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The only way to deal with an unfree world
is to become so absolutely free

that your very existence is an act of rebellion.

Albert Camus
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Abstract

This research poses the principal question of whether the spatial and attribute data
collected by volunteer landowners could be used in official Land Administration Systems
(LAS) by mainly exploring the potential introduction of crowdsourcing techniques into
official cadastral surveys as a simplified and transparent procedure undertaken with the
aid of citizens.

This research aims to propose an alternative model based on Volunteered Geographic
Information (VGI) that may be applied in various crowdsourced projects worldwide and
explores its viability through theoretical investigation and practical experiments carried
out by testing various methodologies and recruiting volunteers in various areas of
interest. The Hellenic Cadastre (HC) project was selected as an interesting project of great
national importance that may be used as a forerunner for this research. The research
aims to introduce a new and open crowdsourced process, simplified and faster than
previous models, where costs will be reduced and citizens will be actively involved.

This thesis presents the possibilities and perspectives of the potential use of
crowdsourcing techniques for spatial and attribute data manipulation for interim
cadastral maps and it is divided into two main stages: literature review and practical
documentation. The study focuses on the use of new technologies, web-mapping tools,
free-of-charge applications supported by smartphones, the first crowdsourced map,
(OpenStreetMap (OSM)) and follows the sociological trend to be more citizen centered in
decision making policies.

The literature review is given in chapters two to four and focuses on current trends,
academic publications and practical applications of the use of crowdsourcing worldwide.
The research defines theoretically the terms of VGI and LAS and builds on a proposed
crowdsourced model for cadastral mapping. Various domains have been explored to
approach the subject multilaterally. This research presents the era of the worldwide web
before the advent of VGI, the evolution of web maps and the development of mashup maps
as a forerunner of crowdsourcing techniques. The phenomenon of VGI is also explored in
depth as a principal definition alongside other definitions adopted by the research
community in order to analyze different aspects of the specific research field.
Neogeography, crowdsourcing and citizen science are only a few terms illustrating
different aspects of citizen involvement in data manipulation. Aspects of LAS related to
various aspects of the cadastral procedure are also explored, including current definitions
of this field.

Furthermore, the study explores various governmental examples worldwide, which have
flourished with the aid of crowdsourcing techniques and citizen participation. It also
analyzes the methodology, outcomes and perspectives around the potential of the
crowdsourcing approach. By taking into account the above governmental case studies and
the main lessons derived from them, the research sheds light on those components that
are crucial for the success of a potential crowdsourcing cadastral project. Ten case
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studies, which cover three main categories of disaster response, land management and
public administration, are explored and analyzed in this thesis.

The literature review also focuses on the process, progress, legal framework and problems
identified during recent years of the Hellenic Cadastre and ends by proposing a hybrid
alternative crowdsourced model for cadastral surveys. The proposed model constitutes the
main outcome of the literature review and is linked to the practical experiments that
follow. The main innovative techniques, stakeholders and workflow derived from the
proposed model are tested in the practical experiments.

The practical documentation consists of an investigation into citizens’ opinions through a
six-month survey and four practical experiments that were carried out in various areas of
Greece. The practical part of the study is explored in chapters five to seven. First, the
research made extended use of citizens’ feedback by undertaking a study, which looked
into their possible voluntary participation in cadastral mapping in Greece and the
targeted motivations behind it. The volunteers’ incentives for their participation in a
governmental crowdsourcing project were integrated into the survey, which was completed
by more than 250 citizens. The study recorded citizens’ feedback regarding the official
process, the necessity of the implementation of the Hellenic Cadastre and their general
knowledge on technical aspects.

The nature of each practical experiment was different so that various approaches could be
tested and elements important for further use could be isolated. The experiments covered
different areas, volunteer groups, methodologies and mapping tools. The first experiment
took place in the municipality of Kallithea, an urban area in south-east Athens. Nine
young volunteers, undergraduate students and landowners participated by using a
handheld Global Positioning System (GPS) and an iPad to trace seven blocks of buildings.
The experiment was tested in two phases: the first phase collected tracks with a handheld
GPS and proved that in urban areas this approach fails to meet official technical
requirements. The second phase used an online service provided by the mapping agency
and the volunteers digitized the boundaries of their land parcels on the orthophotos. This
indicated that cadastral mapping can easily be undertaken using web-mapping tools in
urban areas where accurate basemaps exist.

The second experiment was held in an extended area of Athens’s historic city center and
involved twenty volunteer undergraduate students who collected attribute and spatial
data and updated the online dynamic map of OSM with the data. The students were
asked to either collect GPS tracks or digitize the aerial imagery provided by the OSM and
complete the attribute tables. Generalizations and rules were posed and the process was
deemed promising for mapping in areas where accurate maps do not exist.

The third experiment took place in a rural area of Lefkada island, which has suffered long
and multiple failures of the traditional procedures used for cadastral surveys. Fifteen
volunteer landowners participated in a weekend experiment and collected geospatial data
to delineate their land parcel boundaries on a cadastral map; the spatial data were
collected using a handheld GPS and the editing of data was done afterwards at the
laboratory. The volunteers’ measurements were compared to the official measurements
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provided by the official mapping agency. The results were within 70% of the mapping
agency’s technical specifications.

The fourth experiment took place in the city of Chania on Crete, in a semi-urban area
where ten volunteer landowners participated and traced land parcels using an iPhone.
The experiment used free-of-charge mobile applications for attribute and spatial data
collection and storage and showed the great potential of low cost equipment and easy-to-
use software. The results of the experiment, when compared to the general urban plan of
the area, showed that interim cadastral maps can be created using this method and the
first phase of the official cadastral procedure can be easily simplified.

The first two case studies constitute experiments carried out in urban areas, while the
last two constitute experiments carried out in rural and semi-rural areas. The different
issues arising from these contexts necessitated different strategic plans.

The study ends by discussing the main findings of the research, presenting the general,
technical and sociological outcomes and proposing further still unknown research fields.

Generally, this research follows the trend adopted during the last decade by governmental
bodies towards open, inexpensive, quick and transparent processes involving citizens and
applying new technologies to cadastral mapping. It is being gradually observed that the
current trend for crowdsourcing will retain a fundamental role in the recent revolutionary
use of spatial data. All the above experiments illustrate a great willingness of citizens
towards participation and demonstrated new opportunities that could be adopted. They
also highlight a slight differentiation between the altruistic reasons that were indicated as
principal motivations in theory, and the oriented reasons that lead citizens to participate
in practice, due to the nature and scope of the cadastral project. In conclusion, it should
be noted that this research focused only on a small part of the VGI potential in land
administration and it revealed a great potential for the adoption of new policies and
especially VGI techniques in traditional procedures such as cadastral mapping.
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IIepidAnyn

H napovoa 6idaktopikr) datpiPn) eotialel kat diepeuva oe Pabog dUo eviedwg dragpopetikoug
Kal aoupfatoug ek mpwing oyewg opous. Tnv eBedoviikn yewypa@ikr rAnpogopia, 6nAadr)
MV XEPKI MAnpo@opia 1mou culAéystatl kat eivat eneepydon ano rnoditeg Kabwg Katl to
eupu nedio g Swaxeiplong yng mou Ppiokel epappoyn oe pa rmeada {Nupatv. Xy
napouoa £peuva pe tov opo diaxeiplon yng, tiBetat to euputepo IAaiclo evidg ToU oroiou
tortoBeteitatl n dnpuioupyia Kinpatodoyikev Bdcswv, n cUuAAoyr] yeoaypa@ikev dedopévav ya
1 dnuioupyia KinpatoAoylkav diaypappdtev Kal 1 oUviagn tou KinpatoAoyiou yevikotepa.
210 PRTapX1Ko otddlo g £peuvag tibetatl o Paokodg rmudwvag auvtrg rou Paociletal oe eva
Kdl povo epatnpa. M1mopouv ot IoAiteg va CUPHPETAOXOUV €vEPYA PE OUAAOYN XOPIKOV KaAl
nepypa@kev  dedopévav  oTlg  KINUATOypa@roelg Iou  yivovialt armod Tov  ermonpo
xXaptoypa@iko @opea, v EKXA A.E.; MropoUv yevikOtepa TEXVIKEG ITOU ITPOEPXOVTAL ATTIO TO
nmAn0og va evoopatwbouv oug erionpeg Swadbikaoieg ouviang tou Kinpatodoyiou; O
Baowotepog otdx0g NG £psuvag Paocifetal otnv anmAouoteuot) TV d1adikactdv e mapdAAnAn
peiwon tou KOOToUg KAl ToU XPOVOoU Tou artatteital yia v oAokArpwon tng dradikaociag rat
TNV €VEPYI] OUPHETIOXT] TOV MOAOV ®G {@vtava kuttapa g kKowaviag. IMap’ o1, n épeuva
€0T1adel 0to EAANVIKO rapddelypia tng KIPAToypd@nong rmou arnoteAsi éva ano ta Baokodtepa
mupata dwaxeipiong yng otov €AAadikO X®PO, €VIOUTOIG TO ITPOTEIVOHEVO HOVIEAO ITOU
MPOKUITIEL P€0a Ard TNV TEKPNPI®OoN TG napovodg £pyaciag HUIopel @G yeVIKEUPEVO va
XpnotporonOet oe epappoyeg draxeipong yng rnaykoopia. H mapouoa epsuva Paoifetal tooo
oe Bewpnukn TeKPNPioon, pe avaduon ng BiAloypagpiag kal twv MAYKOOHIOV £QPAPHOYRDV
Mou €xXouv avartuxfel pe v ouvelopopd Ing €0sAOVIIKIG Ye®YPAPIKNG TANpopopiag oo
KAl Og Uupnpata peoa aro Hia OLlpd IPAKTIKWV TEPAPAT®OV TT0U  £QAPHO0TNKAV OE
O1a(OPETIKEG TIEPIOXEG NG XWPAG, P& Ola@opetikn] @uoloyvopia, dagopetikt) pebBododoyia
aAdda mdvia pe v ouppetoxr) eBsdoviwv. H mapouoca 6idaktopikr) Siatpifr) eSetalel
Biwomointa evog POVIEAOU aVOIXTOU KAl OUVOUAel TEXVIKI] TEKUNPI®ON HE KOWRVIKEG
TTPOEKTAOEIG.

210 BempnuikO PEPOG NG €peuvag Eytve ektevnS PipAoypagikr) avagopd v dnpooleuoemv
aro v 61ebvr] aradnpaikn Kowvotnta i 10U @AIVOPEVOU NG €0€AOVUIKIG YEQYPAPIKIG
AN Po@opiag Kal TV aviotoxev {nunpdtev g dtaxeipliong yng. H épsuva eotiace otnv
EMOXI] TOU O1ad1KTUOU TPV Ard T OUPHEIOXN] IOV TOATIQV, OtV avAarntuén 1000 TRV
SUVAPIK®OV XAPTE®V 000 KAl TOV XAPTWV TT0U TIEPIKAEIoUV TTANpopopia arnd S1apopeTIKEG TINYEG
(mashup maps) avdloya pe ta evdéla@Epovia ToU «XAPToypd@ou» ITOU ToV Snpioupyel Kat
800nkav avtiotoxa mapadeitypata arod Tov €AANVIKO Kal IMTAYKOOH0 10Td. X1 OuveéXeld
IMAPOUCIACTNKE EKIEVAG TO QPAVOHEVO NG £0€AOVIIKNG YEDYPAPIKLG ITANpo@opiag KAl TV
ocuompatov daxeiplong yng, avadeixOnkav ot avtiotoxotr optopoi kat 600nke Epgaon
noAurieupa otig H1aQopeTIKEG TTUXEG TOU avukelpévou. ErutAéov, 800nke €pgaon otov
TPOI0 ouvtaing Tou €Bvikou Kinpatodoyiou, oug Hadikaoieg rmou pouvvtat, v 1poodo Tou
€PYOU Kal ta mpofAnpata rmou €Xouv avakUyel Kal Kataypagei pPéxpt orjpepda.

Emurmdéov, pedetOnkav 10 maykoopia rapadeiypata e0eAoVIKIG Ye@YPAPIKNG TTANpo@opiag
ITOU avarrtuxOnkav ta tedeutaia Xpovia £ite wg epyaleia avipeT®ong KAtaotpoPmV, eiTe g
epyaleia mpoAnyng, eite ®Gg epyaleia X®PKOU oxedlaopou Kat diaxeiplong yng pe epgaon
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ot XEPWKN toug dwdotaon, to avbpormvo duvapiko, ta pPEoa, 1o AOYIOPIKO KAl TNV
TEXVOYVROia Iou Xpnotporo)Onke. ITo avadutika, pedetr)Onkav n Xaptoypdenon g Aitrg
HETA TOV KATAOTPO@PIKO ogopo tou 2010, n xaptoypa@non ya tyv OpoAnyn oV QUOK®OV
rataotpo@av otnv Ivéovnoia kaBag ratl n e§e1dikeuon autoy Tou £€pyou 1€ v MPostopacia
ylia mAnppupika cupfavia oy Tlardapta, n xaptoypd@norn ToU vVeooUOoTatou KPATtoug Tou
Notiou ZXoubdv, 1n Xxaptoypd@non 1Ing HPeyaAliepng IrapaykourioAng otnv Kévua, 1
XapToypa@non UMnpeowwv ya toug Onpoteg oty Nota A@pikn, 1 Xaptoypa@non
avOpwrmvev Kataokeuwv oe 50 molAtteieg g Apepikng ya ) dnpioupyia eBvikou xaptn, 1
Xaptoypaenon pe Xpnon dopu@oplk®v £KOVOV ot Zopaldia, n éviaon dnpoolotntag twv
Opdoewv dnuooiev Popimv, SNPIEV KAl TOTIIKWV dUTOO101KT|oe®V NEowm twitter otnv Itadia kat
1¢dog 1 xaptoypdenorn napaykoorutev oty Ivdia. Bdoetl tng avaAuong 1ov OUuyReEKPIPEVOV
napadeypdiov, ermAeéxOnrav ekeiva ta otoxeia mou Be@pouvidl erMTUXNPEVA KAl Xprjotpa
yla v avartuén tou Ufp1d1kou poviédou cUAAOYHS XOPKKOV dedopévev arnd roAiteg Kat
enefepyaoiag amno 1ov emMonpo Xaproypa@iko (opea Iou IpoteiveTal péoa aro Inv rnapouvoa
61daktopikn) dratp1Pn.

TéAdog, yia v oAorAnpwon g Bewpnuikig 1pootyyilong, diepsuvhOnkav ta Kivnpa tev
MOATIWV O H1a 6Unvn £€peuva Pe avavupd £pRTNHIATOAOY1Ia o TAATPOpHa Ing google orou
ouppeteixav 250 moditeg. H épeuva xwpiotnke oe tpla emineda yevikov, edKoOV Kal
MPOORITKAOV EPWTNOE@®V OTOU O1leEPEUVIONKAV 01 YVOOEIG TOUG O TEXVIKO eriinedo evw 1
EVOTNTA TOV E01KWV EPWTNOERV XWPiletal oe tpia erineda: oto MPAOTO EITNESO KATAYPAPNKE 1)
TAON Y T XPLo1n TV S1a81KTtuaKkeVv Xaptav, oe deutepo ertinedo n €0eAoVIIKL) YEQYPAPIKD
nmAnpo@opia, 1 YVOUI IOV IMOAT®OV yld To €OVIKO KINPAToAoylo KAl TéAog pia oelpd
IMPOOPITIKMOV £PATICEWV. LINV £peUva ouppeteixav ouvoAlkda 145 yuvaikeg kat 105 avdpeg,
€K 1OV oroiwv 1o 16% eivar Mnxavikoi. Ev cuviopia, n épeuva anédeife ot to 94%
xpnoworotetl diadiktuakoug dradpaotikoug xapteg, 1o 51% Ba ocuppeteixe oe eBedoviiKe)
KInpatoypdenor), eva to 78% Oswpel g 1 Urapsn evog adlormotou ouotrpatog draxeiplong
yng mpootatevel v 1d10Knoia oe €va miaiolo dikaotepng PopoAoynong kat urootr)pdng
NG Ayopdag AKIVI|IOV KAl TG YEVIKOTEPTG AVATTTULTG.

210 TIPAKTIKO PEPOG NG €peuvag, 4 mepdpata oxedldotnkav Kal £@apPOOINKAV OTov
eAAad1kd xwpo, oe dlapopetikeég reploxeg, pe drapopetreg PeBodoloyieg kat dragpopetika
epyadeia @G eVAAAAKTIKREG TIPOTAOEIG KINPATOYPAPNONG HE TNV OUPHETOXT] TV MoAttwv. Ta
nepapata Xopifoviatr oe dvo Paoikég kawnyopieg. Ta O6U0 melpdpata XPNOTLOMOIOVIAG
dragpopetikég pebBodoloyieg, edafav xwpa oe aotikeg reploxég tou Nopou Atukng. To pev
npwto neipapa €daPfe xwpa oto d6rpo KaddiBéag, pe OUPPETOXI] @QOINTOV NG LXOANS
Aypovopwv kat Tormoypdeev Mnxavikov EMIT (2.A.T.M. E.M.I1.) kat veap®v KATOIK®V NG
MEPIOXNG. XUVOAKA 9 €Bglovieg ouppeteixav, 7 peydda owodopikd terpdywva
xaptoypaprnOnkav oe eva meipapa mou diujpknoe pa pepa. ApXIKA Xprotporno|fnke &va
GPS xepodg, enedr] opwg katd v enedepyaocia 1ov Xopkov dsdopévav n akpifsia nrav
Xapndr), 1o neipapa enavadneOnke pe ) Xprjon evog tablet kat twv online epyaAeinv
Xaptoypa@nong Iou Mapeéxel o erionpog xaptoypa@ikog q@opeg (EKXA A.E.). To beutepo
eipapa o€ AOTIKY) MEPLOXT], EKTEAEOTNKE e ) ouppetoxr) 20 gountov g 2.A.T.M E.M.II.
Kat 1 xprnon tou OpenStreetMap mou arotedei tov TPeTo Sadiktuakd XAptn He
nAnpo@opia IouU IIPoEPXeTal artd e0eAovieg. LUVOAIKA, I TEPLOXT] OTO OUTIKO TUNPA g
AxporoAng, otnv 10topikr) ouvolkia g [TAdkag xwpilotnke oe SUO UIMOIEPIOXEG OITOU
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xaptoypapndnkav 95 owodopkd TEIpAy®vVA HE TEPYPAPIKL] KAl X®PIKI) TANpo@opia
Xpnopornolnviag ta epyaleia tou OpenStreetMap.

Ta &vo enopeva napadeiypata epappootnkayv, o PeV IPWI0 08 AYPOTIKI] MEPIOXT] KAl TO HEV
deltepo oe nNpuir-aypotikr). To pev mpwto nieipapa eAafe xwpa oto Xwpld Tooukadadeg ng
Agukdabag, oe pla meploxr) 1 oroia €ivat UMO Kinpatoypdenon ta tedevutaia 12 xpovia
eCattiag aAAenmdAANA®V aoToX1®V IOV €X0UV 00NYr)0el 08 PIMAOKAPIoRA TV petaBifaoenv kat
¢ adlonoinong g rneploxng. 1o rneipapa cuppeteixav 15 e0edoviég — KATOKOL TOU X®P10U
orou pe 1t PornBela evog GPS xepog unedei§av kat ouvede§av xepkd dedopéva ya ta opla
19 18loknowwv toug. To meipapa diujprnoe €éva caBPatoKUplako ®g IMPog Tr) CUAAOYH] eV
XOPIKOV dedopevav eva 1) eneepyaoia eywve oto gpyaotr)plo. To deutepo nieipapa dafe xwpa
otV neploxn g dnuotikng evotntag EAsuBepiou Bevidédou tou Anpou Xaviewv Kprjng, orou
ouAAexOnkav debopeva pe ) xprjon evog smartphone kat Xprjon eAeuBepav e@appoyav ya
) pérpnon arootdoenv, epfadov kat efaywyr) ouvietaypeveov oe WGS 84. Lo meipapa
ouppeteixav ouvoAika 10 eBedovieg katr ouvede§av xwpkda dedopéva yia 15 yewtepaxia oe
XPOVIKT| 81dprela 3 nReEP®V.

H ¢peuva ocuykevipavel ta euprpata oe Be@pnuiko KAl MPAKTIKO ertinedo, rmapouotdlel eva
véo @U06050 Poviedo, MmO avolxXtd OtV Kowwvia Kal toug TroAiteg, oto mAaiolo 1ng
OUPHETOXIKIG dnpokpatiag, T®V VEXV TEXVOAOYIWV Kdl TOV IIPOOITIK®V Iou diavoiyovial pe
EMIKEVIPO TOUG 1010KTITEG OT1] CUAAOYI) TRV XOPIKOV KAl TEPTYPAPIKOV OedOPEVRV €101 OOTE
T0 KOOTOG TG OoUVIagng twv €BvikoU KtnpatoAoyiou va pewwdei aiobnid kat o Xpovog
OAOKATIP®OONG TOU £€pyou ®G HOxXAOG avartuéng va elaxiotortoinBei eriong. H €pesuva
npoteivel media ya mepattépe avartuln HPe T XPron g e0sAOVIIKIG YVERYPAPIKNS
nAnpo@opiag oe {ninuata diaxeiplong yng 10oo oe eBVIKO 000 KAl O€ TIAYKOOH10 £rirnedo Kat
artoteAel pia evaAAakTIKY) rpoOtaoct), 1 oroia €xel pedetnOel 1600 BepPNTIKA 600 KAl IIPAKTIKA
WOTE va arodervuetal ©g Prwoan.
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1.INTRODUCTION

1.1. Introduction

This dissertation thesis consists of eight chapters and the main study is presented in
chapters two to eight. The first chapter summarizes the research objectives, motivations,
methodology and the outline of the study, which are considered in five sub-chapters. The
following pages first illustrate the scope and aims, hypothesis and adopted methodology of
the research. Moreover, the main innovations of the research are given in separate
keynotes. The introductory chapter ends by giving the outline of the study as it is
structured in the following chapters.

Objectives of the research.

Motivations of the research.

Innovations of the research.

Methodological framework of the research.

V|IV|V|IV]V

Outline of the structure of the thesis.

