
1	 Introduction

Transport and mobility are widely agreed to be among the major challenges for sustainable urban de-
velopment (Banister, 2008; UN-Habitat, 2013). Large investments in public transport infrastructure, 
including projects such as light rail transit (LRT) or bus rapid transit (BRT), are seen as key elements 
in this context, and a phenomenon called “LRT renaissance” has attracted considerable attention in 
academia over the last few decades (Alpkokin, Topuz Kiremitci, Black, & Cetinavci, 2016; Babalik-Sut-
cliffe, 2002).1  However, research on the impacts of LRT typically focuses on cities or metropolitan areas 
counting 500,000 residents or more (Knowles & Ferbrache, 2016; Macket & Suttcliffe, 2003). Al-
though a threshold of 300,000 residents has been posited for the delivery of new LRT systems (Knowles 
& Ferbrache, 2016, p. 430), there are examples of LRT projects in smaller cities and towns, including 
notable cases such as Grenoble (163,000 residents), Angers (151,000 residents) and Dijon (155,000) in 
France, or Freiburg (230,000 residents) in Germany. LRT has been traditionally associated with large 
and densely populated urban areas. However, according to Newman, Kenworthy, and Glazebrook, 
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Abstract: Investments in light rail transit (LRT) have become increasingly 
popular solutions to promote sustainable urban transportation. However, 
their impacts on cities are still subject to discussion in the academic 
community. There is a clear need to better understand the potential 
impacts of LRT projects, particularly in contexts other than major cities. 
In this study, we focus on the Olsztyn tram project, which has been 
implemented in a city of 173,000 residents situated in northeastern 
Poland. The paper combines different perspectives and data sources, 
including a study of residents’ stated preferences concerning travel 
behavior and modelling of housing price effects using the difference-in-
differences approach. Our results suggest that the Olsztyn tram project 
led to a moderate change in travel behavior by increasing the frequency 
of public transport use but did not result in a substantial shift away from 
car commuting. Concerning the property market, a decline in prices was 
observed during the construction phase, but no statistically significant 
effects were found after completion.
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(2013, p. 285), a “changing appreciation of the value of light rail in small cities has occurred.” There are 
now more than 550 LRT systems around the globe, with almost 20% of them operating in cities and 
towns with a population under 200,000 (Light Rail Transit Association, 2019; Newman et al., 2013) 
Many such systems have been constructed in the last three decades.

Recently, it has been argued that LRT could offer a viable solution for cities and towns in Central 
and Eastern Europe (CEE), which are facing rapidly growing motorization and a declining role of public 
transport. The post-socialist transition has led to several changes in land use, population distribution 
and lifestyles, which have resulted in decreasing modal shares of public transport, as well as increased 
commuting and a growing dependency on the automobile (Tammaru, 2005). Motorization rates in the 
CEE increased two- or even threefold over the last two decades, reaching levels comparable to Western 
Europe (Eurostat, 2018). Also, substantial investment has been made in road infrastructure (Pucher & 
Buehler, 2005). There appears to be a strong preference for car ownership among young adults in the 
CEE, with cars being perceived as a status symbol rather than simply a means of meeting one’s travel 
needs (Pojani, van Acker, & Pojani, 2018).

Most large cities in Central and Eastern Europe already have functioning LRT systems, and some 
of them, such as Warsaw or Poznań, have made substantial investments in rail-based infrastructure 
(Gadziński & Radzimski, 2016; Trojanek & Głuszak, 2018). Many mid-sized cities in the CEE used to 
have LRT infrastructures that were dismantled in the post-war period, leaving buses as the only public 
transport option (Kołoś & Taczanowski, 2016). Recently the availability of EU funds has opened up 
the possibility for substantial investment in sustainable mobility. Yet, to our knowledge, Olsztyn, a city 
of 173,000 residents situated in north-eastern Poland, is the only CEE city to have introduced a new 
LRT system in the post-socialist period. Thus, we believe that this case could provide valuable insights 
for cities seeking sustainable urban transport solutions.

Set against this background, this paper aims to contribute to the empirical evidence on the impacts 
of light rail on property prices and travel behavior by presenting a case study of a recent tram project. 
The paper offers an approach combining a study of residents’ stated preferences with hedonic price 
modelling. Studies of LRT projects typically focus on one category of impacts, such as changes in travel 
behavior (Babalik-Suttcliffe, 2002), or – increasingly over the last few years – property price effects (Hig-
gins & Kanaroglou, 2016). Yet, in our view, combining different perspectives and data sources allows us 
to provide a broader picture.

The paper is structured as follows: the first section presents a theoretical overview of the impacts of 
LRT as discussed in the literature, before moving on to present the context of the project under investi-
gation. Following this, we present first the findings in terms of housing price impacts, and then residents’ 
stated preferences concerning travel behavior, satisfaction with the place of living and willingness to pay. 
Next, the article discusses the findings against the background of the existing literature, and finally, the 
research is summarized in the concluding section. 

