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1. INTRODUCTION 

Until the coronavirus outbreak in the beginning of 2020, the world has been 
facing an increasing number of tourists travelling worldwide, reaching up to 
1.5 billion international tourist arrivals in 2019 and the prognosis done before the 
virus outbreak show that the growth is going to continue according to World 
Tourism Organization (2020). Thus, the contribution of tourism to the overall 
world economy has been steadily growing. Therefore, ever-increasing tourist 
numbers and expenditure on one side and possible unexpected negative impacts 
on the other side have, as a result, given rise to the need for a detailed and accurate 
overview of the volumes of tourism flows that our destinations are receiving. 
However, this need consists of two contradictions. First, there is a lack of 
consensus over the meaning and scope of the term ‘tourism destination’ itself. 
Second, there are relatively few data sets that could provide sufficient detailed 
information about the spatiotemporal characteristics of tourist visits to destina-
tions on various geographical and temporal scales. 

Despite the fact that destination is the fundamental concept in tourism and a 
key unit in tourism management and marketing, different definitions exist and 
there is a lack of homogeneity among them (Pearce, 2014). Older and more tradi-
tional understandings consider the destination as a geographical area with definite 
borders that is marketed as one complete unit, e.g., country, national park, island, 
city, old town, and can exist on several different geographical levels (Hall, 2005a; 
UNWTO, 2010). However, other approaches see destination as a socially con-
structed space without fixed geographical boundaries (Framke, 2002; Saarinen, 
2004), that is in constant change and the meaning of it is formed in the minds of 
the tourists (Saraniemi & Kylänen, 2011). Therefore, due to the complexity of 
the term ‘destination’, various definitions exist that are rather fragmented and 
incomplete and derived from specific research interests; in some cases the term 
is even taken for granted and is not defined at all (Pearce, 2014). 

Several authors who have tried to conceptualise the essence of tourism 
destination have also noted the need to analyse tourism destinations more 
thoroughly using different data sets to give meaning to the term using empirical 
analysis (Framke, 2002; Pearce, 2014; Pechlaner, Pichler, & Herntrei, 2012; 
Saarinen, 2004). One possibility could be to analyse destinations based on the 
movements of tourists and the places and routes they have passed through while 
on their tourism trips (Beritelli, Bieger, & Laesser, 2014; Pechlaner et al., 2012). 
Regardless, few studies have been made because there has been a lack of 
temporally and spatially precise data about the tourist visits made (Batista e Silva 
et al., 2018; Beritelli, Reinhold, & Laesser, 2020). Most commonly used tradi-
tional data sources, such as accommodation statistics, border-crossing statistics, 
visitor surveys, and travel agency data are, however, rather limited and do not 
take into account destinations at various geographical scales, or include the 
various forms of tourism and the increasing mobility of tourists. For example, 
accommodation statistics do not include information about same-day visitors, the 
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majority of ‘Airbnb’ guests, or people who are staying with friends or family. 
There is no border control between any of the European countries within the 
Schengen area. Furthermore, visitor surveys capture only a small number of people 
in specific settings and it is difficult to generalise the results to total populations. 
Therefore, it is important to find better data sources that could enable to analyse 
the movements of tourists at various geographical levels and temporal scales with 
sufficient detail, and as a result better understand the essence of tourism 
destinations. 

Rapid advances in information- and communication technologies (ICTs) in 
recent decades have opened up several new possibilities for collecting data about 
human movement, including tourists. One example of this is the widespread 
distribution of mobile phones. In 2019, 67% of the world’s population owned a 
mobile phone, and 65% of all connections were smartphones (GSMA, 2020). In 
Europe, North America, and China, that constitute the majority of the world’s 
tourism international arrivals and receipts (World Tourism Organization, 2019), 
the subscriber penetration rates were 86%, 83%, and 82% respectively (GSMA, 
2020). Therefore, vast majority of people are constantly carrying phones with 
them to everywhere they go, thereby providing an opportunity to collect detailed 
location information about the movements of people, including tourists (Shoval, 
2007). According to a review by Shoval and Ahas (2016) the most popular 
tracking technology to be used in tourism research is GPS tracking, followed by 
mobile positioning data, Bluetooth tracking, geocoded social media, and photo 
database analysis. The number of studies using various tracking data sets is 
increasing, although the majority of them still have a fixed timeframe and a 
limited spatial extent, e.g., an attraction, a national park, or a city (Shoval & Ahas, 
2016). Therefore, there is lack of research that analyses tourist movement on a 
wider geographical scale over long periods (such as months, or years). 

An exception is passive mobile positioning data (MPD) – automatically col-
lected log files by mobile network operators (MNO) for billing purposes – that 
enable to analyse tourist movement on various spatial scales, from local to global, 
and during different timeframes, from hours to years. MPD about tourist flows 
can therefore be used to analyse and understand the essence of tourism destinations. 
Although the need to study tourism destinations based on tourism flows has been 
pointed out before (Beritelli et al., 2014; Pechlaner et al., 2012), and even the 
possibility to use big data for that has been noted (Beritelli, Crescini, Reinhold, 
& Schanderl, 2019), few studies have been made. The novelty of this thesis lies 
in its attempt to bridge the gap between conceptual tourism destination research 
and empirical studies using big data for tourism movement analysis. 
 
The general aim of the thesis is twofold: 

1. to achieve a better understanding of how mobile positioning data can be 
used to produce tourism statistics that could be used for destination analysis; 

2. to demonstrate the use and applicability of mobile positioning data in 
tourism destination analysis and conceptualising tourism destination. 
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This thesis focuses on incoming tourism to Estonia and uses inbound roaming 
data about the spatiotemporal movement of foreign visitors in different time 
periods in Estonia during 2011–2017. In order to achieve the general aim, the 
following tasks were set out: 

a) to describe a method for extracting inbound tourism statistics from 
roaming data for an entire country, Estonia (Article II); 

b) to evaluate the representativeness of tourism statistics derived from mobile 
data compared with accommodation statistics (Article II); 

c) to analyse the geographical, temporal, and compositional dimensions of 
tourist destinations (the latter dimension being the country of origin of the 
tourist), based upon the spatiotemporal behaviour of foreign visitors in 
Estonia (Articles I, III, IV); 

d) to deduce destination functions from the spatiotemporal behaviour of 
tourists (Article III). 
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2. THEORETICAL FRAMEWORK 

2.1 Theoretical concepts of tourism destination 

The World Tourism Organisation (UNWTO) defines tourism destination ‘as the 
place visited that is central to the decision to take the trip. However, if no such 
place can be identified by the visitor, the main destination is defined as the place 
where he/she spent most of his/her time during the trip. Again, if no such place 
can be identified by the visitor, then the main destination is defined as the place 
that is the farthest from the place of usual residence’ (UNWTO, 2010, p. 13 ). 
This definition remains the standard for collecting tourism statistics and is also 
the most widely used definition in tourism studies. However, this classic geo-
graphical approach is a simplification that does not allow to describe the 
complexity of destinations.  

Therefore, the UNWTO’s definition is a good example of a static definition 
that focuses on one aspect alone – place. This is the problem in most approaches 
that define tourism destinations. They tend to concentrate on and emphasise only 
some aspects whilst totally forgetting the other perspectives (Framke, 2002). 
However, there have been some authors who have tried to conceptualise the 
essence of tourism destination into one complete framework. See, for example, 
Lew’s (1987) ideographic, organisational and cognitive perspectives; Framke’s 
(2002) elaboration on business-related versus socio-cultural approach; Saraniemi 
and Kylänen’s (2011) economic geography-, marketing and management,- and 
customer-oriented views on destination; or most recently, the review by Pearce 
(2014) who concluded that the most used concepts for depicting and analysing 
tourism destinations are industrial districts, clusters, networks, systems, social 
constructs, and the recurring elements in all of them are the geographical 
dimension, the mode of production and the dynamic dimension.  

However, this static comprehensiveness has also been criticised by Beritelli et 
al., (2014), who deconstructs the essence of tourism destination and proposes an 
alternative dynamic viewpoint where ‘a destination’s space is the playground of 
different supply networks activated by visitor flows at different times of the year 
(week) and with different durations’ (Beritelli et al., 2014, p. 406). Therefore, the 
physical areas that comprise destinations vary for different actors and tourists, 
and may overlap (Beritelli et al., 2014). This dynamic approach for depicting 
tourism destinations is also best in line with the current world situation in which 
the rapid changes in information and communication technologies are constantly 
changing the way we travel and communicate, as well as the way we carry out 
research (Law, Buhalis, & Cobanoglu, 2014; Law, Leung, Cheng, & Chan, 2020). 

Even though the approach taken by Beritelli et al.’s (2014) is most fully in 
accordance with the current situation in terms of worldwide tourism, it was not 
founded with a focus on what kind of new digital data sources could be used for 
an empirical analysis of the concept, and neither does it take into account the 
changing role of tourism itself or overtourism problems. Therefore, in this thesis, 
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an additional theoretical framework will be proposed for tourism destinations, 
one that derives from the previous theoretical, methodological, and empirical 
work on the topic, and which focuses on the new technological developments that 
are making it possible to study the essence of tourists, their visits, and their 
destinations in much more detail than was previously possible. The proposed 
framework was first introduced and published in 2016 in Article I. This frame-
work was mainly drawn up by keeping in mind the essence of mobile positioning 
data, but it also applies to other forms of location and social media data.  

According to the framework, destination is the activity space of a tourist and 
it has five dimensions that can be measured with space-time tracking data 
(Article I). First, geographical dimension, where tourism is happening – where 
do tourists actually go and what places do they visit? Even though virtual travels 
exist today, people still prefer to physically go to places and see things with their 
own eyes. If the traditional approaches have mostly seen the geographical com-
ponent of tourism destination as one continuous territory (Hall, 2005a; UNWTO, 
2010) which could be marketed as one complete unit (Buhalis, 2000), then the 
possibility to use detailed, continuous location points from tracking data enable 
to provide a much more dynamic viewpoint of the geographical dimension of a 
destination. For example, detailed tracking data enable to distinguish smaller 
destination areas inside a bigger destination area and those destinations may 
overlap and still possess a different image. This existence of sub-destinations and 
overlapping among destinations has been stated in theoretical literature covering 
tourism destination planning perspectives (Beritelli et al., 2014; Dredge, 1999), 
but it has rarely been confirmed by means of detailed empirical analysis. Only 
recent developments in new digital tracking data sets have opened up the 
possibility of being able to carry out detailed analyses to this extent (Mckercher, 
Hardy, & Aryal, 2019). 

Second, temporal dimension, when tourism is happening – when are tourists 
visiting and for how long do they stay? Tourist movements cannot be viewed 
without including the time factor. However, the traditional theories about tourism 
destinations have been relatively scarce in elaborating on the aspect of time, 
stating mostly that destinations can appear on various temporal scales whenever 
there is a visitor engaged in tourism activities (Framke, 2002; Saraniemi & 
Kylänen, 2011). Nevertheless, the recent advancements in and popularity around 
using tracking technologies have helped to rediscover the time geography concept 
that was developed by Hägerstrand (1970). The conceptual framework of time 
geography helps to describe tourist movement paths in time and space, and to 
understand the time-space constraints behind those movements. This theoretical 
knowledge, combined together with digital tracking data, can be used in tourism 
destination analysis to make it possible to understand tourist patterns on different 
temporal scales (Birenboim, Anton-Clavé, Russo, & Shoval, 2013; Grinberger, 
Shoval, & McKercher, 2014; Yun & Park, 2015). 

Third, compositional dimension, who are visiting destinations? Even though 
tourists constitute the core of tourism, they have not been at the forefront of 
destination analysis. Compared to business and administrative actors they are less 
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frequently included in any such discussions (Pearce, 2014). The reason behind 
this lies in the lack of data, as so far detailed information about tourists themselves 
could be collected via surveys alone. However, the richness of various digital data 
sources enables to collect different information about users. For example, tourists 
who are active on social networking sites such as Twitter, Instagram, Flickr, or 
Weibo provide user info such as name, profile picture, short bio, or even home 
location. This information, combined together with the content and geographical 
location of the posts themselves, can be used to derive additional information 
such as age, gender, or place of residence (Toivonen et al., 2019). Therefore, seg-
menting visitors is somewhat different for each data set. For example, MPD 
enable to distinguish a user’s country of origin, and, in addition, to use the spatio-
temporal variables of the visits (e.g., time, duration, geographical locations, and 
the number of previous visits) to differentiate between tourists (Kuusik, Tiru, 
Ahas, & Varblane, 2011; Tiru, Kuusik, Lamp, & Ahas, 2010). 

Fourth, social dimension, what is the destination all about? Traditional socio-
cultural literature supports that destinations are socio-cultural structures without 
definite borders that are formed in the course of social practise (Framke, 2002; 
Saarinen, 2004; Saraniemi & Kylänen, 2011) and include also intangible aspects 
such as culture, image, and spatial narratives (Iwashita, 2003; Lichrou, O’Malley, 
& Patterson, 2008). Therefore, new digital data sets again open up new horizons 
for analysis, as tourists voluntarily share their emotions and opinions via text or 
photos, likes or comments, reviews or blogs on social media platforms with their 
friends and family or even wider audience (J. Li, Xu, Tang, Wang, & Li, 2018; 
Toivonen et al., 2019). This information can be used to gain deeper understanding 
of the destination and, for example, find out the core attractions and hot-spots of 
destinations (García-Palomares, Gutierrez, & Mínguez, 2015; Kádár, 2014), 
making it possible to identify connected places (Zoltan & McKercher, 2014). 

Fifth, dynamic dimension, how is destination changing? This dimension is 
closely related to time and focuses on changes in tourism destinations over time. 
The most prominent theory behind it is Butler’s (1980) ‘Tourism Area Life 
Cycle’ model which illustrates changes in the popularity of destinations over time 
as represented in the number of visitors. Thus, dynamic visitor numbers are the 
proof that destination areas evolve over time and, furthermore, social scientists 
also emphasise the creation and development of destinations (Saarinen, 2004; 
Saraniemi & Kylänen, 2011). Thus, understanding these changes is important, 
however, there is a limited number of data sets available with sufficient detail that 
could provide information over decades. New digital data can be of some help 
here. For example, bank transaction details are collected over long time periods 
and could shed some light to the expenditure patterns at destinations (Sobolevsky 
et al., 2014); or mobile positioning data collected by mobile network operators 
which include various information and could be used to analyse volumes and 
spatiotemporal patterns of visits over years (Eurostat, 2014a). Regardless, this 
has rarely been done due to privacy issues. 

