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1. Introduction

Rail transport is a strategic sector and its importance 
is fully recognised by the European Commission: as stat-
ed in the White Paper on Transport [15], efforts are needed 
to increase the share of rail passenger transport over other 
modes. One of the key factors determining the mode choices 
made by the transport system users is the accessibility lev-
el provided by the transport modes. Conventional planning 
approaches tend to overlook and undervalue the concept 
of accessibility, since they are based on a mobility-oriented 
analysis and evaluate transport system performance mainly 
based on quantity and quality of physical travel [38].

More recently, a shift in accessibility-based approaches 
is occurring in transport planning; therefore planning sup-
port systems are more and more requested to have a sound 
capacity to evaluate accessibility. Furthermore, railway sys-
tems are often less accessible than other transport modes, 
due to both their highly infrastructure-based nature and 
their scheduled service organization, and special attention 
must be put in measuring the accessibility of such systems. 
However, some available studies about railway accessibil-
ity have some methodological weaknesses, since they are 
usually based on infrastructure data (e.g. distance, planned 
speed, average travel time) rather than on the real service 
performance reliant on timetables, or they are referring only 
to a selection of cities and most relevant connections. These 
limitations are often due to the lack of detailed data.

The work presented here is not meant as a throughout re-
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view of existing accessibility indicators, nor as an evaluation 
of the existing transport systems in the different countries un-
der study, but rather an exercise aimed at assessing the ben-
efits of the GTFS (General Transit Feed Specification) [24] 
data and the use of real timetable information.  In the order to 
reach such a goal, straightforward indicators of rail accessi-
bility introducing a time-based element (i.e. timetables) have 
been set up. This approach allows adding a new dimension 
of evaluation that was previously challenging to reproduce at 
a wide scale. Moreover, since European Commission (EC) is 
supporting Open Data in the public sector [16] and it is en-
couraging the release of these data and the reuse for policies 
analysis and social gains, the methodology of this research is 
based on the use of real timetable Open Data.

The prototype of this study was proposed in the NECTAR 
(“Network on European Communications and Transport 
Activity Research”) Cluster 6 meeting in Seville on 6th Feb-
ruary 2014, where a preliminary elaboration based on some 
capital cities at NUTS3 level has been presented [57].

This paper goes a step further and illustrates a series of 
level-of-service and accessibility indicators based on pas-
senger train timetable with a comprehensive analysis of the 
railway connections inside three main European countries 
(Netherlands, Great Britain and France). The geographical 
unit used for accessibility calculations is the NUTS 3 level 
(Year 2010) [20]. Furthermore, to overcome the limitations 
due to the lack of harmonised definition of a city and its 
functional area allowing a comprehensive cross-country 
analysis, the study has set up also on the main urban centre 
definition, based on the concept of Greater City developed by 
EC DG REGIO and OECD [14]. Given the growing utiliza-
tion of the GTFS data by transit agency also at national level 
[1], accessibility indicators have been built on this timetable 
format developed by Google for their map service Transit.

Several benefits have been provided by the use of Open 
GTFS, such as data accuracy, format standardization, and 
regular updates availability. Moreover, another relevant pur-
pose of this research has been to explore the potentiality of 
GTFS, that is now becoming a standard for public trans-
port operators: more than 900 operators are using it all over 
the world (see, for example, http://www.gtfs-data-exchange.
com/) and thus it is worth to evaluate its integration in GIS 
to study the accessibility of the different zones of Europe. 
Finally, the growing utilization of GTFS opens also opportu-
nities for a scientific use (see [30] or [47]).

2. Background

2.1. Accessibility

In the last decades, the concept of accessibility has been 
widely debated in the scientific literature related to transpor-
tation, geography, land use, economy and social sciences. 
Even though accessibility has been defined in several ways 
from different authors [13], in general it refers to the ease of 
reaching opportunities, i.e. activities, services, goods or sim-
ply destinations [38]. It is commonly agreed that the notion 
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of accessibility associated to land use and transport initially 
appeared in the 1950s [2], when HANSEN defined accessibil-
ity as the “potential of opportunities for interaction” [32]. 
Hereinafter, some other authors defined accessibility from 
slightly different points of view. A comprehensive summary 
of these different definitions is given by  GEURS and VAN WEE 
in [22], that argued that the main determinants of accessi-
bility are the land-use system (the spatial distribution and 
the characteristics of both opportunities and people access 
demand), the transport supply (its structure, the available 
modes and the levels of service), time constraints (availabil-
ity of opportunities and people willingness to access them), 
and people (needs, abilities and resources of individuals).