2	 Impacts of LRT: A literature overview

While several urban LRT systems were dismantled during the second half of the 20th century to make 
room for the growth in car mobility (Mills, 2001), the following decades have seen a surge in investment 
in rail-based solutions that has been labelled a “rail renaissance” (Alpkokin et al., 2016). Investment in 
LRT, as well as in other high-capacity public transport solutions such as bus rapid transit (Rodriguez 
& Mojica, 2009), is seen as a key element of sustainable urbanization and environmentally conscious 
mobility. Consequently, urban LRT systems have received considerable attention from academia over 
the last few years.
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Research on LRT impacts may be grouped into several categories, among which two major branch-
es focus on (1) property prices and (2) travel behavior. Property price impacts are part of the wider 
economic impacts of LRT, which may also include unlocking sites for development, the stimulation 
of inward investment or the extension of labor market catchment areas (Knowles & Ferbrache, 2016). 
Research on land value uplift originated in North America about half a century ago (Higgins & Kanaro-
glou, 2016). Recently, the research has experienced rapid growth, as well as increasing geographical 
differentiation. It has been suggested that land value uplift may be used as a proxy for capturing the 
larger social, economic and environmental benefits of an LRT project (Higgins & Kanaroglou, 2016). 
However, some recent studies have found only limited positive effects of public transport investment 
on land value uplift (Dubé, Legros, & Devaux, 2018; Gadziński & Radzimski, 2016). It has also been 
suggested that neighborhood-level housing markets react to an LRT project differently depending on 
their socio-economic status (Forouhar & Hasanhkani, 2018).

Some studies have questioned the importance of the economic impacts of LRT, suggesting that 
transport is not a growth-inducing factor by itself. In the absence of existing demand and growth-induc-
ing policies, transport projects alone do not result in economic growth (Mackett & Babalik-Sutcliffe, 
2003). Thus, some authors prefer the concept of “opportunities” rather than “impacts” of transport 
projects (Richer & Hasiak, 2014). The equity of LRT investments and their potentially detrimental 
effects on vulnerable population groups, e.g., through increased property prices, has also been ques-
tioned. However, research on the various social consequences of LRT projects has been surprisingly 
scarce (Knowles & Ferbrache, 2016). It has been suggested that value increments due to accessibility 
improvements be collected through a taxation scheme and redistributed for the benefit of society. Yet, 
the actual implementation of value-capture schemes has, so far, remained limited. According to some 
scholars, an overemphasis on economic effects situates LRT projects in a neoliberal agenda that defines 
growth as the single most important policy objective (Grengs, 2005; Paget-Seekins, 2015).

The sustainable mobility paradigm (Banister, 2008) sees LRT as an instrument of tackling conges-
tion and improving accessibility as well as environmental quality (Babalik-Suttcliffe, 2002). Studies have 
shown that subject to adequate planning, LRT could drive an increase in public transport use (Enge-
bretsen, Christiansen & Strand, 2017). It could also encourage the residential relocation of transit-liking 
people to areas close to public transport stations, allowing them to realize their previously non-revealed 
preferences (Cao & Ermagun, 2017). According to the concept of residential self-selection, people tend 
to make their housing decisions taking into account their travel preferences and neighborhood charac-
teristics (Cao, Mokhtarian, & Handy, 2009; Klinger, Kenworthy, & Lanzendorf, 2013). In effect, the 
results of public transport improvements could be very different in car-oriented housing developments 
compared to the situation in transit-oriented neighborhoods (TODs), where the inhabitants are accus-
tomed to using rail transport daily.

Empirical studies have only partly confirmed a positive effect of LRT projects on travel behavior. 
Knowles and Ferbrache (2016) found the effects of LRT on congestion to be mixed. A growing share 
of sustainable travel modes such as rail does not necessarily indicate a shift of car users towards public 
transport, as it may result instead from a shift of bus users (Lee & Senior, 2013). The effects could be 
reinforced by an optimal location close to potential users (Engebretsen et al., 2017), thus it is important 
to understand LRT as part of a wider planning and development concept (Cao & Schoner, 2014).

3	 About the Olsztyn tram project

As a city with less than 200,000 residents, Olsztyn is an unusual setting for a contemporary tram project. 
It is a particularly interesting case because the city had an operational tram network from 1907 until 



824 JOURNAL OF TRANSPORT AND LAND USE 14.1

post-war decommissioning in 1965. The idea of reintroduction emerged after Poland acceded to the 
European Union in 2004. The EU cohesion policy offered an extraordinary opportunity for Poland, 
and particularly for its least developed eastern regions. In the 2004 to 2013 period alone, 250 projects 
were co-financed with EU funds with a total value of 26.6 billion PLN (6.3 billion EUR), with a 
59.2% EU contribution. Funding for more than 400 new projects was earmarked until 2017 within the 
2014-2020 financial perspective. In order to meet the EU sustainable transport regulations (Pucher & 
Buehler, 2005), a substantial share of investment was focused on improvements in the public transport 
network (Komornicki 2003; Pucher, 1995).

