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Purpose: Development of a model for processing and sharing of data which were prepared and 7 

developed according to the assumptions described in the article titled „Model of data of the 8 

settlement of costs of public transport operating on the territory of the Upper Silesian 9 

Metropolitan Union”. The developed model should have the possibility of practical use in local 10 

government units operating in the Upper Silesian and Zagłębie Metropolitan Area (GZM) 11 

(https://metropoliagzm.pl), support public transport managers in the analysis of public transport 12 

costs, and present to municipalities the components of the costs they incur in the framework of 13 

the joint venture implementing public transport in the GZM. The solution presented is intended 14 

to ensure that the analysis can be performed in terms of the various cross-sections to which the 15 

analysed data can be subjected. 16 

Design/methodology/approach: due to the fact that one of the constraints during the 17 

implementation of the task was the need to use only those tools that have been used so far and 18 

for which the GZM has appropriate licenses, the study was limited to the functionality provided 19 

by the Office 365 suite. 20 

Findings: In the course of the work, it was found: 21 

 dispersion of data between different cost-controlling units, 22 

 lack of uniform data structures between units, 23 

 inconsistency of dictionaries over time. 24 

Practical implications: The data model developed during the work was used to build the 25 

analytical platform used within the GZM. 26 

Social implications: The developed model was used for presentation to the mayors of the 27 

municipalities that make up the GZM. It is an analytical tool used by the management of the 28 

GZM to present and optimize the scope of communication in the designated area. 29 

Originality/value: Authorial model for processing data from heterogeneous sources into 30 

a coherent and unified data structure has been developed. 31 

Keywords: Public transportation, public transport, data modeling, visualization. 32 

Category of the paper: Practical implementation of data processing system and data model 33 

construction. 34 
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1. Genesis 1 

In November 2017, the Metropolitan Transport Authority (ZTM) was established by the 2 

Assembly of the Upper Silesian and Zagłębie Metropolis (GZM), which took over the 3 

responsibilities of the three previous public transport organizers by combining the public 4 

transport system operating in Silesia and Zagłębie and serving the territory of 56 cities and 5 

municipalities (https://metropoliagzm.pl/droga-do-metropolii). 6 

Resolution No. 7/2020 of January 15, 2020, of the Board of Directors of the Upper Silesia-7 

Zagłębiowska Metropolis (https://bip.metropoliagzm.pl/uchwala/125860/uchwala-nr-07-2020) 8 

adopted a document on "principles of proceeding in calculating the variable part of the Annual 9 

Contribution for municipalities of the Upper Silesia-Zagłębiowska Metropolis and subsidies for 10 

municipalities not belonging to the GZM" On December 23, 2021, amendments were made to 11 

the above-mentioned resolution, which were announced by Resolution 325/2021 of the GZM 12 

Board (https://bip.metropoliagzm.pl/uchwala/128104/uchwala-nr-325-2021). 13 

These documents set out the rules of procedure for calculating the variable portion of fees 14 

to be paid by individual GZM municipalities and subsidies to non-GZM municipalities for 15 

public transportation provided on their territory. 16 

The company responsible for organizing public transportation is the Metropolitan Transport 17 

Authority (ZTM) (https://www.metropoliaztm.pl/pl). It should be noted here that ZTM 18 

performs its tasks mainly on the territory of the GZM, however a partial scope of its activities 19 

is also implemented on the territory of municipalities not belonging to the GZM. 20 

Based on the aforementioned resolutions, employees of ZTM's controlling department have 21 

prepared planning and settlement sheets determining remuneration for individual operators 22 

providing public transportation, as well as sheets calculating the variable premium 23 

(https://metropoliagzm.pl/tag/skladka-zmienna) which is charged to individual municipalities. 24 

The amount of the variable premium is determined by two main factors: 25 

 the portion resulting from the amount of transportation provided, and, 26 

 the part resulting from the surcharge covering the organization's operating costs. 27 

Implemented plans and settlements are carried out in annual cycles, their rules are gradually 28 

modified and therefore variable in subsequent years.  29 

In 2021, there was a need to develop a data model that would allow the heads of individual 30 

municipalities (mayors, aldermen, mayors) to present the components of the surcharge that 31 

burden each municipality in a relatively simple way. This paper presents the issues and stages 32 

of building such a model. 33 

  34 
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2. Data analysis and sharing model 1 

2.1. Input data  2 

The input data for the model were binders of data provided by two departments that deal 3 

with the settlement of transportation costs One of them deals with the determination of the  4 

so-called variable contribution, i.e. the fee that individual municipalities pay to the joint budget.  5 

The process of collecting the transformation of cleansing and unifying the data was 6 

presented within the framework of the article entitled ”Model of data of the settlement of costs 7 

of public transport operating on the territory of the Upper Silesian Metropolitan Union”. 8 

