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1 ABSTRACT

To date, there are no clear insights in the spptitterns and micro-dynamics of the housing markiee
objective of this study is to collect real estatermdata for the development of policy-supportidadors on
housing market dynamics at the local scale. Thedieators can provide the requested insights itiapa
patterns and micro-dynamics of the housing marBsicause the required real estate data are not
systematicly published as statistical data or agegi|a, innovative forms of data collection are needéis
paper is based on a case study approach of theegtemiven area (Belgium). The research questiovhist

are suitable methods or strategies to collect aiataicro-dynamics of the housing market. The mettagy
includes a technical approach for data collectlming Web data extraction, and a governance approac
being explorative interviews. A Web data extractgystem collects and extracts unstructured or semi-
structured data that are stored or published on ¥éelices. Most of the required data are publiclg an
readily available as Web data on real estate paghbbites. Web data extraction at the scale ofdlse study
succeeded in collecting the required micro-datdabwial run at the regional scale encounteredraber of
practical and legal issues. Simultaneously with\theb data extraction, the dialogue with two reahtes
portal websites was initiated, using purposive damgpand explorative semi-structured interviews.eTh
interviews were considered as the start of a tiaoigdinary research collaboration process. Botimganies
indicated that the development of indicators alfmising market dynamics was a good and relevaat ide
yet a challenging task. The companies were famidin Web data extraction systems, but considered i
suboptimal technique to collect real estate datetHfe development of housing dynamics indicatoirseyT
preferred an active collaboration instead of pa&s$ieb scraping. In the frame of a users’ agreenveat,
received one company’s dataset and calculatednthieators for the case study based on this dat@bket.
unique micro-data provided by the company provedbegcothe start of a collaborative planning approach
between private partners, the academic world amd Rlemish government. All three win from this
collaboration on the long run. Smart governancegaan from smart technologies, but should not lcght

of active collaborations.

2 INTRODUCTION

The complexity and multi-dimensionality of societald environmental challenges, such as climategghan
and resource scarcity, challenge spatial planromgtds more collaborative planning in which privated
public actors converge towards a collective fut{f&arts and Leeuwis 2010; Polk 2015). Spatial plagni
increasingly seeks to activate stakeholders fomkeage production and for the development of dowmn-t
earth visions and policies.

One way to support such collaborative plannindnésevolution towards ‘Smart Cities’. The concepheBt
Cities’ refers to cities where digital technologydainformation is deployed for a more efficient ude
resources. The use of digital technologies betjeips cities to plan their future, taking into agobnew
forms of governance, financing mechanisms and eathange. The evolution towards Smart Cities goes
together with the rise of an ‘Open Data’ cultureat® must be (1) available and accessible (e.g. at a
reasonable price and in a handy and adjustableatoomthrough download from the internet); (2) presd
under conditions that allow the reuse and redistioin (including the merging with other datasets)d (3)
data availability is universal, e.g. everyone mustable to use, reuse and redistribute the datae(Band
Kaltenbtck 2012; Khusro, Jabeen et al. 2014).

To make Smart Cities happen and work, we beliea tesearch collaboration is a powerful approach.
Transdisciplinary research projects for example aitine creation of new knowledge on a common gurest
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through collaboration between research and noraresgartners (Katz and Martin 1997; Tress, Trésd. e
2005). In this paper we use the European definiibtmansdisciplinarity that focuses on the invohent of
non-academics in research (Darbellay 2015; Zschieisand Rogga 2015). This involvement can range
from including stakeholders in the research assagsj informants and users; to actual transdis@pfi co-
production where solutions to (urban) planning peois and visions for (urban) planning are co-cibdte
different actor groups (including policy-makerspadistration and business) (Albrechts 2013; Polk3®)0

Transdisciplinary research is gaining momentumhe tealm of sustainable land use management and
spatial planning. This seems part of a broader mewve towards more collaborative planning, with
approaches such as collaborative planning (Hed@®8y;1Healey 1998), fuzzy planning (De Roo and RForte
2007), adaptive co-management (Olsson, Folke €2(0#l4), strategic planning and co-production (Heale
2004; Healey 2007; Albrechts 2013).

Almost parallel to this evolution towards more ablbration, a ‘sustainability-turn’ appeared in plizngy in
reaction to the undesirable environmental and sacedffects of continuous housing development (Berk
2002; Atkinson-Palombo 2010). Spatial efficiencyped up as a new concept in planning, and theasere
of residential densities in both new-growth areas @&xisting neighborhoods through densification is
considered a solution for the space consuming tsffeicurban sprawl (Gallent 2009; Flemish Governimen
2012).

Pursuing sustainable planning solely through daxagibn programs will probably lead to strategipgaln-

fill developments may indeed preserve valuabledangnits of agricultural and natural open spacenfro
further urbanization. However, often abstractionmiade of the importance of smaller open spaces it be
public, semi-private or private - for the environmtad quality of life and support of ecosystem segsiin
urban areas (Stahle 2010; Oktay 2012; Dewaelhasarsempten et al. 2014). So, space efficient stiaseg
in planning should not only focus on urban denatfam through the development of new housing on
(remaining) urban open spaces, but also througimtéesification of the existing housing stock.

Housing is one of the main drivers of spatial depelent and transformation, besides employment and
mobility (European Environment Agency 2006; Eurapdenvironment Agency 2013). While land-use
changes and urbanization processes proceedinglspatisformations are widely documented (Engelen,
Lavalle et al. 2007), the underlying micro-dynamafshousing are less investigated. Current andréutu
housing requirements reflect changing ambitiongeetations, values and wishes. Property prices for
example are a sign of these accumulated desirésdofidual citizens to live and work in a particula
location, and to commute between both (Gallent 2088y spatial efficiency strategy focusing on hiogs
requires more quantitative and qualitative insightthe local dynamics of the housing market, alathiting
should pay greater attention to price signals amalances between supply and demand on the housing
market (Barker 2004; Gallent 2009).