Table 1-1: Predominant components of the first chapter

1.2. Objectives of the research

The study investigates two different academic fields; Volunteered Geographic Information
(VGI) and Land Administration Systems (LAS) and explores the potential of integrating the
techniques of crowdsourcing into official cadastral mapping. The scope of the study is to
propose a well-defined model that could be simplified in a general form and could be
applied in various Land Administration case studies worldwide as a forerunner to wider
applications. The research starts by posing the fundamental questions to be explored: Is it
possible for the techniques of crowdsourcing to be introduced into official cadastral
surveys and in LAS more widely? Are citizens able to actively take part in decision making
policies? How can the process of cadastral mapping be enhanced, simplified and open to
volunteers, and also flexible enough in terms of software usage and data manipulation?
What are the effects of such a cadastral mapping project and what are its expected
benefits? The interest of the research community over the developing phenomenon of
crowdsourcing is growing. Not just the variety of definitions that have been developed
within the last nine years, but also the variety of projects worldwide that adopt
crowdsourcing techniques, reveal how this new practice has infiltrated governmental
projects, voluntary actions and emergency circumstances.

The study demonstrates the critical theoretical and practical components of
crowdsourcing, which lead to an alternative proposal joining the two fields, VGI and LAS,
and presents its conclusions in chapter eight. The research primarily focuses on the
sociological and technical aspects that derive from combining techniques of
crowdsourcing in cadastral mapping and is not restrained by issues of legislation and
privacy. Experience has indicated that the legal framework can be easily modified when
required reforms are blocked due to the legal restrictions. It should be noted that
concerns over privacy and personal data could be encountered at national or international
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levels by the institutions involved in crowdsourcing. Initially, this research aims to deal
with the unknown, hence attractive, world of VGI in general, to investigate it technically
and sociologically and to propose a general model that could be applied worldwide.

This research is divided into two parts: a) the literature review of the VGI phenomenon
and its various applications worldwide, the identification of volunteers’ motivations and
the possibility of VGI integration in Greek mapping practice and, b) the practical
documentation including experiments, data analysis and quality control of the results.

As part of the literature review, in chapters two to five, a thorough examination of the
development of crowdsourcing, VGI and LAS is presented. A review emphasizing the
developments in web mapping, the definitions and the various terms that have emerged in
recent years in crowdsourcing and the field of land administration is given in chapter two.
Chapter three investigates successful worldwide case studies using crowdsourcing in map
updating and chapter four initiates a proposed model for cadastral surveys according to
the main lessons that have been derived from the previous case studies. The proposed
model is based on the successful use of human resources, and it firmly supports the
participation of volunteers in spatial and attribute cadastral data collection. In each area,
team leaders train and support landowners and other citizens in technical matters. All
participants act voluntarily. The proposed model encourages the participation of young
volunteers such as undergraduate students of technical schools, as well as other,
similarly motivated local people.

In terms of technical documentation, chapter five further investigates a six-month
research project in the form of a questionnaire given to 250 volunteers and which
documented citizens’ feedback about the official mapping procedure and their motivations
for becoming involved in a potential participatory cadastral mapping exercise. This survey
also illustrated the sociological aspects of the research. The result was a clarification of
the general incentives and the targeted motivations for voluntary participation in
governmental projects, which enhanced the background theory of the proposed model.
Chapters six and seven explore various approaches in data collection and management by
taking into account the nature of the area of interest and the targeted needs. Some of the
approaches tested include collecting GPS tracks, digitizing orthophotos provided by the
official mapping agency and using OpenStreetMap (OSM) in the creation of interim
cadastral maps to identify the boundaries of land parcels in countries where no accurate
basemaps are available. Given the required differences in their management, urban and
rural areas were approached differently. Urban areas were handled by using web-mapping
tools, online dynamic maps and the voluntary contributions of citizens from a distance.
Rural areas required more field work due to two main factors: the difficulty of identifying
the boundaries on orthophotos and restrictions in accuracy, which, however, were dealt
with by using land measurements. In practice, volunteers (landowners and undergraduate
students of the School of Rural and Surveying Engineering) were recruited to participate
in practical experiments and to collect attribute and spatial data about their private
properties, while adopting different methodologies and tools. The volunteers stored private
attribute data using mobile applications and they also evaluated the entire process of
every experiment. Given that the official process, according to Greek legislation, is based
on a core scientific number of stages where surveyors, lawyers and IT technicians are the

Page 38 | Doctoral Dissertation - Sofia S. Basiouka



ones to collect, edit, store and handle data, the proposed idea has proven somewhat
innovative. To date, citizens are excluded at all stages, except from the declaration of their
private property at the beginning of the process. The cadastral mapping experiments were
designed and applied for the first time worldwide; hence the results were unknown. The
experiments were concluded after an evaluation of the outcomes by the research team at
the laboratory afterwards.

As part of the experimental research to combine VGI and cadastral surveys, the Hellenic
Cadastre project (HC) was selected as a challenging LAS case study. The HC project
started in 1995 and has attracted worldwide attention, as well as Greek government and
European Union interest, for different and sometimes controversial reasons, namely
taxation, development and protection of private properties. In this context, the HC project
was selected because of its national impact and its global reputation: a complex project
with many rights and holders to be recorded, it is designed for a developed property
market, which suffers great delays and financial waste. The context and experience gained
offers the opportunity to focus on this project as a forerunner for others. In sociological
terms, it is also remarkable that the HC project has been implemented while Greece has
been suffering from a financial recession, which has affected social solidarity and trust in
the government and its policies over the last six years.

The aim of this study is summarized as follows:
» Simplification and transparency of official procedures.

» Reduction of compilation time for cadastral surveys, in comparison to official
procedures.

» Reduction of costs.

» Involvement of citizens as active cells of the society in an effort to reduce errors and
increase accuracy.

Due to the nature of the project and this research into it, which covers a variety of aspects
including technical, economic and sociological, the findings could be easily simplified and
adopted by other governmental crowdsourcing projects worldwide.

Although the principal question posed at the beginning of the research summarizes the
interest in introducing crowdsourcing techniques into cadastral surveys, the main
objectives also include efforts to:

» Launch a new alternative crowdsourced model for cadastral surveys worldwide
which may also be applied in Greek cadastral surveys. The model is supported by
volunteers and uses new technical innovations and methodologies that take
advantage of the possibilities and existing understandings of governmental
crowdsourcing projects. The study aspires to take advantage of citizen participation
for the implementation of the project. The study tests the possibility of introducing
crowdsourcing techniques into official cadastral surveys.
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» Identify the successful lessons derived from other crowdsourced mapping projects
that have taken place worldwide during the recent years. Extensive research
investigated various crowdsourced mapping examples worldwide and isolated their
main lessons.

» Estimate the motivations and incentives behind a potential governmental project
such as cadastral surveys. Through the design and distribution of an anonymous
survey, the research records and evaluates technical and sociological issues in
depth, theoretically and practically.

» Test experiments in terms of the accuracy of the outcomes and investigate various
approaches and crowdsourcing techniques based on the requirements of each area
of interest. Four different applications constitute the core part of the practical
research of this study. Although, they present great differences, they all have a
common basis in that they all adopt crowdsourcing techniques. The main objective
here is to prove that firmly defined professional procedures are not the only
efficient ones.

» Present interesting outcomes, analyze its findings, make recommendations for
further research and put forward specific proposals to the academic society.

The hypothesis of the research is positively oriented towards the implementation of the
above targets and it is divided into two main stages. The first investigates whether VGI
techniques can be incorporated into official cadastral procedures more specifically. The
second is focused on the design and presentation of a general crowdsourced model for
cadastral surveys, which can be used in various administrative applications worldwide.

1.3. Motivations of the research

Various ideas and motivations led to the decision to undertake technical research
combined with a sociological perspective in order to innovative techniques and ambiguous
methodologies:

» The HC project started in 1995 and although it is considered as of principal
importance by the state and citizens, it is still incomplete. It is vital to design a
flexible and open model with citizens’ participation to speed up the process.

» The research is carried out within a period during which Greek society has been
significantly affected by the financial recession and has lost its trust in the state
and government. The specific study hopes to offer an alternative solution to an
existing land administration problem in Greece and give a boost to the property
market and economic development. Its main purpose is not only to offer its
services to the government and support good decision making, fair taxation and
economic development but also to support citizens and release their properties and
the capital invested in them as a vital part of overcoming the economic crisis. The
main objectives that have motivated the initiation of this research are focused on
the removal of citizens from the margins of decision making policies that affect
their lives. The research also aims to begin an international trend and present its
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outcomes as services to societies, citizens and governments to speed up the
establishment of more general LAS worldwide.

» A strong motivation has also been derived from the nature of the research, which
combines various aspects that affect not only the technical and professional
community but also has a wider implementation and interest in sociological
perspectives. Targeted research with only a technical focus may remain limited in
applicability for various reasons. A wider study open to the public and evaluated
by governments, official mapping agencies, local authorities and citizens may offer
various benefits with short- and long-term applications that are still unexplored by
researchers. The challenge of this study is, among others, to combine different
academic fields and propose a model that will affect all citizens directly.

» Finally, the study aims to face the challenge of solving the specific problem, to
propose an alternative, viable model for cadastral surveys and the adjudication of
landowners, and open a brand new and still unexplored field of research about the
implementation of cadastral surveys in a humanitarian framework with technical
documentation.

1.4. Innovations of the research

The main innovations that the specific research presents cover an extensive field of
technical, theoretical, practical and sociological aspects and are listed below:

» Although crowdsourcing has been used for mapping purposes, in this study
crowdsourcing techniques are linked to cadastral procedures for the first time.
Within a well-defined model of volunteers, citizens, technicians, surveyors and
experts, a new and more flexible open procedure is proposed.

» The innovative approach is focused on introducing crowdsourcing and the
involvement of volunteers to cadastral surveys, in order to eliminate the gross
errors of the formal procedure as local volunteers know the area better and may
help in the adjudication process.

» The research synthesizes various keynotes from international crowdsourced
mapping projects with formal procedures, and designs an alternative
crowdsourced model for cadastral surveys according to the main lessons learnt. A
flexible and general crowdsourced model for cadastral surveys that can be applied
in land administration projects is designed and tested for its functionality and is
enhanced according to the practical findings.

» The study includes innovative research into the specific motivations of local
volunteers to participate in a cadastral mapping project for the benefit of the
national economy and the prosperity of all.
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1.5. Methodological framework of the research

The research is divided into three main stages: proposal, doing and analyzing, writing and
presenting [Figure 1.1] and follows the pattern introduced by ACS (2008) in its
presentation “Doing research”. The first stage is focused on the definition of the problem,
the initiation of its main targets and scope, and the plan of the next stage, which includes
the practical part of the research investigation.

The second stage is constituted of the analysis of the research and includes the execution
and control of the four practical experiments that were carried out. Within this stage, the
quantitative controls are also included. The last stage is focused on writing and
presenting the whole work of this study and it closes the specific research cycle.

The Research Project Process

Research-specific project process
| | |

Proposal Doing and analyzing

Time =i

Definition Initiation Planning Execution Control Closure

Classic Project management

Figure 1-1: The research project process (source: ACS, 2008)

In a more general framework, according to Kothari (2004) the specific research is:

a) Descriptive and includes surveys and findings based on practical experiments. The
main characteristic of this kind of research is that the researcher has no control of
the variables and applies comparative and correlational methods to discover
causes. Another term given for this kind of research is ex-post facto research.

b) Applied as it aims at finding a solution for an existing problem that society faces
and takes advantage of action instead of pure theoretical research. Applied
research is targeted in social, economic or political contexts that affect a large part
of the population and where the need for a solution is pressing.

c) Empirical, although this has come accidentally through an abstract idea and
primarily presents characteristics of the conceptual research. It is “data-based
research, coming up with conclusions which are capable of being verified by
observation or experiment”.

According to the same perspective, the specific research approach is both experimental
and simulative. It is an experimental approach as it adopted practical experiments to
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observe their effect on other variables and recruited volunteers to investigate the principal
idea. It is also a simulation approach as it involved the construction of an artificial
environment within which relevant information and data can be generated.

The practical part of the research, which is constituted by the four case studies, follows
the philosophy of replication as first noted by Yin (1993). The practical experiments
investigate the simulation of real circumstances in cadastral surveys and not a simplistic
logic. For each separate occasion two different experiments were carried out following
Yin’s observation, which supports the implementation of several case studies to amplify
confidence in the overall results. The main idea behind the investigation of the case
studies is not new. As Yin (1989) also noted a few years earlier, “it is an empirical inquiry
that investigates a contemporary phenomenon within its real life context using multiple
sources of evidence”. Anderson (1993) sheds light on another aspect by underlining that
case studies help to clarify how and why things happen, allowing the investigation of
contextual realities and the differences between what was planned and what actually
occurred. Thorough research across the specific field has been carried out by Baharein
Mohd Noor (2008) who underlined that “Case studies become particularly useful where
one needs to understand some particular problem or situation in great depth, and where
one can identify cases rich in information” and their three main advantages are that: they
enable the researcher to gain an holistic view of a certain phenomenon; they can be useful
in capturing the emergent and immanent properties of life in organizations; and they can
also allow generalizations. The benefits of the specific approach are obvious. The case
studies can shed light to an innovative field that is greatly unexplored with unknown
potential and also offers the required generalizations in the experiments such that they
can be adopted on future occasions.

1.6. Outline of the structure of the study

The study consists of eight chapters based on the theoretical approach and the technical
experiments, which have been investigated in two areas: rural and urban. The first four
chapters are focused on the theoretical components of the study and the last four on the
practical experiments and their outcomes, as well as the conclusions and further
proposals.

The first chapter is the introduction, which gives the structure of the study and its main
chapters. This chapter identifies the scope and the aims of the research, its objectives and
its hypothesis. It also highlights the motivations and illustrates its main innovative points.
The chapter concludes by presenting the methodological framework that was adopted for
the research.

The second chapter presents the literature review of the research from the identification
of Geographic Information Systems in 1992 until the emergence of the term “Volunteered
Geographic Information” in 2007, its parameters, strengths and concerns in accordance
with the frame of its development. All different terms that have been given to the
phenomenon of non-expert participation in spatial data manipulation are introduced. The
principal different terms of VGI, crowdsourcing and citizen science, and all other
secondary terms which shed light to different aspects of the phenomenon behind the
same philosophy are mentioned. Basic aspects of LAS and its principal components are
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given. The review starts from the era before the advent of VGI, dynamic and mashup maps
and their wide application on the Web and continues with the new era by displaying the
merging of two different academic fields: crowdsourcing and LAS. The chapter concludes
by presenting the main highlights of the previous research that has been carried out
about VGI accuracy.

The third chapter is focused on the crowdsourcing methodology as applied to successful
examples worldwide. Within the frame of this research, various case studies that
flourished with the aid of volunteers and crowdsourcing techniques are explored in their
technical and sociological aspects. The case studies constitute a wide range of
applications, which were launched due to different incentives in various areas of mapping
interest. Ten case studies are presented in total and are analyzed in depth as a guide for
future crowdsourcing projects. Those ingredients that are evaluated as important for the
success of other potential mapping projects are isolated and recorded.

The fourth chapter starts by presenting the current situation of the HC project, its
progress and the main deficiencies that it faces. The research focuses on its official
process and implementation time required, its legal framework and the gross errors that
have been recorded in areas that are under cadastral survey. As a consequence of the
official process, the potential crowdsourced model for cadastral surveys was designed and
proposed for implementation as an alternative methodology for official cadastral
procedures. The workflow, stakeholders of the experiment, adopted successful lessons
and coordination of the proposed model with the Infrastructure for Spatial Information in
Europe (INSPIRE) directive are the main examined aspects here.

The fifth chapter explores volunteers’ motivations in a six-month survey where more
than 250 citizens completed an anonymous questionnaire about the potential of their
voluntary participation in cadastral mapping. The survey was divided into three main
categories collecting general, technical and targeted information. The sample of potential
volunteers was divided into two main categories: those who are willing to participate and
those who are not. Generally, the results were positive in terms of citizens’ willingness to
participate. Greece is in a difficult economic situation, which primarily has social effects,
and therefore the fundamental motivations are focused on the general improvement of
cadastral procedures by speeding them up. Participants recognized the need for a
nationwide LAS as a tool to facilitate the property market and enhance economic growth.

The practical part of the research, explored in the sixth and seventh chapters, is
constituted by four individual experiments, which present slight differentiations in
adopted methodology, equipment and participants. The main goal of all the experiments is
focused on the potential to incorporate crowdsourcing techniques into official cadastral
procedures. The four experiments are divided into two main categories: the first two
experiments were carried out in urban areas and the other two were carried out in rural
or semi-rural areas. This decision was based on the different accuracy requirements that
each area needs. In three of the experiments, landowners participated voluntarily after
having been trained by a team leader. In one experiment, undergraduate students were
recruited for participation in the research. In the former three case studies, the data
editing was done in the laboratory by the research team. In the latter experiment, the
whole process was successfully implemented by the students. Different equipment was
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used for the data collection: handheld GPS, online tools that are provided by the official
mapping agency, free-of-charge Apps in smartphones and online crowdsourced maps
such as OSM. The core part of the research remained the same. Volunteers collected
spatial cadastral data after having been trained by experts for the creation of interim
cadastral maps.

The sixth chapter is focused on the practical applications carried out in urban areas.
The first experiment took place at the municipality of Kallithea, an urban area close to the
center of Athens. The owners have made declarations of ownership but the process has
not passed to the second phase. Nine volunteers participated and seven land parcels were
traced using one handheld GPS and one iPad. The results using the handheld GPS were
moderate compared to the technical specifications required by the official mapping
agency. Due to signal obstacles, the accuracy was not satisfactory so the experiment was
concluded with online digitization of the land parcels on the online application provided
by the official mapping agency. The second experiment was carried out in the center of
Athens and it aimed to explore the potential of using the first crowdsourced map, named
OpenStreetMap (OSM), for cadastral procedures in urban areas as an alternative
proposition. The research team carried out a practical experiment with the aid of twenty
undergraduate students of the School of Rural and Surveying Engineering who were
asked to collect attribute and cadastral spatial data in an extended part of the historic
center of Athens and update the OSM, an online dynamic map, with attribute and
cadastral data. The experiment was focused on the OSM methodology, which constitutes a
significant part of the VGI philosophy.

The seventh chapter is focused on the two practical experiments that took place in rural
and semi-rural areas of interest, on two Greek islands. The first practical experiment took
place on the island of Lefkada, at the rural village Tsoukalades, which has suffered long
and multiple failures of the traditional procedures used for cadastral surveys. The last
experiment took place at the city of Chania on Crete, in a semi-rural area where the
cadastral process has been concluded but the city plans have been under implementation
for the last 30 years. Ten volunteers participated and fifteen land parcels were traced by
using an iPhone for spatial data collection and attribute data storage. Free mobile
applications were used during the last experiment. The volunteers not only collected
spatial data of the boundaries of their land parcels but they also captured photos and
geotagged their location, stored personal data and showed great familiarity with
smartphones and mobile applications despite their level of education. The research in all
experiments indicated that citizens are not only capable of participating in cadastral
mapping but also that their involvement is crucial for the project’s success.

The last chapter summarizes the findings, highlights and conclusions, and provides
further proposals derived from the five-year study carried out within the terms of this
research. The chapter is divided into three main parts: the first part is focused on the
discussion of the research, the second adopts the successful lessons learnt and the last
gives an overview of the future fields of this research and investigation.

The outline of the research is given in Figure 1.2.
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Introduction

Literature Review

Crowdsourced Examples of Good Practice

The Proposed Crowdsourcing Model For Cadastral
Surveys

An Investigation Over Citizens’ Motivations

Testing Crowdsourcing Techniques In Urban Areas

Testing Crowdsourcing Techniques In Rural Areas

Results, Discussions & Further Proposals

Figure 1-2: The structure of the research
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2.LITERATURE REVIEW

2.1. Introduction

The World Wide Web (WWW) has led to an increase in the electronic distribution of maps
and two main factors have led to a revolution in Geographic Information Science (GIS) and
spatial data. The first factor is based on web mapping and online dynamic maps, which
users navigate in a modern way when they seek geospatial information, as Cartwright
(2003) revealed. The second factor is based on participation in the data collection and
map editing which has given citizens an active role. It is obvious that the participation of
volunteers in mapping constitutes the physical evolution of dynamic maps.

On the one hand, new terms such as Neogeography (Turner 2006, Sui 2007), ubiquitous
cartography (Gartner et al, 2007) and web mapping (Plewe 2007) have been introduced so
that the phenomenon can be identified and GIS has come to be characterized as
volunteered (Goodchild, 2007). The phenomenon has been enhanced with new terms such
as citizen science, which proves how dynamic it is.

On the other hand, land management and proper LAS constitute a set of processes where
spatial information has a fundamental role. Land Administration is defined as the process
of determining, recording and disseminating information about the tenure, value and use
of land when implementing land management policies (UNECE, 1996). The transition from
land information to land resources, which defines land management, can only be
successful if spatial data is held properly. As UN (2005) mentions, an increased demand
for electronic access to land-related data has led to greater empower of citizens. It is only
recently that Potsiou (2015) underlined the great impact that surveyors can have in this
new era, and its challenges. Potsiou (2015) also admits that surveyors should be prepared
to deal with data editing, to cope with the large amount of information that is collected in
a relatively short time with the participation of many volunteers, and they should also
maintain in-depth technical research, better education and cooperation with other
experts.

The main target that is posed within this research is to demonstrate theoretically and
practically that crowdsourcing techniques can be incorporated within the official
procedures in a LAS that could be applied with minor differentiations worldwide.

The second chapter investigates international publications, introduces the basic terms of
the crowdsourcing phenomenon and explores the field of LAS in an effort to combine these
two different academic fields under the Hellenic Cadastre project design and its
implementation. The research first explores the web era before the VGI evolution, dynamic
maps, mashup maps and a few successful Greek examples; and the different terms that
have been coined by the research community so that crowdsourced mapping can be
analyzed and described. It also investigates the need for a proper LAS and its strong
correlation to the HC as a basic tool for land development.

The table 2.1 indicates the main components of the second chapter.
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» The chapter investigates the state of the field as a first step of the research.
The study first aims to identify the era before the advent of VGI, how maps
have evolved with the evolution of dynamic and mashup maps and what the
spatial revolution really includes. As Greece is chosen to be the area of
application and testing of the proposed model for cadastral surveys, the
context in Greece is also highlighted and representative examples of local
and national maps are given.

» Voluntary participation in mapping is also explored, including VGI,
crowdsourcing techniques, extreme citizen science and various other similar
terms.

» The first crowdsourced map, OSM, and its application in Greece, is
investigated separately as a principal part of the crowdsourcing philosophy.

» The study also analyzes the other academic field under consideration, LAS,
including spatial data infrastructures and the Cadastre.

» Previous research carried out by the research community on the accuracy of
crowdsourced mapping data is explored in depth.

