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1 ABSTRACT

In the past years, cities have become more and marested in shifting from the traditional idegyebased
approach to an evidence-based process of policydangion making. Subsequently, much attention has
been given to new tools and technologies for ernhgndata collection on the urban transformation
practices. With the help of these new tools andirelogies, big social, economic and spatial data ar
collected which allow a more accurate analysisrbfn processes in order to create more livabldysine

and attractive cities.

This paper outlines a data-guided approach shapedvigdence for cultural-led urban regeneration in
creative and knowledge cities, tested in the fraotkvof a H2020-funded project (GA 730280), ROCK
(www.rockproject.eu). Its elementary concept iseoa®n developing an innovative, collaborative and
circular systemic approach for regeneration angpiida reuse of historic city centres, transferritig
circular economy model to the transformation prece$ urban historic environments. In this project,
transformative actions such as adaptive reuse,deamnpstructures and events are used to transfoisticp
spaces and buildings that have heritage value.hBget actions, it is aimed to increase the qualitige
awareness of people and attract more visitorsdasetiplaces.

This paper focuses on how the large-crowd locatiased monitoring tool (LBA sen3es contextualised in
two of the Role Model Cities involved in the praje€luj-Napoca (Romania) and Turin (Italy) in order
understand the impact of transformative actionsantage districts. In a highly dynamic urban eomiment,
people’s flow remain the only constant, expresshmglively dimension of changes in the urban falkic
Castells, 2000). The paper is based on a systemadilysis on data collected over time in the twaes|
using a set of locally-deployed WiFi sensors anavigding real-time insights on activity and mohilit
patterns within the monitored area. It highlighte taccessibility dimension to specific contextualadon
crowd flows (during ordinary days and extraordiiayceptionally events) in different CH locatiomsthe
city, related both to traditional heritage spots,veell as to the empty and underused spaces stsck,
potential new locations for creative and cultunalpmses.

The method used follows an origin-destination miaéipproach, aimed at comparing various crowd flows
during different times in the two cities in relatido specific events/ happenings impacting the lisua
conventional use of space. Throughout the comparidte paper showcases many similarities (such as
situational-driven people movement between certagations), despite the self-evident distinction of
hotspots spatial distribution within the two citeesd the different urban planning and design bamku and
culture. Finally, the analysis proposes a set dicpaoneasures based on informed documentation ®f th
actual use of the urban space during ordinary atrd@dinary events impacting the urban environment

Keywords: Cultural heritage, urban transformatidata-driven knowledge, crowd monitoring, peoplenflo
analytics, sensor data

2 INTRODUCTION

2.1 Theoretical framework

Cultural Heritage (CH) is becoming a key assetlémal sustainable development actions. The need of
defining sustainable development action in poststidal contexts finds in CH assets and services an

! Large-crowd monotirong tool, developed by DRFGp{itwww.dfrc.ch/) — the system combines sensor&hwallow

the reading of the crowd’s nature, enabling endsuse access demographics figures and mobilityepadton a wider
scale, in ordinary and extraordinary conditions. (festivals and events). It is aimed at deterngirigotfall in real-time
and change rate in the crowd size, besides dwek,tirevisit and flow patterns and distribution, vasll as any
abnormality, in the overall area under monitorihtigs://rockproject.eu/tools).
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opportunity for creating new employment. In thisvnele of driver for the local economies, CH hadto
conceived and understood more broadly. CH statdgsar relation with the places’ cultural identityich
brings back to a multitude of territorial tangilalad intangible elements (Graham et al., 1998),ritriing

to assert a notion of CH which goes beyond histébramd conservative value (UNESCO, 2006). CH, as
geographical, economic, functional (UNESCO, 2001J societal topics (UNESCO, 2014, p. 10) permits to
promote CH as driver for sustainable development.

A contemporary understaning of CH unfolds a parmadsyift in approaching CH by transforming it frohet
condition of “identity and memory repository” tor@wly one of “aggregator of contemporary innovative
uses and services”. This change requires the aad@nd integration of specific tools and techni@egn
the heritage environment. In order to make thisngkapossible, it is relevant to orient and equipaar
planners with specific tools for measuring the ioige actions and policies related to this newrjortetation

of the CH. For this reason, Evidence Based PlanftBf) is relevant when we deal with sensitive &ssé
CH, as it denotes a planning principle committeddplacing ideologically-driven politics with ratial
decision making. Moving towards evidence basedcpalequires skills in data analysis, interpretatain
causes and effects, developing policies to coyexxttiress complex urban matters. EBP needs to leeaom
key-capacity of planners, policy designers/ makeysking with CH. Using ‘evidence’ supports the ¢aihg

of policy framework to better respond to urban sfarmation needs.

The ROCK Project is working on determining the dtods for shaping a methodology that opens new
perspective for the integrated use of CH at urlzates Integration has to be meant not just as ¢doessary
activation of multi-stakeholders planning processethe places of transformation, but even as opgai
dialogue with innovative technologies (e.g. usembtional data) and other urban critical assets friblic
spaces design, nature based solutions assets..petmait to open a field of reflection and designhivi the
broader concept of cultural landscape.