Thus, this five-dimensional framework is proposing a more dynamic approach, 
one in which destination is seen as the realised mobility space, or in other words, 
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the activity space of a tourist which can be derived from tracking data. It consists 
of the locations and routes travelled through (Golledge & Stimson, 1997) by a 
tourist over various time periods. Thus, it is possible to distinguish and analyse 
destinations based on who, when, and where is visiting. In addition, it is possible 
to analyse what tourists are doing and analyse changes over time. This approach 
is, most importantly, data driven. Therefore, there are several aspects of destination 
that this framework does not cover or where it is not applicable. However, 
destination research areas in which new digital tracking data sources, including 
user-generated data, could be of use is rapidly increasing. Therefore, it is important 
also to develop the theoretical conceptual underpinnings, because the theory that 
is available so far has been created from traditional data viewpoints alone. 
 
 

2.2 Tourist movement analysis  

When considering the fact that destination is formed by the movements of 
tourists, it is important to understand how tourism flows have been analysed and 
conceptualised. According to Leiper (1979), the tourism system consists of three 
geographical elements: origin, destination, and the linkage between the two. Global 
movements take place from origin to destination and local movements take place 
within a destination. Correspondingly, McKercher and Lew (2004) have defined 
the movement to destination as the ‘transit component’ and movements inside 
destination as the ‘touring component’. In other words, also known as inter-destina-
tion movements and intra-destination movements. Inter-destination movements 
are mostly influenced by destination choice, which is dependent on many different 
factors, such as time availability, income, price level, human ‘push’ factors 
(personal motivations, prior visits, etc.), and physical ‘pull’ factors (geographical 
location, geomorphology, climate), and many others (Lau & McKercher, 2006; 
Oppermann, 1999). On the other hand, intra-destination movements are more 
heavily influenced by destination characteristics (e.g., locations of accommodation 
and attractions, the structure of the road network, transportation accessibility), 
and tourist characteristics (e.g., time budget, emotional attachment, tourist 
motivation and interests, knowledge and information of destination) (Lew & 
McKercher, 2006). For extensive reviews about factors that affect tourist move-
ments see McKercher & Lew (2004) and McKercher & Zoltan (2014). 

However, intra-destination movements cannot be analysed without defining 
the spatial extent of a destination. Therefore, it is most commonly predefined by 
the researchers as a geographical area. For example, local tourism destination – 
a concept of an area that can be consumed in a daytrip, as proposed by Lew and 
McKercher (2006). It was empirically tested using trip diaries and surveys in 
Hong Kong by McKercher and Lau (2008). The popularity of analysing intra-
destination movements has grown rapidly in the recent decade due to the 
availability of new digital tracking data sets that provide sufficient spatiotemporal 
detail. Most prominent are intra-destination analysis in urban settings which use 
GPS data (Shoval & Ahas, 2016), referred to also as multi-attraction travel 
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(Caldeira & Kastenholz, 2017). Before these technical advancements took place, 
intra-destination movements received less attention due to the difficulties in 
obtaining and analysing the data. Specifically, traditional visitor statistics are col-
lected at discrete points in the tourism system, and for this reason intra-national 
movement analysis are not possible. 

Another concept that is strongly affected by the definition of destination is 
multi-destination travel. Quite often, in the case of multi-destination trips, des-
tinations are defined as places in which a tourist spends an overnight (Ferrante, 
Abbruzzo, & De Cantis, 2017; Parroco, Vaccina, De Cantis, & Ferrante, 2012; 
Wu & Carson, 2008). Therefore, multi-destination trips are commonly analysed 
by taking into account the entire trip. However, this approach has its limitations, 
because places that have been visited during same-day trips or places in which no 
overnight was spent are, by definition, excluded (Wu & Carson, 2008). Never-
theless, there are no fixed spatial or temporal thresholds for distinguishing bet-
ween intra-destination or multi-destination travel. As the essence of both of them 
is similar, only with the differences in temporal and spatial scales, thereby multi-
destination research has faced similar problems in collecting sufficient data. 
Carrying out surveys or filling in trip diaries is time-consuming and expensive 
and the samples are small.  

In this thesis, the focus is on one destination level – the country of Estonia – 
and all movements inside it during the entire visit. The concept behind tourist 
movements within a destination country follows the same principles as introduced 
for multi-destination trips: ‘movements’ between different locations and ‘stays’ 
at these locations (Oppermann, 1992a). The two components together can be 
generalised into a movement pattern (dynamic connectivity), which can be 
described by the intensity (the volume and frequency) of the movement (Bowden, 
2003). Even though, country as a destination, is the common scale in tourism 
statistics data that is collected by national statistical bureaus, and is the main 
analysis unit used in tourism research, there are almost no sufficient data avail-
able about the movements inside a country. Despite the fact that, progress in ICTs 
has opened up new possibilities for analysing multi-destination trips or tourist 
movements on a larger scale (e.g., regional, national), there is still very little 
research done using tracking technologies on a national scale (Shoval & Ahas, 
2016). Only some examples exist, such as using geolocated photos from Flickr in 
Austria (Önder, 2017), or passive mobile positioning data in Estonia (Ahas, Aasa, 
Roose, Mark, & Silm, 2008). 

No matter which geographical scale one chooses to look at, the general structure 
behind tourist movements is the division of movement between different locations 
and stays at these locations. These movements can be expressed as lines, and stays 
at locations as points, fundamental concepts in geoinformatics. Furthermore, 
these movements can be routed to the actual road network. Therefore, GIS methods 
have been applied most to visualise tourist movement patterns (Grinberger et al., 
2014; Lau & McKercher, 2006; van der Knaap, 1999). Likewise, movements can 
be expressed as linkages, and stays at locations as nodes, both serving as core 
structures in network analyses. Network analysis has been applied to tourism 
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movement analysis between destinations (nodes) e.g., in Sicily (Asero, Gozzo, & 
Tomaselli, 2015; D’Agata, Gozzo, & Tomaselli, 2013). More specifically, social 
network analyses have been applied to study, for example, overseas tourist 
movement patterns in Beijing during the Olympic Games (Leung et al., 2012) or 
cross-provincial tourism flows in China (Peng, Zhang, Liu, Lu, & Yang, 2016). 
In addition, the sequence alignment method has been used to analyse the sequential 
aspects of tourism movement (Bargeman, Joh, & Timmermans, 2002; Shoval & 
Isaacson, 2007a; Shoval, McKercher, Birenboim, & Ng, 2015).  
 
 

2.3 Identifying destination functions  
from tourist movements 

Tourist movement analysis is the key to identifying the role of each visited place 
within the trip as a whole. Thus tourism flows themselves are the core element in 
destination positioning research (Lew & McKercher, 2002; Liu et al., 2012) and 
in destination management (Beritelli et al., 2014). Tourism flows, in turn, are not 
random but are spatially and temporally differentiated (Wu & Carson, 2008), 
depending on the national and geographical background of the tourists (Bowden, 
2003). Several studies have suggested that a hierarchical system of tourist flows 
exists, as some places attract the majority of tourists while the demand for others 
is weaker (Guedes & Jiménez, 2015; Murphy & Keller, 1990; Oppermann, 1992a). 

Therefore, in order to understand the destination’s role in the overall trip, 
different methodologies have been applied. Some of the earlier studies used 
various indices calculated based on visitor nights, to illustrate the function of 
destination. For example, Pearce and Elliott (1983) used a ‘Trip Index’ (the pro-
portion of the total nights spent at a destination out of the total nights on the trip) 
to determine whether a place served as a main destination or rather as a stopover 
within a larger tour. Leiper (1989) came up with a similar descriptive measure, 
the ‘Main Destination Ratio’, defined as ‘the percentage of arrivals by tourists in 
a given place for whom that place is the main or sole destination in a current trip’ 
(p. 533) of the total arrivals. Besides analysing which places function as main or 
stopover destinations indices have been used to analyse the overall dispersal of 
the trip. For example, Oppermann (1992b) proposed the ‘Travel Dispersal Index’ 
which takes into account more than just the spatial dimension; it also considers 
the length of stay in the country, the number of overnight destinations, the number 
of different accommodation and transportation types, and travel organisation 
(whether a package tour or an individual trip). His results from Malaysia showed 
that tourists are mainly concentrated in the main cities of Kuala Lumpur and 
Penang, there by the regional economic impact is poor (Oppermann, 1992b). More 
recently Koo, Wu, and Dwyer (2012) supplemented the existing dispersal ratio 
approaches in Australia using the ‘Individual Dispersal Propensity’, which 
illustrates the dispersal tendency of an individual trip. 
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In addition to descriptive indices, conceptual models of travel itineraries have 
been used the most, to understand the relative position of a destination. The first 
attempts to model tourist itineraries were carried out in the early 1990s. Although, 
the initial conceptual models concentrated on general inter-destination move-
ments from origin to destination and back (Flognfeldt, 1999; Lue, Crompton, & 
Fesenmaier, 1993; Mings & Mchugh, 1992; Oppermann, 1995). These were 
followed by Lew and McKercher’s (2002) study conducted in Hong Kong which 
was one of the first to model the itinerary from the perspective of the relative 
location of a destination within the larger itinerary pattern. Later, McKercher and 
Lew (2004) argued that all previous patterns that had been developed could be 
aggregated into four broad itinerary types: a) single destination, with or without 
side trips; b) transit leg and circle tour at a destination; c) circle tour with or 
without multiple access, egress points; d) hub-and-spoke itinerary in which tourists 
base themselves in one place and take side trips to other places. Later on, in 2006 
Lew and McKercher further developed their conceptualisation and concluded. 
that in the case of local destination areas (possible to make daytrips), tourist 
movement patterns can be characterised by territorial dimension, showing the 
spatial distance of the movement from the starting point, and linear dimension, 
indicating the complexity of the movement. 

Previously described studies illustrate well how theoretical knowledge on 
tourist movement analysis has developed and evolved over the years. However, 
there is a lack of consensus when it comes to naming the destinations (location 
points, nodes) based on their relative position within the itinerary. Lohmann and 
Pearce (2010) criticise that concepts for various types of destination have been 
used rather loosely, and that more focus is given to tourist flows and itineraries. 
Therefore, several classifications and definitions now exist in parallel, depending 
on the context and discipline. Lew and McKercher (2002) identified five destina-
tion types based on the location within an itinerary: single (one main destination), 
gateway (first destination encountered), egress (last destination visited), touring, 
and hub (destination visited more than once during one trip); Pearce (2001b) 
identified between origin, destination, gateway, hub, multiple functions; Lohmann 
and Pearce (2010) distinguished between origin, destination, gateway, hub, 
stopover, and multiple functions. As can be seen from these classifications, des-
tinations may have multiple and overlapping functions (Lohmann & Pearce, 2010; 
Pearce, 2001a, 2001b), which further complicates the creation of a clear classi-
fication system. 

Of the destination functions that have been identified (excluding general origin 
and destination), the use of ‘gateway’ has been most prominent. Gateways are the 
entry and exit points to and from a destination (Burghardt, 1971; Pearce, 2001b). 
Therefore a gateway is always the first place encountered and it may be a 
destination itself (Lew & McKercher, 2002), but it does not have to be. Gateways 
can exist on various geographical scales, from entrances to national parks to 
regional and international gateways (Burghardt, 1971; Zurick, 1992). Regardless 
of scale, gateways have a mediating role between the outside world and the 
ancillary areas, controlling the flows of goods and people and linking networks to 
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one another (Burghardt, 1971). Quite often, capital cities are also primary national 
gateways, as the national and international transportation nodes (airports, seaports) 
are located there (Maitland, 2012). According to Wu and Carson (2008), cities 
that function as gateways are also more likely to become tourist hot-spots.  
 
 

2.4 Traditional data sources for tourist  
movement analysis  

Collecting statistics on tourism is ‘essential to the measurement of the volume, 
scale, impact and value of tourism at different geographical scales from the global 
to the country level down to the individual destination’ (Hall & Page, 2014, p.76). 
Therefore, it is a key source of information for destination managers, tourism 
planners, local administrators, and tourism researchers. The key to understanding 
the volumes and effects of tourism is to become aware of physical tourist flows 
(Eurostat, 2014a). The most traditional way to collect information about tourist 
volumes (arrivals, departures, visits, stays), expenditures (tourist spending), and 
tourist- and trip-related characteristics (motivation, interest, visited places etc.) is 
to carry out surveys completed by a sample of individuals or households. Surveys 
were seen as the main data source for domestic and outbound tourism statistics in 
the International Recommendations for Tourism Statistics 2008 (UNWTO, 2010) 
and in Eurostat’s Methodological Manual for Tourism Statistics (Eurostat, 2014b). 

In addition to surveys for residents that cover specific reference periods, border 
surveys and visitor surveys carried out at major tourism attractions or transportation 
hubs can also register information about trips being made by non-residents 
(Eurostat, 2014a). Surveys have a number of disadvantages. The main one being 
their high cost, resulting in generally small samples that do not represent the 
whole population, and consequent possible bias in the results (Beaman, Huan, & 
Beaman, 2004; Eurostat, 2014a, 2014b). Surveys are usually retrospective and 
the geographical scale is limited to a regional level (De Cantis, Parroco, Ferrante, 
& Vaccina, 2015). Another downside of surveys is the lack of clarity in defini-
tions (Volo & Giambalvo, 2008), for example questions like what is a tourism 
trip or what is the main destination are left to decide on the subjective feeling of 
the respondent (Eurostat, 2014b) that may lead to divergent results. Thus those 
disadvantages may threaten the statistical comparability over longer periods or 
between different geographical areas. 

Apart from surveys, national statistical institutes use data that have been 
reported by accommodation establishments to cover domestic and inbound 
tourism. The main reported variables are the number of tourists accommodated, 
and the number of overnight stays by type of accommodation and by country of 
residence (Eurostat, 2014a). The greatest limitation in the use of accommodation 
statistics is their failure to capture unobserved tourism, which has two components 
(De Cantis et al., 2015). First, nights spent in unofficial accommodation (e.g., 
summer houses, friends’ and relatives’ homes), also known as unmeasured tourism 
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(De Cantis et al., 2015). For example, a study made in Australia found that 
visiting friends and relatives travel constitutes 48% of Australia’s total overnight 
tourism market, substantially more than previously assumed by the official data 
(Backer, 2012). Second, nights spent in official establishments, which are de-
liberately unreported for fiscal reasons (e.g., obtain tax advantages) (De Cantis et 
al., 2015; Guizzardi & Bernini, 2012). Another important set of problems arises 
from how the data are collected. Some tourists stay overnight at several different 
establishments during a trip and are counted at each one, constituting double 
counting (De Cantis et al., 2015). The bigger the territory under observation, the 
greater is the tendency to do a multi-destination trip and therefore the double 
counting increases (Parroco et al., 2012). Thus accommodation data do not enable 
to analyse tourist movements, just volumes. 

