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Summary. The definition and perceiving the transport accessibility are diversified in 
literature. The objective of this article is to introduce some ways of expressing accessibility of 
public transport in cities and to show the results of estimation of few indicators which 
describe spatial accessibility of public transport in chosen cities in Poland. The indicators 
presented can be used to evaluate present and planned public transport systems. Among 
cities which were chosen to be examined are 3 big cities in which bus and tram transport are 
functioning, 4 smaller cities where only bus transport exists and one city where passengers 
can travel by buses or by trolleybuses. The attempt of assessment of cities has been made 
by using collected results of indicators, taking the advantage of one form of linear ordering 
methods which is the standardized sums values method. 

TRANSPORT ACCESSIBILITY  

Idea of accessibility is lately very often presented in the literature and publications concerned 
with transport in cities and regions. The term of accessibility is also pointed out in norm of 
services quality in the collective public transport. The norm includes 8 categories of criterions 
of services quality in the public transport. First two categories describing in general an offer 
of public transport, refer to the accessibility. Those are:  

- spatial-temporal accessibility – meant as an area where the service is provided, 
referred to geography, time, frequency and mean of transport, 

- functional accessibility – meant as an access to the system, including connection to 
other transport systems. 
Taking under consideration significance of the problem, project COST: „Accessibility 
Instruments for Planning Practice in Europe”  has been launched in Europe. Works on 
instruments and indicators of accessibility which can provide essentials of understanding of 
mutual relations between use of space and mobility are undertaken in the framework of this 
project. Comprehension of those relations may benefit for works on spatial planning of cities 
and suburbs.   
Measurement’ results of transport accessibility of public transport network in the respect of 
expectations of  competitiveness of this transport towards individual car transport are 
especially interesting.   
 
TRANSPORT ACCESSIBILITY INDICATORS FOR URBAN PUBLIC TRANSPORT  
 
Spatial and demographic accessibility indicators for public transport linear 
infrastructure 
 
Indicators which may be of importance for estimation of transport system accessibility are:  
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- geographical density of public transport network (GK
p), which defines length of roads 

where the public transport operates, on the area of 1 km2 of  city surface, which is 
enumerated after the formula (1): 
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(1)
                                                                                               

for:  K - length of roads where the public transport operates [km], 
 a - city surface [km2]. 
 
 

- demographic density of public transport network (GK
p), which defines length of roads 

where the public transport operates per 10 000 inhabitants,  enumerated after the 
formula (2): 
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for: K – as before.  
          b – the number of inhabitants. 
 

- average density of the public transport network (GK
pd), which defines length of roads 

where the public transport operates, referring to the size of the area as well as to the 
population, which is enumerated after the formula (3): 
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Spatial and demographic accessibility indicators for public transport punctual 
infrastructure 
 
Indicators which describe spatial accessibility for public transport punctual infrastructure are:  
- geographical density of stops GJ

p which defines number of stops in the area of 100 km2, 

enumerated after the formula (4): 

                                                  
[ ]2stops/km    

a
JGJ

p =
                                                       

(4) 

for:  J - number of stops  
 a - city surface [km2]. 

 
- demographic density of the stops network GJ

d, which defines number of stops per 10 000 
inhabitants, enumerated after the formula (5): 
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b
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d =
                                     

(5)
  
 

 for:  J – as before, 
 b- number of inhabitants. 
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- average density of stops – to calculate this indicator both: size of the area as well as 
population  is used, and those values are related to number of stops, enumerated after 
the formula (6). 
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To define spatial accessibility for punctual infrastructure there are also used indicators which 
describe size of average surface of the area per each public transport stop located in the 
transport network of this area.   

• area of gravity transport points OC: 

                                              
/stop][km            2

J
aOC =

                                            
(7) 
   gdzie: a – city surface,  
             J – number of stops. 

• maximum access radius rm: 

                                   
[km]            

π
c

m
Or =

                                                             
(8) 

 

• average distance of access rs
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RESULTS OF RESEARCHES IN CITIES 
  
Presented results are based on the data collected in few Polish cities for several years. These 
cities differed with sizes, with the number of inhabitants and with the surface within 
administrative of  the city (table 1).  Among cities which were chosen to be examined are 3 
big cities in which bus and tram transport are functioning, 4 smaller cities where only bus 
transport exists and one city where passengers can travel by buses or by trolleybuses (table 
2). 
 

Table 1 
The characterization of the examined  cities 
 

City 
surface 

Length 
of 

roads 
City 

  

[km2] 

Number 
of 

inhabitans
  

[km] 
Ostrow 
Wlkp. 42,39 73 278 220 

Gniezno 40,89 70 217 189 
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Tarnow 72,38 117 560 348 
Piotrkow 

Tryb. 67,24 77 810 223 
Lublin 147,5 355 998 511 

Szczecin 300,83 411 900 784 
Lodz 294,39 779 129 1 069 

Krakow 326,8 754 624 1 061 
Source: The own elaboration on the ground GUS database.  