The integrated program of public transport development of Olsztyn (2004) first proposed a tram or 
trolley bus connecting the city center with densely populated neighborhoods in the southern part of the 
city (Figure 1), spurring a lively discussion in the local community. The project was approved in 2006 
by the Polish government within the EU-funded program for the Eastern regions (Polska Wschodnia). 
The tram option was eventually chosen over the trolley bus, with an emphasis placed on routes separated 
from car traffic to ensure undisturbed traffic flows and minimal travel times. The construction process 
faced some serious challenges, as the company originally chosen in the tender process withdrew from the 
construction works. Thus, it was not until the end of 2015 that all planned routes became operational.

The new LRT network consists of three lines connecting the historical city center and the main 
train station with the university campus and large housing estates such as Jaroty and Kormoran (Figure 
2). The network consists of 11 kilometers of tracks and 19 tram stops. Total project cost, including 
construction works and the purchase of vehicles, amounted to 500 million PLN (approx. 120 million 
EUR). A survey conducted a few months after the inauguration of the LRT showed that the two most 
popular lines were used by approx. 8,000 passengers per day, whereas the third line serving the university 
campus attracted approx. 2,000 passengers per day. An extension of the network was approved in 2020.

Figure 1. Spatial distribution of population and population change in Olsztyn

An increased number of public transport trips has been observed following the introduction of the 
trams (Table 1). There was an increase in ticket revenues, but an even higher increase in operating costs 
as well. Thus, the revenue/operating cost ratio fell below 50%. Public transport accounts for a 23% 
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modal share in Olsztyn, with the share of car trips amounting to 61%, as well as a 9% share of cycling 
(Plan mobilności Miejskiego Obszaru Funkcjonalnego Olsztyna, 2017).

	  	  	  	
Table 1. Passengers, revenues and operating costs of public transport in Olsztyn

Year Paid trips (1,000) All trips* (1,000) Revenue (PLN 
million)

Operating cost (PLN 
million)

Revenue/operat-
ing cost ratio

2012 31,095 37,314 34.4 54.7 62.9%

2013 30,124 36,149 32.9 60.7 54.2%

2014 29,062 34,875 32.4 66.2 48.9%

2015 29,637 35,565 31.6 71.3 44.4%

2016 32,710 39,252 34.3 80.8 42.5%

*Including persons legally exempted from public transportation fees

4	 Materials and methods

4.1	 Modelling of housing price impacts

This paper uses an approach called hedonic price modelling to investigate the impacts of the light rail line 
on housing prices in the surrounding areas. More specifically, an approach called difference-in-differenc-
es is used (Athey & Imbens, 2006; Bertrand, Duflo, & Mullainathan, 2004). This technique compares 
the situations before and after treatment, such as the construction of light rail (Dubé, Legros Thériault, 
& Des Rosiers, 2014; Yen, Mulley, Shearer, & Burke, 2018). Following a specification provided by Yen 
et al. (2018), with slight modifications, a difference-in-differences model can be formulated as:

	  	  	  	
ln(pit ) = β0 + β1Xit + β2Nit + β3LRit + β4Tim + ΣθtLRit x Periodit + εit	 (1)

In the formula given above, pit represents the price at which property i was sold at time point t; 
Xit and Nit represent vectors of property attributes (such as size, building age) and neighborhood at-
tributes (such as distance to schools, kindergartens); LRit is a catchment variable taking the value of 1 
if the property was located within the catchment distance of light rail and 0 otherwise; Tim is the time 
series variable measuring the number of months (m) that elapsed between 1st January 2008 (start of 
the investigated period) and the transaction date of property i; Periodit is a variable that takes the value 
of 1 if a property was sold within a specified time interval, and 0 otherwise; and εit is the error term for 
property i in time t. The difference-in-differences estimator, which is given by an interaction of LRit and 
Periodit, can be used to test the hypothesis whether there was a difference in property price change over 
time among properties that were located within the catchment area (treatment group) and outside of it 
(control group).

A number of studies have highlighted the importance of accounting for spatial effects in hedonic 
price models (Dubé et al., 2014; Trojanek & Głuszak, 2018). If spatial autocorrelation is not accounted 
for, it may lead to biased model results. Spatial models such as a spatial lag model or a spatial error 
model are based on a matrix of spatial weights (W). The spatial lag model corresponds to a situation in 
which observations of the dependent variable are assumed to be dependent upon neighboring values. 
The spatial error model, on the other hand, deals with a possible omission of variables. The decision 
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between the spatial lag and the spatial error specification is based on the value of the Lagrange multiplier 
test (Anselin, Bera, Florax, & Yoon, 1996). Spatial models used in this paper were estimated using the 
GeoDaSpace software.