A number of potential problems, from item definition to sample bias, therefore 
exist. Neither official surveys nor traditional statistics on accommodation reveal 
the spatiotemporal patterns of tourists at a sufficiently fine resolution (Batista e 
Silva et al., 2018) to allow the analysis of tourists’ movements over the entire 
duration of their visits. Therefore, to fill the gap where national and centrally 
organised data collection systems do not provide sufficient information about the 
movement patterns of tourists, tourism researchers have used additional methods 
to collect data about tourist movements. The most well-known are direct obser-
vation and self-completed trip diaries and maps that may be combined with pre 
or follow-up interviews, known also as time-space budget technique (McKercher 
& Lau, 2009; Shoval & Isaacson, 2007b). Former is done either unobtrusively or 
with the permission from the tourist by following the individual and marking 
down the movement trajectory of the visitor and the time spent in important 
tourism attractions. However, this has been used rarely, as the data collection is 
resource and time-consuming and, in consequence, the samples are relatively small. 
Furthermore, it also raises many ethical questions (McKercher & Lau, 2009).  

The latter method, time-space budget technique, is more common in tourism 
studies. It focuses on the frequency, sequencing, and duration of tourist activities 
over a given period e.g., from one day up to a week (Shoval & Isaacson, 2007b). 
This is mostly based on recall time-space diaries in the form of a questionnaire or 
interview, or on real time diaries or maps that are filled in by the tourists them-
selves. In the first case, people may not remember all the details about their move-
ment sequences and timings. The other approach, however, is a burden to the 
tourists as they have to keep a detailed track of the visited places while touring. 
Using maps is good for tracking the exact routes taken, but it has an inherent scale 
problem, resulting in loss of fine detail (McKercher & Lew, 2004). Therefore, in 
both cases, the quality of the results is dependent on the participant’s memory, 
enthusiasm, and will to actively and truly take part. 
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2.5 New emerging data sources for tourist  
movement analysis 

The essence of tourism and travel behaviours has changed in recent decades due 
to rapid advances in ICTs. The number of novel ICT-based data sources has 
likewise increased, giving researchers new ways of analysing tourism. Contrary 
to traditional data, big data is ‘generated continuously, seeking to be exhaustive 
and fine-grained in scope, and flexible and scalable in its production’ (Kitchin, 
2014, p.2). High-powered computation and new analytical techniques have also 
made it possible to overcome the challenges of big data over the recent decades, 
such as volume, velocity, high relationality, exhaustivity and variety, timeliness 
and dynamism, messiness and uncertainty (Kitchin, 2014). Many of these new 
big data sources measure human activity or movement; hence, they can be used 
in tourism research and statistics (Demunter, 2017).  

In a comprehensive review of studies using big data in tourism research, 
Li,Xu, Tang, Wang, and Li (2018) recognise three primary sources for generating 
big data, namely tourists as users, devices or sensors used by tourists, and various 
operations related to tourists. Hereafter, first two data sources are described in 
more detail as they enable to do tourism movement analysis on various geo-
graphical and temporal scales. Tourism-related operations such as web searching 
(e.g., Google, Baidu), webpage visiting (e.g., Wikipedia page views), online 
booking and purchasing (e.g., Booking.com) on the other hand are mostly used 
for predicting tourist flows and demand estimation, not for analysing the actual 
visits or calculating the actual number of visits, and they are least used in tourism 
research (Demunter, 2017; J. Li et al., 2018). 

Li et al., (2018) found in their review that most of the research on big data 
related to tourism is derived from user-generated content (UGC) such as online 
photos and texts. The main sources for photos are photo-sharing platforms (e.g., 
Flickr, Panoramio, Instagram) and textual data originate mainly from online 
reviews (e.g., Tripadvisor, Booking, Expedia, Yelp, etc.) and posts from Twitter 
and its Chinese alternative Sina Weibo (J. Li et al., 2018). The value of UGC for 
tourism research and especially tourist movement analysis lies in the metadata 
embedded in photos or texts, which includes information about the time and 
location when the photo or text was produced. This spatiotemporal information 
enables to analyse tourist flows and volumes at various spatial and temporal scales. 

Because UGC are low/no-cost and easy to access several studies using dif-
ferent data sets have been made. For example, geo-located photos from Flicker 
have been used for tourist movement analysis on global (Vu, Li, Law, & Zhang, 
2018), regional (Girardin, Fiore, Ratti, & Blat, 2008; Stienmetz & Fesenmaier, 
2019), and city level (Kádár, 2014; Vu, Li, Law, & Ye, 2015). In addition, photos 
have been used for tourism demand analysis (Önder, Koerbitz, & Hubmann-
Haidvogel, 2016) and multi-destination trip classifications (Önder, 2017) on 
country level. Additionally, geo-located tweets have been used to understand 
tourist mobility patterns on a global (Hawelka et al., 2014), European (Provenzano, 
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Hawelka, & Baggio, 2018) and a regional (Chua, Servillo, Marcheggiani, & 
Moere, 2016) level. Although UGC are more increasingly being used in tourism 
research and tourist flow analysis, it is rarely included in the production of official 
tourism statistics. However, correlations with official tourism statistics have been 
shown. For example, Kádár (2014) used geotagged photos from Flickr and found 
a good correlation with official statistics on tourist arrivals, bed nights and 
singular attraction attendance in Vienna, Prague, and Budapest. Tenkanen et al., 
(2017) used data from Instagram, Twitter, and Flickr and found that social media-
based monthly visitation patterns match relatively well with official visitor counts 
for national parks in Finland and South Africa. 

According to the review by Li et al., (2018), the second most widely used big 
data source in tourism research comes from devices or sensors that have been 
used by tourists. In the era of the ‘Internet of Things’, devices with various sensors 
(e.g., smartphones) track tourists’ movements and provide high-quality spatio-
temporal data, such as GPS data, mobile positioning data, Bluetooth data, radio-
frequency identification (RFID) data, and Wi-Fi data (J. Li et al., 2018; Shoval 
& Ahas, 2016). Furthermore, data from traffic sensors, street cameras or weather 
stations could be used for analysis or correlating the tourist numbers, but these 
sources are not further elaborated here. Of the various types of tracking data 
available, GPS data have been the most widely used in tourism research, followed 
by mobile positioning data (Shoval & Ahas, 2016). Bluetooth, RFID and Wi-Fi 
data have been used less, however distributing an ad-hoc sensor network over a 
specific study area has vast potential for registering small-scale movements 
including indoor movements (Tsai & Chung, 2012; Versichele et al., 2014). 

Following the division by Shoval and Ahas (2016), tourism research using 
tracking technologies have gone through three major stages. There are no clear 
temporal boundaries between the stages, because the progress of using tracking 
data sets in tourism research varies for each specific data set, however the general 
characteristics of the stages are the same for all tracking data sets. The very first 
studies were made to understand how these new digital tracking data sets could 
be used to study human mobility in general (Ahas & Mark, 2005; Asakura & Hato, 
2001; Isaacson & Shoval, 2006) and soon after, specific studies with the focus on 
tourists followed (Ahas, Aasa, Mark, Pae, & Kull, 2007; McKercher & Lau, 
2009; Shoval, 2008). The main aim of those studies was to test the potential of 
the data and the feasibility of the methods. Early experimental studies were fol-
lowed by numerous descriptive studies that focused on revealing actual visitor 
patterns at destinations and therefore hoping to uncover new aspects of tourism 
(Ahas et al., 2008; Shoval & Isaacson, 2007b). The success and continuity of this 
phase is mainly due to the widespread distribution of smartphones with its various 
inbuilt sensors that enable to do research more easily (Birenboim & Shoval, 
2015). Therefore, the descriptive phase is still ongoing but is increasingly being 
taken over by studies that analyse more complex and fundamental questions on 
tourism and consumer behaviour (Shoval & Ahas, 2016). 

To name some examples, GPS and mobile positioning data have been used to 
understand tourists’ time–space resource allocation decisions (Grinberger & 
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Shoval, 2018), and to comprehend how different factors such as weather 
(Caldeira & Kastenholz, 2018; McKercher, Shoval, Park, & Kahani, 2015), prior 
destination experience (Caldeira & Kastenholz, 2017), hotel location (Shoval, 
McKercher, Ng, & Birenboim, 2011), or giving out incentives (Shoval, Kahani, 
De Cantis, & Ferrante, 2020) affect tourist movement behaviour. The insights 
gained from using tracking technologies for tourism movement analysis have 
been suggested to use as an input to improve marketing decisions (Kuusik et al., 
2011; Mckercher et al., 2019). Furthermore, tracking data have been combined 
with real-time tourist emotions and experiences (Birenboim, 2016; Birenboim, 
Reinau, Shoval, & Harder, 2015; Shoval, Schvimer, & Tamir, 2018a, 2018b; 
Zakrisson & Zillinger, 2012). 

However, as the majority of tourism research using tracking technologies have 
used GPS data, the sample sizes are relatively small, the research area is usually 
confined to a limited area, and the timescale is fixed to a certain period. For 
example, GPS studies made in theme park (Birenboim et al., 2013), island (Y. Li, 
Yang, Shen, & Wu, 2019) or a city (Grinberger & Shoval, 2018; Mckercher et 
al., 2019; Shoval, 2008) lasting from one day up to two weeks. On the other hand, 
cellular network based mobile positioning data can be used to cover vast areas 
and long periods of time. The essence of mobile positioning data and its use in 
tourism research is described in more detail in the next chapter. 
 
 

2.6 Using MPD in tourism studies and tourism statistics 

The first studies to use cellular network-based data from mobile phones can be 
dated back to the 2000s. They mostly show the potential of the data for use in 
studies on travel behaviour (Asakura & Hato, 2001, 2004), the planning and 
administration of public life (Ahas & Mark, 2005) and urban analysis (Ratti, 
Pulselli, Williams, & Frenchman, 2006). However, since 2007, location data from 
mobile phones have been actively used in tourism studies as well (Ahas, Aasa, 
Mark, et al., 2007; Ahas et al., 2008; Ahas, Aasa, Silm, & Tiru, 2007; McKercher 
& Lau, 2009), but the majority of studies using mobile positioning data are still 
focused on methodological questions and the use of data in human mobility, 
transportation and urban analysis research (Wang, He, & Leung, 2018). The main 
reasons behind it are difficulties in data access and the lack of analytical know-
ledge and computation power among tourism researchers to cope with the vast 
amounts of data that is produced in mobile networks. 

MPD can be obtained via ‘active’ or ‘passive’ means. Active positioning 
implies the tracking of mobile phones using special queries with permission from 
the phone user; this is seldom used due to privacy concerns and relatively small 
samples (Ahas et al., 2008; McKercher & Lau, 2009). To note, sometimes also 
tracking via an installed application on smartphones (e.g., applications that use 
GPS data) can be referred to as active positioning. The majority of mobile phone 
tracking studies which have used cellular network data in tourism research have 
used the alternative, passive MPD (Shoval & Ahas, 2016). Passive MPD consist 
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of the location coordinates of mobile phones in a cellular network, which are 
collected and stored automatically by the mobile network operator (MNO) for the 
purposes of customer billing, network maintenance, and performance monitoring 
(Ahas, Aasa, Mark, et al., 2007; Ahas et al., 2008).  

The most common passive MPD set is the call detail record (CDR), which 
consists of data entries of active phone use, such as incoming and outgoing calls 
and sent messages (SMS, MMS). Less used are data detail records (DDR), internet 
protocol data records (IPDR), and probed data from signalling information such 
as location update or cell handover. The temporal preciseness of the data improves 
with every mentioned data type, specifically the more data records there are, the 
more detailed the data are. The spatial preciseness of the data is mainly dependent 
on the distribution of mobile network cells, which in turn are determined by the 
population density and pattern (Ahas, Aasa, Mark, et al., 2007). Hence, the data 
are geographically more accurate in densely populated urban areas and near 
major roads but less accurate in rural areas. Moreover, the more frequent in time 
are the data records, the more continuous is the track in space and the smaller is 
the randomness in the data. 

Because passive MPD are collected automatically from everyone who is using 
a mobile phone, it is possible to detect various mobility types, from everyday 
commuters to people making a holiday trip once a year. Thus, MPD are a valuable 
source to analyse the entire extent of human mobility in three dimensions time, 
space, and number of trips, a model proposed by Hall (2005b) to describe 
different forms of temporary mobility, including tourism. Passive MPD can be 
used to measure the volume (arrivals and departures) of tourists and to analyse 
tourist- and trip-related characteristics (country of origin, time, length and spatial 
extent of visits) in all three forms of tourism: domestic, inbound, and outbound. 
In turn, the good coverage and granularity of MPD would enable to start a deeper 
theoretical discussion on how to delineate tourism from other forms of mobility, 
but it is not the focus of this dissertation. The methodological steps on how to 
identify tourist visits from MPD are described in Chapter 3.1 and more thoroughly 
in Article II.  

After testing the feasibility of passive MPD and its analysis methods in 
tourism research in the early 2000s, several studies have been made. CDR data 
gained from MPD have been used, for example, to analyse domestic tourists’ 
seasonal moves to second homes in Estonia (Silm & Ahas, 2010), and to identify 
and construct spatial patterns of domestic tourist flows between 32 cities in 
France (Vanhoof et al., 2017). Inbound and outbound tourism trips can be identified 
thanks to roaming contracts between MNOs, which allow the use of mobile 
phones in countries other than those in which they are registered (Ahas, Aasa, 
Mark, et al., 2007; Ahas et al., 2008). In the case of inbound tourism, CDRs have 
been used for example, to analyse seasonality in foreign tourists’ space con-
sumption (Ahas, Aasa, Mark, et al., 2007), segment repeat visitors (Kuusik et al., 
2011), measure destination loyalty (Tiru et al., 2010), evaluate travel distances of 
events visitors and regular visitors (Nilbe, Ahas, & Silm, 2014), identify tourist 
destinations based on visitor flows (Article I), find generalised movement patterns 
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of tourists (Baggio & Scaglione, 2018), identify destination functions (Article 
III). There have been fewer studies of outbound tourism, given the fact that the 
spatial accuracy of MPD for outbound trips is often not disaggregated further than 
the country visited. However, outbound trips have been used to compare ethnic 
(Silm & Ahas, 2014) and generational differences in those who travel abroad 
(Masso, Silm, & Ahas, 2019), and to segment travellers into different visitation 
groups such as tourists, cross-border workers, foreign workers, and transnationals 
(Ahas, Silm, & Tiru, 2017). 

