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Abstract. The main aim of the article is attempt to get the answer to the 
question about the impact of services offered by point elements of transport 
infrastructure on meeting the expectations and preferences of passengers in 
various modes of transport. Based on the presented objective, the assessment 
of the competitiveness of air and ferry transport in the service of passenger 
traffic was carried out through taking into the consideration selected 
elements affecting the quality of services offered by airports and ferry 
terminals. One of the key factors of the competitiveness of ports is time 
availability. The main objective of the research undertaken in the article was 
therefore to assess the competitiveness of seaports and airports in terms of 
their time availability. The article uses the case study method of selected 
airports and ferry terminals located in the Baltic Sea Region (BSR). The 
comparative analysis covered the time competitiveness of port ground 
access. The results of the research allow to make a general conclusion that 
ferry terminals have better ground access for individual car journeys and 
airports are becoming more competitive in the case of the arrival and 
departure function of public transport. This indicates that the system of 
ground access for seaports and airports is adapted to the segment of 
passengers having the largest share in transport by the analyzed transport 
branches, i.e. the motorized passengers in ferry transport and non-motorized 
passengers in air transport. 

1 Introduction 
The phenomenon of competition between sea transport (ferry shipping) and air transport 

intensified in the 1990s. The weakening of the competitive position of ferry transport 
contributed primarily to the introduction in 1999 of the abolition of duty-free and tax-free 
retailing on board ferries operating on ferry lines connecting the EU member countries [1-3]. 
On the other hand, the increase in the competitiveness of air transport was related to the 
development of low-cost airlines supported by the liberalization of the EU air transport sector 
and the implementation of the open sky policy in the EU [4-8]. As a result of the changes, 
the function of ferry shipping changed from a typical passenger to a passenger and cargo 
shipment. The outcome was the conversion of passenger ferries and the introduction of new 
ro-pax ferries with an extended lane metres at the expense of the passenger space. 
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These factors changed the structure of the international passenger transport market in the 
Baltic Sea Region (BSR), which was traditionally dominated by ferry transport. The increase 
in cost competitiveness and the time advantage of air transport, while the competitiveness of 
ferry shipping decreased due to abolition of duty-free sale, contributed to the takeover of 
some of the passengers of the ferries by air transport. The few surveys undertaken so far in 
the area of competitiveness of air and sea transport focused on the analysis of the demand 
side, including in particular identification of passengers' preferences as regards the choice of 
modes of transport. There is, however, no comparative research in the area of inter-branch 
competitiveness of air and sea transport from the point of view of the quality of services 
provided by seaports and airports. One of the key elements influencing the quality of airport 
services is their time of port ground access.  

The main aim of the article is attempt to get the answer to the question about the impact 
of services offered by point elements of transport infrastructure on meeting the expectations 
and preferences of passengers in various modes of transport. The aim of the research 
undertaken in the article is to assess the competitiveness of air transport and ferry shipping 
in servicing international passenger traffic in the BSR through the prism of time 
competitiveness of port ground access. The results of the research undertaken in the article 
do not exhaust the issue of competitiveness of the analyzed transport branches from the point 
of view of the quality of services provided by seaports and airports. Nevertheless, they can 
be an introduction to further in-depth research in this area, in particular those undertaking a 
comparative analysis of other elements affecting the quality of port services in passenger 
traffic. 

2 Literature overview 
The concept of competitiveness is analyzed on many levels. It is the ability to achieve 

market objectives in a competitive environment [9]. M. E. Porter [10] defines 
competitiveness as the ability to create conditions conducive to the development of 
international competitiveness of enterprises within specific market segments. In the area of 
passenger transport, competition is examined primarily from the point of view of satisfying 
the customer's preferences (travel mode choice behavior). The issue of travel mode choice 
behavior was taken, among others in studies by McFadden, Jackson & Jucker, Ye & Wang, 
Hunecke, Scheiner, Paulssen, De Vos et. all [11-18]. In the inter-branch transport system, the 
subject of many studies is the competitiveness between high-speed train and air transport [19-
23]. These studies confirm that cost and time are the two main factors that passengers take 
into account when travelling.  