To date, there are no clear insights in the spatigko-dynamics of the housing market. Nevertheless
policy-support indicators could measure them. Tdsearch objective of this study is the developnoérat
proof-of-concept of two ‘open’ (e.g. freely availaland accessible) policy-support indicators, speeshle
and listing price, that allow insights in the mialgnamics of the housing market. For the developgmén
these indicators, we focus on micro-data of reahteslistings. The research question relates to the
methodology: what are suitable methods or strasetpiecollect data on micro-dynamics of the housing
market? We explored a quantitative and a qualgadpproach for data collection, being web datsaetitn

and a transdisciplinary research collaboration @seanitiated through explorative interviews. Theqgb-of-
concept was developed for the case of the greatavdn situated in Flanders (Belgium).

3 MATERIAL AND METHODS

3.1 Selected indicators

Two indicators are investigated: speed of salelistidg price. Speed of sale is defined as the tthmahat
houses are listed for sale on the market (‘timev@mket’), with the time that a listing is publishedline as
a proxy. Filippova and Fu (2011) found that projsrtin a booming market sold more quickly than
properties sold in a declining market. In additiarprolonged time-on-market reduces sale pricesfeed
of sale seems to interact with house price (Clauaid Thistle 2007; Johnson, Benefield et al. 200V
addition, Miller & Sklarz (1987) confirmed that aegter degree of overpricing (listing price relatito
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value) results in longer marketing time and lowalirsg price. So, the indicator ‘listing price’ alprovides
valuable insights. It should be clear however thate is a difference between the expected (ligpirce)
and realized price.

3.2 Case study Belgium and the greater Leuven

The study is situated in Flanders, the northerioregf Belgium in Western Europe. In general, Flensds
currently one of the most densely populated regioriSurope with a population density of 462 inhabis
per km2 in 2010.1t is known as a strongly urbanized and highlyltaup region, that is characterized by
urban sprawl, a dense road network (4.5km/km2)gnfrentation, and ownership figures far above the
European average (European Commission ; Antrop ;2B@#gs, Schmidt-Thmoé et al. 2006; Kasanko,
Barredo et al. 2006; De Decker, Ryckewaert et@l02 Verbeek, Boussauw et al. 2014).

For the proof-of-concept of both indicators, thesearch focused specifically on the greater Leuven
composed out of the municipalities Leuven and Helleguven itself is a small regional city. It isdwn for
amongst other things its university and relatedassh and developments spin-offs. With 98,376 iitaats

in 2015, it is the 10th most populated city of Flars® In 2010, the greater Leuven had a population éensi
of 1,686 inhabitants per kmiand the population growth in the past 10 year8%28015) was almost 10%.

A combination of arguments makes the greater Leavemteresting case study for the proof-of-conaépt
indicators on micro-dynamics of the housing markatt, the average housing price in the city ofiven in
2010 was 2.5 times (+149 %) as expensive as in.20066eover, the average housing prices furthenal
from € 253.002 in 2010 to € 312,162 in 20This average housing price in Leuven equals abdd% of
the average price for a house in Flanders in 20fitlal results of a study of Helgers and Buyst 2D
suggest that the price elasticity of supply in Blens is very inelastic. An increase in price duentweased
demand, leads barely to an increase in supplyablér to inflationary effects. This also has tHeafthat an
increase in the demand mainly leads to rising price

Second, about 34% of the inhabitants of the cityefven stated in 2014 that they want to move withie
years. Of these 34%, slightly more than 15% watdedove to a different city or municipality. Abo6#%

of the emigrants between 0-9 year and 25-39 yehiseoven moved to Herent in 2014. The reverse
movement of Herent to Leuven, over 18%, happenestlyno the age group 20-24 years.

Third, 27% of the households in Leuven spend moae 80% of the total household expenses on hodsing.
Fourth, the owner occupies just fewer than 53%hefhouses in het city of Leuven. For the suburbehter
this figure is almost 80%. Finally, the greater e is part of a region with a high potential fos&inable
(re-)development of structurally underused detadimasing (Bervoets, van de Weijer et al. 2015).

3.3 Used methods

Information on the ‘speed of sale’ and ‘listingqai of properties listed for sale is not readilyadable in
official censuses and databases in Flanders orilBelgNor does a housing pressure indicator exists i
Belgium, his regions or municipalities. NeverthsleBlemish and Belgian real estate agencies hage la
databases with these data. Therefore, we usedgpro@ches to collect listings information from reatate
portal websites. The first approach was a techr@ipptoach using a web data extraction system. &tensl
approach was a collaborative approach in whicharebecollaboration was initiated through explorativ
interviews.

3.3.1 Web data extraction

Real estate portal sites on the World Wide Webwadigh most of the required information on speedaié
and listing price publicly and readily availableo e able to use these Web data, they need tolleeted
from the web and structured in a database usingeab “data extraction” system. A web data extraction

! http://statbel.fgov.be/nl/statistieken/cijfers/béking/structuur/woonplaats/opperviakte_dichtheid/

Z http://statbel.fgov.be/nl/statistieken/cijfers/béing/structuur/woonplaats/groot/

3 http://statbel.fgov.be/nl/modules/publicationsistigues/bevolking/Bevolking_nat_geslacht_opp_Ikingsdicht
heid.jsp

4 https://www.immotheker.be/Immotheker3/Site_v3/Deéfaspx?WPID=323&MIID=169&MSIID=186&L=N&Re
gio=Leuven&ChartType=0&Jaar=2014

> http://www.stadsmonitor.be/betaalbaarheid-vanvheten-woonquote
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system makes use of a software application thd¢asland extracts unstructured or semi-structdegd
that are stored or published on Web sources (LagRileeiro-Neto et al. 2002; Sarawagi 2008; FerrBa
Meo et al. 2014). This data can then be furthecgssed in a semi-automatic or fully automatic wigta
can be converted into workable and structured aa¢aged and unified for further processing and ddue
further use (Ferrara, De Meo et al. 2014). Datalbasieing is one of the known applications of wedtad
extraction tasks, besides opinion mining and sesritranalysis, customer care and context-ware asivert
(Ferrara, De Meo et al. 2014).

