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Abstract

It is widely agreed that the introduction of heavy vehicle charges will have a direct effect on the price formation in that the increased cost of transport will be passed on to the consumers. However, since the transport component makes up only a minor part of the total production costs the overall magnitude of these effects will be relative small. However, the regional differences between impacts may be considerable. In the paper we consider region and sector distribution of a heavy vehicle charge by mean of a spatial computable general equilibrium (SCGE) type model with multiple sectors, import/export relations, mobile capital formation, and elastic labour supply due to substitution effects between the time spent on leisure and work. The paper illustrates how the question of regional distribution of impacts can be analysed. However, the paper does not include numerical examples as these are not finished yet.
1 Introduction
Distance dependent heavy vehicle charging, as a mean to internalise external costs, is likely to be fully implemented on the European continent within the next decade. The fact that a number of leading transit countries including Germany, Holland, Switzerland and Austria has implemented charging has made it essential for other countries to act accordingly. At present already more than 70 per cent of the import and export from and to Denmark are affected by a heavy vehicle charge due to the German Maut. 

An introduction of a distance dependent heavy vehicle charge implies a change in the consumer price because the charging is passed on to consumers. This in turn, will result in direct effects in that the demand for certain transport intensive goods will decrease. This holds for firms through reduced demand for intermediates and for end consumers. Whereas the overall effect of road charging tends to be moderate since only a small fraction of the end producer price is related to transport, the region and sector specific effects can be significantly higher. A Danish project (Kveiborg el at., 2004) found large differences in the impact of the introduction of both national and international road charging on heavy vehicles. It was found that impacts on disposable income could vary between –0.27 to 0.17 per cent depending on the region. This is due to the difference in the production formation in the various regions but also to some extent the infrastructure. In simple 2 region ( 2 sector SCGE model Rich et al. (2005) indicated similar results. The change in demand for commodities depending of origin and destination varied between -0.09 and 0.08. 

In this paper we focus on two issues. First we discuss and formulate a stylised SCGE model in light of required and accessible data. Secondly we discuss data in more details, with focus on the various simplifications and assumptions that underlies the model structure. An objective of the model development is to illustrate the relative impacts of heavy vehicle charges in a real case situation for Denmark. However, this application awaits some further data and calibration efforts, which will be available shortly.
The model largely follows a standard (comparative static) SCGE set-up and conforms to standard market assumptions. However, the integration of freight transport and regional economic activities can hardly be characterised as standard. Among the various existing SCGE models the majority has been aimed at analysing international trade structures and transport (for example the GTAP model, see Frandsen and Stæhr, 2000, or Bröcker and Schneider, 2002 for another approach), whereas others have been applied to specific questions for specific countries (e.g. Ivanova et al., 2002, Steininger, 2002 and Bröcker, 1998). Only few models have integrated freight transport as a separate sector. An issue in that respect is the excessive data requirement of such a model and the fact that data to a large extent dictate model structure. Consequently, a standard approach does not exist and neither of the existing model applications can be (directly) applied to analysis of road pricing in the Danish economy. 

 The following section describes the stylised SCGE model in some detail. The succeeding section 3 describes the data foundation. Finally in section 4, we provide concluding statements.

2 The model

The model structure to be presented is a further development of the model described in Rich et. al. (2005). The model is to a large extent inspired by the Bröcker (1998) SCGE model, but the model differs in some important ways. Firstly, in the way transport is handled. Bröcker implemented the iceberg form (Samuelsson 1952), in which a certain amount of transport is assumed to melt away during transportation. However, this form has been criticised because it can lead to nonsense solutions on the production side (Tavasszy et al. 2000). The problem is that if certain production relations are inelastic, increasing transport cost (in the spirit of Samuelsson), will lead to increased production. This is nonsense since the overall competitiveness decreases. The alternative formulation with a separate transport sector does not seem to add much additional complexity to the model structure although it does requires additional data for the transport sector. The integration of freight transport as a separate sector largely follows the approach taken in the national Norwegian freight model PINGO (Ivanova et al. 2002). This approach implies a national capital-intensive transport sector, which in addition uses local labour supply (origin specific) and intermediates to produce transport. 