Table 2 

The characterization of the length of  bus- and tram- (trolley-)  networks  and  stops  in 
examined cities 

Lenght of network Number of stops 

City Bus 
network 

Tram or 
trolley 

network 
Together Bus 

stops 

Tram or 
trolley 
stops 

In 
general

  [km] [km] [km]       
Ostrow 
Wlkp. 104 - 104 152 - 152 

Gniezno 68,5 - 68,5 107 - 107 
Tarnow 67,2 - 67,2 172 - 172 

Piotrkow 
Tryb. 53 - 53 130 - 130 
Lublin 262,7 28,5* 291,2 326 56* 382 

Szczecin 285,8 53,2 339 342 94 436 
Lodz 428,8 123,1 551,9 573 224 797 

Krakow 500 84,8 584,8 668 144 812 
Source: The own elaboration 
 
 
Indicators of spatial and demographic accessibility for public transport punctual infrastructure 
have been presented in the table 3. Standards of urban public transport services 
recommended for Polish conditions determine indicators of geographical density of public 
transport network average around 2-2,5 km/km2, and for the big city  centre – up to 
3,5 km/km2.  
 
Measurements  bring us to the conclusions that indicator of geographical density is lower 
then recommended. For the bus network of Ostrow Wielkopolski indicator exceeds 2 because 
bus’ lines basically do not coincide with one another and drive by different routes. 
Nevertheless one can see that density indicators in big cities are close the value of 2, where 
non-bus transport service is provided additionally.  
 
This is only in Szczecin, where regardless the operating of tram network, the indicator 
remains low. The reason of this situation is the fact that there is relatively short length of 
roads on the wide surface of the city with considerable area of woodland and nature 
reserves.  
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Indicators of geographical density in analized cities show that there are around 6 kilometers 
of bus lines per 10 thousand inhabitants. Rather intense interrelation between indicators of 
geographical density and demographical is noticed.  

 
When analyzing results of average density indicator in the examined cities (except of Ostrow 
Wielkopolski) we see that they are of similar value between 2,3-4,0. So that we can say that 
level of the accessibility of linear infrastructure of the urban transport system in those cities 
is similar.  
 

Table 3 

Spatial and demographic accessibility indicators for public transport linear infrastructure 

Geographical 
density 

Demographic 
density Average density 

GK
p GK

d GK
pd 

City 
[km/km2] [km/10000 

inhabitants] 
 

Bus system 
Ostrow 
Wlkp. 2,45 14,19 5,90 

Gniezno 1,68 9,76 4,04 
Tarnow 0,93 5,72 2,30 

Piotrkow 
Tryb. 0,79 6,81 2,32 

Lublin 1,78 7,38 3,63 
Szczecin 0,95 6,94 2,57 

Lodz 1,46 5,50 2,83 
Krakow 1,53 6,63 3,18 

Tram or trolley* system 
Lublin 0,19 0,80* 0,39 

Szczecin 0,18 1,29 0,48 
Lodz 0,42 1,58 0,81 

Krakow 0,26 1,12 0,54 
Bus, tram and trolley* system together 

Lublin 1,97 8,18* 4,02 
Szczecin 1,13 8,23 3,05 

Lodz 1,87 7,08 3,64 
Krakow 1,79 7,75 3,72 

Source: Wybrane wyniki badań systemow miejskiego transportu zbiorowego,  Red. 
W.Starowicz, Zeszyty Naukowo-Techniczne SITK,  Krakow 2010, nr 155. 
 
Indicators of the punctual infrastructure accessibility presented in the table 4 relate to 
number of stops and present possibilities of access to the journey start point as well as the 
access to the final destination when the journey by public transport is terminated. The more 
stops is located on the transport network, the shortest walks passengers have to make to 

]
kancow10000miesz*km

km[
2
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and from the stop. 
Number of bus stops per 1 km2 of the city surface (geographical density of stops) run from 
1,93 stops/km2 in  Piotrkow Trybunalski to 3,59 stops/km2 in Ostrow Wielkopolski. Only in 
Szczecin number of stops per  1 km2 is lower then in other cities, but one has to remember 
that significant part of this city surface is covered by green areas where public transport 
infrastructure does not have to be developed. The indicator of stops density 2,5 – 2,7 
stops/km2 is characterized in cities providing not only bus public transport system (except for 
Szczecin). 
Number of stops per 10 thousand inhabitants is the largest in cities with the small population 
(Ostrow, Gniezno, Tarnow), where there is from 15 to 21 stops per 10 thousand inhabitants. 
In the other cities there are around 10 stops per 10 thousand inhabitants.  

