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Abstract. In recent years, the large deployment of mobile devices has led to a massive increase in the 

volume of records of where people have been and when they were there. The analysis of the accumulated 

archives of such spatio-temporal data can derive high-level human behavior information valuable to urban 

planners, traffic engineers, and tourism authorities. In this paper, we describe our approach to collect and 

analyze the history of physical presence of tourists from the digital footprints they publicly make available 

on the world-wide web. Our work takes context in the Province of Florence where besides data from 

survey-based hotel and museums frequentation, local authorities have limited information on the fluxes of 

visitors and on the nationalities of the tourists who do not sleep in town. As a proof of concept, we used a 

corpus of publicly disclosed geo-annotated photos taken in the province by 3348 photographers over a 

period of 2 years. Based on the time and location of the photos, we design geovisualizations to reveal the 

tourist activity and flows in space and time. Our initial results provide insights on the density of tourists in 

the area and well as on the flow and activity of tourists within, in and on of that area. 
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1 Introduction 
In the past years, research in location sensing and tracking has been dominated by figuring out 

where persons and objects are in space (see Hazas et al., (2004) for a review). The wide adoption 

of these mobile and wireless technologies often referred as Location-Based Services allow new 

means of supporting people perception of their surrounding physical and social spaces. In 

parallel, the records of where people have been and when they were (i.e. spatio-temporal data), 

produced by these services, have led to the understanding of different aspects of mobility and 

travel. The analysis of these data enable to recognize the modes of mobility (Sohn et al., 2006), 

infer travel purposes (Wolf, 2001), define significant places (Ashbrook and Starner, 2002), cluster 

tourist routes in a city (Asakura and Iryob, 2007), categorize urban areas from network activity 

patterns (Ratti et al, 2006) or predict a driver’s destination as a trip progresses (Krumm and 

Horwitz, 2006). 

Similar to these works, our approach benefits from people’s experience of mobile devices, to 

gain a more thorough understanding of urban environments. However, we take advantage of the 

recent explosion in the use of capture devices (e.g. mobile phones, digital cameras) and 

collaborative web platforms to share their content (see Torniai et al., (2007) for a review). This 

user-generated information provide large amount of digital data linked to the physical world. 

Recent research works showed the potential of the geographically annotated material available on 

the Web. For instance, Ahern et al., (2007) and Snavely et al. (2006) developed means of world 

exploration via photos and maps (e.g. for “virtual tourism”). Using a similar dataset, Rattenbury 

et al. (2007) showed that the location and time metadata associated with photos and their tags 

enables the extraction of “place” and “event” semantics. In this study, we focus on the sense of 

presence based on a collection of photographs captured in trips. We consider that uploading, 

tagging and disclosing the location of a photo can be interpreted as an act of physical presence in 



time (i.e. “I was here”). To prove the concept, we retrieved from the popular photo-sharing web 

platform Flickr1 85910 photos taken by 3348 photographers over a period of 2 years. Based on 

the time and the disclosed location of the photos, we extracted records of their presence; 

performed statistical analysis and designed geovisualizations. These outputs allow the evaluation 

of the potential of using people-generated geographically referenced information to contribute to 

understanding how people travel and people experiencing the city. 

Inspired by Ratti et al. (2006), we perceive a few domains of applicability of the processing 

and visualization of these large personal logs. Firstly, they can provide urban planners, local 

authorities and traffic engineers with useful information on how a city gets used by different 

groups. Knowing who populates different parts of the city at different times can complement 

existing data sources on the basis of which decision and policy making normally takes place. 

Provision of customized services (or advertising), rescheduling of opening times or reallocation 

of existing service infrastructures, are examples of possible outputs. Visualizations can 

nonetheless be helpful to raise awareness among city users, as for the current ways in which they 

populate the city as well as for possible better alternatives. 

To prove the applicability of the concept, we applied it in the context the Province of 

Florence, Italy. The local authorities desperately aim at better understanding the tourist fluxes 

inside its boundaries. So far, they have been using classic survey-based hotel and museums 

frequentation data to get to know where tourists of different nationalities prefer to spend their 

time (hence money) in Florence. However, they truly lack of observations on the mobility, 

nationality and quantity of the “day trippers”, that is the tourists who visit Florence but are 

"invisible" in the data, as they do not sleep in town. 

In the reminder of this paper, we will first we acknowledge the current works in the mobility 

data collection and their constraints to perform travel surveys.  These shortcomings suggest that 

our research community should investigate and evaluate new data and perspectives. In 

consequence, we propose a novel approach that takes advantage of spatio-temporal data 

generated by tourists when publicly sharing their photos on the world-wide web.  Second, we 

describe the types of data that can be collected and their meanings. Third, we present the 

preliminary results of the analysis with the support of geospatial visualizations. Finally, we 

conclude with the assessment of this proof of concept and discuss its meaning for future works. 

 

2 Related Works 
The recent emergence of location technologies and techniques favored the development of new 

approaches to capture and analyze people’s mobility (see Wolf, 2004 for a survey). The aim has 

been to replace traditional travel diaries (e.g. paper-and-pencil interview, computer-assisted 

telephone interviews, computer-assisted-self-interview) by automatically collecting mobility data.  