A second distinction from the original Bröcker model is the use of a slightly more general production technology. The Bröcker model assumed only Cobb-Douglas technology. In the present model we allow for more general substitution effects between intermediates and local factor inputs such as capital and labour through a nested CES production function. This is slightly different from the original PINGO model, which uses a Leontief structure at the upper production nest (labour and capital versus intermediates). This induces fixed proportions and rule out substitution between the use of local factors and intermediates, which in our opinion tend to be unrealistic. Our formulation allows for elasticity between labour and capital, which is different from the elasticity between these value added input factors ad other intermediate inputs. 

Households are allowed to substitute between time spent on leisure and work activities. This is an approach that is not always included in economic models of transport despite its theoretical foundation as described in Train and McFadden (1978) who argue that a trade-off exists between time and money. The approach leads to an elastic labour supply, although immobile. We do not include private transport, because this is unaffected by the introduction of vehicle charges on heavy vehicles and the spatial pattern of household consumption will remain the same.  
The theoretical model is formulated in general terms with a finite number of sectors, commodities and regions. Regions are divided into R internal Danish regions and one or more import/export region through, which a finite number of additional trade relations can be defined. The approach with multiple international regions is also taken by the Swedish National freight model SAMGODS, which although in a more simple way, include 82 Nordic and Baltic regions and 66 European regions in their import/export module. In the Norwegian PINGO model on the other hand, the relations with other countries are described usinga single ‘export’ region without differentiation with respect to different other countries. However, the distance to the foreign region takes into account the distance in Denmark either to a land border, a railway station or a seaport. This is depending on the composition of international trade countries in each domestic region. Trade between the northern part of Jutland and Scandinavia is assumed to be moved on ship from the ferry ports in Hirtshals and Frederikshavn. This is averaged with the amount of trade with countries south of Denmark, which is assumed to happen on trucks. The distance is thus the weighed average between the distance to the ferry ports and the road transport to the Danish/German border.
The extension of the model to more foreign regions can provide us with more information about international trade relations. Especially the potential changes in competition due to the German MAUT can be described in more detail; e.g. if a specific good in a highly competitive market is exported to other countries and transported through Germany it might end up being to costly at its final destination.  

2.1 The firms

There are f=1,…,F firms in each region. Firms produce different goods vr,f  where for simplicity, we assume a one-to-one relationship between commodities and firms (e.g. v = f). The goods are differentiated between regions due to transport costs. Hence, the goods are distinguished with respect to geography as well as of type. All goods can be used for intermediate input to production as well as for exports and final demand. There is in each region r a representative household supplying labour 
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.  To simplify notation we define a composite index (={r,f} to denote the destination of e.g. trade and a corresponding index (’={r’,f’} referring to origin of production. E.g., 
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 and so on. However, we will only use this notation, when the indices are unambiguous. 
We describe the production function using a nested CES function. The nesting structure is illustrated in figure 1. We use superscripts to relate to the unique description of the origin region and firm and subscripts to denote where the inputs are demanded. 

In the upper nest (the 
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 nest) firms can substitute between local value-added input factors, 
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 and intermediate inputs, 
[image: image9.wmf]r

V

. The economic argument for this choice is that the elasticity of substitution related to labour and capital (the 
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 nest) is expected to be different from the top-level substitution elasticity (the 
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 nest). An alternative and technically much simpler Cobb-Douglas formulation of the mix of labour, capital and intermediates would implicitly assume zero cross-price elasticity between these inputs. This is in strong contradiction to empirical findings. 

