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Abstract:

The aim of the paper is to present results of the study elaborated in GRACE project realised within European Union 6th Framework Programme. The general objective of the study was to derive estimates for marginal costs of road infrastructure in Poland taking into consideration special conditions and data problems common in post-socialist economies. It was the first econometric study dealing with cost function analysis for road infrastructure costs in the post-socialist country. 

Thanks to Heike Link from DIW in Germany for a fruitful cooperation in the study realisation within GRACE project as well as project partners for their comments.

1. Introduction

The evolution of transport demand in last decades, environmental effects and infrastructure investment problems have encouraged transport economists to review and update the achievements of the economics of transport regulation and transport price theory. Different solutions have been proposed in different countries or regions, also on international level, especially in the European Union, where the history of reforming transport charges went back to the mid of nineties of previous century.

The main reason for reforming transport pricing in the European Union was the negative assessment of current system, where the costs of infrastructure use are not covered by users. Also taxes/fees considerably differ between countries and between transport modes, what disturbs competition on the market. Moreover, the problem of ecological threats and safety issues as well as increasing investment problems, what concern especially road infrastructure are not linked to real charges paid by transport users. 

Theoretical framework for future changes has been generally agreed (though still negative opinions about practical implementation of the proposals exist) and according to this, charges should be set on the base of short-run marginal cost level (Nash et al., 2005). It means that additional costs to society associated with an additional kilometre trip made have to be calculated. Within these costs following categories have to be taken into consideration: infrastructure costs, congestion, accidents, and environmental costs (Bossche et al., 2001). Including infrastructure costs is crucial to any economically sound pricing system and thus taken into consideration in all practical studies. Especially in the EU new member states there is an urgent need for researches in this field, because of the specific post-socialist conditions and economic history of these countries. Historic determinants of centrally planned economies for setting prices completely differ from Western European countries’ experiences. Some barriers for introducing pricing reforms are much stronger in these countries. To begin with, first step taken in order to converge with western views on transport economics was transformation of statistical data methods, accordingly the first problem encountered in any study is a lack of sufficient detailed data on transport infrastructure expenditures and on traffic. Other differences between western and post-socialist practice are different procedures of conducting repairs and maintenance. Assessment of road wear is based on physical measures – samples of asphalt are taken to measure degree of damage and on this basis maintenance schedules are constructed. On theoretical side there is considerable lack of experience with econometric modelling and reluctance among various road administrations in adoption of new procedures.

In the GRACE project (Generalisation of Research on Accounts and Costs Estimations), funded by the European Commission, Directorate General Transport and Energy, under the transport RTD programme of the 6th Framework Programme), the team of the University of Gdansk in the cooperation with the German Institute for Economic Research DIW tried to deal with these difficulties and make the calculations of marginal costs of road infrastructure in Poland. 
Generally it has to be mentioned that there are three approaches used to estimate marginal infrastructure costs. The first one is based on costs of pavement resurfacing (as an example the AASHTO road test can be specified) and tries to measure to what extent the lifetime of a pavement is affected by traffic loads. The so-called fourth power rule reflects the relationship between axle weight and road damages. It is the approach elaborated and practised in the United States (see Highway Research Board, 1961). 
The second approach is best represented by traditional cost allocation studies conducted within the context of public road accounts in some countries (e.g. in Germany or Sweden), where marginal costs equal to variable costs. 
A third approach is to analyse cross-sectional data on observed expenditures on renewals and / or maintenance by econometric cost function analysis (Link, 2006, pp. 19-34). Until now only several studies are available for road sector, including case studies for Germany and Switzerland prepared within UNITE project (EU 5th Framework RTD Programme) or for Sweden and Poland prepared in GRACE project (EU 6th Framework RTD Programme).
This paper presents the results of the mentioned study for Poland which employed the third approach. As it was the first analysis in this country, some data related as well as methodological problems, typical for post-socialist countries, have appeared. Up to know only very rare existing studies on costs of transport infrastructure have been elaborated, mainly in the context of national transport accounts development. Due to the transformation of the economy and complete change of statistical methods and approaches including introduction of the completely new System of National Accounts in official statistics, it is very difficult to base any time-extended research on the time series statistical data because they are not available for past periods nor fully reliable. Moreover considering aim of the study, changes of data categorization and reporting methodology concern not only road data but due to decentralization of road network administration also a change in competences between institutions causing further difficulties in acquisition of coherent information. New classes of roads and different administrative levels as well as the evolution of institutions dealing with road network resulted in incompatibility of statistical data, especially in the range of economic or expenditure data during transformation.  
2. Data description

