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Abstract
Since 1990, the number of local public trans-

port passengers has been steadily decreasing 
with a simultaneous increase in the number of 
residents using individual transport. Since that 
process has contributed to an increase in traffic 
congestion and the deterioration of air quality in 
cities, local governments have tried to reverse that 
negative trend. A few years now, a reversal of this 
trend has been observed in some cities. 

This article, using data on the number of pas-
sengers in over 80 Polish cities, presents regres-
sion models explaining the factors influencing the 
demand for public transport services, and it esti-
mates the demand elasticity related to various in-
dependent variables. The explanatory model refers 
both to the features of the cities’ socio-economic 
environment and to the organization of the service. 

The results indicate that local policies matter: 
the density of the public transport network is the 
most important factor in relation to the volume of 
demand, while the ticket price level is almost irrele-
vant. Demand is also clearly increasing in the larg-
est cities, but the relationship between demand 
and population size is not a linear one. 

Keywords: local public transport, demand 
elasticity, price elasticity, local government, Po-
land.
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1. Introduction

The development of individual motorization combined with cultural changes has 
led to a decrease in the level of public transport services in cities in different countries, 
including Poland. According to Dargay and Hanly (2002), the average decrease in the 
number of passengers carried by public transport in British municipalities was 20% in 
1986-1996. This phenomenon had numerous negative side effects. Excessive concen-
tration of private transport resulted in traffic jams, inconvenience due to scarcity of 
parking spaces, reduced attractiveness of cities for pedestrians, excessive noise and 
increased air pollution, which was dangerous not only in terms of immediate conse-
quences for residents but also in terms of the negative impact on global climate change. 

There is therefore a need to develop urban policies that increase the attractiveness 
of urban public transport. The question arises as to why it has been possible to stop 
the trend of the decrease in the number of passengers in some cities, while in others 
the negative trend continues. Is it determined by the policies implemented by local 
authorities and, if so, which of them are likely to be the most effective? Or is the so-
cial context related to the characteristics of individual cities predominant? We try to 
answer these questions in this article, which goal is to find factors that determine the 
elasticity of demand for urban public transport services. 

The article consists of five parts, beside the current introduction. In the second 
section, we discuss the theoretical framework based on the results of previous re-
search. In the third one we formulate hypotheses, while the fourth section focuses 
on the presentation of data sources and empirical strategy. The fifth part presents – 
mostly in a descriptive manner – general changes in the use of local public transport 
in Polish cities in recent years and the sixth part includes hypothesis testing. Finally, 
the seventh section is a discussion of the results of the empirical tests conducted and 
conclusions. 

2. The factors affecting demand for local public transport
in the light of past research

Given the high and growing political relevance of the topic in recent years, empir-
ical studies of demand determinants in urban public transport are surprisingly scarce. 
This statement definitely applies to Poland, where the existing studies are either a 
discussion of research conducted in other countries or model considerations based 
on theoretical concepts, but poorly supported by methodologically solid data analy-
sis (Bąkowski, 2014; Dydkowski et al., 2018). However, available empirical tests are 
not very numerous in the international academic literature either. Holmgren (2007) 
points out that until the end of the 20th century, price elasticity studies dominated, 
while relatively recently there have been more studies analyzing other factors of elas-
ticity of demand for local public transport. 

One of the most frequently asked questions is that of the effectiveness of different 
types of urban policies. The focus is, therefore, on estimating the demand function by 
determining its elasticity in relation to various explanatory variables. 
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The level of demand may be affected by two types of variables (Brechan, 2017). 
The first refers to the organization of transport itself and can, therefore, be shaped to 
some extent by urban policy. The two most important factors highlighted in previous 
studies are the quality of service and price. The former is measured in a variety of 
ways. In a study of the Madrid region, Matas (2004) uses the variable of the length 
of all courses. Its high value may indicate both a satisfactory coverage of the area 
by a transport network (network density) and a high frequency of travel by means 
of transport, which is one of the main demands made by passengers in relation to 
urban transport (Hebel, 2014). In his study, Matas also tests average speed, average 
frequency and the number of kilometers travelled. The latter variable is also used by 
Dargay and Hanly (2002), Romilly (2001) and Bresson et al. (2003), referring it to the 
population of the city examined. In turn, Daldoul et al. (2016) and Deb and Filippini 
(2013) define the quality of service as the density of the communication network. 