Depending on the assumed definition of accessibility, a 
wide range of measures can be used for analysis aims. In the 
last years, several authors developed a review of accessibility 
measures based on existing studies (see for instance [2], [12], 
[21], [26]). These measures may be categorized in different 
ways, depending on their nature, their use, and so on. An ex-
ample of accessibility indicators classification based on the 
analysis goals is given by [46], that distinguishes in descrip-
tive (i.e. aimed to describe the actual situation) and prescrip-
tive (i.e. oriented to define a desirable scenario) measures.

Several other authors proposed to classify such indica-
tors on the basis of their meaning and the considered vari-
ables: see for instance [2], [13], [31], [36] and [49]. How-
ever, a more general classification scheme seems to be the 
one proposed by GEURS and VAN WEE in [22], which con-
sists of four categories of accessibility measures: infrastruc-
ture-based, location-based, person-based and utility-based 
measures. A great deal of studies and application that use 
the mentioned classes of indicators can be found in the 
scientific literature (some reviews are reported in [2], [12], 
[21], [26]). Moreover, a number of innovative approach-
es that widen the conventional accessibility concepts have 
been also proposed, such as the Structural Accessibility 
Layer approach [53] and the Space Syntax methodology 
[8]. In addition, orthodox accessibility indicators have been 
extensively used in many recent research projects founded 
by the European Union. Among these, we can mention the 
programme “European Observation Network for Territorial 
Development and Cohesion” [19] and the TRACC project 
[18], both promoted by the European Spatial Planning Ob-
servation Network, or again the action called “Accessibility 
instruments for planning practice in Europe” developed by 
COST intergovernmental framework for European Cooper-
ation in Science and Technology ([4] and [34]), and finally 
the Cluster 6 (Accessibility) of the European-based scientific 
association NECTAR  [44].

Some studies are specifically concerned with rail acces-
sibility. This topic can be addressed from different points of 
view: accessibility to rail systems, or simply to rail stations 
(e.g. [56] and [58]) or accessibility to opportunities by means 
of rail systems (an example is given by [42]). Concerning the 
latter perspective, the main interest of researchers seems to 
be devoted to estimate the economic impacts of planned rail 
projects, especially the ones due to high speed rail develop-
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ments (see among others [5], [6], [9],[10], [11] and [41]). 
Nevertheless, the influence of railway systems on accessibil-
ity strictly depends on the configuration of networks and ser-
vices, as becomes clear when fast or high speed connections 
trigger hub-and-spoke patterns [37], tunnel effects [29], 
and corridor effects [7]. The accessibility indicators that are 
more often used in rail studies are location-based measures, 
such as connectivity and potential accessibility indexes (e.g. 
[25] or [27]). Some authors proposed synthetic indicators of 
global accessibility using more complex techniques like data 
envelopment analysis (e.g. [39] and [50]) or principal com-
ponent analysis (e.g. [40]). However, although travel time is 
always more frequently considered in accessibility indicators 
(e.g. [9], [10], [25], [27], [28], [33], [35]), most of the stud-
ies neglect to fully consider penalties due to the need to use 
multiple rail services, i.e. they consider only onboard time 
and do not include waiting time (or transfer time) at rail-
way stations. Some studies take transfer times into account, 
but usually in a simplified way ([5], [41]). When adequate 
computing capacity and comprehensive data are available, 
this approximation may be overcome by considering all the 
information included in rail timetables [52]. Such a chance 
can be given by extensive open timetable data availability.

2.2. Open Data

Publishing open data helps promoting transparency and 
accountability, creates social and economic value, achieves 
efficiencies and can improve the quality of data itself [51]. 
Several initiatives are being undertaken by the public sector 
providing access to substantial set of government data, mak-
ing data accessible in electronic ‘raw’ data formats ready for 
its immediate reuse. These initiatives have attracted interest 
and are highlighting how public data can be made more ac-
cessible and available for reuse.

