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Abstract: Identification of the role of the waterbus system in the development of tourism in a large coastal city — a tourist center of international
importance. Cartographic materials, qualitative and quantitative data on the waterbus system, spatial development and tourist traffic were used. Quantitative
temporal and spatial analyses were conducted, including GIS analyses. Service of the tourist traffic is the dominant function of the waterbus in Gdansk.
This is determined by three categories of factors: (i) the seasonal nature of the system and a low level of integration with the public transport system; (ii)
low potential demand for transport services due to the fact that most of the stops are far away from large residential or work centers; (iii) proximity of
most of the city’s main tourist attractions to the stops. The obtained results are helpful in programming the development of public transport systems,
especially in large tourist coastal cities. The conditions of spatial development are of key importance for shaping the dominant function of the waterbus.
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INTRODUCTION

The aim of the article is to identify the role of the waterbus system in the development of tourism in a large coastal city, such as Gdansk,
which is also a tourist center of international importance. The basic premise for undertaking the research is the fact that the system has been
operating for a relatively short time (since 2012) and has not been sufficiently covered in the subject literature yet. Few works directly related
to the discussed system appeared shortly after its launch, and they have a limited empirical value (Cieslinski and Chromniak, 2013;
Kizielewicz, 2014). On the other hand, in later works, the issue of servicing tourist traffic was not the main point of focus (Miszewska-
Urbanska and Apollo, 2016; Potom et al., 2020). Moreover, organizational and functional dissonance is also conducive to taking up the issue.
Formally, Zarzad Transportu Miejskiego (the Municipal Transport Authority) is the operator of this transport. Therefore, waterbuses are
part of the public transport system. At the same time, they operate during the tourist season, which indicates that their main function is to
handle tourist traffic. The problem of the dominant function of public transport in tourist cities is recognized in the literature (Le-Klahn
and Hall, 2015). The following analysis attempts to indicate the conditions and factors determining the primary function of the water
tram system in the city Gdansk. The spatial scope of the analysis covers the territory of this city. In particular, the areas in the vicinity
(1000 m radius) of waterbus stops were taken into account. The main period of the analysis covers the years 2012-2018.

Waterbuses are a type of city public transport. This fact places the present analysis in the new mobilities paradigm that has been
developing for less than two decades. It integrates the issues of urban transport, anthropogenic climate change and energy transformation
(Sheller and Urry, 2016). It is part of the research stream devoted to sustainability, and in particular to sustainable accessibility (Gil Sola et al.,
2018). In this perspective, waterbuses are one of the means of transport aimed at reducing the dominance of private cars in the modal split.

Waterbuses are not a common form of urban transport. The structure of the hydrographic network is of fundamental importance for
their development — both in terms of the navigability of individual reservoirs and their location in relation to areas concentrating daily
migrations. Cheemakurthy et al. (2017) identified 23 cities in the world where this measure plays a significant role in the transport
system. In thirteen cases, these systems were large scale (>7 lines, high number of stops); six were in the medium scale group (4-6 lines,
medium number of stops), and four in the small scale category (1-3 lines, limited number of stops). These authors also distinguished
three basic types of ferry systems: type A (linear) — routes where boat services traverse along a river or water body stopping at multiple
destinations connecting points of interest along a waterfront; type B — shorter routes with two or three stops either in a simple river
crossing or triangular three-point stop configuration; type C — routes linking suburbs with the inner-city area by long, low-frequent
connections. The role of city ferries in increasing the cohesion of the transport system and transport accessibility in coastal cities is
relatively often undertaken in scientific research (Ercoli et al., 2015; Sandell, 2017; Chen et al., 2017; Bignon and Pojani, 2018; GrofRe et
al., 2018). Another thread concerns the directions of development of this type of transport.

On the one hand, the role of technical innovations in the development of urban passenger shipping is emphasized. In particular, the
importance implementing an electric/hybrid drive is emphasized, which allows for a deep reduction of operating costs and an increase in
the comfort of travel and operation (Gagatsi et al., 2016; Guarnieri et al., 2018). This approach is dominant in cities in hi ghly developed
countries, capable of mobilizing sufficiently high investment outlays. On the other hand, the leading role of transformations of urban
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regimes in the field of urban transport is emphasized, resulting mainly in optimization and organizational and structural transformations
only supported by technical innovations (Bandyopadhayay and Banerjee, 2017; Ghosh and Schot, 2018).

