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Purpose: Development of a coherent unified data model allowing multi-criteria analysis of data 6 

on accounting for the costs of public transportation provided in the Upper Silesian-Zagłębów 7 

Metropolitan Area (GZM) (https://metropoliagzm.pl). 8 

Design/methodology/approach: The study used automatic data processing methods using 9 

Power Query mechanisms, data cleaning and unification techniques. 10 

Findings: In the course of the work it was found: dispersion of data between different cost-11 

controlling units, lack of uniform data structures between units, inconsistency of dictionaries 12 

over time. 13 

Practical implications: The data model developed during the work was used to build the 14 

analytical platform used within the GZM. 15 

Social implications: The developed model was used for presentation to the mayors of the 16 

municipalities that make up the GZM. It is an analytical tool used by the management of the 17 

GZM to present and optimize the scope of communication in the designated area. 18 

Originality/value: Authorial model for processing data from heterogeneous sources into  19 

a coherent and unified data structure has been developed. 20 

Keywords: Public transportation, public transport, data modeling, visualization. 21 

Category of the paper: Practical implementation of data processing system and data model 22 

construction. 23 

1. Genesis 24 

In November 2017, the Metropolitan Transport Authority (ZTM) was established by the 25 

Assembly of the Upper Silesian and Zagłębie Metropolis (GZM), which took over the 26 

responsibilities of the three previous public transport organizers by combining the public 27 

transport system operating in Silesia and Zagłębie and serving the territory of 56 cities and 28 

municipalities (https://metropoliagzm.pl/droga-do-metropolii/). 29 
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Resolution No. 7/2020 of January 15, 2020 of the Board of Directors of the Upper Silesia-1 

Zagłębiowska Metropolis (https://bip.metropoliagzm.pl/uchwala/125860/uchwala-nr-07-2020) 2 

adopted a document on "principles of proceeding in calculating the variable part of the Annual 3 

Contribution for municipalities of the Upper Silesia-Zagłębiowska Metropolis and subsidies for 4 

municipalities not belonging to the GZM." On December 23, 2021, amendments were made to 5 

the above-mentioned resolution, which were announced by Resolution 325/2021 of the GZM 6 

Board (https://bip.metropoliagzm.pl/uchwala/128104/uchwala-nr-325-2021). 7 

These documents set out the rules of procedure for calculating the variable portion of fees 8 

to be paid by individual GZM municipalities and subsidies to non-GZM municipalities for 9 

public transportation provided on their territory. 10 

The company responsible for organizing public transportation is the Metropolitan Transport 11 

Authority (ZTM) (https://www.metropoliaztm.pl/pl/). It should be noted here that ZTM 12 

performs its tasks mainly on the territory of the GZM, however a partial scope of its activities 13 

is also implemented on the territory of municipalities not belonging to the GZM. 14 

Based on the aforementioned resolutions, employees of ZTM's controlling department have 15 

prepared planning and settlement sheets determining remuneration for individual operators 16 

providing public transportation, as well as sheets calculating the variable premium 17 

(https://metropoliagzm.pl/tag/skladka-zmienna/) which is charged to individual municipalities. 18 

The amount of the variable premium is determined by two main factors: 19 

 the portion resulting from the amount of transportation provided, and, 20 

 the part resulting from the surcharge covering the organization's operating costs. 21 

Implemented plans and settlements are carried out in annual cycles, their rules are gradually 22 

modified and therefore variable in subsequent years.  23 

In 2021, there was a need to develop a data model that would allow the heads of individual 24 

municipalities (mayors, aldermen, mayors) to present the components of the surcharge that 25 

burden each municipality in a relatively simple way. This paper presents the issues and stages 26 

of building such a model. 27 

2. Input data 28 

The input data for the model were binders of data provided by two departments dealing with 29 

the settlement of transportation costs. One of them deals with the determination of the so-called 30 

variable contribution, i.e. the fee that individual municipalities pay to the joint budget.  31 

The characteristics of these data and how they were processed are presented in the following 32 

paragraphs. 33 

  34 
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2.1. Input data – carriage costs 1 

Department one deals with planning and accounting for transportation costs. 2 

Data is collected in the form of spreadsheet binders, each sheet contains a table that includes 3 

a plan and settlement of one unit during one month by individual transportation lines. Two types 4 

of billing are maintained. one for bus and trolleybus lines and the other for tramway billing. 5 

The units are respectively: 6 

 municipalities included in the GZM (http://gzmetropolia.pl/metropolia), 7 

 municipalities from outside the GZM, 8 

 special units that account for additional special transportation tasks carried out, such as: 9 

o events, 10 

o detours, 11 

o commutes, 12 

o access to hypermarkets, 13 

o trips charged entirely to the GZM. 14 

The special units identified above are conventionally referred to by the term "virtual 15 

municipalities". 16 

The individual tables include volume (kilometer) and value settlements. Value settlements 17 

include volumes resulting from the number of kilometers traveled, as well as volumes resulting 18 

from various additional charges specific to bus-trolleybus and streetcar fleets, respectively. 19 