2.2 ROCK project: general framework and identified knowledge gaps

ROCK is an EU-funded project, through Horizon 2Q@&@gramme, under the call SC5-21-2016-2017:
Cultural heritage as a driver for sustainable ghowA no. 730280 (www.rockproject.eu). The project
focuses on historic city centres as extraordinabptatories to demonstrate how Cultural Heritagd][€Gan

be a powerful and unique engine of regeneratiostaguable development and economic growth for the
whole city. ROCK believes that CH should not becpered as static, a vestige from the past, bueauktit
could be a driver for bringing new creative enenglp the city, by using the past to help buildindpan
futures. The project conceptualises an innovatiieular model as an integrated vision of urban
regeneration, based on 6 connected pillars (CesatBultural, Regeneration, Knowledge, Security and
Green) that interconnect to draw the future ogsiti

2.2.1 ROCK Circular approach

The Cultural Model shows a continuous effort toograse the city and its transformation as a hegitaigd
common good, in which all actors interact with thegban transformations, with various degrees of
responsibility and awareness, embodying a collalverand shared approach. Two key concepts thahkay
foundation of ROCK are: creative city and city ofokvledge. Hence, creativity and knowledge combined
with technological innovation are triggers thatlftiee economic and social growth of the city, tfansing

it sustainably through means of cultural heritagg#egeneration. Likewise, urban regeneration ffgo
hand in hand with ROCK attempts to minimize the aetpon the environment, leading to environmental
sustainability and contributing to the resilienée@mmunities to climate change.
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Fig. 1 ROCK Circle

2.2.2 Addressability of knowledge gaps in the policydielf CH-led regeneration through ROCK

ROCK project adopts a vision towards urban tramsé&tion of city’s heritage areas into Creative and
Sustainable Districts through actions such as adapeuse, temporary structures and events, ained a
changing public space and buildings with high lageét values. Extending ROCK project’s assumptioa, th
present paper addresses two main knowledge gapgmolity field: the demand for more evidence based
policy about the impact generated by heritage éggbneration and urban transformation actions (both
permanent and temporary actions); and 2) operatfimd the urgent need for adopting new technaedo
create novel ways of mapping and measuring the étnpaovoked by the urban regeneration process and
physical transformation actions in the context efitage areas.

Throughout this paper, we direct our focus on RO®KIs and technologies aimed at improving CH
accessibility and public safety perception, nantély large-crowd monitoring tool developed by DFRC
The large-crowd monitoring tools is contextualisedtwo of ROCK Role Model Cities: Cluj-Napoca
(Romania) and Turin (Italy), in order to understdinel impact of transformative actions in heritagsritts.
The tool is used to study users’ flows generatedubyan transformation actions, on two different
circumstances: one related to regular activitied artdinary uses of public space in the monitorezhsyr
while the other one shaped by temporary publicaitegtons, structures and happenings related toifépe
cultural events/ large crowd events. The end gbdesting the large-crowd monitoring tool in theotcities

is to collect missing, but essential data for opting safety conditions and tailoring urban polgcie

The large-crowd monitoring tool is based on the [S@Ase system, which relies upon a network of sensor
placed in both indoor and outdoor areas of the, ddter called monitored areas. The sensors provide
accurate analysis on spatial-temporal behaviowsgedb@n collected data over time and real-time risign
mobility patterns within and between the monitoaeelas. The collected data allows the system t@pera
comprehensive reading of the crowd’s nature, engladnd-users to access demographic figures andityobi
patterns during ordinary (during conventional/ ager week days) and extraordinary conditions (i.e.
cultural-based festivals and events) for the setekdcations. The main objective is to determiresfdotfall

in real-time, as well as the change rate in crowsize, dwell time and data concerning revisits and
nationality information for visitors. Additionallythe system provides explicit visualisation fonflpatterns
and distribution in the monitored areas.

2 Data Fusion Research Centre (DFRC), a Swiss SMiEdied in 2006, World leader in WiFi analytics. DFRC
specialised in geospatial data fusion and analysiyering powerful end-to-end solutions based meaningful
information about location, movement and flow obpke and objects through unique monitoring toolshsas its
patented LBASense mobile phone detecting sensaftsyage and platforms. (http://www.dfrc.ch/)
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3 METHODOLOGICAL APPROACH

3.1 Paper objective

The main objective of this paper is to perform entt analysis within city-flows by investigating dat
provided through the LBASense and constructingatiitn awareness pictures in specific heritage dreas
two of ROCK Role Model Cities: Cluj-Napoca (Romgngand Turin (ltaly). Both cities are currently umde
the testing phase of the LBAsensors in real urbaimr@ments, with the aim of measuring the impdct o
large-scale events and urban transformations iritiieheritage areas. The major contribution o thaper
covers two main outcomes: 1) a visual analysis @aagr to highlight the impact of urban transformatio
actions, generated from location-based data comzpqeople movement flows and 2) identification of
frequent versus exceptional movement flows andhrhgtto highlight changes occured during ordinany (i
the sense of conventional/ average days) andagdireary times (i.e. during particular large-scalents).

3.2 Methodology

The methodology used for investigating the impdairban transformation actions in city’s heritageas is
based on a systematic analysis on data generatedtfre LBASense (through the locally-deployed WiFi
sensors in the two selected cities), collected dlieze selected moments, as follows: one, coveaimg
ordinary week period with no exceptional eventtipatar happening (data gathered over seven cotigecu
days) and the other two, concerning two differeditamrdinary/ large-scale events that generate deanp
changes in the normal behaviour (data gatheredtbeeentire event period). Therefore, the papetoeep
real-time data provided by the LBAsense system (@ava transposed into charts) for a limited peobd
time (chosen moments according to data availapility order to identify mobility patterns within gh
monitored areas, which are consequently translatedrisual representations (charts and mobilityps)a

The performed analysis highlights the accessibdityension to specific contextual data on crowdvfio
(during ordinary days and extraordinary/ exceptilgrevents) in different CH locations in the citglated to
both traditional heritage spots and unconventigpaktes, outlining urban hotspots and preffereditmta

3.3 Case studies selection

The reasoning behind the selection of the two gitad performing the analysis was the similaritytioé
conceptual approach towards heritage-led regeparghoth cities have undergone through a transition
phase, building a new culture and knowledge-leadhtitlg, differentiated through diverse implemenrati
methods and tools, which served to the definitibthe city’'s model framed in ROCK project:

e Cluj-Napoca displays a model of Community-basedidgdesbased on the process of reinventing
Cluj-Napoca historical centre and redevelopmerthefcity’s backbone to create a sustainable and
equitable solution to address the community's neégsenabling citizens to become active
participants in the life of their own community;

e Turin showcases a model of sustainable re-useeo§paces and Public-Private synergies, based on
the reuse of the heritage in the central distrimtenbined with physical regeneration, great
international events (e.g. 2006 Winter OlympicsH &he development of a strong, long-term
publicly-led cultural policy, contributed to boast overall and wider redevelopment process.