All post-processing data was aggregated into a single standardized dataset. The dataset was 9 

organized in such a way that the data could be processed and grouped using the standard 10 

mechanism offered by spreadsheet pivot tables.  11 

2.2. Tabular summary 12 

The first columns of the dataset contain data allowing the grouping of objects in the 13 

following sections: 14 

1) Affiliation: 15 

a) GZM municipalities - municipalities belonging to the GZM (http://gzmetropolia.pl/ 16 

metropolia), 17 

b) Foreign municipalities - municipalities not belonging to the GZM, 18 

c) GZM - a virtual group collecting three virtual "municipalities" that are directly 19 

financed by GZM funds: 20 

 COMMUTING - a "municipality" that shows funding for tram access between 21 

the tram depot and the end stops, 22 

 GZM - "municipality" which shows funding for metropolitan lines (marked M), 23 

some bus and tram lines funded directly by GZM, 24 

 EVENTS - "municipality" which shows funding for additional tram lines 25 

created to serve events held in the GZM, 26 

d) OTHER - a virtual group collecting two virtual "municipalities" that have additional 27 

funding: 28 

 Hypermarkets - lines created for the purpose of access to hypermarkets, 29 

 Detours - additional routes resulting from the need to create detours, 30 

e) Airport - a group of lines serving access to Pyrzowice airport (marked AP). 31 

2) Operator Type: 32 

a) PKM - the operators are Public Transport Companies: 33 

 PKM Gliwice, 34 

 PKM Katowice, 35 
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 PKM Sosnowiec, 1 

 PKM Świerklaniec, 2 

 PKM Tychy, 3 

b) PRYW - operators are private carriers and Motor Transport Companies (PKS), 4 

c) TRAM - operator is the company TRAMWAJE ŚLĄSKIE S.A., 5 

d) TROLLEYBUS – operator is the company TLT Sp. z o.o. 6 

3) Type of Line: 7 

a) A – buses, 8 

b) T – trams, 9 

c) TB – trolleybuses, 10 

4) Operator – all operats taking part in organizing the transport, 11 

5) Line number – number of particular lines, 12 

6) Municipality – all municipalities including virtual "municipalities" participating in the 13 

organization of transportation, 14 

7) Year – years from 2020 to 2024, 15 

8) Data type – presents the plan and execution data, respectively. 16 

The appearance of the cross- section selection panel is shown in Figure 1. 17 

 18 

Figure 1. Cross-sectional data analysis panel. 19 

Source: own study. 20 

The tabular part of the cost analysis is divided into six sections. 21 

The first section of the data model shows net transportation costs, where the following types 22 

of costs are distinguished: 23 

1) M net cost – Costs of bus transport operated by M-type vehicles, 24 

2) A net cost – Costs of bus transport operated by A-type vehicles, 25 

3) B net cost – Costs of bus transport operated by B-type vehicles, 26 

4) C net cost – Costs of bus transport operated by C-type vehicles, 27 

5) TB net cost – trolleybus transport costs, 28 

6) T net cost – tram transport costs by group: 29 

a) A - capacities < 150seats (length < 20m), high-floor, 30 

b) AN - capacities < 150 seats (length < 20m), low-floor, 31 

c) B - capacities > 150 seats (length 20-30m), high-floor, 32 

d) BN  - capacities > 150 seats (length 20-30m), low-floor, 33 

e) CN - capacities > 150 seats (length > 30m), low-floor. 34 

The classification of each type of tram carriage is shown in Table 1 (Tundys, 2008; Lubka, 35 

Stiasny, 2011, pp. 20-21). 36 
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Table 1. 1 
Tram rolling stock - groups 2 

Wagon type Group 

105N/E1 A 

2x105N B 

116th BN 

PT-8 B 

PTM BN 

2012N CN 

2017N BN 

2020N CN 

MF10AC AN 

MF/AC BN 

105NK A 

2*105NK B 

105HF A 

2*105HF B 

Note. Division of tram rolling stock into groups.  3 

The appearance of the first section is shown in Figure 2 4 

 5 

Figure 2. Section I. 6 

Source: own study. 7 

Section two of the data model includes additional costs charged to the bus and trolleybus 8 

fleet among which costs are distinguished: 9 

1) AIR CONDITIONING – costs of air conditioning, 10 

2) MONITORING – costs of monitoring installed in the fleet, 11 

3) WIFI – costs of wireless access to the Internet available in the fleet, 12 

4) SDIP – costs of operating the Dynamic Passenger Information System (SDIP).  13 

SDIP is an integrated information system that provides information on the performance 14 

of transportation tasks performed by public transportation to passengers and makes it 15 

available to supervisory services (https://sprint.pl/pl/uslugi/sdip-system-dynamicznej-16 

informacji-pasazerskiej), 17 

5) PPK – the cost of operating the Employee Capital Programs (ECP) program, 18 

6) Wage_min – costs of handling the equalization of wages to the statutory minimum wage 19 

level, 20 

7) OTHERS – other costs unclassified before. 21 

The appearance of the second section is shown in Figure 3. 22 
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 1 