Among the available tools for web data extractiore used the free desktop application ‘import.io’
(https:/fimport.io/). It works well on websites lealson templates or regular structures, and usesnmiation
that is provided by users in the form of labeledragle pages to build a training set (Ferrara and
Baumgartner 2011). Import.io offers several adwgeda Because of its Graphical User Interface (GUI),
simple extractions do not require users to codea smon-programmer can use the tool. The desktop
application does not require a local server siriceises an online server hosted by import.io. The
programming codes behind the Web Extraction ustaadard Application Programming Interface (API)
structure in multiple formats, promoting the shgriof the code with other developers. In additicailefi
updates of the extraction are notified. Finallyport.io allows to download the extracted data inrfo
different formats: Excel, HTML, JavaScript Objeabttion (JSON) and as comma-separated values (csv).

We used two web data extraction features of imjporthe Extractor and the Crawler. Both are semi-
automatic tools that need to be guided by the tiseugh a training session on a minimum of five Web
pages. For template elements (e.g. data or infeamaublished at fixed places in the Website tetepland
well-structured web pages, a machine learning ambracan be used. This approach requires the user to
highlight the required pieces of information anddentify their datatype (further called highlighg). Data

or information that has no fixed position in the MMeage template or that is published on less stredt
webpages has to be addressed through the XML Rathuage (XPath). XPath is a syntax for defining
fragments of an XML document, and is part of the@¥3XSLT standarf.The XPath syntax uses path
expressions to select nodes or node-sets in an ddtument. The difference between the Extractorthad
Crawler is the depth at which data will be extrdctAn Extractor only extracts data from the indécht
Webpage, while the Crawler goes to Webpages afahee website at a deeper hierarchical lével.

To decide which website(s) to extract, we compasaeét of screening criteria based on website etiatua
checklists from the universities of Berk&ly eicestet, Maryland® and Wisconsit. The composed criteria
included a suitable goal and content of the webgageng the publication of real estate listingsyl dhe
availability of the required information (type ofgperty; market; listing price; address; date swben the
house is listed or speed of sale). Also, it shdidctlear who is the owner of the website; the welbsteds
to be maintained and updated frequently; it shdndduser-friendly; and its relevance has to be deay.
website of a local real estate agent versus aestate portal site that offers listings of diffdremal estate
agents and listing providers).

We did a preliminary web data extraction test Far tase of greater Leuven. After checking seveiommeagl
estate portal websites that offer real estatengisti we decided to focus on one real estate podbsite that
offered information on the ‘listing date’, e.g. daince when a property was listed. We used theritinp
Extractor to extract the required information frentistings overview page of the considered webSitece
the required data were well structured or publisaedixed elements on the webpage, the Extracter wa
trained through highlighting. For this prototypetragtion round, the number of pages was limitedets
than 10 pages; and page selection was random.

We did a second trial run for the case of Flandertest (1) if web scraping could be used to coltbe
required information at a larger scale and (2) & @ould use the import.io Crawler to collect addil
information from the pages of individual listindéé lot size, Energy Performance Certificate (ER&lue

® For the specifications see: http://www.w3.org/Tjdth/

" http://support.import.io/knowledgebase/

& www.lib.berkeley.edu/TeachingLib/Guides/Internediorm.pdf

® http://www2.le.ac.uk/offices/Id/resources/studgeweb

19 www.lib.umd.edu/tl/guides/evaluating-checklist

1 http://www.education.wisc.edu/docs/WebDispensex$ocuments/aics-lesson3-
webpagecredibilitychecklist.pdf?sfvrsn=2.
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and building year). The website used for the firstl run blocked crawling, so we focused on twavne
websites that offer complementary information. Gite also offers the required information on theedz
listing, while the second site provides additioinérmation on the type of sale (including privatener and
auction). The Crawler was trained by highlighting $tructured data and by XPath syntax for nonestired
data (Table 1).

Fixed elements: training by highlighting | Variable elements: training through XPath syntax
Website 1 Type:house, apartment Energy Performance Certificate (EPC)
Market: for sale, for rent [ .="EPC value"]/following-sibling::div
Listing price Building year
Address (sometimes limited to the .//*[ .="Building year"}/following-sibling::div
municipality) Housing type
Listed for sale sincalate ¥ .="Building placement"])/following-sibling::di
Lot size Price history
II*[@class="table price-history"]
Website 2 Type_market:house, apartment; for sale,Energy Performance Certificate (EPC)
for rent, sales by auction /I*[.="Energieverbruik")/following-sibling::td
Listing price Building year
Address /[*[.="Bouwjaar"]/following-sibling::td
Municipality Subtypehouse, villa, bel-étage:
Seller:agency, by auction, by the owner | //*[.="Subtype property"]/following-sibling::td
Number of fagadegroxy for housing type (detached, semi-detactjed,
terraced)
/I*[.="Aantal gevels"]/following-sibling::td
Lot size
/[*[.="Oppervlakte terrein")/following-sibling::td

Table 1 Web data extraction by training of the agpion Import.io through highlighting and XPatmsgx of the two extracted
websites

3.3.2 |Initiating transdisciplinary research collaboration

A transdisciplinary research collaboration is thead approach we explored for the developmenolidyp
supporting indicators on the micro-dynamics of hloeising market. The involved partners were unitgrsi
researchers on geosciences and —technology, thelsp&nning policy department of the Flemish
government, and private businesses active on thkeestate market. This collaboration focused on the
sharing of ‘system knowledge’. System knowledgkniswledge on the current state of given systemitsnd
ability to change (Hirsch Hadorn, Bradley et al00Brandt, Ernst et al. 2013). As such, the redear
collaboration is situated at the ‘consultation’dgvbut aims at initiating a process that can evdbwards
the level of ‘collaboration’ where participants g@&tners in a policy project and jointly decid@abissues
with policy makers, (Pretty 1994; Leeuwis 2000; taaand Leeuwis 2010; Lang, Wiek et al. 2012; Brandt
Ernst et al. 2013).