Consequently, the options considered by citiesébecting the areas to be monitored through RO@leptr
were quite different from two main reasons: on tdme hand, due to the particularity of the locations
influenced by the large-scale events organisedha dity heritage areas, while, on the other hand,
considering the specificity of the spatial appraschncluded in the city's overall regeneration or
development strategy. For instance, Turin’s citategy proposes the dispersal of the major urbaltu¢al)
regeneration projects in both the historic cor¢hefcity as well as in more peripheral areas sumding the
city centre (like for example San Salvario, Baaigi Milano (Urban Recovery Programme TdyjrPorta
Palazzo (Colantonio, 2011), etc. Contrarily, thiy cf Cluj-Napoca concentrates the cultural happgsi
nearby the central area of the city, with a focostlee old town and the west part of the city celibear
Simon Birnuwiu Park and Somge Riverbanks). Despite the different spatial apphesc towards the
regeneration process, crowd flow analysis is si@pendent on the fact that in a highly dynamic arba

% Urban Recovery Programme Turin, available at::Hetgvw.comune.torino.it/rigenerazioneurbana/en/
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environment, people’s flow remain the only constaxpressing the lively dimension of changes in the
urban fabric (M. Castells, 2000). Therefore, idigimg crowd flow patterns in the two cities allows to
draw some conclusions regarding the use inten§itedain locations in correlation with particukewents
(especially in respect to extraordinary events)wadl as to determine average mobility flows during
ordinary days and diviation trends during extraoady periods, in order to formulate a set of adegua
policy recommendations.

3.4 Criteria for periods selection to conduct the analgis

In the present research, the urban transformatiors are understood as temporary/ extraordinegnts
that produce variations in the people flows amoiffgrent city locations, according to the reasonioedind
the usage of particular spots, intensity of usage, This analysis allows for the identification haft-spots
inside the urban tissue which could be subjectailbrtmade policy interventions or specific measure
regarding mobility issues (such as accessibilityamse public transportation timetable, etc). Thedntpof
urban transformation actions is measured in thiéerent moments, selected individually for eacty,cbut
following the same guidelines, in order to allow o comparison between mobility patterns between th
monitored areas inside the city. The time slotsibpls were selected according to the followingeeré:

+ First moment: during a large-schlevent, following a period of at least three consige days,
during which large crowd flows differ (between daysl between monitored spots);

« Second moment: during a smaller-scale event, buthwaccommodates temporary installations/
structures in the monitored area, following a perod at least five consecutive days, during which
large crowd flows differ (between days and betwaenitored spots);

e Third moment: during an ordinary week, including imtire weekdays and weekends, from Monday
to Sunday, when no particular event is organisedivthe monitored area.

3.5 Evidence-based results of crowd flow impact duringirban transformation actions

In the context of this paper, possible impacts rlan transformation actions in city’s heritage aresere
grouped in different sub-domains, falling under theee main pillars of ROCK vision: accessibility,
sustainability and collaboration (ROCK DeliveraBl®). Each of these three areas corresponds tdfispec
scenarios and measures considered in the regemepaticesses, all impacting the way urban transitom
actions bring visible changes in the urban enviremimin ROCK acceptance, accessibility is undetstoo
both in terms of physical aspects (mobility issweswell as the access of people with differerdldigies)
and non-physical/ immaterial accessibility (on thasis of economic accessibility, social equity and
digitalisation level). Sustainability (climate/ @ronmental) and resilience is expressed throughcépacity

of urban systems and cultural heritage to be swde in terms of mitigation and adaptation to elien
change (i.e. actions for mitigating and adapting ctonate change, greening actions, etc). Lastly,
collaboration (for new productions) is used to lidbe process of creating new ways of collaboragioong
stakeholders and users with the aim to transfoemtimto prosumers/ active producers of new values (
new typologies of unconventional collaborations ddaptive reuse, temporary uses, etc). One lirortatf
the present study refers to the lack of data avitithaon certain aspects concerning these pillarthe two
analysed cities. Hence, starting from ROCK pilléms, measuring the impact of urban transformatictivas

in city’s heritage areas generated by crowd flavs,study has defined a limited number of impaetsr as
shown in the table below.

The process of data collection and interpretatiorsat identifying people flows related to chosenigds of
time in order to correlate the effect they prodaeer these identified impact areas. This corelatibmws us
to make evidence-based reccomendations for impgothe policy framework in different domains, all
affected more or less by spatial-temporal behaveommected to specific extraordinary events/ hajogsn
In this respect, the differentiation of the seldctienes for analysing data reflects important clesng the
mobility patterns produced by fleeting large crdfedvs between city’s heritage areas and hotspots.