We used a database of apartment sales transactions covering the period from 2008 to 2016 pro-
vided by Olsztyn City Hall and geocoded using the Google Maps API. Standard procedures of data 
cleansing were applied to remove incomplete records as well as non-free market sales. After cleansing, a 
database counting 11,402 records was obtained (Figure 2).

Figure 2. Apartment sale transactions included in the analysis

The original database contained the basic characteristics of a dwelling, such as size, age of the build-
ing, and the number of floors. Also, supplemental information was drawn from other available sources. 
Addresses of schools and kindergartens were drawn from the municipal website, while the locations of 
recreational areas were imported from OpenStreetMap. Distances to schools, kindergartens, green areas, 
the university campus and the railway station were calculated in QGIS.

Properties located within 800 meters of tram stations were considered to be in the catchment area 
(treatment group), while other properties were regarded as control. The academic literature suggests that 
there is no clear threshold distance for accessibility to transport stations (Guerra, Cervero, & Tischler, 
2013), but for operational reasons distances ranging from 400 meters to 800 meters are typically chosen.

The period variables in the models were measured in two ways. In the first approach, a dummy 
variable was used for each year. In the other approach, four phases of the Olsztyn tram project were 
distinguished: phase 0 (pre-announcement) starting on 1st January 2008 and ending with the publica-
tion of the final feasibility study in May 2009; phase 1 (announcement) until the publication of tender 
results in March 2011; Phase 2 (construction) until 31st December 2015, and phase 3 (delivery) until 
31st December 2016. While the first approach allows measuring the temporal effects with greater preci-
sion, the other reflects more clearly the significant turning points of the project. A full list of explanatory 
variables is given in Table 2.
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Table 2.  Explanatory variables used in hedonic price modelling

Variable group Variable Description

Dwelling characteristics Dwelling size Dwelling area in square meters

Building age Age of the building (years)

Primary market 1 if property was sold by a housing developer (=primary 
market)

Monument 1 if property has monument status

Floors No. of floors in the building

Locational characteristics Railway station Distance (km) from the Olsztyn railway station, used as a 
proxy for the CBD

Campus Distance (km) from the university campus

Schools Distance (km) from the nearest public elementary school

Kindergartens Distance (km) from the nearest public kindergarten

Green Distance (km) from the nearest green area

Interaction terms Phase1_Catchment 1 if property was sold in Phase 1 within an 800 m buffer

Phase2_Catchment 1 if property was sold in Phase 2 within an 800 m buffer

Phase3_Catchment 1 if property was sold in Phase 3 within an 800 m buffer

2009_Catchment 1 if property was sold in 2009 within an 800 m buffer

2010_Catchment 1 if property was sold in 2010 within an 800 m buffer

2011_Catchment 1 if property was sold in 2011 within an 800 m buffer

2012_Catchment 1 if property was sold in 2012 within an 800 m buffer

2013_Catchment 1 if property was sold in 2013 within an 800 m buffer

2014_Catchment 1 if property was sold in 2014 within an 800 m buffer

2015_Catchment 1 if property was sold in 2015 within an 800 m buffer

2016_Catchment 1 if property was sold in 2016 within an 800 m buffer

Catchment variable Catchment area 1 if property was located in the 800 meters catchment area

Time control Months No. of months between the start date (01.01.2008) and 
transaction date

4.2	 Stated preferences analysis with household survey data

A survey of stated preferences was conducted in two neighborhoods located along the new tram line, 
Kormoran and Jaroty (Figure 3). The aim of the survey was to explore any changes in travel behavior, 
satisfaction with the place of living and willingness to pay after the opening of the LRT. The interviews 
were conducted in October 2017 by a group of three trained and instructed interviewers, using struc-
tured questionnaires in a face-to-face technique. Randomly selected respondents were visited in their 
households over a period of five days. The interviews were conducted during working and non-working 
hours as well as on weekdays and weekends. Gender and age structure were taken into consideration 
during the selection of respondents. Unfortunately, it was not possible to obtain the demographic char-
acteristics for particular districts. Such selection of the sample structure is a compromise solution and we 
should remember that the actual demographic structure in selected neighborhoods could differ to some 
extent from the situation in the whole city.
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Figure 3. Neighborhoods of Olsztyn chosen for the analysis
Photos by Joanna Gadzińska

A total of 510 valid questionnaires were received, including two sub-samples in Jaroty (253 respon-
dents) and Kormoran (257 respondents). The interviewed households represented 1,522 inhabitants of 
these neighborhoods. The main characteristics of the respondents are given in Table 3.
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Table 3. Structure of respondents
	

Jaroty Kormoran

Number of respondents 253 257

Gender

Male 111 (44%) 132 (52%)

Female 141 (56%) 124 (48%)

Age

<25 25 (10%) 30 (12%)