Simultaneously with the web data extraction, thelatjue between stakeholders was started through
explorative interviews. The interviews served thmgeals: (1) initiate the transdisciplinary research
collaboration through a dialogue between stakelsjd@) raise understanding, e.g. gain insightshin
context of the housing market; and (3) explore dbegelopment of housing dynamics indicators, e)g. (i
whether there is a need of an indicator on dynanmcdhe housing market, and (ii) possibilities the
development of such indicator in terms of the ality of data, experiences from within the reatage
market etc. Related to the latter goal, there Viene research questions: is the housing pressudieator a
relevant indicator; when is a sale slow or fastveb data extraction a suitable, reliable, effitideasible
way to collect the required data to calculate tindidator; and are there other or better ways abvlailar
developable to collect the required data.

We used semi-structured interviews and purposiveplag, i.e. respondents from which we expected to
receive as much information as possible (Maxweli7t Patton 2002; Guarte and Barrios 2006; Teddice a
Yu 2007; Creswell 2008). Qualitative research dessaim at collecting data from a random selectba
large number of data points to obtain statisticdibrimation about the opinions of an entire popafati
Instead, the aim is to choose a small humber gforedents that will give in-depth data (Koontz 2003;
Messely 2014). The seven major real estate poréddsites in Flanders were contacted as well as the
associations of notary and real estate agents. @ulyeal estate portal websites agreed to coopeBaith
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interviews lasted about 45 minutes. The interviewse transcribed ad verbatim using the online tool
“otranscribe™.

The qualitative data were analyzed according tagtieeinded theory approach, organizing the inteapioet

of raw data into a theoretical explanatory scheB8tea(ss and Corbin 1998). We used the open andl axia
coding phases of inductive coding. In the open mpgihase, the data were broken down in discretectshj
such as ideas, phenomena and feelings, and gimama. These objects are further called conceptseSi
this is an exploratory study all objects were ideld. These concepts were then further analyzed and
aggregated into distinct categories. In the axadirng phase we re-assembled the concepts and datehy
identifying links and cross-cuts (Rogge, DesseialeR011; Kerselaers, Rogge et al. 2013; Messabgge

et al. 2013). This gained a more profound and cehgmsive understanding of the data.

3.4 Micro-data of real estate listings and data cleanig

The proof-of-concepts are based on a 10 year dsgabflistings provided by a major real estate glort
website after the explorative interview. This compascrapes small(er) independent real estate agents
websites across Belgium and has more than 110i§0thk on the Web. The standardization of pracioe
procedures within the company insures a high endexgl of accuracy of the data. The presented aisaly
specifically focuses on market dynamics in the y2@t1l. Data exchange required two rounds, since the
researchers needed a first understanding of tlabalse to be able to formulate the concrete vasai#eded

for analysis. We received the data in a .csv forfilatof 2.5 GB. A selection was made of the case
municipalities (Leuven and Herent) and requiredaldes using Qlikview and exported to .csv format.

Data clean up consisted of two main processesglibm selection of relevant and sufficiently docuated
records (houses and apartments for sale, muniogsgabf Leuven and Herent), and the transformatibn
data to usable formats (listing price, housing nerapdates, geographic coordinates, etc.). We thgeopen
source data cleaning tool “OpenRefilfefVerborgh and De Wilde 2013). Only the requiredalales were
kept, with data on listing price, speed of saledrads, type of market (rental and buyers), andestnt
variables.

First, we made a selection for the greater Leuvkitlwresulted in a set of 20,179 records out ofentban 3
million. As we want to study houses and apartmémtssale, rental properties and commercial building
building plots and garages were left out, as wel@dent rooms, holiday houses and ‘other’. Téssilted
in a selection of 6,766 records. Second, we cleapdtie data skipping unrealistic or blank valumssbme
key variables such as listing price, date firstdale (result: 5,419 records). Addresses wereralsalways
correctly spelled, this was corrected using the fameting tool of OpenRefine.

Third, not all listings with an address in LeuverHerent were geographically located in Leuven erehit.
These were removed from the database by a spaitidb¢tween the dataset of the listings and a $itejoé
municipalities in a Geographical Information Syst¢@IS). A number of 103 records appeared to be
geographically located outside Leuven and Heremd, \aere removed from the dataset. As a result,15.27
records remained.

We focused on the year 2011 for the calculatiothef proof-of-concepts. This is the most recent year
which census data is available concerning the iagigiuilding stock, population characteristics etehat
would allow comparison with official census dataéafy, spatial analyses were performed on a dataise
390 records using Geographical Information Syst@is) techniques (Figure 1).

3.5 Calculating the indicators

The proof-of-concept indicators ‘speed of sale’ disting price’ were calculated for the year 20Elpeed
of sale was calculated as the difference in nunobbelays between the first and last date of pubboabn
the portal website. Some processing was neededltalate this speed of sale. The appropriate vimsab
were “creatie_datum” (date of creation), “is_gearebrd” (listing is archived or not), “r_datum” (aof
archiving), “laatstewijziging_datum” (date of lashange), and the sequence of “Publ start”, “Pubp”’ st
“Pub2 start”, “Pub2 stop”, “Pub3 start”, “Pub3 stagic. (start and end date of the publication p¥rié-or

12 http://otranscribe.com/
13 http://global.qglik.com
% http://openrefine.org
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example, there seems to be some inconsistencigeeidates of archiving (e.g. when a real estateitage
archives a listing) and the end date of the lafipation period. This is due to the fact that al restate
agent him- or herself decides and assigns whestiagiis archived. For the proof-of-concept, weds$eubl
start” and “Publ stop”.

The calculating of the indicator ‘listing price’ watraightforward. The database provided both nit&li
asking price and the corrected asking price. Siheecorrected asking price is seldom completediritial
asking price was used. This was compared with Weeage selling price tracked by Belgian censuses. F
the greater Leuven, the average listing price vdatitianally compared with the average realized gritor
the entire dataset (2005-2014) to check the camgigtin pricing difference between the expected thed
realized price over the past 10 years. Pricingediffice (%) was calculated as [(realized pricetindiprize)

/ listing prize *100].

Full dataset
,X e forsale

o for rent
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4% build environment

[ neighbourhoods

Kilometers Kilometers
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Figure 1 Characterization of the case study ofjleater Leuven. Morphology (a) indicates the neaghbods and built
environment. The full dataset (b) gives an overvidwll the listings, while the selected datasgfgcuses on houses and apartments
for sale for the year 2011. Map (d) indicates tire¢ main urban cores being the city center of kauthe village of Herent and the

research park of Haasrode in relation to the satelgstings.