* Large-scale event has been interpreted as an everse people flow exceeds 90k visitors per daylevthe smaller-
scale event has been interpreted as an event vgeogee flow exceeds 25 visitors per day. The nundfetays for
each type of event varies.
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ROCK Pillar | Sub-domains/ Themes Impact area Policdomains

Accessibility | Physical accessibility Public transportation medinsétable Mobility (including
Routes management and signage services  for  disable
Physical access for people with differgrR€0P!€)

disabilities (sight, hearing, movement)

Urban design/ signage

Non-physical accessibility

Awareness/ communicatibaction
Price for use/ consumption of the even

Communication
t advertising

and

Safety

Police and security
Health/ First aid
Perception/ Lighting system

Security
Health
Urban Lighting

Sustainability

Environmental aspects

Traffic and air pollution
Waste management
Energy efficiency

Environmental protection

Physical environment

Noise and vibrations
Physical degradation of built heritage

Heritage protection

Socio-economic
environment

Short-term housing price speculation
Social conflicts over the use of space

Site management

organisation

Collaboration | Services and facilitie Adaptive reuse of buildings Space provision and use
(commercial,  culturall Temporary use of urban space
leisure and entertainment)
Events/ festivalg Partnerships for event organisation Public-private partnershig

Incentives for event organisation

Table 1: Impact areas and related policy domaionsggd under the three key ROCK pillars

4 TECHNOLOGY ENABLERS FOR DATA-DRIVEN URBAN TRANSFORM ATION ACTIONS

Cultural heritage-led regeneration represents i@ @art of the city’s urban regeneration strgteghich is
typically a spatial component of a wider policy gram addressing social deprivation in inner-citgaar
(McCarthy, 2007), but also a means to improve giatdabric of urban areas to stimulate economievijno
(De Magalhdes, 2015). No matter what the tacklelicypaoal is, urban regeneration remains, even
nowadays, an important tool for dealing with théarr transformation process. In this context, ROCK
project assumes a regeneration process orientgd beyond the physical transformation by assumiiey t
city as a common heritage, with the end goal tamensocial equity and community cohesion.

One of the most frecquent policy challenges citiesfacing in relation to cultural heritage regetien lies

in finding the right balance between conservatiaomd anodernisation/ valorisation measures. The
regeneration measures are considered at two madfslan respect to the urban transformation intetios
actions: 1) permanent physical transformations jéote concerning physical operations such as
rehabilitation/ conservation of heritage buildingaplic spaces, etc) and 2) organisation of tenmgaaents

for cultural purposes. In either case, the outcoleed frequently to the intensification of massrisem, over
crowdedness, leading, eventually, to spatial owerauisl environmental degradation. The rationalentukttie
pressing need for acquiring evidence-based polini¢ise heritage regeneration processes comegysattm
urban management questions, also for bridging xistieg gaps in the policy framework in relationtte
identified challenges (i.e. management plan basedpatial-temporal analysis; diversification of tooe-
connected services and facilities offer in the aspatial redistribution of uses and flows, etdefiefore,
ROCK envisions regeneration measures as beingopartprocess managed through a complex regulatory
framework with complementary governance and paiigtruments, in order to avoid touristification and
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gentrification phenomena, without constraining émgoyment and accessibility of heritage areas ded s
(ROCK Deliverable 6.4).

In this context, technology plays a fundamentaé riol providing evidence-based analysis relateché t
aforementioned pillars of cultural heritage-ledewgration processes. However, technology integratim

the heritage environment and the urban regenerptimress of heritage areas is not an easy taskughout
ROCK project, the involved cities adopt a data-elnivapproach for progressive transformation of CH in
creative and knowledge cities, collecting data geted by iterative transformation actions, analysamd
interpreting it, and assimilating the feedback ithe regeneration process through corrective custeij
actions or specific measures. Within this paperaveexamining a particular typology of data (conitey
Cultural Heritage and Safety issues), resulted ftbm deployment of the LBASense system in the two
selected cities (Cluj-Napoca and Turin), which pilesg real-time insights on activity and mobilitytieans
within the monitored areas.

4.1 Technology integration into heritage areas

Technology integration into heritage areas is dnthe biggest provocation of the project so fanceithe
authorisation processes for the deployment of @aei sensors is more complicated and requiresgelo
approval period. However, the LBA sensors comeiffiergnt forms (short-range and long-range sensars)
order to make their usage possible both indoor@ndoor, but none of them generates any interfeenc
with the heritage, being non-invasive for heritdmyelding’s structure and image. For this reason,CRO
project paid special attention to acquire an optiim&gration between new technologies and theoticst!
centre, with no disruption or disturb for peoplistéric buildings and areas, the LBAsensors beargfally
placed in areas which do not affect in any wayttiséorical buildings or other components of heageas.
As such, the deployment of the Large-Crowd MonitgriT ool did not raise unexpected issues for thecit
experimenting with this specific technology.

4.2 Technicalities and functionalities of the LBAsenseexpected outcomes

The Large-Crowd Monitoring Tool used for generatittge necessary data to carry out the impact
measurement of urban transformation actions inscitgritage areas is represented by the LBASerstersy
which performs location-based analytics throughompmrehensive reading of the crowd’s nature, engblin
end-users to access demographics figures and tyolpisitterns on a wider scale, in ordinary and
extraordinary conditions (i.e. festivals and evenihie LBAsense system comprises a network of reobil
devices scanning sensors, which converts humafictddita into powerful and versatile analytical and
profiling services through innovative algorithmdelsensors determine footfall in real-time and gbamate

in the crowd size, besides dwell time, revisit 8odv patterns and distribution, as well as any abradity,

in the overall area under monitoring, with an addél focus on selected key-locatid®FRC reports).

The networked system of the LBASense is composdtvofcomplementary sensors types: 1) long-range
sensors, providing full coverage of the monitorarga on a citywide scale, but generating low aacyura
mobility patterns and 2) sensors located at spepdints of interest within the coverage of the evidystem,
providing high accuracy location specific datattuwse locations. The mixture between the sensq@osts
high accuracy measurements of footfall and mobpayterns within the entire monitored area. Spexify,

the LBASense mobile phone sensors are capable hitonousing both cellular and Wi-Fi signals, crowd
dimension for monitored spots and people flows betwthe monitored spots (the area where the sensor
placed, with a radius of approximately 100 m radawsund the sensor location). The compiled data is
delivered through the LBA Dashboard, which allows-@isers to retrieve various analytics on requeden
the form of raw numbers and aggregated graphice OBASystem installation comes with a set of
requirements from the city side for the selectegharto be monitored, including the definition ohceete
installation points, supply of power/ connectionthe grid, access to the Internet/ local serven/miax
temperature threshold.
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.