The Digital Agenda for Europe is part of the European Un-
ion (EU) 2020 strategy and consider the innovative potential 
and use of open data as to put Europe’s economies onto a high 
and sustainable growth path. The European Commission’s 
work in this area is focussing on generating value through 
re-use of a specific type of data, especially public sector in-
formation. Unfortunately public transport timetable data are 
outside the scope of application of the 2003 Directive [17] 
on the re-use of public sector information (PSI) due to their 
“industrial or commercial character” as referred to in article 
2[2}. In recent years some progress has been made to open up 
public data, but different barriers still persist. The legal frame-
work, despite the minimum harmonisation in 2003 through 
the Directive, presents significant differences in national rules 
and practices. Anyway the impact of open data architecture 
in transport, partially enhanced by the creation of the Gener-
al Transit Feed Specification (GTFS) by Google [48], has en-
couraged some European operators in sharing open access to 
their data; some others are still reluctant in open access often 
referring to perceived legal or commercial risks of releasing 
their data to the public. The thrust towards open data is gain-
ing momentum in several European countries and in 2011 
the European Commission presented a communication [16] 
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with a proposal for revising the Directive on the re-use of pub-
lic sector information. Nevertheless, the degree of initiative 
and the awareness of open data issues are different among 
transport operators and European countries.

3. Data and methods

This section describes the main inputs, tools and as-
sumptions used in the accessibility analysis presented in 
this paper. The most relevant aspect encompassing the series 
of accessibility indicators is the fact that they are based on 
real passenger train timetable data. The key input is trains 
schedules based on Open Data from Great Britain, Nether-
lands and France. Our approach is based on Google Tran-
sit feeds and allows a spatial and temporal analysis using 
geographical information technique. French data derive 
from two different databases and in addition the high speed 
services (TGV) have been implemented manually. As it was 
not possible to verify the integrity of the data in particular 
regarding the days where service is available, we present only 
a partial analysis for France. 

The General Transit Feed Specification (GTFS) [24] de-
fines a common format for public transportation schedules 
and associated geographic information. This format was 
created in 2006 when Google introduced to Google Maps an 
additional feature, Google Transit. This service helps users 
to plan public transport trips from origin to destination. The 
success of GTFS lies on its data format (open and simple), 
the availability of free validation tools and the possibility to 
use a powerful trip planner embedded in Google Maps [1]. 
GTFS files are comma separated text files representing fixed 
route schedule of bus, tram, underground, train, ferries.

Unlike urban public transport (transit in the US) rail 
transport is still waiting a trend of harmonizing the format 
of the open data releases. The majority of public GTFS data 
available for Europe are a conversion made by third parts 
of original open data officially released by rail operators in 
other text format. This is the case of Great Britain where the 
GTFS were prepared by GB Rail Info [23] on data from ATOC 
(the Association of Train Operating Companies) and the 
NaPTAN(1) database. In the Netherlands, the transport data 
used in this study have been downloaded from OVapi [45], an 
application that converts in GTFS the files supplied by rail op-
erators in a transport model-based format. The French travel 
operator SNCF instead releases original GTFS files in its open 
data portal [54] but does not include TGV services, which 
have been manually added by the authors for this exercise.

The main repository available on line is the GTFS Data 
Exchange website (http://www.gtfs-data-exchange.com/) that 

The National Public Transport Access Node (NaPTAN) da-
tabase is a UK nationwide system for uniquely identifying all the 
points of access to public transport in the UK. The NaPTAN schema 
is a UK national de facto standard sponsored by the UK Department 
of Transport.
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maintains a list of public GTFS feeds, allowing the download-
ing of official and elaborated data based on official releases.

In our analysis we only referred to the files represented in 
table 1. Fare information is at the moment barely available 
and we decided not to include any monetary consideration 
in the methodology. 

The accessibility analysis requires implementing a data-
base structure with data related to the transport network, 
the schedule and the administrative layer (NUTS 3 regions) 
with population data. The proposed methodology is com-
posed by the following step: 

constructing the transport network: create a point layer 
containing the rail stations and a polyline layer contain-
ing the direct connection between stations;

calculating the schedules: service schedules are calcu-
lated based on the scheduled departures associated with 
each route;

introducing the geographical categorisation, based in 
NUTS3 regions and Large Urban Zone as defined in [14];

calculating the accessibility indicators: in this step the 
stored spatial and temporal data are used to calculate 
the different indicators for assessing railroad accessibili-
ty (see section 4).