Table 4 

Spatial and demographic accessibility indicators for public transport punctual infrastructure 
Geographical 

density 
Demographic 

density Average density 

GJ
p GJ

d GJ
pd 

Miasto 
[stops/km2] [stops/10000 

inhabitants] 
 

Bus system 
Ostrow 
Wlkp. 3,59 20,74 8,62 

Gniezno 2,62 15,24 6,31 
Tarnow 2,38 14,63 5,90 

Piotrkow 
Tryb. 1,93 16,71 5,68 

Lublin 2,21 9,16 4,50 
Szczecin 1,14 8,30 3,07 

Lodz 1,95 7,35 3,78 
Krakow 2,04 8,85 4,25 

Tram or trolley* system 
Lublin 0,38 1,57* 0,77 

Szczecin 0,31 2,28 0,84 
Lodz 0,76 2,88 1,48 

Krakow 0,44 1,91 0,92 
Bus, tram and trolley* system together 

Lublin 2,59 10,73* 5,27 
Szczecin 1,45 10,59 3,92 

Lodz 2,71 10,23 5,26 
Krakow 2,48 10,76 5,17 

Source:Wybrane wyniki badań systemow miejskiego transportu zbiorowego,  Red. 
W.Starowicz, Zeszyty Naukowo-Techniczne SITK,  Krakow 2010, nr 155. 
 
To describe spatial accessibility of punctual infrastructure there are also used indicators 
which  express average size of the area per single public transport stop, located in the 
transport network at this area. In the table 5 those indicators for examined cities are 
presented. 

]
kancow10000miesz*km

przystanki[
2
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Table 5 

Indicators of spatial accessibility for punctual infrastructure 

City Bus system 
Tram or 
trolley* 
system 

Bus, tram and 
trolley* 
system 

together 

area of gravity transport points Oc [km2/stop] 
Ostrow 
Wlkp. 0,28 nd 0,28 

Gniezno 0,38 nd 0,38 

Tarnow 0,42 nd 0,42 

Piotrkow 
Tryb. 0,52 nd 0,52 

Lublin 0,45 2,63* 0,39 
Szczecin 0,88 3,20 0,69 

Lodz 0,51 1,31 0,37 
Krakow 0,49 2,27 0,40 

maximum access radius rm [km] 

Ostrow 
Wlkp. 0,30 nd 0,30 

Gniezno 0,35 nd 0,35 
Tarnow 0,37 nd 0,37 

Piotrkow 
Tryb. 0,41 nd 0,41 

Lublin 0,38 0,92* 0,35 
Szczecin 0,53 1,01 0,47 

Lodz 0,40 0,65 0,34 
Krakow 0,39 0,85 0,36 

average distance of access rs [km] 

Ostrow 
Wlkp. 0,20 nd 0,20 

Gniezno 0,23 nd 0,23 
Tarnow 0,24 nd 0,24 

Piotrkow 
Tryb. 0,27 nd 0,27 

Lublin 0,25 0,61* 0,23 
Szczecin 0,35 0,67 0,31 

Lodz 0,27 0,43 0,23 

Krakow 0,26 0,57 0,24 
Source: Wybrane wyniki badań systemów miejskiego transportu zbiorowego,  Red. 
W.Starowicz, Zeszyty Naukowo-Techniczne SITK,  Kraków 2010, nr 155. 
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Standards of urban public transport services recommended for Polish conditions set average 
access to the stop in the central area should be situated up to 300 meters in the area of high 
buildings and up to 800 meters in the low building area.    

 
From the calculations measured for the selected cities average distance of walking route to 
the stop is rather short and fits to standards. The area of gravity bus transport point in the 
administration boundary area of most examined cities does not exceed 0,52 km2. The only 
type of spatial development in Szczecin makes gravity point is definitely larger: 0,69 km2. 
Maximum radius of access to the public transport stops oscillates in different cities in the 
within bounds of 0,30 – 0,47. 
  

 
ESTIMATION OF EXAMINED CITIES IN TERMS OF TRANSPORT ACCESSIBILITY  
 
On the basis of realized researches and calculations we have made an attempt to estimate 
cities in terms of transport accessibility.  The evaluation has been made with use of 
taxonomic linear sorting method, in this case: standardized values sum method. 
 
In measurements we used values of all indicators calculated earlier, those which higher 
values decide on higher level of transport accessibility (stimulants) as well as those indicators 
which higher values refer to lower level of transport accessibility (antistimulants).  
 
Matrix of information concerning specific indicators for transport accessibility in cities may be 
noted  as:   
                                                                                     
(10) 
 
where: xij– means value of j indicator for i city,  
 n – number of cities,  
          m – number of indicators. 
 
Standardization of accessibility indicators is made with use of standard deviation and mean 
value as well as coefficient d: 
 

                                j

jij
ij S

xx
dX

−
=*

                                           (12) 

                                                           

gdzie: jx - average value of indicator Xj  

          Sj – standard deviation  Xj , 
         d – d is 1 for stimulant and – accordingly  -1 for antistimulant). 
 