Fig. 2 Crowd Analytics Monitoring Tools: Outdoor BdxBASense Web Dashboard and Mobile App6

4.3 Data description and processing

The LBASense system generates Big Data, which adysed through the Analytics Builder Service and
translated into visitor movement track through fivack Builder. Specifically, the data employed e t
present analysis falls under visitor track dataictvlis periodically read from database, processam\isits
analytics (including site, flow, mobility, link, bavioural analytics) and stored back into the sdatabase.
The data collected comprises the following inforigat a) visitors count per hour/ day, b) duratidrifee
visit, ¢) mobility of visitors among city areas (aseired through in/ out flows for specific targedvtspwhere
the sensors are placed), d) new visitors versusnieg visitors.

4.4 Criteria for periods selection for the analysis

In the present research, the urban transformatiors are understood as temporary/ extraordinegynts
that produce variations in the people flows amoaiffgrent city locations, according to the reasonedind
the functional usage of particular spots, intensitysage, etc. This analysis allows for the ideatiion of
hot-spots inside the urban tissue which could dgest of tailor-made policy interventions or spexif
measures regarding mobility issues (such as abildggineans, public transportation timetable, etc)

The impact of urban transformation actions is mesin three different moments, selected indivityugr
each city, but following the same guidelines, idesrto allow for a comparison between mobility eats
between the monitored areas inside the city. Thegethe time slots/ periods were selected accgridirihe
following criteria:

« during a mega-eveh{(Valentino P., 2011), following a period of at $edhree consecutive days,
during which large crowd flows differ (between daysd between preferred spots) — two different
events selected for each city;

e during an ordinary week, including the entire wemjgland weekends, when no particular event is
organised within the monitored area — senven caisecdays from Monday to Sunday for each
city.

The selected events for each city varies on mawglide starting from the length (measured in nundder
days), frequency (annually), location (measurechumber of venues, sites activated), attendancd leve
(measured in number of visitors). Nevertheless,pteary impacts caused by these events are often
associated with negative externalities, among whiehmention the displacement of people and shami-te
gentrification phenomenon, the commercialisatiopuflic space or environmental deterioration.

® Mega-event is defined as “a large-scale speciahithat is high in status or prestige and attradarge crowd and
wide media attention” (Jago L.K, Shaw R. N. (1998),30). Hence, a mega-event in the present asticls been
interpreted as a large-scale event whose people éikceeds 25k visitors per day. Unlike the commaadgepted
understanding of mega-event, large-scale eventsreef in this paper do not produce long-lastingigfarmative
impacts on the urban fabric.
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5 CROWD FLOW ANALYSIS IN THE TWO CITIES: CLUJ-NAPOCA AND TURIN

In order to perform the analysis on the flows gatext by people movement between hot spots of thenci
different moments/ periods of time, a short backgobon the city profile is required for understamgthe
particularities that lay behind distinct spatiaktpens and, particularly, the reasoning behind gbasors’
setting within the urban tissue. A short descriptoontextualisation of the city’s background anttural

profile eases the understanding of the expected

5.1 Cluj-Napoca (Romania)

5.1.1 City profile and contextualisation

Cluj-Napoca is the second largest city in termpagulation, located in the heart of Transylvaniae Tity is
labelled as one of the most important universityties in Romania and a knowledge node of EU
significance (ESPON 1.1.1). Among the main stresigthTransylvania's capital, Cluj-Napoca benefitsrf

an advantageous geographical position near theemmebbrders of the country and it is recognisedras
emergent economic centre, developing economiesavitiversified structure and proving a high clustgr
potential in many domains. In terms of demographtes city has a significant increase of young pafion,
being one of the few cities in Romania with a pesinatural growth and population growth at a sygaate
(SIDU, 2017).

Over the past ten years, the internationally reremwmiversity environment favoured a transitiondods a
knowledge-based economy, with a strong orientaonnovation and ICT sector. In consequence, itye ¢
witnessed a flourishing cultural dynamic and registl the highest urban vitality index after Buckgrthe
capital city, considering the following indicatorgiltural sector infrastructure, specialised humesources,
budget spent on cultural-related activities/ sesjcparticipation in cultural activities, creatigeonomy,
NGO sector, medium income, number of students mvestment per capita (World Bank, 2017).

Since creative industries and the university seet@ among Cluj-Napoca’s growth engines, the city
currently focuses on developing its innovative elter, increasing the culture of entrepreneursiigh a
providing good training of young workforce in contifige fields such as IT and creative industriefteA
adopting a more cultural-oriented approach, thesiteon has been visible especially in the incregsi
number of cultural events, with over 100 annuatiaess offering theatre, literature, dancing, masic
experiences. Cluj has a specific cultural vitatlsfined by a wide range of events throughout tree.\ie has
also been the Youth Capital of Romania in 2015 simattlisted for Cultural Capital of Europe 2021etit
(European Capital of Culture Candidate City, 2016).

