Digital image of the city during and after mega-event: Poznan, EURO 2012
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1. Introduction
Digital footprints in the form voluntary or involuntary disclosed geolocated information are a
large reservoir of data that can be used for studying human spatial behaviour. Tourists are
especially viable for this kind of research as they tend to share their experiences using
services like Flickr (Girardin et al. 2008) but city inhabitants are also constantly sharing
geolocated information using various web services. Both categories of city users are thus
producing hybrids of material places and their virtual representations – the DigiPlaces (Zook
& Graham 2007). This leads to the constantly evolving representation of the city as a whole
and the assumption of this study is that by using digital footprints and by linking them to
places in material space one can visualize digital ‘image of the city’ as a collection of ever
changing DigiPlaces and cyberscapes (Graham & Zook 2011). It is also shown here how
mega-event such as EURO 2012 can change importance and visibility of various city areas as
seen from the perspective of the cyberspace on the example of Poznan, Poland.
2. Acquiring data
Presented research is based on voluntary disclosed crowd-sourced data from the Twitter
service. This is so-called 'microblogging' site that allows its users to publish short messages,
containing no more than 140 characters, commonly known as 'tweets'. These messages are
accompanied by information about: time of creation, user name, source, recipient, language
and can also be geolocated - either by name of the place or by set of geographical
coordinates. This last feature is especially interesting since it allows gathering data sent from
or about certain place. In this way it was possible to collect data about Poznan, one of the
second cities in Poland, during the time it was hosting Euro 2012.
Twitter service provides two possibilities of automatic data collection: Streaming API and
Search API (Twitter 2012). The first method gives access to tweets almost instantly after
they are generated but no standard query can gather more than 1% of all data and constantly
open HTTP connection is required. Search API on the other hand allows queries to be made
against archived tweets which are not older than 7-8 days. Both methods are subject to some
kind of content filtering but the specifics are not disclosed by Twitter. Although Streaming
API is designed for continuous tweet collection, the range of queries allowed is limited
comparing to Search API. In a series of tests it was concluded that the latter method results in
almost 10% more interesting tweets being gathered. Therefore, series of Python scripts were
written that query Search API twice per day. To maximize the amount of data, all tweets that

are either geolocated in 25km radius around the city center, have location description that
belongs to a list of widely recognized places in Poznan or contain such place in main
message body are stored in PostGIS database. Twitter messages are being collected
continuously from 1st May 2012 but only the time period 2nd May 2012 to 30 September
2012 was used for the following analysis.
Archived data was filtered in PostGIS and R to eliminate duplicate entries or erroneous
locations. From the initially gathered number of ca. 1 mln messages 728,652 were qualified
for further analysis. Although all messages contained some kind of location information it
was decided that name based geocoding is not precise enough for the city scale analysis and
using this kind of information introduces bias since places must be known a’priori. Therefore
only tweets having geographic coordinates embedded were used. This reduced overall
number to 14,623 which is roughly 2% of all the data – amount that is within range of values
reported in other studies.
2. Data analysis
Since geolocated tweets form only a small part of all the data it is important to check if they
are reasonably unbiased representation of the whole dataset apart from the obvious inclusion
of coordinates. Statistical test were conducted comparing frequency distributions of
‘geolocated’ and ‘normal’ messages during every month and every week and no significant
differences were found. The mean number of tweets per user (10,1) is also very similar and
the proportion of ‘geolocated’ and ‘normal’ messages is almost constant between months.
Study area was restricted to a grid roughly 30x25 km. Series of kernel density estimations
was conducted in CrimeStat 3.3 with cell size of approximately 100 meters, using adaptive
bandwidth with normal distributions and minimum size of 50 tweets. To capture temporal
changes each month was treated separately and June was also divided between days of
football matches and days without games. Resulting probability maps were overlaid with
second-level clusters from Nearest Neighbour Hierarchical Spatial Clustering calculated with
random NN distance. The latter step aims to mitigate the influence of abnormally active users
that can artificially produce high density points but not second-level clusters. Those outliers
are otherwise hard to remove without in-depth content analysis. Figure 1 presents four of the
maps from May, June (all tweets), July and August. It can be seen that the structure of digital
footprints changed drastically – especially after the beginning of EURO 2012 in June. In
May there are two centers around Old City and Winogrady – large residential area with two
large malls. When football fans arrived the next month there is a significant change in density
and City Stadium becomes clearly visible as well as Fan Zones, Lawica airport and railway
station. In July the stadium is still visible but much less pronounced and cluster around
Winogrady is once more important. The most hot spots however were identified in August,
which is probably connected with various cultural and sport events that took place in eastern
part of the city during that month. Also worth nothing is the increased density of tweets
around Kiekrz lake (northern-western part of the study area) that is visible only in summer
month and disappear in May and September. Preliminary content analysis confirms the
hypothesis that this is the result of daily migrations of younger inhabitants.
There are notable differences in spatial distribution when tweets send in polish and tweets in
other languages are compared. Not surprisingly the latter are concentrated around historical
city center and what can be called ‘gates to the city’ like Lawica airport and railway station.
It seems that spatial behaviour of city visitors follows a very standard path. There is a change
in this behaviour in June when Fan Zones and City Stadium are attracting football fans. On

the other hand, tweets from city inhabitants are much less concentrated and seems to follow
local events.

Figure 1. Geolocated tweet densities for Poznan, Poland

3. Capturing digital footprint of the city
It is not possible to capture and analyze digital image of the city and its presence in the
cyberspace using only one source of data. It would be beneficial to analyse textual content of
tweets in the cluster areas and include other means of gathering data about DigiPlaces – e.g.
services like Flickr and Google Trends. As Turner and Malleson (Turner & Malleson 2012)
are pointing out simultaneous analysis of both content and location is necessary to
understand spatio-temporal behaviour of city dwellers. The example presented here is
obviously limited but nevertheless shows temporal changes in Poznan cyberspace image and
spatial behaviour of Twitter users. The next logical step is to compare behaviour identified in
cyberspace with spatio-temporal movements in material space and such controlled

experiments are planned in Poznan for the spring and summer 2013.
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