» The chapter ends by asking the fundamental question of whether
crowdsourcing techniques can be incorporated within land administrative
applications and sheds light on the accuracy of VGI.

Table 2-1: Predominant components of the second chapter

2.2. The web era before the advent of VGI

Three main terms are combined in the exploration of web-era mapping before the advent
of VGI: the World Wide Web (WWW), online mapping and GIS.

GIS is designed for storing, managing, analyzing and presenting spatial information. As
reported by Longley et al. (2005) “almost everything that happens, happens somewhere.
Knowing where something happens is critically important” and “with a single collection of
tools, GIS is able to turn from a curiosity-driven science to a practical problem-solving”.
Goodchild (1992) first introduced the term Geographic Information Science for issues
raised around the technology that collects and manages spatial data in a technological
manner. The WWW has led to a revolution in spatial data representation, cartography and
mapping and has offered an increase in the electronic distribution of maps.

According to Peterson (1997), the Internet is not only becoming the major way of map
distribution but this revolution also has great impact on GIS and the methods that have
been adopted in digital mapping. Doyle et al. (1998) supports the same observation by
noting that the advent of computers facilitates the advance of GIS, multimedia and virtual
reality. He also underlines the effect of electronic power on the introduction of GIS in daily
life. According to Pulter (2009), the transition from static to dynamic GIS maps is
essential especially when it is taken into account that real world geographic objects are
changing through time. It was however Peterson (1997) who first recognized the success of
dynamic maps where users’ actions are responded to in real time by a map server. The
first dynamic map was Xerox Parc Map Viewer, built from static maps. From 1996,
conventional GIS packages started to launch their own platforms and applications
(Haklay, 2008). The use of online maps was restricted for many years to basic tools and
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applications designed by companies to include technical knowledge and which were
addressed to a very specific user community.

The general fact that “accessing maps via the web has become perhaps the first step for
the general public when they seek geospatial information” (Cartwright, 2003) has been
enhanced during recent years due to the active participation of non-experts not only in
data use but also in data manipulation. Perkins & Dodge (2008) describe the main
reasons for the exploitation of geospatial information. Not only affordable computer power
but also the mass markets for GPS and broadband Internet have led in this direction.
Keogh & Fraser (2006) also present free satellite imagery as one of the most important
tools in map data displays. The research community is also moving in this direction and
adds new definitions to the correlation of spatial analysis and the web. The term
“geospatial web” was first introduced by Scharl (2007). He refers to geospatial interfaces
as “simple yet powerful navigational aids that facilitate the real-time access and
manipulation of geospatially and semantically referenced information.” A similar term,
“geoweb” appears in the literature in Hub et al. (2008), however Elwood (2010), uses the
term geoweb as an abbreviation for the geospatial web.

As a consequence, a new era has developed on the web, which has caused a great
evolution in digital mapping. Between static and dynamic maps, which constitute different
forms of mapping, the most successful are interactive maps where a map server responds
to users’ actions in real time, as Peterson (1997) admits. The involvement of amateurs in
data manipulation, which makes the role of users and creators indistinguishable, has
offered a new perspective on the distribution of dynamic maps.

2.2.1. Mashup maps

The new era in spatial data dissemination has without doubt arisen following the
introduction of dynamic maps on web. Mashup maps are a special category of dynamic
maps. The term “mashup” was first introduced in music where bits of different songs were
combined to make a new song (Hastings, 2007). Wong (2008) states that the definition of
mashup is somewhat dynamic and mashup maps are an entire category of mashups. In
fact mashup maps constitute a category of dynamic maps, which provide special interest
because they can aggregate spatial information from different sources. However, Wong
disagrees by characterizing mashups as challenging and inspiring applications reflecting
users’ interests and how these can be combined in innovative ways. Kulathuramaiyer
(2007) divides mashups into categories; mapping mashups, timeline mashups, photo-
organization mashups, meta-search mashups, custom interface mashups, and content
structuring mashups. The separation is not absolute and there are many applications
that overlay two or more subcategories.

The Programmeableweb (Programmeableweb, 2010) [Figure 2.1.] website groups all
mashup applications by dividing them into categories depending on their purpose.
According to the Programmableweb there are more than 6,199 mashups worldwide, three
times more than the number charted by the same site in 2007. However, the number is
quite moderate. Mashups are currently estimated at more than 1 million unique
applications. Based on the latest statistics mashup mapping constitutes 37% of all
mashups, the highest percentage compared to all other categories.
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Why are mashup maps so special and such an essential part of web mapping? Not only do
mashups combine separate stand-alone applications in an innovative project, which
creates countless maps, but the source code can also be used without modification. This
means most applications can function through an API without any changes to the original
code. Educause Learning Initiative (2007) underlines that Google or Yahoo maps are used
as basemaps in most cases. However mashup maps will not function if these services are
interrupted or discontinued. There are a variety of mashup maps depending on creators’
taste and interest. There is also a differentiation between the maps that can be enhanced
by the user, such as Wikimapia, or can only be used without their content being modified
by the user.

Top Mashup tags

@ mapping 34%
@ photo 10%

O shopping 9%
O search 8%

W video 8%

@ social 7%

| travel 6%

O music 5%

W news 4%
B messaging 4%

Figure 2-1: Top mashup tags (source: Programmeable website, 2010)

2.2.2, Dynamic maps in Greece

This research aims to have a worldwide impact within the terms of its proposed
crowdsourced model for cadastral surveys and its tests but it takes advantage of the
Hellenic experience as a forerunner for discussions and important outcomes.

The most common use of web maps in Greece is based on dynamic maps with users
adding, removing, changing layers to receive the desired result. Online dynamic maps are
provided for a variety of applications, from road navigation in the city center of Athens to
locating points of interest such as pharmacies or petrol stations in the suburbs. Users’
participation is limited in this category as they can obtain information and develop the
desired map but they cannot contribute to data selection or editing, which is the core part
of user generated content (UGC).

This specific trend has spread in Greece as the use of electronic computers and
broadband Internet has increased. According to the last study by the Hellenic
Telecommunications and Post Commission (EETT), Internet penetration in Greece had
reached 46% in November 2014. There are a total of 3,026,631 broadband connections,
more than the 2,105,076 connections recorded in early 2010, which approaches 27.4%
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broadband penetration. The percentage accelerates year by year; however recording of this
by the official authorities is quite slow. Currently, Greece is in 17t position among the EU
member states in terms of broadband penetration.

Dynamic maps and the subcategory of mashup maps have been spread through a variety
of Greek websites concerning a plurality of subjects. However, according to this research,
there are five dominant categories that have attracted users’ interest in Greece: education,
public administration, environment, leisure and improvement in daily life. The categories
are not clearly separated and can overlap in different fields. However, their main division
is given below:

> Education

Dynamic maps have been incorporated in the educational system where students are
taught geography by using dynamic atlases. Students learn how to navigate, collect
information, compose thematic maps and create content by using educational software
(Geografia, 2010).

» Public Administration

The public sector and administration have only recently introduced dynamic maps in their
services so that they offer a spatial dimension. The most representative example is the
Hellenic Statistical Authority (EL.STAT.), which has launched a dynamic map with
information about the temporary, de facto, permanent and legal population of every
municipality and prefecture. The information is also supplemented with other attribute
information that may be interesting to citizens. The service is offered at a charge (Hellenic
Statistical Authority, 2015).

> Environment

WWF Hellas (WWF Hellas, 2010) has created a dynamic map integrating all the
information concerning environment, climate change, hydrology and topography. Users
can see the Natura protected areas, national woodlands, land use and Ramsar wetland
areas among other relevant spatial information. Users are free to add or remove layers so
that they produce the desired map but they cannot contribute in any other way.

> Entertainment

Websites that combine social networking with mashup maps where users are free to
upload their photos or mention their presence in specific areas are quite popular in
Greece. The best known are Flickr (Flickr, 2015) and Foursquare (Foursquare, 2015)
where spatial correlation is required. As Ortiz de Urbina (2010) has underlined this new
trend introduces geography to entertainment and social connection offering the
opportunity to all consumers to tag their favourite places.

The Municipality of Athens (Athens Maps, 2010) website, for example, offers the
opportunity for citizens to use Google maps to find a variety of points of interest from
schools to cash machines in the wider region. There is also a similar but informal
initiative provided by a blog (Athensville, 2010) where citizens can find the best tasting ice
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cream in the city, the area where Chinese street food is served or other information. Little-
known spots and small secrets of Athens are revealed on a Google map.

» Improvement of daily life

The National Technical University of Athens (NTUA) has created a multimodal dynamic
map of greater Athens which is based on simulated conditions and shows the traffic in the
city center in real time (Athens Traffic Map, 2010). It estimates the average time to move
between points chosen by the user and answers the question of how far you can go in 15
minutes. The service also supports mobile notification.

All the above maps offer an interaction between the server and the user, so the content
changes according to the commands that the user gives and the produced result varies
depending on the restrictions that the cartographer has posed.

2.3. The new era on the web: terms and definitions for voluntary
participation.

The great revolution that has taken place in GIS has led to dramatic change in the source,
use and manipulation of spatial information during the last decade. Sui (2008) and others
name it as “digital spatial data which is collected and edited not by data producers but by
citizens who are not experts but are willing to disseminate their spatial knowledge and
observations” without any special invitation (Seeger, 2008).

Blaut et al. (2003) had earlier noted the specific predisposition of all human beings to map
by underlining that all people have natural mapping abilities. According to Kingsley
(2007), civil society shares the same goals and has created a non-hierarchical network of
self-organized individuals who participate in it. In fact he predicted the evolution of
mapping, the involvement of amateurs with the aid of web tools and the alteration of role
distribution between mapping agencies and users (Budhathoki et al., 2008). According to
his research, large organizations are unique GI producers and their products are firstly
promoted to expert organizations and secondly to individual users. The revolution occurs
through VGI, which results in a new era of GI relationships. GI production is distributed
to all quarters and it is clear that GI products can be produced and shared by everyone.
In terms of participation, the use, manipulation and editing of geographical information
has been fundamentally democratized (Haklay, 2013). Ortiz de Urbina (2010) has also
underlined this statement.

Terms like Neogeography (Turner 2006), Volunteered Geographic Information (Goodchild
2007), web mapping (Plewe 2007) and ubiquitous cartography (Gartner et al. 2007) were
used to present the new trend in GIS. Elwood (2008) states that there are different
definitions that distinguish online spatial information into two main categories. First
category includes web mapping and ubiquitous cartography, which emphasize not only the
mapping itself, but also the practices that could be adopted in order to make online
interactive mapping more attractive to new users. The second category, of user-generated
content and VGI determine the focus on how spatial data is derived, i.e. the source and
processes through which they are collected and used. All these terms are parts of
Neogeography (Turner, 2006), which constitutes a general category including all of the
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above. It is clear that although various terms are used, the general meaning is the same
and is based on a crowdsourcing philosophy.

The impact that this trend has had on cartography is underlined by Gartner et al. (2007)
who states that “Maps and map-making have become ubiquitous, and this phenomenon
requires cartographers to rethink basic concepts about map design and map use”. The
trend seems to be stable if not increasing and Buchroithner & Gartner (2013) introduced
the term “Neocartography” to show how Neogeography has penetrated a very traditional
research field such as Cartography.

The word Neogeography is derived from the combination of the two Greek words for new
and geography, and depicts the new trend recently introduced in GIS. According to
Satyaprakash (2008), Neogeography was developed when the traditional form of GIS was
mature enough. Although, Neogeography is understood as a term developed in this
specific research field in 2006, it was first coined in a comment included in the “Yearbook”
of the Institution of Washington in 1922, which mentioned that “Palaeogeography has a
far wider field and can only be defined in the terms of Neogeography”. The next reference
is found in the “Encyclopaedia of Bible Life” in 1944. Between 1950 and 1954, the
“Chronica Botanica: an international biological and agricultural series” refers to the term
in a different academic field. The term Neogeography is also reported in a sociological
publication in 1952 by an anonymous source. The French philosopher Francois Dagognet
in 1977 titles his book as “Epistemology of the Concrete Space: NeoGeography”. Finally,
the term is referenced by Baker in a chapter of his book titled “Reclaiming San Francisco:
History, Politics, Culture” in 1998 (d-log, 2008).

“Where historically a professional cartographer might use conventional packages of GIS,
compare Mercator versus Mollweide projections, and resolve land disputes, a new
geographer uses a mapping API like Google Maps, talks about GPX versus KML and
geotags his photos to make a map of his summer vacations.” This explanation, by Turner
(2006), reflects the general ideas behind Neogeography. In other words, Neogeography
allows users to use and manage geographic information and tools according to their
interests without taking into account specific cartographic rules and mapping techniques.
The users are as versatile as the medium itself allows them to be and as inventive as the
maps they produce. As Turner (2006) has underlined “Neogeography means “new
geography” and consists of a set of techniques and tools that fall outside the realm of
traditional GIS, Geographic Information Systems”. The term was similarly introduced by
Sczott (2006) in his blog, where he underlined that “although specific patterns have been
posed by the scientific community, Neogeography is based on the personal, intuitive,
artistic and temperamental users’ applications”. As Wyngaardem & Waters (2007)
summarize, the traditional format of spatial information presented in the appropriate
scale, projection and format has been transformed in maps that contain content which is
derived from different sources in an effort to create maps and visualizations. According to
Roche (2010), Neogeography is only a neologism that introduces the era of geospatial
democratization including new technologies, standards, practices and user-creators.

Crowdsourcing refers to a more general phenomenon of data that derives from the crowd
or in other words is related to the wisdom of the crowd, as Surowiecki (2004) states in the
“Wisdom of the Crowds: Why the Many are Smarter than the Few”. The term was coined
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by Sieber (2007) in the way that it is currently used and is considered to be a similar term
to UGC, which was first coined by Howe (2006) in his article “the rise of crowdsourcing”.
Neither crowdsourcing nor UGC are new terms; Cook (2008) conducted historical research
into the term with a focus on the origin of spatial data. Both terms are focused on spatial
data and its origins and they may be applied in a variety of academic fields, applications
and contents, however in the case of spatial information that is collected by users (UGC)
(Sieber 2007) or spatial information derived from the crowd (crowdsourcing), the
information and its origin must be controlled and evaluated. The first effort to relate
crowdsourcing to land management was done in the publication of “Rapid Urbanization
and MegaCities: the need for Spatial Information Management” (Doytcher et al., 2010)
where another similar term is given for crowdsourcing. Within the concept of
crowdsourcing, citizens volunteer to collect and often manipulate data in a variety of
applications for good governance, which may include urban management.

A similar term has been given by MacGillavry (2003) who uses collaborative mapping,
which is “an initiative to collectively create models of real-world locations online, that
people can then access and use to virtually annotate locations in space.”

The term citizen science entered the English Oxford dictionary only recently in June
2014 and is directly linked to participatory research and more specifically to participatory
mapping where “non-professional scientists voluntarily participate in data manipulation
for scientific projects”, as Cohn (2008) and Silvertown (2009) first referred to it. The term
was first introduced by Rick Bonney of Cornell’s Laboratory of Ornithology in 1995.
According to Haklay (2013) citizen science applies to a wider academic field and its
boundaries may not be clearly geographic. Haklay (2013) in the same publication also
supports a hierarchical typology in terms of citizen participation ranging from level 1,
which refers to crowdsourcing, to level 3, which is extreme citizen science and involves
collaboration between citizens and scientists in problem definition, collection and data
analysis. Extreme citizen science, which is a reformed and more specialized term
introduced by Haklay (2013), includes problem definition, data collection and analysis by
the volunteers so that a “completely integrated activity is required”.

It is Sieber (2007) who underlines
that user generated content (UGC)
is produced by users of the web and

/ ; \ ;/Volunteered \

Geographic

promotes the rise of social / W\ Information

Citizen

networking. The equality of
opportunity to publish is one
important factor of its success. More
recently, Krumm et al (2008) have
referred to “pervasive UGC”, where
UGC moves from the desktop into
people’s lives, e.g. through mobile
devices, community building, raising
awareness, etc.

Crowdsourcing Techniques

Although, all the above definitions Figure 2-2: Different definitions that support
are similar and support the same crowdsourcing techniques
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phenomenon and philosophy in a general framework, VGI focuses on its geographical
perspective, as its name suggests. Due to its specific benefit, Volunteered Geographic
Information (VGI) is one of the most widely deployed and disseminated terms. In its
publication entitled "Citizens as sensors: The World of Volunteered Geography" Goodchild
(2007) uses the term VGI for the first time, indicating that the participation of a large
number of people, often with few qualifications, is now widespread. The term was readily
adopted by the research community worldwide to explain the phenomenon and was
widespread in different fields of application. Declaring the great innovation represented by
the great engagement of citizens in GIS creation, Goodchild (2008) first noted the change
to the relationship between the public and spatial data. Amateurs collect spatial
information in a scientific area that for a long time was monopolized by official
cartographic organizations. It is about an individual effort by amateurs who act
voluntarily in GIS data collection, editing and management, and their results may or may
not be accurate, according to his research. The main goal of the new field is the
participation of citizens: everyone can be involved by collecting and uploading data or by
editing entries and monitoring the results — in spatial data management, in other words.
Elwood (2008) was the first who distinguished the fact that the term VGI is focused on the
data itself, its use and its origins. Budhathoki et al. (2008) correlated the relationships
between mapping agencies and users in the past and present to indicate how the forms
have changed. Haklay (2012) underlines that VGI supports the production of geographical
information so that the official mapping agencies can update their data and Antoniou et
al. (2010) have extensively studied the accuracy issues that have puzzled the academic
community. VGI is adopted as a principal term in the whole research arena for two main
reasons. Not only does it include the geographical dimension, as Haklay (2012)
underlined, but it is also the most used definition in terms of accuracy and use in official
mapping projects. It is clear that no matter which term is used by the research
community, all have the implementation of crowdsourcing techniques in common [Figure
2.2].

Supplementary terms have been recently introduced by various scientists worldwide in
order to support the great innovation occurring within the phenomenon and the
resonance of the voluntary trend. Ambient Geographic Information (AGI) first appeared
in Stefanidis et al. (2013) in relation to the analysis of Twitter data. Stefanidis et al. refers
to the messages that have geographic footprints such as tweets that constitute ambient
geographic information as they capture references of locations that are simply momentary
social hotspots. Contributed Geographic Information (CGI) was given as a term by
Harvey (2013) and Involuntary Geographic Information (iVGI) was introduced by
Fischer (2012). All terms investigate GI and find innovative adjectives to shed light on
different aspects of the phenomenon, which can be simply understood as voluntary
manipulation of spatial data by citizens.

2.3.1. Why Volunteered Geographic Information?

The principal reasons that play a critical role in the adoption of VGI may be divided into
three main categories: technical, economic and social reasons. Mobile penetration, low
cost of data collection and management, reduction in time, the great number of
participants and the transformation of citizens into active roles in aspects of spatial data
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collection and use are only a few sub-categories of the three main categories, which may
overlap and are not always clearly separated.

» Technical reasons

Mobile phones have a central role in data collection by volunteers and their penetration
has played a critical role in the creation of a spatially enabled society. Two thirds (2/3) of
the global population do not have access to the Internet. On the contrary, 87% has a
mobile phone. The percentage of the population in developing countries with a mobile
phone has risen to 79%. Moreover, mobile GIS is a powerful tool that can provide the
necessary updated and reliable digital spatial data, under crucial circumstances. In this
way, the obstacles (lack of funding, infrastructure, personnel, etc.) that existed for the
creation of, and access to, necessary digital spatial information are eliminated. Thus many
more citizens can enjoy m-series and are enabled to improve their living standards and all
their life activities moving into a new world, the mWorld (mobile world), as it is called by
the experts.

Widespread broadband connection and dissemination of dynamic maps (Perkins & Dodge,
2008), easy-to-use equipment and handheld GPS are a few other technical factors that
have contributed to VGI projects. Currently, the expansion of GPS equipment, broadband
Internet and reduced computer costs also assist towards progress in this direction.

» Economic reasons

Affordable computer power, low-cost equipment, time saving and limited cost of
procedures are the four fundamental economic reasons that make crowdsourcing
techniques flourish. It is well accepted that national mapping agencies need more time
and money for mapmaking than the communities that offer their services voluntarily.
Moreover, as Mayo (2007) admits, there are many voluntary organizations that complain
about being unable to afford official mapping data. Also, Perkins & Dodge (2008) state
that the cost of national mapping agencies is extremely high. According to Goodchild
(2008) the reason for this is that a topographic map costs approximately US$100,000 to
be produced, without calculating the compiling and printing investments. Rhind (1996)
also refers to the dramatic changes that have influenced most national mapping
organizations. As a consequence, they are not willing to offer their products free of charge,
especially due to the high cost of map production.

» Social reasons

Human reasons are also included among the various technological and economic aspects.
First of all, the incentives of participants vary a great deal. Many researchers have tried to
figure them out. Goodchild (2007) presents two fundamental reasons. The first one is
based on the self-promotion an individual hope to gain from participation in the project. It
is remarkable that after the creation of Mapchester the majority of people asked for
feedback as to how much they had done. The second reason may derive from personal
satisfaction. Everyone feels satisfied by contributing to the completeness of such an
ambitious effort. Tulloch (2008) considers that achieving a higher level of empowerment
may also be a considerable reason for participating in VGI projects. All these
crowdsourcing activities can be characterized as attractive from the aspect of participation
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as well as connection. However, the most important reason may be the benefits that will
be gained from the completion of a VGI project.

Secondly, VGI has cultivated a sense of locality. It is recognized that no one knows a local
area better than its residents. In many cases, the whole crowdsourcing project is based on
the aid provided by local people. Mapchester was created within a weekend and was a
project carried out in Manchester city where local volunteers were asked to map their city
and enhance it with points of interest. The whole effort was based on residents’ aid.
Seeger (2008) noted that a volunteer offers valid information only if he/she is local or part
of the community. The most remarkable example is the information provided to the whole
world by residents after Hurricane Katrina and the Haiti earthquake. Goodchild (2008)
summarizes the need of local contribution to mapmaking in one phrase by saying that
“residents of a neighborhood are inherently experts in the local area”.

However, a few concerns arise due to the volunteers’ involvement in local activities.
Elwood (2008) writes that differentiations in the assigned geographic information may be
noticed due to citizens’ priorities, experiences and identities. Among the main concerns
that are posed, the most predominant are what Tulloch (2008) names “digital vandalism”,
“yelling” and “deliberate misdirection”. The impacts on VGI projects are crucial, and they
may be various and lower the quality of the data. Although Flanagin (2008) notes the
importance of credibility as a combination of trust and expertise, trustworthiness and
expertise have both objective and subjective components. It is clear that VGI is based on
subjective reasons.