The uniqueness of mobile positioning lies in the fact that it is the only new 
digital data source used in tourism research that has vast potential of being used 
in official national tourism statistics and has been already used for that reason. So 
far, however, there are only two countries in the world using MPD to produce 
national tourism statistics: Estonia (Eesti Pank, 2020) and Indonesia (Lestari, 
Esko, Sarpono, Saluveer, & Rufiadi, 2018). Regardless of the potential of using 
MPD in tourism statistics, only a few wide-ranging examples are available, 
although the number is growing. In Estonia, the database of CDRs covers the 
entire country and one full economic cycle (inbound data have been collected 
since 2004 and outbound data since 2008), and tourism statistics have been 
published since 2008 (Ahas et al., 2008). In Indonesia, mobile signalling data 
combined with cross-border surveys have been used since 2016 (Lestari et al., 
2018). In addition, there have been some small-scale pilot studies, for example in 
the Netherlands (Heerschap, Ortega, Priem, & Offermans, 2014), France (Gitton, 
2016), Italy (Dattilo & Sabato, 2017), Finland (Nurmi, 2018), and other countries, 
the results of which have mainly been presented at international conferences.  

The potential of using MPD in tourism statistics has been noted at the 
European and international level as well. In 2012 Eurostat initiated a study of the 
use of MPD in tourism statistics, resulting in a comprehensive report ‘Feasibility 
Study on the Use of Mobile Positioning Data for Tourism Statistics’ (Eurostat, 
2014a). Furthermore, the United Nations has a Global Working Group on Big 
Data for Official Statistics, which has been working on the creation of a ‘Hand-
book on the use of Mobile Phone data for Official Statistics’ (United Nations, 
2019). Both documents outline the major weaknesses and advantages of MPD. 
The former includes the complexity of access, the lack of qualitative information 
(e.g., trip purpose, transport mode, preferences etc.), difficulties in quality assess-
ment, over and under coverage problems and methodological issues of statistical 
production from MPD. The latter being the timeliness, automatic production, 
cost-effectiveness, good consistency and resolution of data in time and space. 
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3. METHODOLOGY 

This thesis is based on four original research articles that implement MPD in 
tourism destination research. The method for extracting cross-border tourism 
statistics from roaming data for an entire country, Estonia is described in Article 
II and summarised in the next chapter (3.1) of this thesis. An important part of 
the second paper is the evaluation of the representativeness of results derived 
from MPD compared with accommodation statistics. The methodology behind 
the comparison is discussed in Chapter 3.2 and the results are presented in 
Chapter 4.1. The main focus of the first article (Article I) is on the dimensions of 
tourism destination which can be measured using tracking data, in the current 
thesis, MPD. The findings from the first article are complemented with the 
spatiotemporal movement pattern analysis of visitors from Finland in Article IV. 
The methodology for analysing the dimensions of tourism destination is described 
in Chapter 3.4 and the results are presented in Chapters 4.2, 4.3, and 4.4. Destina-
tion functions derived from movement data, such as gateways, are identified and 
analysed in the third paper (Article III). The methodology behind identifying 
destination functions is described in Chapter 3.4, and the results are in Chapter 
4.5. An overview of the articles is given in Table 1. 
 
Table 1. An overview of study area, period, data and methods being used in Articles I, 
II, III, and IV. 

 Article I Article II Article III Article IV 

Study area Estonia Estonia Estonia, Israel Estonia, Finland 

Study period 2011–2013 2015–2017 2015–2017a 2014–2016 

Forms of 
tourism 
included 

inbound inbound, 
outbound 

inbound inbound, 
outbound 

Data MPD MPD, accom-
modation data 

MPD, GPS MPD 

MPD type CDR CDR, DDR CDR, DDR CDR, DDR 

No of MNOs 1 2 2 2 

Analysis 
methods 

Binary logistic 
regression 

Linear 
regression 

Descriptive 
statistics, GIS 
analysis 

Descriptive 
statistics, GIS 
analysis 

Main focus of 
the article for 
destination 
analysis 

Geographical, 
temporal, 
compositional 
dimensions of 
destination 

Feasibility of 
the data for 
tourism 
destination 
analysis 

Identifying 
destination 
functions 

Geographical and 
temporal 
dimensions of 
destination by 
composition 

a MPD were collected in 2016 and GPS data in 2015–2017. 
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3.1 Framework for generating tourism statistics  
from MPD for destination analysis 

Mobile Network Operators in Estonia collect three types of data: a) domestic 
operator customer data in Estonia (domestic), b) foreign roaming service users’ 
data in Estonia (inbound), c) outbound roaming data for operators of clients 
travelling abroad (outbound). It is in accordance with the three forms of tourism. 
The main focus of this thesis is on inbound data. The data used in this thesis is 
collected from one or two largest MNOs in Estonia, with a combined market 
share of 73% in 2017 (Tehnilise Järelevalve Amet, 2017). Both CDR and DDR 
data are used that include information about outgoing and incoming call activities 
(phone calls and SMS messages) and using the internet and data services. The 
use of mobile phones is widespread in Estonia, according to the Eurobarometer 
survey carried out in 2017, a total of 96% of households in Estonia have at least 
one mobile phone (European Commission, 2018). The methodological steps how 
to generate meaningful tourism statistics for destination analysis from MDP are 
described as follows (Figure 1). Full methodological details can found in Article II. 
 
Raw data description. Initial data processing is done in the MNO’s systems. 
Specifically, MNOs provide a geographical reference table for the call events 
using the geographical location coordinates of antennae. MNOs extract the mobile 
country code for outbound and inbound data from the first three digits of the inter-
national mobile subscriber identity (IMSI) and then plot it to ISO 3166-1 alpha-2 
letter country codes. MNOs generate pseudonymous identification codes for each 
phone, format the data, prepare it for transmission and transfer the data to 
processing machines by secure data exchange tunnels with file encryption.  

After the initial processing, each record in the CDR database includes the 
following information: a) the randomly generated identification number (ID) of 
the phone used, b) the time of the call activity, c) the mobile country code for 
roaming data, and d) the antenna identification (cell ID) for inbound and domestic 
data (Table 2). The ID is pseudonymous and constant for each individual phone 
user for the whole period represented in the database (if the contract of the phone 
user did not change) and across the different databases (domestic and outbound). 
The ID ensures anonymity of the data for researchers and cannot be associated 
with a specific phone number or individual. The mobile country code of the SIM 
card is seen as the country of origin of the tourist. 
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Table 2. Examples of roaming data. 

ID Time Country code Cell ID 

244217726502772 31.07.2017 11:41:27 LV KCPBI14 

240156976964286 31.07.2017 17:37:33 FI KCPBI14 

250072138923688 31.07.2017 18:02:03 RU LDUCA14 

262127856866986 31.07.2017 21:29:53 FI TELBI13 

350193355690996 01.08.2017 00:11:56 DE LDUCA14 
 
Data cleaning. In order the get correct visitation information from MPD it is 
important to clean the data from errors and carry out initial data quality control. 
This process comprises: a) removing duplicates (e.g., same information collected 
several times); b) checking the quality of the data and antenna coordinates (e.g., 
antennae coordinates should be within expected country boundaries); c) detecting 
missing data and re-requesting it from the MNOs (e.g., missing data for some area, 
period, antennae, or a particular type is missing); d) removing technical sub-
scribers and machines distinguished by a corresponding attribute; and e) removing 
data of ‘travel SIM cards’ (e.g., Estonian SIM cards sold in foreign countries and 
only used there).  
 
Visit detection. In this thesis the term ‘visit’ is used when there is location infor-
mation available on the use of foreign mobile phones in Estonia. Although, in the 
international recommendations for tourism statistics visit is a sub-unit of trip. 
Specifically, ‘trip refers to the travel by a person from the time of departure from 
his usual residence until he/she returns’ and it ‘is made up of visits to different 
places’ (UNWTO, 2010, p.17). Because there are no data available from the user 
on other countries visited besides Estonia, which would constitute a round trip 
from home to home, term visit is used instead. Visits are identified as temporally 
close location events (call activities) (Tiru et al., 2010). For inbound visits, a new 
visit is registered when the maximum time period between call activities exceeds 
155 hours (6.5 days). E.g., when there is a data gap for >6.5 days, then most 
probably the person has left the country and there is a new visit. Identified visits 
may include cases where the border is not actually crossed, such as sailors using 
Estonian roaming services who do not physically land or occasional roaming 
events near borders. Those visits are excluded from further analysis. 
 
Identifying visitor groups. Visitor groups are defined based on the duration and 
number of visits made. Four types of visitor can be distinguished: a) transit 
visitors; b) migrant workers (including students); c) cross-border commuters (e.g., 
ship and aircrews, truck drivers, etc.); and d) tourists (defined as all other visitors). 
Tourism visits are found by eliminating the first three visitor groups where the 
number and duration of visits is not typical to traditional tourism. Specifically, a 
transit visit lasts less than four hours and is made in pre-defined transit corridors 
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in Estonia with the of aim reaching another country. Migrant workers and cross-
border commuters spend more than 183 days of the year in a foreign country. The 
former, make less than two visits a month in at least seven months of a twelve-
month period. The latter make more than two visits a month to neighbouring 
countries, such as Finland, Russia, Latvia, Lithuania, and Sweden, in at least 
seven months of a twelve-month period. All other visits are tourism visits, which 
can be divided based on duration, either as same-day or multi-day visits. The 
process of tourist visit detection from MPD by removing non tourism-related data 
is shown in Figure 1. 
 

Figure 1. The process of tourist visit detection from MPD by removing non-tourism 
related data and extracting statistics for tourism destination analysis. Source: Article II, 
Figure 1 (modified). 
 
Generating statistics for destination analysis. The attributes found so far are 
the number of visitors and visits. In addition, each visit has an undefined number 
of geographical location points, based on what it is possible to identify visited 
places. Furthermore, each visit has a start and an end time, based on what it is 
possible to calculate the duration of visits. For each inbound visitor the country 
of origin is known and the number of previous visits during the data collection 
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period can be calculated. Aforementioned variables can be used to sum up the 
number of visits and visitors, for example, by the spatial extent of the visit, time 
of the visit or by country of origin. Thus, tourism destination can be described 
and analysed using the characteristics of tourism flows as follows: geographical 
(visited places such as municipalities, counties, cities), temporal (time of the visit, 
duration of the visit), compositional (tourist’s country of origin). 
 
 

3.2 Evaluating the representativeness of MPD 

In Article II the monthly indicators from MPD are compared with accommodation 
data by country of origin. For inbound tourism, data from Statistics Estonia (2019) 
is used covering the monthly number of nights spent at accommodation establish-
ments by country of residence. This includes data from collective tourist accom-
modation establishments, such as hotels, hostels, motels, guesthouses, holiday 
camps, flats, cottages, bed-and-breakfasts. The advantage of mobile data is that 
it allows us to identify same-day visits. However, same-day visits are excluded 
from the representativeness analysis because there are no other data sets available 
to compare the numbers gained from MPD.  

For comparison, the Pearson correlation coefficient was applied between the 
accommodation data and the number of nights derived from MPD. In addition, a 
simple linear regression model was applied where the number of nights spent by 
month in the accommodation data was used as the dependent variable and 
monthly numbers from MPD were used as the independent variable. One general 
model was calculated for all the nights spent during the study period for all the 
countries, and additional six models for the countries with the most visitors to 
Estonia were done. This included Finland, Latvia, Russia, Germany, Sweden, 
Norway. Because of the seasonal character of the inbound tourism to Estonia, 
where most of the nights are spent in high season (summer months), all models 
were seasonally adjusted using the mean monthly residual. 
 
 

3.3 Analysing destination dimensions 

MPD are a valuable source to study tourism destination, because the data cover 
the entire country over long time periods. Thus, destination does not have to be a 
pre-defined unit, but it can be distinguished based on the results from the spatio-
temporal tourist flow analysis. Therefore, geographical (where do the visitors 
actually go), temporal (when do they go and for how long do they stay) and 
compositional (who are visiting) dimensions can be analysed.  

In the first article (Article I) the respective variables included in the analysis 
are the number of different counties visited (n=15), visitation time and duration, 
and country of origin. The visitation time is determined by the time of the first 
call activity of the visit. It is divided into four categories according to the season: 
spring (March to May), summer (June to August), autumn (September to 
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November), and winter (December to February) visits (Articles I, III). The 
duration of the visit is calculated as the number of days between first and last call 
activity. Same day trips are lasting for one day (Articles I, III). Country of origin 
is derived from the mobile country code used in roaming data. 

Binary logistic regression is carried out to predict the probability of visiting 
two specific destination areas in Estonia, Saaremaa and Tartumaa, instead of 
visiting other places in Estonia (Article I). At first separate models for each afo-
rementioned variable are calculated and then full models including all the 
variables are done. In addition, the probability to visit other countries in Estonia 
is also evaluated. Hereinafter the names Saaremaa and Tartumaa are used inter-
changeably with Saare County and Tartu County, respectively. 

The analysis in the first article is complemented with the analysis done in the 
fourth article (Article IV), where the geographical and temporal dimensions are 
assessed from the point of view of one country of origin only – Finland. The 
regional distribution of tourist visits from Finland to Estonia is analysed on the 
municipality level. In addition, the duration of visits, the distribution of the start 
and end times of the visits between days of the week, and the seasonal distribution 
of visits made from Finland to Estonia are evaluated.  
 
 

3.4 Identifying destination functions 

Tourist movement analysis can be used to identify destination functions. In this 
thesis the focus is on one function only – gateway – the main entry and exit point 
to and from a destination. In the third article (Article III) gateways are identified 
for the whole destination country Estonia using the location of ‘first call activity’ 
of the visit. Gateways are distinguished on the municipality level by the overall 
share of first call activities made in each municipality (n=213) in whole Estonia. 
The locations of first call activity correlate with the locations of last call activity, 
that strengthen the validity of the method being used for identifying gateways.  
 