Romilly (2001), on the other hand, also uses a variable concerning the age struc-
ture of rolling stock (bus fleet). According to available tests, the quality of communi-
cations – though measured differently – is positively correlated with demand. Often 
(e.g. Matas, 2004) it is the most powerful independent variable. Some studies show 
that quality (in this case measured by the frequency of travel) has a stronger impact 
on passenger numbers than a reduction in ticket prices (Brechan, 2017). Holmgren 
(2007) also concludes that the availability of a service (measured in terms of vehi-
cle-kilometers) has the greatest impact on demand – higher than price and other 
variables he considers in his study. However, Holmgren (2013) notices a methodolog-
ical problem related to the study of the impact of the quality of services measured by 
the frequency of operation as his variable, as well as some others included in various 
studies, is not fully exogenic; for example, the frequency of operation of city buses 
depends also on past demand, so it cannot be treated exclusively as a variable related 
to urban policies. As Holmgren (2013) states: ‘there are good reasons to believe that 
although quality of service certainly affects demand, the level of demand also affects 
the level of service (…). Despite this, the most common practice in statistical/econo-
metric applications is to assume that quality causes demand and not the other way 
around’ (p. 102).

Our model is based on a similar assumption; however, the direction of the causal 
relationship may influence the policy implications stemming from the study to a very 
limited extent only. 

Several studies indicate the elasticity of demand in terms of price: the higher the 
ticket price, the fewer passengers are carried. According to Dydkowski et al. (2018) 
price elasticity of demand in urban transport in Poland is low (-0.38) and is associated 
with a low level of fares. But Holmgren (2007) identifies even higher price elasticity 
(although lower than the elasticity with respect to service quality), additionally point-
ing to differences between different parts of the world. Above a certain threshold the 
price elasticity of demand is increasing (Dargay and Hanly, 2002). Alternative costs 
(time value, cost of nuisance) should also be considered in order to take full account 
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of the demand response to the factor in question. In empirical studies, they are ex-
pressed as costs associated with owning and using a car. Matas (2004) and Holmgren 
(2017) use the petrol price index here, while Dargay and Hanly (2002) as well as 
Romilly (2001) use more general automotive costs that reflect both car purchase and 
day-to-day maintenance costs. Increasing these costs may be one of the ways of influ-
encing the demand for public transport (Bąkowski, 2014). The instruments available 
to city authorities in this respect include, for example, the policy on the number and 
cost of parking spaces as well as charges for entering the city center.

The second group of factors is related to the environment in which the urban 
transport company operates, i.e. the economic situation of the city and the socio-de-
mographic status of residents. Holmgren (2007), in his meta-analysis of earlier stud-
ies, considers the income of residents, the price of fuel (affecting the cost of alter-
native transport) and the number of private cars. In a study of the Madrid region, 
Matas (2004) indicates that the growing level of suburbanization (expressed in the 
suburban population in relation to the total population of the region) has a positive 
impact on the demand for urban transport services. Some studies also point to the 
economic activity of the society in question, especially commuting to work (Matas, 
2004; Deb and Filippini, 2013; Daldoul et al., 2016). As regards the characteristics of 
the demographic and social structure, Dargay and Hanly (2002) study the impact of 
the increase in the number of pensioners: they assume that seniors, due to a greater 
amount of free time, use public transport services more often. Daldoul et al. (2016), 
in a study of Tunisian public transport, test the impact of feminization. Recalling the 
results of previous studies (De Palma and Lindsey, 2001), they suggest that time is of 
greater value to men, which can be justified by the statistically higher salaries of men 
(so the cost of the per hour labor force is higher). They assume, therefore, that the 
demand for public transport should increase with a higher number of women in the 
population (public transport is more time consuming), but their empirical test did not 
confirm this relationship. 

The wealth of the population is a very good example that demonstrates how the 
direction of dependency can vary in different local (cultural) contexts. Higher in-
comes may limit the demand for public transport, but the relationship may also be 
positive: the increased wealth of the population may result in more users of public 
transport services. In a study on India, Deb and Filippini (2013) consider the literacy 
rate, which is positively correlated with the wealth of the population. They refer to 
Dargay and Hanly’s (2002) thesis that describes public transport as an inferior good, 
for which demand decreases along with an improvement in the material condition of 
the population. However, a situation in which the increase in income is accompanied 
by an increase in demand for passenger transport services may occur in large cities, 
where the quality of urban transport is high. At that time, it is treated as a substitute 
for a car, the possession of which is not significantly sensitive to changes in the finan-
cial situation of the population (Asensio et al., 2003 apud Matas 2004). This phenom-
enon intensifies particularly in cities with a high population density, where public 
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transport seems to be a more attractive solution due to numerous side effects related 
to congestion or a shortage of parking spaces. Bąkowski (2014) notes that even within 
a single city, a two-way impact of the affluence of residents on demand can be dis-
tinguished, depending on whether they belong to a specific socio-economic group.