For instance, Wolf et al. (2001) proved the feasibility of using Global Positioning System (GPS) 

data loggers to improve the quality or completely replace traditional surveys. However, this type 

of mobility survey faces the problem inherent to longitudinal studies such as recruiting a pool of 

respondents or preventing any fatigue effects. Besides the privacy concerns of continuously and 

precisely tracking people, Schoenfelder et al. (2002) and Stopher et al. (2003) identify the 

potential technical drawbacks of a GPS-based approach. They list transmission problems, warm-

up times before getting a valid position, and the cost of post-processing of the GPS data as issues 

that impair the quality of the survey. Similarly, in their findings, Wolf and colleagues mention 

that the equipment packages deployed for their pilot study proved to have many more problems 

than anticipated. For instance, the off-the-shelf units and cabling used were not optimized for 

durability, resulting in losing participants due to problems with equipment performance and user 

operations. 

Other mobility studies relied on the mobile phones use of the Global System for Mobile 
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communications (GSM) network to generate mobility data. In a first type of approach, the mobile 

devices calculate and report their position. For instance, the TeleTravel System (TTS) project 

(Wermuth, 2001) combined a mobile device GSM tracking technology and an electronic travel 

diary to determine the travel behavior of the respondents. Similarly, Asakura and Iryo (2005) and 

Sohn et al. (2006) determined individuals travel behavior by interpreting changes in the set of 

nearby towers and signal strengths as indicative of position and motion. In a study of travel 

routines, Froehlich et al. (2006) augmented the GSM mobility data with context-triggered in-situ 

survey in which panelists would explicitly rate the place they are in. Another approach consists in 

measuring the traffic intensity and migration of each cell in a GSM network to capture the 

movement patterns of mobile phone users. Ratti et al. (2006) use this technique as a tool for urban 

planning in disclosing the evolution through space and time of the activities in a city. With 

comparable network data IntelliOne2 provides TrafficAid a traffic mapping system developed that 

identifies congestion in real time. While this approach scales because it does not rely on a costly 

software or hardware deployment, it fails at collecting individual traces. Finally, recent studies 

have investigated the deployment of Bluetooth enabled systems to establish the flow of people at 

specific locations (O’Neill et al., 2006) as well as recognize daily user activities and identify 

socially significant locations (Eagle and Pentland, 2006). 

However, there are several key issues with the use of technologies for collecting travel 

behavior; these include privacy concerns about collecting data without traveler consent, longevity 

(e.g. preventing fatigue effects), the ability to collect individual traces and the scalability 

challenge deploying the tracking system such as dealing with a variety of cellular network 

standards and providers. All the above-mentioned approaches in capturing mobility data face one 

or many of these aspects of performing travel surveys. Table 1 shows how GPS, GSM and 

Bluetooth tracking performs with important aspects of a travel survey (i.e. scalability, longitude, 

individual information, and privacy).  

Table 1. Mobility data capture with the constraints of travel surveys 

Mobility data capture  Scalability Longitude Individual Privacy 

GPS Low Low High High 

GSM (device-based)  Low Medium High High 

GSM (aggregated 

network-based) 

High High Low Medium 

Bluetooth Low High High Medium 

 

Some scholars work in the combination of the approaches to produce more complete spatial 

data (origin, route, destination) when tracking individual’s routes (Kracht, 2004). However, while 

promising, it has not proved to solve all the issues. In the reminder of this paper, we argue that a 

new type of explicitly disclosed spatio-temporal data coming from on public web platforms such 

as Flickr can overcome these four constraints and provide an additional set of spatio-temporal 

data to understand the dynamic of people in a urban space. 

 

3 The data 
We study the photos uploaded on to the popular photo-sharing platform Flickr. People use this 

service to share and organize photos with the option to geographical references them. Each time a 

photo is virtually linked to a physical location, the system assigns a longitude and latitude and 

retrieves the time of capture from the photo Exchangeable Image File Format (EXIF) metadata. 

The location generally marks where the photo was taken; but sometimes marks the area of the 

photographed object. An accuracy attribute referring to the zoom level of the map used to 

disclose the location of the photo (e.g. from 8 for region/city level to the most precise 16 for street 
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level) completes the spatio-temporal information. A chronologically ordered set of photos creates 

traces that reveal the movements of each individual in space. Figure 1 describes the process of 

recording and collecting the data. First, tourists take photos during their trips and journeys. Later, 

they manually associated a position to the photos through a map interface in Flickr or other 

external map-based services. A minority of tech savvy users has their photos implicitly annotated 

with a position extracted from data collected by GPS devices embedded or external to the camera. 

Finally, we retrieve via the Flickr API, the coordinates, timestamp, accuracy level, and an 

obfuscated identifier of the owner of the publicly available photos in a given area. 