2.3.2. The first crowdsourced map: OpenStreetMap (OSM)

Kingsley (2007) first introduced the term of “civil society” for a non-hierarchical network of
self-organized individuals who contribute to mapping by using global mechanisms. The
most representative example of online mapping based on volunteers’ participation is OSM,
which is a global, online, up-to-date, dynamic map derived from civil society. OSM was
launched by Steve Coast in 2004 in the United Kingdom and was spread to many
countries in a relatively short time. The Guardian newspaper included OSM in its top five
of a list of 100 mapping-related websites in 2009. As the welcome message says on the
home page of OSM: “The OSM is a free, editable map of the whole world. It is made by
people like you”.

The main innovation that makes it unique is that it has been created by non-experts. Its
main purpose is the creation of a free digital map of the whole world, which will be created
by non-experts. The main factors of its success fall in to four categories: time, cost, public
participation and free distribution of data. The speed through which the project has been
covered has been extremely rapid. Volunteers have mapped large areas in a relatively
short time. It is undeniable that the national mapping agencies would need more time and
money to map such areas. The cost is also an important factor, which has seen OSM
become so successful. Not only is the equipment more affordable but the staff also offers
its services voluntarily. Moreover, OSM is a nonprofit social network, which means that
the users are not bombarded with advertisements or other commercial offers. OSM follows
Brown’s (2001) philosophy that the web would be better off if the community was left to
non-profit entities. The users of OSM are not exploited in other ways for the services
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offered to them. Figure 2.3 shows the procedure for creating OSM: data are collected by
handheld GPS or smartphones and uploaded onto the server where data is edited and
rendered.

Figure 2-3: The five steps of creating an OSM (source: OpenStreetMap, Beginners’ Guide, 2009)
2.3.8. OSM in Greece

Research carried out in 2010 by the author (Basiouka, 2010) indicated that OSM in
Greece is at a moderate level compared to other European countries. For example,
compared to the Netherlands, where volunteered mapping has been totally completed
(consisting of 0.25% of the world), Greece has a lot of progress to make. Among the 61
most populous Greek towns, 31% of them are totally unmapped in OSM, while 62% of
them are moderately mapped. Only the four main cities are really well mapped and can be
compared to conventional datasets. Taking into account the population of each city in
relation to the level of mapping, there is a strict correlation as the graph reveals in Figure
2.4.
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Figure 2-4: Level of mapping in relation to the population of Greece (source: Sofia Basiouka, 2010)

Another element that contributes to the speed of the mapping is how close a city is located
to the sea. This research proves that maritime cities are better mapped than non-maritime
ones due to touristic, financial and commercial interests. The percentage of non-mapped
maritime cities in Greece in OSM is 20%, while for non-maritime cities it exceeds 40%
[Figure 2.5.].
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Figure 2-5: Mapping in relation to closeness to the sea (source: Sofia Basiouka, 2010)

Volunteers in Greece have adopted the example of other countries and created their own
forum on the OSM website. They contribute to OSM mapping by collecting tracks with
GPS, copying Yahoo imagery or editing maps created for the 2004 Olympic Games, which
are not restricted by copyright. A representative example is in the city of Volos. No teams
have been created yet for OSM mapping so everyone collects and edits tracks individually.
However, they exchange their opinions and share ideas. Their main concerns are focused
on naming and categorizing the different points of interest, or which technique is
considered more accurate for data collection between GPS and Yahoo maps.

It is clear that the OSM project has attracted volunteers’ interest and its utility will
increase as its quality is improved, and its content will be extended to unmapped areas.
The Ministry for the Environment, Energy and Climate Change has developed a portal
(Geodata Maps, 2010) where citizens can download spatial data free of charge and OSM is
used as a base map verifying its oncoming value.

2.3.4. Other VGI applications

Taking into account that each dataset should be “fit for purpose” and meet specific
requirements and user expectations (Coote & Rachman 2008), various applications have
been launched during the last five years based on crowdsourcing techniques. A key fact is
that volunteers’ motivations vary and depend on the nature and importance of the
applications. Thus, there are three main areas of spatial information use based on
voluntary participation by citizens. A survey (Coleman et al. 2010) has classified citizen
participation in three main categories: the first one meets the need of citizens with free
spatial data unlike commercial services, such as commercial navigation maps; the second
one is based on social networks and contains information of interest to those who collect
it; and the third is based on governmental initiatives. Navigation, leisure and crisis
management are the principal areas that have been developed with the aid of VGI based
on various citizens’ requirements (Sylaiou et al. 2012).

Non-commercial Maps: The initiative for creating and developing non-commercial maps
is focused on VGI. The most basic are ones intended for navigation and general mapping.
The use of the VGI tool started as a movement unlike the commercial navigation agencies,
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in order to reduce the cost of acquiring and upgrading data. The most representative
example is OSM, which was analyzed previously.

Social Network Mapping: These are the maps resulting from increased Internet use in
combination with social networks. As Ethier (2003) reported, the theory behind social
network mapping is based on the study of these networks and the mapping of their
relationships, which can be applied to a wide range of groups, from small communities to
entire nations. Characteristic examples of such maps are those that use Flickr and are
generally based on the practice of mashup mapping, or those that use the Ushahidi
platform to crowdsource information using multiple channels, including SMS, email,
Twitter and the web.

Leisure has evolved due to the expansion of smartphones, which offered easy and quick
access to all social media from every part of the planet and which are connected to the
Internet. According to Gartner (2012), 472 million smartphones were sold, corresponding
to 31 % of mobile communication device sales. Among the most popular applications on
social media are Foursquare and Flickr, which were the first spatial applications to
launch spatial checks on users’ placement and photograph sharing, respectively.
Facebook and Instagram, in an effort to expand into the geospatial market, also
introduced checks on places and photographs. It is not irrelevant that Instagram’s spatial
tagging is powered by Foursquare and the whole application was bought by Facebook for
1 billion dollars in a deal that was finalized in April 2012 (Inc, 2012). Entertainment and
social engagement are among the obvious motivations to engage volunteers in these
applications.

Disaster Response Mapping: The maps that arise as society needs to address small or
large problems of a local or global scale (e.g. crisis management) may even involve the
entire planet and are developed with the help of awareness among citizens. Crisis
management is a field that was rapidly affected by VGI. The 2010 Haiti earthquake
(Humanitarian OpenStreetMap Team, Haiti, 2010) is a representative example of a sudden
event which motivated volunteers to participate in order to save lives and support official
aid in a clear, altruistic and humanitarian framework. The Libyan crisis (iRevolution,
2011c) and the earthquake and tsunami in Japan (Ushahidi, 2011) were also mapped
with social media support and VGI software.

The first maps based on UGC launched in Greece are focused on issues of the daily life,
and have been introduced by official agencies that strictly support and require citizens’
participation to get improved content. Although, the trend is widely spread worldwide, it is
still in its infant stages in Greece. Figure 2.6 shows the most recent applications.

An application based on UGC is the website referring to illegal signs in public areas and
on the facades of buildings. The aim of the initiative supported by the state and the
Ministry of Transportation is focused on the removal of illegal advertising signs, which are
responsible for distracting drivers and causing accidents. The application requires
citizens’ participation and spatial familiarity with maps (Illegal signs, 2010). The backdrop
is based on Google maps and the volunteers are free to tag their point of interest and
upload a photo on the map. Eight hundred and seventy-five verified accusations have
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been declared and 175 have been removed to date. The participation of volunteers is at its
highest levels in the capital of Athens and the second biggest city of Greece, Thessaloniki.

The second application is Pin Project (The Pin Project, 2010), which has a similar
philosophy to the illegal sign effort and is supported by the Road Safety Institute (P.M.).
The aim of the application is to mark potholes spatially on a map. Volunteers can tag the
point of interest, rate its importance and add additional descriptive information. It is
based on voluntary citizen tagging. Google maps are used as a backdrop and the project is
limited to the city of Athens at the moment.

Mapping public areas where people with disabilities have restricted access is the aim of
the AmeA hotspotting application (ApeA hotspotting, 2010). Users can report the point of
interest spatially, upload a photo and add supplementary comments. The effort of
recording problematic spots offers users an active role as members of society.
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Figure 2-6: Popular dynamic maps in Greece

The last example may not support the rules that a UGC map provides to its users, but it
is a great tool that has been designed by the official mapping agency and facilitates
surveyors’ work. It is also a representative example of the capacities that online maps can
provide to their users. An online application has been developed by the official mapping
agency (NCMA S.A.), named “Orthophotos — viewing service” and composed of orthophotos
taken between 2007 and 2009, except for borderlands and areas protected by the Greek
military (NCMA S.A. Viewing Service, 2015). The orthophotos provide spatial analysis at a
scale of 20cm in urban areas and 50cm in rural areas. The online map supports the
majority of tools provided by typical GI systems and online maps while covering a series of
functionalities. The user can digitize polygons and extract the desired shape with its
coordinates, measurements and distances with great accuracy. Users can also import
DXF files and coordinates, and search by map location, road name or identify points of
interest (POIs). Its main advantage is based on the capability of the user to create a
cadastral extract in a desired scale accompanied by the coordinates in HGRS 87. Due to
the accuracy in urban areas, the application also offers great potential in cadastral
mapping such that field surveys could be eliminated and only reference points would need
to be measured for control. This application was available from the beginning of this
research so it was used in the design of the experiments. The online application was
adopted as an alternative methodology in one of the four experiments carried out in
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Athens. Figure 2.7 presents the cadastral extract (left) and the interface of the application
(right).

C | O gis Kimanetgr/wrs/kibasemap/defaultasp

Eeniko KtHMATOAOr 10
& XAPTOrPA®HIH AE.

MAKAT 1000000

QE@eavo~.Q

x4 ZEETORE SE or

s, 9 il
Figure 2-7: The School of Rural and Surveying Engineering at the NTUA as it is shown on the
online application (source: NCMA S.A.)

2.4. Land Administration and cadastral mapping

Within the new web-based era and the great possibilities offered to users via dynamic
maps and new technologies to manipulate data, another field presents great interest due
to its socio-economic perspectives. Land Administration is a relatively new term, which
was introduced in the 1990s. Theoretically, Land Administration is defined as the process
of determining, recording and disseminating information about the tenure, value and use
of land when implementing land management policies (UNECE, 1996).

Efficient Land Market Effective Land Use Management

Land Tenure Land Value Land Use Land Development

Titles, Mortgages & Easements Assessment of land value Policies and Spatial planning Construction planning and Permits

Secure legal rights Collection of property tax Control of land use Regulation and Implementation

Land 88} ouatios Institutional

(Cadastral and Topographic Data
Framework

Policies

Geospatial Data Infrastructures

Figure 2-8: Land Administration Systems (source: FIG, publication No 47)
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Many academics have investigated Land Administration and have contributed to various
aspects of the field. Dale & McLaughlin (1999), Williamson (2001), Bogaerts et al. (2002)
are just a few academics contributing to this field. Enemark (2009) underlined four
functions of Land Administration: land tenure, land use, land value and land
development, which play a principal role and which all countries have to handle one way
or another [Figure 2.8].

It is generally recognized that the main targets of development in each country are
generally defined by, among others, local history, ethical issues and governmental land
policies that require proper implementation [Figure 2.9]. A well-functioning LAS is not
only an indicator of local development and organization but reveals a civilized community
as well [Figure 2.10].

= .

Figure 2-9: Human poverty and environmental conservation are among the principal challenges of SDI
(source: Maria Benaki, personal gallery, Cambodia 2014)

The Global Spatial Data Infrastructure association (GSDI, 2015) defines Spatial Data
Infrastructures as “a coordinated series of agreements on technology standards,
institutional arrangements and policies
that enable the discovery and facilitate
the availability of and access to spatial
data”. Spatial Data Infrastructures
(SDJ) is a general term, which includes
the collection, maintenance, use and
dissemination of spatial data, and was
originally presented by Kok & van
Loenen (2004). According to their
publication, important aspects such as
vision, leadership, communication
strategy, coherence and intention of
the geographic community to initiate
new innovations play fundamental
roles in terms of an organizational
perspective in SDI development.
Another quite similar, but more

technical definition, was given by Figure 2-10: Modern Land Administration System
Grant (1999), who put forward that SDI (source: UNECE, 2005)
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“in a geomatics framework provides mechanisms for sharing georeferenced information”.
Ting & Williamson (2001) related SDI to land by referring to it as an invaluable
information tool in the resolution of the ongoing tensions between people and land which
makes another step in addressing human poverty and environmental conservation issues
[figure 2.8]. Williamson & Feeney (2001) take a further step in that direction by
mentioning that, “the growing importance of SDI and the land related skills are reflected
in the re-discovery of the role that land administration plays in serving economic,
environmental and social priorities in society”.

The infrastructure that serves Land Administration and is a sub-category of the general
term Spatial Data Infrastructures has been termed Land Administration Infrastructure or
simply Land Administration Systems. Enemark et al. (2005) gives the definition of a Land
Administration System (LAS) as the “institutional framework which is complicated by the
tasks that it must perform in terms of national, cultural, political, judicial and technical
settings” and underlines that the “design of a LAS in western European countries was
based on cadastral maps originally and services security of tenure and land valuation and
taxation according to the use of land”. In other words, and in a more general framework,
LAS is the basic tool for proper land management including the guarantee of ownership
and security of tenure, fair taxation, security for credit, development of land markets,
protection of land recourses, facilitation of state-owned land, reduction of land disputes,
facilitation of rural land reform and improved urban planning (UNECE, 2005) [figure 2.9].
This is not a new concept and it has been developed in depth by Dale (2000) and
Williamson (2001).

Its importance was again underlined by Williamson (2012) who has given three main
characteristics of a proper LAS: it should be accurate, assured and authoritative — an AAA
cadastral system. Responding to the more general principle of the “fit-for-purpose”
approach in economics, Enemark et al. (2014) gives another view by introducing the fit-
for-purpose principle into Land Administration, meaning that LA should be flexible,
inclusive, participatory, affordable, reliable, attainable and upgradeable. According to a
joint publication of FIG and World Bank (2014), the fit-for-purpose approach includes four
keynotes. First, general boundaries may replace fixed boundaries especially in rural or
semi-rural areas and their adoption may be sufficient for most land administration
purposes. This perception was adopted in the creation of the interim cadastral maps
within the experiments carried out in the practical part of this doctoral thesis. Secondly,
aerial imagery can replace field surveys, especially if the satellite or aerial imagery is of
high resolution. This simplification was also implemented in the cadastral compilation in
the case study areas. Thirdly, accuracy relates to the purpose rather than the technical
standards. In the experiments of this study, accuracy is addressed and proposals are
given in order to improve the official process according to the available funds, technology
and basemaps.

Cadastre is a significant part of Land Administration and has various definitions
according to different scientific sources. The United Nations (in 1985) and the
International Federation of Surveyors (FIG) (in 1995) gave the predominant definitions.
The former underlines that “the cadastre is a methodically arranged public inventory of
data on the properties within a certain country or district based on a survey of their
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boundaries; such properties are systematically identified by means of some separate
designation. The outlines of the property and the parcel identifier are normally shown on
large-scale maps” (UN, 1985). The latter notes, “A cadastre is normally a parcel based,
and up-to-date land information system containing a record of interests in land (e.g.
rights, restrictions and responsibilities). It usually includes a geometric description of land
parcels linked to other records describing the nature of the interests, the ownership or
control of those interests, and often the value of the parcel and its improvements. It may
be established for fiscal purposes (e.g. valuation and equitable taxation), legal purposes
(conveyancing), to assist in the management of land and land use (e.g. for planning and
other administrative purposes), and enables sustainable development and environmental
protection” (FIG, 19935). The need for an accurate and up-to-date cadastral system is so
vital that Kaufmann & Steudler (1998), in their publication “Cadastre 2014”, support the
inclusion of public and traditional law aspects in the definition given by FIG in 19935.

Cadastral survey according to Steudler (2004) is “simply defined as a survey of boundaries
of land units”. Generally, cadastre is an essential tool for land management and
administration as it records the land parcels which constitute a part of a country’s spatial
information infrastructure. The Bogor Declaration on Cadastral Reform (UN-FIG, 1996) in
other words declared that the development of modern cadastral infrastructures facilitate
efficient land and property markets, protect the land rights of all, and support long term
sustainable development and land management. It also facilitates the planning and
development of national cadastral infrastructures so that they may fully service the
escalating needs of greatly increased urban populations.

2.4.1. Crowdsourcing techniques in Land Administration

The new era in LAS and the need to embed crowdsourcing techniques in its design is very
recent. McLaren (2011) did research on LAS and crowdsourcing techniques with the
sudden expansion of smartphones, focusing on unmapped areas and the great number of
unregistered parcels worldwide. His findings showed that only 25% of land parcels have
been formally registered in LAS (McLaren, 2011). Due to these two main controversial
aspects, the universal trend has been towards a Public Participation Geographic
Information System which “is a field of research that, among other things, focuses on the
use of GIS by non-experts and occasional users” (Haklay & Tobén, 2003) and empowers
GIS users to use technology purposefully to capture their local knowledge and advance
their goals (Talen, 2000).

It is also remarkable that the number of megacities has risen from two in 1950 to twenty
in 2005 while seventeen of them are located in the world’s less developed regions
(Doytsher et al., 2010). More than 1.1 billion people live in slums, which are located in
unregistered parcels (McLaren, 2011). It is clear that procedures should be made more
efficient and the cost should be reduced through the involvement of individuals. As
Adlington (2011) has underlined in the East Central Asia region, land reform and the land
registration program has been completed by people without formal training in cadastral
surveying. The project was guided by surveyors who were open to help without being
wedded to traditional methods and high levels of accuracy.
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It is clear that society’s needs for easily edited and inexpensive maps which can be
produced in short time has forced VGI in various fields. Land management, which mainly
applies land information to land resources (UNECE, 2005), can flourish with the aid of
VGI.

The main question that is posed in this research, taking into consideration all the above
perspectives on technology and potential scenarios, is whether VGI and crowdsourcing
techniques more generally can be incorporated in cadastral surveys and to what extent.
The testing of the results is done through the Hellenic Cadastre project, which is a well-
known, long-lasting project. The idea of incorporating VGI into the cadastral procedure is
based on the power of locality and the participation of citizens in land planning as active
parts of society.

2.4.2. Previous research and publications on VGI accuracy

The first step towards the assumption posed by this study requires consideration of
accuracy. The innovation of the study is based on the fact that for the first time VGI is
investigated regarding general cadastral processes. Previous research has focused on VGI
accuracy for navigation or the theoretical idea of an OpenCadastre, however this study not
only proposes a holistic model based on international research and trends but also tests it
practically. Many researchers have expressed their doubts about the potential of using
VGI in governmental projects although the trend leads in that direction. As Helbich (2010)
has noted, important concerns and limitations affect spatial accuracy; the most important
are technological bias, various data acquisition techniques and the subjective process of
data acquisition.

Many researchers including the author have first focused their attention on evaluating
VGI’s accuracy in navigation. Haklay (2008), Ather (2009), Basiouka (2009), Kounadi
(2009), Zielstra (2009), Ueberschlag (2010) and Kounadi & Basiouka (2010) are only few of
the researchers evaluating the accuracy of OSM, the first crowdsourced map and which
constitutes one of the most representative examples of spatial data derived from non-
experts. The results were encouraging about the future of the specific data and its
potential use. Moreover, Haklay et al. (2010) conducted further research proving that a
reasonable number of volunteers per area can eliminate errors in mapping. All these
studies were used not only as forerunners for the design of future projects but also
exonerated and defined the real purpose of VGI.

Laarakker (2011) initiated an initial theoretical approach to introduce VGI in an
alternative, open and flexible cadastral system by identifying the strengths and concerns
over the success of this integration. He named his first attempt OpenCadastreMap, clearly
introducing the need for an open system. The concerns are divided into two main
categories: technical and socio-organizational. The technical include the quality control of
OSM and OpenCadastreMap and the constructive technology; while the socio-
organizational are focused on the necessity of the project, the role that the government
will play in it, the legitimacy of control and the economic effects.

The major differences between VGI and the OpenCadastreMap techniques are focused on
the contributors’ interests, which are rather opportunistic than altruistic, and the
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standard exchange mechanisms that are adopted in the VGI environment, which are not
as stabilized and well defined as the official cadastral agencies would prefer. The research
raised operative and hierarchical differences concerning the maintenance and
coordination of the volunteers and the GIS, which should be identified in a more detailed
evaluation. The author concluded his approach by underlying that “there is not much
difference between the uploading of the contours of a road and those ones of cadastral
boundaries predicting a positive evolution of the idea”. Since then, the research has
attracted the interest of Navratil & Frank (2013) and De Vries et al. (2014) who
investigated the term Neo-cadastres in an effort to explore the involvement of VGI within
the traditional cadastral methods.

VGI has been incorporated in many applications worldwide due to the needs and
challenges faced by nations and populations. However, there are still many concerns for
its implementation in governmental projects for land administration purposes. For
example Sui (2007) has declared that it is unlikely that VGI will make many of the
conventional GIS practices of government and industry obsolete. More recent research
carried out by Haklay et al. (2014) explored the potential of incorporating crowdsourcing
applications in governmental projects and investigates real experiments conducted
worldwide with volunteers.

2.5. Concluding remarks

The progress made in technology and mapping within the last decade is enormous and it
is not easy for the research community to understand the great potential it offers in
various academic fields. Since the advent of the WWW and static maps, the revolution has
led to dynamic and mashup maps. Non-experts have also been involved in spatial data
manipulation, which is translated in mapping based on easy-to-use web tools. It is clear
that a new era in mapping has arisen and this results in a pluralism of thematic maps
and a freedom of data and content. Crowdsourced data, which is free of charge, is not
only easily collected and analyzed but also distributed by various parties, which means
that it is strongly democratized. However, despite the revolution that has taken place in
recent years, in Greece participatory mapping is still at an infant stage.

Current research identifies the spatial revolution and investigates the tools provided by
VGI, the knowledge of web mapping and the expansion of dynamic maps and the global
requirements for Land Administration. The interest of this research is focused on the
incorporation of crowdsourcing techniques in the design of LAS and especially cadastral
surveys, as an alternative to official procedures. Table 2.3 indicates the most important
conclusions of this chapter.

» The web revolution has had a dramatic effect on mapping. Static maps have
been replaced by dynamic and mashup maps, which offer a variety of
applications and content.

» Content has been enhanced through a pluralism of thematic maps and data
has been democratized with the aid of VGI.