Our study refers to this earlier research but it provides new elements in at least 
two respects. First, in terms of geographical coverage. There have been no similar 
studies published so far in international journals, not only concerning Poland but also 
the wider region of Central and Eastern Europe. And – as has been demonstrated by 
earlier studies – factors influencing demand for city public transport are sensitive to 
the context of local culture and economic development. All countries of the region 
have experienced a rapid increase of private car ownership in the early stages of the 
economic and political transition of the 1990s at the same time as the painful trans-
formation of inefficient publicly owned companies, including those responsible for 
urban public transport. Both of these factors have had a direct impact on changes in 
the demand and supply of transport services. Therefore, checking these factors in a 
Polish context provides interesting, new knowledge. Second, the most comprehen-
sive meta-analysis providing information on demand elasticity of public transport in 
cities, performed by Holmgren (2007), is based on empirical research published at the 
turn of the 20th and 21st centuries. There are not many studies that rely on data from 
recent years, while the changes in recent years have been very dynamic. The dom-
inant trends in thinking on urban planning, the importance of climate change and 
environmental consciousness have changed a lot during the last two decades, and all 
of them are of crucial importance for transport policies and for the demand for public 
transport services. So, conducting a study based on the most recent data may provide 
a new insight into the studied topic. 

3. Research questions and hypotheses 

The factors discussed above will be used for the empirical test in our article. We 
are interested in estimating how the selected factors influence local public transport 
demand in Polish cities. Our research focuses on the period 2014 - 2017. The collected 
data allowed us to analyze the trend of changes in a relatively short period of time. In 
order to verify to what extent the analysis of such a short period may be generalized, 
in section 4 (see figures 2 and 3) we try to confirm the observed trends based on data 
for a smaller group of cities but covering a longer period. 

The first hypothesis concerns the socio-economic environment in which the 
transport functions, while the second is directly related to the organization of urban 
transport. 

Hypothesis 1: The demand for urban transport services is positively influenced by 
the following socio-economic features of cities:

 – 1.1. City size;
 – 1.2. Population density; 
 – 1.3. Wealth of urban budget;
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 – 1.4. Affluence of local population (in this case we may expect the relationship to 
be both positive and negative); and

 – 1.5. Unemployment rate (in this case – negative correlation is expected).

The impact of city size on demand for public transport can be considered in re-
lation to economy of scale, which determines the relationship between the size of a 
local government unit and the present value of benefits. Due to the lower marginal 
cost, we can expect that in larger cities it will be possible to establish a lower service 
charge, which in turn will be an attractive solution for residents. In addition, in large 
centers, encouraging public transport is a way to reduce the negative externalities 
generated by car traffic. Another argument pointing to the positive impact of Polish
city size on demand refers to the issue of education of residents. The level of edu-
cation – according to data from the National Census 2011 – positively correlates 
with the size of the city. The largest proportion of inhabitants with higher education 
(30.1%) is in cities of more than 250,000 inhabitants, while in cities between 150,000 
and 250,000 it drops to 21.8%; it is measured at 19.7% in other regional and sub-re-
gional centers, and at 12.7% in rural districts. This may be influenced by the fact that 
the inhabitants of the largest cities, who are concerned about the environment as a 
result of their deeper ecological awareness, more often (than the inhabitants of small-
er cities) choose to travel by public transport. 

An important factor may also be the high population density, which is conducive 
to keeping the costs of urban transport at a lower level. At the same time, the higher 
the population density in the city the greater the intensity of traffic, which translates 
into traffic jams. On the other hand, low density indicates the existence of dispersed 
development and longer distances connecting particular points in the municipality, 
which translates into higher marginal costs of service provision.

We also expect that the demand may be positively influenced by the affluence of 
municipal budgets. This service usually requires significant subsidies from the mu-
nicipal budget. In recent years, a systematic increase in local government subsidies 
for this purpose has been observed in Poland (Dydkowski et al., 2018). Local gov-
ernments that do not want to significantly increase ticket prices have to consider 
the higher budget burden that communications will generate. Such a policy can be 
pursued by large cities, which, while maintaining a certain level of service without 
changing tariffs, are able to maintain a high network density. 

It may be more complicated to take the level of wealth of the inhabitants into ac-
count. The affluence of the population can have a two-way effect on demand. First, it 
may increase the number of passengers. This may be the case in cities where urban 
transport, due to its high quality, is a substitute for the car. As already mentioned 
above, this effect intensifies in cities with a high population density (Matas, 2004). 
Greater wealth can also increase demand through greater environmental awareness 
and the trend towards eco-friendly living. On the other hand, as many previous stud-
ies have shown, the healthy material situation of the population may also contribute 
to a decrease in demand due to the perception of urban transport as an inferior good 
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(Dargay and Hanly, 2002). The material situation of particular social groups may, 
therefore, determine different transport behavior. Also, Holmgren (2007), in his re-
view of earlier studies, points to a very significant difference in the results in this 
respect – in various studies, the elasticity of demand in relation to the income of 
residents is different. 