The study takes use of cross-sectional data provided by the Road and Bridge Research Institute (Szrajber, Zapasnik, 2005). The data used in this study refer to the costs of renewals and maintenance. They are available for the analysed road network for a period of three years, i.e. 2002-2004.  Starting point for data collection were the renewals data. All road sections where renewals took place were included, then maintenance data for these sections was added. 

Traffic data is based on real traffic measurement from 2000 and forecasts for 2005 (real traffic measurement was conducted also in 2005, but these results were not available during data collection). Data for 2003, 2003 and 2004 was derived from those observations. The following vehicle categories have been taken into consideration: motorcycles, passenger cars, LGVs, HGVs, HGVs with trailers, buses and farm vehicles.

The data collected from above described sources has been combined into a basic dataset form applicable for econometric modelling. Each record consisted of number of consecutive observation, description of the given section (location, length, type - single or double lane road) and measurements taken in regard to that section (AADT for different traffic types, renewal costs and maintenance – see Table 1).

Renewals are defined as rebuilding, strengthening, refurbishing or modernization. The number of renewed road sections in Poland is about 100-110 per year. All values analysed are costs without VAT. Renewals which are conducted through a time period longer than 1 year were included into the final year of works.

Maintenance is described as annual routine activities which are necessary to maintain the preset road quality standard depending on road class. 

Some econometric based cost studies utilize road age or climate as model variables. In Poland there is no database describing the age of roads. The approach of considering a year in which the road was built as starting date is not practically used for deciding on maintenance and renewal schedules. What is important for any repair/renewal schedules is the current technical condition of the road checked empirically together with the number of maintenance activities conducted. The same holds true for climate impacts which are already incorporated as “damage inflicted” in the evaluation of the current road condition.  Climate in Poland is roughly similar in all considered areas. It is assumed in that study that both impacts are already incorporated as part of the costs represented by renewal/maintenance variables. Some of the studies try also to differentiate between road pavement types. In case of Poland the share of different types of road pavements is well known. Since bitumen pavements represent 98% of all pavement types they are considered as default in that study.

Data covers all voivodships (voivodship is a territorial unit in Poland) of Poland, although some are better represented in the database, especially: podlaskie, podkarpackie, warminsko-mazurskie and zachodniopomorskie. The reason behind this is that road infrastructure in these areas was traditionally underdeveloped and recently more investments (utilizing EU support) were spent in these voivodships. The higher number of observations from these voivodships should not negatively influence the model because although there are more renewals in these voivodships during the observation period, the interval between renewals (accordingly to data delivered) remains at the same level as in the rest of the country. At this stage it is likely that we do not have the full impact of EU support due to the limited period in which this additional money has been available. In general, due to the chronic lack of funds the renewals are usually postponed from what should be done under ideal funding. According to road management authorities (GDDKiA), the average real road life time ranges between 10 and 11 years.

Records that were incomplete were omitted in the final database. Estimates were calculated only in such cases where road length in km was substituted by sq meters – the recalculation into km has been conducted based on technical specifications of the given road type.

There were very few double lined road sections in the whole database. Thus their impact on the overall model is not significant and single line road is taken as default.

Finally motorbikes and farm vehicles are excluded since tests showed their insignificance in relation to results.

The important decision to make was whether to use the database with annual values or to built up a database with cumulated values from all three years for each section. There is a rationale supporting both approaches. In fact longer time-series are usually used (Link 2002, Lindberg 2002). However in the Polish case study, the time span that data encompassed was very limited and it could not cover even one single renewal cycle. Therefore, the cumulative approach would lead to higher cost estimates than in reality occurred. To remedy this, two solutions were applicable: either to scale down renewal costs or scale up AADT. Since AADT over past 15 years was extremely volatile and since no exact figures for AADT for the whole of that period are available the first approach was preferable. 

