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Abstract – The purpose of this work is to create a unified algorithm for public-use railway infrastructure charging. The proposal to base infrastructure charging on a three component system, where the basic price is calculated according to a uniform methodology based on full cost recovery has been worked out. Further, the basic price should be differentiated in accordance with deviations from the equality principle defined in this work as factual and legal differences caused by rail infrastructure users on security, technical compliance, environmental protection, optimal network working, as well as transport policy provided by state officials.
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I. Introduction
Observing the new century logistics processes in the East-West direction the replacement of the traditional sea container traffic with the rail transportation can be noticed. This is primarily related to the displacement of the Chinese industrial zone to the West and thus away from the country's Eastern ports and secondly with the ability to speed up a traditional 30-45- day delivery time up to 2-3 weeks [13].

Taking into account that shipping costs are much lower than railway rates, the main competitive advantages of land transportation can be the delivery time and transportation security [12]. However these strengths are interrupted by a variety of rates, technical conditions and priorities of the countries that cargo should pass through [14].

Therefore transport economy has a new challenge - to provide unified technological principles throughout the logistic chain, incl. transportation rating where public-use railway infrastructure charges (hereinafter - infrastructure charges) have a significant proportion of a cost base. 
This tendency has made multiple working groups and conferences take place in Europe. The brief summary of trends and findings that all experts consent on, is as follows [2]-[4], [7]-[8]:

· The infrastructure charges are no more a cost reimbursement mechanism and should include public and infrastructure management policies providing mechanisms that clearly define conditions of infrastructure usage;

· Shortage of capacity will be one of the major problems of the European railway system in future;

· The majority of experts aim at marginal cost charging as a basis for a common infrastructure charging system.

Resistance factors on the way to achieve standardization of infrastructure charges are related to the complexity of a transparent and clear solution of the conflict between commercial interests both of operators and infrastructure managers and needs to achieve objectives of the national transport policy. The conditions of the rail infrastructure usage may vary in different countries, but basic contradictions can be formulated as follows: 

· There is no certainty of how much of the infrastructure charges should be covered from public funds, and how much from  commercial funds [17];

· The proportion of the relatively fixed costs that can be attributed to the solvent freight services and to the loss-making passenger services, so as to avoid cross-subsidization is not determined [17];

· There is no generally accepted methodology for adding of maintenance costs of underserved or unused railway lines to the total cost base [11];

· There is an opposition between two historically formed charging systems. One of them (MC) is based on calculating the change of total cost that arises from one additional transportation unit and enforcing a range of “the market can bear it” mark ups. Non-covered costs should be subsidized by public funds [9]. The second one (FC) is based on the distribution of infrastructure costs among the users. Government subsidies are granted to those market segments that are unable to settle the calculated cost [3].
The objective of this work is to examine options of unification of public-use railway infrastructure charging which is based on Latvian traditional FC infrastructure charging system, to ensure the equity of the calculation and to provide clear signals to rail infrastructure operators (state, infrastructure manager, carriers, logistics companies) on strategic priorities of the rail infrastructure usage.
II. Equality principle
Directive 2001/14/EC of the European Parliament and of the Council of 26 February 2001 on the allocation of railway infrastructure capacity and the levying of charges for the use of railway infrastructure and safety certification [20] provides that charging and capacity allocation schemes should permit equal and non-discriminatory access to  rail infrastructure. 

The equality principle for infrastructure charging can be defined as per standard legal practice [15] – 
the infrastructure charges have to be the same, if factual and legal circumstances are equivalent and have to be varied if  factual and legal circumstances are different[16].

It means that the foundation of the infrastructure charging system should be a unified charging methodology. In other words the initial price must be equal. On the other hand, to ensure different infrastructure charges for different conditions, the flat fees would need to be differentiated by discounts or
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Fig.1. The three component charging system
additional surcharges. As a result, the infrastructure charging system may consist of three components (Fig. 1):

a) the basic price, calculated for variety of markets using a unified methodology;
b) the factor of the public-use railway infrastructure manager’s guidelines on safety, technical compliance, environment as well as optimal usage of the network and equipment; 
c) the factor of costs spent on national transport policy implementation, 
The improvement of railway infrastructure management causes an optimal utilization of available capacity allowing decrease of costs per transport unit [10]. A railway expert survey can be carried out in order to determine the types of railway infrastructure users’ activities which lead to factual and legal deviations from the same circumstances and optimal use of the existing infrastructure. For example, it was found [16] that in today's Latvian railway infrastructure situation it can be as follows:

 Factual and legal circumstances of railway infrastructure utilization are the same if: 

· A carrier uses no less capacity than the prediction of the railway infrastructure charging process; 

· A carrier provides traction facilities and the locomotive staff for all existing trains within their traffic responsibility, including suspended trains and wagons uncoupled from the train and delivers them to the specified destination station, considering technological and technical standards;
· The infrastructure manager provides a minimum access package:
· handling of requests for infrastructure capacity;

· the right to utilize capacity that has been granted;

· the use of running track points and junctions;

· train control including signaling, regulation, dispatching and communication and provision of information about train movement;

· all other information required to implement or operate the service for which the capacity has been granted.

Factual and legal circumstances of railway infrastructure utilization are different and there is a reason for deciding to grant discounts if:
· a railway rate is not competitive with comparable service rates of an equivalent infrastructure due to the including of the cost arising from the charge related to the implementation of the state policy requirements, which are different from the rival’s infrastructure;
· a carrier agrees to utilize the scheduled railway infrastructure in accordance with the timetable and gives the infrastructure manager the right to claim and receive payment for the railway infrastructure capacity, if it is granted but not used;

· a carrier agrees to utilize the rail capacity during the railway infrastructure downtime, if it leads to actual administrative costs saving due the reduction of irregularity coefficient and if the additional traffic volumes were not included in the predictions of the charging process;

· the infrastructure manager does not provide a minimum access package;

· in case of limited capacity due to factual and technological reasons if it differs from the capacity indicated  in the network statement; 
Factual and legal circumstances of railway infrastructure utilization are different and there is a reason to decide to mark up if:

· rail infrastructure is congested because carriers require more capacity than granted by the capacity allocation plan;

· a carrier exceeds the technological norms of  train (including suspended wagons) processing on stations; 
· carrier’ activities pollute the environment due to utilizing technically invalid carriages and locomotives and allowing the disposal of hazardous freight on  rail infrastructure;

· a carrier does not observe train schedule, regulations and weight standards;

· a carrier distorts the rail infrastructure network by not accepting railway infrastructure manager’s decisions in different factual and technological circumstances:

· using any carrier locomotives and their staff in emergency situations under the provisions of the Cabinet [21];

· enabling trains to pass through detours and alternative lines in case of congestion and in order to normalize work of the railway stations and junctions;

· including ones carrier’s track to other carrier’s train;

· proceeding trains with less weight and shorter length out of the Latvian railway infrastructure;
· reviewing the trains departure sequence, if the consignees do not unload wagons on the scheduled basis.

III. charging system
The harmonization of infrastructure charging was launched in Europe at a time when it had not yet been joined by the Eastern European countries. Therefore the existing legal framework provides typical Western European countries’ problems [5], [18]:

· the revitalization of European railways by expanding access to the international trans-European rail freight network;

· encouraging railway infrastructure managers to improve their infrastructure;

· coordinating the allocation process in order to ensure improved attractiveness of railway traffic which utilizes more than one infrastructure manager's network, especially for international traffic.

Beside these problems in the situation where one of the market segments can provide full cost recovery and even more there are some more specific problems as well [22]:

· prevention of  discriminate accounting and provision of the transparency of cost attributing;

· prevention of hidden cross-subsidies (Fig 2).

· validity of state subsidies.

AS FC infrastructure charging system allows provision of prior cost control, planning and managing of the state subsidies as well as prevents solvent market segments from overpricing discrimination, it is recommended as the best charging basis in case when users of the infrastructure have objectively different solvency. 
A. Basic Price

The observance of the equality principle should be provided already within cost attributing, which means that in different charging conditions costs should be different. As a result, basic prices can vary for different infrastructure users even if they have been calculated by following the uniform methodology. Because of this condition and the need for easier subsequent charge differentiation in varied circumstances of infrastructure utilization, the methodology for the establishing the basic price should make provisions for heterogeneous and transparent basic price structure (Fig. 3):

· Marginal costs represent how the total cost, that has been taken into account in charge creating, changes with one additional transportation unit. Marginal costs would be paid by all carriers to provide fair comparison of various transport mode costs in order to select socially beneficial public subsidization solution.
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Fig.2. Cross-subsidy in the situation where one of the market segments can provide full cost recovery
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3.att. The basic price structure
Latvian Railway data input structuring approach, retrospection of data and engineering advances ensure prerequisites for calculating marginal cost using engineering statistic methods, which means the assessment of technical standards by making measurements, experiments or statistic research for each expenditure item [6].