The raw text data must be processed before the accessibility 
indicators can be calculated. The first step is to convert the pub-
lic transport data into a spatial network with routes and stops. 
The second step is the calculation of schedules for each route. 
As we are working with rail networks we don’t need to associate 
transport data to a road network to ensure connectivity of the 
network and transfer between near stops. Everything we need 
is to build the rail network starting from the GTFS data. For the 
scope we used ArcGIS by ESRI and in particular the extension 
Add GTFS to a Network Dataset developed by Morang [43].

The Add GTFS to a Network Dataset allows putting 
GTFS public transport data into an ArcGIS network dataset 
and produces the associated schedules as illustrated in fig. 1.

Evaluating the spatial dimension, it is important to 
consider that some main cities, like Paris and London, are 
indeed divided in several NUTS3 regions and this makes dif-
ficult the connection analysis in a country framework. In 
calculating the accessibility index is important to describe 
correctly the urban areas where the majority of connections 
and trips happened. For this reason the literature was re-
viewed in the order to find a suitable definition of urban area 
since, until recently, there was no harmonized definition of 
‘a city’ for European countries. OECD and the European 
Commission solved this problem developing a new defini-
tion of a city and its commuting zone in 2011 [14]. This 
new OECD-EC definition identified 828 (greater) cities with 
an urban center of at least 50,000 inhabitants in the EU 
plus Switzerland, Iceland and Norway. Each city is part of 
its own commuting zone or a polycentric commuting zone 
covering multiple cities. These commuting zones are signif-
icant, especially for larger cities. The cities and commuting 
zones together makes the Larger Urban Zones.
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The definition of a city, according to the OECD-EC re-
port, is based on the presence of an ‘urban centre’ as a new 
spatial concept based on high-density population grid cells. 
Once the city is defined, the next step is identifying a com-
muting zone based on commuting patterns where munici-
palities surrounded by a single functional area are included 
and non-contiguous municipalities are dropped in order to 
have uninterrupted area (fig. 2).

On the basis of this consideration it was therefore nec-
essary to integrate the NUTS3 layer with the Large Urban 
Zone layer (LUZ), taking into account the cities and their 
commuting zones. The outcome of this procedure is a clear-
ly defined layer containing new zone identification for all 
the NUTS3 regions belonging to the same LUZ, while the 
NUTS3 identification outside of the grater cities remains un-
changed. Fig. 3 illustrates the situation in the Manchester, 
Liverpool and London areas identifying the different NUTS3 
being part of the same greater city.

The basic criterion for the accessibility calculation process 
is the number of train per day. We selected Wednesday 21th 
May 2014 with a 24h time frame considering all train depart-
ing between 0:01 to 24:00. This helps to check the accuracy of 
the results and reduce the calculation time of the model. With-
in this time period we chose every railway regular connection 
high-speed, standard or local train. We considered both di-
rections, having in mind that not every connection is paired.

4. Results

The wealth of information provided by the present database 
is exploited in this paper in order to explore location-based 
accessibility indicators from a wider perspective, integrating 
real level of service by means of frequencies as derived from 

Filename Defines

stops.txt Individual locations where vehicles pick up or drop off passengers

routes.txt
Transit routes. A route is a group of trips that are displayed to riders as a single service

trips.txt
Trips for each route. A trip is a sequence of two or more stops that occurs at specific time

stop_times.txt Times that a vehicle arrives at and departs from individual stops for each trip

calendar.txt Dates for service IDs using a weekly schedule. Specify when service starts and ends, as well as days 
of the week where service is available

calendar_dates.txt Exceptions for the service IDs defined in the calendar.txt file. If calendar_dates.txt includes ALL 
dates of service, this file may be specified instead of calendar.txt

TABELLA 1 – TABLE 1

GTFS files description (Google Inc., 2014)



the time tables. This research aims to illustrate the benefits 
of the GTFS data and the use of real timetable information 
more than to provide an evaluation of the existing transport 
systems in the different countries under study using level of 
service and accessibility indicators. We explore here different 
accessibility analysis for each rail transport system rather 
than comparative results by countries. An analysis related to 
stations’ level of service is shown in addition to a study of the 
Amsterdam Centraal station with isochrones. An additional 
example identifies the high speed services in France and in 
the Netherlands in order to show how GTFS data could help 
to illustrate clearly the different concept of services applied in 
these countries. An accessibility indicator is set up in order to 
show how frequency and time bands considerations impact 
on such measures and it is calculated for all routes serving 
London in the UK. The authors using these examples aim at 
suggesting the power of open data also to support decision 
making both for authorities and operators.