Figure 3. Section II. 2 

Source: own study. 3 

The third section of the data model determines the size of the contribution that individual 4 

municipalities must make to the joint budget that finances public transportation on the territory 5 

of GZM. 6 

The following elements are additionally included in the settlement: 7 

1) Ticket revenue; 8 

2) Costs of the organization; 9 

3) Lost revenue (free rides for children and youth); 10 

4) Lost income (railroads); 11 

5) Lost income (other); 12 

6) Sheds (W); 13 

7) Other settlements (I). 14 

The appearance of the third section is shown in Figure 4. 15 

 16 

Figure 4. Section III. 17 

Source: own study. 18 

Another, fourth section of the data model includes the incremental costs charged to the tram 19 

fleet. These costs have been accounted for differently between partners over the years.  20 

Thus, until 2021, these costs were fully funded by individual municipalities. Starting in 2022, 21 

part of the costs were separated and their financing was taken over directly by the GZM.  22 

The additional costs of the trolley fleet include such elements as: 23 

1) Air conditioning – costs of air conditioning in trams, 24 

2) Cost of commuting trips – the cost of commuting of tram fleet between the depot and 25 

the end stops, 26 

3)  Stop fees – fees related to maintenance of stops, 27 

4) Property tax, 28 

5) Perpetual use of land, 29 

6) Depreciation of other assets, 30 

7) Maintenance of tracks, networks, substations, 31 
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8) Depreciation of infrastructure, 1 

9) Depreciation of fleet, 2 

10) Redemption of bonds, 3 

11) Financial costs. 4 

The value of the designated contribution in this section is the amount that is charged to the 5 

budgets of each municipality. The values from the previous sections allow you to understand 6 

the individual components that burden the municipal budget. The appearance of the fourth 7 

section is shown in Figure 5. 8 

 9 

Figure 5. Section IV. 10 

Source: own study. 11 

The fifth section contains quantitative data showing the amount of kilometers traveled by 12 

each type of the fleet. The appearance of the fourth section is shown in Figure 6. 13 

 14 

Figure 6. Section V 15 

Source: own study. 16 

The sixth section shows the cost per kilometer of each transport unit. The appearance of the 17 

fourth section is shown in Figure 7. 18 

In addition, in the columnar layout there are two areas that allow you to select any 19 

combination of comparisons of data type (Plan-Execution) and time (Years 2020-2024).  20 

This means that you can compare, for example, the assumed plans between years or compile  21 

a comparison of the plan and execution for a set period (year). After determining the dimensions 22 

of the data, you get basic information such as the difference in value and percentage between 23 

the selected dimensions.  24 
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 1 

Figure 7. Sekcja VI. 2 

Source: own study. 3 

A sample table and charts are shown in Figure 8. 4 

 5 

Figure 8. Example of the result table for bus fleet settlements.  6 

Source: own study. 7 

In addition, for the data of the first section, two values are determined for each type of 8 

rolling stock, which break down the value difference into parts showing the changes in costs 9 

due to the difference in fare rates in the compared dimensions (price effect) and the difference 10 

in the number of kilometers traveled between the set dimensions (distance effect), respectively. 11 

  12 
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3. Graphical overview 1 

In addition to the analytical tabular presentation which can be difficult for some audiences 2 

to perceive, a graphical presentation of the changes of individual component factors on the 3 

change in the variable premium was prepared. The graphical presentation shows the individual 4 

components that affect the change in costs between the two selected points chosen in the tabular 5 

section. The first point is the parameters determined in the first column of the selection and, 6 

respectively, the second point in the second column. Each point is determined by a selection 7 

from a pair of parameters: 8 

 Years (2020-2024), 9 

 Plan – Execution. 10 

With this approach, the types can be compared: 11 

 Plan – Plan, 12 

 Execution – Execution, 13 

 Plan – Execution. 14 

Compiled within the framework of different years. 15 

The starting point is the amount of the variable contribution determined for point one,  16 

then the cost factors that affect the change in costs are shown until reaching the amount of the 17 

contribution selected in point two. Components marked in green indicate an element that 18 

reduces costs, and components marked in red indicate elements that increase costs. An example 19 

of a cost analysis summary is shown in Figure 9. 20 

Analogous to the cost visualization, a summary is presented showing the distance settlement 21 

in thousands of kilometers for each type of rolling stock used in the public transport 22 

organization. An example of a summary of the settlement of kilometers is shown in Figure 10. 23 

The next graphic shows the structure of costs at both boundary points. An example is shown 24 

in Figure 11. 25 

 26 
Figure 9. Costs settlement. 27 

Source: own study. 28 
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 1 

Figure 10. Kilometers settlement. 2 

Source: own study. 3 

 4 

Figure 11. Cost structure. 5 

Source: own study. 6 

4. Final conclusions 7 

The scope of this study is limited to the second stage of work which included the scope of 8 

construction of the data processing model and the tool for its analysis. Preparation of the tool 9 

in a clear and precise manner allows the end user to analyze the causes of deviations between 10 

the compared points. Explain the components that go into the variable premium allowing 11 

municipal administrators to better understand the reasons that determine the amount of fees that 12 

must be paid by the municipal budget to the GZM. 13 

  14 
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The expediency and correctness of the application of the presented solution is evidenced by 1 

the fact that to date three cycles of settlements, carried out at annual intervals, have already 2 

been implemented using the presented tool. 3 

Data analysis using the developed tool will be presented by the author as part of the next 4 

article in this series. 5 
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