 

3.5 The ethics of data usage 

Using MPD in tourism research and producing statistics entails several concerns 
such as privacy, ethics and surveillance fear among mobile phone users. This dis-
sertation is conducted in compliance with European Union and Estonian 
legislation. The collection, storage, processing and analytical procedures for the 
data comply with European Parliament and Council of the European Union re-
quirements regarding the protection of natural persons with regard to the 
processing of personal data and on the free movement of such data (REGU-
LATION (EU) 2016/679) (European Parliament and Council of the European 
Union, 2016), and the processing of personal data and the protection of privacy 
in the electronic communications sector (DIRECTIVE 2002/58/EC) (European 
Parliament and Council of the European Union, 2002). 
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4. RESULTS 

4.1 MPD as a valuable data set for tourism  
destination analysis 

The results from the second article (Article II) confirm that MPD are a valuable 
data source for producing inbound tourism statistics. In general, the monthly 
number of nights spent in Estonia derived from MPD is strongly correlated with 
the number of nights spent according to official accommodation statistics 
(Pearson R is 0.96; P < 0.0001; n = 36 months). Both data sets show the seasonal 
rhythm in the number of nights spent by incoming tourists (Article II, Figure 3). 
According to the MPD the number of nights spent is higher in July and December, 
and lower in other months. The results from the linear regression model show 
that the monthly numbers generated from MPD explain 92% of the variation in 
the number of nights spent according to accommodation data (Article II, Table 2). 
Nevertheless, there are differences among countries. For example, in some 
countries (e.g., Russia, Germany) MPD do not capture all visits compared to the 
numbers from accommodation data, but in some cases (e.g., Norway, Latvia) 
MPD show much higher values than accommodation data (Figure 2).  

 

Figure 2. The monthly number of nights spent according to accommodation and MPD-
based statistics in the six countries together with the fitted linear model. Source: Article II, 
Figure 4 (modified). 
 
Previous comparison focused on overnight visits, but in addition MPD enable the 
detection of same-day visits also known as excursionists. For example, in the data 
set used in the second article 54.9% of all inbound tourist visits were actually 
same-day visits (Article II). Unfortunately, no thorough analysis to evaluate the 
representativeness of same-day visits derived from MPD have not been done in 
this thesis, because there are no comparable base line data available. Same-day 
visits are not included in accommodation statistics and are often underestimated 
by surveys (Eurostat, 2014a, 2014b). However, the inclusive character of MPD 
enable to detect various forms of mobility, e.g., from transit visitors passing 
through to regular second home visitors. The distribution of different visitor types 
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based on frequency (number of visits per year) and duration (number of days per 
year) are shown in Article II, Figure 2 and Article IV, Figure 2.  

Thus, the use of MPD enable to broaden the horizons of classical concep-
tualisation of tourism that is especially important for tourism destination analysis. 
Because it is possible to analyse the movement of individual visitors throughout 
their entire visit in Estonia, irrespective of whether they spend a night here or not, 
or where do they spend it (e.g., staying at friend’s place or in a hotel). Therefore, 
the geographical, temporal, and compositional aspects of tourism destinations are 
evaluated as follows in the next sections. 
 
 

4.2 Geographical dimension of destinations 

Detailed information about the actual visited places is of utmost importance for 
tourism destination analysis. The spatiotemporal analysis of foreign tourist’s 
visits to Estonia enable to identify the most visited places and routes. The results 
show that Tallinn is overwhelmingly the most visited municipality in Estonia. For 
example, in 2016, a total of 70% of all inbound tourism visits included a stay in 
Tallinn (Article III). Tallinn is followed by Viimsi, Pärnu, Tartu, and Narva 
municipalities (Figure 3). In addition, the main transportation corridors can be 
identified, such as the route between Tallinn and Riga which serves to explain the 
abundance of visits to municipalities such as Häädemeeste, Tahkuranna and 
Märjamaa. 
 

 

Figure 3. Most visited municipalities in Estonia in 2016. The size of each municipality is 
distorted in proportion to the number of visits it welcomed. Source: Article III, Figure 2.  
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The preference to visit Tallinn and Harju County alone is especially visible 
among Finnish tourists. During the period 2014–2016 a total of 73.5% of their 
visits were made solely to Tallinn and Harju County (Article IV, Figure 6). Even 
if the visits made only to Tallinn and Harju County are excluded, Harju County 
and, particularly, Tallinn still dominate among all other visits made to Estonia. 
For example, in the period from 2011 to 2013 approximately 40% of all visits 
(excluding visits to Tallinn and Harju County alone) still included a stay in Tallinn 
(Article I).  

MPD enable to analyse visitation patterns to smaller destination areas. The 
results from the second article confirm that Saare and Tartu Counties function as 
two different destinations (Article II). Both counties have distinct images and 
different groundings for marketing. Saaremaa is mainly known for its spas, nature 
and recreation, while Tartumaa is famous for its university and is therefore more 
oriented to cultural and conference tourism. These differences are also reflected 
by the visitation patterns to these destinations (Figure 4). The main visited 
counties when visiting Saaremaa are Harjumaa (39.5%), Läänemaa (24.3%) and 
Pärnumaa (16.5%), while for Tartu County the other most visited counties are 
Harjumaa (30.5%), Jõgevamaa (11.5%) and Valgamaa (11.4%) (Article I). 

 

Figure 4. The distribution of call events in antennae locations when visiting (A) Saare 
County (blue), (B) Tartu County (blue) 2011–2013. Source: Article I, Figure 2 (modified). 
 
 

4.3 Temporal dimension of destinations 

The spatial movements of tourists cannot be analysed without the temporal 
dimension. According to time geography, a concept developed by Hägerstrand 
(1970), the movements of individuals should be also projected with the temporal 
parameters in addition to geographical coordinates. As was seen from the 
comparison between MPD and accommodation statistics, inbound tourism to 
Estonia is seasonal, with high peaks in the summer months (Article II). More 
than one third of visits to the country are made in summer (Articles I, III). In 
some rare cases there are also winter peaks (e.g., Russian tourists spending their 
New Year in Estonia). However, when analysing seasonality in smaller destina-
tion areas in Estonia, differences are significant. For example, tourism in Saare-
maa is more seasonal than tourism in Tartumaa (Figure 5). Therefore, the odds of 
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visiting Saare County instead of other places in Estonia are higher in summer 
months, but for visiting Tartu County, the odds are higher in the off-season 
(Article I, Table 3). Nevertheless, the majority of visits to Tartumaa are still made 
in summer months, but the proportion is smaller compared to other case study areas. 
 

 

Figure 5. The monthly proportion of visits made to three case study areas in 2011–2013. 
Source: Article I, Figure 3 (modified). 
 
In addition to seasonal pattern, differences in the number of visits received on 
different week days can be also distinguished. Because Estonia is a popular week-
end holiday destination for neighbouring countries such as Finland, Latvia and 
Russia, the majority of visits to Estonia are made for weekends. For example, the 
majority of visits made from Finland to Estonia start on Fridays or Saturdays 
(Figure 6) and end on Saturdays or Sundays (Article IV). 

 
Figure 6. The distribution of start and end times for the visits from Finland to Estonia during 
2014–2016. Source: Article IV, Figure 5 (modified). 
 
Besides the time of the visit, MPD enable to analyse the duration of visits. In 2016 
the mean duration of an inbound visit to Estonia was 2.16 days (Article III). 
Again this number varies between destinations. Shortest visits are made to Tallinn 
only, 1.48 days in 2016 (Article III), and the farther the destination from main 
entry point Tallinn the longer are the visits. For example, the mean duration of 
visits made to Saaremaa in 2011–2013 was 3.4 days (Article I). Results from 
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binary logistic regression also confirm that visits longer than three days are twice 
as likely to take place in Saare County than in Estonia as a whole (Article I, 
Table 3). 
 
 

4.4 Compositional dimension of destinations 

In this thesis the compositional dimension of the destination is based on the country 
of origin of the tourists who visit the destinations. Visitor’s country of origin is 
derived from the mobile country code of the SIM card. The majority (ca 70%) of 
total inbound visitors to Estonia are from three neighbouring countries Finland, 
Latvia and Russia (Articles I, II, III). However again, there are differences 
among smaller destination areas inside Estonia. For example, Saare County is 
mostly visited by people from Finland, but the majority of visits to Tartu Country 
are made by visitors from Latvia (Article I). This fact is also confirmed with the 
results from binary logistic regression analysis, where the odds of visiting Tartu 
County instead of the whole of Estonia are significantly higher among Latvian 
(1.53) than Finnish visitors (Article I, Table 3). The share of visitors from Russia 
is smaller in Saaremaa than in Tartumaa or on average in Estonia. These spatial 
preferences among visitors from different countries can be partially explained by 
the relative location of the country of origin compared to Estonia. Therefore, 
visitors from Finland mostly stay in Tallinn and surroundings, because the 
harbour in Tallinn is the main entry point for them, yet visitors from Latvia are 
more oriented to the southern counties of Estonia. Difference spatiotemporal 
behaviour among different countries also appear on the temporal scale, e.g., 
German tourists are more summer oriented and tourists from Russia are less 
sensitive to season (Article I, Figure 4). 
 
 

4.5 Destination functions  

Tourist movement analysis enable to identify different functions of visited places 
based on their relative location in the visitation pattern. In this thesis the main 
focus is on gateway as the first place encountered by tourist at a destination. The 
geographical level used for destination function analysis in this thesis is entire 
country, Estonia. Gateways are found by the location of first call activity. In 2016 
57% of the first call activities were in Tallinn (Article III). Together with 
neighbouring municipalities such as Viimsi, Harku and Rae the share of northern 
gateway reaches up to 66% (Figure 7). The antennae in Viimsi and Harku 
municipalities register the first call activities made on ships before reaching the 
port and the antennae in Rae municipality register the first call activities made 
after landing in Lennart Meri international airport. Therefore, as the international 
airport and harbour are located in the capital, Tallinn, it also functions as the main 
gateway to the country. Unfortunately, 78% of those visits with a first call activity 
in Tallinn never leave the city (Article III). 
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Figure 7. The location of the main entry points to Estonia identified by the share of total 
number of first call activities made in each municipality. Source: Article III, Figure 1. 

 
Besides Tallinn and its surrounding municipalities smaller gateways also exist, 
but the share of first call activities in those places is remarkably lower. Second 
biggest gateway can be named as the southwestern gateway and it consists of the 
visits made to Häädemeeste, Tahkuranna and Pärnu municipalities (Figure 7). 
Therefore, it mostly functions as a gateway for tourists from Latvia and Lithuania 
travelling by car or by bus. In addition, the second biggest city in Estonia – Tartu – 
functions as a gateway thanks to the daily international flight connection to 
Helsinki. Furthermore, smaller gateways such as the city of Narva on the eastern 
border of Estonia and Misso municipality in southeast of Estonia that borders 
both Latvia and Russia exist (Article III). It is important to note, that when 
comparing the location of gateways with the most visited municipalities (Figure 3), 
differences are minimal. Therefore, quite often the gateway also functions as a 
destination itself and tourists do no travel further away from the entry point. 
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5. DISCUSSION 

5.1 The use and applicability of MPD in tourism  
destination analysis 

Destination has quite often been taken for granted in tourism research. It is 
assumed that destination is a fixed geographical area where tourism takes place 
and it offers services and attractions to visitors. This traditional geographical point 
of view is for example a widespread approach in statistics collected on tourism 
(Eurostat, 2014b; UNWTO, 2010), marketing (Buhalis, 2000) and a common 
ground in various research undertaken about tourism destinations. However, the 
geographical approach has been criticised by socio-cultural authors because of its 
static nature that do not take into account the dynamic character of destinations 
that changes over time and can be perceived differently for each visitor (Framke, 
2002; Saarinen, 2004; Saraniemi & Kylänen, 2011). Nevertheless, neither destina-
tion as a geographic area nor as a socio-cultural concept only, are helpful in des-
tination management and marketing. Thus, the latest discussions on the essence 
of tourism destinations derive mostly from the tourism planning and management 
literature where several authors have developed conceptual spatial models. This 
is nothing new, e.g., see the overview by Dredge (1999), but the article from 
Beritelli et al., (2014) has drawn the focus to tourism flows which constitute the 
destination and should be the core unit used for destination management.  

This is the point to which current thesis contributes. Specifically, the model 
proposed by Beritelli and Laesser (2017) that distinguishes visitor flows based on 
five questions: Who? Where? When? What? Why? Although, the authors pointed 
out that big data could be useful for identifying visitor flows, to date the data and 
information about visitor flows in their case studies is primarily provided by local 
actors (e.g., entrepreneurs, guides) only (Beritelli et al., 2019). This thesis has 
proposed a similar theoretical framework for identifying tourism destinations, 
based on the visitor flows, but it is fully derived keeping in mind the essence of 
digital tracking data sets, specifically mobile positioning data. According to the 
proposed framework (Article I), destination has five measurable dimensions that 
can be analysed using data about tourism flows: geographical (where?), temporal 
(when?), compositional (who?), social (what?) and dynamic (how?). In this thesis, 
the first three (where, when and who) are analysed empirically. However, the social 
and dynamic dimension could easily be analysed using additional data (e.g., social 
media data) and longer timeframes (e.g., years).  

The results from the analysis of geographical dimension confirm the previous 
knowledge, that destinations may overlap and exist on different geographical 
levels (Buhalis, 2000; Framke, 2002; Saarinen, 2004). For example, a relatively 
small country in size and population such as Estonia, has smaller distinguishable 
destination areas inside it. In this thesis the comparison is made between two 
counties in Estonia Saaremaa and Tartumaa. Both destinations have distinct 
visitation patterns that do not overlap, except in the gateway of Harju County, 
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where most of the visits to Estonia start (Article I). When analysing all the visits 
made to Estonia in one year, the situation is strongly influenced by the same-day 
visits to Tallinn, made mostly by visitors from Finland (Article III). Therefore, 
in order to gain a more detailed picture, studies using samples of visits to smaller 
areas are necessary. The maximum spatial accuracy of MPD is at the network cell 
level, thus it is not possible to define the geographical boundaries of a destination 
in terms of metres, but it is enough to distinguish between city neighbourhoods or 
villages. This is already detailed enough for the destination management and 
planning perspectives.  