25-40 78 (31%) 100 (39%)

41-60 93 (37%) 93 (36%)

>60 56 (22%) 33 (13%)

Education

Primary 8 (3%) 5 (2%)

Vocational 47 (19%) 15 (6%)

Secondary 96 (38%) 82 (33%)

Higher 101 (40%) 149 (59%)

Occupation

Studying 25 (10%) 35 (14%)

Working 179 (71%) 187 (74%)

Unemployed 0 (0%) 0 (0%)

Retired 36 (14%) 23 (9%)

Housekeeping 12 (5%) 8 (3%)

Household characteristics

Size

Total number of residents 746 776

Residents per household 2.96 3.03

Children per household 0.80 0.69

Legal status

Ownership* 201 (79%) 190 (75%)

Rented 52 (21%) 65 (25%)

Material status**

High-income 123 (49%) 110 (48%)

Average 116 (46%) 119 (52%)

Low-income 12 (5%) 1 (0%)

Number of cars

Total 314 276

Per household 1.25 1.08

Per person 0.42 0.36

Number of seasonal tickets

Total 344 311

Per household 1.37 1.21

Per person 0.46 0.40

* Including private and cooperative ownership.
** Declared by household heads (subjective opinion).
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5	 Hedonic price modelling results

Two approaches were used to estimate the impacts of the Olsztyn tram project on property prices. In the 
first approach, year dummies were used to account for different periods of the project, while in the other 
approach we divided the project into four phases (prior to announcement, announcement, construction 
and delivery).

5.1	 Model with year dummies 

In the first stage, a standard ordinary least squares method was used with a Lagrange multiplier test for 
spatial autocorrelation. We used a distance-based weights matrix and compared Moran’s I values for 
distances of 200 meters, 100 meters and 50 meters. The highest Moran’s I value was obtained in the 
last case, thus the 50 meters matrix was used in all subsequent estimations. Lagrange multiplier results 
showed that the test statistics for both the spatial lag and the spatial error model were significant, but the 
p-value for the spatial error model was lower. Thus, we decided to estimate a spatial error model as well 
as a joint spatial lag and error model (SARMA). A multicollinearity test was also conducted using the 
variance inflation factor (VIF). For all the explanatory variables, the VIF values were below the threshold 
value of 10. Thus, we concluded that multicollinearity was not an issue.

Both the spatial error model and the SARMA approach led to very similar results (Table 4). We 
found no positive effect of the proximity of light rail on property prices. For most years, the relation-
ships were insignificant, with the exception of 2009, 2012 and 2013, when negative effects on property 
prices were found. Building age was negatively correlated with sales prices, reflecting the depreciation of 
housing values over time. However, if a building had a recognized monument status, it would increase 
the sales price of dwellings. Prices also tended to decrease if the dwelling was located on upper floors, 
suggesting a preference for lower and more easily accessible floors. Also, housing prices declined with 
increasing distances to the railway station and the university. As for other locational characteristics, the 
results were more ambiguous. Distances to schools, kindergartens and green areas were either insignifi-
cant or had an unexpected positive sign. There was, however, a clear negative effect of time, reflecting an 
overall declining trend in housing prices between 2008 and 2016.
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Table 4. Hedonic regression results – models with year dummies
			 

Spatial error Spatial lag and error (SARMA) VIF

Constant 11.9327 (0.0307)*** 11.1200 (0.3391)*** -

Dwelling size 0.0116 (0.0001)*** 0.0116 (0.0001)*** 1.15

Building age -0.0029 (0.0002)*** -0.0027 (0.0002)*** 2.70

Primary market -0.0543 (0.0072)*** -0.0549 (0.0072)*** 1.78

Monument status 0.0612 (0.0245)* 0.0538 (0.0247)* 1.41

Floors -0.0087 (0.0015)*** -0.0079 (0.0015)*** 1.23

Railway station -0.0064 (0.0034). -0.0071(0.0033)* 2.98

University -0.0247 (0.0044)*** -0.0202 (0.0047)*** 1.21

School 0.0013 (0.0144) 0.0055 (0.0140) 2.85

Kindergarten 0.0309 (0.0157)* 0.0271 (0.0153). 2.18

Green -0.0114 (0.0343) -0.0159 (0.0332) 1.51

Catchment zone 0.0015 (0.0157) 0.0057 (0.0156) 9.30

2009_Catchment -0.0260 (0.0134). -0.0258 (0.0135). 1.87

2010_Catchment -0.0110 (0.0134) -0.0107 (0.0136) 2.36

2011_Catchment 0.0192 (0.0128) 0.0187 (0.0129) 2.92

2012_Catchment -0.0320 (0.0135)* -0.0327 (0.0137)* 3.43

2013_Catchment -0.0425 (0.0138)** -0.0434 (0.0140)** 3.97

2014_Catchment -0.0171 (0.0146) -0.0183 (0.0147) 4.73

2015_Catchment -0.0205 (0.0154) -0.0219 (0.0156) 4.92

2016_Catchment 0.0163 (0.0168) 0.0148 (0.0170) 4.73

Time trend -0.0012 (0.0001)*** -0.0012 (0.0001)*** 2.76

lambda 0.6029 (0.0119)*** 0.5877 (0.0178)*** -

W_logprice - 0.0647 (0.0268)*

N 11,402 11,402 -

R-squared 0.69 0.69

The dependent variable is the natural logarithm of the sale price. Standard errors are given in parentheses.
Signif. Codes: *** p< 0.001, ** p< 0.01, * p< 0.05, . p < 0.1