The problem of data for modelling is common for majority of countries in which this kind of calculations were attempted. This is more than true in countries such as Poland, where due to the transformation of the economy, the whole system of road network monitoring and reporting of expenditures has been changed. Then, due to the fact that SED (the System of Road Evidence) enables to collect information from 2001 or 2002, data only for 3 consecutive years was available. On the other hand, the Polish case study was rich regarding the number of road sections considered as opposed to former studies in other countries, thus a dataset utilizing that advantage was finally accepted in which all sections were treated as separate observations over every single year. 

Obviously, as mentioned above, since renewals are done in 10-11 year intervals we have only one renewal per each section available in the database. Renewals in all econometric cost calculation studies conducted so far were introduced into final model either as:

1) renewals per year per section,

2) renewals per axle-load,

3) renewals per year per km.

First approach does not differentiate between sections of various length. This obviously distorts results since cost of 1 km section is different than that of 10 km section. Second approach was not applicable due to lack of data on axle-load values. Hence renewal values were calculated as share of renewal expenditure associated with single km in single year.

Finally the most important model variables were as follows:

Q – total traffic of all vehicle categories (passenger cars, LGV’S, HGV’s, HGV’s with trailers and buses)

Cr – average renewal cost per km in given section,

Cm – average maintenance cost per km in given section, 

Ct – average maintenance and renewal cost (summarized) per km in given section 

3. Model parameters
A variety of models has been tested, each of them with the underlying assumption that we expect a significant influence of road use on the level of renewal and maintenance costs. Therefore the general model form would be:
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Three specific models based on the above functional form were calculated:

1) model relating total costs (renewals + maintenance) to total traffic

2) model relating renewal costs to total traffic

3) model relating maintenance costs to total traffic

The first approach could be described using equation:
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where: d_Voiv and d_City_r are dummy variables representing road geographic location (voivodship) and city out-of-the city status C  compromises total renewal and maintenance costs.

This model as well as the others has been estimated by using OLS-regression. The variable ln (Q) has been introduced as a logarithmic mean of the variable Q. The regression results are presented in table 2. Based on those the cost function will be used to calculate marginal cost of road usage in the following chapters of this paper.

Second and third approach attempted to establish whether separate estimates for renewals and maintenance are possible with given data or not.

The second model dealing exclusively with renewals is based on the following cost function :
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Regression results could again be found in table 2.

Finally, a model linking AADT with maintenance costs exclusively is described with equation:
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Results obtained again could be found in table 2

The following general observations can be made:

1) R-square values are rather low but significance levels for the AADT’s (variable Q) are good.

2) Most of the damage caused by traffic could be described as renewal while only a small fraction could be contributed to maintenance. One must remember that renewal figures represent much higher expenses. Models considering this fact seem to be more economically viable. 
There were also preliminary tests attempted on other models - differentiating between traffic types by kind of vehicle and those that tried to link renewals to both traffic and maintenance variables as explanatory factors. All of them failed since further problems occurred. Firstly, multicolinearity of main traffic variables has been observed.  Therefore, for the purpose of marginal cost estimation only models based on total values could be used, and elasticities derived to particular mean of transport cannot be achieved from models. Secondly, underinvestment of Polish road network and evolution of expenditures on roads combined with somewhat ‘chaotic’ investment allocation during the last years implies that the assumed relation between the level of renewals and current maintenance of roads does not necessarily exist. A consultation conducted in the Ministry of Transport and in various road administrations have proven that opinion. Rather it has been observed that the costs of maintenance depend to some extent on the level of (minimal or reduced) renewals. So, if it is not possible to renew the road section due to lack of funds then the current maintenance expenditures have to be increased. The ‘chaotic’ investment allocation in transport infrastructure has been a problem of many post-socialist countries. It is a result of such problems like shortages of budget sources, underdeveloped public-private partnership and irregular and difficult to obtain European Union funds (Cohesion Fund and European Regional and Development Fund).
Final cost estimates should be therefore based on models I and II.