One of the major festivals is called Untold, thegést electronic music festival held in Romaniarkga
reaching its 5th edition in 2019, is organisedha very centre of the city (Cluj Area location).t tighly
impacts the surrounding areas (Central Park, USguare, etc). Together with Untold Festival, Tydwemnia
International Film Festival (TIFF) attracts a sfigdant number of visitors at both national and iintional
level, contributing to the enhancement of the wrarisector as a key pillar in the economic, spaitnal
cultural development of the city. In the past 5rge&luj has been appointed European Youth Cajoital
2015 and shortlisted for Cultural Capital of Eur@®21 title, which also strengthens the city’s adt and
vibrant profile. All of the fast changes occured @uj dynamics in terms of demography, economic
development and specialisation are inevitably sipgethe urban transformation processes as they are
generating changes both in terms of new spatidigumations (secondary centres for diffusing théural
interest within the city, new interest spots, efic\vs and mobility patterns within the city.

Considering the city’s background, the option feing the crowd analytics instrument for monitorlacge-
crowd events was without any doubt, the best ch@dacemeasuring the impact produced by temporary
installations and events in the heritage areaséncity, specifically the historic city centre. Theowd
analytics instrument has been placed in strategiasaand spots in the Unirii Square surroundingsare
(Unirii Square (1), Central Park (1), Cultural ihgions: Casino Building Rooftop (1), Magyar Opétause

(1), Polyvalent Hall (2), Cluj Arena (1)) for a paat of 2 years (August 2018 - June 2020). By udhig
instrument, the city of Cluj-Napoca aims at examgnpeople's flow among various locations, based on
information collected about the visitors’ habitgripd of usage of the space, visitors’ returning @during
large cultural events, such as Transylvania Intevnal Book Festival, Transilvania Internationalnfi
Festival, Cluj Days, Cluj Never Sleeps, etc.
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5.1.2 Data interpretation and results

In the following lines we will briefly describe theain results of the data analysed for each péati@vent
and will link the conclusions to the impact araated above.

For Cluj-Napoca, the graphic representing the nunabevisitors by daily footfall shows an increaskt o
almost 200% of total visitors during the large-scavent (UNTOLD), with a total number of new visgo
almost 2.5 times bigger than the number of newoarisiat TIFF, and 5 times bigger than the numbereoy
visitors in an ordinary day of the year. In whahcerns the most crowded periods, the peak houngltine
UNTOLD festival was 10pm, gathering a maximum nuntdfearound 25k visitors, followed by the interval
from 12 to 6 am with around 20k visitors. Thesefigres have a big impact on the physical accéggibf

the surroundings of the festival's area, as crolwdid put a lot of pressure on both pedestrian sated
roads, thus bringing the necessity for a good iraffanagement and a well-organized public transport
system, especially during the peak moments of Wieate The big amount of people also impacts tharaht
environment, which is of particular importance ilwj@ case as UNTOLD area includes the biggest jrark
the city, and, on the other hand, the main venvevery close to SomngeRiver. Another domain which is
affected is the area’s safety during a large-seatent, which need to be assured through a seteaf cl
measures. On the other hand, in what concerns peefiesences for different locations, we have reatitvo
different types of locations: the ones that keepaglerate number of persons in the same place liamga
period of time (from 20 minutes to one hour) anel tines that attract mainly transitory flows (1-5utes).
The socio-economic environment is also a challeeggecially during large-scale events, as it leads t
housing speculation and social conflicts regardihg use of space between residents and visitors,
considering the fact that public spaces such a®®BiBirnutiu park, the single big park in Cluj, cannot be
accessed by residents during the event.

During both analysed events in Cluj-Napoca (UNTCdm2l TIFF), we have noticed that transitory flows ar
linked to locations such as SimorarButiu Park, Cluj Arena and Polyvalent Hall, while Uni&quare,
Magyar Opera House and the Casino are keepingisiters at the location for a longer period. Thte
statistics showcase several differences betwederelit paces that each location imposes on thes aset
also reflects how the activities carried out in ledocation shape their behavior. In what concehres t
mobility patterns, we have noticed that users peefees differed from an event to another, thus eaelmt
had 2 routes which were more populated - for UNTOQLtH2 path between Polyvalent Hall and Cluj Arena,
and also from the park to the Casino, while dufiitfgF people moved from Unirii Square to Cluj Aresnad
Polyvalent Hall, but also from the Hall to the AsenPeople movement impacts the non-physical
accessibility of the area, bringing the need fatipalar on-site soft interventions for a betteieatation, and
also for raising the attractivity of less populacations. Furthermore, they bring the need foragedervices
and activities provided by the area, all of thespdcting also the natural and the built environmesich
need to be protected from noise, pollution and farmbrations.

ROCK Cluj-Napoca - 2019-04-07 20:00

Sala Polivalenta

Ticket Office Cluj Arena 1

Sala Polivalenta Corner 2
Aleea stadionului

Casino Roof

Uniri Square

Magyar Opera House

Fig. 3 — Mobility patterns map. Preffered locatiffiosvs distribution in Cluj-Napoca during TIFF fegi
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ROCK Cluj-Napoca - 2019-08-01 15:00

Sala Polivalenta Cluj Arena 1%
Ticket Office Floor Balcony

Casino Roof Parcul stadion

¥ Uniri Square
Magyar Opera House

Fig. 4 — Mobility patterns map. Preffered locatiffiosvs distribution in Cluj-Napoca during UNTOLD

ROCK Cluj-Napoca - 2019-10-18 17:00

Sala Polivalenta Cluj Arena 13
Ticket Office Floor Balcony

Casino Roof

S

y ¥ Uniri Square
Magyar Opera House

Fig. 5 — Mobility patterns map. Preffered locatiffiosvs distribution in Cluj-Napoca during ordinaryeek

5.2 Turin (ltaly)

5.2.1 City profile and contextualisation

Turin is an important economic pole located innlethern part of Italy, in the Piedmont Region. Rathas
the third richest Italian city, after Rome and Miland it used to be one of the main industrial esnof
Italy, being part of the so-called “industrial trigle” together with Milan and Genoa (Carter, 20IR)e
industrial past has brought the city a significahillenge in repositioning in the national and glob
economy, but also a valuable legacy of former itrialsbuildings that have been partly reconvertathw
new functions, partly being still vacant. Therefotlee cultural heritage of the city is charactefidsy
different historical layers, developed from the Rwomtimes to the post-industrial years. However, the
consequences of the de-industrialization process heavy both economically and socially, questigrihre
identity of a whole city. As a major university ¢en with 7 prestigious universities (among which
Polytechnic of Turin and University of Turin beipgrticularly focused on developing technical arehtve
competencies), Turin embraced this strength andcawee the post-industrial crisis by leveraging be t
social capital.

