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Abstract

Research background:An efficient and effectively functioning transpast a city is of
great importance both for people who reside withias well as companies doing business
there. It is an integral part of modern economy sodety in the dimension of production
and consumption. However, apart from having a p@simpact, transport also carries many
social costs including congestion, traffic accideahd a negative influence on the natural
environment. Consequently, urban transport is areasingly important area of city man-
agement.

Purpose of the article:The aim of this study is to assess the technolbgffectiveness of
transport in selected Polish cities. The authoate a ranking of cities and identified ways
of improve efficiency.

Methods: The test procedure used the non-parametric methbeta Envelopment Analy-
sis (DEA). The data for analysis was drawn fromltbeal Data Bank of the Central Statis-
tical Office defining expenses in the transportiiesacas well as data on the condition and
use of transport infrastructure. Calculations waale using Frontier Analyst Application
software dedicated to the DEA method. Performaaselts were determined using the BCC
model. The analysis was con-ducted for 18 citie istrict status from 150 to 500 thou-
sands inhabitants.

Findings & Value added: The main result is the author’s ranking of transgdfiectiveness

in Polish cities. The analysis showed that urbandport is characterized by a rather low
technological effectiveness. Full technologicalicéhcy has been shown by five cities:
Biatystok, Sosonowiec, Bielsko-Biata, Olsztyn andeBzOw. An average of the urban


https://crossmark.crossref.org/dialog/?doi=10.24136/eq.2018.008&domain=pdf
https://doi.org/10.24136/eq.2018.008

Equilibrium. Quarterly Journal of Economics and Bomnic Policy 13(1), 141-157

transport efficiency reached 51.1%. The lowestatiffeness was only 2.77%. This means
that a substantial number of cities do not usenmgdtinputs. The DEA method enriches the
methodology used by scientists to study transgtetiveness.

Introduction

Urban transport has become an significant domatitpimanagement due
to the pressure of spatial mobility residents (Rdgmsterdam, 2016). On
the other hand, transport contributes to extensiagal damage through
congestion, traffic accidents, noise, air pollutemd climate change. Ac-
cording to data presented by the European Commistits situation, over
the next few decades, may become significantly &émsmany European
cities. Forecasts show that the intensity of freighnsport in cities will
increase by 40% by 2030 and rise by over 80% b¥) 2@%en compared to
2005. At the same time, it is expected that passetrgnsport will also
increase by approximately 34% by 2030 and by ntowa 50% by 2050 (in
comparison to 2005) (White Paper, 2011). Theseeptigns indicate
a need for cities to act in relation to this fieldrequires changes in city
management, which will make public transport onéofunctional areas.
Many European cities do not possess extensive iexper and knowledge
in integrating urban transport into the city’s sgc goals and activities
connected to their realization. One of the thinggctv the European Union
requires of its member countries is the need teldgva sustainable mobil-
ity strategy, including both passenger and fretgiaisport (Hajduk, 2016,
pp. 67—74). Unfortunately many cities, in theirndaand activities regard-
ing the field of transport, included only thosekkaghat relate to the move-
ment of people, often without consideration forighe (Ministry of Infra-
structure and Development, 2015).

City management concerning the field of urban fpans could be
viewed as management which is directed both tartside (city hall man-
agement) and to the outside (city management dsoée)(Nowordl, 2011,
pp. 25-41). On the one hand, it involves the idieation within the organ-
izational structure of city hall, of those respduesifor the coordination of
the flow of people and goods (Hajduk, 2015). Itdmees their task to for-
mulate long-term goals in this area. On the ottaardhit is the municipal
government, in cooperation with other stakeholdedduding residents,
forwarders, recipients, transport companies andigtiansport operators,
who should emerge as the initiator of actions whaain to improve the
flow of people and goods in the city. Nevertheldsis the municipal gov-
ernment who should become the coordinator andatoitiof all activities
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meaning to improve urban transport, for exampleinbiuding it into some
area of city management.