4. Calculation of the marginal cost of infrastructure use

The variance for the costs elasticity is computed by using the delta method. The cost elasticity values (MC/AC) are obtained from the equations. Since the models are single-equation models, the cost elasticity figures are set at appropriate betas.
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The ratio between marginal and average costs equals for model I (i.e. with total maintenance and renewal costs) 0.48 while for a model reflecting renewals only it is 0.56 and for a “maintenance only model” it reaches 0.12.

These values fall between the range indicated in other studies. In fact it should be borne in mind that the cost elasticity MC/AC) is the only way to achieve some kind of comparability between different studies.

Average costs can be computed by using the fitted costs divided by the output measure:
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Multiplying the cost elasticity with the predicted average costs allows for estimation of marginal costs:
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Also based on equations (2)-(4), marginal costs could be calculated as derivative of Ct, Cr and Cm (Cieslak et al. 2001).
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Marginal costs have been calculated for several levels of AADT to present characteristic of marginal costs, average costs and finally cost elasticity. 

Marginal costs decrease with increasing traffic volume, which is in line with management entities experiences (GDDKiA and cities). The cost elasticity has been calculated as the ratio between marginal and average costs. 
Marginal costs are lowest for highest traffic volumes. For example for 275 130 vkm  (upper value of real traffic) marginal cost equal 0.57 PLN while for a level of 7 479 vkm (lowest traffic observed) a marginal cost of 3.66 PLN can be observed. Average costs calculated as total expenditures for given traffic volumes are decreasing. Calculated at levels of AADT similar to those used in other studies it ranges from 0.54 EUR/km for 100 000 vkm to 0.16 for 1 100 000 vkm. Cost elasticises calculated as described in equation 5 equals to 
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 parameter and scores approx. 0.48 (see Figure I).
This estimate is based on model I, e.g. referring to both renewal and maintenance costs. It should be noted that the marginal costs are relatively high while considering Polish traffic volumes as compared with other studies (German motorways, Swiss or Austrian road network (Herry, Sedlacek 2002; Schreyer et al. 2002)). This result can be explained by much lower traffic, and also delays in renewal schedules (longer intervals between renewals) in last years due to lack of resources. This afterwards resulted in high one-time renewal expenditures required. 

The cost elasticity remains at reasonable level of 0.48 and if the average and mean values of marginal costs for traffic volumes comparable to other studies are considered (respectively: 0.48 and 0.39 PLN – which equals 0.13 to 0.1 EUR) they are only slightly higher than those concluded for European roads (Link et al. 2002) and do not deviate much from other case studies. Due to differences in traffic intensity the values obtained as cost elasticity are probably the most transferable data that confirm so far achieved data from other European countries. 

The marginal cost estimates for model II (renewals only) show similarity of results. The renewal cost vary between 0.29 PLN for 1 100 000 vkm up to 0.82 PLN for 100 000.  Cost elasticity (calculated as for previous model) equals 0.57.
[image: image9.wmf]
5. Conclusions
The data available for this study, and generally available in Poland for renewals and maintenance in recent years, have determined both the creation of the appropriate model and the results of estimations. The limitation of time span of the data series has caused serious problems, since only data for 2002-2004 was available. Also, the type of data (only real total renewals and total maintenance expenditure for road sections were provided) did not enable the creation of more comprehensive models based on factor inputs, factor prices or climate information. Moreover, regarding traffic data we had traffic volumes per type of vehicles but no information was available for axle loads, which made any further disaggregated calculations of marginal costs by passenger cars and trucks in different models impossible. This could be remedied only if enough data on road sections distinguishing between those with almost no trucks and those with significant share of heavy vehicles could be collected. Then cost differences between roads with heavy and passenger only traffic could be inserted into the model. The condition for that is improvement in data collection and longer time periods of observations. 