Pressured to reinvent itself, the city of Turin mademendous efforts to orient its industrial repion
towards business and creative sectors, by levagaginits rich culture and history, as well as oa well-
prepared workforce, whose primary asset lies irettiensive knowledge of design and production mees
due to their industrial background. Currently, adang to UNESCO, around 9.1% of the active bodied a
companies are represented by creative and culindustries, counting around 100.000 employees
(UNESCO Creative Cities Network, 2014).

In this context, the city administration channeiksdefforts not only onto the reconversion of piostustrial
areas into new service areas, but also on urbarcahdal regeneration, with a particular focusouttural
heritage areas within the city. Beside physicalastiructure projects, the city also embraced acdwaged
the implementation of several major cultural evesiish as Contemporary Art Week, Turin International
Book Forum and others, which bring annually hundreidthousands of visitors to the city.
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Considering Turin’'s background, the use of LBAsesggtem under the ROCK project framework tackled
two main issues. On the one side, the city needietier understand the connection between the pemba
heritage (museums, UNESCO locations, historic @igtre) and temporary events attracting large atafun
visitors, which, in many cases, are organised @asoutside the city’s centre, areas under deveppaor in
transition, therefore the potential in terms ofaattiveness of neighborhoods in the process ofnergéion
needs to be better investigated and understoodsd@d¢mnd need is related to the negative side sftddhe
fruition of CH and cultural events such as the ngamaent of large crowds in terms of security, noise,
mobility and waste. As such, the strategy for cirapshe areas under sensors’ monitoring followsve-t
fold approach: permanent locations for trackinggéacrowd flows (Museo Arte Orientale, Galleria Arte
Moderna, Borgo Medievale, Palazzo Madama, MuseoRigbrgimento ltaliano, Palazzo Reale, Giardini
Reali, Courtyard Palazzo Carignano and AppartarmdsitPrincipi) and temporary locations, which fallo
the most popular locations during the large-scatnes (Salone del Libro Pad 2, Salone del Libro Bad
Salone del Libro Pad OVal, Da Lisa Via Baretti 2Jd&2zo Carignano - Cortile (x2), Office Test 1, iCdf
Test 2). One of Turin’s intents is to enable witaowledge about existing cultural heritage in thiy, c
beyond the conventional and institutionalised hggt assets, its condition and usability perspegtit@
which the crowd flow analysis during certain termrgrgrevents can input with relevant quantitativeadsats.

5.2.2 Data interpretation and results

In Turin, the conclusions resulted from analysihg tigures during extraordinary events are theotaihg:
there are 3 times more visitors in the peak daywin International Book Fair (90k people on 11214.9)

in comparison with the Contemporary Art Week (3dople on 2.11.2019). Compared with an ordinary
week, TIBF figures are 11 times higher, while CAlyufes are 4 times higher than during an ordinay. d
(90k, respectively 37k versus 8k). Considering ey big differences occurring between extraordinar
events and ordinary days regarding crowd flows, Highest impact in the city is probably relatedtte
physical accessibility of the area and its safEien if it does not imply a natural area (as inj@lapoca’s
case), the environmental impact is another mafteocern during particular events, as issues agolaste
management and traffic must be very well organized.

The mobility issues are another tensioned pointnduextraordinary events, but in this case therégu
resulted from hourly footfall and also the schemesnobility patterns can lead to a good managenfant.
Turin, both events are showcasing the same popédods, as there are two main peak time intervals
preferred by visitors: from 10am to 4 pm (9-10 M2®A9, around 5k visitors) and from 12pm to 4 prihim
following days. An interesting fact about peopldt@ans during CAW is the curve showing visitorswi
which is very similar from one day to another.Hows every day the same two peak moments (12pm and
16pm), with Palazzo Reale and Giardini Reali bahaymost preferred locations. On the other hanth bo
events are bringing a big number of new visitorsaihfestivals days, with TIBF bringing the highest
percentage (70%) during the second day of the ewenta Friday (10.05.2019), while also showing a
gradually decrease until the last day of the ey&#d% new visitors). On the other hand, the Contaanyo

Art Week, even if it brings a smaller total numhmdrvisitors in comparison with TIBF, brings a highe
percentage of new visitors during the whole pedbthe festival. These figures describe a huge rieed
good public transportation system, and also reggpexial attention given to assuring physical exeasl
safety measures for vulnerable social categoriesal{ted, elderly and children). In what concerns th
mobility patterns, there are big differences betweser preferences during each event, showing rflajes
between book salons organized in the central andag TIBF, while during CAW the most popular paths
are Museo Dei Risorgimento — Palazzo Carignanorill@and Palazzo Reale — Giardini Reali. Thisufes

can impact the urban transformation processeseckltt the temporary use of urban space (temporary
installations), public awareness and indicatiohstee to a certain action/event and also measetated to
noise and vibrations.
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ROCK Torino - 2019-05-11 18:00

Palazzo Madama

Museo del Risorgimento

MAO Museo
Arte Orientale

Palazzo Reale

Giardini Reali

Fig. 6 — Mobility patterns map. Preffered locatiffiosvs distribution in Turin during International Bk fest