» Crowdsourcing techniques and the VGI phenomenon have mobilized the
research community to identify their parameters by investigating various
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terms and definitions. The importance of the phenomenon is demonstrated
in researchers’ increased interest.

» Another field that has evolved during the last decade is Land Administration,
spatial data infrastructures and cadastral surveys, which impact on
landownership, fair taxation and land use and development.

» The innovation of this research is based on the incorporation of
crowdsourcing techniques within Land Administration and specifically in
official cadastral mapping procedures.

Table 2-2: Concluding remarks of the second chapter
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3.CROWDSOURCED EXAMPLES OF GOOD PRACTICE

3.1. Introduction

This chapter investigates successful case studies worldwide that have adopted
crowdsourcing techniques in various circumstances. The various practical experiments
are explored in depth and their main lessons are summarized at the end of each
description. The research on the successful case studies was carried out by Haklay et al.
(2014). The author undertook supervision by Haklay and worked on this project in
cooperation with his team of experts. An investigation was made of the incentives, scope
and aims behind the practical experiments; their participants and stakeholders; their
relationships and the modes of engagement. The research also shed light on technical
aspects, successful factors and the problems that were encountered in the evaluation of
the examples.

Although the case studies are differentiated by content and scope, all of them are
governmental projects that incorporate voluntary and crowdsourced data collection, so
their study can isolate those components that are crucial for the success of the current
project. The idea to associate governmental projects with crowdsourced techniques has
also been given by Brabham (2013) who produced a report called “Using Crowdsourcing in
Government”, which outlines a more general overview of the potential for crowdsourcing
in government. Brabham also attempts to classify crowdsourcing and understand when
and how to deploy crowdsourcing in government.

Each case study is intended to provide an example of the use of VGI by government or by
the public, and summarizes the context, positive and negative outcomes and main
lessons. The focus of the case studies is divided into three main categories: land
management, public administration and disaster response. Each category includes two
main case studies and one supplementary case study, except for the last category, which
includes three main case studies. The supplementary case studies are given separately in
the next sub-chapter and they are not followed by separate main lessons. They do,
however, provide similar findings to the main case studies and they are presented for
reasons of completeness and understanding. All other main case studies are explored at a
technical level, with their main story presented and the participants and actions given in
detail. They all start with a table, which provides explanatory highlights of each case
study in the format below:

Interaction type The flow of the data (either crowdsourced or authoritative):
government—public, public—>government,
government—public—->government,
public—>government—public.

Trigger event A specific event that might have triggered the data sharing (e.g.
change in data license, natural disaster, etc.), where relevant.
Domain The area in which the data sets have been used. This may include

both an abstract characterization of the general area (e.g. generic
mapping) as well as information about the specific field (e.g. update
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of National Topographic Database).

Organization The organization(s) that initiated the data sharing process and
those that have been actively involved in the whole project

Actors Interested parties/stakeholders that have contributed to, or
benefited from, the data sharing process in any way.

Data sets The data sets that have been shared and used by the public or the
authorities (including new data sets generated).

Process The process followed to implement the data sharing, data
integration and cooperation of VGI and authoritative data sets.

Feedback The immediate result returned to the initiator of the data sharing
process, if any.

Goal The original goal of the project and reason for exploring
crowdsourced geographic information.

Side effects Any other issues or outcomes.

Table 3-1: Outline of each case study

Every case study includes the context, a description of the project and a discussion of the
positive and negative aspects of the collaboration. The stories end with bullet points
indicating the most important lessons to be learnt from each example. Ten case studies
are explored in total.

The table 3.2 indicates the main components of the third chapter.

» Ten crowdsourced examples are presented in detail and their main
components are given. Emphasis is given to the sociological and technical
keynotes of each application.

» The content of the case studies is divided into three main categories: land
management, public administration and disaster response.

» Main lessons as interesting outcomes of each case study are summarized at
the end of every case study and are used as forerunner for the corresponding
cadastral model proposed by this study. The main lessons are given in bullet
points.

» Technical aspects are also explored in depth as generalized findings because
they play a fundamental role in the design of every crowdsourced
experiment.

» Successful factors constitute the last part of the chapter and these can be
incorporated in every crowdsourcing effort depending on its nature.

Table 3-2: Predominant components of the third chapter

3.2. Short description of the case studies

Before the analysis of each case study, a short description that can shed light on each
governmental crowdsourced project is given briefly. The story behind each experiment and
its content is presented in this section. The first three case studies constitute examples of
land management, the next three examples of public administration and the last four
examples of disaster response. Each section contains two main cases studies and one
supplementary case study, which is not analyzed in depth as it bears great similarities to
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the other two, except for the last category which contains three main examples and one
supplementary example.

Mapping of South Sudan. This was launched because of the need for a temporally
accurate and up-to-date map when the new nation was created. Google Map Maker, the
Sudanese diaspora and various organizations carried out workshops to train people to
work separately on the digitization of aerial imagery. A significant amount of work was
completed in a very short amount of time by adopting local knowledge and providing
technical tools. Those who experienced the training sessions were inspired to transmit the
experience and recruit new volunteers.

Informal settlement mapping, MapKibera, Nairobi, Kenya. Map Kibera was carried
out in the most crowded slum in Nairobi, Kenya, in an effort to improve its reputation and
offer an accurate picture of the area, which is quite dynamic due to the movement of the
population. Local people collected and edited GPS tracks. Innovative techniques such as
SMS, video and voice reporting were also launched and a small amount of compensation
offered to participants.

Shelter Associates, slum mapping in India. Shelter Associates is an NGO focused on
housing projects, sanitation, health and education initiatives in India. It uses slum
mapping to promote good governance and decision making policies. It is a hybrid model
with expert and local volunteer contributors and has used GIS since late 1990s, recently
introducing Google Earth as an easy-to-use tool for informal settlement mapping.

Crowdsourcing The National Map, National Map Corps, US. National Map Corps has
given volunteers the choice to collect and edit data about ten different human-made
structures in fifty states in an effort to provide accurate and authoritative spatial data.
The methodology includes various steps such as adding new features, removing obsolete
points and correcting existing data. A pilot test in Colorado showed that the VGI was
satisfactory in its accuracy.

iCitizen, mapping service delivery, South Africa. This project is at the design phase
and aims to involve the public at a local level to collect data points via mobile phones and
adopt different ways for geotagging of photos in real time or via SMS and email. The
purpose is to report infrastructure issues.

Twitter use in Italian municipalities. A research project into the profile, activity and use
of Twitter accounts of Italian municipalities, the study focused on the types of messages
sent, revealing that culture and tourism are the most common topics. Twitter also
provides opportunities for members of the public to communicate with municipalities.

Haiti disaster response. One of the most well-known crowdsourcing applications,
developed after the earthquake hit Haiti in 2010. Within 48 hours, the capital was
mapped by volunteers who contributed from every part of the world to create an up-to-
date topographic map to fill the gap left by the official mapping agency. The maps were
used by various organizations to allocate supplies and medicine.

Page 71 | Doctoral Dissertation - Sofia S. Basiouka



Community Mapping for Exposure in Indonesia. The goal of this project is to reduce
vulnerability to natural disasters. Young people have successfully collected spatial and
attribute data, and traced them in the OSM platform so that thematic maps can be
created to show potential damage in case of physical disasters.

Flood preparedness through OpenStreetMap, Jakarta, Indonesia. A sub-category of
Community Mapping for Exposure, in this project the heads of villages in the area of
interest were asked to identify their critical infrastructure by using paper maps and
university students entered the information into OSM. The data can produce maps for
disaster risk planning.

Crowdsourcing satellite imagery in Somalia. The project was launched in an effort to
map all shelters that are located in the Afgooye corridor, Somalia, to identify the number
and location of refugees. Satellite imagery was used to map the information in order to
facilitate decision making policies.

3.3. Crowdsourced case studies in land management

The next two case studies investigate land management in two areas with informal
settlements and extended areas of slums, to consider what challenges these areas face in
terms of mapping. Both experiments concern poorly mapped areas that require up-to-date
general topographic maps and thematic maps of essential features and face severe
economic problems to finance those incentives.

3.3.1. Mapping of South Sudan

Interaction type Public—>Government—Public

Trigger event On 9 July 2011 South Sudan became Africa’s 54th nation after
its official independence. Although it is the newest nation, it is
poorly mapped.

Domain Generic mapping of a poorly mapped area and thematic maps of
essential features like roads, hospitals and schools.

Organization Google, NGO organizations along with the World Bank, United

Nations Institute for Training and Research (UNITAR),
Operational Satellite Applications Programme (UNOSAT) and
Regional Center for Mapping of Resources for Development

(RCMRD).

Actors The Sudanese diaspora, Google, the World Bank, UNOSAT and
RCMRD.

Data sets Updated satellite imagery covering 125 000 km2 (40% of the UN’s
priority areas) uploaded to Google Earth and Maps.

Process Workshops and editing on Google Maps via Google Map Maker.

Feedback Generic and thematic maps covering important points of interest

such as schools, hospitals and roads.
Goal To engage and train the Sudanese diaspora and other volunteers
worldwide to participate in Google Map Maker.
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Side effects Mapping the poorly mapped South Sudan so that the
infrastructure and economy of the country could be developed
and humanitarian aid provided to the local population.

Table 3-3: Summary of Mapping in South Sudan

After years of political instability, South Sudan became a new nation on 9 July 2011 after
its official independence. Although South Sudan is expansive and the newest nation, it is
poorly mapped. Maps are particularly important for the development of the infrastructure
and economy of the country and the distribution of humanitarian aid (IT News Africa,
2011).

Google, with the aid of World Bank, UNOSAT and RCMRD, recognized this need and
started the project for the creation of better maps of South Sudan by supporting
communities to map schools, hospitals, roads and more with the Google Map Maker.
(Lamy, 2011b) The project was launched with a series of events to disseminate the
purpose of the mapping and inspire and train participants. The first event was in April
2011 at the World Bank headquarters in Washington, DC, with a satellite event in Nairobi
at the same time. The next event was in September 2011, held by the South Sudan
National Bureau of Statistics in Juba (Google Site, 2014) [Figure 3.1.].

Figure 3-1: Satellite event in Juba (source: Google Site, 2014)

To aid their work, updated satellite imagery of the region, covering 125 000 km?2 (40% of
the UN’s priority areas), was uploaded to Google Earth and Maps (Lamy, 2011c). In the
last event volunteers worked together and made hundred of edits in less than four hours.
The process is simple: citizens edit using available web tools and their local knowledge
and, after approval, edits become visible to all Google users worldwide. The mapping was
used by the Satellite Sentinel Project, a collaborative project focused on human rights
violations and human security concerns in Sudan and involving Google, the Enough
Project, Not On Our Watch, UNITAR, UNOSAT, DigitalGlobe, the Harvard Humanitarian
Initiative and TrellonAmong (Brown, & Heaton, 2011).
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Among the main factors for the project’s success is not only the enthusiasm and
inspiration of the Sudanese diaspora, which encouraged them to convey the experience
and knowledge to other people, but also the interest that the local government showed in
the project (Lamy, 2011a). The project’s approval by local government and its impact in
decision making policies is noticeable. Another innovation of the project is the principal
role and contribution played by the Sudanese diaspora. Through VGI projects, local
knowledge can be shared worldwide and from different parts of the planet, not only from
the area of interest. At the same time, among the main weaknesses of the mapping is that
local people were not actively involved. The project lacked research in the field, and did
not use GPS or open source software, although Google’s involvement guaranteed great
participation levels.

Main lessons:

» Crowdsourcing projects can be coordinated and implemented from a distance.

» Great participation of volunteers and transmission of motivation to others are key
factors in terms of participation in crowdsourcing applications.

» Inspiration for other projects and improved applications can be beneficial to areas
of interest.

» Acceptance by local government as an opportunity for decision making policies and
humanitarian aid can escalate the impacts of a VGI project.

3.3.2. Informal settlement mapping, MapKibera, Nairobi, Kenya

Interaction Public—Government—Public
type

Trigger event -

Domain Generic mapping of the biggest informal urban settlement area and
thematic mapping of security, water sanitation, health and
education.

Organization Map Kibera.

Actors Map Kibera team, CfK (Carolina for Kibera), GOAL, USIP, Indigo

trust, ATTI, Habitat, Global Giving, Plan Kenya, Hivos, Unicef,
JumpStart International, Ushahidi, SODNET (Social Development
Network), KCODA (Kibera Community Development Agenda).

Data sets GPS tracks, open source and conventional software.

Process Collecting GPS tracks and tracing them in OSM platform after
training workshops.

Feedback Topographic and purpose-built maps for the management of supplies
in health, education, security and water sanitation.

Goal Map the unmapped Kibera and actively involve local people.

Table 3-4: Summary of Informal Settlement Mapping in Nairobi, Kenya

The homepage of the project (MapKibera, 2014) welcomes the visitors by stating that
“Kibera in Nairobi, Kenya, was a blank spot on the map until November 2009, when
young Kiberans created the first free and open digital map of their own community”. The
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welcome message summarizes the main idea behind the project, which is to map one of
the biggest informal settlements of the world by putting marginalized communities on the
map.

Map Kibera was launched in 2009 by Mikel Maron and Erica Hagen with initial funding
by Jumpstart International, an NGO specializing in community-based mapping. The first
phase, which lasted three weeks from October to December 2009, involved 13 young
people who were trained to collect and edit GPS tracks. OSM was used to create a
dynamic and easily edited map and QGIS software was adopted to do further analysis and
create specialty maps (Marras, 2012). ArcGIS, a non-open source software, and Tile Mill
and other MapBox products were also used.

The second phase of the project (February to August 2010) offered the opportunity for
mappers to enhance points of interest such as water, public toilets, schools, police
stations and clinics (Hagen, 2010). It also included two other mini projects: the Voice of
Kibera and the Kibera News Network. The first offered the opportunity to submit reports,
write articles and add breaking news with the aid of Wordpress blogging and Ushahidi
software. Work could be sent by SMS and published after approval by an editorial team.
The second is a video journalism initiative offering more locals the opportunity to
participate and to ensure the wider acceptance of the project and hence its longevity
(Hagen, 2012).

Among the main successes is the project’s acceptance by local government, which
embraced it from the beginning. At the end of the project, Map Kibera representatives
presented the analysis to government officials. The negotiation between the two sides had
a positive impact for the community, which became recognized as a real neighborhood,
and residents gained new technological knowledge.

The project faced various challenges, the primary being to educate residents in new
technologies. The voluntary participation model was unrealistic in Kibera. Locals suffer
great survival issues so a small daily compensation was given for their participation.
Residents also found it hard to understand the benefits they could gain through
participation and the general potential impact of the project. Finally, NGOs found it
difficult to cooperate and share information. They had learned to work separately and
competitively for a long time, which meant that voluntary work was splintered off into
small pieces, for different purposes [Figure 3.2.].
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Figure 3-2: Map Kibera member Zack Wambua shares the map with Maono Secondary School
(source: MapKibera blog, 2014)

Main lessons:

Slum mapping can be achieved by young local people relatively quickly.

Basic topographic maps can be enhanced with essential thematic layers.

A combination of open source and conventional software can facilitate VGI projects.
Compensation may be needed to improve participation in locations where
participants suffer great survival issues.

Innovative methods such as SMS, voice and video reporting can support the appeal
of mapping projects.

YV V V

A\

3.4. Crowdsourced case studies in public administration

The next two case studies consider the approval of local administration in design and they
are supported financially. The two experiments were carried out in developed countries
and counter the assumption that only developing countries require voluntary
participation in governmental projects.

3.4.1. Crowdsourcing The National Map, National Map Corps, US

Interaction type Public—>Government—Public

Trigger event The need to update the national map and other national map
databases.

Domain Generic mapping.

Organization US Geological Survey (USGS), National Geospatial Program.

Actors Local, state and federal agencies including the USGS.

Data sets USDA National Aerial Imagery Program (NAIP) Imagery, National

Map base layers, ESRI world imagery, Alaska community photos,
the national structures database and USTopo.
Process Using crowdsourcing techniques, the USGS’s National Map Corps
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encourages public volunteers to collect and edit data about
human-made structures to provide accurate and authoritative
spatial map data for the USGS National Geospatial Program’s
web-based National Map.

Feedback Updated structures are contributed in real-time. Databases are
downloaded on a nightly basis. Data collected is in the public
domain and freely downloadable.

Goal Maximize limited resources while continuing to support the
National Geospatial Program by leveraging volunteers with local
knowledge to update The National Map and USTopo.

Table 3-5: Summary of the National Map Corps US project

VGI is not new to the USGS, but past efforts have been hampered by available
technologies. Over the past two decades, the USGS has sponsored various forms of
volunteer map data collection projects, including the Earth Science Corps where
volunteers annotated topographic paper maps, the collection of GPS points using
handheld GPS devices and, finally, web-based technology to input data in 2006. In spite
of these efforts, and as valuable as the updates were, technology could not keep pace with
decreasing USGS resources, and the VGI effort was suspended in 2008. Today, the perfect
storm of improved technology, social media and ever decreasing resources has once again
made crowdsourcing an attractive option.

it or confirm only red icons.

D Unedited
D Edited

(— Peer Reviewsd
& |

‘3 Advanced

USGS Reviewed

Click on state name for important updates:

Texas

Figure 3-3: The interface of the Map (source: Elizabeth McCartney)

After several pilot projects to determine the viability of bringing back the volunteer
mapping program, The National Map Corps volunteers are successfully editing ten
different structure types in all fifty states, including schools, hospitals, post offices, police
stations and other important public buildings [Figure 3.3.]. Using National Agricultural
Imagery Program (NAIP) imagery as the primary base layer, volunteers collect and improve
data by adding new features, removing obsolete points and correcting existing data. Edits
are contributed through a web-based mapping platform built using open source
technology developed by OSM. Points edited are incorporated into The National Map and
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ultimately become part of USTopo.

In order to address quality concerns, an analysis of a pilot project was conducted over the
state of Colorado. For all structure feature types, volunteer involvement was found to
improve positional accuracy, attribute accuracy and reduce errors of omission. The
Colorado pilot demonstrated that volunteer edits improve our baseline structures data;
that further review by advanced volunteers willing to provide peer review improves the
data further; and that sample-based inspection by USGS personnel can monitor these
processes.

Successful crowdsourcing is not without challenges, some of which include volunteer
recruitment, volunteer engagement and participant motivation. The National Map Corps
endeavors to meet these challenges using gamification techniques and a mixture of
traditional and social media. Gamification includes easy on-ramping, virtual recognition
badges, friending, map challenges, social media interaction and a tiered editing approach.
Using these techniques has been successful. The National Map Corps continues to see
substantial increases in the number of volunteers and volunteer contributions to The
National Map.

Other challenges continue to exist and include: organizational resistance to accepting
data from volunteers as being “good enough” to populate national databases; and working
through issues for which there is no well-established policy regarding government
accepting data from citizens. One example is the requirement to obtain approval for
conducting a “survey” from the Office of Management and Budget as part of the
Paperwork Reduction Act even though the project is not really conducting a “survey”.
(Mrs. Elizabeth McCartney, 2014, pers. comm., 16 May).

Main lessons:

» Adoption of challenging techniques such as gamification has been successful and
attracts volunteer interest.

» Evaluation of the quality indicated that the participation improves accuracy and
reduces the errors.

» Organizational resistance to accepting data from volunteers is one of the major
challenges for VGI projects of this kind.

» Key factors to successful crowdsourcing include building on past experience,
leveraging existing technology and having the support of key individuals within the
organization.

3.4.2. iCitizen, mapping service delivery, South Africa

Interaction type Public—>Government

Trigger event -

Domain Generic mapping with focus on local infrastructure issues.
Organization University of Witwatersrand, LINK Centre.
Actors LINK Centre.
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Data sets Multiple data sets per service delivery issue to be tracked.

Process Collection of data points via mobile phones. Adoption of different
ways of geotagging photos in real time or via SMS or/and email.

Feedback Generic and purpose-built maps for disaster preparedness.

Goal Reporting and solving fundamental problems with basic

infrastructure and services.
Table 3-6: Summary of iCitizen mapping service delivery in South Africa

In recent years, South Africa has seen a surge in political protest against slow service
delivery. While the United Nations’ Human Development Index considers South Africa to
be a middle-income country, there is a large disparity in income distribution across the
population. Social unrest is an obvious consequence of poverty, high levels of
unemployment and service delivery backlogs.

Within the context of these issues a new initiative has been launched, which intends to
improve the daily life of citizens by collecting crowdsourced reports of service issues and
passing them to the relevant authorities for resolution. The iCitizen project will give
citizens the ability to report on fundamental problems with basic infrastructure and
services [Figure 3.4.]. The researchers involved in the project intend to contact local
municipalities to discuss the extent to which this project can be embedded within current
initiatives around citizen monitoring and evaluation. The main aim of the project is to give
citizens an active voice. A secondary research objective is to understand and identify the
role of mobile phones in citizen-led monitoring and evaluation.

Members of the public will be able to report issues by forwarding geotagged photographs,
sending in locations via SMS or reporting issues via email. The first iteration of iCitizen
was built upon the Drupal open source content management system (CMS). As an
enterprise CMS, it provided a lot of services out of the box, including membership
management, image upload, taxonomy (category) management, user commenting,
thorough user permissions, field APIs, views templating and reporting and HTMLS
theming capability. Researchers were able to extend the core functionality to include
mapping enabled through geolocation, leaflet maps (using OSM as the Map Tile server)
and a voting API allowing users to verify incidents.

The designers of the application will be extracting boundary data for South African
provinces, districts and local municipalities and exposing these on the online map using
GeoJSON data. This will automate the process of calculating the jurisdiction of any
reported incidents. A live reporting engine and online social tool will also allow for two-way
communication between the web server (and its user-base) and local municipalities and
civil societies.
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Figure 3-4: The interface of the Map (source: Kiru Pillay)

The main difficulty relates to the acceptance of the project. One university found validity
in the concept but was unable to commit resources for the development of the application.
Going forward, two difficulties are envisaged. The first is acceptance of the validity of the
generated data sets by local municipalities. The second is acceptance of the use of mobile
phone and applications by the public as an effective tool for voicing service delivery
concerns. Even though the penetration rate of mobile phones is fast approaching 100% of
the adult population in South Africa, the use of mobile applications and GIS-mapping
tools of this nature is largely untested (Dr. Kiru Pillay, 2014, pers. comm., 14 May).

Main lessons:

» Projects can be used for a variety of tasks at local level, not just that for which they
were designed.

» Using a range of software, programming languages and platforms can broaden a
project’s horizons.