While looking at city management connected to tieddfof urban
transport, three dimensions must be considereategic, tactical and oper-
ational. The strategic perspective concerns thegmtion of urban
transport goals into the city’s long-term plans.vBlepment of logistical
strategy of the city which accounts for passenger faeight transport, as
well as ICT systems, should become a standardipeadthe tactical level
involves planning and implementation of actionstliwe short-term and
should relate to every kind of transport individyal'he operational aspect
relates to the realization of concrete projectthanfield of urban transport.
The thematic scope of those projects should be atibie with targets,
formulated at the strategic and tactical levels aodnected to urban
transport.

The assumptions of sustainable development edtablis the 1990’'s
have become a priority in the transport policyla European Union. The
need to change trends in transport is also visibtae Europe 2020 Strate-
gy and documents resulting from this strategy (Ream Commission,
2010). Reducing the use of natural resources ®mptirposes of transport
has become a priority within the transport poli€yr@any countries (Minis-
try of Transport, Construction and Marine Econo@2y13).

In modern cities it is necessary to implement messwhich aim to re-
duce private transport and replace it with pubiamsport. Mobility is es-
sential to maintain a high quality of life and caetipon within a society.
Collective public transport should promote sustaliaaransport. It is nec-
essary to use environmentally friendly means ofdpart, such as rail
(tram, train), or electric vehicles, as well assthaising the waterways and
alternative fuels. Cycling and walking should be@mraged. At the same
time, cities should develop car-pooling and carisigesystems. Local gov-
ernment should use solutions which reduce thectittemess of cars by
limiting allowable parking time, raising rates fparking, implementing
fees for driving into the city center and initidkes creation of eco-zones. It
is also necessary to organize multimodal transfactjons, provide easy
access to bus stops, designate bus lanes, integridfte and schedules, and
construct park&ride, as well as bike&ride systeribere should be an
increase in the use of intelligent transport systerithin the fields of traf-
fic management and travel. The following tasks sigmificant to achieve
the goals stated above: (i) improvement of roadtgadnd the safety of its
participants; (ii) traffic monitoring; (iii) monitdng of vehicle speed; (iv)
introduction of information services for traveleiStudies conducted in
large cities have shown that ITS systems reducerekfures for transport
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infrastructure by 30-35% and increase traffic capdxy up to 20% (Euro-
pean Commission, 2013). Investment into road imgnoents should main-
ly focus on the removal of excessive transit tealffy constructing bypasses
and short connecting roads linking cities with &argtional arteries.

The aim of this article is to examine, through tise of Data Envelop-
ment Analysis, the transport effectiveness of olities. This method
requires the definition of variables representimguts on the one side and
outputs on the other. The study used informatiomfthe Local Data Bank
of the Central Statistical Office of Poland, defigiexpenses within the
transport department (expenditures) and data orcdaheition and use of
transport infrastructure (effects). The analysis wanducted for 18 cities
with poviat status, meaning those having from 16800 thousand inhabit-
ants. The territorial units were then compared, amenking of the effec-
tiveness of urban transport was prepared.

The elaboration consists of two parts: theoretical empirical. General
conditions of the DEA method were based on theystfditerature. The
main source of material which has been used irathiele were scientific
books of domestic and foreign authors as well asn@ papers. The pa-
per’'s empirical section dealt with efficiency assaent of urban transport.
Source data comes from the Local Data Bank of #eti@l Statistical Of-
fice and refers to the year 2015. The researchlezoh to a better under-
standing transport in selected cities of Poland.

Literature review

In recent years, many institutions have createt sthdevelopment rank-
ings of countries, regions and industries (Balde&#ietrzak, 2017). The-
se mainly concern economic performance, investraginhctiveness, the
level of innovation and research potential (Pidtreaal, 2017; Cheba &
Szopik-Depczyska, 2017). Assessment is made on the basis ofsimaff
variables both quantitative and qualitative in elager, which in turn allows
the ranking of the units surveyed in terms of reses and achieved results.
It may be interesting to create a ranking of citreerms of effectiveness.
The simplest definition of efficiency describesdt the ratio of achieved
effects to incurred expenses and, according tetineiple of rational man-
agement, the greater the effect per unit of expgeralthe higher the effec-
tiveness. Nowadays, high competition requires aremse in effectiveness,
and this poses a challenge. Economists understéectieeness as a lack
of stoppage time and unnecessary waste generatitwe icompany. Effec-
tive enterprises are located at the lowest possitdt curve, which means