5.2	 Model with project phases

A similar procedure was applied in the approach using project phases. Again, the Lagrange multiplier 
test suggested highly significant values for both the spatial lag and spatial error model, with the latter 
having a lower p-value. Thus, both the spatial error and SARMA models were estimated, as in the previ-
ous case.

The results do not differ significantly from models using year dummies. No significant effect on 
property prices was found in Phase 1 (announcement), whereas in Phase 2 (construction) the coefficient 
value was negative, suggesting a decline in housing prices. In Phase 3 (delivery) the impact term was 
again insignificant. Results for other explanatory variables had in most cases the same sign and similar 
coefficient values as in the models with year dummies. As in the previous case, the lambda term and the 
weighted dependent variable were highly significant, suggesting the presence of strong spatial autocor-
relation (Table 5).
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Table 5. Hedonic regression results – models with project phases

Spatial error Spatial lag and error (SARMA) VIF

Constant 11.9347 (0.0304)*** 11.1084 (0.3371)*** -

Dwelling size 0.0116 (0.0001)*** 0.0116 (0.0001)*** 1.15

Building age -0.0029 (0.0002)*** -0.0027 (0.0002)*** 2.70

Primary market -0.0530 (0.0072)*** -0.0537 (0.0072)*** 1.78

Monument status 0.0599 (0.0245)* 0.0523 (0.0247)* 1.41

Floors -0.0088 (0.0015)*** -0.0080 (0.0015)*** 1.23

Railway station -0.0065 (0.0034). -0.0072 (0.0033)* 2.96

University -0.0259 (0.0043)*** -0.0213 (0.0046)*** 1.20

School -0.0004 (0.0143) 0.0038 (0.0140) 2.85

Kindergarten 0.0324 (0.0156)* 0.0286 (0.0151). 2.17

Green 0.0167 (0.0342) -0.0211 (0.0331) 1.50

Catchment zone -0.0020 (0.0140) 0.0019 (0.0139) 7.00

Phase1_Catchment 0.0051 (0.0104) 0.0053 (0.0105) 2.79

Phase2_Catchment -0.0216 (0.0109)* -0.0224 (0.0111)* 7.46

Phase3_Catchment 0.0168 (0.0144) 0.0157 (0.0145) 3.71

Time trend -0.0011 (0.0001)*** -0.0011  (0.0001)*** 2.11

Lambda 0.6003 (0.0119)*** 0.5847 (0.0178)*** -

W_logprice - 0.0658 (0.0266)* -

N 11,402 11,402 -

R squared 0.69 0.70 -

The dependent variable is the natural logarithm of the sale price. Standard errors are given in parentheses.
Signif. Codes: *** p< 0.001, ** p< 0.01, * p< 0.05, . p < 0.1

6	 Effects on travel behavior

The survey results suggest that the Olsztyn tram project resulted in some changes in travel behavior. 
Some important differences between respondents from both neighborhood sub-samples could also be 
observed (Table 6). Respondents from Jaroty tend to be more mobile, as they use cars, buses and trams 
more often than respondents from Kormoran. Surprisingly, the average time needed to reach a tram stop 
is almost the same in both cases, whereas in the case of bus stops it is higher for Jaroty.
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Table 6. Travel behaviors of respondents from Jaroty and Kormoran

Characteristics Jaroty Kormoran

% of respondents using cars everyday 50.4 44.1

% of respondents using cars at least several times during the week 68.7 60.2

% of respondents using cars occasionally 27.4 32.8

% of respondents using buses every day 17.0 9.8

% of respondents using buses at least several times a week 51.0 30.5

% of respondents using buses occasionally 19.8 40.6

% of respondents using trams every day 15.8 14.5

% of respondents using trams at least several times a week 43.1 37.5

% of respondents using trams occasionally 24.5 26.2

Average travel time budget per day (in minutes) 81.1 65.7

Average time needed to reach the main activity (work, school – in minutes) 18.2 15.9

Average time needed to reach tram stop (in minutes) 10.5 10.2

Average time needed to reach bus stop (in minutes) 8.8 5.8

Average time needed to reach park place (in minutes) 1.6 2.7

Changes in travel behavior differed for groups of respondents (Table 7). The strongest increase in 
public transport use was observed for respondents living up to a 10-minute walking distance from new 
tram stops. These groups travel across the city and visit the city center more often. Reductions in time 
spent in congestion as well as in time needed to reach the main activities were also noticed.

