road pricing (in mio. Euro)
	-
	20,570
	37,488
	77,707
	12,7720

	GDP, without passenger travel (ref. level in mio. Euro and %-change to ref. level)
	1,871,170
	0.6%
	1.1%
	2.5%
	4.4%

	GDP, passenger travel included (ref. level in mio. Euro and %-change to ref. level)
	2,303,410
	5.3%
	9.6%
	19.8%
	32.1%

	Number of employees (ref. level in mio. and %-change to ref. level)
	38,748
	1.1%
	2.0%
	4.3%
	7.4%

	Government demand (ref. level in mio. Euro and %-change to ref. level)
	342,390
	1.5%
	3.0%
	7.1%
	12.9%

	Welfare passenger travel included (ref. level in mio. Euro and %-change to ref. level)
	1,350,700
	-0.9%
	-1.8%
	-4.0%
	-7.0%

	Source: GRTPM, own calculations DIW Berlin.


Table 6: Overall sectoral output results from introduction of different levels of car road pricing

	Domestic sectoral output (ref. level in mio. Euro and %-change to ref. level)
	Reference level (year 2000)
	5 Cent/km
	10 Cent/km
	25 Cent/km
	50 Cent/km

	Transport equipment 
	224,990
	-3.5%
	-6.2%
	-11.8%
	-17.8%

	Distribution
	363,900
	-1.3%
	-2.3%
	-4.4%
	-6.7%

	Banking, finance and insurance 
	184,570
	0.2%
	0.6%
	2.5%
	5.8%

	Other market services 
	102,170
	-0.7%
	-1.2%
	-2.2%
	-3.4%

	Manufacture of refined petroleum products
	35,043
	-2.1%
	-3.3%
	-5.4%
	-6.8%

	Land Transport 
	62,358
	18.9%
	34.3%
	70.4%
	114.5%

	Construction 
	223,940
	3.5%
	6.2%
	12.7%
	20.6%

	Non market services
	468,020
	1.3%
	2.5%
	5.9%
	10.5%

	Electrical goods 
	111,680
	2.0%
	3.6%
	7.5%
	12.3%

	Source: GRTPM, own calculations DIW Berlin.


Figures

Figure 1: Schematic picture of SAM disaggregation by two-dimensional household categories as to income and residential location classification
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� The ARPM has been developed and implemented by Prof. Steininger and his research fellows from the University of Graz. The authors thank Professor Karl Steininger for making the ARPM model available.


� We refer to Hautzinger (1978), Dargay (2002), BMVBW/ IVT et al. (2002), Bresson et al. (2004), Kalinowska et al. (2005), Lipps and Kunert (2005), van de Coevering and Schwanen (2005), Giuliano and Dargay (2006), Johansson et al. (2006), Kalinowska and Kuhfeld (2006), Limtanakool et al. (2006), Naess (2006) for examples of passenger travel demand modeling, car purchase, car ownership and car use modeling.
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