 

 

Figure 1. Data flow, from data recording, retrieving, storing to the visualizations 

Our data set contains photos of the Province of Florence over a 2-years period (from April 

2005 to April 2007). In a first step we had to separate visitors from inhabitants by determining the 

presence in time in the area as discriminating factor. We divided the time in arbitrary periods of 

30 days and assigned the number of periods each photographer was active in the area. For 

example, if a photographer took all his or her photos within 30 days, the algorithm considers him 

or her as a visitor. On the other hand, when photos from the same photographer reveal an interval 

greater than 30 days, then he or she was categorized as inhabitant. The aim of this strict threshold 

was to capture the real on-time tourists. Out of a population of 3348 photographers, we identified 

2880 one-time visitors. 

In addition, we were interesting in knowing more about the nationalities of our panel of 

photographers. Hence, we took advantage of the Flickr social function that invites (but not 

obligates) users to provide “offline bits” on their city and country of residence. We found out that 

65% (2146 out of 3348) of the users actually disclosed this information. While it is hard to 

predict how much of this data is truthful, in most cases the country of residence could be retrieved 

by programmatically parsing the data. In 11% (250/2146) of the cases, we had to manually assign 

a country, because of misspelling errors or eccentric name (e.g. “Big Apple” for New York). 

Collecting and analyzing any kind of mobility data raise serious privacy issues; people are 

concerned about revealing the history of their whereabouts to un-trusted third party applications. 

Our approach assesses these utmost important uses at two different levels. First, the users 

explicitly disclose the position of their photos on a maps and control who gets access to their 

location data. Second, while obtaining this public information, we applied on obfuscation 

algorithm to lose the relationship with the identity used in Flickr. In consequence, we exclusively 

treat anonymized records of digital traces publicly disclosed by individuals. 

Our experience of collecting Flickr geo-referenced data provided some insights on the data at 



hand. First, Flickr contains more than 20 million photos linked to a physical location (as of March 

2007). Cities such as London or New York contain each more that 250’000 photos and counting 

(e.g. a growing pace of around 400 photos per day in London, around 150 per day in Barcelona). 

The quantitative richness of the Flickr data set presages the augmentation of publicly accessible 

people-generated location and time sensitive data. Second, a very specific type of people use 

Flickr to geographically reference their images. They are normally well traveled and 

technologically savvy. Therefore, we are dealing with a very specific type of tourists. Third, the 

timestamps extracted from the camera-generated EXIF metadata do not necessarily match the 

correct time. Indeed, the capturing devices might not be set with the correct time zone 

information. In consequence, there is high uncertainty on the accuracy of the time embedded in 

the photo when it is taken. From the temporal analysis we describe later, the date embedded in a 

photo seems to be less an issue. For example when uniquely considering the photos taken in 

2006, we can assume that the user of the camera had to set the date and it was not the default 

value of the camera which is rarely assigned to 2006. 

 

4 The results 
This section of the paper presents the geovisualizations that are being produced and discusses 

their meanings. In the research process, we were driven by an overarching research question: 

what is the spatio-temporal behavior of tourists from different nationalities, inside the Province of 

Florence? Flickr was deemed an adequate context to extract data from, for it contains the spatial 

element, as well as the temporal and the nationality. But with the following caveats: firstly, there 

is not guarantee on their degree of accuracy; secondly we can not assume perfect mirroring 

between the revealed spatio-temporal patterns and the actual ones, for we can not know where 

users have actually been between a given photo and the next one. In other words, we can only 

deal with approximations. With these limitations in consideration, we cover an analysis of the 

data based on map visualizations to reveal the tourist activity and flow within the central Italy 

region and the city of Florence. Each set of maps aims at giving indications on the applicability of 

the collected data set to better understand the tourist dynamics within a certain area. First, two 

analysis aim at brining a new perspective on the spatial and temporal density of visitors in the 

Province of Florence and City of Florence: (a) Characterize the areas of the city/region: where are 

the tourists concentrated? (b) Reveal temporal signatures: activity by day-of-week and months of 

the year, and days of the year. The two latter geovisualizations seek a better understanding the 

flow of tourists into, out of and within the Province of Florence (c) Define patterns of flow in and 

out of the studies area, (d) Define the patterns of flow within the Province of Florence.  

 

4.1 Where are the tourists concentrated? 

To understand where tourist concentrate, we extracted from our dataset the latitude and longitude 

of all the images taken by visitors and geotagged with an accuracy of greater than 10 (i.e. city 

level). From this data, we produced a matrix with the number of photos taken in each of the area 

represented by each cell. To reveal the tourist concentrations, developed a solution performing a 

level plot with the R statistical software. In addition, we produced an interactive interface 

revealing an activity “heat map” on top of the Goolge Maps system (Figure 2). In this solution, 

we generated a Keyhole Markup Language (KML) document from the activity matrix and fed it 

to the Geocommons3 software. The results reveal a zoomable map of the overall tourist activity 

covering the northern part of central Italy (Figure 2a), including a part of the Tuscany region 

(Figure 2b), the city of Florence (Figure 2c) and around the famous Ponte Vecchio (Figure 2d). 

Currently, these geovisualizations give an overview of the activity. However, they do not offer a 

scale to understand the quantitative meaning of the colors. 
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