The effects for car users and persons living at greater distances from the tram seem to be signifi-
cantly lower, though. Still, many respondents from these groups declared an indirect effect on travel 
behavior, such as a reduction in traffic congestion or shorter travel times. Some of them started using 
public transport more often, but a decrease in car usage was only declared sporadically. Generally, the 
inhabitants of both Kormoran and Jaroty were enthusiasts of the new tram line and saw its impact on 
individual travel behavior. However, it has not caused a majority of car users to give up driving and 
switch to public transport.
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Table 7. Changes in travel behavior after LRT opening and its potential impact on surrounding areas

Category Jaroty Kormoran

+ 0 - + 0 -

Changes in travel characteristics (%)

Frequency of travelling 72.3 27.3 0.4 66.8 32.8 0.4

Frequency of PT use 72.7 26.9 0.4 68.8 30.9 0.4

Frequency of car use 3.2 77.9 19.0 1.6 69.1 29.3

Frequency of visiting the city center 68.7 31.0 0.4 60.5 39.5 0.0

Time needed to reach the workplace/school 0.4 35.6 64.0 0.4 34.9 64.7

Time needed to reach services 1.6 27.3 71.1 0.4 34.4 65.2

Time wasted due to congestion 0.0 32.0 68.0 1.2 33.6 65.2

Observed impact of LRT on surrounding areas

Property values around the tramline 22.5 62.8 14.6 55.5 41.4 3.1

Workplaces around tramline 17.0 68.0 15.0 44.5 48.0 7.4

Housing investments around tramline 20.6 65.2 14.2 54.5 40.8 4.7

Ecological character of the city 85.8 12.3 2.0 71.1 21.1 7.8

Modern image of the city 88.1 9.5 2.4 78.1 15.2 6.6

“+” = increase, “-” = decrease, 0 = no change

Respondents were also asked about their views concerning the effects of the tram on surrounding 
areas (Table 7). Interestingly, interviewees from Kormoran, which is located closer to the city center, 
generally perceived the impacts to be greater. Most agreed that the project caused an increase in prop-
erty prices and led to new investment in its surroundings. Interviewees from Jaroty were more skeptical 
about the perceived influence of the tram, which is surprising given that the literature suggests stronger 
effects in neighborhoods more distant from the city center  (Dueker & Bianco, 1999; Spears, Boarnet, 
& Houston, 2017). Also, around 70% of respondents declared that the LRT strengthened the image of 
Olsztyn as a modern city and increased its attractiveness for young people. A positive impact on urban 
ecology was also recognized. 	  	  	

With regard to the willingness to pay, significant differences were found between both neighbor-
hoods (Table 8). Most interviewees from Jaroty would not be willing to pay more for better accessibility 
to bus and tram stops (this tendency was clear even among public transport users), nor for more parking 
places. By contrast, respondents from Kormoran were generally more willing to accept higher prices for 
apartments in a preferable location.
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Table 8.  Satisfaction with the place of residence and willingness to pay for selected neighborhood characteristics

Category Jaroty Kormoran

Satisfaction with the place of residence (%)

% of respondents who are generally satisfied with their place of residence 74.1 81.4

% of respondents who are satisfied with the location of tram stops 79.8 61.1

% of respondents who are satisfied with the location of bus stops 87.7 76.3

% of respondents who are satisfied with the accessibility of parking places 45.2 62.9

% of respondents who are satisfied with the accessibility of green areas 31.2 59.5

% of respondents who are satisfied with the accessibility of schools and kindergartens 45.1 68.8

Willingness to pay (%)

% of respondents who would pay more for an apartment closer to the tram stop 25.9 55.1

% of respondents who would pay more for an apartment closer to the bus stop 26.7 30.2

% of respondents who would pay more for an apartment with better accessibility of parking 
places

39.4 68.4

% of respondents who would pay more for an apartment closer to the city center 20.3 44.5

% of respondents who would pay more for an apartment in a lower building 28.3 46.1

% of respondents who would pay more for an apartment in a low-density neighborhood 13.5 39.5

% of respondents who would pay more for an apartment surrounded by green areas 60.4 49.2

% of respondents who would pay more for an apartment with better accessibility of schools 
and kindergartens

15.9 45.7

		

The most important findings from the survey can be summarized in several points. Firstly, the 
LRT led to some important changes in the selection of transport modes. The effect was stronger for 
respondents living nearer to the tram stops, and for bus users, many of whom started to use the LRT. 
However, a reduction in car use was not that clear, even though car drivers also declared some increase in 
the frequency of public transport usage. Secondly, it seems that the LRT contributed to greater mobil-
ity, as most respondents declared an increase in the frequency of travel, as well as more frequent visits to 
the city center. The opening of the tram network also reduced the amount of time needed to reach the 
most important daily destinations such as work, school or services. Thirdly, few inhabitants were able 
to identify the positive effects of the new LRT line on the surrounding areas. Many of them reported 
an improvement in traffic conditions, but changes in property values, increased investment and new 
workplaces were observed sporadically.