The last factor examined in the first hypothesis refers directly to the professional 
activity of the society in question, as we assume that working residents positively 
influence the demand for urban transport services due to their regular use of com-
muting services. This factor turned out to be important in previous empirical studies 
(Dargay and Hanly, 2002; Daldoul et al., 2016).

Hypothesis 2: The demand for urban transport services is positively influenced by 
the organizational characteristics of public transport:

 – 2.1. Ticket prices; and
 – 2.2. Quality of urban transport services.

The first part of the second hypothesis refers to the economic assumption of the 
price elasticity of demand. As the price of goods increases, demand decreases. This is 
not necessarily related to the price of rides only. Discounts or exemptions for certain 
social groups or, in extreme cases, the establishment of free public transport for all 
may also be important for stimulating demand. 

The second part of the hypothesis refers to the quality of transport services, which 
often consists of elements such as journey  duration, comfort and safety (Hebel and 
Horoń, 2002), as well as network density, which is one of the most important and 
frequently reported demands for urban transport. According to some earlier studies 
(e.g. Matas, 2004; Holmgren, 2007), the quality factor is the strongest determinant of 
demand. In our study we measure quality by the network density as well as by the 
availability of alternative (to the bus) means of public transport (e.g. tram, under-
ground, which play a role in avoiding traffic jams). Initially, we planned also to take 
the mean age of the rolling stock into account (newer buses usually provide more 
comfortable travel conditions), but eventually this variable was omitted due to prob-
lems with data availability (a relatively high number of missing values in our sample). 
However, our partial analysis of that variable has shown a low correlation with the 
dependent variable. 

4. Scope and method of empirical testing

The research covers a sample of 86 Polish cities that organize public transport. Ac-
cording to Menes (2016) there are 260 Polish cities that organize local public transport. 
Therefore, our sample is one third of the total population. However, our coverage of 
the largest cities is much higher – our sample includes 64% of all cities with a popu-
lation of over 100,000, 53% of cities with a population of between 50,000 and 100,000, 
24% of cities with a population of between 30,000 and 50,000 and only 13% of smaller 
towns that organize their public transport systems. Due to problems with comparabil-
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ity, we have omitted the cities in which local public transport is organized by munici-
pal associations. The basic source of data were bulletins published by the Chamber of
Commerce of Urban Transport (Izba Gospodarcza Komunikacji Miejskiej), in some cas-
es supplemented by data obtained directly from municipal companies or city councils. 
The remaining data used comes from the Main Statistical Office of Poland. 

Demand for local public transport is expressed relatively as the number of pas-
sengers in relation to the number of inhabitants. This method of measuring demand 
refers to measures used in previous studies. The number of passengers (in relation to 
the population) was used, among others, by Dargay and Hanly (2002) and the number 
of journeys by Matas (2004) as well as by Romilly (2001). Such operationalization has 
limitations, e.g. it omits the length of each trip (Deb and Filippini, 2013) or gener-
ates errors in the correct estimation of the exact value resulting from measurement 
difficulties. However, these imperfections have been considered acceptable in most 
earlier studies, as they have not produced bias in the final results. 

Tables 1 and 2 show the operationalization of the factors influencing the demand 
for urban transport services. 

Table 1: Operationalization of factors influencing demand in the 2014-2017 period
– factors related to socio-economic environment

Factors Independent variables
infl uencing demand 

City size (L.1.1.) Population
Population density (L.1.2.) Population per km2 
Affl  uence of city budget (L.1.3.) Per capita budget own revenues 
Affl  uence of local population (L.1.4.) Per capita personal income tax 
Unemployment rate (L.1.5.) Index of unemployment 

Table 2: Operationalization of factors influencing demand in the 2014-2017 period
– factors related to urban transport policies

Factors Independent variables infl uencing demand 

Ticket prices
(L.2.1.)

Price of single ride ticket allowing for 30 minutes ride at least
Other than resulting from national law exemptions from paying 
for tickets introduced for large social groups* (binary variable 0.1)

Quality of urban
transport services
(L.2.2.)

Density of network and
frequency of operation

Number of vehicle-kilometers per capita
Existence of other means of city public transport (than buses, 
e.g. tram, underground) (binary variable)

Note: * E.g. for school students, unemployed or – in extreme cases – public transport free of charge for all citizens.