These factors also play a decisive role in the decisions of ferry passengers and air 
transport. Research in this area is relatively rarely undertaken [24-27]. They show that the 
main factor in the competitiveness of air transport in relation to ferry shipping is lower cost 
and the possibility of taking a car. In contrast, less time consuming in comparison with the 
ferry travel is a major factor in the competitiveness of air transport. There is also no 
comprehensive research in the literature on the assessment of the competitiveness of ferry 
and air transport through the prism of the quality of services provided by seaports and 
airports. Such research is undertaken rather in the inner-branch transport system. For 
example, Pantouvakis [28], in relation to seaports  identified six factors (service, safety and 
security and cleanliness, communication, guidance and information) that effectively describe 
the multidimensional construct of port-service quality. Important factors of competitiveness 
of airports and sea terminals are resource factors that M.E. Porter describes as factor 
endowment [10]. They are connected, among others, with physical resources such as 
geographic location and time availability. 
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In the transport literature, when analyzing the accessibility issues among others the 
connectivity factor is used [29-31]. Doganis and Denis [32-34] define this as the number of 
indirect connections that meet the minimum and maximum time requirements for passenger 
service in the port, taking routing into account. Veldhuis, Burghouwt, Kroes, Danesi, 
Malighetti and Paleari with their teams [29-30, 35-38] interpret connectivity similarly. In 
their opinion connectivity is defined as the number of direct and indirect connections, so that 
the passenger has a guaranteed stay in the transfer port, with the appropriate quality of 
services provided. The time availability of seaports and airports from the point of view of the 
port ground access is of significant importance in the broadly understood air- and seaport 
connectivity [39-44]. The main factors affecting the time availability (connectivity) are: 
accessilibity coefficient, time coordination of airport operators' service, air travel time, 
quality of service in the transit port, type of connection, maximum number of travel stages, 
type of connectivity (through the hub port or through other ports) [45-46]. Tłoczyński [47], 
analyzing the problems of the airport ground access system, distinguishes three paths of the 
analyzed problem: 

• in terms of time needed for access to the airport, 
• in terms of travel costs, car parking (these are the features that can be dimensioned in 

terms of money), 
• competition between the systems that make up the airport / ferry links system (the 

passenger then uses all possible instruments to value the way of reaching the sea- or airport). 
However, Koster, Kroes and Verhoef [48] proposed a model that defines the ideal time 

needed to reach the port, so that the passenger is neither too early nor too late, at an acceptable 
cost. As a result of the development of the passenger access system to seaports and airports, 
the importance of the region increases, then operators are more willing to launch new 
connections, increase the frequency of existing connections, and this in turn affects further 
development of the region [49]. 

Taking into account the above, the main issue raised in the article is the issue of the 
competitiveness of seaports and airports in handling passenger traffic through the prism of 
time competitiveness of airport and seaport ground access. 

3 Methodology 
The subject of research are selected airports and ferry terminals located in the main BSR 

cities. As an area of the BSR, an area covering territories belonging to countries with direct 
access to the Baltic Sea, including through the Danish straits, was adopted. In the analyzed 
area, the most important airports and seaports were selected. The main factors of selection 
were: 

1. The volume of serviced international passenger traffic. 
2. Representativeness of most countries in the region (apart from Poland and Germany, 

capitals of the Baltic countries were adopted). 
3. Existence of alternative air and ferry connections.  
The analysis excluded ferry terminals serving domestic traffic (e.g. within the Norwegian 

coast) and very short relations for which there are no alternative air connections, e.g. from 
the Swedish city of Helsingborg to the Danish city of Helsingør as well as the Danish town 
of Rødby to the German town of Puttgarden [27]. According to the criterion of 
representativeness of BSR countries, from the group of airports and ferry terminals, those 
serving the capitals of particular BSR countries were selected. The exceptions are Poland and 
Germany, for which airports and ferry terminals located in the coastal regions - Gdańsk, 
Gdynia and Rostock - were accepted. The indicated origin ferry ports and airports are served 
by air and ferry connections. The final group of transport hubs (origin ports) that were 
examined are: Copenhagen, Gdansk and Gdynia, Helsinki, Klaipeda, Oslo, Riga, Rostock, 
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Stockholm and Tallinn. The Multiple Case Study Design method was used in the analysis of 
selected airports and ferry terminals [50]. Airports and ferry terminals were subjected to a 
comparative analysis according to the following criteria: 

• location in relation to the city center (km), 
• directional structure of served connections (origin ferry ports and airports), 
• frequency of connections (per week), 
• time availability to the city center (minutes) separately for individual car and public 

transport (urban and rail). 
Most of the analyzed points in which passengers start their journey (6 out of 9) were 

served by more than one ferry terminal, and two of them by more than one airport. In order 
to compare the estimated time of transfer on the route from the ferry terminal to the city 
center and from the airport to the city center in the case of the accessibility of more than 1 
transport point for a specific transport branch (ferry terminal or airport), only the shortest 
(minimum) and longest (maximum) travel time were taken into account. In the analysis of 
the time availability of selected terminals and airports, the data generated by google.maps 
were used primarily. This data was taken for car traffic and public transport (including rail) 
in the same time and period (January 2018). In the absence of data on Google Maps for public 
transport in Gdansk, Klajpeda and Riga, data from the internet portals dedicated to public 
transport timetables were used [51-53]. 