144



Equilibrium. Quarterly Journal of Economics and Bomnic Policy 13(1), 141-157

that they achieve results in the cheapest way lplesskffectiveness is
a measure of rationality of business operationscanderns the company’s
ability to improve its market position and finarigieerformance. Effective-
ness studies relate mainly to the analysis of ffects of determined ex-
penditures to achieve intended effects. If bothekgenditures and effects
can be expressed in measurable units, then itgsilge to develop a per-
formance indicator that allows for comparisons vétpredetermined base
level, plan or effectiveness of other units. Thattkshat, it is possible to
identify areas which require improvement, to defioarses of action or to
monitor progress. Effectiveness can also be exaimiseng the economic,
the allocation or the pricing approach.

Assessment of effectiveness allows for the deteatian of the course
through which the transformation of effort into tbbtained results oc-
curred. Researchers commonly use methods of eféerss assessment
based on the following three approaches:

— The indicative approach involves constructing atieh regardless of
size. It uses profitability indicators rememberihgt it is important to
correctly estimate adopted measures and interpeetdlculated indica-
tor properly. This is done by comparing the obtdimesults with ac-
cepted reference points. These may be indicatoishwimve been es-
tablished in previous years as well as industmyational averages.

— The parametric approach is based on a known funatfgproduction,
defining the relationship between inputs and owplihe parameters of
this function are determined using the classicst@sled in econometric
estimation such as Stochastic Frontier Approact\jJSFhick Frontier
Approach (TFA), Distribution Free Approach (DFA) Brontier Pro-
duction Function (FPF).

— The non-parametric approach uses the proceduieeairIprogramming.
It does not take into account the random factogatfbnd the relation-
ships between inputs and outputs. The basic metinctisle Data En-
velopment Analysis (DEA) and Free Disposal Hull HD
The Data Envelopment Analysis method was initighesented by

Charnes, Cooper and Rhodes in 1978. These reseafohased their as-

sumptions on the concept of productivity formulabydDebreu and Firrelle

and understood as the quotient of a single resdltaasingle effort (Guzik,

2009, pp. 55-75). The DEA method was used in $itngatin which there is

more than one effect and more than one effort. gJBimear programming

to estimate efficiency measures, they created fiveirmodel called CCR
with constant return-to-scale in which they accéptee assumption that
scale effects are constant. In time, both the nuetlogy and its application
become more widely used. In 1984, Banker, CharndsCooper proposed
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a model which they called BCC with a variable retto-scale. These mod-
els are used to study company efficiency.

The DEA method focuses on studying the dependeeivecien the level
of multiple inputs and outputs. The technologidéicency score is calcu-
lated without knowing the initial weights. DEA calations are based on
seeking weights that maximize the efficiency ofleabject. Finally, the
DEA method allows the determination of the limitingrve of effective-
ness. If objects are on the curve, then they ansidered to be efficient.
Otherwise, they are seen as inefficient (Guiller&oyincent, 2016, pp.
328-350). An object’s effectiveness is measuraglmtion to other objects
being studied. Analysis units of the DEA are calltision Making Units
(DMU). The subject of analysis, on the other hasdhe productivity with
which DMU'’s transform inputs into outputs. The maasof efficiency is
the relation between the productivity of a givenegband its maximum
productivity or that which can be achieved undeec#j: technological
conditions.

The DEA method is used to measure the technologitettiveness of
non-profit institutions, business enterprises (KWodka, 2014, pp. 305—
317) and public institutions. It has been employsdpng other things, to
assess the effectiveness of public institutionsh sag hospitals, libraries,
universities (Nazarkeet al, 2008, pp. 89-105), schools (Chodakowska,
2015, pp. 112-125), state forests national forektilg and banks (Balcer-
zak et al, 2017). This method can also be utilized to eatl@nd create
rankings of cities, regions and countries. It ipessally recommended
where it is impossible to appoint a functional tiela between inputs and
outputs, and ascertaining their weights is impdesibDEA studies conduct-
ed in recent years are presented in Table 1.