4 RESULTS

4.1 The use of web data extraction

At the scale of the greater Leuven, the web dateetion system proved a valuable method for expdor
ideas and concepts for new indicators. This is@alie the case when data is not readily availabteis the
case for micro real estate data.

The web data extraction trial run at the scale lahéfers however encountered a number of practiwél a
legal issues. Practical issues included an exterivation of 44 hours for extracting one webditee legal
issues are related to the grey legal zone in wivigh data extraction is situated. In Flanders, tteofiweb
data extraction itself is not illegal. Yet, thenter of use of the screened real estate websitdssallowed on
the one hand to use information published on tteeksi third parties and on the other hand to copy/@
store published information in databases. Someea®alte websites could allow it on the preconditbm
written authority; others literally prohibited weécraping. Besides the individual terms of use, the
intellectual property rights and the database r{ské European Union Directive No. 96/9/EC of 1kidh

!5 Calculations based upon data from Stabel.be:/fstitbel.fgov.be/nl/statistieken/cijfers/econotaiw_industrie/
vastgoed/gemiddelde_prijs_woonhuis/ retrieved ari22/16.
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1996; and UK Copyright and Rights in Databases Rdigins 1997) apply. Due to these technical andlleg
issues, web data extraction is not considered éimabptechnigue to collect the required data forpmses
beyond the exploring of a concept for an indicator.

4.2 Insights in the real estate market from two exploréive interviews

The two explorative interviews provided preliminansights in three main issues: (1) housing market
indicators and organization of the housing mark2};characteristics of the interviewed real estzeal
sites; and (3) possibilities of data collectiorotigh web scraping and cooperation.

4.2.1 Housing market indicators and organization of theding market

In general, both companies indicated that the dgwveént of indicators about housing market dynamwias

a very good and relevant idea, yet a challengirsly.tdhe respondents referred to their existingepric
estimation indicators, and suggested four additipoasible indicators: the share of listings pui#s online
compared to the total supply of listings; the shafristings that goes offline without being sotte selling
price; and the influence of insulation of the pndpen the price.

“[the development of an indicator about housing keairdynamics is] a very good idea. We are very
interested in that and tried to develop such irntdisaourselves. Of course, that is not always piessi
because we are in a commercial dynamic. Sometineese®d to make choices. But it has always been the
goal of our company to bring this kind of infornmatito the private buyer.” Company A

About the validity of indicators that are calcuthteased on real estate listings, the respondawetsset that

(1) the indicator ‘speed of sale’ only indicatesvtfast a property is from the market, not how fa# sold,

and that (2) a share of the listings goes offlingheut actually being sold. This has to be takdn account
when interpreting the indicator ‘speed of sale’dzhen the duration that a listing was online. Benaiking
whether a property is slow or fast from the madat be done based on their data. The respondeats al
stated that ‘blind spots’ will remain, for example data is available on the share and transactibpsvate
sales, e.g. sales that happen “under the showeheofocal soccer clubs”. To check the validity, the
respondents suggested involving the notaries, sineg have data on actual sales and selling prices.
Nevertheless, they also announced that this woaild ¢hallenging task.

The respondents claimed the real estate sectoeta Hifficult and complex sector. Also, there is an
important role for power over data flows. Respontslérelieved that the government should take awiaffi
position concerning this, since they consider iitegessity for private buyers to know as much asiples
about the properties that are for sale. So, conwgithe organization of the housing market both ganies
stressed the need for more transparency on théngomsrket in Flanders.

4.2.2 Characteristics of the interviewed real estategbasites

Both companies have a similar dream, being theupsisn of a transparent housing market where tde en
users are put first. They also put forward the tgraent of their corporate real estate database. Th
business models of both companies differ howeveneMy one company works partly according to the
general routine of buying listings from softwareoyiders that are completed with listings from free
publications and available government data, theratbmpany collects listings itself through owntaaire
and through web data extraction (called ‘web sorgipiof small initiatives and real estate agents.

“Our ambition is to offer the end-user the most ptete housing supply. It (e.g. the API) is alsdatfprm
that we are developing specifically for the endru¥ée really try to maintain this point of view. [J..Our
business model functions completely different. Bainctionalities are for free. We generate income
through cooperation with the real estate agentmbke life easier for the real estate agent, to Heptter
integrations, and services” Company B

“The past years, many people started [with initigdi to open up the real estate sector], from differ
stakeholders. Anyway, we want to support eachaiivg, because we too have a big dream to opeifl ap a
that [e.g. data] for everyone” Company A

Concerning the exchange of data, there is an ambiti provide data for free, with respect for thernse
restrictions of software providers. One compangugently developing an API for providing free datsa
way to solve some commercial problems, since itldvallow them to collect data as well. In genelsith
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companies referred to the need for a better orgtiaiz of the exchange of data, on the one handesatthe
three regions Flanders, Brussels and Walloon regiod on the other hand between the real estatersec
and the government (for example about the Energfpieance Certificate (EPC)).

4.2.3 Possibilities of data collection through web scnapind cooperation

Both companies were familiar with web data extm@ttsystems (e.g. web scraping) and considered it a
suboptimal technique to collect real estate dataHe development of housing dynamics indicatotseyT
mentioned two reasons for this, being the ineffitisorkflow of translating data to html to datagdahe fact
that only current listings are published online dhnat a long period of scraping is needed to collieee
series data, e.g. labor-intensive. Moreover, thehrigue of web scraping was considered computer
intensive, placing a load on the servers of thé estate portal websites. Legal issues encompatssed
obligatory protection of the listings bought frooftsvare providers. For the company using web so@ps

a business strategy, indexing of the website isallotved and their website is protected againstysng.
The company takes the position that the websita ofal estate agent is a publication channel, Hoey t
respect it if an agent doesn’t want to be scrapeth companies stated that collaboration [with thesra
better option than web scraping.