The method of testing our hypothesis is panel data analysis, based on the Fixed 
Effects model (FE)1. The selection of FE model was based on results of the Hausman 

1 As a robustness check we also used the Random Effect (RE) and Ordinary Least Squares (OLS) mod-
els. Their results confirm the most important conclusions of our test.
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test. Various sets of independent variables (from among those listed in Tables 1 and 2) 
were tested, out of which we present only those that provided the greatest explanato-
ry power of the model. We are aware of some of the shortcomings of the model. One 
of them is taking mainly bus travel into account as the means of public transport. In 
general, in most Polish cities the main means of local public transport is the bus. But 
there is also a group of cities where the number of trips is an aggregate of bus, tram, 
underground trips and even bikes. Therefore, vehicle-kilometers are also aggregated 
over different means of transport. Following Holmgren (2013) we must also consid-
er another potential problem concerning the existing differing preferences between 
inhabitants of municipalities. But, because we are using the FE model, there is a mu-
nicipal-specific effect in the model). This makes it possible to include unobserved 
factors, specific for each municipality, that influence the demand, which correlate 
with another independent variable. These factors might be related to, for example, 
demographic structure (this concerns the age structure or number of students), geo-
graphical or infrastructural factors.

Due to the fact that the distribution of most of our independent variables devi-
ates significantly from normal, the variables which are used in the model are loga-
rithms of the raw variables (the distribution of variables was analyzed through the 
Jarkue-Bera test).

As mentioned above, all independent variables enumerated in Tables 1 and 2 have 
been tested in the constructed equations; however, results presented in this article 
concentrate on the set of variables that brought the best results in terms of the ex-
planatory power of the model. That final selection includes the following four vari-
ables: (V) number of vehicle-kilometers per capita, (I) per capita personal income tax, 
(P) price and (D) population density; the equation has the form:

, 1 , 2 , 3 , 3 , , i t i t i t i t i t i i tlnq lnV lnI lnP D          

Comparing ticket prices is complicated as very diversified tariff systems in indi-
vidual cities are used. Even the category of ‘single ride ticket’ is not easy to define 
because it may depend on how long the trip is, and definitions applied in individual 
cities vary significantly. In our model we consider the price of tickets that allow for 
a single ride of at least 30 minutes. The median price for such a ticket in Poland is 
just 2.7 złoty (less than 0.65 euro) and varies in our sample from 1.6 złoty (0.35 euro 
approx.) to 4.6 złoty (1.05 euro approx.). It is relatively low compared to mean gross 
monthly income, since it allows users to purchase more than 1,850 tickets per month. 
In fact, the real cost of using public transport is even lower, since most cities have 
introduced various forms of monthly or quarterly passes with preferential prices. For 
example, in Warsaw the full price of a quarterly ticket is equivalent to just 19 single 
ride tickets per month.

The dominant means of public transport in Poland is the bus; in our sample just 11 
out of over 80 cities provides an alternative (usually trams). 

Taking the tested variables illustrating the organization of public transport into 
account, the largest variation can be found in the number of vehicle-kilometers per 
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capita. The median value is 27 but, in our sample, it varies from 7 to 144, i.e. the high-
est value is over 20 times higher than the lowest. 

5. Local public transport in Polish cities – changes in demand

Polish cities enjoy considerable discretion in organizing their public transport ser-
vices. Most of the largest cities have created Transport Authorities, which contract 
transport services either from municipally owned companies or from private sector 
companies. In other, mostly mid-sized cities the transport services are directly orga-
nized and provided by municipal companies or in-house departments. In some cases, 
transport is organized through inter-municipal cooperation (the largest of such in-
ter-municipal institutions operates in the agglomeration of Upper Silesia) and several 
smaller suburban municipalities purchase transport services from their larger neigh-
bors. But, regardless of whether the service is purchased from private or delivered by 
municipally owned units, in each case the local government decides upon tariffs and 
indirectly controls the route network as well as the frequency of operation. 