DEA models can be used to determine effectiverimgsalso, at times,
for setting benchmarks, benefits of scale, ranldbgects, as well as for
figuring out ways to improve the efficiency andusture of optimal tech-
nologies for inefficient objects. An important adiage of the DEA meth-
od is its non-parametric character, allowing ite usthout the knowledge
of functional dependencies between outputs andsnpunother advantage
of this method is the possibility of using data mgsed in different units of
measure for both inputs and outputs. In relationatdables, the configura-
tion of the DEA model is therefore characterizedhimh flexibility, which
significantly affects the range of applicationswhich the method can be
used (Sarkar, 2016, pp. 740-751). Environmentahbbas which influence
DMU’s effects or inputs, and which are not congdllby the object can
also be introduced as part of the analysis. Thasables reflect geograph-
ical, legal or economic conditions. The DEA mettadgb has some limita-
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tions, including: high sensitivity to erroneous aatnd variables which
differ significantly from others, sensitivity to ahges to the number of test
items or the need for appropriate balance betwhemumber of objects
and the number of variables.

A decision to make use of the DEA method involvesrshing for
weights that maximize the efficiency of individuahits, and efficiency
expressed as the score of the weighted sum ofutputs to the weighted
sum of inputs:

e :Zr=1yrlr (1)

=1 XA

where:

X; — amount of input i utilised by DMU;
y, — amount of output r utilised by DMU;
A — weight for input variables of DMU;
A, — weight for output variables of DMU;
m — number of input variables;

s — number of output variables;

0 — efficiency score for DMU.

Two criteria are used simultaneously in the clasasiion of DEA mod-
els: (I) model orientation and (ll) the type of lecaffects. The first criteri-
on indicates whether inputs efficiency (in ordemtmimize inputs to pro-
duce the same outputs) or the outputs efficieneycatculated (in order to
maximize outputs given the current inputs). Theosd criterion defines
which assumptions concerning scale effects haven lz@eepted in the
model: variable return-to-scale (VRS), constantireto-scale (CRS) or
non-growing return-to-scale (NIRS). The numberrgfut and output vari-
ables in the DEA model depends on the number dsideecmaking units.
The sum of inputs and outputs should not signifiyaexceed the number
of units surveyed (Karlafis, 2004, pp. 354-364)ohder to obtain reliable
results, it is recommended to maintain a certajpeddence between sam-
ple size (n) input variables (contributions — myahe outputs variables
(results — s), such as (Sarrico, 2007, pp. 140831140

n>{mxs;3 x (m +s)}. 2
DEA is a method which is well-known worldwide, aisdoften used to
solve problems related to the analysis of effectdgs. This is supported by

a very rich bibliography available through manyeign studies, connected
to this method (Liwet al., 2013, pp. 3-15). In Poland, this method has been
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mainly used to analyze the effectiveness of fir@nend educational insti-
tutions. This is the reason this study attemptsige the DEA method to
investigate urban transport effectiveness.

Research methodology

The research focuses on the technological effastis® of urban transport.
The study uses the BCC model. The research comditiisee steps which
include: selection, evaluation and analysis. Theystvas conducted using
the procedure presented in Figure 1.

Source data comes from the Local Data Bank of theti@l Statistical
Office and refers to the year 2015. The selectiomaniables in the model
was carried out based on the analysis of literaume: was determined by
the limited scope of the statistics given concegriity sections (Diaz, &
Charles, 2016, pp. 328-350; dvicki et al, 2017, pp. 9-15). The sample
for analysis includes 18 cities with poviat staftsn 150 to 500 thousands
inhabitants. The calculation has been made usiogtier Analyst Applica-
tion software dedicated to the DEA method.

The main objective of this study is to assessébbhriological efficiency
of transport in selected Polish cities. Detailedlgaonclude: (I) to create a
ranking of the efficiency of urban transport; (Itp identify city-
benchmarks; (lll) to analyze classes of efficien@y) to determine the
relation between the efficiency score and transpapenditures; (V) to
identify areas for improvement in inefficient c&ien relation to bench-
marks.