“We don't prefer it [web scraping], because it isexry suboptimal way to transfer data. We transtate
data to html, made for browsers, and then you lagsmshrough html this information into data agawany
data gets lost and is very computer intensive. @letio generate all those web pages at our sédeeny®u
have to collect all the data and process it. Theegust better ways to collect data.” Company B

“Web scraping, | don’t think it is realistic for ydo develop it yourself. | think it is much morgéresting to
collaborate with us.” Company A

So, both companies preferred an active collaboranstead of passive web scraping in the framehef t
development of indicators about housing market qunes A range of concerns and preconditions was
mentioned, related to the fact that they are coroi@ecompanies. The goals of the indicators areoitamt
criteria, although it was also mentioned that itdifficult to tell now where the development of slee
indicators will end. If there are commercial gaoatieiched to it, it would be a problem to cooperBté.if the
developed indicators will be available for everyoiteis okay. There are concerns about advantages f
competing companies, and everybody who joins needsollaborate under equal conditions. The
companies’ data can be used to develop a proobotapt. Specifically concerning the exchange oédat
one company would provide their complete databakée the other company would first run a trial gue
Once the proof-of-concept of the indicators is digyed, a new consultation is requested to furtheruss
future cooperation.

4.3 Transdisciplinary research collaboration: from stakeholder engagement towards future co-
production

The explorative interviews provided a basis fordieéermination of a shared goal. Both companiesestiar
challenge on developing open (e.g. freely accessihbicators on micro-dynamics of the housing raairk
The ambition of both companies is to pursue a parent housing market where the end users ararpyt f
so our challenge is part of their ‘dream’. Theyoadbare our success, as they gain when we succerd i
challenge. Finally, they also feel responsible torkwvon this shared challenge, based on commercial
motivations. The recognition of a shared goal odeme the way for co-creation of the project. A gser
license was formulated and signed by one compadylenresearch partner.

The process of an ongoing longtime collaboratiotwben the real estate portal site and the Flemish
government is now being developed. The formal feansf the cooperation from the academic research
group to the government was covered in a transketimgy. A mutual engagement for exploring future
collaboration between the company and the govertahparty was pronounced. A win-win was identified
for both parties. For the company, involvement dmiging policy support research and insights inrtbein
data were mentioned. Communication about the mesand publication of the indicators could happen
jointly. Also access to and/or involvement in deyghg additional information was considered a mutua
gain.

For the government, collaboration with the privatenpany allows to gain detailed insights in the diog
market processes through data that is not avaielbévhere. This would allow the effective develepirof
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indicators for the real estate market, i.e. spdeshle, housing pressure, listing and sale priasactiveness
of neighborhoods, and friction inoccupation of resis

Both parties formulated specific points of interésir the company, the reason for collaboratindpenframe

of this explorative study was the clear endpointhef project in the near future. This ensured tkieah the
collaboration would be manageable. This relatehéofact that they are a commercial business. Bisal
preconditions for the governmental party includbd possibility to put the company’s database at the
disposal of third parties in case of outsourcingrijpthe analyses. Also the criteria of scientifitegrity
should be acknowledged and agreed upon for thalmothtion.

4.4 Proof-of-concepts of the indicators

Based on the micro real estate data from the dsgapaovided by a major real estate portal, we tatied
the proof-of-concepts for the indicators speedatéd and listing price.

4.4.1 Speed of sale

For the greater Leuven, the indicator ‘speed o#’galovides detailed insights at the micro-level(ffe 2
and Figure 3). For listings submitted in 2011, we that the two largest groups are those listintgswsithin
two weeks, and those sold within three months (@%). Based on the data, almost half of the [stin
(47%) can be assumed to be sold within three md(ftigsire 3). Most of the listings are situated anaity
center; the listings the most peripheral tend tdooger on the market. The listing price of thosenpuises
are lower than the inner city premises.

Speed of sale
(# of days for sale)

X not yet sold

® 2weeks

® 1month

3 months
® 6 months
/v from 6 months up to 4 years

Kilometers

11 1
urban area 0051 2 3 4

Figure 2 Map of the proof-of-concept indicator ‘sdeof sale’ for the greater Leuven. The map is dhasedata received from one
real estate portal site.

Speed of sale [%]
unknown yet I 23
> months NN 18

6 months [N "
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2weeks [N 19

—
0 100  listings

Figure 3 Distribution of listings for the year 20pér arbitrary time category of speed of sale. Jta@h is based on data received
from one real estate portal site.

4.4.2 Listing price

The indicator ‘speed of sale’ also provides dethilesights at the micro-level for the greater Leuvk
allows geographical differentiation, for exampleregrouping by neighborhoods, municipalities, esthte
markets, etc. (Figure 4). For the time series 220B4, comparisons were made between the listirgepri
from the database and the realized prices as eehdny Statistics Belgiuth (Figure 5). Stressing the

18 http://statbel.fgov.be/nl/statistieken/cijfers/aomie/bouw_industrie/vastgoed/gemiddelde_prijs_vinist retrieved
on 2/1/2016

—m may REAL CORP 2016:
et SMART ME UP!




Valerie Dewaelheyns, Isabelle Loris, Thérése Steegiien

exploratory nature of our study, this first exeecidarifies for a limited time period (2005-2014#t listing
prices for houses and apartments are more vothtle the realized price for the case of greatevéeufor
both houses as for apartments. Analyzing furtherpificing difference (Figure 6), volatility appednigger
for apartments than for houses.

Listing price (€)

> 15000 - 160000
160000 - 255000

© 255000 - 355000

® 355000 - 510070

® 510070 - 930000

® 930000 - 2450000

MU LI IKilometers

urban area 0051 2 3 4

Figure 4 Map of the proof-of-concept indicatortiligy price’ for the greater Leuven. The map is dase data received from one
real estate portal site.
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average listing price houses average listing price apartments

average realized price houses = gverage realized price apartments
Figure 5 Evolution of the listing prices of housesl apartments, based on the dataset, versus#ladized prices from Statistics
Belgium over the period 2005-2014.
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Figure 6 The difference in price (%) between ligtprice and realized price compared to the lisginge is volatile, especially for
apartments, for the time period 2005-2014.