2.1.1. Data – Buses and trolleybuses 20 

Data regarding planning and accounting for bus and trolleybus transportation was contained 21 

in 6 workbooks. Four contained planning data for 2020-2023 and two dealt with implementation 22 

from 2020-2021. 23 

Within each workbook, there were up to 57 (varying by year) worksheets containing data 24 

on individual municipalities and virtual municipalities. Within each sheet, the table rows 25 

contained data on individual line numbers. A total of 521 bus lines (including bus lines 26 

operating vicariously on tramways) and 8 trolleybus lines were identified. The columns of the 27 

tables contain quantitative (wozokilometers - wkm) and value data on wkm traveled and other 28 

values charged to individual lines such as: 29 

 AIR CONDITIONING net cost, 30 

 MONITORING net cost, 31 

 WIFI net cost, 32 

 SDIP net cost, 33 

 PPK net cost, 34 

 MIN_WAGE net cost, 35 

 OTHER net cost. 36 

The structure of the data sheets within a single workbook (Fig. 1) was consistent while there 37 

were differences in construction between different workbooks (years). 38 
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 1 

Figure 1. An example of a workbook with source data. 2 

Source: Górnośląsko-Zagłębiowska Metropolia (GZM). 3 

2.1.2. Data - Trams 4 

Data on planning and accounting for tram transport is contained in 6 workbooks.  5 

Four contain planning data for 2020-2023, and two implementations from 2020-2021.  6 

Within each workbook there were up to 17 (varying by year) sheets containing data on 7 

individual municipalities and virtual municipalities. Within each sheet, the table rows contained 8 

data on individual line numbers. A total of 42 tram lines were identified (Fig. 2).  9 

 10 

Figure 2. An example of a workbook with source data.  11 

Source: Upper Silesia and Zagłębie Metropolis (GZM). 12 
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The columns of the tables contain quantitative and valuable data on travelled wkm, pkm by 1 

type of rolling stock where the following types of tram rolling (Tundys, 2008; Lubka, Stiasny, 2 

2011, pp. 20-21) stock are distinguished: 3 

 105N/E1, 4 

 2x105N, 5 

 116Nd, 6 

 PT-8, 7 

 PTM, 8 

 2012N, 9 

 2017N, 10 

 2020N, 11 

 MF10, 12 

 MF/AC, 13 

 105NK, 14 

 2*105NK, 15 

 105HF, 16 

 2*105HF, 17 

and other valuable ones such as: 18 

 Air conditioning. 19 

 Cost of commuting courses. 20 

 Bus stop fees. 21 

 Property tax. 22 

 Perpetual use of land. 23 

 Depreciation of other assets. 24 

 Maintenance of tracks, networks, substations. 25 

 Depreciation of infrastructure. 26 

 Depreciation of rolling stock. 27 

 Redemption of bonds. 28 

 Finance costs. 29 

It should be noted that between 2020 and 2021 there was a change in the units of accounting 30 

for kilometers traveled by tramway rolling stock, and so until 2020 the applicable unit was 31 

wozokilometers (wzk), and from 2021 the applicable unit is train kilometers (pkm). The change 32 

consisted in the fact that rolling stock marked with the symbols 2x105N, 2*105NK and 33 

2*105HF consisting of two identical wagons was counted until 2020 for the wagons traveled 34 

separately, and from 2021 individually for the entire squad.  35 

  36 
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2.2. Input data – other data on the calculation of the variable premium 1 

The second department, which is in charge of calculating the surcharge part for individual 2 

municipalities, carries out the next step of cost settlements based on a single summary table on 3 

the basis of which it makes detailed settlements per line and municipality. The calculation of 4 

this part of the costs includes such elements as: 5 

 Ticket revenue. 6 

 Organization costs. 7 

 Lost revenue (free rides for children and youth). 8 

 Lost revenue (railroads). 9 

 Lost revenue (other). 10 

 Sheds (W). 11 

 Other settlements (I). 12 

3. Data processing 13 

3.1. Data – Buses and trolleybuses 14 

In order to aggregate data scattered between sheets additionally contained in separate 15 

workbooks, aggregation queries were created for individual workbooks. Due to the different 16 

construction of workbooks, it was necessary to create unique queries for each of them 17 

separately. The queries were constructed using MS Power Query and the M language that 18 

functions within it. A transcript of the translated query written in M is shown in Figure 3: 19 

 20 

Figure 3. Example of an M-language query for bus rolling stock.  21 

Source: own study. 22 

The main steps of the inquiry procedure were: 23 

 Selecting the appropriate sheets within the workbook. 24 

 Determining the target columns from which the data was extracted. 25 

 Assigning understandable names to the extracted columns. 26 

 Filtering the rows according to the developed criteria. 27 
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The result of carrying out the query procedure was the creation of structurally uniform tables 1 

from each year containing data that describe bus and trolleybus transportation. 2 