Prior to initiating the study, an assessment wademahether all the
variables included in the expenditures are chamaetd by sufficiently high
volatility. Coefficients of variation were calcuéat for each feature (V). It
was found that all variables were characterizetiigi volatility and there-
fore could carry important information about theepbmena being exam-
ined. Table 2 presents the basic descriptive statifor analyzed variables.
In order to determine the technological effectivenfor the transport cross-
section of cities with poviat status the followingriables were isolated,
which included three effects:

Y — the length of gmina and poviat hard surface sgaer 10 thousand
residents [kilometers/10000 residents];

Y, — the length of bus-line per 10 thousand squal@miaters [kilome-
ters/10000 square kilometers];

Y 3 — the length of bicycle paths per 10 thousand regkidometers [kilome-
ters/10000 square kilometers].
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Adopted set of inputs included one variable:

X — expenditure of poviats budgets in the transpedtion [PLN per capi-
ta].

The variables used in the model and expressedpenditures were al-
so checked with respect to the existence and teegth of their correlation
with the effects. The highest correlation was shtatween the length of
bicycle paths (%) and the expenditures for transport (X).

Results and discussion

The technological efficiency results, shown in F&2, were determined
using the BCC model. The initial step of the studys to create a ranking
of urban transport efficiency and to identify ciignchmarks. Units which
are considered to be fully efficient achieved dadaof 100%. A ranking of
objects in order of efficiency from the highesthe lowest can show which
cities are inefficient, and which can be classitsdeaders. Five cities have
been established as benchmarks: Biatystok, SosnpBielsko-Biata, Ol-
sztyn, Rzeszéw. Eight cities did not reach the 30eéshold of efficiency.
This class included Zabrze, Bytom, Kielce, Gdylaestochowa, Gaak,
Radom and Gliwice which had the lowest level oficeghcy at 2.77%.
Cities which were considered in the study have deimated an average
technological efficiency of 51.11%, with standaré@vidtion reaching
36.97%.

Analysis of classes of efficiency was the next siéjhin the research
process. Efficient cities made up the most numerdass. These bench-
marks consisted of five objects considered witlia study. There were
two cities with efficiency between 70-99.99% andhgicities whose effi-
ciency rating below 30%. Figure 3 presents the ramdf cities in each
efficiency class.

The next step of research concerned the examinatitre relationship
between the efficiency score and transport experedit An increase in
transport expenditures reduced the efficiency scbine correlation coeffi-
cient between the efficiency score and transpgreeditures was -0,37928.
Cities displaying full efficiency allocate anywhdrem PLN 21.26 to PLN
902.24 per 1 inhabitant for transport. In contrésg, city with the lowest
efficiency spends as much as PLN 2110.04 per lbitdrd. The results of
these considerations are shown in Figure 4.

Designated lambda values show how the level ofn@cigy in ineffec-
tive cities should be adjusted for them to becoffectve. The last step of
the study was to determine the ways in which ingffit cities could im-
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prove in relation to benchmarks. For instance, &aozs level of technolo-
gy should be equal to the sum of technologies )fBjelsko-Biata multi-
plied by 13.1, (2) Sosnowiec multiplied by 59.7 48) Olsztyn multiplied
by 27.2. The same interpretation applies to othefficient cities of Kato-
wice, Toruh, Lublin, Bydgoszcz, Zabrze, Bytom, Kielce, GdyniZzesto-

chowa, Gdask, Radom, Gliwice. Lambda values for inefficieittes pre-

sented in Table 3.

Conclusions

The DEA method enriches the methodology used bgnsisis to study
urban transport efficiency. In comparison to pamimenethods, it presents
many advantages. It makes the determination ofittigs effectiveness in
the presence of many inputs and outputs possiltltheAsame time, it does
not require knowledge of functionality between Hagiables. Additionally,
it allows the expression of inputs and outputsiffecent units.

Measuring of efficiency is a complex and multivégiprocess. The use
of the BCC model within this publication as a metha assessing effec-
tiveness enables the isolation of technologicaffgative and ineffective
transport in cities. The ranking of cities prepawpon this foundation can
be questionable and its application to analyzerotagables could perhaps
yield different results. However, this ranking Hzeen based on a model
having particular specification and should be &dads a stimulus for fur-
ther analysis in order to better understand oaogiphenomena, for instant
the use of other types and combinations of inpdtartput signals.