» VGI applications face financial issues due to their technological nature and the
resources of the organizations involved.

» Concerns from agencies about the quality of generated data sets and improving
public adoption of mobile applications are common challenges.

3.5. Crowdsourced case studies in disaster response

The last section contains successful case studies that flourished as a consequence of
disaster response. The first example concerns the first and most predominant
crowdsourced a posteriori action, and the other two concern characteristic examples of a
priori preparedness. The last example has adopted the a posteriori response as well.
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3.5.1.

Interaction type
Trigger event

Domain

Organization
Actors

Data sets
Process
Feedback

Goal
Side effects

Haiti disaster response

Public—>Government—Public
A natural disaster (earthquake) and humanitarian crisis.

Generic mapping (topographic maps of the area) / purpose-built
maps (disaster relief management).

Humanitarian OSM Team (HOT)

United Nations, NGOs, National Haitian Mapping Agency, National
Center of Spatial Information, Haitian civil society.

Historic maps, CIA maps, high-resolution imagery from Yahoo,
paper maps and GPS tracks.

Tracing in OSM platform from different data sources and
collecting GPS tracks.

Topographic and purpose-built maps for the management of
supplies of medicine and food, and location of settlements.
Facilitate disaster response management.

The data sets created have not been used by the national mapping
agency (NMA) but by international aid organizations (UN, USAID).

Table 3-7: Summary of Haiti disaster response

Haiti was dramatically affected after a 7.0 magnitude earthquake hit the capital city of
Port-au-Prince on 12 January 2010. Death toll estimates range from 100,000 to 200,000.
More than 250,000 residents were injured and more than 30,000 buildings collapsed or
were severely damaged. When the magnitude of the disaster became clear, the main issue
for those responding to the disaster was that the only available spatial data were poor and
last updated in 1960s. The local mapping agency collapsed in the earthquake, with the

loss of most of the skilled employees.

An wupdated map was urgently
needed for the distribution of
supplies, identification of collapsed
buildings, damaged infrastructure
and medical This
catastrophe was characterized by the
experts as an engineering problem in
N| the most extreme environment
< (Maron, 2010a).

stations.

S ! The Haiti disaster response is one of
/ Sy the
geographic information being made
open by official partners, enhanced
by public volunteers and returned to

successful examples of

Figure 3-5: The process of the mapping within 48 hours
(source: OpenStreetMap)

government for action (although the
government was reluctant about the
involvement of volunteers). The first
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imagery was loaded on the OSM platform in 48 hours (Maron, 2010b) [Figure 3.5.]. 60
people were trained and more that 700 contributed to the mapping, among them people
from UN agencies, NGOs, National Haitian Mapping Agency, National Center of Spatial
Information (CNIGS) and Haitian civil society (Waters, 2010). Historic maps, CIA maps
and high-resolution imagery from Yahoo were first used for tracing in OSM to improve the
basic maps (Haklay, 2010a). Volunteers with paper maps and GPS completed the second
phase of tracing. The effort led to the PDNA (Post Disaster Needs Assessment), the result
of the analysis of satellite and aerial imagery by multiple sources, in which more than
30,000 damaged infrastructures were identified and classified. According to HOT, 600
volunteers added spatial information to OSM in a month and the result was used as a
default basemap for responding organizations and the Haitian government.

The main reasons for its success can be focused on four main factors; time, cost, great
participation of volunteers and official trust. The sensitization of the public to the Haitian
crisis led to a great participation of volunteers and immediate mobilization worldwide. The
contribution of NGOs and other official partners and the release of conventional data sets
as reference maps for tracing without licensee restrictions were vital to success.
Government support was inevitable due to the critical circumstances and limited
resources.

Although, the project is characterized as successful, there were a few weaknesses. On the
one hand, all the responding organizations lacked experience and awareness of the
operational norms in humanitarian response, which constitute an operational framework
for the accountability of different sources. On the other hand, deficiency of coordination
led to the duplication of data. Also, the national mapping agency CNIGS never really
engaged with OSM although official data were given supportively at the beginning of the
project.

Main lessons:

» This was the first crowdsourced mapping exercise for humanitarian reasons and
shows its successful use in reacting to disaster.

» An integrated methodology of this kind follows four steps: spatial data contributed
by official providers, supplemented with GPS tracks, integrated into OSM and updated by
a great number of volunteers from each part of the world.

» Time, cost and official trust of data by NGOs and other official partners are key to
success.

» Lack of coordination and experience between different actors can lead to
duplication of data and waste of resource.

» Differentiation between conventional and governmental data in terms of
engagement to the project did not prevent success.

3.5.2. Community Mapping for Exposure in Indonesia

Interaction type Government—Public—>Government
Trigger event -
Domain A priori disaster response.
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Organization Community Mapping for Exposure in Indonesia.

Actors Indonesian Disaster Management Agency (BNBP), Australian
Agency for International Development (AusAID), Humanitarian
OSM Team (HOT), Civil Society Strengthening Scheme (ACCESS),
the World Bank Global Facility for Disaster Reduction and
Recovery (GFDRR).

Data sets Satellite imagery, GPS tracks and attribute data.

Process Collecting spatial and attribute data and tracing in OSM platform.

Feedback Thematic maps showing damage in case of various physical
disasters.

Goal Reduction of vulnerability to natural disasters.

Side effects Deemed as a successful example of disaster relief preparedness

that could be applied in other developing countries.
Table 3-8: Summary of community mapping for exposure in Indonesia

An example of an a priori disaster response, the Indonesian mapping project began in
early 2011 (OpenStreetMap Indonesia, 2012a) and at the time of writing is still active
following an initial three-month pilot period. The main idea behind the project was to use
OSM to collect previously unavailable data about buildings and their structure in both
urban and agricultural environments and to use appropriate models to calculate likely
damage in case of physical disaster. The combination of the impact models and the use of
realistic data led to the development of an open source risk modeling software (InaSAFE)
showing the affected people, infrastructure and damage if disaster were to hit a specific
area. This offers a practical tool for governments to develop actionable contingency plans
and fills the need for risk assessments identified by the World Bank (GFDRR, 2013).

The pilot phase consisted of workshops offering training on the project and building
construction as well as data collection in urban and rural areas. The approach between
rural and urban areas was slightly different, although the result was similar. The original
data were derived from paper maps, which were edited by local people; satellite imagery
depending on the availability; and GPS tracks. Data were edited using JOSM and Potlach2
web editor and then used in QGIS (Chapman et al.,, 2013). Urban areas were mapped by
students who took part in a mapping competition. Rural areas were mapped with ACCESS
contributors and local people. The second phase lasted from July 2012 to March 2013
and focused on collecting exposure information essential for impact modeling software
(Humanitarian OpenStreetMap Team, 2013). In total, 163,912 buildings were mapped
during the pilot, 29,230 in urban areas, 16 workshops were held with 124 people
participating in rural areas and 5 universities in urban areas [Figure 3.6.].

To encourage participation, Community Mapping for Exposure has a pyramid format
based on leadership, with specific guidelines in data manipulation and great coordination
between different contributors. The whole process is focused on workshops, participants
were supervised at many stages and the procedure of data collection and manipulation
was firmly defined. Motivations for participation varied, with incentives covering a
spectrum from disaster protection to mapping competition. In terms of technical support,
the whole project was not only supported by HOT and OSM but also by open source
software such as QGIS. The main innovation in data collection was the private datastore,
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which offered a unique ID for each object. The final output has also been a success in
enabling local government to visualize where people are most in danger by combining
local wisdom with scientific knowledge to produce realistic scenarios for numerous
different physical disasters.

Figure 3-6: Community Mapping for Exposure in Indonesia (source: Akhadi, 2014)

The main aspect of concern is the quality of the results, which showed great variation.
According to the final report, the quality was either very bad or very good in different
areas, although it was found as acceptable generally. The attribute quality, which has a
principal role in the success of the project, indicated a great number of empty or incorrect
records concerning the structure of buildings (OpenStreetMap Indonesia, 2012b). Other
minor deficiencies were also noticed, such as failing to create constant mapping
volunteers and the use of time-consuming technical methods in a few cases (e.g. Excel
spreadsheets in data collection or manual methods of data manipulation).

Main lessons:

> An a priori disaster response can be focused on appropriate models and
parameters and can calculate damage in case of a physical disaster by using VGI.

> Interaction between official providers and VGI is a parameter of success not only for
the beginning of the project but also for its continuity.

> Open source data can be reliable for scenario building but its quality can vary,
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especially in terms of attribute data.

> Risk managers, local communities and the public can combine local wisdom with
scientific knowledge to produce realistic scenarios for numerous different physical
disasters that may occur in an area of interest.

> The coordination of participating organizations and volunteers is important to take
full advantage of human resources and technical innovations.

3.5.3. Flood preparedness through OpenStreetMap, Jakarta, Indonesia

Interaction type Public—>Government—Public

Trigger event Disaster management agency of Jakarta wanted to have better
data for flood planning and reporting.

Domain Mapping for disaster preparedness.

Organization Jakarta Disaster Management Agency (BPBD DKI Jakarta).

Actors Australia-Indonesia Facility for Disaster Reduction (AIFDR),

United Nations Office for Coordination of Humanitarian Affairs
(UNOCHA), Humanitarian OSM Team (HOT), University of
Indonesia (UI).

Data sets OSM data of neighborhood boundaries (Rukun Warga),
religious, health, sports and government facilities, schools,
roads.

Process The heads of Jakarta’s 267 urban villages were asked the

locations of their critical infrastructure, which was then
mapped by university students from the University of
Indonesia and entered into OSM.

Feedback Urban village leaders received paper poster maps of their
villages for their participation.

Goal Improve geographic information of Jakarta available for flood
planning.
Side effects Having a detailed basemap of Jakarta has made others

interested in the idea of crowdsourcing and using community
mapping to collect base data and record event data at a
relevant scale.

Table 3-9: Summary of flood preparedness through the OSM in Jakarta, Indonesia

Jakarta, Indonesia, is a large megacity that has frequent seasonal flooding issues.
Jakarta’s disaster management agency (BPBD DKI Jakarta) needed better data to prepare
for the flood season. AIFDR, UNOCHA, HOT and University of Indonesia assisted in the
process (OpenStreetMap Indonesia, 2014).

The original idea was to ask the heads of the 267 urban villages the location of their
critical infrastructure, then ask university students to help with technical issues. Impact
analysis using InaSAFE (open source impact modeling software) was then performed as
part of a contingency planning process, and the data has been used to create government
maps to report flooding conditions and the village heads have used their poster maps to
plan logistics when responding to flooding.
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The project also created an open data set that can be used for a variety of analysis at the
village, district and provincial levels. Using an open platform means that anyone can use
the data and it can be updated easily as the information becomes outdated. The data
collected has been useful in both the 2013 and 2014 floods, allowing the government of
Jakarta to show more detailed maps than previously available and increasing demand for
additional mapping at a higher resolution.

One negative aspect of the methodology used is that while it did collect the data very
quickly, the urban village officials do not have an easy way to update their area as the
data changes.

Main lessons:

> Collaboration between different teams of local people, depending on their
knowledge, means participants can contribute to specific tasks and stages of the project.
> Open data can be used at different levels of decision making policies such as
village, district and provincial levels.

> Difficulty in keeping data up to date is one of the most important concerns in terms
of viability.

> Data can be used in a variety of ways, including by governmental bodies for the

creation of maps.
3.6. Supplementary case studies

The last three case studies work supplementary to the above three main categories and
provide the same main lessons and conclusions. The first case study falls under land
management, the second under public administration and the last under the disaster
response category.

3.6.1. Shelter Associations, slum mapping in India

In urban areas of India the percentage of citizens who live in slums fluctuates from 10-
50%, which means that a great number of people lack basic infrastructure and housing.
Housing, health, sanitation, education and livelihood are among the main issues that
NGO Shelter Associates tries to address in specific areas of India through a variety of
projects intended to improve the living conditions of slum dwellers (Shelter Associates,
Research and Poverty Mapping, 2014). Shelter Associates was established in 1993 by
architects and planners and works in direct collaboration with the local government for
the improvement of citizens’ lives. It has adopted a hybrid model of experts in various
academic fields, such as GIS analysts, sociologists, planners and architects, who work
with the aid of local volunteers. The volunteers contribute to slum mapping by
maintaining up-to-date data for informal settlements and supporting community
participation in other projects carried out by Shelter Associates (Shelter Associates Home
Page, 2014).

According to Shelter Associations, the main issue that local government faces is the lack
of local knowledge about the spatial infrastructure of slums, which results in the
exclusion of informal settlements from city planning and urban development. The local

Page 86 | Doctoral Dissertation - Sofia S. Basiouka



people consider mapping as an opportunity to move to other areas where schools are
located or to save money by adopting better transportation routes.

Shelter Associates pioneered the use of GIS for poverty mapping in the late 1990s (Shelter
Associates, GIS and Remote Sensing, 2014). However, in recent years, the need to connect
the data collected for the various projects, and stored in different layers alongside spatial
information, became crucial. The team adopted Google Earth as a basemap for the slum
mapping and among other benefits, Google Earth is easy to use, easy to understand
because it includes aerial images and offers a clear picture of development within the city.
The spatial data was introduced into a variety of projects to support good governance and
decision making policies.

3.6.2. Twitter use in Italian municipalities

Research investigating the Twitter profiles of Italian municipalities identified that, at the
time of the survey (November 2013), only 461 of more than 8,000 Italian municipalities
had Twitter profiles, approximately 6%. After a few months, this increased to about 25%
while six months before, only 368 municipalities retained a Twitter account. The
geography of municipal profiles in Italy seems to reflect the urban structure of the
country, which is mostly made up of many small and medium sized cities. At the time of
the survey, only 1% of the 461 profiles had been activated by large municipalities, 4% by
medium municipalities, 44% by small to medium municipalities, while 51% had been
activated by municipalities with less than 10,000 inhabitants.

This demonstrates that reduced population size is not a barrier to the spread of social
applications but may in fact be an advantage or a driver. The first and the most active (in
terms of tweets sent and followers) municipalities on Twitter are those that started with
the activation of “civic networks” (municipality websites) in the late 1990s, showing the
relationship between these kinds of technologies.

The survey has analyzed the types of messages sent, since the activity profiles must be
assessed not only in relation

to the amount of tweets and

followers but also with

respect to the quality and

type of information sent. The

latter relate to different fields,

which include simple

messages for informational

purposes up to the more

complex addressing issues  Legenda
that affect planning and g
territorial management. The  Y*

02-3

research team classified the -::fo
hashtags used by most mEwi
municipal profiles into

several categories and the Figure 3-7: The density of the Twitter profiles on the map

(source: Cristina Capineri)
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most widely represented information related to culture and tourism, followed by
geographical information, utilities and weather forecasts [Figure 3.7.]. Messages about
governance are still quite limited except in some cases, demonstrating that the potential of
Twitter as a collector and distributor of information on complex issues around which to
initiate debates and discussions has not been realized. Only a few municipalities have
used Twitter for emergency and risk management, such as Castelnuovo Garfagnana
(earthquake) and some municipalities in Sardinia (flooding). Nevertheless it is worth
noting that the news about L’Aquila’s severe earthquake of 2009 was first announced
through Twitter before other media (Prof. Cristina Capineri, 2014, pers. comm., 3 June).

3.6.3. Crowdsourcing satellite imagery in Somalia.

This is a humanitarian project to geo-locate all shelters in Somalia’s Afgooye corridor with
the aid of satellite imagery provided by the Standby Volunteer Task Force. UNHCR,
DigitalGlobe, Tomnod, SBTF and Ushahidi are the main organizational bodies cooperating
so that the crowdsourcing application can take place with the aid of volunteers
(iRevolution, 2011a). The aim of the project behind this collaboration is to map all shelters
by dividing them into three main categories: large permanent structures, temporary
structures with a metal roof and temporary shelters without a metal roof. The rule set
describes the shape, color, tone and clustering of the different shelter types. The project
was divided into two phases: a trial and an official launch where specific instructions were
given to participants. The goal of the project is to test the feasibility of crowdsourcing
rapid shelter enumerations of internally displaced persons to support population
estimates. The process cannot be replaced by an automated one as this could not identify
the type of shelter.

The satellite imagery methodology was adopted because access to the area of interest is
limited. The main question was how many people are in the shelters and need
humanitarian aid in order to inform decision making around logistics and planning
policies. During the project, 253,711 tags were created and more than 9,400 shelters
visually identified after processing 3,909 satellite images (iRevolution, 2011Db).

3.7. Technical aspects

The research above indicated great potential in terms of technical aspects. Innovative
ideas, flexible and out-of-the-box techniques and tools are only a few of the main
components revealed by the case studies.

Combination of conventional and open source data. Many crowdsourcing projects use
a wide range of software applications, both closed and open source. The successful case
studies have proven that combining various tools in different applications can widen the
technical horizons of an application and create new opportunities. One of the most
predominant examples is the Mapping in Nairobi, Kenya (Map Kibera, 2014). However,
access to the knowledge and experience of using these software tools is not available to
everyone and requires high technical abilities.

Data sets. Another issue with VGI data sets is the need for synchronization and
coordination. During update operations, data sets often diverge but the users and
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recipients of a project should know which version is the correct one and how to maintain
a definitive copy. In some cases, and especially where open source software is used, the
format of data is not convenient for further use in proprietary software packages, making
it difficult to reintegrate the data. Therefore, the interoperability of data formats is a
significant issue.

Accuracy and quality. The accuracy of the information continues to play a key role in
VGI projects. Community Mapping for Exposure in Indonesia indicated that accuracy
varies among the different data sets, which is an issue of concern. Elsewhere, the
Colorado pilot project for the National Map Corps showed that accuracy significantly
improved when volunteer participation increased. A related concern includes the accuracy
of data collected by mobile phones, as in the iCitizen project where this is the main issue.
However, there are many methods for quality assurance of VGI and these can be used to
ensure the accuracy and quality of the information.

Authority. The authority given to VGI data is one of the most challenging issues for its
use in government. In a departure from an era in which information is considered
authoritative simply because it originates from a government organization, recognition of
the inherent heterogeneity in geographical information and the need to keep it up to date
permeate many of the case studies. However, because government bodies have both the
authority and the responsibility to provide accurate and comprehensive information, this
requires more control over the data and its quality. Many of the case studies show that
governmental organizations need to put appropriate procedures in place to ensure that,
regardless of the source, the information released is accepted as trustworthy and
valuable.

3.8. Success factors

According to the research, elements that contribute to the success of VGI projects should
be considered from the outset and are often linked to the original drivers.

Identification of appropriate cooperation level between the public and
governments. Approval and acceptance by the government is central to VGI success in
this context, regardless of the stage of the project. Approval means not only the simple
adoption of crowdsourcing techniques but also the cooperation between the public and
government in a continuous effort to produce the desired result. Governmental
experimentation plays a crucial role in identifying how to incorporate crowdsourcing
techniques into official activities and projects. VGI support is divided into two main
categories, that offered during the evolution of the project (e.g. NRCan-OSM ongoing
collaboration) and that offered in its aftermath (e.g. South Sudan government’s evaluation
of the project by Google Map Maker and the Sudanese diaspora). In contrast, it is notable
that the outcomes of the Haiti disaster response were not subsequently used by the local
official mapping agency, though they were used by other humanitarian actors operating in
the country at the time. This represents a missed opportunity to establish a richer
connection between the Haitian government and the OSM community.

Partnership of scientific organizations. Strong collaboration between different
organizations, which are experts in different parts of a project, is key to success. Although
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in a few cases this has lead to a lack of coordination and duplication of data (e.g. the Haiti
disaster response), in others duties are separated into technical, economic and human
resources (e.g. the National Map Corps project). Research organizations and universities
can play a positive role in this as centers of innovative ideas and techniques as well as
participants and volunteers.

Workshops. A series of workshops carried out in the preliminary stages of projects
encourages the training of volunteers and defines the pattern in which participants will
coordinate. It is noticeable that among the most successful stories (e.g. Community
Mapping for Exposure in Indonesia, Map Kibera in Kenya, and mapping of South Sudan)
the workshops indicated the value of partnering with scientific organizations such as local
universities to train volunteers and conduct quality assessment to ensure government
acceptance of the data.

Recruitment of volunteers. Although the common view is that the public can participate
without restriction in all crowdsourcing applications, the reality is quite different. Most
projects are oriented to specific tasks and recruit the public according to their age,
background or technical skills. One example is Community Mapping for Exposure in
Indonesia (Humanitarian OpenStreetMap Team Indonesia, 2013), where young
undergraduate students were recruited and scholarships offered in exchange for
participation. As crowdsourcing reaches new locations, compensations and awards to
participants may also become more important, as in the case of Map Kibera (Map Kibera,
2014).

Innovative techniques. In an effort to keep the interest of the public and adopt new
technologies and platforms, different organizations have promoted new crowdsourcing
techniques, such as gamification and reporting with the aid of photographs, video and
SMS (e.g. Map Kibera) or use of social media (e.g. Twitter use in Italy).

3.9. Concluding Remarks

This chapter investigated ten successful crowdsourced case studies that covered a wide
field of applications and which flourished with the aid of governmental or official partners.
All case studies faced the challenge of gaining acceptance and support from governmental
bodies, which can be considered as their main victory towards changing traditional
practices. Among the successful factors, the identification of the appropriate cooperation
level between the public and governments is firmly underlined as an important note for
further case studies.

The research separated all those key factors found to be important for the success of
potential VGI applications. The study also demonstrated the technical factors and the
successful components that emerged from the conclusion of the practical experiments.

The research indicated that a combination of conventional and open-source data, the
credibility of the data sets, their quality and authority constitute the most important
technical factors that should be taken into consideration in the design of future projects.
Also, the involvement of different organizations, the recruitment of volunteers and the
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adoption of innovative techniques are only a few of the successful aspects that may be
used in any general crowdsourced application.

The table below summarizes the main results of the third chapter.

» Ten different successful case studies were explored in depth. All had in
common the acceptance and support of the official partners, who realized the
importance and significance of volunteers in the implementation of every
experiment. Every case study was analyzed and its main lessons were
summarized for further evaluation and use.

» Among the most important technical aspects noted are the combination of
conventional and open-source data, the credibility of the data sets, their
quality and authority.

» The predominant success factors include partnership of different
organizations, recruitment of volunteers, implementation of workshops at the
beginning of every application and innovative techniques.

» The crowdsourced case studies show these projects can flourish and be
maintained, especially if they gain support from governments and receive
acceptance from official partners.