From the time geography perspective, a concept developed by Hägerstrand 
(1970), the geographical movements of tourists cannot be viewed without the 
temporal parameters. MPD enable to analyse when tourism is happening at 
destinations and for how long. Inbound tourism to Estonia is seasonal, with high 
peaks in the summer months (Articles, I, II, III) as shown by (Ahas, Aasa, Mark, 
et al., 2007). However, this seasonality varies for smaller destination areas in 
Estonia and between different visitor groups. For example, tourism in Tartu 
County is less seasonal than it is in Saare County, mainly due to the differences 
in tourism supply (Article I). Saaremaa is oriented towards holidays and recre-
ation with more offerings in the warmer summer season, while Tartumaa and, 
especially, Tartu city attracts visitors all year round as a cultural and educational 
centre. Thus this temporal dimension clearly shows when a particular place 
actively functions as a destination, in other words when destination is activated 
by visitor flows (Beritelli et al., 2014). Second important temporal aspect is the 
duration of the visit. There is no doubt that tourist movement is influenced by 
time availability and the increase in the length of stay also raises the probability 
to visit more places. Analysis made in the first and third article also affirm that. 
Specifically, shortest visits (1.5 days) are made to Tallinn only (Article III) and 
when the distance of a destination from the main gateway increases, the average 
duration of visit also increases. Thus, the mean average duration of visits to Tartu-
maa is 2.9 days and to Saaremaa 3.4 days (Article I).  

Third destination dimension analysed in this thesis is compositional – who 
are the people visiting. MPD enable to distinguish between domestic and foreign 
visitors. In this thesis the focus is on inbound visitors and their country of origin 
derived from the SIM card. Thus, it is possible to analyse which places are popular 
among visitors from different countries. Overall, the cumulative visitor numbers 
are strongly affected by the distance decay principle. Therefore, more visitors to 
Estonia come from nearby countries such as Finland, Latvia and Russia (Articles 
I, III). These findings are in line with the previous research describing the effect 
of distance (Nilbe et al., 2014). Compositional dimension can be analysed also 
from the geographical and temporal perspective. Thus, it is possible to compare 
movement patterns of visitors from different countries. For example, visitors from 
Finland tend to stay in Tallinn and its surroundings (Article IV), while visitors 
from Latvia mostly stay in the southern places of Estonia such as Pärnu, Tartu 
and Saaremaa (Article I). From temporal perspective visitors from different 
countries also have different seasonal patterns; visitors from long-haul countries 
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tend to be more summer-oriented (e.g., Germany), while visitors from neigh-
bouring countries are relatively insensitive to season (e.g., Russia) (Article I). 
Thus, the geographical background of tourists strongly influences the tourism 
flow patterns inside destination country, as found in previous studies made in 
Malaysia (Oppermann, 1992a), Barbados (Reid & Reid, 1997), USA (Hwang, 
Gretzel, & Fesenmaier, 2006) and China (Bowden, 2003). 

As stated before, social and dynamic dimensions are not empirically studied 
in this thesis because the current MPD sets used do not enable directly these kind 
of analysis. However, a different MPD set about calling networks (who is calling 
whom) could reveal the local social network and connected places (see e.g., 
Puura, Silm, & Ahas, 2017). Thus, it would be possible to compare the connected 
places for local residents, domestic visitors and inbound tourists. In addition to 
mobile positioning based movement data about connected places, additional data 
sources could be used to more fully understand tourist preferences and experi-
ences. For example, content analysis using different social media data such as 
text and photos that have geographical and temporal attributes (Toivonen et al., 
2019) can provide more information about visited places, activities undertaken, 
and opinions expressed. When it comes to analysing the dynamic dimension and 
understanding changes in tourism destinations over time as has been discussed 
by Butler (1980) and Saarinen (2004), longitudinal data is needed. MPD can be 
used here, as inbound roaming data in Estonia have been collected since 2004. 
Additional data from social media (e.g., Twitter or Flicker) could also be a 
potential source for more longitudinal analysis.  

In addition to answering simple questions such as where tourism is happening, 
when it is happening and who are the tourists; the role of each visited place within 
the whole visit inside a destination country can be identified and analysed using 
MPD. In this thesis, the focus is on gateway, defined as the first place tourist 
encounters when visiting a destination country (Burghardt, 1971; Pearce, 2001b). 
For Estonia, the capital Tallinn functions as the main gateway to country; 57% 
of all the inbound visits made in 2016 had a first call activity in Tallinn. This is 
easily understood because the main transportation nodes (airport, harbour) are 
located there. Together with neighbouring municipalities the share for northern 
gateway Tallinn increases to 66% of all visits (Article III). The problem arises 
because 78% of the visits that start from Tallinn never leave the city. Thus, 
Tallinn functions both as a gateway and as a main destination. However, a place 
having multiple functions (Beritelli & Laesser, 2017; Lohmann & Pearce, 2010; 
Pearce, 2001a) is not a problem itself, but the fact that tourists are concentrated 
into one place resulting on the one hand in economic success but on the other in 
social and environmental problems which may lead to overtourism (Koens, 
Postma, & Papp, 2018).  

The detailed knowledge gained from the analysis of MPD in regard to the 
geographical, temporal, and compositional dimensions of tourism destination and 
its functions is, above all, important for better tourism destination management 
and planning. The need to have a more dynamic and detailed conceptualisation 
of tourism destinations derives directly from the planning and management 
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interest. The most recent approach is the flow-based destination marketing and 
management (Beritelli et al., 2014; Reinhold, Laesser, & Beritelli, 2019), discussed 
in the beginning of this chapter, where the main unit of analysis are the strategic 
visitor flows at the destination. Thus, analysing MPD about the movements of 
tourists within a destination country is a valuable input information for this kind 
of tourism destination management and marketing approach. Based on the results 
gained from MPD analysis, it is possible to show the actual visitor movement 
patterns and distinguish destinations quantitatively, based on the number of 
visitors a place receives in time and space. Thus, the results from MPD illustrate 
which places are preferred and visited together or which places are not connected 
by visitor flows. This helps to overcome the traditional approach in which 
destinations are managed by following administrative borders (Dredge, 1999), 
even though these borders may not have any meaning to the tourists themselves. 
This has still been widely applied, because there have not been enough sufficient 
detailed data to act otherwise. However, there are already examples where the 
knowledge gained from new data sources is already in everyday use. For 
example, the Estonian Tourist Board, uses a monitoring tool of visitor flows in 
Estonia based on MPD. 

Detailed knowledge about the movement of visitors in time and space is 
especially important in managing the effects of tourism (Lew & McKercher, 2006). 
This becomes relevant when some places are receiving more visitors at certain 
times than that place can actually sustain. It may lead to negative social, cultural, 
and environmental impacts (Koens et al., 2018). The situation in Estonia has not 
yet been seen as overtourism per se, because the overall numbers are still manage-
able, but the current results from identifying destination functions (Article III) 
revealed the relative substantial importance of Tallinn for the entire country. 
Thus, already some arrangements could be made to alleviate the pressure on the 
capital and distribute tourists to other places in Estonia as well. For example, day 
trip itineraries from Tallinn could be promoted, because a greater dispersal of 
tourists is first and foremost important for regional destinations (Koo et al., 2012; 
Oppermann, 1995). In order to contribute to the dispersal of tourists, changes 
have to be made also in terms of planning transportation and infrastructure and 
in designing marketing campaigns (Lew & McKercher, 2006). Knowledge about 
tourism flows gained from MPD analysis enable to optimise transportation con-
nection, open up new ones where needed, and market connected places or routes 
to visitors. 

According to the flow-based view by Beritelli et al., (2014), destination is 
activated by the visitors flows. Rapid developments in ICT have opened up 
several new possibilities to measure and analyse visitor flows but current studies 
have mostly been descriptive, and not taking one step further to also con-
ceptualise destinations based on the results from new data sources. For example, 
Chua et al., (2016) have described the temporal, spatial, and demographic aspects 
of tourism flows in southern Italy using data from Twitter, but they do not focus 
on the essence of tourism destinations behind the tourism flows. On the other 
hand, theoretical studies which describe the essence of tourism destinations rarely 
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use empirical data, the models and conceptualisations that have been developed 
by authors are based on their impressions, observations, and intuitive thoughts, 
as well as considerable reading (Butler, 2015). The novelty of this thesis lies in the 
combination of those two sides. Therefore, MPD are used to conceptualise tourism 
destinations based on the actual movement patterns of tourists, while adding a 
level of empirical knowledge to the theoretical discussion. 
 
 

5.2 An evaluation of using MPD in tourism statistics and 
destination research 

In this thesis, passive MPD are used to calculate tourism statistics. The results are 
then used for tourism destination analysis. In order to evaluate the representative-
ness of MPD, the results gained from MPD are compared with the monthly num-
ber of nights spent at accommodation establishments in Estonia by country of 
residence from the same time period. The results confirm that MPD are strongly 
correlated with official accommodation data for inbound visits (Article II). 
However, there are some general differences and variations can be seen between 
countries. For example, MPD showed higher values in the high season, such as 
in July and December, and relative underestimates in autumn and spring. It may 
be speculated that some visitors during the high season are staying with friends 
and family and not in official accommodation establishments as shown in 
Australia (Backer, 2012). In addition, Statistics Estonia only partially collects 
information about people who are staying in holiday rentals that are being offered 
through Airbnb. Furthermore, some of the data may deliberately be left un-
reported for fiscal reasons as has been found to be the case in Italy (De Cantis et 
al., 2015; Guizzardi & Bernini, 2012). 

When focusing on the differences in the top six countries, again over- and 
underestimation examples can be found. Latvia, Norway, and Finland represent 
a situation in which there are more nights being spent in Estonia according to 
MPD than can be seen from official statistics. It may be theorised that a sub-
stantial number of people from Estonia have moved to Finland and Norway, and 
when they visit Estonia, they no longer use their Estonian SIM card and are staying 
with friends and relatives. More detailed analysis of the mobility of transnationals 
between Estonia and Finland (Ahas et al., 2017) has been done in Article IV. For 
Latvia it may be speculated that a lot of them are working in Estonia; however, 
according to the visitor group methodology applied, they still belong to the tourist 
group (Article II), and therefore they are short-time workers who do not stay at 
official accommodation establishments in Estonia. Russia and Germany are the 
examples where MPD underestimate the number of nights spent in Estonia. This 
might be explained by high roaming prices and preferences in phone use, such as 
no need to make a phone call or to send an SMS, or a desire not to be interrupted.  

The more often a phone is used the more data are produced and the more 
accurate are the results derived from MPD. The use of mobile phones depends on 
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various factors such as roaming prices (Eurostat, 2014a), personality traits (Butt 
& Phillips, 2008) and sociodemographic and -economic characteristics (e.g., 
gender, age, income) (Ahas et al., 2008; Wei & Lo, 2006). Differences in mobile 
phone use in turn may cause several under- and over coverage issues in overall 
number of nights spent and in the spatiotemporal coverage of the visits. For 
example, the share of same-day visits may be overestimated and the number of 
visited places may be underestimated. However, it is important to emphasise that 
the overall number of nights spent derived from MPD are in line with results 
gained from accommodation data as proven in Article II. Possible differences in 
the spatiotemporal extent of the visits between different data sets are also minimal 
as shown before (Ahas et al., 2008) and confirmed again in this thesis where 82% 
of inbound visitors stayed in Tallinn based on MPD and 77% according to 
accommodation data (Article III). Unfortunately, no comparison is made to 
evaluate the share of major gateways derived from MPD (Article III). This could 
be done using data from ports, airports and border control (only for the border 
with Russia, because Schengen rules apply to other border crossings), however it 
was not done because the data would represent all travellers and not only tourists, 
and such data are not available on a monthly basis. 

Differences in phone use together with difficulties in access to data and lack 
of qualitative information are the three major disadvantages of MPD. Access to 
MPD from MNOs has so far been the biggest obstacle in the use of MPD when 
it comes to producing official statistics or carrying out scientific research. 
Problems arise from (inter)national regulatory limitations and legislation. MNOs 
are unwilling to provide data due to the necessity for maintaining business con-
fidentiality, or due to privacy issues, fear of being tracked, and a general dis-
approval by society of such methods. Despite this, there are two countries in the 
world where MPD are an official source for tourism statistics, Estonia (Eesti 
Pank, 2020) and Indonesia (Lestari et al., 2018). In addition, there are several 
countries in which pilot studies for producing statistics have been conducted 
(United Nations, 2019), and even more scientific articles where MPD have been 
used for tourism studies (Shoval & Ahas, 2016). However, as access is restricted 
there is no unified methodology available and no cross-domain analysis, and there-
fore the reproducibility and overall transparency of the research is somewhat 
limited. Another major shortcoming of MPD is the lack of qualitative information, 
such as means of transport, type of accommodation, expenditure, trip purpose, 
tourist preferences etc. This kind of information can be collected by carrying out 
additional surveys among visitors. 

Despite of the limitations described, MPD have many advantages over 
traditional data sets used in tourism research and statistics. One of the biggest is 
the ability to evaluate mobility indicators for a much larger sample, both automati-
cally and cost-effectively. In the case of Estonia, the MNO market is quite equally 
shared between three operators, so that using data from one MNO represents 
information about one third of people living in Estonia and this can be generalised 
across the entire population. Thus, compared to traditional surveys, the cost and 
burden of data collection does not depend on the number of observations or 
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people in the sample. Surveys, on the other hand, entail high costs just because 
of that, thus the samples are relatively small, that in turn may lead to possible bias 
in the results (Beaman et al., 2004; Eurostat, 2014a, 2014b). Another major 
advantage is that MPD have good consistency and resolution of data in time and 
space that enable to distinguish between various mobility types based on people’s 
longitudinal spatiotemporal behaviour (Articles II, IV). Good consistency and 
resolution over time means that MPD can be collected almost in real-time and for 
longer periods. Thus, the timeliness of MPD helps to grasp increasing tourist 
numbers and provide quick indicators in near real-time; however, the faster the 
process the higher are the costs for maintenance, software and hardware. Good 
consistency and resolution over time enable to follow tourists throughout their 
visits in Estonia. This is not possible with accommodation or border statistics, 
where tourists are registered at discrete locations that may result in the double 
counting effect (De Cantis et al., 2015). Other traditional methods such as surveys 
or trip diaries are mostly retrospective and the quality depends on the memory of 
the tourists. Compared to other digital big data sets the advantages of MPD are 
again their large sample and good contingency over space and time, while dif-
ficulties in access consist of the only major disadvantage.  