The article presents the evaluation of urban transgfficiency on the
basis of one input (transport expenditures) aneetlmutputs (the length of
urban roads, the length of bus-lines, the lengthiofcle paths). The study
shows that full efficiency occurred in 27.8% of tsniThe average urban
transport efficiency was 51.1% in the BCC model tredlowest efficiency
was only 2.77. This means that substantial partsties do not use optimal
inputs. The analysis shows that urban transportoofsidered cities was
characterized by a rather low technological effertiess. Although the
method involved a number of simplifications thesgults provide a general
overview of the level of efficiency of the unitsrgeyed, and can be a start-
ing point for more detailed analysis of the effiaig of individual units. An
important advantage of measuring effectivenessgutire method is the
identification of potential improvements which ifiefent units may im-
plement and objects which they could imitate.
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The results of testing the technological effectassnof urban transport
in selected Polish cities are only preliminary. Bbedy does not allow for
the analysis of a very large number of inputs amghuats when the sample
consists of only 18 units. Further analyses shoalké into account varia-
bles other than those proposed in this study. Whidacilitate the compar-
ison of rankings of cities which have been obtaingidg different models.
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Annex

Table 1.DEA studies conducted in recent years

Category Topic Studies
Theoretical Model improvement Cwigkata-Matys & Nowak (2009); Bartoszewicz, &
Lelusz, (2016)
Empirical Logistics Winicki et al., 2017; Motevali Haghighet al. (2016);
Azadehet al. (2016); Wiegmans, & Dekker (2016)
Industry Koztowska (2014); Kluczek (2017)
Education Jill (2006); Nazarket al. (2008); Chodakowska (2015);
Brzezicki (2016); Ramzi et al. (2016)
Agriculture Coelli & Prasada Rao( 2005); Jiatgl. (2016)
Health-care Hollingsworth (2008); Retzlaff-Robarsal. (2004)

Table 2. Variables available for analysis

X Y1 Y2 Ys
x 485.27 15.24 353.71 5214.89
Sx 486.47 4.08 509.45 2768.16
\Y 100.25 26.77 144.03 53.08
Max 2110.00 29.79 1511.40 10770.90
Gliwice Bielsko-Biata Olsztyn Biatystok
Min 21.26 10.19 0.00 2088.19
Sosnowiec Bytom Bielsko-Biata Bielsko-Biata
Bytom
Zabrze
Sosnhowiec

Source: author’s elaboration on the basis of Hittgil:stat.gov.pl/BDL/dane/podgrup/temat

(07.12.2016).

Table 3.Lambda values for inefficient cities

DMU Biatystok Sosnowiec  Bielsko-Biala  Olsztyn Rzeéw
Szczecin 0.0 59.7 13.1 27.2 0.0
Katowice 0.0 65.5 10.2 24.3 0.0

Torun 68.1 0.0 27.3 0.0 4.6

Lublin 31.0 0.0 3.0 66.0 0.0

Bydgoszcz 0.0 59.3 0.0 40.7 0.0

Zabrze 0.0 94.9 0.0 5.1 0.0

Bytom 0.0 67.3 0.0 32.7 0.0

Kielce 0.0 5.7 2.3 92.0 0.0

Gdynia 0.0 66.9 0.0 33.1 0.0

Czstochowa 0.0 48.2 20.3 315 0.0

Gdaisk 0.0 28.6 1.8 69.9 0.0

Radom 0.0 75.2 0.0 24.8 0.0

Gliwice 0.0 7.7 20.9 1.5 0.0




Figure 1. The scope of the research process
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Figure 4. The efficiency score and transport expenditurestias
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Abbreviation: BB Bielsko-Biata; BD Bydgoszcz; BL &ystok; BT Bytom; CZ Cgtochowa; GDK
Gdaisk; GDN Gdynia; GL Gliwice; KL Kielce; KT Katowice;B Lublin; OL Olsztyn; RD Radom; RZ
Rzeszéw; SS Sosnowiec; S Szczecin; TR B Zabrze.