In order to receive values exclusively not below zero, formal operation is applied i.e.  
minimum value module  is added to  each standardized indicator. 
 
                                                                                                          
(11)   
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Synthetic value of accessibility indicators for transport is in the form of: 
                                                                                                                   
(13) 
        
 
Where: wi  - significance (assumed wi = 1) for  i-city, 
            k – number of estimated indicators.  
 

In the table 6 presented are results defining the standardized values sum of accessibility 
indicators for transport.  

Table  6 

Results defining the standardized values sum of accessibility indicators for transport 
Standardized 
sum values 

No. City 
Zi 

1 Ostrow 
Wlkp. 37,32 

2 Gniezno 22,36 
3 Lublin 17,30 

4 Lodz 16,30 
5 Krakow 15,86 
6 Tarnow 13,01 

7 Piotrkow 
Tryb. 11,61 

8 Szczecin 4,48 
Source: The own elaboration 

 

One may notice that analized big cities of: Krakow, Lublin and Lodz are of similar level of 
accessibility. Among big cities Szczecin is the only one that is characterized by 
lower level of accessibility for transport. Among cities providing exclusively bus 
public transport, one can observe that cities significantly differ in terms of 
accessibility. Measurements show that among smaller cities, Ostrow Wielkopolski 
and Gniezno are characterized by the highest level of accessibility for transport. 
Tarnow and  Piotrkow Trybunalski are of lower accessibility, but on the 
comparable level. 

 
SUMMARY 
 
 Presented result of researches on accessibility indicators may be treated as a 
fragment of benchmarking of collective public transport systems in cities and shall be used 
for planning of transport network and spatial planning in cities development.  
 
Literature: 
 
1. COST Action TU1002 Accessibility Instruments for Planning Practice in Europe, Materiały 

konferencyjne, Oport, Portugal, 2011.  



24th ICTCT workshop  

 

SESSION II:  ISSUES  GETTING  INCREASING  IMPORTANCE                               10 

2. Grabiński T., Analiza taksonometryczna krajów Europy w ujęciu regionów, Kraków 2003.  
3. Grzywacz W., Infrastruktura transportu, WKiŁ, Warszawa, 1979.  
4. Komornicki i inni, Opracowanie metodologii liczenia wskaźnika międzygałęziowej 

dostępności transportowej terytorium Polski oraz jego oszacowanie, Warszawa 2008. 
5. Koźlak A., Ekonomika transportu. Teoria i praktyka gospodarcza, Wydawnictwo 

Uniwersytetu Gdańskiego, Gdańsk 2008, 
6. Krych A., Kaczkowski M., Słownik kompleksowych badań i modelowania potoków ruchu, 

Zeszyty Naukowo – Techniczne  SITK, Kraków  2010,  nr 153.  
7. Madeyski M., Lissowska E., Badania analityczne transportu samochodowego, WKiŁ, 

Warszawa 1982.  
8. Norma PN-EN-13816:2002 (U), „Transport – Logistyka i usługi – Publiczny transport 

pasażerski. 
9. Pawlicka Z., Przewozy pasażerskie, WKiŁ, Warszawa, 1978. 
10. Puławska S., Starowicz W., Wskaźniki dostępności transportu zbiorowego w miastach, 

Materiały konferencyjne, Nowoczesny Transport Publiczny w obszarach zurbanizowanych, 
SITK RP oddział w Poznaniu, Poznań, 2011. 

11. Rudnicki A., Jakość komunikacji miejskiej, Zeszyty Naukowo-Techniczne SITK, Seria 
Monografie, Kraków 1999, Nr 71. 

12. Spiekermann K., Neubauer J., European Assesibility and Peripherality: Concepts, Models 
and Indicators, Nordregio, Stockholm 2002. 

13. Sierpiński G., Miary dostępności transportowej miast i regionów, Zeszyty Naukowe 
Politechniki Śląskiej, seria Transport, Katowice 2010, z.66. 

14. Starowicz W., Jakość przewozów w miejskim transporcie zbiorowym, Wydawnictwo PK, 
Kraków, 2007. 

15. Starowicz W., Jakość usług w publicznym transporcie pasażerskim . Charakterystyka 
nowej polskiej normy, „Transport Miejski i Regionalny”, 2004, nr 10. 

16. Tarski I., Koordynacja transportu, PWE, Warszawa 1968. 
17. Wybrane wyniki badań systemów miejskiego transportu zbiorowego,  Red. W.Starowicz, 

Zeszyty Naukowo-Techniczne SITK,  Kraków 2010, nr 155. 
18. Zych F., SAS-Transport miejski 2008, Związek Miast Polskich, Katowice 2009. 
 
 

 