Figure 1 about here
Intermediate inputs are first distinguished by type of good and then by region of origin. This gives first a 
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 nest where the firms can substitute between the F different types of goods using a CES function,. then secondly, a nest where the firms choose between the regional origins of these goods in the F 
[image: image13.wmf]i

v

V

,

r

nests, where vi ({v1,v2,…,vF} is used to denote the type of good and rj({r1,r2,…,rR} is used to denote the region. 
The argument behind this two-level choice set is that commodities should be distinguished between type and not by region. That is, a commodity is the same independently of the place of production. The subsequent nest into regions (for each commodity) reflects the fact that commodities can be retrieved from any region as long as transport is accounted for (the lowest nest). This corresponds to using the Armington preferences (Armington, 1969). Clearly we should expect the elasticity of substitution between regions to be close to 1 in most cases. However, it might be different if firms prefer to buy commodities locally. With foreign countries this effect would be even larger because firms and consumers all other things equal will tend to buy domestic goods. This is often seen not simply because they are local, but because of well-established relations, prior experience and good corporation with certain suppliers. By introducing this possibility we further allow for a possible market imperfection arising due to imperfect information. 

The final Leontief nest between transport and commodities reflect the fact that, given a separate exogenous handling factor for each commodity, transport will always represent a fixed proportion. The only way this formulation can become insufficient is if the handling factor becomes endogenous, which is unlikely in this setting. In the production function we allow for substitutions between intermediate inputs and the local factor inputs. Part of the intermediate input includes transport 
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 between region r and r’. However, transport and intermediate inputs act as pair-wise complementarities. 

Firms maximize profit in perfect competition, which correspond to cost minimizing. This leads to the usual CES factor requirements for capital, labour, and intermediates as seen below.
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Where 
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 define the contribution from upper level nests. These are given by
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 Y( is production of good f (each firm is assumed to produce only one good) in region r whereas the various CES price indices (ordered from the lowest nest) is given by
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 is the producer prices at place of production and include the prices of all other inputs. Input production shares are defined by (-parameters and substitution elasticities by (-parameters. Moreover, i is the rent on capital and 
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 the wage in region r. 
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 denotes demand for intermediate inputs from (’ to (. t is the commodity tax and q((,(’) the transport cost function. This function will be described in more detail in the section concerning the transport sector.

2.2 Freight transport sector
In the model, freight transport is modelled explicitly as a transport sector. To produce transport the sector use labour, capital and intermediate inputs. In this sense, the production of transport uses much the same technology as firms. However, what distinguishes transport from industrial production is a non-trivial transport cost function. The price on transport has two components: the producer price and a transport tax. The producer price 
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 results from the CES production function illustrated in figure 1 and is a price per “unit of transport” and dependent on the type of commodity. Hence, transport is differentiated between products, regions and use of the products. This means that one type of good produced in region r and used as intermediate input in region r’ is conveyed in one way, whereas another product between two other regions is conveyed in a different way. The difference in transport services conform to the use of different transport types due to type of vehicle, direct transport or use of distribution centres, different production plants within the same firm, weight and volume of the product, high or low value products etc. In addition there are differences in the use of the products – as intermediate input or for final consumption. These differences are captured in a transport intensity parameter, (, which to some extent covers the complete logistical constituent in transport. This implies that we can combine our model with more specific freight transport models that describe these logistical factors in more details (e.g. Fosgerau and Kveiborg 2004, McKinnon and Woodburn 1996, and Tavassy 2000). It is necessary to link transport costs per kilometre driven and transport costs per unit of production or trade. To do this we employ the model used in Fosgerau and Kveiborg (2004), which in a simplified version is described by the following equation:
	
[image: image29.wmf]v

v

v

Trade

W_Prod

W_Prod

load

 

Avg.

.

t

Avg.

fee

 

from

 

Revenue

*

*

*

=

=

*

=

å

å

v

v

v

v

v

v

Year

v

Year

year

Kr

Ton

length

rip

KM

KM

KM

t


	( 5 )


Where v, denotes type of good, Ton denotes the number of tonne transported, W_prod denotes the weight of the produced or traded goods. The relation 
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 thus denotes the transport intensity (or handling factor), (. The product of the terms standing before trade in the equation is thus the conversion factor (() between economic entities and transport related entities. The final component is the transport tax. This further adds to the transport price faced by the consumer of the products. The transport tax is distance dependent but not differentiated on type of goods or vehicles. The transport price component used in (3) can thus be described as
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Where ( is the transport tax per distance units (kilometres) between regions r and r’  We could differentiate the transport tax on type of product to reflect that different products are typically transported on different sized trucks. However, this is an ad hoc approximation that might change over time. To properly make this distinction we should use the exogenous logistical and/or freight transport models describing the mode choice (size and age of the trucks used). This however, is beyond the scope of the present model. From the relation between trade and transport described above we can see that trade will also affect the level of the revenue.  