ROCK Toring - 2019-06-30 12:00

Palazzo Madama

Musee del Rizsorgimento

Palazzo Reale

Palarze Carignano - Corfile

Giardini Reali

Fig. 7 — Mobility patterns map. Preffered locatiffiosvs distribution in Turin during ordinary week
ROCK Torino - 2019-11-02 12:00
Museo del Risorgimento

Palazzo Reale

% Palazzo Madama

Giardini Reali

Palazzo Carignano - Cortile

Fig. 8 — Mobility patterns map. Preffered locatiffiosvs distribution in Turin during Contemporary ANfeekend

6 EVIDENCE-BASED POLICY RECOMMENDATIONS

To conclude, the sensors deployment strategiedujppNapoca and Turin are quite similar, being mginl
oriented towards collecting data on people's fleamoag various locations among the city and identdyi
movement patterns related to cultural assets aadtevor a period of approximately 2 years (frongast/
October 2018 to June 2020). Nonetheless, the $pgtigroach (location of sensors) and partially the
expected outcomes vary to some extent. The datgseaarried out in Cluj-Napoca and Turin withiret
three selected moments of 2019 (two large-scaleteaed an ordinary week of seven consecutive days),
resulted in a set of relevant conclusions regardiffgrent types of impact that crowd flows dynamitas

on both studied cities.

As an overall consideration, the monitored areab®ftwo cities outline a similarity in terms ofcantuated
“festivalization” phenomenon of culture, as wellagoncentration of events in the same spots otitle
which eventually leads to short cultural experiedaeation. Besides, this tendancy creates an unbada
distribution of people flows between different spint the city, leading to high polarisation andativeness
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of certain spots, the so-called hotspots. Howesre, limitation of the present study has to be amrsid
here — conclusions have been drawn based on thé@éamemharea in each city, determined by the places
where the sensors have been located. Thereforaraeveeffering to specific parts of the city whicavi
fallen under the monitoring process. While the atyTurin struggles to distribute the cultural hapmgs
and events outside the concentrated city centesgithh of Cluj-Napoca is still lagging behind irrnes of the
cultural offer, which is still reduced outside itigy center.

Taking into consideration also other study constsa(such as the availability of qualitative daggarding
the selected events — perceptions, emotional mgppswell as the lack of preliminary policy franwek
analysis), a set of policy recommendations has bewnulated in respect to the three main ROCK glla
(accessibility, sustainability and collaborationpnsidering the identified subdomains in relationutban
transformation actions on which crowd flows impadthe table below summarises the policy
recommendation on the ROCK pillars:

ROCK Pillars Policy recommendations
Explicit (directly resulted from raw datalntuitive (requiring further analysis df
analysis) compementary data)
ACCESSIBILITY e Limitation of number of people¢ « Diversification of offer in regards tp
visiting certain areas economic and leisure activities, |n
Subdomains: « Develop thematic routes in order to ~ relation — with  the events/
Physical accessibility help different types of users fo  Encompassing different parts of the

orientate  in  crowded areas City to minimize the pressure gn

Non-physical accessibilit (vulnerable  social  categories, ~ €Xisting hotspots

Safety visitors, etc) » Strenghten and widen urban
« Increased safety services (polige, Cconnections/ paths in different points,
first aid) during extraordinary events, ~ €specially from events area to key
in certain locations
SUSTAINABILITY  Develop specific measures and Assure a well developed waste
regulations regarding to car access management infrastructure, especially
Subdomains: and parking during the extraordinary in the proximity of natural areas such
events as parks, lakes

Environmental aspects
Physical environment
Socio-economic

e Integration of another valuables Find methods for softening the social
elements (natural/built) in th conflicts regarding the use of public

D

: ¢ festivals circuit, through temporafy = space during the events
environmen uses, art installations, etc
COLLABORATION e Polarization/ distribution of smallgre Adaptive reuse of  buildings,
events/ facilities in other areas to  Temporary use of urban space (easy
Subdomains: lower the impact on a certain permits for temporary installations)
Services and facilities location e Provide incentives for event

» Highlight and improve less popular  organisation in order to help the lodal
CH locations through developing economy

cultural, leisure and entertainment Strenghten the PPPs regarding the
offers festivals organization, accommodation
during the festival and other goods
and services provision during the
events

Table 2 — Impact areas grouped under the main R@eK pillars

Cultural production

Events/ festival
organisation

7 CONCLUSION

A specialised institutional setup is highly reqdiréor identifying and addressing properly the pplic
challenges through regulatory framework and measimecreating a balance between conservation sssue
and modernisation/ valorisation ones (i.e. overcgnthe touristification phenomenon without constirag

the enjoyment of heritage areas value). Therefmeording to ROCK vision, data evidence is mangdiar
ensuring appropriate impact assessment in culrdlage valorisation projects, assumption whiemds as

a key cross-policy recommendation in the courséhefimplementation of cultural heritage valorisatio
project (ROCK Deliverable 6.4). In this sense, imonale for performing a crowd-flow analysis Saf the
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basis of measuring the impact of urban transfdaomatctions in city’s heritage areas, through aarcle
evidence on movement patterns between and withinitored areas, allowing the comparison between
people flow distribution at different momentums.

The results of data analysis and interpretationewsrrelated with qualitative information regarditige
nature of the urban transformation action (tempoddraracter of the transformation actions studiethie
present paper, in the context of large-crowd evantsordinary week days). Based on the outcomest, af
recommendations have been proposed, with the fioal of tailoring the local policies to respond to
dynamic changes in the flow distribution and usafepace in the city’s heritage areas. The proposed
recommendations have been structured based o format and logics as the established impaesare
grouped under ROCK pillars.

We would like to express our gratitude for the surpand contribution received from the teams inedlvn
ROCK project, representing the two Role Model sifi@uj-Napoca and Turin, as well as DFRC.
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