For our overall evaluation we have considered the avail-
able connections between stops of each single country, and 
serving routes when relevant. International trains are in-
cluded only in the internal service, if allowed, as we would 
need a complete European train schedule database to evalu-
ate their international services. Urban services (bus, trams, 
and undergrounds) are not included in the analysis, as we 
have focused on interurban transport. In some cases in the 
analysis we referred to the parent station instead of stops 
for the ones that are physically located inside stations. This 
is the case of the Netherlands (fig. 4) where each platform 
is coded as a single stop; here we grouped the stops by the 

Add GTFS to a Network Dataset
Fig. 1 - Example of loaded GTFS datasets by using Zoom to London area.
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parent station and substitute the stop code with the parent 
station code in the schedule elaborated with ArcGIS.

4.1. Level of service analysis

Figure 5 presents the analysis of the stop_times.txt files 
showing the service by stations. Each stop point is classi-
fied by the number of trains calling on the 21st of May 2014. 
As explained only Great Britain and Netherlands data were 
available with an accurate schedule. The busiest stations are 
Clapham Junction in UK with over than 1000 trains and 
Utrecht Centraal in Netherlands with over than 1300 trains, 
considering all the stop area (parent station). 

In the figg. 6 and 7 we illustrate services distribution by 
category in the busiest stations of each NUTS3. We identified 
High Speed services (not present in Great Britain), Intercity 
or Express services and Regional or Ordinary services.

Figure 8 summarises the results of the high speed rail 
network coverage in Netherlands and France. It is evident 
the French solution of having a diffuse network in the coun-
try, while the Netherlands peculiarity is the international 
dimension developing services along the route to Frankfurt 
- Basel, the route to Brussels- Paris and the Channel connec-
tion to London. In Great Britain it is not present a proper 
high speed service with the exception of High Speed 1 (HS1), 
a 108-kilometre (67 mi) high-speed railway between London 

Source: 

Fig. 2 - Example of a city and its commuting zone (Genoa, Italy).
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and the United Kingdom end of the Channel Tunnel.

In order to get a general evaluation of the level of service 
between the stations a case study analysis was carried out 
for Amsterdam Centraal station to test the indicators and 
assessing another benefit of the GTFS. Two types of service 
were analysed, i.e. regional and intercity trains.

In order to keep also the passenger’s point of view two in-
dicators were calculated:  a simple average travel time index 
and a travel time weighted with frequency in order to iden-
tify the corridor with the best service and less waiting time. 
In the figg. 9 and 10 we present an analysis of both average 
travel time and average travel time weighted with frequency, 
i.e. net travel time (minutes) plus a waiting time calculated 
as half of the frequency (trains/day)
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Fig. 3 - NUTS3 and LUZ in the area of Liverpool, Manchester and London, Great Britain.
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Fig. 4 - Single stops (black) and parent station (green) in Amsterdam Centraal.

Fig. 5 - Busiest stations in the Netherlands (left) and Great Britain (right).
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where ni is the total number of train departing from station 
i along the route r. 

The result shows that in the case of Intercity services, the 
influence of waiting time due to the frequency could be con-
sidered broadly constant in all the corridors starting from 
Amsterdam Centraal. On the contrary for regional services, 
since the corridor between Amsterdam and Rotterdam pres-
ent a considerable higher frequency of the services, the wait-
ing time doesn’t affect travel times in such corridor.