Demand for public transport services in Poland has drastically decreased over 
the last 30 years. The decrease in the number of passengers by almost 60% between 
1986 and 2017 is a result of many factors (Figure 1). Menes (2016) mentions several 
factors, including the economic crisis of the late 1980s and early 1990s, the crisis in 
urban transport related to the transfer of new tasks to local governments under the 
Act on Local Government of 1990 without additional support from the central gov-
ernment, socio-demographic changes (e.g. an ageing population), a reduction in the 
quality of means of public transport with a simultaneous increase in service charges 
and the dynamic development of individual motorization. As regards this last factor, 
Dydkowski et al. (2018) note a faster increase in prices of urban public transport in 
relation to fuel prices (their analysis covers the years 2007-2016). This contributes 
to a reduction in the attractiveness of public transport compared to the alternative 
of using a private car; on average more than every second resident in Poland has 
their own car (Dydkowski et al., 2018). The problem related to the dependence of 
the population on individual motorization is common throughout Europe and was 
earliest recorded in Western Europe. In 2014, the share of car journeys in relation to 
all journeys made was 20 percentage points higher than in Central Europe (Poliak et 
al., 2017). However, this is more the heritage of the distant past than the result of the 
processes taking place in recent years, in which the comparison of trends looks to 
be the other way around. In the years 2000-2014 the increase in the share of private 
car journeys was higher by more than four percentage points in the group of Central 
European countries compared to Western Europe. This may mean that the number of 
motor vehicles in Western Europe has reached saturation level (in some large cities it 
has even started to decrease), in contrast to Central and Eastern Europe, where it has 
continued to grow (Poliak et al., 2017).

Analyzing the dynamics of the demand for urban transport services in Poland, we 
can see that the declining trend has slowed down significantly in recent years. The 
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number of passengers carried in 2004 decreased by 54% compared to 1986. However, 
over the next 13 years (2004-2017) the decrease amounted to less than 10%. What 
could have caused this change? On the one hand, it may be the effect of the slow sat-
uration with individual cars as discussed above. On the other hand, it may result from 
a change in the perception of urban transport services. Some studies indicate that for 
several years now, there has been an increase in demand for this service in Poland, 
mainly in the largest urban centers (Wolański et al., 2016).

In the next section of the article, examining the factors that influence the chang-
es in demand for local public transport services, we limit ourselves to the relatively 
short period of 2014-2017, for which we managed to collect data covering a signif-
icant group of cities. The question arises as to what extent the trends of change in 
this period are representative (typical) compared to a trend that is characterized 
by a longer period of time. In this case, however, it was possible to collect data 
covering 2009-2017 period for a much narrower sample of 23 cities, additionally 
divided – in accordance with the suggestion from the above-mentioned work by 
Wolański et al. (2016) – into two groups: smaller cities and cities with more than 
150,000 inhabitants. 

As can be seen in Figure 1, since at least 2009 a stable number of passengers has 
been observed. But the demand has been slowly growing in this period in large cities 
(Figure 2), while in smaller cities it has been constantly decreasing (Figure 3). Thanks 
to this analysis of a longer trend, we can formulate our conclusions based on the em-
pirical study presented in Part 5 with a greater amount of certainty.
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Figure 1: Demand for urban public transport in Poland 1986-2017 – number of passengers (in million)

Source: Own calculations based on Menes (2016) and Main Statistical Office data
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Figure 2: Number of passengers per number of population in 2009-2017 in cities over 150,000

Source: Own calculations, N=10
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Figure 3: Number of passengers per number of population in 2009-2017 in cities below 150,000

Source: Own calculations, N=13

6. Results of empirical analyses

6.1. City size as a factor explaining the demand for local public transport
The data presented in the previous section suggest a closer look at the impact of 

city size on the changes in demand and size for local public transport is necessary. In 
the sample of cities surveyed the change in 2014-2017 period ranged from a decrease 
of 19% to an increase of 18%. In over 60% of cities there was a drop in demand. 

However, in less than 40% of cities we observed a reverse trend: Figure 4 suggests 
that the observation of Wolański et al. (2016) about the special situation of the biggest 
cities is to a large extent correct. However, this dependence is not linear and, there-
fore, the correlation coefficient between the size of the city and the change in demand 
for public transport turns out to be at a low level.
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Figure 4: Changes in number of passengers in 2014-2017 period and city size

Source: Own calculations on the basis of data from the Chamber of Urban Public Transport, N=85

The 150,000-inhabitant level turns out to be a significant threshold. The change 
in demand is greater than zero in more than two-thirds of the cities belonging to this 
group. Meanwhile, in all groups of smaller cities, there are predominant cases where 
the downward trend in the number of urban transport passengers continues. Addi-
tionally, this dependence is confirmed by the results of the t-student test for indepen-
dent samples, which show that in cities above 150,000 inhabitants, the annual change 
in the relative number of passengers is higher than in smaller cities. The impact of the 
size ceases to be so clear when we compare individual groups of cities with less than 
150,000 inhabitants. While the percentage of cities with a significant decrease in pas-
senger numbers decreases significantly with the population growth, the distribution 
of cities with a growing demand for local public transport is much less clear. 

These observations are only a starting point for further analysis, in which we ex-
amine the impact of the various explanatory variables on the volume and changes in 
demand for local public transport services more systematically. 