· Costs that are relevant to the provision of a policy decision should be added to corresponding market segment (beneficiary) cost basis not to the total cost For example, if a social decision to improve station accessibility (building ramps at the platforms, reconstruction of the station and so on) has been made, the costs should be attributed to the passenger train category infrastructure costs instead of being included in the total real estate maintenances costs.

· Similarly the grants should be deducted from the subsidized service infrastructure costs not from the total costs.

· Mark-ups should reflect tear and wear costs, risk of performance as well as state and borrowed capital utilization costs.

B. National Transport Policy Implementation

The factor of national transport policy implementation actually is reimbursement of economically unsubstantiated costs of political decisions to advance a market segment due to social impact (population mobility, supply for industrial and rural population, environmental and other requirements) as such decisions may exceed the economic performance of the transport sector. This factor should be used to prevent hidden cross-subsidies and discriminative accounting and provide transparency of cost attributing and validity of grants.

The infrastructure charge discount for politically significant rail services can be formulated as charge reducing up to the marginal cost level, covering the difference from the state budget [16]:

	Ag =
	(Ip  + Ig)- (If + If *U)*V
	 × 100 - 100,          (1)
	V

	
	Ip
	
	


where
Ag is discount for politically significant rail services (%);

Ip is expenditure basis excluding the cost of providing subsidized transport policy (currency unit);

Ig are costs of providing subsidized transport policy (currency unit);

If are marginal costs of expenditure basis (currency unit on carriage unit);

U is premium price if the market allows this (%);

V is planned amount of carriage to provide subsidized transport policy (carriage unit).

C.  Differential charging to provide infrastructure manager’s guidelines

Some of the rail infrastructure users can differently impact and affect railway infrastructure within the same market segment. That’s why an infrastructure manager should have instruments to differentiate infrastructure charges in order to stimulate and regulate its policy on safety, technical and environmental requirements.

The charge differentiation as a stimulating factor reflects the manager's strategic policy and it is more flexible tool than charging itself because it can be applied to a specified period, to a specific railway infrastructure line and for a specific activity. The amount of differentiation may be based on the expected economic benefits of the proposed policy. For example in Latvia’s condition it should be useful to apply a discount to the uniform carriage in order to reduce train control costs and enhance capacity utilization [19]. This kind of charge discount can be formulated as charge reducing up to the train control marginal cost level [16]:
	Avienm = 
	Iscb.visp * Kizl
	 × 100,                            (2)
	

	
	Ikop
	
	


where
Avienm is discount for regular loading for a specific market segment (%);

Iscb.visp are train control costs for a specific market segment (currency unit);

Kizl is proportion of train control marginal costs in relation to total train control costs;

Ikop are total costs for a specific market segment (currency unit).

The charge differentiation as a regulatory factor ensures railway infrastructure user’s financial liability for network interruption [1]. Railway infrastructure managers are interested in complete utilization of the network; therefore the optimum situation for railway usage is daily running of full weight trains using all of the network technical capacity. However, this situation is almost impossible due to both external and internal factors. In order to regulate different impacts of railway infrastructure users the control of daily dispatching, recording of deviations and differentiating of infrastructure charges is required as follows:
· The increased infrastructure charge to provide carriers’ liability for railway infrastructure network problems in case of congestion due to technical non-compliance of operational activities:

	Pv = 
	Jp
	× 100 - 100, 
	(3)

	
	Jf
	
	


where

Pv is increased charge to provide for carriers’ liability for network problems (%);

Jp is scheduled capacity (daily load);

Jf  is actual capacity (daily load).
· The discount on infrastructure charges as the liability of manager for network problems.

	Av = 
	Jp
	 × 100 - 100,                                (4)
	

	
	Jf
	
	


where

Av is discount on charges as the liability of manager for network problems (%);

Jp is scheduled capacity (daily load);

Jf  is actual capacity (daily load).

Other charge differentiation can take into account many of factors such as congestion, scarcity, performance, environmental impacts and so on. Thus charge should be equal to the social cost at expected unfavorable action and can only be applied when the net is effectively used.