Table 3-10: Concluding remarks of the third chapter
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4. PROPOSED CROWDSOURCING MODEL FOR
CADASTRAL SURVEYS

4.1. Introduction

The fourth chapter investigates the core part of the research and proposes a
crowdsourcing model based on the theoretical study, previous examples and innovative
techniques. Although the model focuses on cadastral surveys, it is presented in a more
general pattern so that it can be adopted and used in various land administration
projects. Its main innovation is the adoption of various elements and keynotes derived
from a range of case studies that all share principal success factors known from the
outset. The research aims to propose general principles as guideline in future land
administrative projects and crowdsourcing initiatives.

The chapter begins by investigating how the Hellenic Cadastre has been designed and how
it works. The study presents its main stages, its process and the failures that it has
suffered in recent years. The Hellenic Cadastre project is used as a guideline in the
general model that will be presented in the second half of the chapter.

The study subsequently proposes an alternative crowdsourced model for cadastral
surveys that could potentially replace official processes and is based on the main lessons
that have been derived from the study of ten different practical experiments. In fact, the
chapter is divided into two main sub-chapters. The first sub-chapter is focused on the HC
project and its practices. The research presents the legal framework, official process and
deficiencies that have been recorded within the first phase of the cadastral survey in
various areas. Within the next sub-chapter, the proposed alternative cadastral model is
presented. The model has been designed according to those components that were
evaluated as crucial for the success of a general model in the previous chapter and were
modified so that they fit the purpose of a cadastral survey.

The main innovation of the research is focused on the idea to isolate all key factors and
modify them so that they can be introduced into the potential cadastral project or any
other land administrative project that also faces difficulties or restrictions. The analysis is
enhanced with the success factors that play a fundamental role in each case study. The
main lessons, capacities and weaknesses lead to this next part, which investigates the
proposed crowdsourcing cadastral model. The model is clarified in terms of its technical
and sociological aspects while describing the proposed process. The workflow,
stakeholders, adopted main lessons from previous experience and coordination with the
INSPIRE directive are the main four basic components of the proposed cadastral model.
The chapter ends by illustrating the main findings.

The table 4.1 indicates the main components of the fourth chapter.

» Presentation of the HC as an administration project that can be used as a
guideline for the design of the proposed crowdsourcing project.

» The Hellenic Cadastre: how it works, its progress and its deficiencies.
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» The alternative crowdsourced model for cadastral surveys. The idea behind
its implementation and general application in a variety of projects.

» List of the keynotes that were derived from previous experience.

» The workflow and stakeholders as the main components of its design.

» Potential coordination with the INSPIRE directive as a major aim for its
credibility and viability.
Table 4-1: Predominant components of the fourth chapter

4.2. The Hellenic Cadastre

Greece is located in southern Europe, at the crossroads of Europe, Asia, and Africa. Its
land boundary is 1,160 km and according to the 2011 census, its population is around 11
million inhabitants. Greece consists of a mountainous, peninsular mainland jutting out
into the sea at the southern end of the Balkans, ending at the Peloponnese peninsula, and
features a vast number of islands. “The land is highly fragmented and due to the strong
urbanization of the last 50 years, most of the population is concentrated in few big cities
and great extents of rural and mountainous areas have been abandoned” (Rokos, 2009).

The implementation of the Hellenic Cadastre is a long-term project of significant
importance for the development of the country and Greece is one of the very few European
countries where a cadastre does not exist (Ioannidis & Hatzichristos, 2000).

The Hellenic Cadastre is a uniform, public, systematic and on-going title registration
information system in fully digital form with spatial and attribute records of each land
parcel, under the responsibility and guarantee of the National Mapping Agency (NCMA
S.A.). The HC is responsible for both the collection of all necessary spatial information
concerning land parcels and the registration of all legal rights on them as attribute
documentation.

The main properties of the Hellenic Cadastre (Arvanitis & Koukopoulou, 1999) are:

» Uniformity: the Cadastre is compiled and updated based on unique standards for
the whole of the country.

» Public character: the state has responsibility for the compilation of the Cadastre
and it will guarantee the contents of cadastral books and maps.

Update: all the transactions are registered into the system at the time they occur.
The cadastral unit is the land parcel as it is described in the legal documents.

The geometric description of the land parcels is achieved through the cadastral
maps, which are based on a unified Geodetic Reference System.

» The various land rights are registered in cadastral tables and finally in cadastral
books.

» The cadastral identification number (land parcel identifier) is used in order to
connect different kinds of information.

Potsiou et al. (2000) conducted a brief historical review of the continuous efforts of the
Hellenic state to introduce a cadastral system since its establishment in 1825. The Greek
state became the owner of the largest part of the country as the successor of the Ottoman
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Empire. However this information was never registered in a systematic and uniform
manner (Rokos, 2009). More than ten individual efforts to implement a cadastre in Greece
have been launched since 1836, however three among them are still in operation. In the
year 1853, the French Mortgage Bureaux System, a deeds registration system, was
introduced. This system, named the Transfers and Mortgages Registration System, is still
valid in Greece.

Moreover, between 1926 and 1929 a cadastral system was established on the islands of
Rhodes and Kos in Southern Greece, known as the Dodecanesean Cadastre. The system
continues to operate today, according to a special Cadastral Regulation.

The Hellenic Cadastre, which was first introduced in 1995, is designed to be a modern
information system, which will improve the efficiency of land transactions and guarantee
land tenure. In addition it will provide all levels of information to both private and public
sectors, which is necessary for land management, urban and rural planning, agricultural
policy, land administration and above all environmental monitoring (National Research
Council, 1980, Economic Commission of Europe, 1996).

The operating system of the Transfers and Mortgages Bureau is a “person-centric” system,
where deeds are registered together with all legal rights concerning the real estate
(Ioannidis & Hatzichristos, 2000). The system constitutes an attribute data record but all
spatial data is missing. Among other weaknesses, the system:

» stores only individual topographic diagrams that may have been submitted with the
contracts by the notaries. The submission of a diagram to the Bureau is not
compulsory and the accuracy varies depending on the different parameters. The
result tends not to be exploitable for re-use.

» is not digitized. The contracts and the diagrams are stored in a hard copy format
and research is therefore difficult.

» is “person-centric’ and organized by Bureau unit. Research by a land parcel is
impossible.

» 1is not updated as it is based on voluntary records.

The project of the Hellenic Cadastre will be a “land parcel-centric” digital GI system and it
will cover the whole jurisdiction of Greece and address the existing lack of spatial data.

The main model is constituted by four sub-systems: properties, property rights,
beneficiaries and deeds. Kavadas (2012) states that every part of land at the municipal
level (including roads, streams, special areas, etc.) constitute cadastral parcels. Also, the
spatial information is fully connected with legal and property information and is created
by using the Hellenic Positioning System (HEPOS) in field measurements. A recent full-
coverage network of reference points has been created to support the spatial data
collection. Part of the project is outsourced to external contractors and any detected errors
or non-conformities in the data are corrected by the contractors.

According to his study, the general conceptual model of the Greek Cadastre is depicted in
Figure 4.1:
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Figure 4-1: General conceptual model of Greek Cadaste (source: Kavadas, 2012)

4.2.1. Legal framework of the Hellenic Cadastre

The basic legislation for the compilation of the Hellenic Cadastre is constituted by a series
of laws with their amendments. The 24t Article of the Constitution of the State

establishes the obligation for the compilation of the National Cadastre by the state.

The Law 2308/1995 (Government Gazette A', 114/15-06-1995) rules for cadastral
surveys for data collection and describes the adjudication procedure. The Law 2664 /1998
(Government Gazette A', 275/03-12-1998) describes the fundamental principles of the
operation of the Cadastre, describes the regulations under which the first registrations are
made, defines the content of the cadastral record and the responsibility for the
operation/maintenance of the cadastral data (Potsiou et al., 2000).

The laws that have amended the two principal laws are the following: 2508/1997
(Government Gazette A', 124/13-06-1997), 3127/2003 (Government Gazette A', 67/19-
03-2003), 3208/2003 (Government Gazette A', 303/24-12-2003), 3212/2003
(Government Gazette A', 308/31-12-2003), 3481/2006 (Government Gazette A’,
162/02-08-2006), 3559/2007 (Government Gazette A", 102/14-05-2007) and 3728/2008
(Government Gazette A', 258/18-12-2008) (Koukoutsi, 2010).
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4.2.2. Cadastral survey practices in Greece: official process, progress and
statistics

The HC Project started in 1995 and cadastral surveys have been carried out in 340
regions all over the country while 106 cadastral offices have already begun operations in
these regions. The responsible agency for the HC project is the National Cadastre &
Mapping Agency S.A. (NCMA S.A.). The whole process is divided into two phases. The first
one started in 1995 and ended in 2008. As of June 17th 2008, the second phase of
cadastral surveys is in progress in 107 municipalities, communities and local districts in
Attica, Thessaloniki and the capitals of prefectures that were not surveyed along the lines
of previous surveys (Rokos, 2009). It is estimated that from June to December 2008, more
than 2.8 million people declared about 5.1 million real property rights to the Cadastre. In
the same period 17,000 legal entities declared another 700,000 ownership rights (Hellenic
Cadastre, 2011a). The compilation process is focused on collecting, editing and recording
property and other property rights per property unit offering the opportunity for an
accurate, authoritative and assured (AAA) cadastre (Williamson, 2012).

The spatial cadastral data are derived from (Kavadas 2012):

» the cadastral survey process
(field surveys). Submision of property
» the digitization of the obvious -

materialized parcel boundaries
on orthophotos.

the spatial cadastral data that
accompany the deeds after
adjustment to the geodetic
reference system of the National
Cadastre.

Formation of interim
cadastral tables and
diagrams
v

Suspension of the interim
cadastral data

. 4

Submission of objections

» the boundaries of coastal and
forest areas. v
> the verification and use of the Ref"rma“%r;t"; cadastral
data submitted by the owners
v

together with the declarations
(e.g. topographic diagrams).

Commencement of the
cadastral office’s operation
in the particular area

» the spatial data derived from
property titles (area, length of
parcel sides, etc.).

Figure 4-2: Main cadastral stages

» the participation of the owners in the indication of boundaries on orthophotos by
visiting the contractor’s office.

The time needed for the official process to be completed is not standard at all stages of the
process and the time for the process to begin may vary depending on disputes among the
various candidate contractors. The time required for the process to begin may reach three
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years or may lead to a cancellation of the public tender. Numerous areas of the country
suffered severe delays and postponements from 2008 until 2013 for this reason. The main
cadastral survey includes the following stages [Figure 4.2]:

>

Declarations are submitted to the cadastral survey offices by the right holders and the
registration of the declared rights is added to a digital database. The declaration
period is intended to last for three months for landowners except for those who live
abroad and can declare their ownership in a six-month period. However, due to the
high levels of citizen participation, most of the declaration periods are extended and
finally reach six months in total [Figure 4.3].

Interim cadastral tables and diagrams are formed based on the data from the
submitted declarations, which has been processed by lawyers and surveyors.

Interim cadastral maps and data are published for a two-month period and extracts
are sent to the rights holders for their information and acceptance. This period may
also be extended, if needed.

Objections or applications for correction of a cadastral registration are submitted and
forwarded to independent administrative committees, depending on the case.
Objections last two months and the period is overlapped to the above. In case severe
errors are recorded, the process follows as it is given in the next sub-chapter. The
time required is set at three months only for straightforward situations and its real
duration varies depending on the severity of the errors and the number of extensions
that need to be granted by the official authority. The experience, below, indicates that
the time needed is not standardized.

The cadastral data is reformed after examination of the objections and the correction
claims and the final cadastral tables and diagrams are formed. These registrations are
called Initial Registrations and they constitute the first registration in the Hellenic
Cadastre.

The cadastral office in operation in the particular area replaces the old Land Registry
Office (Hellenic Cadastre, 2011b).
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Figure 4-3: The hard copy declarations that the owners submit to the cadastral offices (source:
NCMA S.A))

Although the project has been in progress for 20 years, the results are quite disappointing
concerning its process and its efficiency. The project involves an area of 132,000 km? and
37,200,000 property rights approximately. However, by 2012 only 6.4% of the total area
has been completed which means that 8,400 km?2 and 6,800,000 property rights (17%)
have been officially recorded. Progress remains slow. The total cost of the project has
reached 340 M €. Currently, approximately 3,100 km? of the total area and 7,500,000
property rights are under compilation. The cost of the cadastral survey is estimated to be
212 M € - not including VAT — and the registration of rights costs 42 M €. The remaining
120,500 km? and 22,900,000 rights concerning mainly rural areas are still unregistered
and the total cost of the project has not been defined (Potsiou & Basiouka, 2012).
Arvanitis & Koukopoulou (1999) characterized the HC project as being of a huge size and
budget, and predicted that it would take more than 15 years to be fully completed. The
progress of the project has refuted them.

4.2.3. Technical specifications of the mapping agency

The most recent technical specifications for cadastral surveys are declared in the
49439/16-9-2013 decision of the Minister of Environment, Energy and Climate Change
and were published in the Official Government Gazette B', 2362/23-09-2013. The
publication of the technical specifications poses a series of explanations and rules
according to the experience gained over previous cadastral surveys and the structure of
the Operative Cadastre.

The Hellenic Geodetic Reference System 1987 is used as a reference system with ellipsoid
GRS 80 and semi-major axis a=6378137.000 and flattening 1/f = 298.257222101.
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The WGS 84 is in parallel to the HGRS 87 and the transformation between the two
systems is applied by the parameters AX = -200 m, A¥ = +74 m AZ= +246 m. The known
parameters for the transformation of the two systems is of vital importance for
crowdsourcing techniques based on GPS tracks that collect coordinates in WGS 84.

The true color, digital, long-scale orthophotos of 50 cm spatial analysis provided by the
official mapping agency work supplementary to the cadastral surveys and have geometric
accuracy RMSEx <1.00 m, RMSEy < 1.00 m, RMSExy < 1.41 m, and absolute accuracy
<2.44 m for 95% reliability. The LSO cover the areas that are under cadastral compilation
in total.

The true color VLS orthophotos of 20 cm spatial analysis basically cover the urban areas.
They are fully rectified images including land and technical constructions. Their geometric
accuracy for points on the earth is RMSEx <0.20 m, RMSEy < 0.20 m, RMSExy < 0.28 m,
and absolute accuracy <0.48 m for 95% reliability. Their geometric accuracy for points on
the constructions’ roofs is RMSEx <0.40 m, RMSEy < 0.40 m, RMSExy < 0.56 m, and
absolute accuracy <0.97 m for 95% reliability.

The geometric accuracy of the cadastral diagrams is checked by comparing a number of
points of delineated boundaries, whose coordinates are well known in advance or have
been measured with high accuracy in the field, with the same points as they are
presented on the cadastral diagrams. The geometric accuracy is RMSEx <0.40 m, RMSEy
< 0.40 m, RMSExy < 0.56 m and the absolute accuracy is <0.98 m for 95% reliability in
urban areas. The corresponding geometric accuracy is RMSEx <1.00 m, RMSEy < 1.00 m,
RMSExy < 1.41 m, and absolute accuracy <2.45 m for 95% reliability in rural areas.

The technical control ends when every land parcel is located in the correct cadastral unit
and its shape and size is similar according to the topographic diagram, which has
previously submitted by the landowners and the respective rights. The shape of each land
parcel is checked by a buffer zone of compatibility. Compatibility of shape exists when the
buffer zone, which is located between the internal and the external boundaries of a land
parcel, does not exceed 0.50 m in urban areas and 2.00 m in rural areas.

The compatibility of area size is checked by applying the equation Ag = |E - Es |where E is
the measured area for cadastral purposes and the E, has been declared by the landowner
according to his rights and topographic diagrams. The result should be lower or
equivalent to the permitted deviation so that the deviation can be approved.

4.2.4. Identified errors - four representative examples

Within the implementation of the project, and especially taking into consideration its
magnitude, specific deficiencies have been recorded in the cadastral surveys. Identified
errors concerning the location, the shape and the boundaries of land parcels have been
recorded in various areas where cadastral survey has been completed. Errors are also
noticed in the records of the cadastral tables where properties are recorded to belong to
“unknown owners”. Among the most important are those at Lefkada island, Corfu, Lesvos,
Chios, Alonissos, Kefalonia and Zakinthos island. It should be noted that the declaration
only concerns geometrical divergence of property, not property rights.

Page Doctoral Dissertation - Sofia S. Basiouka
100




More precisely, there are four district
categories of errors that affected the
areas mentioned above:

» Land parcels whose shape or
boundaries need correction.

» Land parcels, which although
they were declared by the
owners within the deadline of
the declaration period, were not
recorded by the contractor in
the interim cadastral plans so
were not recorded at all.

» Land ©parcels which were

registered on the interim

Figure 4-4: The areas that suffer multiple failures
cadastral plans as belonging to within the official cadastral process.

the wrong cadastral units.

» Land parcels which are located in adjacent cadastral units and are affected
geometrically due to the correction of the boundaries of the unit under re-survey.

According to Papadopoulou (2012), the majority of errors were recorded in areas with
common characteristics such as rural areas with no materialized boundaries on the field,
in areas that are abandoned by their habitants or areas that suffer of high percentages of
immigrants. The Law 2664 /1998 (Government Gazette Gazette A’, 275/3-12-1998) that
describes the fundamental principles for the operation of the Cadastre also describes how
the spatial data can be improved within the Article 18.1 and 19.2. However, the
implementation of the Cadastre indicated that additions are required within this law. The
law was improved by inserting the 19.1 article where it is stated that the cadastral survey
can be repeated in cases that a generalized adjustment of the boundaries or location is
noticed. According to data derived from the responsible agency, the research has
identified the islands that faced the most severe delays within the cadastral procedure.
The main affected areas are given below [Figure 4.4].

Alonissos island

Alonissos is one of the islands that suffered multiple errors within the cadastral process
and in which geometrical divergence of land parcels within cadastral charts has been
reported since the launch of the cadastre operation. The property redefinition process, a
governmental initiative, was implemented by the national mapping agency, with the
contribution of the municipality of Alonissos and the participation of landowners. Figure
4.5 indicates the area of interest, with the initial boundaries in red and the corrected
boundaries in blue.

The process followed to correct the errors is divided into field surveys and follow-up work
at the office. At first, an interim drawing was designed for every ownership and its
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boundaries were marked with the aid of the landowners who were responsible for the
recording and were obliged to approve it by signing it. Secondly, research was carried out
in the archive of the cadastral office where record and data correlation was undertaken by
surveyors and lawyers. The elaboration of the data was carried out by taking into
consideration the interim cadastral declarations, the contracts, the objections, the
decisions of the competent committees and the topographic surveys that were carried out
by surveyors, which were outsourced by the landowners to help with the process.

The property redefinition process began in April 2012 and was first designed to last three
months. However, numerous extensions meant it ended only on 30t November 2012 and
lasted nine months in total. It is notable that Mr Bekos, executive member of the NCMA
S.A., underlined in a press conference given at Alonissos island that citizen participation
was an important prerequisite for the successful completion of the process.

The results ended in 71 unique ownerships and 10 unknown landowners while 66% of the
initial ownerships were corrected in shape or boundaries and 14% were corrected in
position as they were previously registered in the wrong cadastral units.

Initial boundaries

Corrected boundaries

Figure 4-5: The corrections in a cadastral unit on Alonissos Island (source: Papadopoulou, 2012)

Chios island

Chios faces similar cadastral issues and the cadastral process has been repeated by
following exactly the same official procedure as on Alonissos island. 113,400 land parcels
were recorded and more than 34,020 errors have been detected on the island. The policy
is the same and the corrections are given in the map below. The results indicated that
76% of ownerships had to be corrected in shape or boundaries and 23% were corrected in
position as they were previously registered in the wrong cadastral units (Papadopoulou,
2010) [Figure 4.6]. The property redefinition process began in February 2012, and was
first applied for a three-month period as on Alonissos island. After three extensions, the
process ended on 31st August 2012. The process lasted six months in total.
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Initial boundaries

Corrected boundaries

Figure 4-6: The corrections in a cadastral unit in Chios Island (source: Papadopoulou, 2012)

Lefkada island

Lefkada was affected mainly in two different cadastral areas [Figure 4.7.]: Tsoukalades
and Haniotes villages. It is estimated that in Tsoukalades village 43,440 land parcels were
recorded in total while 790 errors have been found to date (Papadopoulou, 2010).

In this neighborhood the official process was repeated and a new cadastral survey was
also carried out with owners’ participation. The results in Lefkada island meant that 80%
of ownerships were corrected in shape or boundaries and 20% were corrected in position
as they were previously registered in the wrong cadastral units. More precise explanation
is given in the seventh chapter of this study.

A one-month deadline was given in Lefkada island at first so that the property redefinition
process could be implemented in February 2012. After the local authority’s intervention,
the period extended for four months and ended on 31st July 2012.
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Initial boundaries

Corrected boundaries

Figure 4-7: The corrections in a cadastral unit on Lefkada island (source: Papadopoulou, 2012)

Lesvos island

Lesvos is also among the areas where gross errors have been recorded during the
objection period. More than 2,500 objections were submitted in the period that 42,205
land parcels were registered. It is estimated that the percentage reaches 30% (more than
12,000 land parcels) and the cadastral survey was repeated in coordination with Lesvos
municipality (Papadopoulou, 2010).

The property redefinition process began in December 2011 and was first applied for a
three-month period as on Alonissos and Chios islands. According to the official
announcements published by the mapping agency, it is not clear when the process
officially ended. However, the last extension was given in August 2012.

4.3. Proposed model for cadastral surveys

The proposed crowdsourced model for cadastral surveys (Basiouka & Potsiou, 2015) is the
result of the main lessons that have been collected from a series of successful
governmental crowdsourced projects that were analyzed in depth (Haklay et al,, 2014); the
requirements posed by the nature of a cadastral project; the innovative ideas the
researcher has decided to introduce; and the necessity for coordination with formal
cadastral procedures and realities [Figure 4.8]. As previous research carried out by Haklay
et al. (2014) indicated, the key factors for a successful crowdsourcing experiment include
building on previous experience, leveraging existing technology and having the support of
key partners such as governments or other authorities. The proposed model aims to take
advantage of previous experience of official procedures and to introduce innovative
techniques that will facilitate them.

The structure of the proposed model is divided into three main sections: the adopted main
lessons identified from the successful case studies, which will be incorporated in various
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parts of the model: the proposed workflow, which will replace the official procedure; and
finally the participants and stakeholders of the project. The aim of the research is to
launch a model that may be applied and used either at a local or a national level; and it
may have a wider application in many countries and communities that face land issues.

