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ABSTRACT
Mobilities that take place in coastal tourist regions are not regular in time nor in space, since the
arrival of tourists follows a distinctly seasonal pattern. A key agent in the mobility sector, such as
the public transport, is directly affected by these alterations. This article aims at analysing this
phenomenon from a geographical perspective, by means of the use of big (geo)data generated
by travel cards that monitor the demand for interurban public transport in the region of Camp
de Tarragona, in south Catalonia. The maps presented in this article constitute a first attempt to
appraise the impact of seasonality of tourist activities on public transport demand in coastal
tourist regions. They allow detailing large spatiotemporal fluctuations in the use of public
transport between winter and summer periods, and also significant differences in daily time
slots between both periods. The results are from interest to understand the mobilities in
tourist regions and for agents involved in public transport provision and tourism management.
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1. Introduction

The increase of tourist activities in a given area not only
contributes to the economic growth but also deter-
mines how activity and population are distributed
across the region. Tourism exerts a direct impact on
urban expansion, creating new towns, expanding exist-
ing ones and restructuring metropolitan dynamics
(Anton Clavé, 2012). The capacity of the tourist sector
to structure people’s movements within a given terri-
tory has already been amply demonstrated. Along
these lines, researchers have focused their attention
on transport within cities that receive thousands of
visitors every year (Albalate & Bel, 2010; Le-Klähn,
Gerike, & Michael Hall, 2014; Thompson & Schofield,
2007). They have, however, paid much less attention to
the impact that the tourism sector has on mobility in
wider coastal regions (Gutiérrez & Miravet, 2016b;
Le-Klähn & Hall, 2015). In such areas, it is necessary
to consider the extent to which functional relationship
patterns are shaped by the seasonal nature of tourist
activity. When analysing coastal destinations, one
may observe seasonal fluctuations in the number and
frequency of trips made. The peak in the number of
visitors received and temporary jobs created during
the summer high season starkly contrasts with the situ-
ation in winter, when the demand for tourist services
plummets. As a result, it becomes necessary to adjust
the supply according to monthly changes in the num-
ber of visitors.

Surveys and other traditional data gathering
methods such as travel diaries do not provide appropri-
ate information to uncover these spatiotemporal
fluctuations. As highlighted by Bagchi and White
(2005), surveys are associated with a diverse range of
problems and contain bias. For instance, surveys pro-
vide a fixed photograph taken at a certain moment in
time. In the case of coastal regions, where the arrival
of tourists is a dynamic phenomenon that continuously
varies throughout the year and even during daily time
slots, this fixed snapshot constitutes a major challenge.
Moreover, surveys on mobility only focus on the resi-
dents and tend to ignore the visitors themselves. On
the contrary, advances in location-aware technologies
have brought new opportunities for developing studies
on human mobility in general and on tourists’ spatio-
temporal behaviour in particular (Raun, Ahas, & Tiru,
2016; Shoval & Ahas, 2016). Among many sources of
geolocated information, such as GPS systems or mobile
phone data, the use of big geodata generated by travel
cards is one of the most powerful for analysing the
spatial, temporal, compositional, dynamic and social
dimensions of tourist regions. Hence, travel cards are
not only useful for monitoring demand and allocating
payments among different public transport operators,
but also for research purposes (Bagchi & White,
2005; Pelletier, Trépanier, & Morency, 2011). In con-
trast to surveys, travel card data are flexible and can
be tailored to the precise period of interest for the
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query in question. Moreover, travel card data include
trips of both residents and tourists, who use public
transport for different reasons. As a consequence,
travel card data are a valid source of information for
analysing the seasonality of mobility and the spatio-
temporal fluctuations between daily time slots in the
demand for public transport.