2.3 The households
Households are endowed with an exogenous amount of time 
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, which they can use for leisure or labour. The households earn a wage rate 
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. In addition they receive lump sum transfers from the government. Also, households are endowed with capital factor input 
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. Instead of being paid by a share of the profit of the firms they are paid the rent i for their capital endowments. The income is spent solely on commodities. 

The household utility function is a nested CES function. They choose in the upper nest between labour supply and leisure. In the lower nest they choose between the different commodities supplied by the firms in all regions. 

Figure 2 about here
Households distinguish between commodities from different firms in different regions. When the households maximize utility they choose to consume goods according to their Marshalling demand function, which can be derived in a straightforward manner from the nesting structure in figure 2. The expression and the derivation are similar to the demand for intermediate inputs derived for firms in (4) and will be left out. One difference however, is that there is no transport tax on private transport. The demand for leisure is given by
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where 
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the budget. The price of leisure equals the net wage, which induce increasing leisure demand when wages increase. 
2.4 Government
The government only collects taxes (value added taxes, income taxes, taxes on intermediate goods, and transport taxes) and recycles taxes using lump sum subsidies to the households, or by changing the various taxes. In other words, balance on the public finances is ensured by recycling incoming revenues from road pricing to regions by mean of a simple lump sum. In doing this, it is possible to compensate certain regions more than others.
3 DATA
The supposedly greatest obstacle when constructing SCGE models is to establish a consistent data foundation, which is reliable and includes sufficient details at the geographical and sector level. In short, what is required is a social accounting matrix (SAM) with a spatial dimension. That is, a balance between all producers, consumers and regions in the economy. As pointed out in Bröcker and Schneider (2002) SAM’s that are completely based on observed data are very rare. This is especially true the more disaggregated the spatial resolution level. Following this, much of the structure in social accounting matrices has most often been constructed on the basis of simpler models. One example is that the commodity flow pattern is often generated using a gravity model. This is undesirable because what the final SCGE model then reflects are the properties and restrictions of the simpler model. 
The data are almost completely based on observations from the national and regional accounts combined with the official commodity flow database hosted at Statistics Denmark. Regional production is taken from the regional account, wages is taken from the tax- and business statistics, trade is estimated on the basis of input-output tables. 

At the regional level we consider seven regions and one import/export region (figure 3 below). At the commodity level we consider seven commodity groups, which have been selected in order to reflect the freight transport issue in the best possible way. E.g. commodities, which from a transport point of view shares similar characteristics has been grouped together. The seven groups are listed below. The seven groups are similar to an aggregation of the NST/R commodity classification often used in transport statistics. This enables us use details from transport statistics directly in estimating for example the relation between transport in vehicles and economic terms as discussed above. 
Table 1 about here
3.1 Assumptions and simplifications

The model considers only a separate freight transport sector for road transport. In other words, other freight transport modes by ship, airplane, or train will not be taxed. Clearly, a certain amount of substitution from road traffic to other modes is expected. However, for inland transportation road transport (in tonne) represents 92 % in 2001   and the possibility of substitution is in most cases non-existing (the rail-way system carry approximately 1 % of inland cargo and water transport takes care of the remaining 7 %). For import/export, there might be an issue worth considering. However, that would require a more careful geographical representation of the import/export regions, which is beyond the scope of the present model.

We do approximate transport to and from different countries on different modes and include it in the model as road transport. To account for the amount of road transport in Denmark related to international transport, we have weighed the distance from each region to the nearest port or border taking into account the amount (in tons) going to regions north and south of Denmark. 
The capital formation is unknown and is calculated as a residual in the base calibration. In other words, capital is formed so that is equalises the capital factor requirements for production sectors and freight transport. The price of capital, the rent, is fixed in the model. This could be interpreted as the price of capital is fixed at the international price of capital. All price changes can be interpreted as price changes compared to the fixed rate of capital.