6.2. Factors affecting demand for local public transport services
– explanatory model 

The constructed regression model shows significant predictive power. The ad-
justed R2 indicator is as high as 0.68 and the whole model has significant explanatory 
power (important at the level of 0.001). 

The most powerful independent variable is the quality of urban transport, mea-
sured in our model by the volume of transport work (translating into the frequency 
and density of the network). An increase in urban transport performance results in an 
increase in demand for this service. 
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On the other hand, the results concerning the ticket price are surprising. The vari-
able is not significant. This is a different result from the one obtained earlier in many 
analyses conducted in other countries (Matas, 2004; Deb and Filippini, 2015; Dargay 
and Hanly, 2002; Brechan, 2015; Daldoul et al., 2016). This suggests that in Polish con-
ditions the ticket price is not very important for the passenger, probably since it does 
not exceed the threshold at which demand becomes sensitive to change (cf. Dargay 
and Hanly, 2002). 

Another positive (though rather weak) impact on demand is the population den-
sity. In cities with a higher population density, there is a higher nuisance associated 
with increased traffic and in this case public transport can be a more advantageous 
alternative. Moreover, personal income is of weak significance. It is positively cor-
related with our dependent variable which means that the greater the welfare of the 
inhabitants, the higher the demand for public transport. It suggests that city public 
transport has stopped being considered an inferior good, although this relationship 
is very weak. 

The population size requires a separate comment. We know from earlier discus-
sion that size makes a difference in the demand for public transport; however, the 
relationship is not linear. But, due to very high collinearity with other independent 
variables, it was eventually excluded from our model, so its role is reflected in an 
indirect way only. 

Table 3: Results of the Fixed Effects modela explaining demand for local public transport in 2014-2017

Variable Coeffi  cient Level of signifi cance
of regression coeffi  cient

Ln (Vehicle-kilometers per capita) 0.178 0.001
Ln (Per capita personal income tax) 0.0028 0.071
Price -0.035 Non-signifi cant
Density 0.00001 0.028

Note: a F(4,85) = 12.31. R2 = 0,68 (R2 within = 0.133). Number of observations: 
331. Number of groups: 86 

Source: Own calculations

In addition, for those independent variables which turned out to be significant 
we have calculated coefficients of demand elasticity, which are based on single in-
dependent variable regression models, constructed for those variables which proved 
to be significant in our main multi-variable regression (see Table 4). The increase of 
frequency of bus operation stimulates the demand – one more vehicle-kilometer per 
capita results in 0.678 more journeys per year for the average resident of the city. 
The effect of population density is similar – an increase by one (person per square 
kilometer) translates into 0.008 additional journeys by the citizen. Finally, increased 
personal income generates additional journeys also, but in this case the relationship 
is very weak. 
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Table 4: Coefficients of demand elasticity for city public transport in Poland

Demand elasticity coeffi  cient Signifi cance of the model
Vehicle-kilometers per capita 0.678 0.0003
Per capita personal income tax 0.018 0.127
Population density 0.008 0.000

Source: Own calculations

7. Discussion and conclusions

The study confirms that when estimating the parameters of the demand function 
for public transport services it is necessary to consider both the environment in which 
urban transport functions (to which our first hypothesis referred) and the factors re-
lated to the policy pursued by the city (to which the second hypothesis referred). This 
does not mean, however, that all the detailed hypotheses have been confirmed. 

The most powerful independent variable – as in some previous studies conducted 
in other countries – is the density of the network of city public transport (measured 
in our study by the total transport work). Similar observations have appeared earlier 
in Polish literature in relation to railway connections – increasing the frequency of 
connections often turns out to be a recipe that helps to reverse the trend of falling 
passenger numbers (Król and Taczanowski, 2016; Trammer, 2019). As in several earli-
er studies, we treated this variable as an estimate of the quality of the service offered. 
The very strong impact of accessibility on demand growth may indicate the desired 
direction of local authority transport policy. As shown in section 4, the decline in de-
mand most often appears as a problem in the group of medium-sized cities (between 
60,000 and 100,000 inhabitants). Our results show that actions aimed at reducing the 
frequency of journeys or eliminating some connections may exacerbate the problems 
to a greater extent, and not constitute their remedy. They will not solve the problem 
of the decreasing number of passengers using public transport. This type of action – 
although in the short term contributes to the reduction of the cost of the service – in 
the long term will cause the deepening of negative downward trends and will con-
tribute to the eventual marginalization of the urban transport service. Indirectly, it 
will generate a spiral of problems related to the congestion of streets with passenger 
cars, increased noise and air pollution. 