5 DISCUSSION

5.1 About the proof-of-concepts and gaining insights ilmicro-dynamics of the housing market in the
greater Leuven

Since the proof-of-concepts are calculated for ylwar 2011 and for one case study only, actual

interpretations of the data and comparisons wikterotities or benchmarks are not possible. Thetsestl

the proof-of-concepts did nevertheless allow tongaisights in possible analyses based on the two

indicators, like the comparison with other datas@alculating these indicators for all municip&iiin
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Flanders or Belgium and for different years wilbal to map dynamics of the housing market in timd a
space.

Concerning the proof-of-concept of the indicatgreed of sale’, it would be interesting to link tistings

with information on the real estate agent. Does sizthe real estate agency matters? Spatial @&t
neighborhood level allow insights in neighborhowdth a fast and a tame market. In collaboratiorhwéal

estate companies, bench marks for a fast or sleedspf sale can be determined. We also wondeetliétis

an effect of the execution term of the selling demedich is set at three months in Belgium.

The proof-of-concept for the ‘listing price’ indiwa allows to calculate the average listing pricer p
neighborhood, and evaluate of this average pricabisve or below the average listing price for the
municipality, region, Flanders or Belgium. Concamthe pricing differences between the listing @rand
realized price, it is interesting to find out ifethdifferences for Leuven (ranging until 45%) alspear
elsewhere in Belgium. Further research at a lasgate of Belgium could verify the volatility of pihg
differences for apartments. It would also be irgéng to analyze the effect of the speed of sal¢hese
pricing differences.

The goal was the development of policy-supportdattirs for spatial planning. The proof-of-concepts
clarified that the indicators can explicit housimgrket dynamics in space and time at a detailelé seeel.
This will allow to evaluate in which neighborhodti® housing market is very dynamic and where dlul;

so where it would be opportune to stimulate ortlithe housing supply. Are we planning at the riglaces?
What if vibrant housing market dynamics appear dhehere we are not looking? The importance of
monitoring over longer time series is related ® plersistence of the observed dynamics. Housingrdigs
can change rather fast, where spatial plannindiésacterized by a certain level of slowness. Maimitp
indicators such as speed of sale and listing @liosvs to identify regions with a systematic higloedower
dynamic. This inspires and supports interferencethe longer run.

5.2 About distilling indicators for housing dynamics through micro-data of real estate listings

There are several reasons to untangle the spatiatiges and dynamics through micro-data of retdte
listings. First, distilling indicators for housitynamics by means of micro-data is novel for Betgi®ince
real estate data are not systematic publishedasistsial data or open data, access to these dataive
insight in the spatial patterns of the housing rearkVe were able to elaborate on detailed reatesst@a
per premise. This gave the means to analyze dasmygeographical scale, so not to be bound byshal
statistical or administrative borders. Additiondime-series since 2005 allow the analysis of dyeami
through time and through space.

Second, the real-estate data makes it possibleutty profoundly the mechanisms in the housing ntarke
dynamics and its spatial patterns in retrospegolity goals such as spatial efficiency within atainable
planning.

Third, the unique data by courtesy of a privatdrgaris a start of a collaborative planning apphoaetween
private partners, the academic world and the Flemd/ernment. All three win from this collaboration
the long run. The private partner will have broaidsights in the functioning of the real estate keaby the
developed indicators. The academic partner canfibémen new research on the topic of housing dyitsm
and elaborating indicators. The public partner gaim insights in spatial patters and dynamic tochlii can
steer upon as a function of desired spatial politgusing markets function locally, so a tailorectsgd
policy-framework is needed to intervene or monispratial development. A long lasting collaboration
between the three stakeholders on the field ofrugdanning and on housing is also new to plannmg i
Belgium.

5.3 About working with the database of private companis

The review and pre-processing of the company’s kdeta provided points of attention for future
collaborations. The exchange of data highlighteel ithportance of suitable formats and standards for
database export. The joint development of a prétocomodel for database export could increase the
efficiency of data exchange. The review and clgamiuthe data revealed a number of human errospitde
the review and clean-up by the company. In additibe metadata files with brief information on atpa

the variables provided by the company appearedficigmt for the researchers to gain a full undansiing

of the meaning of (certain) variables and theielirglations. To handle issues with unclear vargaklben
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calculating indicators and for the definition ofnisemarks, a close collaboration with the company’s
employees is needed.

If the research collaboration continues, a datd&mnge procedure should be designed. We see twiblgoss
approaches: Extract Transform and Load (ETL) andkéd Data (LD). The first approach, Extract
Transform and Load (ETL), is a database managem®tess that includes the extraction of data from
different data sources, the transformation of datastoring it in a suitable format or structureydathe
loading of the transformed data in the final dasgb&uch ETL systems are developed to integratefiaan
multiple applications or sources. In this caseauld be data from different real estate compardighese
‘parent’ databases are typically developed and aipg by different software packages, using difiere
structures and formats.

Using ETL for the data exchange between real estatepanies and the government requires the
development of a database export query for eachpaoy The initial development will need some effort

the beginning, but once operational it can be ra@ed with a minimal effort. Next, a transformation
protocol needs to be developed, e.g. which varitibla companies x, y and z refer to which variahléhe

final database of the government; transformationthef coordinates to a suitable format and coordinat
system, etc. When working with database exportigsigthe transformation of the data can be doneither

of the parties. Finally, the transformed data iadied into the database of the government. Given the
commercial identity of real estate companies, theegiment could provide the technical developmétie
database export queries and transformation praocol

The second approach concerns the Semantic Webhendise of Linked Data. In the semantic web,
computers are capable of understanding the examtinge of data (Berners-Lee 2000), by the linkinglafa

and internet applications through web servicesnigoland Verdonk). Linked Data is a method for the
publication of data in such a standardized andttrad way that the data becomes linkable. Linkaths
considered one of the promising solutions for tegdration of large volumes of data that are abhila
online in a variety of proprietary and non-propaigtformats. The Semantic Web can help to overcithvae
hindrance of a fragmented supply of data (in teah$ormats, publishers, etc.) by enabling the asialy
exploration and discovery of unexpected connectiand relations. This way, better insights in and
understanding of complex social, geographic, caltand economic processes can be gained (Ballatore,
Bertolotto et al. 2014).