IV. Conclusion
The summary of this work:

1) In spite of the diversity of the railway infrastructure management problems that should be solved using infrastructure charging instruments all charging and capacity allocation schemes should permit equal and non-discriminatory access to rail infrastructure. This principle can be a basis for the unification of infrastructure charges;

2) The unified infrastructure charging can be based on a three component system, where the basic price is calculated according to a uniform methodology and further should be differentiated in accordance with the equality principle defined in this work as factual and legal differences caused by rail infrastructure users on security, technical compliance, environmental protection, optimal network working, as well as transport policy provided by state officials

3) Full cost charging system should be recommended as the best charge-making basis in case when users of the infrastructure have objectively different solvency because it provides the prior cost control, planning and managing of state subsidies as well as prevents solvent market segments from overpricing.

4) The infrastructure charge differentiation can be expressed mathematically.

5) Additional researches are required to confirm that findings of this work can have a practical use:

- The technological options of the fixation of deviation from equality principle;

- Discussion on possibilities to use the proposed system in other European countries.
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Valentina Andrejeva, Justina Hudenko, Maksas par publiskās lietošanas dzelzceļa infrastruktūras izmantošanu pārvadājumiem unifikācija
Publikācija ir veltīta maksas par publiskās lietošanas dzelzceļa infrastruktūras izmantošanu pārvadājumu unificēta algoritma izstrādei. Tiek piedāvāts veidot infrastruktūras maksas aprēķināšanas sistēmu pēc trīsmoduļu struktūras, kur pamatcena tiek aprēķināta pēc vienotas metodoloģijas, pamatojoties uz pilno izmaksu atgūšanas principa. Pilno izmaksu atgūšanas infrastruktūras maksas aprēķināšanas sistēma būtu ieteicama par labāko pamata cenas veidošanai, jo tā nodrošina infrastruktūras pārvaldītāja izmaksu kontroli un valsts subsīdiju iepriekšējo plānošanu un pārvaldīšanu, vienlaicīgi nepieļaujot maksātspējīgo tirgus segmentu diskrimināciju situācijās, kad infrastruktūras lietotājiem ir objektīvi dažāda maksātspēja.
Pamata cenu tiek piedāvāts diferencēt saistībā ar atkāpēm no vienlīdzīgas pieejas principa ievērošanas, kas tiek definēts, pamatojoties uz veikto nozares ekspertu aptauju, kā faktisko un tiesisko apstākļu dažādības, ko rada  dzelzceļa infrastruktūras lietotāji attiecībā uz drošību, tehnisko atbilstību, vides aizsardzību vai veicinot optimālo tīkla un iekārtu izmantošanu, kā arī valsts, kas nodrošina nozares politikas īstenošanu. Darbā tiek piedāvāti vairāku diferencēšanas mehānismu matemātiskie vienādojumu piemēri.
Paredzēts veikt papildus pētījumus lai apzinātu iespējas atkāpju no vienlīdzīgas situācijas fiksācijas tehnoloģiskas nodrošināšanas iespējas un izdiskutēt vienotās metodoloģijas piemērošanas iespējas citās Eiropas valstīs.

Валентина Андреева, Юстина Худенко, Унификация назначения платы за использование общественной железнодорожной инфраструктуры

В публикации рассмотрены возможности создания единого алгоритма назначения платы за пользование общественной железнодорожной инфраструктурой. Предлагается создание системы расчета платы за инфраструктуры по трехкомпонентной системе, где базовая цена рассчитывается по единой методологии, основанной на методике полного возмещения затрат. Метод расчета платы за инфраструктуру на основании полного возмещение затрат рекомендован, как лучший для расчета базовой цены, так как он обеспечивает предварительное планирование и управление государственных субсидий, а также контроль затрат управляющего инфраструктурой, одновременно предотвращая дискриминацию платежеспособных сегментов в ситуациях, когда у пользователей инфраструктуры объективно разная платежеспособность.

Базовую цену предлагается дифференцировать в зависимости от отступлений от принципа равноправия, которые определены при помощи произведенного опроса отраслевых экспертов, как фактические и правовые различия, вызванные действиями пользователей инфраструктуры относительно обеспечения безопасности, технического соответствия, защиты окружающей среды и содействия оптимальному использованию сети и сооружений, а также отраслевой политикой. В статье предлагается несколько примеров дифференциации выраженных  математическими уравнениями.

Предложено выполнить дополнительные исследования для выявления технологическими особенностями фиксирования возможных отклонений от равноправия и обсудить возможности применения общей методология и в других европейских странах.
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