7	 Discussion and conclusion

This paper looked at the changes brought about by the introduction of the Olsztyn tram project in 
terms of housing prices and travel behavior. LRT projects have been typically perceived as an important 
vehicle for promoting sustainable mobility in urban areas. Consequently, such projects have received 
considerable attention in academia over the past few years. Most contributions have focused on major 
cities, although many LRT projects are located in small-sized cities and towns as well. Our research was 
driven by the question of whether such a project could initiate a change towards making public trans-
port a realistic alternative to individual motorization. We hope that by looking at the effects of a local 
“revolution” in a transport system, like the one that happened in Olsztyn, we would be able to shed more 
light on this question.
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Some previous studies have found a significant positive effect of LRT on property values. However, 
in the case of Olsztyn, the difference-in-difference analysis did not suggest a positive impact on housing 
prices. On the contrary, our models suggest a negative effect during the construction phase, whereas in 
the announcement and delivery phases there does not seem to be a statistically significant relationship. 
This finding is consistent with some previous contributions to the literature (Crocker et al., 2000; Hass-
Klau et al., 2004). Such an outcome could result from perceived disadvantages from the construction 
works, or it could be a consequence of an overall declining trend in housing prices, which had been ob-
served over this period. Concerning the lack of positive housing price effects after completion, it needs 
to be stressed that the paper has looked only at short-term impacts, whereas some changes could be-
come visible in a longer perspective (Cervero & Landis, 1997). Also, as suggested by Hess and Almeida 
(2007), a lack of property price increases should not necessarily be perceived as a negative outcome, as it 
creates an opportunity for affordable living within accessible neighborhoods.

Concerning changes in travel behavior, our paper found that the tram extended the scope of avail-
able transport options, encouraging increased urban mobility, but the car remains the primary means 
of travel for most respondents. While some previous studies have shown that the LRT had spurred 
significant changes in travel behavior (Cao & Schoner, 2014; Engebretsen et al., 2017; Hong, Boarnet, 
& Houston, 2016; Knowles, 1996), others have suggested that the situation could be more nuanced, 
for example, due to bus users rather than car users switching to trams (Lee & Senior, 2013). In the case 
of Olsztyn, we could confirm a modest yet positive impact on travel behavior, which is consistent with 
results in other cities such as Poznań (Gadziński & Radzimski, 2016) or Bergen (Engebretsen et al., 
2017). Most respondents in Olsztyn seem to have a generally positive attitude towards the LRT, but 
they still use the car regularly. Psychological and cognitive explanations suggest that in a city without a 
tram the inhabitants could underestimate or overestimate its role due to a lack of previous experience 
(Bunschoten, Molin, & van Nes, 2013). Newman et al. (2013) suggest that the benefits of LRT will be 
greater in a city with high population density and severe congestion problems. Many Polish cities experi-
ence problems with increasing traffic congestion, but in Olsztyn, the scale of these problems could have 
been insufficient to spur a major shift towards LRT.

Our findings seem to be surprising in the light of the media attention given to the new LRT in 
Olsztyn, which transformed it into a symbol of changing transport policy in Poland. The initiative has 
been widely reported both by the local and the national media as a successful example of implementing 
a sustainable mobility agenda with the support of EU funds. However, the findings are consistent with 
examples from other countries. Research has found limited capitalization of LRT accessibility into prop-
erty values in a context with modest economic growth and limited scope of service (Hess & Almeida, 
2007).

Nevertheless, the attention that Olsztyn received due to the project has very likely contributed to 
the promotion of the city and enabled it to build its positive image. What is more, most respondents 
have a positive attitude towards trams and see their overall positive impact on the city. Further stages 
of the tram project are still planned, which would allow it to connect other neighborhoods to the tram 
network. Potentially, this could change the situation and increase the role of trams in the local transport 
system.

Concerning the planning and policy implications of this research, an examination of the impacts 
of the Olsztyn tram project in terms of changes in travel behavior and housing price appreciation sug-
gests that light rail could be a feasible solution contributing to sustainable mobility in mid-sized cities. 
However, a light rail project should rather be seen as a precondition for change, which is likely to depend 
upon several demographic, economic and cultural factors. Concerning effects on property values, the 
lack of a positive effect following the completion of the project could be interpreted in different ways. 
In contexts where infrastructure projects are financed in major part through a levy on land value uplift, 
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such a situation could be perceived as a disadvantage. Yet, stable housing prices also mean lower financial 
pressures for the residents, who may benefit from improvements but do not need to face increased costs 
of living.
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