5.4 About opportunities for transdisciplinary co-production in sustainable planning and housing
policy

Transdisciplinary research collaboration betweelcpoacademics and private companies is new in the

context of housing policy. This study has put atfatep towards involving private companies inrésearch

collaboration of spatial policy makers and academigitial collaborations however appeared delicate

terms of the building trust and balancing betwesmmercial, academic and policy concerns.

At this stage, collaboration was limited to the saltation level. For each party involved, suchaodliration
appeared to offer opportunities and wins whichhanally attainable alone. This was an incentiverigage
for a further exploration of future collaboratiorettveen policy and private companies. Involving
stakeholders into scientific domain as advisorgrimants and users moves research activities acellyt
and concretely into transdisciplinary co-product{Polk 2015).

There is a need for more common and collectivetegjies, not only in the planning but also in the
management of space (Tress and Tress 2003; DewnelB814; Dewaelheyns, Kerselaers et al. 2016). The
development of new policies by governments in coajgen with private companies and citizens is
considered an important way to improve the quaditygovernment plans. Involving people in decision
making allows them to learn and understand theeafigoroblems and solutions, which can result eatgr
public support for the end result (Aarts and Leeu2d10).

The role of governments in such new governanceegs®s shifts from being a strictly imposing autlyori
(e.g. instrumental perspective) towards a fadifitatauthority, creating optimal conditions for stei
projects (e.g. participation and eventually netwpgtspective) (Aarts and Lokhorst 2012). Governsent
move away from organizing and managing top-down boitiom-up processes, towards anticipation and
making use of self-organizing ability and initiags/of people (Aarts and Lokhorst 2012). Aarts aeduwis
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(2010) explicitly stress this need for a ‘netwokrgpective’ on governance, since people are aatjemts
who interact with each other and organize themselvget things done. This changes the way a goenh
interacts with society to get things done. To ble ad anticipate on the self-organizational abibifypeople,
Aarts and Lokhorst (2012) suggest that governmenist be alert and constantly gathering information
about developments in society. This requires aggtore attitude in contacting societal actors apdning
negotiations with them (Aarts and Lokhorst 20120jclk has proven fruitful in this explorative stu@uch
network model allows governments to better sittla¢enselves amidst the dynamics of power and presess
of self-organization.

5.5 About joined monitoring

To balance the internal and external complexity sphtial developments, quantitative analyses via
monitoring systems are best combined with spedifi@litative evaluations. The definition of key
performance indicators and their coupling with depment projects allows to check and demonstrate ho
planned developments contribute to an improvemeétttieolocal quality of life and to the realizatiof the
Flemish policy ambition of spatial efficiency.

Transparency of spatial policy cannot be limitedhte mere consultation of indicators. The learrigg-
doing processes and transdisciplinary researchatmmtions demand more attention for mutual
communication. This requires new instruments thiatvacitizens, companies, organizations, etc. tareh
information, accompanied by clear agreements on twowandle the shared information. The sharing of
information by publishing spatial indicators in néamats that are freely accessible at the Intefsisth as
Linked Data) increases the utility of availablecdimhation outside the own ICT-environment. This @& n
only the case for governments, but also for priampanies as indicated by our research. This allmwv
discover correlations between data of diverse ssuyraviting new insights in spatial issues of camps,
organizations and citizens.

6 CONCLUSIONS

Data on the supply and demand side of the housedgehis not always (readily) available. We expibre
possible strategies to develop two policy-suppodidators on local housing market dynamics for the
buyers’ market. These indicators were “speed &'sald “listing price”.

We focused on two methods, being the technicalcuraohtitative approach of web data extraction sysitem
and the participatory qualitative approach of reseacollaboration and co-production. The web data
extraction system proved a valuable method forarkmd new ideas and concepts for new indicatorss iBh
especially the case when data is not readily availa¥et, when moving to an operational phase, degia
extraction systems are not the best suited metbodotlect large amounts of data at high temporal
frequencies. In addition, legal issues are to Bpeaeted: all evaluated portal sites prohibitedstoeage of
the information published on their website in datds of third parties, being exactly the goal olf \data
extraction systems.

The qualitative approach of research collaborating co-production was explored via interviews vtitio
companies publishing real estate listings onlifee Tse of explorative interviews appeared a gotiy ¢m
dialogue with stakeholders. It became clear thét bompanies shared our goal and responsibilitgsé€tare

two preconditions for further collaboration, redass of the intensity of collaboration (consultancy
collaboration and self-mobilization). The interveewaiso allowed to gain preliminary insights in timusing
market which proved valuable along the process. déeelopment of new policies by governments in
cooperation with private companies and citizensoissidered an important way to improve the quality
government plans. Points of attention for the ergleaof data between a private company and research
comprise the joint development of a protocol or eiddr database export and close collaboration wieh
company in the form of a feedback panel (concelytaald technically).

Being able to explore micro data obtained throughresearch collaboration is an advantage. Fregss is
provided to an original dataset of all listings tbe whole of the country, including historical a@atf a 10
years’ range. This prevents extensive and techpicamplex searches to be carried out via web sagapf

the Internet. Second, a dialogue with the priveaetner can provide interesting and first hand intsig
regarding the functioning of the housing marketirdhdata on the level of single listings give aga of
potential opportunities to analyze spatial pattersl dynamics as from regional to local levels as to
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neighborhoods. As our case study shows, differemcgsicing and vacancy rate can be found throughou
the neighborhoods and the urban and suburban maiitigs.

The proof-of-concept indicators on ‘speed of salad ‘listing price’ could be further tested on fixe
geographical areas such as administrative divisipoigcy based boundaries (e.g. urban areas, zgians),

or (segmented) housing markets. Based upon tinesselynamics throughout history could be madealisu
in space. In the future, we intend to broaden wpitidicators to the whole of Flanders or Belgiund an
benchmark them in time. A further differentiation possible due to the different submarkets (buyers’
market, rental market, development of newly buitnles). This will enable us to benchmark the resaflts
the greater Leuven with other urban metropolitamezo

To conclude, our study proves that smart governaaoegain from smart technologies, but should os¢ |
sight of active collaborations.
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