In our modelling we have included both renewals and maintenance expenditures in different way in three different models. All models are log-linear single-equation models and include the total traffic volume as the measure for road use. No disaggregation into further classes of vehicles was possible.

The modeling results of marginal cost estimations proved that even in the case of rather poor data for post-socialist countries it is possible both to run the model and to estimate the marginal costs figures. It has to be mentioned that comparisons of results of different country studies show differentiated results of MC estimations. It would be difficult or even impossible to conclude or try to set prices simply on the base of pure MC calculations. Then it is suggested that instead of MC figures rather elasticity values could be used in order to generalize or transfer the calculations for other region or country. 
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Table 1: Basic dataset organisation

	No
	Record entry

	1
	Consecutive Observation

	2
	Voivodship (16 different codes used in total) – dummy variable

	3
	Location of road section (codes used: M- city road, Z – out-of town road -  – dummy variable

	4
	Length of given road section

	5
	Total length of road sections of selected kind  in Voivodship in which the road section is located

	6
	Indicator as to the data completeness (codes used: Y missing data estimated , N- full data was available  – dummy variable 

	7
	Renewal costs

	8
	Maintenance costs

	9
	Indicator describing whether road section has one or two lines (codes: S- single, D- double) – dummy variable

	10
	Year observation was made

	11
	AADT for motorbikes (in terms of number of vehicles per section)

	12
	AADT for passenger cars (in terms of number of vehicles per section)

	13
	AADT for LGVs (in terms of number of vehicles per section)

	14
	AADT for HGVs (in terms of number of vehicles per section)

	15
	AADT for HGVs with trailers (in terms of number vehicles per section)

	16
	AADT for Buses (in terms of number of vehicles per section)

	17
	AADT for farm vehicles (tractors) (in terms of number of vehicles per section)

	18
	AADT for passenger cars (in terms of number of vehicles times number of km)

	19
	AADT for LGVs vehicle-km (in terms of number of vehicles times number of km)

	20
	AADT for HGVs vehicle-km (in terms of number of vehicles times number of km)

	21
	AADT for HGVs vehicle-km (in terms of number of vehicles times number of km)

	22
	AADT for Buses vehicle-km (in terms of number of vehicles times number of km)

	23
	Total traffic ((in terms of number of vehicles times number of km)


Table 2: Regression results of econometric modelling

A) renewals and maintenance model

	Parameter
	Variable
	Coefficient
	SD.
	T-values
	Significance

	
	Const
	6.61680
	0.417944
	15.832
	< 0.00001
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	d_Voiv
	-0.0307850 
	0.00603661
	-5.1
	< 0.00001
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	d_City_r
	0.35051
	0.0747929 
	4.686
	< 0.00001
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	l_Q
	0.484762 
	0.0368138
	13.168 
	< 0.00001


R2=  0.239405

Adjusted  R2= 0.236509

F (3, 788) = 82.6768 (p < 0.00001)

B) renewals only model

	Parameter
	Variable
	Coefficient
	SD.
	T-values
	Significance

	
	Const
	5.33914
	0.570220
	9.363
	< 0.00001
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	d_Voiv
	-0.0396980
	0.00823602
	-4.82
	< 0.00001
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	d_City_r
	0.445532
	0.102043
	4.366
	 0.000014
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	l_Q
	0.567791
	0.0502268
	11.305 
	< 0.00001


R2=  0.195404

Adjusted  R2= 0.19234

F (3, 788) = 63.791 (p < 000001)

C)  maintenance only model

	Parameter
	Variable
	Coefficient
	SD
	T-values
	Significance

	
	Const
	9.21364
	0.223043
	41.309
	< 0.00001
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	d_Voiv
	-0.0179979
	0.00322154
	-5.587
	< 0.00001
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	d_City_r
	-0.0307389
	0.0399145
	-0.770
	 0.441460
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	l_Q
	0.124883
	0.0196463
	6.357 
	< 0.00001


R2=  0.0981703

Adjusted  R2= 0.0947369

F (3, 788) = 28.5931(p < 0,00001)

Figure 1: Marginal costs, average costs and elasticities estimated for total expenditures based on Model I
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