Many port cities also have intense tourist traffic. Public transport is oriented towards its service to varying degrees (Le-Kl&hn and
Hall, 2015). Urban passenger shipping seems to play a special role in this field. In some cities, it even specializes in servicing tourist
traffic. The degree of specialization depends on the overall tourist attractiveness of the city, the nature of the places connected by the
shipping lines (to what extent these are places of residence and work and to what extent of spending leisure time), and the competitiveness of
other types of urban transport (Tanko and Burke, 2017). Based on the literature review, Tan and Ismail (2020) indicate that the existing
transport modes in the destination will affect tourist movement, especially in terms of the designated route of transport and walkability to
tourist attractions. As further analysis shows, these factors will be of key importance for the operation of waterbuses in Gdansk.

Case study — Gdansk

The city of Gdansk is located in northern Poland on the Gulf of Gdansk, which is part of the Baltic Sea (Figure 1). It is one of the most
important tourism centers in Poland; it is also ranked as an important European center. It has a competitive accommodation base in terms of
the volume of resources, quality and prices (Obrochta, 2019). Annually, the city is visited by 2-2.5 million visitors. In 2017, the number of
visitors and tourists was estimated at 2.7 million. Of these, two-thirds (1.7 million) were tourists, i.e. people using accommodation (Bgben et
al., 2018). During the three summer months — June, July and August — the city was visited by about 837,000 guests, i.e. about 30% of the
whole-year number of tourists and visitors (Pomeranian Scientific Institute, 2017). The above-mentioned study shows an image of the
average tourist as a rather young person (less than 44 years old), most often with higher education, with a rather good financial situation,
coming for at least a few days with accompanying persons, mainly for leisure, which takes the form of sightseeing and walking.

Gulf of Gdansk o
(Baltic Sea) : ﬁ
Finland
Norway
s s 5 Sweden :
=" o stonid Russia
5 L
= o
\ g
Dentharks? - < atvia
T Lithuania
GDANSK Belarus
Poland
Germany
? Czech Rep. Ukraine
Slovak
ovakia e

Figure 1. Location of the city of Gdansk (Source: own elaboration)

Within its current administrative borders, there are waterways and fairways using the hydrographic system based on the Martwa
Wista with the Kanat Kaszubski, the Wista Smiata, the Nowa Motlawa and the Stara Mottawa rivers. Gdansk is a city with a thousand-
year history, in which its coastal and riparian location has always been of paramount importance. The spatial development of the city
initially concentrated along rivers and canals, and then covered the coastal zone of the Gulf of Gdansk. Rivers and canals in Gdansk are
currently used mainly by passenger vessels of a tourist and recreational nature. The greatest concentration of the tourist traffic is in the
Srédmiescie area, with quays for local and regional passenger shipping and yacht harbors. In 2006, the first waterbuses were launched in
the Gdansk urban region. The initiative of the municipal authorities was aimed at increasing the attractiveness (frequency of routes and
ticket prices) of coastal tourist shipping. However, it was not until 2012 that reorganization was carried out, involving the launch of two
waterbus lines operating in the inner waters of Gdansk. As part of the project co-financed from the EU funds, 10 waterbus stops were
built. In this way, the system's elementary infrastructure, which is the subject of this analysis, was created.

MATERIALS AND METHODS

The research procedure was divided into three basic stages (Table 1) aimed at achieving specific research goals. At each stage, a set of
appropriate research methods was applied, adequate to the problem and available sources. In the first stage, the focus was on the supply side
of the waterbus system. The research was based, to the necessary extent, on quantitative data, which enable defining the system size and its
operational capacity. The assessment of this parameters was the first to identify the role of waterbuses in urban transport system.

Table 1. Research stages, relevant detailed aims, materials and methods (Source: own elaboration)

Stage Research objective Materials and methods

Materials: data of the transport operator (Municipal Transport Authority,
Characteristics of waterbus operation supply (system size and type, |2018a) and the results of the expert opinion on the operation of waterbuses
type and number of vessels, passenger capacity, frequency of routes) | (Gdansk Economic Development Agency, 2018).

Methods: qualitative and quantitative temporal and spatial analyses.