Many research projects have focused their attention
on producing maps related to the supply of public
transport. These works have examined how to make
transport more readily comprehensible to users
(Avelar, 2008; Morrison, 1996) and have sought to
assess accessibility from a wide range of perspectives
(Achuthan, Titheridge, & Mackett, 2010; Drew &
Rowe, 2010; Horner & Downs, 2014). The availability
of appropriate data obtained from travel cards has con-
tributed to the generation of specialised cartography
highlighting such phenomena as demand flows, the
use of public transport stops, the detection of tourists
travelling with public transport, or even the influence
of the weather on the way in which passengers use
public transport (Corcoran & Tao, 2017; Munizaga &
Palma, 2012; Tao, Rohde, & Corcoran, 2014). Never-
theless, very few studies have tackled seasonal patterns
related to transport in tourist regions (Antoniou &
Tyrinopoulos, 2013). In this regard, the objective of
this article is to test the potential of the big geodata
generated by travel cards for producing maps that
size and characterise the seasonal demand for public
transport in a coastal tourist region. The resulting
maps (Main Map) showcase large spatiotemporal
fluctuations in the use of public transport between win-
ter and summer periods, as well as remarkable differ-
ences between daily time slots. These types of maps
are relatively rare to find in the existing literature.
Prior to the present study, Domènech and Gutiérrez
(2017) created maps addressing tourist accessibility to
public transport in coastal destinations, and Gutiérrez
and Miravet (2016a) attempted to cartographically
differentiate the demand for public transport between
the high and the low seasons.

2. Territorial context

The data used in this study has been generated in
Camp de Tarragona (see Figure 1), an area with a
population of 617,504 in 20181 that is considered the
second most important metropolitan area in Catalonia
(Segarra et al., 2007). The strategic situation of this
region stems from the fact that it is at the nexus of
two major communication axes: the Mediterranean
axis and the River Ebro axis, which facilitates com-
munications with Madrid and the north of Spain.
The economic base of the area is mainly built upon
industrial activity, particularly linked to the petro-
chemical sector, and the tourism sector. This economic
composition has led to an uneven spatial distribution

of economic activity and population, most of which
is concentrated along the coast. The result is a high
intensity of land use within and around the area’s
two main cities, Tarragona and Reus, which have
populations of over 130,000 and 100,000, respectively.
The main transport infrastructures (airport, port, high-
ways and railways) have also been concentrated around
these two cities. Close to Tarragona and Reus, there are
also three coastal towns whose populations exceed
20,000: Cambrils, Vila-seca and Salou, where tourism
is the most important sector of activity. These three
municipalities account for 77.4% of the total hotel
capacity in Camp de Tarragona.2 According to data
provided by the Tourism Observatory of Catalonia,3

these three municipalities received almost 3 M tourists
in 2018, which translated to more than 10.5 M over-
night stays in regulated accommodation. Furthermore,
in 1995 the municipalities of Vila-seca and Salou saw
the installation of one of the largest theme parks in
Europe: PortAventura. Its presence has also boosted
tourism in the area and characterises the territorial
dynamics with an attraction of more than 3.5 M visi-
tors per year (Anton Clavé, 2010).

3. Data

The data used in this article were generated by travel
cards that were validated on board Camp de Tarragona
interurban bus services, the main mode of public trans-
port used to interconnect the cities and towns in the
Camp de Tarragona area. These interurban bus ser-
vices correspond to the public transport services man-
aged by Camp de Tarragona’s territorial authority of
mobility. Once a passenger validates a travel card for
a particular trip, the validating machine located on
every bus keeps the data and sends them to the fare-
managing system of the integrated transport network,
SIGIT (from the acronym in Catalan: Sistema de Gestió
de la Integració Tarifaria). SIGIT stores information
regarding the bus stop where the user boarded the
vehicle with its corresponding geolocation, the bus
line, the type of transport ticket and the exact time at
which the passenger boarded the vehicle.4

The reported information has some limitations that
must be considered. Firstly, the amount of available
information is limited to the physical trip; there are
no data available relating to the social characteristics
or the economic profile of the passenger (Gutiérrez &
Miravet, 2016a; Pelletier et al., 2011). Secondly, the
data are restricted to passenger trips on buses; other
modes of transport, such as the use of private cars,
are excluded. Thirdly, there is no information about
the bus stop where the user gets off; it is, therefore,
not possible to directly build origin-destination
matrices (Trépanier, Morency, & Agard, 2009) and
estimations are needed (Trépanier, Tranchant, & Cha-
pleau, 2007).