Households supply labour at a region-specific wage rate. They also consume goods hereby requiring private transport, which is not subject to taxation in the present model. At present, private transport has been embedded in the service sector to put emphasis on freight. Another simplification is that we have not included commuting and we have assumed immobile labour supply. However, this is not crucial for the results of our model, when we apply it to heavy vehicle charges, which do not influence private transport. 
We have used a crude way to represent the use of the various tax revenues through a lump-sum subsidising. However, by doing so, we can separate the direct effects of the transport regulatory initiatives from the second order effects coming from the use of revenues, which is the main issue. A specific analyse of a tax-reform would require a different approach.
Figure 3 about here
4 Conclusion
The need for economic models of freight transport has become increasingly important as a tool to verify policies aimed at freight transport regulation. The idea is to try to internalise the cost of negative externalities caused by freight transport by a transport tax. Germany has implemented a road pricing by 2005. The Germany step has induced many European countries to consider implementing distance dependent vehicle taxes. This paper has described an economic model that is able to capture some of the effects stemming from tax initiatives in the transport sector not only on a national scale, but also more importantly on a regional scale. 

The paper presents a regional economic model in which firms produce commodities using intermediates and transport as well as local factor inputs. Transport is produced in a separate sector using a much similar production technology. However, what distinguishes transport from industrial production is a non-trivial transport cost function. The function consists of the producer price and a transport tax, which vary between commodities and regions in order to give the highest possible flexibility for policy evaluation purposes. We have used a very general formulation of the model where many of the known models appear as special cases. 

The data foundation of the model is a seven sector seven region economy with an additional import/export sector. The model will be employed in an analysis of Danish heavy vehicle charges. It is important for this analysis that the results can be displayed on entities (economic sectors and regions) that are relevant for policy makers. On the other hand the data limit the level of detail that can be used in the model. It is important that data are as close to real observed data as possible. This is a general problem encountered in many related studies. At best national input/output (or make and use tables) are available, but often no spatial disaggregation is available. Doll and Schaffer (2006) for example use an input/output model to analyse the effects of the German Maut, but do not consider the regional differences of the impacts.
Our data are spatially disaggregated at a municipality level. However, the data are at this level of detail not entirely observed data and the credibility is lower than the regional level we have used here. Another reason for having fewer regions is the availability of substitution elasticities. Such elasticities are not directly available. It is thus more uncertain whether differences between the more detailed regions and commodities will be properly represented. 
The chosen level of detail makes it possible to distinguish between different types of commodities and types of regions. This makes it possible to relate specific regions (municipalities) or specific economic sectors to a certain combination of region and commodity as used in the model.

Unfortunately we have not been able to finish the calibration and scenario testing with the model in order to include in the present paper. In an earlier paper (Rich et al, 2005) we have applied a much similar model-approach to a simplified two-region, two commodity model. The results using this model indicate that the overall changes in prices and production are moderate, but that important differences between both regions and types of commodities can be expected. 
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Captions to illustrations

Figure 1: The firm production function – the general case. 
Figure 2: The households’ nested utility. 

Figure 3: The seven Danish regions in the model.
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Table 1: Production value and transport coefficients for sectors in the model.

	Id
	Commodity type
	Production value (bill. DKr)
	Weight-to-value ratio (ton/1000 DKr)
	Transport coefficient (average over all region-region relations

	1
	Gravel, sand, concrete, soil, rocks
	99.8
	0.371
	9.3

	2
	Iron, general cargo, manufactured goods
	112.6
	0.366
	10.2

	3
	Coal, oil, chemical products
	110.1
	0.406
	7.0

	4
	Nutrient, fodder
	282.4
	0.285
	23.2

	5
	Tree, agricultural products, manure
	15.3
	0.345
	7.2

	6
	Service (including personal transport)
	1188.0
	0
	0

	7
	Freight transport
	361.7
	na
	na
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