Materials: geodetic and cartographic data from public resources (Geoportal,
2018; Gdansk Development Office, 2018); data with high spatial resolution on
the number of inhabitants, workplaces (Gdansk Development Office, 2016),
location of tourist attractions (B¢ben et al., 2018). Methods: GIS analysis.

Identification of spatial determinants of a demand for waterbus
2 |transport (hydrographic conditions; distribution of inhabitants,
workplaces and tourist attractions as well as investment areas)

Defining the importance of tourists function of waterbus system Materials: data of the transport operator (Municipal Transport Authority,
3 | (passenger traffic intensity by stops and importance of tourist 2018b), reports on tourist traffic (B¢ben et al., 2018).
attractions located close to waterbus stops) Methods: quantitative analysis of passenger traffic and survey results data.
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In the second stage, the spatial determinants of a demand for waterbus services were identified. These studies were carried out based on
spatial data and the related quantitative data using GIS methods and tools. In the third stage, the intensity of passenger traffic compared to the
nature and the importance of tourist attractions within a radius of 1000 m from waterbus stops were analyzed. Research indicates (Gurgul,
2018) that this is an acceptable walking distance radius of accessibility to attractions in waterside zones. The compilation of partial results
obtained at the described stages of the research enabled achieving the main objective of the article —defining the role of waterbuses in
servicing tourist traffic in the analyzed city.

RESULTS AND DISCUSSION

The results were discussed in relation to the specific research objectives (Table 1). First, the supply side of the waterbus system in
Gdansk are presented, and then the focus is shifted to the spatial determinants of the functioning of this system. Finally, the results of the
analysis of the passenger traffic and the distribution and importance of tourist attractions close to waterbus stops are presented.

The waterbus system in Gdanisk consisted of two lines, thirteen stops and three vessels. In comparison to other similar systems, it
should be classified as small scale (Cheemakurthy et al., 2018). The nature of the used fleet and the degree of filling indicate the
heterogeneity of the waterbus system in Gdansk. In consistence with the proposal by Cheemakurthy et al. (2018), line F5 represents type
A (linear) routes, where boat services traverse along a river or water body stopping at multiple destinations connecting points of interest
along a waterfront. By contrast, line F6 corresponds to type C, linking suburbs with the inner-city area by long, low-frequent
connections. In the years 2012-2017, the waterbus lines operated with a frequency of 3 connections a day, and since 2018 the number of
connections on the F5 line was doubled. So far, operator tenders have been announced twice for the years 2015-2017 and 2018-2020. In
both cases, the company Zegluga Gdanska was selected. Sonica and Sonica | ships, which are characterized by a low superstructure
allowing them to sail under permanent bridges, were specially purchased to operate the line. The vessels can take 40 passengers and 5
bicycles. A larger ship with a capacity of 140 passengers and bicycles operates on the F6 line since 2018.

The length of the F5 route is approx. 12.8 km, and one-way cruise time takes approx. 98 min. The length of the F6 route is 14.3 km,
and it takes comparable cruise time of approx. 100 min. The volume of the transport service offered by the waterbus system compared to
other public transport modes showed very low. Leading urban transport operator uses 252 buses and 135 tram sets. Almost e very tram
can carry more passenger than most giant waterbus vessel (Gdansk Buses and Trams, 2020). Public transport network consists of 10 tram
and 65 bus lines serving 730 stops — also located in neighbouring municipalities (Municipal Transport Authority, 2020).

The tourist function of waterbuses is forced by unfavorable, from the point of view of the functioning of the municipal public transport
system, spatial conditions. Near the stops of both routes, there are no significant urban population centers and workplaces, which is a key
barrier to development (Thompson et al., 2007). The only major concentration is the city center. However, this is an area with good
transportation links to other parts of the city, including those located close to the waterbus stops (Figure 2). Therefore, both types of transport
are competitive. Considering the small scale, the fact that waterbuses only operate during the tourist season, that they run very infrequently
and that travel costs are relatively high, it should be considered that actually they are not part of the urban public transport system.
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Figure 2. Spatial patterns of population and workplaces along waterbus routes in Gdansk
(Source: own elaboration based on Gdansk Development Office, 2016; Gdansk Development Office, 2018)
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The tourist function results not only from the low accessibility of stops to places of residence and work. Primarily, it results from the
high attractiveness of the vicinity of stops for recreation and tourism (Figure 3). The waterbus also offers competitive connections in terms of
travel time compared to other means of public transport. The latter often have to take a roundabout route to use sparsely situated bridges.