Interestingly, out of the two quality operational variables tested at the model build-
ing stage, only the availability measured by the amount of transport work turned out 
to be relevant. The existence of alternative (to buses) mean of public transport has 
not improved the prediction power of the model. Similarly, the variable expressing 
the rolling stock age structure (tested in our study to a limited extent only, due to 
problems with data availability) – similar to the Romilly study (2001) – turned out to 
be insignificant. This is an important result in Polish conditions, since public inter-
vention in public transport often targets this factor. Only in 2018 did municipalities 
invest PLN 2.15 billion (about 500 million euro) in the purchase of rolling stock and 
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the development of public transport networks, and in the last five years (2014-2018), 
a total of PLN 6.9 billion2 (more than 1.5 billion euro). This, of course, does not mean 
that rolling stock renovation does not make sense, but indicates that this is not a ma-
jor factor in attracting new passengers. Far from the decisive role of the rolling stock 
age in generating demand for public transport was also indicated in some earlier 
studies (Wolański et al., 2016).

As in the earlier Brechan (2017) study, it is quality, not price, that plays a more 
important role in generating the volume of traffic. The price of a single ride on local 
public transport in Poland is not very important for residents, nor is the introduction 
of various kinds of discounts and exemptions from fares. In any case, the impact of 
such measures cannot be quantified using the chosen statistical methods. Of course, 
the situation could change radically if budget subsidies for the operation of public 
transport were eliminated. The price would need to rise about three times its current 
rate and it would significantly exceed the price elasticity threshold, so the demand 
would start to fall rapidly, with all the negative consequences of such a trend. Public 
transport is a merit good and subsidizing its operation, which allows tariffs to be kept 
at an acceptable low level, remains an important element of transport policy. 

The impact of the wealth of the population on demand is perhaps the most diffi-
cult to interpret. In our main model a higher level of personal income translates into a 
higher demand for city public transport, but the relationship is of very low statistical 
significance (close to the 0.1 threshold). And, depending on the exact model specifica-
tion in some other variants, it turned out to be insignificant or – in some others – the 
sign was changing to negative (with a similarly low level of statistical significance). 
We believe that it reflects the ‘transitional’ character of the variable. Until recently 
in Poland, public transport used to be – similar to results of previous research (e.g. 
Dargay and Hanly, 2002; Bresson et al., 2003) – an inferior good. Along with the in-
crease in wealth, preferences regarding the choice of means of transport were chang-
ing; wealthier people often decided to move by car. But in recent years the cultural 
shift related to increasing climate change and environmental consciousness, as well 
as increasing traffic jam problems and the increasing quality of public transport in 
many Polish cities, a change of attitude has come about. Using public transport has 
become increasingly popular (or even fashionable) among middle class citizens. An-
other illustration of the changing perception of private cars as a major means of city 
transport is provided by the extremely fast development of city bike rentals in several 
major Polish cities over the last few years. But the shift started relatively recently and 
has not been completed yet, so there are two competing views of public transport at 
the moment that coexist in local communities. This complex interpretation explains 
why the relationship is weak, and swings between negative and positive depending 
on the detailed model specifications. 

2 Own calculations based on cities’ reports on budget execution. 
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The size of an urban center is also important – maintaining high demand is easier 
in the largest urban agglomerations. However, the impact of this variable is non-lin-
ear. It is important when we are talking about a group of the largest cities, roughly 
coinciding with regional capitals. 15 out of 18 regional capitals have over 150,000 in-
habitants, and it is in this group that the changes consisting in the increase in demand 
are the most dynamic. However, when we are dealing with a city only slightly or 
much smaller than this size threshold, it is no longer of great statistical significance. 

Contrary to the original assumptions, other features of the social and economic 
environment, such as the wealth of the city budget or unemployment levels, turned 
out to be irrelevant in relation to the demand for local public transport. 

In conclusion, research on demand determinants is an important element of urban 
transport policy planning and our results confirm that city policies do matter in the 
generation of demand for local public transport. This study helps to fill a gap in the 
existing knowledge on the actual impact of various factors on the demand for public 
transport services in Polish cities and, at the same time, it opens the space for further 
research in this area. One potential improvement of our results might be provided 
by the collection of data, which is currently missing, but which may have a signifi-
cant impact on the demand for public transport. The speed of city trams and buses 
is a good example of such missing information. In the future it would be also worth 
taking into consideration the impact of variables that are not directly related to the 
public transport offer, but to activities in its environment, such as road construction, 
parking policy or the development of bicycle paths and city bike systems. We do not 
think that this research would radically change the meaning of the conclusions of this 
article, but it could enrich and complement them.
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