JOURNAL OF MAPS 41

https://doi.org/10.1080/17445647.2019.1709578


Despite all these limitations, that are common
among the studies based on mining travel card data
(Pelletier et al., 2011), the mining of the SIGIT data-
base has enabled us to produce accurate maps show-
ing the impact of the seasonality of tourism, as well
as spatiotemporal variations between daily time slots
on the demand for mobility within the coastal area
of Camp de Tarragona. Given the objective of this
article, it was necessary to choose representative
time periods for the high and low seasons. In this
regard, an exploratory analysis of the travel card
data was developed, and a subsequent extraction was
completed to process the data and carry out the map-
ping. In 2017, a total of 8,002,352 interurban bus
passengers were counted in Camp de Tarragona. As
shown in Figure 2, the use of public transport for
interurban bus trips is anything but equal throughout
the year. On the contrary, interurban bus demand
tends to be concentrated in the summer season,
when the arrival of tourists is more prominent and
the daily seasonal population increases considerably.
Since the data show July as having the highest number
of passengers and January as having the lowest, these

two months were selected as representatives of the
high and low tourist season, respectively.

4. Methods

Interurban bus lines and bus stops had to be georefer-
enced in order to carry out a spatial analysis of the data
obtained from the register. To this end, a new point
layer map representing bus stops belonging to the
Camp de Tarragona area and a new line layer map
representing the integrated interurban bus services
were created by projecting the x and y coordinates of
each variable using the geographic coordinate system
GCS_WGS_1984. The point layer map contained a
total of 946 bus stops whereas the line layer map
showed a total of 118 bus lines. Once the bus stops
and integrated bus services had been georeferenced,
the number of passengers using each interurban bus
stop and line for July were compared with those for
January to show seasonal oscillations in the demand
for public transport resulting from differences in tour-
ist flows between the high and low seasons. To verify
that the increase in mobility in summer takes place

Figure 1. Camp de Tarragona territorial context. Own elaboration.

42 A. DOMÈNECH ET AL.



in areas where the tourist activity tends to cluster, Pear-
son’s correlation coefficient and the bivariate Moran’s
indicator were calculated between the number of pas-
sengers in the months of reference (January and July)
and the supply of tourist accommodation5 and the
daily full-time population6 in the 132 municipalities
of the Camp de Tarragona area. To be precise, the
volume and type of regulated tourist accommodations
were considered, as well as their capacity. Furthermore,
the daily full time estimated population during the
months of winter and summer was included in the cal-
culations as well.

Finally, the bus stops were also used to compare
spatiotemporal fluctuations between time slots in winter
and summer. First, the number of passengers per time
slot and interurban bus stop were calculated (2 am to
7 am; 7 am to 11 am; 11 am to 3 pm; 3 pm to 7 pm;
7 pm to 11 pm; 11 pm to 2 pm). Then, a kernel density
estimation (KDE) was implemented by means of the
heatmap plugin of the QGIS software 2.8.2. The results
of these calculations are density maps that allow the
identification of areas with a high clusterisation of
passengers. Mathematically, KDE is defined as

f (x, y) = 1
nh2

∑n
i=1

K
di
h

( )

where f(x, y) is the density estimate at the location (x, y),
n is the number of observations, h is the bandwidth or
kernel size, K is the kernel function and di is the distance

between the location (x, y) and the location of the ith
observation. A bandwidth of 1 km and a grid cell size
of 100 m were defined.

5. Results

5.1. Demand for interurban bus lines

Figure 3 compares the number of passengers in 2018
using the twelve most important interurban bus lines
during the high tourist period (July) with use in the
low season (January). It is apparent that the agglomera-
tion of activity and population around the central
coastal area determines the demand for bus services.
The preponderance of mobility within the main
urban area has already been identified by Alberich
(2008), although his work was limited to the mobility
of residents and, as a consequence, had neglected tour-
ist trips.

The most outstanding result obtained from Figure 3
is the evidence of the impact of seasonality on certain
bus services. Significant differences between summer
and winter patterns are apparent for bus services con-
necting tourist destinations in the central coastal area
as well as for the bus lines connecting these same
coastal towns to Tarragona and Reus. The five main
lines operating in the central coastal area registered
20% of the total number of trips made in the month
of January 2018, compared to 70% in the month of
July. The Tarragona-Salou-Cambrils line, which was

Figure 2. Number of interurban bus passengers and tourist arrivals per month in 2017 and number of daily full-time population per
quarter in 2017. Source: Own elaboration from data provided by the territorial authority for the mobility of Camp de Tarragona, the
Catalan Institute of Statistics and the Tourism Observatory of Catalonia.
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the bus service with the greatest demand in 2018, had
378,089 passengers during July, but only 57,423 in Jan-
uary. The second most popular line was Cambrils-Reus,
for which the number of passengers increased from
5110 in the low season to 250,680 in the high season.
On the Reus-Salou line, passenger numbers increased
from 18,051 in the low season to 78,299 in the high sea-
son. The number of passengers using the night service

La Pineda-Salou-Cambrils shot up from just 159 in
January to 24,709 in July.