Waterbuses have a particularly large advantage in serving attractions located on the opposite banks of the mouth of the Vistula.
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Figure 3. Spatial patterns of tourist’s attractions along waterbu

s lines in Gdansk. (Source: own elaboration based on Geoportal, 2018; Beben et al., 2018)

Table 2. The number of passengers on the waterbus lines in 2012-2018 (Source: own elaboration
based on materials of Gdafisk Economic Development Agency, 2018; Municipal Transport Authority, 2018b)

Year Number of passengers YoY increase (%)
2012 11,375 —

2013 25,794 127

2014 31,801 23

2015 43,885 38

2016 47,240 8

2017 48,367 2

2018 65,627 36

Table 3. The average number of waterbuses passengers per day by lines and directions
in Gdansk in 2018 (Source: own elaboration based on materials of the Municipal Transport Authority, 2018b)

Line F5: Direction: Westerplatte Direction: Zabi Kruk

waterbus stops Embarking passengers Disembarking passengers Embarking passengers Disembarking passengers
Zabi Kruk 59,0 0,0 51,3 0,0
Zielony Most 50,1 0,3 20,8 0,2
Targ Rybny 15,6 1,8 24,5 8,7
Wiosny Ludéw 1,0 0,9 1,9 0,8
Nabrzeze Zbozowe 0,8 2,1 2,0 0,8
Twierdza Wistoujscie 0,6 3,6 0,2 2.4
Westerplatte 5,8 54,0 2,1 41,9
Latarnia Morska 0,6 13,6 09 31,1
Brzezno 0,0 57,4 0,0 17,8
Total 133,55 133,5 103,8 103,8
Line F6: Direction: Narodowe Centrum Zeglarstwa Direction: Targ Rybny
waterbus stops Embarking passengers Disembarking passengers Embarking passengers Disembarking passengers
Targ Rybny 1195 , 113,0 0,0
Wiosny Ludéw 0,2 0,1 13,7 0,6
NCZ 0,9 12,9 0,7 0,1
Sobieszewo 0,0 107,6 0,0 126,7
Total 120,6 120,6 127,5 1275
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The waterbus system's size and capacity supply and land use of areas around stops impact passenger traffic. Since the launch of the
waterbus lines in 2012, the number of passengers has been increasing dynamically (Table 2). The average level of filling waterbuses with
passengers throughout the entire season was approx. 54.5%. A high percentage of filling was recorded for line F5, which was served by
two small vessels with a capacity of 40 passengers — 79.1% on average, while for line F6, which was served by a much larger vessel with
a capacity of 140 passengers, the average filling rate was 36.0%. The popularity of individual waterbus stops on both lines varied (Table 3).
For line F5, most of the passenger exchange concentrated at six stops at the opposite ends of the route — three in the historic downtown
and three in the coastal strip. It was similar in the case of line F6. The end stops (downtown and the coastal strip) were also the most
popular. Both types of areas — the historic downtown and the coastal strip concentrate the most important tourist values. Thus, the
structure of passenger exchange indirectly indicates the dominant tourist function of waterbuses.

Annual surveys of tourists and visitors (Begben et al., 2018) identify the places most frequently visited by them. Among 22 sites and
attractions mentioned in the report, visited the most during their stay in 2017, there were as many as 15 situated near (distance up to 1000 m)
the waterbus stops. The above-mentioned sites usually have cultural values — this is, of course, the historic downtown, as well as museums
and theaters located in its area or nearby (Table 4, Figure 3). Gdansk beaches are a highly appreciated value, and the only natural one. Close to
stops, there are three well-known bathing areas: BrzeZzno, Gorki Zachodnie and Sobieszewo. The beaches of the latter one are slightly farther
away (about 1.5-2 km) from the waterbus stop. As evidenced by the data on passenger exchange, this stop is still very popular. It seems that
trips to Sobieszewo, due to the time and frequency of cruises, are usually all-day. The greater distance between the bus stop and the beach is
not such a big barrier, especially as the large tram capacity on this line is conducive to taking bicycles. Aside from the main considerations, it
is worth noting that the areas located by the water are an attraction not only for tourists and visitors to Gdansk, but also for its inhabitants. As
the research by Gurgul (2018) shows, as many as 79% of the respondents confirmed that they spend time by the water near their place of
residence. The average distance covered for this purpose is 1 km. The areas around the Mottawa and its moat, as well as the coastal strip
from Jelitkowo to Gorki Zachodnie, are definitely the most popular. Less, but noticeable interest is recorded by the Vistula quays adjacent to
residential area, namely in Nowy Port and Wistojuscie, Przer6bka and Sobieszewo. All these places are located close to waterbus stops.