4.2. Spatial analysis

Further considerations can be introduced using geo-
graphical data, such as using the size of the area and pop-
ulation density, for example. This would allow an in-depth 
analysis of the service endowment by population settle-
ments, thus identifying those disadvantaged areas that 
would benefit from an increase of frequency in the service 
or by providing additional services to the central stations. 
Consequently, we have focused on an additional illustra-
tion of the potential insight provided by the use of railway 
timetables. As already discussed above, the definition of ac-
cessibility is not unique and it is often treated in contrast 
with the idea of mobility. ‘’Mobility emphasizes the transport 
system, while accessibility also accounts for land use pat-
terns’’ [2]. In practical terms, BHAT et al. in [2] suggest that 

Fig. 6 - Great Britain (left) and Netherlands (right) services in main stations by train category.
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indicators of mobility concentrate on the ease of movement 
while the accessibility measures consider both transporta-
tion and land use aspects of an area trying to assess the ease 
of interaction. Another relevant consideration stems from 
the fact that public transport is inherently linked to service 
schedules, with a significant impact on the level of service, 
and the fact that for railway transport, existing stations de-
termine the accessibility of a given area. Therefore our aim is 
to integrate actual routes, schedules and frequency as well as 
population around stations (the so-called “catchment area”) 
in the calculation of accessibility indicators in order to high-
light the impact of such elements and compare the results 
with the same indicators when using more usual, simple 
data in this type of analysis, such as travel time only.

The already presented average travel time can represent 
not only a distance as a measure of accessibility, but it 
proves also valuable for the calculation of the impedance 
factor of several gravity indicators. Anyway, our purpose 
here is not to provide a detailed review or enumeration of 
possible and different accessibility indexes. We focus on the 
impact of varying level of service over the different periods 
of the day between any given zone at NUTS 3 level and the 
Greater City of London connected with a direct service (we 

Fig. 7 - France services in main stations by train category.
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have not considered here possible interconnections). We use 
as impedance factor the inverse of the average travel time 
(thj) between the station j and London, weighted by the op-
portunity factor Wj (i.e. represented here by population sur-
rounding the station in a buffer with a radius of 3 km, with 
j indexing all stations in a given NUTS 3 zone, z). Average 
travel time (thj) is calculated as the average travel time (Thj) 
in minutes of all services running between station j and 
London departing in the period h, in this case an hour. We 
have also considered the frequency of the service and added 
half the waiting time calculated as the inverse of the frequen-
cy of the service for the hour under consideration:

! "#

$!" !"
!"

# $
%&'(

⋅
(2)

In order to introduce a consideration relating to the 
share of population with ease of access to the station, we set 
an additional weight to the index by dividing over the total 
population of the NUTS 3 zone, Wz:
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Fig. 8 - Netherlands (left) and France (right) high speed rail network.
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The table in Annex I presents the results of this analy-
sis combining information collected from timetables with 
land use data (population) in order to represent accessibility 
of different areas. It shows also how introducing frequency 
and within-day patterns (peak/peak off hour) would lead to 
different evaluation of accessibility, as well as how these re-
sults compare to the same indicator using simply an average 
travel time with no consideration of frequencies:
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with tj estimated as the average travel time of all services con-
necting j to the destination. In order to summaries these results, 
we present in table 2 the average accessibility indicator over the 
day taking into account the accessibities calculated in the differ-
ent time bands (Lhz), showing also their standard deviation, and 
we compare them with the accessibility results that arises from 
using only travel time (Lz). Additionally, we show average trav-

Fig. 9 - Travel time of IC services departing from Amsterdam Central: simple travel time (left) and travel time weighted with frequency (right).
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el time (tz) between the zones and Greater London in minutes 
(no waiting times), total population in the NUTS 3 zone (Wz) 
and population covered by the catchment areas in that NUTS 3 
zone ( Wj), which highlights the importance of a (more) accu-
rate analysis of the spatial population distribution around the 
stations, as well as access and egress times together with inter-
connection potential with other modes. A more elaborated anal-
ysis could incorporate access and egress times and multimodal 
connectivity taking into consideration population clusters con-
nected by road or other public services to the railway stations. 
Another potential enhancement would arise from associating 
the appropriate frequency to different services (i.e. differentiated 
travel times) in order to improve the accuracy of thj. 

5. Further research development

As already mentioned above, this article aims to under-
line the pertinence of Open Data for a better accessibility 
analysis of railway systems. It has focused more on the de-
scription of available data and its applicability than on the 
definition and estimation of accessibility indexes per region 
or country. In any case, the results of the frequency-weighted 

Fig. 10 - Travel time of Regional services departing from Amsterdam Central: simple travel time (left) and travel time weighted with fre-
quency (right).
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travel time (seen as impedance factor) are a valid starting 
point for the calculation of several accessibility measures 
(e.g. location index, potential and/or daily accessibility etc.). 