However, MPD do not substitute traditional data sets, rather complement 
them. For more widespread use of MPD in tourism statistics three key aspects 
need to be improved: develop better regulation and legislation to access the data; 
find additional baseline data to compare the results derived from MPD, and create 
unified and transparent methodology for extracting indicators generated from 
MPD (Article II). In addition, several stakeholders are looking for even more 
detailed data in time and space on attraction level that would mean to take into 
use different MPD sets than used in this thesis, e.g., signalling data that are 
collected more frequently than CDR or DDR data. All of these developments 
have to be in line with privacy conditions that are set out by the GDPR and 
national legislation. Despite the difficulties and the need for future improvements, 
this thesis and other preceding studies which have used MPD-based statistics in 
tourism destination analysis have shown the vast potential of the data and its 
ability to complement conceptual studies that are carried out in regard to tourism 
destinations, while also providing guidance when it comes to making marketing 
and management related decisions.  

To conclude, when compared with traditional accommodation, border, and 
visitor statistics, and survey data from questionnaires or trip diaries, inbound 
passive MPD enable to study tourism destinations more precisely and effectively 
because the spatial and temporal accuracy of the data are better; the tracking 
periods are longer; tracking allows to follow tourists throughout their visit; and 
digital data collection and processing are easy and timeliness. Good coverage of 
the data enables to do destination analysis based on the actual movements of 
tourists and to distinguish destinations based on that. Thus it provides an 
opportunity to add spatial and temporal scale to the so far magical ‘place’ defined 
as tourism destination by the World Tourism Organisation (UNWTO, 2010). 
However, this thesis focuses only on inbound tourism to Estonia, thus it is not 
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possible to say if and which other countries foreign tourists visited besides Estonia 
and how did the visit to Estonia situate in the whole trip. Nevertheless, MPD 
enable to capture the diverse, multi-faceted, highly dynamic social phenomenon 
(Beritelli & Laesser, 2017; Larsen, Urry, & Axhausen, 2007) that tourism is, in a 
manner that was nearly impossible before. 
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6. CONCLUSIONS 

This thesis has opened up a discussion to find a new point of view for con-
ceptualising tourism destinations in light of recent rapid developments in ICT-
based space-time tracking technologies. The focus of this thesis is on inbound 
tourism to Estonia, based on the roaming activities of foreign visitors in Estonian 
mobile networks. This thesis contributes to academic tourism research and private 
and public sector tourism-related activities in three major areas which are 
described below.  
 
Theoretical and conceptual contribution. In the age of digital tracking data, 
destinations in this thesis are conceptualised as the activity spaces of visitors that 
can be analysed using data about visitor movements. A theoretical framework is 
proposed in which destinations consist of five measurable dimensions: geo-
graphical, temporal, compositional, social, and dynamic, out of which the first three 
are analysed empirically in this thesis. The results from a tourist flow analysis 
based on mobile positioning data reveal that destinations exist on different geo-
graphical levels, that they may overlap, and that smaller destination areas such as 
Saaremaa and Tartumaa can be distinguished inside Estonia. Therefore, it is 
possible to identify places that are visited together and which function as a 
destination for visitors. Adding the temporal dimension enables to see and analyse 
changes in visitation numbers over time. Thus, it becomes possible to analyse, 
for example, the seasonal or weekly rhythms of destinations and the duration of 
visits to those destinations. The compositional dimension adds a human touch to 
the concept by analysing who are those people who are actually visiting the places. 
From mobile positioning data it is possible to use the country of origin of the 
visitor. Including more relevant data (e.g., social media data, longitudinal MPD) 
would also enable to analyse the social and dynamic dimensions of tourism 
destination. This kind of data driven approach which focuses on tourism flows 
together with a clear theoretical grounding is necessary to overcome the divide 
between the theory-oriented and data-oriented works that currently dominate in 
tourism research.  
 
Methodological contribution. In this thesis passive mobile positioning data are 
used to analyse the spatiotemporal behaviour of foreign visitors in Estonia. Data 
are collected automatically in the mobile network operator’s systems for billing 
purposes, and consist of the time and location of the call activity and the country 
of origin of the person. There are only two countries in the world that use mobile 
positioning data for producing official tourism statistics – Estonia and Indonesia. 
In addition, pilot studies describing the feasibility of the method have been 
published in scientific journals or presented at international conferences. Never-
theless, no unified methodology exists and there is a lack of transparency regarding 
the data access and the methodological steps done in order to gain meaningful indi-
cators from mobile data. Therefore, this thesis describes a method for extracting 
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inbound tourism statistics from roaming data for an entire country, Estonia. The 
representativeness of tourism statistics derived from mobile data are compared 
with accommodation statistics. The results show a good correlation between the 
monthly number of nights spent in Estonia according to two data sets. Thus, 
statistics derived from MPD can therefore be are a valuable source for detailed 
destination analysis, because of the representativeness and good consistency in 
space and time. In addition, MPD also enable to capture those visitors who are not 
registered in the official accommodation statistics, such as, people who stay with 
their friends and family, or who use Airbnb, or who are visiting for one day only. 
 
Practical contribution to tourism planning. A detailed spatiotemporal analysis 
of tourist movements in Estonia, enables to add a geographical and temporal scale 
to what so far has been a rather ambiguous term – destination – which has too often 
been taken for granted. This is valuable input for tourism destination researchers, 
planners, and management organisations whose decisions have suffered from a 
lack of accurate data. MPD enable to identify connected places at different times 
and to amend marketing and management strategies accordingly. In addition, 
based on tourist movements, it is possible to identify different destination functions. 
This thesis focused on main gateways and showed the major role that Tallinn as 
the main entry and exit point to Estonia has over the entire country. Therefore, in 
order to distribute the benefits gained from tourist visits more evenly over the entire 
country, additional measures are needed. For example, improving the capacity of 
smaller gateways such as regional airports or creating convenient day trip itiner-
aries from Tallinn. Up to date, reliable and granular data is of utmost importance 
when it comes to dealing with the social, economic, and environmental impacts 
of tourism flows to ensure the sustainability of destinations. The Estonian Tourism 
Board has been using a web-based destination monitoring tool based on passive 
MPD and the methodology presented in this thesis. 
 
Future perspectives. While writing this chapter already three months have passed 
since the last MPD set was forwarded to scientists in Estonia (at the end of 2019). 
Thus with every day that passes the data gap is increasing and, at some point, it 
will not be possible to retrospectively gain the data from the operators because the 
data are regularly deleted. However, at the same time new horizons are opening up. 
Specifically, because of the rapid spread of coronavirus across the world, which 
means that governments are looking for answers in terms of how to act in this 
new situation. The Estonian Government Emergency Committee has focused on 
this by ordering Statistics Estonia to prepare an analytical output that uses 
anonymous data from electronic communications, with the purpose of preventing 
the spread of the coronavirus (COVID-19). Let’s hope that something good may 
come out of this really sad and difficult situation, and that the use of anonymised 
mobile positioning data at a general level in regard to the movements of people, 
including tourists, will again be possible one day. Smart decisions based on the 
knowledge gained from data analysis are needed every day, and not only during 
a crisis. 
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SUMMARY IN ESTONIAN 

Mobiilpositsioneerimise andmete kasutamine  
turismiuuringutes ja -statistikas 

Teoreetiline sissejuhatus Sihtkoht on keskne mõiste turismis ja põhiline üksus 
sihtkoha arenduses ja turunduses. Traditsioonilised käsitlused vaatlevad sihtkohta 
geograafiliselt ühtse ja piiritletud alana, mida turistid külastavad ja mida turun-
datakse tervikuna (Hall, 2005a; UNWTO, 2010). Sotsiaalkultuurilised käsitlused 
iseloomustavad aga sihtkohta kui sotsiaalselt konstrueeritud ruumi (Framke, 
2002; Saarinen, 2004), mis on pidevas muutumises ja mille geograafilisi piire on 
keeruline määrata ning mis eksisteerib pigem turistide meeltes (Saraniemi & 
Kylänen, 2011). Mitmed autorid, kes on püüdnud sihtkoha olemust käsitleda, on 
tunnistanud vajadust empiiriliste uuringute järele (Framke, 2002; Pearce, 2014; 
Pechlaner et al., 2012; Saarinen, 2004). Üheks võimaluseks sihtkohti uurida on 
teha seda turistide tegeliku liikumise, külastatud paikade ja läbitud teede põhiselt 
(Beritelli et al., 2014; Pechlaner et al., 2012). Paraku ei ole aga selliseid uuringuid 
seni väga palju tehtud, kuna on puudunud ajaliselt ja ruumiliselt piisavalt täpsed 
külastusandmed (Batista e Silva et al., 2018). 

Traditsioonilised andmeallikad – majutusstatistika, piiriületusandmed, küsit-
lused elanike ja turistide seas, reisipäevikud – ei taga detailseks analüüsiks vaja-
likku ruumilist ja ajalist täpsust ning neil on ka mitmeid teisi puudujääke. Näiteks 
ei kajastu majutusandmetes ühepäevakülastajad ja mitteametlikes majutus-
asutustes (nt sõbra, sugulase või Airbnb üüripinnal) ööbijad – olukord, mida tun-
takse ka nähtamatu turismina (De Cantis et al., 2015). Ühtlasi võivad turistid ühe 
reisi jooksul ööbida mitmes erinevas kohas, tekitades topeltloendamise probleemi 
(De Cantis et al., 2015). Seega ei ole majutusandmete põhjal võimalik analüüsida 
turisti liikumist kogu külastuse vältel. Schengeni viisaruumis puudub Euroopa 
riikide vahel ühtne piirikontroll ja piiriületajate registreerimine. Küsitluste pea-
miseks puuduseks on kõrge hind, kuna läbiviimine on tööjõumahukas, mistõttu 
ei saa andmeid koguda suure valimi kohta ning teha üldistust kogu rahvastikule 
(Eurostat, 2014b, 2014a). Küsitlused ja reisipäevikud on üldjuhul tagasivaatavad, 
kuid inimesed sageli ei mäleta enam täpseid külastatud kohti ja nii kannatab and-
mete kvaliteet (De Cantis et al., 2015; McKercher & Lau, 2009; Shoval & Isaacson, 
2007b). Seega on vaja uusi ja paremaid andmeallikaid, mis võimaldaksid siht-
kohtade olemust turistide liikumiste põhjal ajas ja ruumis täpsemini mõõta. 

Info- ja kommunikatsioonitehnoloogia kiire areng on loonud mitmeid uusi 
võimalusi inimeste paiknemise ja liikumise uurimiseks. Mobiil- ja nutitelefonide 
laialdase leviku tõttu kannab üha suurem osa ühiskonnast pidevalt endaga kaasas 
seadet, mille abil on võimalik teada saada väga täpseid asukohaandmeid inimeste, 
sh ka turistide paiknemise ja liikumise kohta (Shoval, 2007). Levinumateks digi-
taalseteks asukohaandmeteks turismiuuringutes on GPS-i, mobiilpositsioneeri-
mise, Bluetooth’i ja geolokeeritud sotsiaalmeedia postituste ja fotode andmed 
(Shoval & Ahas, 2016). Enamik asukohaandmeid kasutavad uuringud on aga 
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ajaliselt ja ruumiliselt piiritletud. Näiteks on enim kasutatavate GPS andmete 
põhjal turistide liikumist uuritud teemapargis (Birenboim et al., 2013), saarel 
(Y. Li et al., 2019) linnades (Grinberger & Shoval, 2018; Mckercher et al., 2019; 
Shoval, 2008) ning nende kestus on üldjuhul mõni päev kuni nädal. Seega puudu-
vad suuremat geograafilist piirkonda või eri ruumitasemeid hõlmavad pikema-
ajalised uuringud. Erandiks on passiivse mobiilpositsioneerimise andmed, mis 
salvestuvad automaatselt mobiilsideoperaatori logides ja võimaldavad turistide 
kõnetoimingute asukohtade põhjal uurida liikumisi erinevatel geograafilistel 
tasemetel, kohalikust kuni globaalseni, pika perioodi (nt aastate) vältel.  

Seega on mobiilpositsioneerimise andmete abil võimalik analüüsida sihtkohti 
tegelike külastusandmete alusel. Sellist turismivoogude põhist lähenemist on 
varasemalt rõhutanud ka sihtkoha turunduse ja juhtimise teemadega tegelevad 
autorid (Beritelli et al., 2014; Dredge, 1999; Pechlaner et al., 2012). Seejuures on 
välja toodud ka digitaalsete suurandmete kasutuselevõtu vajadust (Beritelli et al., 
2019), paraku on aga selliseid uuringuid vähe. Suurandmeid kasutavad turismi-
uuringud kalduvad olema andmetest orienteeritud ning ei arvesta laiema teoreeti-
lise taustaga ning illustreerivad pigem andmete erinevaid kasutusvõimalusi. Teo-
reetilises uuringutes seevastu on harva empiiriliste andmete analüüsil tuginevaid 
selgitusi, need tuginevad pigem autorite arvamustele, vaatlustele, kogemustele ja 
lugemusele (Butler, 2015). Selle doktoritöö uudsus seisneb just nende kaks poole – 
andmete ja teooria – omavahelises sidumises. Digitaalsed asukohaandmed turistide 
liikumistest võimaldavad anda empiirilise sisu muidu küllaltki abstraktsele ja 
iseenesest võetavale mõistele nagu sihtkoht. 

 
Doktoritöö keskendub Eestisse sisenevale turismile perioodil 2011–2017. Välis-
turistide liikumist analüüsitakse passiivse mobiilpositsioneerimise rändlusteenuse 
andmetel Eestis. Doktoritööl on kaks peamist eesmärki: 
1. Mõista, kuidas mobiilpositsioneerimise andmeid on võimalik kasutada turismi-

statistika tootmiseks, et neid oleks võimalik kasutada sihtkoha analüüsides. 
2. Näidata, kuidas mobiilpositsioneerimise andmetest toodetud turismistatistikat 

on võimalik kasutada detailsemaks sihtkoha analüüsiks ja mõtestamiseks. 
 