5.2. Demand for interurban bus stops

With respect to the use of bus stops, similar con-
clusions may be drawn from Figure 4. There were
only three bus stops with more than 20,000 users in

Figure 3. Number of passengers using the twelve most important interurban bus lines in January and July 2018. Source: Own elab-
oration from data provided by authority for the territorial mobility of Camp de Tarragona.
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January: the bus station of Tarragona and the two main
bus stops of Reus. In July, the number was eleven.
Seven of these eleven bus stops belonged to the muni-
cipalities of Cambrils, Salou and Vila-seca.

The total percentage variation between January and
July for all of Camp de Tarragona was 171%. The
growth in demand for interurban public transport

primarily concentrated on the bus stops located in
the three central coastal towns. In fact, the contribution
of the municipalities of Cambrils, Salou and Vila-seca
to the total growth in users was as high as 75.2%. How-
ever, the impact of tourism also spilled over from Tar-
ragona and Reus, which are also visited by tourists
using public transport and which also contribute

Figure 4. Number of passengers per interurban bus stop in January and July 2018. Source: Own elaboration from data provided by
authority for the territorial mobility of Camp de Tarragona.
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residents that visit coastal destinations for both work
and leisure purposes. If the contributions of Tarragona
and Reus, which represented 23.5%, are added, the
growth in use related to the remaining municipalities
was only 1.3%.

The results of the Pearson’s statistical correlation
coefficients and the Moran’s bivariate spatial autocor-
relation coefficients, presented in Table 1, showcase
that the increase in public transport passengers is
highly associated with the presence of hotel accommo-
dations and the seasonal population in the summer
quarter.

However, the increase in the number of passengers
in highly touristic municipalities is not proportional
to the increase in the number of seasonal population:
it is clearly much higher. In Cambrils, Salou and
Vila-seca, the percentage variation in the volume of
passengers in July with respect to January was as
high as 683%; meanwhile, the increase in the daily
full-time population is 111% (see Table 2). This may
be a consequence of more intensive use of public trans-
port by tourists in the area.

5.3. Spatiotemporal fluctuations between time
slots in summer and winter

The demand for interurban public transport not only
varied between seasons but also throughout the hours
of the day for both periods. KDE afforded 3D maps
of the number of passengers per time slots represented
by 100-meter cells in January and July 2018. These rep-
resentations point up the challenges for the supply of
sustainable modes of transport, as significant fluctu-
ations in space and time are produced along daily
periods in summer and winter. On the one hand,
Figure 5, which represents the KDE for both January
and July, reveals that in the winter month, there is a
clear association between interurban public transport
demand and urban hierarchies, with the most popu-
lated cities being the ones that generate a higher num-
ber of trips. On the other hand, the maps for July
showcase how the urban hierarchies are altered as a
result of tourism’s influence on the labour, residential
and recreational markets (Gutiérrez & Miravet, 2016a).

6. Discussion and conclusions

The maps produced in this article Main Map illustrate
the potential of the tourist industry for transforming
the functional relationships within a given territory
by boosting the demand for public transport to a
point at which some coastal towns become the most
important generators of trips. These results are consist-
ent with the view that tourist activity plays a key role in
shaping territories (Anton Clavé, 2012; Anton Clavé &
Wilson, 2017) and remodelling urban hierarchies
(Gutiérrez & Miravet, 2016a). The results of this Ta
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Table 2. Percentage variation between the winter and summer population, and the volume of passengers in January and July 2018
in the three most touristic municipalities of the Camp de Tarragona area.

Daily full-time population 2017 Interurban bus passengers 2018

Winter Summer Variation (%) January July Variation (%)

Cambrils 33,778 58,019 72 34,335 257,007 649
Salou 28,291 86,547 206 23,984 232,914 871
Vila-seca 21,523 31,698 47 16,167 93,350 477
Total 83,592 176,264 111 74,486 583,271 683

Sources: Daily full-time population provided by the Catalan Instuitute of Statistics; Volume of interurban bus passengers provided by the authority for the
territorial mobility of Camp de Tarragona.