4 Results 

4.1. The comparative analysis of ferry terminals and airports (location, traffic 
volume and  connections) 

When making a comparative analysis of the analyzed airports and ferry terminals in the 
scope of passenger service, the sum of all transport points serving the city was taken into 
account. The analysis of the data shows that in the majority of the cities studied, a higher 
volume of passenger traffic is served by airports than ferry terminals. The exception is Tallinn 
and Rostock, where larger volumes of traffic are generated by ferry terminals. The most 
balanced branch structure of passenger traffic is served in Helsinki and Klaipeda. (Figure 1). 
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Fig. 1. The volume of passenger traffic served by the examined airports and ferry terminals in 2016 
[54-63].  

 
In the surveyed group of origin ports, the largest number of separate ferry terminals 

operates in Helsinki, 6 ferry terminals are located there. The analysis excluded Hansa 
Terminal, which handles the Helsinki-Travemünde route with the prevailing cargo traffic. 
Three ferry terminals also serve Stockholm and Tallinn. In the case of Tallin, ferry services 
for ferry operators of Viking Line, Eckerö Line and Moby Line SPL's were separated into 
two separate terminals according to departures and arrivals (successively terminal A and 
terminal B). The third terminal D serves only Tallink Silja ferries. Two ferry terminals also 
serve Oslo, Klaipeda and Gdansk. In the case of Gdańsk, Gdynia Ferry Port was accepted as 
the second terminal. Other analyzed cities such as: Copenhagen, Riga and Rostock are served 
by one ferry terminal. Specification of the analyzed ferry terminals and the distance from the 
city center is presented in Table 1. 

 
Table 1. The distance of the analyzed ferry terminals from the city center [64] 
destination distance from the city center (km)* 
Copenhagen 4,5 
Gdańsk 
Westerplatte Ferry Terminal 

 
10 

Gdynia Ferry Port 36,5 
Helsinki 
Katajanokka Terminal 

 
3 

West terminal 1 3 
West terminal 2 4 
Makasiini Terminal 2,5 
Olympia terminal 3 
Klajpeda 
International Ferry Terminal (IFT)  

 
13 

Central Klaipedos Terminal (CKT) 3,5 
Oslo 
DFDS Seaways and Stena Line Terminal 

 
2 

Color Line Terminal 3,5 
Riga 1,5 
Rostock 2,5 
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Stockholm 
Viking Line terminal (Stadsgården) 

 
14,5 

Värtahamnen port 10 
Ferry terminal Frihamnen 6 
Tallin  
Passenger terminal A i B 

 
1,5 

Passeneger terminal D 2,5 
* the estimated distance was measured for car traffic and given to an accuracy of 500 meters. 

 
13 out of 19 analyzed ferry terminals were located not more than 5 km from the city 

center, and as many as 9 of them are located not more than 3 km from the city center. The 
nearest ferry terminals are located in Oslo, Riga and Tallinn. At a distance of more than 5 
km, but no more than 10 km from the city center, there are 3 of the 19 analyzed terminals. 
Only 3 of the analyzed terminals are located more than 10 km from the city center. These 
include Gdynia Ferry Port, Stockholm (Viking Line terminal) and Klaipėda (International 
Ferry Terminal). In the case of the ferry terminal in Gdynia, the distance from the city center 
is explained by the fact that the city of Gdańsk was accepted as the destination, not Gdynia 
(the distance between the center of Gdynia and the terminal is 5 km). 

For the purposes of comparative analysis, the most important airports serving passenger 
air traffic, the location of which coincides with ferry terminals, were chosen. With regard to 
transport, most airports are located in the area of Stochkolm (Arlanda, Skavsta and Bromma) 
and in Oslo (Gardermoen, Sandefjord-Torp and Moss-Rygge), three air transport points. 
However, during the analyzed time period (January 2018), the airport serving the Oslo Moss-
Rygge region was closed. However, for the remaining agglomerations, one airport was 
assumed for the needs of research, despite the fact that in close proximity to Danish 
Copenhagen Airport operates the Swedish port of Malmö-Sturup, serving low-cost traffic 
(distance 51 km). There are no premises related to cooperation between these ports, and one 
city from each country was selected for the research. Including Malmo as an origin port 
would cause inconsistency with the research assumptions. The distances between the 
particular ports and the city center are presented in Table 2. 