In the authors’ opinion, there is much to gain from a co-or-
dinated collection of European timetable Open Data to better 
represent the influence of level of service (frequencies and even 
expected delays) in the accessibility evaluation of regions/cit-
ies; in particular the presented study could be further enhanced 
once all European rail data will be available to present a com-
prehensive European-wide assessment of the level of service 
(LoS) of passenger railways in Europe. Moreover, additional 
applications of the presented approach could include some oth-
ers in-depth analyses, such as the within-day dynamics, equi-
ty-related questions regarding availability of services, frequen-
cies or travel cost (fares), as well as spatial aspects derived from 
the network configuration and scheduling of services.

In addition developing the capacity of producing and 
maintaining Open Data feeds could help operators in the 
evaluation of service planning activities such as calculating 
potential users’ service areas, integrating timetable with rid-
ership and population data.

Finally, starting from these more realistic and detailed ac-
cessibility measures, it could be worth to explore an approach 
to construct a composite indicator, thought as a synthetic pa-
rameter embracing all the eventual ‘complementary’ informa-
tion delivered by the ‘partial’ accessibility indexes (e.g. using a 

TABELLA 2 - TABLE 2

10 best ranking and 10 worst ranking NUTS 3 zones for travel time only accessibility (Lz) with Greater London
(population in thousands (Wz, Wj) and time (tz) in minutes)



repository

open data

open data

open 
data

Data Envelopment Analysis as already proposed in [39] or a 
Principal Component Analysis as suggested in [40]).    

6. Conclusions

The study investigated two main aspects of the accessi-
bility as presented in the literature: (i) transport component 
(travel time, cost of the O/D trip) based on real timetable, 
and (ii) temporal component (time restriction/availability 
of service) based on service availability and calendar. This 
extended concept of accessibility can be fully considered as 
a social indicator (evaluation of services and infrastructure) 
in a spatial and economic dimension. 

Furthermore this insight provides also an analysis of the 
input data acquisition. It is evident, even if the GTFS specifi-
cations present a clear framework, a lack of common defini-
tions across Europe on some parameters of the GTFS. First 
of all we found different approach in stops definition between 
Netherlands and Great Britain: in the first case each platform 
is coded as a single stop on the contrary in Great Britain the 
approach is to identify every station as a unique stop. Sec-
ondly also the use of the calendar.txt and calendar_dates.txt 
is slightly different depending on the rail operator. All of these 
dissimilarities were overcome with additional code but could 
lead to misunderstanding of the results if not considered. We 
would recommend a collective initiative across the rail oper-
ators to find a common interpretation of the GTFS specifica-
tions enabling researchers to easily construct a harmonized 
data repository. A European repository should include oper-
ators-endorsed GTFS feeds and it could have a policy conse-
quence that encouraged the participation. The effect of this 
clean data repository would be that rail transport data would 
be available at a much more granular level supporting coor-
dinated activities between operators and users to enhance the 
travel experience. Finally, the level of detail of the timetable 
information combined with the insight from geographical in-
formation, including demographics and socioeconomic data, 
would enhance our understanding of accessibility and the 
metrics useful to promote a more efficient use of the transport 
systems, beyond mere centrality connectivity considerations.

A key result of this paper is to develop a methodology that 
could be implemented in an easy-to-use GIS tool extending to 
rail networks the analysis approach that is commonly used for 
urban public transport. This allows analysing large rail trans-
port networks enabling decision-makers to evaluate the level 
of services and performing benchmarking at continental level.

The examination of these results could help the national 
and European authorities to further advance transport policy 
objectives. The investigations and results presented in this pa-
per could serve as a step forward in the use of schedule and 
route information found in Open Data and particularly in the 
GFTS format. In addition, this research illustrates the possibil-
ity of fostering Open Data to promote their innovative use in 
planning activities and policy evaluations. Furthermore, recent 
research (e.g. [3] and [55]) investigating the rapid increase in 
transport apps based on Open Data feeds clearly suggest that 
investments in these area have a positive impact on ridership.
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