Figure 5. 3D kernel density estimation map per time slots in July and January 2018. Source: Own elaboration from data provided by
authority for the territorial mobility of Camp de Tarragona.
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study also add new evidences to the literature in the
field of the multiple implications of tourism demand
for the provision of public transport in tourist cities
and regions (Albalate & Bel, 2010; Gössling, Hall,
Peeters, & Scott, 2010; Gutiérrez, Miravet, Saladié, &
Anton Clavé, 2019; Thompson & Schofield, 2007).
However, to date, very few works have shed any light
on the challenge of seasonality and its impact on the
demand for public transport (Antoniou & Tyrinopou-
los, 2013). Another point that cannot be neglected is
the fact that the maps revealed that the impact of sea-
sonality was primarily concentrated within the main
tourist areas, coinciding with the main hotel clusters.
This finding was consistent with those of Gutiérrez
and Miravet (2016b), who concluded that staying in a
hotel makes tourists more likely to have flown to
their destination and to subsequently use public trans-
port to move around.

To the best of the authors’ knowledge, this study is
the first attempt to generate maps capable of capturing
seasonal fluctuations in the demand for public trans-
port resulting from the asymmetrical distribution of
activity associated with the habitual seasonality of the
tourist industry. The spatial analysis undertaken by
mining travel card data shows the extent to which
the use of public transport within a given territory
can be modified by the dynamics of tourist mobility.
Our maps highlight the fact that trips made by tourists
may clearly outnumber those made by residents during
certain periods of the year and that this is most likely to
occur during the high season for tourism. The maps
also reveal the oscillation of spatiotemporal flows in
different time stamps. Overall, the maps demonstrate
that the centres of gravity of the metropolitan area
are switched in summer toward the areas where tourist
activity tends to cluster.

This work highlights the relevance of mixing both
the temporal and spatial dimensions of tourist mobility
in order to properly examine the impact of seasonality.
This combined approach is only possible if suitable
data are available to enable researchers to analyse
how trip flows vary from one time of year to another.
In this sense, travel cards offer a valid source of infor-
mation. The utility of the resulting maps lies in the fact
that they can open the door to future studies that may
be used to appraise the wide range of challenges facing
those providing public transport at coastal tourist des-
tinations. Future research should address issues such as
the identification of user-profiles and the relationship
at the microlevel between land use and the activities
around the bus stops. The combination of travel card
data with person trip survey data (Kusakabe & Asa-
kura, 2017) could also help in providing interesting
insights and thorough knowledge about the purpose
and motivations of the trips. Meanwhile, the estimation
of the stops where the users exit the bus is key infor-
mation (Trépanier et al., 2007) that in further research

might be obtained by implementing algorithms. These
new lines of research may help consolidate a competi-
tive public transport system in tourist regions and shift
mobility choices towards sustainable transport means.

Notes

1. Data provided by Idescat (Institute of Statistics of Cat-
alonia) www.idescat.cat.

2. Information provided by Idescat: www.idescat.cat.
3. Data obtained from the Tourism Open Knowledge

(TOK) of the Tourism Observatory of Catalonia:
https://www.tok.pct-turisme.cat.

4. A collaboration agreement signed between the Camp
de Tarragona’s territorial authority of mobility and
the Rovira i Virgili University allowed the use of the
dataset generated by the SIGIT for research purposes.

5. The volume, capacity and type of regulated accommo-
dations (agritourism, camping sites and hotels) is
provided by the Catalan Institute of Statistics
(https://www.idescat.cat).

6. The Catalan Institute of Statistics provides estimates
of the daily seasonal population that each Catalan
municipality supports on an annual and quarterly
average. From this data, it is possible to calculate the
daily full-time population during the quarters of win-
ter and summer by municipality (https://www.idescat.
cat/pub/?id=epe).

Software

The georeferencing of bus lines and bus stops was car-
ried out using Esri ArcGIS® 10.3 software and based on
their coordinates. The statistical data were processed
with the SIGIT and subsequently treated with R soft-
ware and Microsoft Excel. Esri ArcGIS 10.3 was used
to generate the final map.
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