Table 4. Sites and tourist attractions most frequently chosen by respondents in Gdansk in 2017 which they intended to visit during
their stay (multiple choice question), located in the vicinity (up to 1000 m) of ferry and waterbus stops (Source: Beben et al., 2018: 32-33)

Tou_rist attraction (the numbering below is <_:onsistent Total Visitors Tourists Domestic Foreign
with the reference numbers of items on Figure 3)
1. Historic Center (Old Town) 89.91% 84.29% 93.52% 89.09% 93.91%
2. Beach 44.34% 27.35% 55.24% 40.65% 62.30%
3. Crane (going inside) 14.51% 5.51% 20.29% 13.41% 19.91%
4. St. Mary’s Basilica (going inside) 23.37% 10.10% 31.87% 21.10% 34.43%
5. Artus Court 11.56% 3.88% 16.49% 11.63% 11.24%
6. Main Town Hall 18.86% 9.90% 24.61% 19.03% 18.03%
7. Westerplatte 20.69% 9.69% 27.75% 19.46% 26.70%
8. Uphagen’s House (going inside) 7.26% 2.14% 10.54% 6.39% 11.48%
9. Gdansk Shakespearean Theatre 7.97% 2.24% 11.65% 7.02% 12.65%
10. Sotdek (going inside) 8.29% 1.84% 12.43% 7.93% 10.07%
11. Wistoujécie Fortress 7.26% 1.53% 10.93% 6.49% 11.01%
12. National Museum (including Memling’s Last Judgment) 8.73% 2.65% 12.63% 7.64% 14.05%
13. Lighthouse in Nowy Port 4.86% 0.61% 7.59% 4.13% 8.43%
14. National Maritime Museum 6.46% 2.45% 9.03% 5.62% 10.54%
15. Museum of the Second World War 12.52% 8.88% 14.86% 11.77% 16.16%
Other (specify) 3.59% 6.63% 1.64% 3.94% 1.87%
CONCLUSION

The conducted research procedure clearly showed that the dominant function of the waterbus in Gdansk is the service of tourist
traffic. This is determined by three categories of factors. Firstly, the nature of the system — seasonal, with a relatively low frequency of
connections, a separate fare system, using vessels not fully adapted to the effective handling of daily transport flows. Secondly, a low
potential demand for transport services due to the remoteness of most stops from large clusters of places of residence or work, as well as the
a lack of competitiveness of this offer (travel time and cost, frequency of trips) in comparison to travel by tram or bus. Thirdly, the
proximity to most of the city’s most important tourist attractions to the stops as well as the significant competitive advantage of
waterbuses (travel time) over other means of public transport resulting from the spatial structure of the water and road network. Waterbuses
compensate for the lack of bridges that would facilitate movement between tourist attractions located on opposite banks of the river.

The obtained results are helpful in programming the development of public transport systems, especially in large coastal cities which are
also important centers of tourist traffic. The determinants of spatial development seem to be of key importance for shaping the dominant
function of the waterbus. The main limitation of this study is impossibility to find out the opinion of waterbus users. Direct passenger survey,
however difficult in given circumstances, would allow deepening the research and nuancing the knowledge about the reasons for using
waterbuses, travel directions or the assessment of the transport service itself. The broader question of transport as a factor of tourist
satisfaction with destination place (Carvache-Franco et al., 2018; Mashapa et al., 2019) seems to be impressive research field. This is also the
suggested direction for further research. A particularly interesting issue seems to be the extent to which the waterbus system itself and the
possibility of seeing interesting, sometimes otherwise inaccessible parts of the city from the water (shipyards, port quays) constitute a tourist
attraction in itself. In addition, in the light of the gradual modernization of inland navigation systems in the world, it is worth undertaking
research on the directions of such modernization, taking into account local conditions and factors that may be different depending on the city.
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