Peamiste eesmärkide täitmiseks seati neli alameesmärki: 
a) Kirjeldada turismistatistika tootmise metoodikat passiivse mobiilpositioni-

seerimise andmetest, kasutades selleks Eestisse sisenevate välisturistide ränd-
lusteenuse andmeid. 

b) Hinnata mobiilpositsioneerimise andmetest toodetud statistika esinduslikkust, 
võrreldes saadud tulemusi ametliku majutusstatistikaga. 

c) Analüüsida mobiilpositsioneerimise andmetest tuletatud külastuste põhjal 
sihtkohtade geograafilist ulatust, ajalist rütmi ja turistide koosseisu. 

d) Tuvastada sihtkoha funktsioon külastajate liikumise alusel. 
 
Andmed ja metoodika. Doktoritöös kasutatakse passiivse mobiilpositsioneeri-
mise andmeid, mis tekivad kõnetoimingu tegemisel või andmeside kasutamisel. 
Need salvestuvad automaatselt mobiilioperaatori süsteemides ning sisaldavad 
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tegevuse aega ja kohta mobiiliantenni täpsusega. Andmed salvestuvad nii Eesti 
elanike liikumise kohta Eestis (siseturism), Eesti elanike välisreiside kohta (välja-
minev turism), kui välisriikide elanike viibimisest Eestis (sissetulev turism). 
Seega on mobiiliandmed kasulikud erinevate turismitüüpide uurimiseks. See 
doktoritöö keskendub sissetulevale turismile, mille puhul on võimalik lisaks 
külastuse ajale ja kohale eristada ka riik, kus on registreeritud külastaja telefoni 
SIM-kaart, ehk on võimalik uurida turistide liikumisi päritoluriikide lõikes.  

Enne külastusandmete põhiste analüüside tegemist tuleb läbida mitmed olu-
lised sammud. Esmane andmete töötlus toimub mobiilioperaatorite süsteemides, 
mille käigus saab iga kõnetoimingu sooritaja unikaalse pseudonüümse identifit-
seeritava numbri, mis on muutumatu kogu andmeperioodi vältel ning mida ei saa 
seostada ühegi konkreetse telefoninumbri ega inimesega. Seejärel edastatakse 
krüpteeritud andmed turvalisi kanaleid pidi uurijatele. Esmased andmed sisal-
davad siiski veel mitmeid vigu, mis tuleb andmete puhastamise ja töötlemise 
käigus kõrvaldada. Näiteks eemaldatakse duplikaadid, tehnosüsteemide (nt SIM-
kaardiga väravad) andmed ja muud vigased kirjed ning kui avastatakse puuduvaid 
andmeid (nt konkreetse perioodi või ala kohta) päritakse need operaatoritelt 
uuesti. Pärast andmete korrastamist eristatakse Eestis tehtud ajaliselt lähestikuste 
kõnetoimingute alusel külastused (Tiru et al., 2010). Kui kahe järjestikuse kõne-
toimingu vaheline aeg on üle 155 tunni (6,5 päeva), eeldatakse, et tegu on uue 
külastusega. Leitud külastuste hulgas võib aga olla selliseid juhtumeid, kus tege-
likult ei ole Eestis käidud. Näiteks meremeeste kõned laevadelt, mille regist-
reerivad Eesti rannikul olevad mobiilimastid või ka juhuslik rändlus Venemaa ja 
Läti piiril, kus riiki ei ole sisenetud, aga Eesti mastid registreerivad kõne. Mõle-
mat tüüpi n-ö valekülastused eemaldatakse külastuste andmestikust. 

Külastuste tuvastamisele järgneb nende analüüs kestuse ja külastuse sageduse 
alusel, et välistada andmestikust need külastused, mida tõenäoliselt ei tehtud 
turismi eesmärkidel. Näiteks esmalt eemaldatakse kõik külastused, mis asuvad 
tuntud transiidikoridorides (nt Ikla-Pärnu-Tallinn) ja kestavad vähem kui neli 
tundi. Lisaks transiitkülastustele eemaldatakse andmestikust külastused, mille 
kogu kestus Eestis on pikem kui pool aastat (>183 päeva) (Eurostat, 2014b), ehk 
tegu võib olla inimese elukohaga. Sellesse gruppi kuuluvad valdav osa pendel-
rändajate ja pikaajaliste töötajate külastusest. Kõik külastused, mis alles jäävad 
on kirjeldatud metoodika kohaselt turismikülastused, mille põhjal on võimalik 
sihtkohti täpsemalt analüüsida.  

Doktoritöös analüüsitakse Eesti mobiilsideoperaatorite riigisisese rändlus-
teenuse kõnetoimingute andmeid eri perioodidelt vahemikus 2011–2017. Andmete 
esinduslikkust hinnatakse võrdluses ametliku majutusstatistikaga (Statistics 
Estonia, 2019). Passiivse mobiilpositsioneerimise andmetest tuletatud külastus-
andmed võimaldavad uurida turistide külastuste geograafilist ulatust ja ajalist 
rütmi (külastuse aeg ja kestus) päritoluriikide lõikes. Lisaks saab külastusand-
mete põhjal eristada erinevaid sihtkoha funktsioone. Töös on keskendutud pea-
misele sisenemisvärvale, mis on leitud külastuse esimese kõnetoimingu asukoha 
alusel omavalitsuse täpsusega.  
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Tulemused ja arutelu. Mobiilpositsioneerimise andmetest tuletatud külastus-
andmete põhjal leitud ööbimiste hulk kuus korreleerub tugevalt vastava näitajaga 
ametlikus majutusstatistikas. Mobiiliandmed ülehindavad tulemusi turismi kõrg-
hooajal juulis ja detsembris ning pigem alahindavad madalhooajal. Mobiiliand-
mete esinduslikkus varieerub ka riigiti. Näiteks Saksamaa ja Venemaa turistide 
puhul näitavad majutusandmed kõrgemaid tulemusi kui mobiiliandmed. Samas 
võrreldes mobiiliandmetega, on Soome, Läti ja Norra turistide külastused majutus-
andmetes oluliselt alahinnatud. Siinkohal on oluline rõhutada, et majutusandmetes 
ei kajastu ööbimine sõprade ja sugulaste juures ega suur osa Airbnb üüripindadel 
ööbinutest. Samas mobiiliandmete põhised tulemused on otseses seoses telefoni 
kasutusega. Kui inimene näiteks kõrgete rändlushindade tõttu oma telefoni Eestis 
olles ei kasuta, siis ta selles andmestikus ka ei ole.  

Külastuste geograafilise paiknemise alusel on võimalik välja selgitada enim 
külastatavad omavalitused. Eesti vaieldamatult enim külastatud omavalitsus on 
Tallinn, kuhu jõudis 2016. aastal 80% kõikidest väliskülastajatest. Tallinnale 
järgnevad Viimsi vald, Pärnu, Tartu ja Narva. Lisaks eristuvad külastuste ruumilise 
paiknemise alusel ka peamised liikumisteed, näiteks Tallinn-Ikla-Riia, kuhu jää-
vad Märjamaa, Tahkuranna ja Häädemeeste vallad. Lisaks on mobiiliandmete 
alusel võimalik analüüsida väiksemate sihtkohtade külastusi. Selles töös vaadeldi 
lähemalt Saaremaa ja Tartumaa külastusi, millest selgus, et mõlemad maakonnad 
toimivad eraldiseisvate sihtkohtadena. Maakondade ruumilised külastusmustrid 
erinevad ka teiste külastatud piirkondade osas. Ainsaks ühiseks kohaks nende 
maakondade külastamisele on Tallinn, kust paljud Eesti külastused alguse saavad. 
Paraku ei ole ka mobiiliandmete analüüsi põhjal võimalik tõmmata selgeid piir-
jooni sihtkohale, kuna andmete ruumiline täpsus sõltub mobiilimastide paikne-
mise tihedusest. Seega andmed on täpsemad linnapiirkonnas, kus on maste pindala-
ühiku kohta enam, aga seegi ei anna võimalusi eristada kõrvuti paiknevate 
atraktsioonide külastust. 

Lähtuvalt Hägerstrandi (1970) ajageograafia põhimõtetest ei saa külastuste 
ruumilist paiknemist analüüsida aja dimensioonita. Sarnaselt majutusstatistikast 
teadaolevale kinnitavad ka mobiiliandmed Eestis turismi sesoonset iseloomu, kus 
ca 35% külastustest tehakse kolmel suvekuul. See probleem muutub aga oluliseks 
just väiksemate sihtkohtade puhul. Näiteks Saaremaa puhul on vastav näitaja 53%, 
seevastu külastused Tartumaale on küllaltki ühtlaselt kogu aasta peale jaotunud. 
Selline hooajaline erinevus külastustes kinnitab selgelt, kui oluline on turismi-
planeerijate ja -korraldajate jaoks lähtuda sihtkoha mõtestamisel sellest, millal eri 
piirkonnad üldse tänu külastajate olemasolule sihtkohana aktiviseeruvad (Beritelli 
et al., 2014). Lisaks külastuse hulga muutusele ajas, saab mobiiliandmete põhjal 
uurida külastuse kestust. Mida rohkem on turistil aega, seda tõenäolisemalt 
külastab ta reisi jooksul ka erinevaid paiku. Seda kinnitavad ka selle töö tule-
mused, kus lühimad külastused tehtu ainult Tallinnasse (1,5 päeva) ja pikimad 
Saaremaale (3,5 päeva).  

Lisaks külastuste ajalisele ja ruumilisele ulatusele on selles töös uuritud ka 
erinevusi turistide külastusmustrites päritoluriigiti. Turisti kodumaa on tuletatud 
telefoni SIM-kaardi registreerimise riigi järgi. Eesti väliskülastajatest ca 70% on 
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pärit naaberriikidest: Soomest, Lätist ja Venemaalt. See tõendab selgelt kauguse 
summutavat mõju, mis on kinnitust leidnud ka varasemates töödes (Nilbe et al., 
2014). Külastuste ruumiline ulatus ja ajaline rütm erineb samuti päritoluriigiti. 
Eesti asukoha tõttu on lätlaste külastused enam koondunud Lõuna-Eesti maa-
kondadesse ja saartele, soomlaste külastused on aga valdavalt Tallinna kesksed. 
Ajaliselt on kaugemate riikide turistid (nt Saksamaa) enam suvele orienteeritud 
kui lähinaabritest (nt Venemaa) turistid. Seega kinnitavad ka selle doktoritöö 
tulemused varasemat teadmist, et turistide geograafilisel päritolul on oluline mõju 
külastusmustritele (Bowden, 2003; Hwang et al., 2006; Oppermann, 1992a; Reid 
& Reid, 1997).  

Turistide külastuste aegruumilise analüüsi põhjal on võimalik eristada siht-
koha funktsioone koha suhtelise asukoha kaudu, võrreldes seda teiste külastatud 
kohtadega (Lew & McKercher, 2002; Liu et al., 2012). Selles töös keskenduti 
sisenemisväravale kui esimesele kohale, mida turist riiki sisenedes läbib. Külas-
tuste esimeste kõnetoimingute analüüsist selgus, et 66% Eesti külastustest saab 
alguse Tallinnast või selle lähivaldadest, nagu Viimsi, Harku ja Rae. See on lihtsasti 
selgitatav, sest Tallinnas asuvad rahvusvaheline lennujaam, sadam ning rongi- ja 
bussiühendused. Teised väiksemad sisenemisvärvad – Ikla, Narva ja Luhamaa 
piiripunkt – jäävad juba oluliselt Tallinnale alla. Eraldi väärib märkimist Tartu 
kui ainukene koht lisaks Tallinnale, kuhu käib hetkel regulaarne rahvusvaheline 
lennuliin Helsingist. Laiem probleem sisenemisvärava analüüsil seisneb aga 
selles, et ligi 80% Tallinnast algavatest külastustest, ei jõuagi sealt kaugemale, 
ehk pealinn toimib lisaks värvale ka külastajate peamise sihtkohana riigis. See, et 
kohal on mitu funktsiooni (Beritelli & Laesser, 2017; Lohmann & Pearce, 2010; 
Pearce, 2001a) ei ole iseenesest probleem vaid tõsiasi, et turistid on ruumis koon-
dunud ühele küllaltki piiratud alale. Tallinna puhul on selleks kindlasti vanalinn, 
mis võib suvistel tipptundidel täituda tuhandete kruiisituristidega. See omakorda 
võib tekitada mitmeid sotsiaalmajanduslikke ja keskkonna probleeme, viies 
halvimatel juhtudel liigturismini (Koens et al., 2018). 
 
Kokkuvõte. Empiiriliselt mõõdetavad parameetrid sihtkohtade külastatavuse 
kohta võimaldavad sihtkohti eristada, võrrelda ja grupeerida ning sihtkoha olemust 
ajas ja ruumis mõõta. Täpne teadmine sellest, kes, millal ja milliseid sihtkohti 
külastab, on vajalik eelkõige turismi arendustegevuste kavandamisel, koostöö 
korraldamisel, taristu planeerimisel ning turundustegevuse suunamisel. Paraku ei 
ole sellised mobiiltelefonide kasutusel põhinevad ajaliselt ja ruumiliselt täpsed 
andmed veel kõigis riikides lihtsasti kättesaadavad. Maailmas on ainult kaks riiki, 
Eesti ja Indoneesia, kus ametlik turismistatistika põhineb mobiilpositsioneeri-
mise andmetel. Seega on potentsiaali selliste andmete laialdasemaks kasutuseks 
turismiuuringutes, kuid esmalt on vaja lahendada seadusandlikud ja regulatiivsed 
piirangud andmete kättesaadavuses. Seejuures on oluline silmas pidada isiku-
andmete kaitse üldmääruse (GDPR) peamisi printsiipe nagu andmete ja riskide 
minimeerimine ehk siis eelkõige privaatsuse tagamine. Kättesaadavuse probleemi 
kõrvale jättes, on mobiilpositsioneerimise andmete näol tegu väärtusliku andme-
allikaga, mille peamisteks tugevusteks on selle automaatne kogumine, kulutõhusus 
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ja väga hea ajaline ja ruumiline katvus. Selle doktoritöö tulemused kinnitasid, et 
mobiiliandmed on võrdväärsed ja kohati paremadki ametlikust majutusstatisti-
kast ning võimaldavad analüüsida leitud külastuste põhjal turismisihtkoha 
dünaamilist olemust, andes seeläbi empiirilise sisendi ka teoreetilisteks sihtkoha 
aruteludeks. 
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