An example of the table after the execution of the query is shown in Figure 4. The table 3 

contains in individual rows data on individual lines of transportation that carry out 4 

transportation in individual municipalities. The individual columns contain amount and 5 

quantity data that characterize each line. 6 

 7 

Figure 4. Example of the result table for bus fleet settlements.  8 

Source: own study. 9 

3.2. Data – trams 10 

For input workbooks containing data on streetcar traffic, queries were created analogously 11 

to those for processing bus transport data, with the exception that procedure steps that aggregate 12 

individual types of streetcar rolling stock into groups according to Table 1 were additionally 13 

included. .  14 

Table 1. 15 
Tram rolling stock - groups 16 

2021 grupa Nazwa 

105N/E1 I A 

2x105N III B 

116Nd IV BN 

PT-8 III B 

PTM IV BN 

2012N V CN 

2017N IV BN 

2020N V CN 

MF10AC II AN 

MF/AC IV BN 

105NK I A 

2*105NK III B 

105HF I A 

2*105HF III B 

Note. Division of tram rolling stock into groups.  17 

Source: Upper Silesia and Zagłębie Metropolis (GZM).  18 

The specifications of each group are shown in Table 2. It classifies each group according to 19 

the capacity of the carts, their length and types (high-floor, low-floor). 20 
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Table 2. 1 
Tram rolling stock - description 2 

Grupa Nazwa Opis 

I A pojemności < 150 miejsc (długość < 20m), wysokopodłogowy 

II AN pojemności < 150 miejsc (długość < 20m), niskopodłogowy 

III B pojemności > 150 miejsc (długość 20m - 30m), wysokopodłogowy 

IV BN pojemności > 150 miejsc (długość 20m - 30m), niskopodłogowy 

V CN pojemności > 150 miejsc (długość > 30m), niskopodłogowy 

Note. Description of streetcar fleet groups.  3 

Source: Upper Silesia and Zagłębie Metropolis (GZM).  4 

Analogous to the bus queries, the MS Power Query tool was used. Due to the inconsistency 5 

of the sheets between periods (years), queries were created separately for each period.  6 

A transcript of the translated query written in M is shown in Figure 5: 7 

 8 
Figure 5. Example of an M-language query for streetcar rolling stock.  9 

Source: own study. 10 

The result of running the query procedure was the creation of structurally uniform tables 11 

from each year containing data that describe streetcar transportation. 12 

An example of the table after the query procedure is shown in Figure 6. 13 

 14 
Figure 6. An example of a result table for the settlement of tramway rolling stock.  15 

Source: own study. 16 
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The table contains, in individual rows, data on individual streetcar lines that carry out 1 

transportation in each municipality. The individual columns contain amount and quantity data 2 

characterizing each line. 3 

3.3. Input data – other data on the calculation of the variable premium 4 

With regard to the remaining data, the structure of which was already partially aggregated, 5 

only the necessary range of data was selected and filtered.  6 

In terms of source data, there was no standardized approach to the naming and data types 7 

used. Thus, for example, the name of one municipality, depending on the data source, was 8 

presented in the following forms: 9 

 CZER. 10 

 Czerwionka-Leszczyny. 11 

 CZERWIONKA LESZCZYNY. 12 

Accordingly, relevant dictionaries were created to standardize the naming of municipalities 13 

and the numbering of individual lines. Procedures were developed to emerge headings 14 

describing individual data. Thus, individual data are described with the following headings. 15 

 Type of data. 16 

o Plan. 17 

o Execution. 18 

 Affiliation. 19 

o Other. 20 

o Municipalities GZM. 21 

o Foreign municipalities. 22 

o Airport. 23 

o GZM. 24 

 Operator type. 25 

o PKM. 26 

o PRYW. 27 

o TROLLEYBUS. 28 

o TRAM. 29 

 Line_Type. 30 

o A – Bus. 31 

o TR – Trolleybus. 32 

o T – Tram. 33 

 Municipality (name of Municipality). 34 

 Number of line. 35 

 Opreator (name of Operator). 36 
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All data after the process was aggregated into one standardized dataset. On the basis of the 1 

obtained data, a model was developed for the analysis and presentation of the acquired data. 2 

This model received approval and was made available to the heads and treasurers of each 3 

municipality. A sample table and charts are shown in Figure 7 and 8. 4 

 5 

Figure 7. Example of the result table for bus fleet settlements.  6 

Source: own study. 7 
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 1 

Figure 8. Example of the charts presenting bus fleet settlement.  2 

Source: own study. 3 

The scope of this paper is limited to the first stage of the work, which was the collection 4 

and processing of data. The problems of building a model for data processing and analysis will 5 

be presented by the author within the framework of the next article in this series. 6 
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