 
Table 2. The distance of the analyzed airports from the city center [64] 

destination distance from the city center (km)* 
Copenhagen 7 
Helsinki 20 
Oslo 
Oslo Gardermoen 49,5 
Oslo Torp 119 
Stockholm 
Stockholm Arlamda 41,5 
Stockholm Skavsta 106 
Stockholm Bromma 8 
Riga 10,5 
Talinn 7 
Klajpeda 8 
Gdańsk 16,5 
Rostock 45 

* the estimated distance was measured for car traffic and given to an accuracy of 500 meters. 
 
 
The examined airports are located at a much greater distance from city centers than ferry 

terminals. Of the 12 examined airports, the four nearest airports were within 10 km of the 
city center (airports in Tallinn, Copenhagen, Klajpeda and Stockholm Bromma). The 
remaining 8 airports are located at a distance of more than 10 km. The airports of Oslo Torp 
and Stockholm Skavsta are located farthest from the city centers (over 100 km). 
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Unlike airports, the analyzed ferry terminals support only BSR traffic, which is a natural 
feature of ferry shipping and results from its regional character [27]. The most popular ferry 
route is the Helsinki-Tallinn line with the frequency of weekly flights at 94. According to the 
duration, this route is one of the longest in the BSR (long duration voyages of over 11 hours, 
[65] and the journey lasts, depending on the ferry operator, 16-17 hours. The second Baltic 
route with the highest frequency of sailings is the Rostock-Gedser route, which is classified 
as a short-term route (short duration voyages of up to 2 hours). The travel on this route lasts 
1h 45min. Connections with relatively high frequency of sailings per week (over 10) also 
include ferry services on the Rostock-Trelleborg, Stockholm-Turku, Gdynia Karlskrona and 
Helsinki-Stockholm routes. However, the lowest frequency sailings include connections with 
the Baltic with the Russian Federation, i.e. services from Helsinki, Stockholm and Tallinn to 
St. Petersbug. This is due to their typically tourist nature (ferry cruise, round trip) with a 
cruise time of over 62 hours from Tallin to St. Petersburg. 

 
Table 3. Structure and frequency of connections in the analyzed ferry terminals [66] 

ferry ports  destinantion frequency (weekly) 
Copenhagen  Oslo 7 
Gdańsk i Gdynia Nynäshamn (Stockholm) 3 

Karlskrona 18 
Helsinki  Sztokholm  7 

Tallin 94 
St. Pettersburg  2 
Sztokholm  15 

Klaipeda Karlshamn 7 
Kiel 7 

Oslo Copenhagen 7 
Frederikshavn 7 
Kiel 7 

Riga Sztokholm 7 
Rostock Trelleborg 33 

Gedser  68 
Stockholm  Helsinki 15 

Turku 28  
Tallin 8 
Ryga 7 
St. Petersburg 1 

Tallin  Helsinki 94 
Sztokholm 8 
St. Petersburg 1 

 
 
The analyzed airports play a different role in the transport system. Copenhagen, 

Stockholm Arlanda, Oslo Gardermoen and Helsinki are typical hub ports, others play a role 
in regional service (Gdańsk, Torp, Skavsta, Riga and Talinn) and local service (Bromma, 
Klaipeda and Rostock) (see Table 4). This means that the nature of ports enforces 
differentiation of the network of connections. While the network of connections from ports 
located in the BSR to hub ports may be one of the elements of the journey (airline travels 
through the “hub and spoke” system, connections between regional and local ports have a 
typical direct character - "point to point").  

In the group of the analyzed airports, the largest share of connections within the BSR in 
the total number of connections (taking into account their frequency) have Stockholm 
Bromma airports (88.5%), Klaipeda (84%), Tallinn (70.9%) and Stockholm Arlanda 
(50.6%). The lowest proportion of connections within the framework of the BSR in general 
are carried out on Oslo Gardemoren and Stockholm Skavsta airports (less than 15%). Rostock 
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airport does not make any air connections to BSR ports, which is largely due to its local 
nature and proximity to international airports in Berlin (catchment area overlap). 

 
Table 4. Connections of the examined airports under the BSR [55-63] 

airports destination airports BSR 

total 
connection 

during week 

total 
connection 

during week 
to BSR BSR/total 

Copenhagen 95 13 2373 791 33.3 
Helsinki 104 15 1739 636 36.6 
Oslo Gardermoen 111 11 2324 324 13.9 
Oslo Torp 29 3 128 33 25.8 
Stockholm Arlamda 132 24 2346 1188 50.6 
Stockholm Skavsta 35 2 115 17 14.8 
Stockholm Bromma 15 12 592 524 88.5 
Riga 68 9 663 209 31.5 
Talinn 25 5 199 141 70.9 
Klajpeda Palanga 5 3 25 21 84.0 
Gdańsk 59 10 332 95 28.6 
Rostock 8 0 27 0 0.0 

4.2. The comparative analysis of ferry terminals and airports through the prism 
of time competitiveness of ground access 

The comparative analysis of transfer time from the analyzed ferry terminals and airports 
to the centers of the cities served by them was carried out in two variants: 

• for transfers carried out individually by road transport, assuming the possibility of 
renting a passenger car at an airport or travelling by ferry with a passenger car, 

• for transfers made using public transport (urban and rail). 
In the case of the availability of various forms of public transport, the comparative 

analysis takes into account those with the shortest duration, i.e. rail links to airports in 
Copenhagen, Oslo Gardemoren, Stockholm Arlanda and Gdańsk. The results of the 
comparative analysis are presented in Figures 2 and 3. 

 
 

8

SHS Web of Conferences 58, 01029 (2018) https://doi.org/10.1051/shsconf/20185801029
GLOBMAR 2018



 

 

 
 

Fig. 2. Comparison of travel time by car from the city center to the ferry terminal and airport [51-53, 
64].  

 
Fig. 3. The comparison of public transport travel time from the city center to the ferry terminal and 

airport [51-53, 59-60, 63-64, 67-71].  
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In most of the analyzed origin ferry ports and airports, a shorter estimated time of arrival 
by car from the transport point to the city center was noted in the case of ferry terminals. The 
longer maximum time of arrival from the ferry terminal to the center in relation to the transfer 
from the airport occurs in Tallinn, Klaipeda and Gdańsk. Besides, apart from Tallinn, it 
concerns transfers only from points further located of ferry terminals. The largest difference 
in the estimated transfer times concerns Stockholm and Oslo. This is due to the remote 
location of airports to the city centres. 

The comparative analysis carried out for public transport showed that for some origin 
ports, the time competitiveness of ferry terminals relative to airports in terms of transfer time 
to the city center (Copenhagen) – decreased, or conversely- the time competitiveness of 
transfers from ferry terminals at the expense of longer transfers from airports (Klaipeda) 
increased. In the case of ferry terminals in Rostock and Stockholm, as in the case of car travel, 
the time of transfer to the city center by public transport is shorter than access from alternative 
airports. Nevertheless, it was relatively prolonged while reducing the transfer time from 
alternative airports. In the case of Gdańsk, the difference between the shorter time of arrival 
from the airport to the city center and the time of transfer from the ferry terminal, as compared 
to car travel, deepened. The situation hardly changed in the case of Helsinki, Oslo and Riga. 
It should be emphasized that dedicated railway connections to airports, which are available 
in some of the analyzed origin airports, significantly shorten the transfer time to the city 
center. In the case of Oslo Gardemoren and Copenhagen, this is over 62% in relation to bus 
connections, and Stockholm Arlanda more than 57%. Only in the case of Stockholm Skavsta 
travel by train takes longer than public transport. 

5 Conclusions 
The results of the comparative analyzes of the time competitiveness of airport and seaport 

ground access in the BSR allow to make a general conclusion that ferry terminals have better 
ground access for individual car journeys. This corresponds to the preferences of ferry 
passengers which were identified in the other research, who consider it the best option to 
travel with a car [24, 27]. Ferry terminals in terms of time competitiveness of ground access 
strengthen their position of ferry shipping in servicing the segment of motorized passengers. 
The longer time of reaching the destination by public transport results, in the majority of the 
analyzed cases, due to the lack of dedicated connections by public transport from ferry 
terminals to the city center (especially railway). 

However, airports are becoming more competitive in terms of ground access in the case 
of the arrival and departure function of public transport. The research additionally indicated 
that the transfer time of public transport from the analyzed airports to the city center is 
definitely reduced due to the functioning of airport rail links. As a result, airports are able to 
meet the main demands made by passengers (time, immediacy, frequency, lack of 
congestion) thanks to more time-based railway transfers [72]. It should be pointed out that 
the lower availability of individual transport to airports is mainly due to the large distance 
between airports and the city center and high fees for the use of parking infrastructure. The 
airports to a greater extent meet the expectations of individual passengers who make transfers 
using public transport than ferry terminals. 

Summing up, it should be stated that the system of ground access for seaports and airports 
is adapted to the segment of passengers having the largest share in transport by the analyzed 
transport branches, i.e. the motorized passengers in ferry transport and non-motorized 
passengers in air transport. 
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