Locals, Experts,
NGOs, Official

4 Mapping

‘\ Agency “A

GPs, Satellite Crowdsourcing .
Imagery, Paper Workshops
maps, Cadastral and training
Smartphones Model
— My
\ Commercial /
and Open

source data

Figure 4-8: The proposed crowdsourcing cadastral model

4.3.1. The main lessons adopted

Within the specific alternative proposed model for cadastral surveys, a series of main
lessons, technical aspects and successful factors are adopted as vital for the viability of
the model. The majority of them serve the nature of the research and play a crucial role in
its design. The predominant key factors are given below and are explained in terms of the
proposed cadastral model.

> Training and workshops should take place at the beginning of each application.
Most of the practical applications that constitute successful crowdsourced paradigms —
such as Community Mapping for Exposure in Indonesia, MapKibera in Kenya and
mapping of South Sudan — introduced workshops as a key factor for their success. This is
of vital importance due to the technical requirements of a cadastral survey and the quality
controls that should be satisfied at the end of any project. The workshops have three
different targets: (a) to inform locals about the necessity and benefits of the project, (b) to
recruit them and (c) to train them to properly manipulate spatial and attribute data.

> Recruitment of volunteers. Except for local people — landowners who will play a
vital role in data collection — the proposed model is based on non-governmental
organizations and undergraduate students of the schools of SRSE, Geography or any
other relevant field. Both will keep the cost low and the students will support the
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cadastral surveys both practically and technically. The undergraduate students will
participate actively in the data collection and editing. The idea for this came accidentally
due to the nature of the study, however, Community Mapping for Exposure in Indonesia
had already recruited undergraduate students to collect a huge amount of data in a
relatively short time and scholarships were offered in exchange. The idea behind the
recruitment of non-governmental organizations is to carry out all workshops at the
beginning of the process. Students should also deal with the great amount of data that
should be collected and manipulated. The main question over the participation of
landowners as volunteers is in terms of their motivations. Landowners may be more easily
recruited if cadastral fees were eliminated, or similar taxation rates lowered, as a result of
their participation. Experience from other countries has indicated that the incentives that
lead volunteers to participate in crowdsourcing projects are a mixture of various
parameters. The landowners will participate voluntarily for altruistic reasons if they
recognize the necessity of the project, how their lives will be affected by its implementation
and how their properties will be protected. This is especially the case for those who face
difficulties in land transactions, use and development. However, the majority will be
motivated if a compensation rate is offered to them.

> Partnership of scientific organizations. Collaboration between the various
organizations is proposed within a well-defined and compact pattern where the roles and
duties are made clear from the beginning of the procedure. To avoid the lack of
coordination and duplication of data noted in Haiti disaster response, each stakeholder
should be responsible for a specific part of the cadastral survey and all the participants
should work in cooperation in order to produce the final result. Supervision and quality
controls should also be carried out by experts. The main innovation of the project, which
has a national application, is based on the participation of various NGOs at local level.
The NGOs that take action at local level should be responsible and should participate
actively in the cadastral surveys in these areas.

> Crowdsourcing projects may also be coordinated and implemented from a
distance. The importance of this keynote is crucial for the success of the first phase of
the cadastral survey where citizens should digitally declare their ownership from a
distance instead of hard copy declarations and indicating their ownership on digital
orthophotos at the cadastral offices. The phase may be carried out in digital form and
implemented from a distance. The attribute data declaration may be replaced by an online
declaration with the aid of Apps or online tools and the field work for spatial data
collection in urban areas can be replaced by the online digitization of land parcels on
orthophotos provided by the website of the official mapping agency or on OSM. This
specific strategy worked efficiently in the mapping of South Sudan.

> Open-source and conventional software should be used because experience has
indicated that their combination offers the required freedom and openness for the project.
The informal settlement mapping in Nairobi, Kenya, flourished with the aid of open-source
and conventional software. Open-source software may be used in data collection while
conventional software may be used in data manipulation. The contribution of volunteers
in data collection requires the use of flexible and easy-to-use tools. The editing of data
demands advanced functionalities that may be available only in conventional GIS software
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packages. Previous experience has indicated that using a range of software, programming
languages and platforms may broaden a project’s horizons.

> Innovative techniques. In an effort to meet the requirements of the project,
especially in terms of quality, a series of innovative techniques have been adopted in data
collection and manipulation. For the first time, OSM is tested for use in data
manipulation and storage in cadastral surveys. Also, smartphones and handheld GPS
gradually replace the expensive equipment
that is needed for data collection. All these

innovations were introduced to propose an Training
alternative, viable solution to the official
procedure.

4.3.2. The workflow -

Spatial &

The workflow of the proposed model follows a Attribute Data
general pattern that includes all different Collection
occasions of mapping in rural or urban areas,
and it constitutes of four main steps. The -

proposed model may be applied at the
beginning of a cadastral survey and it may
replace the first phase of official cadastral
mapping. The hard copy declaration of
ownership, the identification on orthophotos of
properties in the rural areas and the -
acceptance of the produced result are only a
few stages of the official process that may be
modified. Although the procedure may be
categorized in these four stages, it may include
further parameters that are identified within
the practical experiments [Figure 4.9].

Data Evaluation

Maintenance &
Storage of Data

Figure 4-9: The proposed workflow

Training of volunteers is the first step of the process. The NGOs and the undergraduate
students will train the landowners both theoretically and practically. The award for the
participation of students will be in the form of scholarships and work experience.

Data collection as the second step of the workflow differs depending on the nature of the
area and the kind of data that should be collected. Rural areas require a different
approach in comparison to urban ones while spatial data collection requires different tools
to attribute data.

The spatial collection of parcel boundaries may be done by using three different
methodologies. The first approach is focused on the plain declaration of ownership by
giving the point of its centroid [figure 4.10, right]. The benefits are obvious: a quick and
inexpensive method, which may be implemented only with the participation of citizens.
The volunteers may take a single measurement and can declare their ownership online.
However the boundaries are not obvious and the center may vary in complex shapes. This
process fits in areas where official cadastral declaration is at a preliminary stage.
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The second approach is focused on collecting parcel boundaries with the aid of a
handheld GPS, tablet or smartphone [figure 4.10, left]. Although the approach is quite
vulnerable in terms of quality, it may be used for the creation of interim cadastral maps.
The volunteers collect spatial data with expert support after been trained. Thus, society is
put at the center of decision making policies, which is vital for the success of projects that

affect the life of citizens.

The third approach follows the online approach. Citizens can declare their ownership by
using online dynamic maps and/or online orthophotos as basemaps which are provided
via the website of the official mapping agency. Experience has indicated that this specific
methodology is extremely successful in areas where boundaries are shown on the

orthophotos.

The correlation between the OSM and the Cadastre as an easy and quick idea for the
creation of interim cadastral maps is advised in case of a lack of other accurate basemaps
in urban areas. The restrictions that the official mapping agencies adopt in measuring
prohibit the use of handheld GPS devices. Although in urban areas there are high-
resolution satellite images, the majority of mapping agencies ask for field measurements,
which are not only expensive but also time consuming.
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Figure 4-10: Different approaches in spatial data collection

The attribute data collection can be implemented with the aid of online databases, which
can store and maintain the saved information. Until now, the declaration of property in
Greece has followed the hard copy methodology. The owners have to fill in an application
and submit it to the cadastral office. The specific process can be replaced by an online
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application via the web or by using applications in smartphones. It is clear that the VGI
methodology is open and can offer various approaches depending on the different needs of
each land administration project.

Data evaluation, as the third step of the workflow, should be guaranteed by the national
mapping agency, which will also be responsible for the maintenance and storage of the
data in its servers. Thus, one of the most important concerns in terms of viability — the
difficulty of keeping data up to date — can be bypassed.

4.3.3. The stakeholders of the model

The model is based on the participation of citizens in an hybrid approach where citizens
and property owners participate as volunteers and experts work as team leaders
supervising the whole process. Thus, the hybrid approach involves both amateurs and
experts for its implementation. In order to be successful, it requires the participation of
locals, experts and NGOs, while the coordination of these parties should be carried out by
the official mapping agency. Specific parts of the public sector should also participate in
certain parts of the procedure.

The term “locals” refers to the landowners and volunteers who will participate in the
cadastral surveys. Their participation should be based on data collection and editing
during the first steps of the process and the acceptance of the result at the end of the
cadastral survey. Citizens may collect not only spatial but also attribute data. The locals
constitute the base of the pyramid that is given in Figure 4.11.

As already mentioned, undergraduate students should be actively involved in various
stages of the process. Students should participate in training and workshops as trainers
and will also help in data collection as team leaders. For example, students of SRSE may
participate in data collection
and students of Geography

may  participate in data National
manipulation. They should I\f\?;gg’/g
coordinate the process. This Public Sector

may serve as a practical Parties & Local
exercise in their studies. Authorities

The next level of the pyramid Non-Governmental
refers to the NGOs who will Queanizations

train volunteers in data

collection and editing. Their Students (Surveyors &
coordination highlights Geographers)
another important parameter:

the N .cooperation o of The Volunteers (Landowners)
participating organizations

and volunteers is crucial for

the full advantage of human Figure 4-11: The stakeholders of the project
resources and technical

innovation. Their interaction is also a parameter of success required not only at the
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beginning of the project but throughout.

Furthermore, the public sector should act to supplement these actors and provide the
required equipment such as GPS and total stations, computers, vehicles and facilities.
The local authorities should also play a critical role in data collection and they will
contribute effectively to the collaboration among teams of local people at the stage of data
collection, depending on their knowledge. This ensures that participants can contribute to
specific tasks and stages of the data collection.

The national mapping agency should keep a supervising role and should be actively
involved in all stages of the process. Coordination of the procedure, evaluation of the
result and maintenance of the data in their server are their predominant tasks.

4.3.4. Coordination with the INSPIRE directive

The INSPIRE directive aims to launch a unique spatial data infrastructure within the
European Union and will assist in policy-making across boundaries. The INSPIRE
directive was first established on 15 May 2007. Commission regulation No 268/2010 of
29 March 2010 “Directive 2007/2/EC of the European Parliament and of the Council as
regards the access to spatial data sets and services of the Member States by Community
institutions and bodies under harmonized conditions”, states among others, that
institutions and bodies of the Community with access to spatial data sets and services
should be harmonized. This is the basic argument against reluctant parties that reject the
potential of citizens to participate in land administration (Official Journal of the European
Union, 2010).

According to the official website (Inspire Directive, 2015), the directive will be implemented
in various stages and will be fully implemented by 2019. Although INSPIRE is constituted
by a series of technical issues and principally targeted at environmental projects, its main
principles are summarized is six key factors that should be adopted by the proposed
model.

» Data should be collected only once and kept where it can be maintained most
effectively.

This key factor has already been taken into consideration, so that mistakes will be
eliminated with the aid of the landowners who know the area of interest better than
anyone else and the storage of the data has been assigned to the official mapping agency,
which has powerful servers and space.

» It should be possible to combine seamless spatial information from different
sources across Europe and share it with many users and applications.

This specific component coincides with the philosophy of crowdsourcing practices that
firmly support open data and software, and data sharing within the various parties,
organizations and citizens.

» It should be possible for information collected at one level/scale to be shared with
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all levels/scales; detailed for thorough investigations, general for strategic
purposes.

The direct workflow that has been proposed in the previous sub-chapter services this
need, especially if it is taken into account that crowdsourcing techniques are general
practices to be applied in cadastral surveys for strategic purposes.

» Geographic information needed for good governance at all levels should be readily
and transparently available.

The use of open-source software and the citizen participation makes the cadastral
information open, transparent and available. This is one of the major decisions
governments should take in order to proceed with this model.

» Easy to find what geographic information is available, how it can be used to meet a
particular need, and under which conditions it can be acquired and used.

It is clear that the aim of this study is to satisfy the last requirement of the INSPIRE
directive in general and support its implementation as a vital part of the coordination of
the European parties in spatial data distribution.

4.4. Concluding remarks

A brief presentation of the Hellenic Cadastre project has been given to show how it works,
its progress, its official process and what kind of deficiencies it faces, in order to find
solutions to them. To date, the official mapping agency has worked in a strict model
supervised only by experts and its progress remains slow in comparison to its cost and
lifetime. The errors recorded in the on-going cadastral surveys — due to the fact that
owners have limited role in the project — also cause anxiety about its timetable, the extra
costs and its viability.

Based on this experience, the design of a potential crowdsourced model for cadastral
surveys is attempted, taking into consideration the basic principles of the INSPIRE
directive, the human resources, the process and the ideas that can be adopted as
successful key factors from previous experience.

The proposed model constitutes a general process that may be applied or modified
according to the special needs of the official mapping agency and can be adopted in
various land administration issues in various countries. Its main innovation is based on
the combination of current trends and previous experience in similar case studies. Its
main advantage is stated not only through the participation of citizens in important
decision making policies but also through its flexibility. There are still many concerns and
parameters that have not yet been identified, quality and privacy queries that a
conservative part of the society poses, or problems of credibility that make governmental
bodies reluctant to use it. However, it is clear that the new crowdsourcing trend is not
temporary and will continue to play a fundamental role in this recently begun revolution.
The next chapters will focus on the application of the proposed cadastral model by testing
various approaches and alternatives. The general outcome is condensed not in a unique
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solution but in a general idea that should be flexible and can be easily modified based on
the needs of society and the available tools and funds.

The table below summarizes the main results of the fourth chapter.

» The most important project that is carried out currently in Greece is the
Hellenic Cadastre. Its structure, budget, progress and importance are
highlighted within this chapter.

» The HC project is presented and used as a guideline for the design of the new
model, which may serve various land administration projects.

» The predominant lessons transferred into successful factors for the design of
the potential crowdsourced model are: the workshops that will be
incorporated at the beginning of the process, the recruitment of volunteers,
the partnership of organizations, the combination of conventional and open-
source software, participation from a distance and innovative techniques.

» The process of the potential model is a series of flexible and simple stages,
which can be completed with the aid of new technologies, online dynamic
maps, open tools and free-of-charge applications.

» The main innovation is focused on the participants, who are a mixture of
landowners, volunteers, undergraduate students, NGOs, parties of the public
sector, surveyors and the national mapping agency.

» The need for the potential crowdsourced model to coordinate the
requirements of the INSPIRE directive is evident. Every single effort should
be accomplished within the national and European general strategies and
legal frameworks. The study supports this direction.

Table 4-2: Concluding Remarks of the fourth chapter
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5.AN INVESTIGATION INTO CITIZENS’ MOTIVATIONS

5.1. Introduction

The main goal and innovation of the fifth chapter is the identification of the true
motivations of volunteers and the targeted incentives for a potential crowdsourcing
participation in a governmental project such as a cadastral survey. All previous studies
focused on general aspects of motivations so there was an obvious gap in the targeted
motivations for land administration processes.

This chapter investigates volunteers’ opinions about, and motivations for, potential
participation in a cadastral project. The research focuses on the examination of a wide
range of participants of various ages and educational backgrounds, composing an
unbiased sample in Greece. A questionnaire was compiled in a Google platform and
distributed to more than 250 volunteers. The volunteers were mainly questioned about
their intention to participate in cadastral mapping and the potential motivations behind
their participation. The research was carried out through the completion of anonymous
questionnaires in an online platform supported by Google, adopting the snowball
sampling methodology. The research first focused on (a) raising awareness and exploring
volunteers’ availability and their familiarity with new technologies; (b) identifying the
reasons which would lead them to participate in cadastral mapping; and (c) volunteers’
opinions about the efficiency of the official traditional cadastral surveying procedure.

The questionnaire was divided into three main categories: the first category focused on
technical questions; the second on specific questions over the VGI phenomenon, targeted
motivations and the HC project; while the last category included personal questions. 58%
of the sample was female and 16% was engineers.

The findings indicated that the financial recession in Greece has affected society’s opinion
of voluntarism and free-of-charge participation in governmental projects. However, the
general trend is positive and citizens realize the need for an accurate land administration
system for fair taxation and property market functioning. The questionnaire is given in
Appendix I (in Greek). The answers are held on the Google platform and are open to the
public depending on the settings.

Table 5.1 indicates the main components of the fifth chapter.

» Investigation of general previous studies about volunteers’ motivations and
incentives carried out by the research community.

» Design and distribution of an anonymous questionnaire in a Google
platform, which was divided into four sections.

» Investigation of volunteers’ motivations behind potential participation in a
cadastral survey.

» Participants’ opinions about the Hellenic Cadastre project and the necessity
behind it.
» Identification of volunteers’ opinions over land administration issues.

Table 5-1: Predominant components of the fifth chapter
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5.2. Related research and publications on volunteer motivations

In recent years many researchers have tried to understand participants’ incentives for
volunteerism. Although the VGI phenomenon is relatively recent and its parameters have
not been analyzed in depth, there are numerous publications that describe citizens’
motivations towards volunteerism generally. Clary & Miller (1986), Clary & Orenstein
(1991) and Penner & Finkelstein (1998) are among the very first studies on this topic. The
research sets its origins in the 1970s and was extended to the many cases and scientific
fields of interest to the researchers.

Volunteerism as a movement, and as self-expression, has impelled researchers to carry
out various studies on specific issues. The studies can be divided into three main
categories according to their content: volunteerism in general, volunteerism in GIS and
targeted volunteerism in specific geographic applications. The main innovation of this
specific research is the focus on the motivations of volunteers in the field of cadastre by
incorporating common reasons and exploring new ones. This is the first research to
theoretically explore the motivations of citizens towards a volunteered governmental
project.

Before VGI become a trend, research concerning volunteerism in general shed light upon
the phenomenon. Papadakis et al. (2004) did research based on questionnaires among
volunteer and non-volunteer, male and female, and service-oriented and non-service
oriented majors and their motivations to volunteer. Their research was focused on a six-
parameter Volunteer Inventory Function (VIF) by performing a series of t-tests on
altruism, career, understanding, social, enhancement, and protection, as first introduced
by Clary et al. (1998). The results indicated that values, understanding and enhancement
were assigned significantly more to female rather than male participants, and those who
had volunteered at some point in their life more than others. Many studies were based on
this specific model and numerous publications have been evaluated its outcomes.

When Goodchild first introduced the term VGI (2007), he made the very first attempt to
identify the motivations of volunteers manipulating Geographic Information by presenting
two fundamental factors. The first one is based on the self-promotion that an individual
hopes to gain from participation in the project. It is notable that after the creation of the
Mapchester — mapping of the city of Manchester over a weekend by volunteers — the
majority of the people asked for feedback about how much they had done (Perkins &
Dodge, 2008). The second factor may derive from a personal satisfaction. Everyone feels
satisfied by contributing to the completion of such an ambitious effort. Tulloch (2008) also
considers that achieving a higher level of empowerment may be a considerable reason for
participating in VGI projects such as OSM.

Another aspect that is posed by Sieber (2007) in her research “Geoweb for Social Change”
concerns activism, which in fact is a significant worry according to her. It is unclear how
one moves from a visualization environment to an active one. Various digital applications
have proved this particular claim.

Haklay & Budhathoki (2010), in their presentation at the Horizon Infrastructure
Challenge Theme Day, gave an overview of the main motivations that can activate
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volunteers to participate: fun, recognition, money, unique ethos, reciprocity and
instrumentality are notable among the most common factors given in relevant studies.
Instrumentality means that volunteers can serve an aim and reciprocity means that
volunteers can act positively towards a positive aim. Both factors inspired the research of
VGI in cadastre as a useful field of application.

The most recent research was carried out by Coleman (2010), who also provided his own
list of factors, dividing them into positive/constructive and negative factors. In the positive
factors, he listed altruism, professional or personal interest, intellectual stimulation,
protection of a personal investment, social reward, personal reputation, self expression
opportunity and pride of place. Among the negative factors, he listed mischief, social,
economic or political agendas and malice/criminal intent. His other research, titled
“Volunteered Geographic Information: The nature and motivation of producers” (Coleman
et al. 2009), divided volunteers in five categories based on their knowledge and
background. Thus, a volunteer can be neophyte, interested amateur, expert amateur,
expert professional or expert authority and may get involved in various crowdsourcing
actions based on his or her capabilities.

5.3. The practical application

The research behind the model was carried out from May 2011 to December 2011 in a
six-month period of collecting opinions and responses anonymously, and from January
2012 to June 2012 when data was edited and results were evaluated (Basiouka & Potsiou,
2013). The period during which the research took place is extremely important, taking
into consideration that Greece had asked for financial support from the International
Monetary Fund (IMF) at the same time as this study asked citizens to participate
voluntarily in a governmental project. Meanwhile, the unemployment rate reached 24.4%
in June 2012, up from 23.1% in May 2012, which had increased 6.3% since May 2011
(Eurostat, 2012). In the same period, Greece had accepted a four-year special drawing
rights (SDR) US$23.8 billion (about €18 billion) arrangement from the Executive Board of
the IMF. According to the Annex of IMF (2012a) the recent economic developments were
worrying: “Since 2009, Greece has been unwinding fiscal and external imbalances, but
through deep recession. Real GDP has declined by more than 13% since 2009. Private
investment led the downturn in 2009, while public retrenchment started only in 2010”
(IMF, 2012b). It is clear that Greece was experiencing a crucial financial situation, close to
an economic disaster, within the period that the survey was carried out, which affects not
only social coherence but also citizens’ trust of governmental projects and actions.

When the HC project started in 1995 few could predict how long it would last and how
much money would be spent. However, with the Greek economy at such a crisis point,
there is an urgent need for an updated land administration tool to support fair taxation
and property markets.
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5.3.1. The nature of the research

This research has combined many and different aspects of previous research, especially in
terms of structure and content. The Volunteers function inventory (VFI) model includes
six main factors, which were used for the development of the questionnaire: the values
factor, the career factor, the understanding factor, the social factor, the enhancement
factor and the protective factor. For the current research the VFI was simplified into four
main categories expressing the main reasons for participation in a cadastral mapping
[Figure 5.1]. The values factor expresses altruism and was named “altruistic reason”. The
career factor includes career reasons as the title suggests. The understanding factor,
which includes skills practicing, was merged with the career factor. Social function was
also merged with the enhancement and protective factors incorporating social awareness,
relaxation, personal satisfaction and self promotion. These three categories were generally
named as personal reasons. A new category was also created containing targeted,
specialized reasons. A four-dimensional framework for theoretically approaching
volunteers’ motivations was created by researchers in an effort to concentrate, simplify
and fit the VFI model (Clary et al., 1998) to the requirements of targeted research for a
governmental VGI project.

Altruistic

The four categories were compiled from | reasons |

motivations presented by the authors
of the publications above or were
created by the researchers in relation

to aspects of this study’s context. — -
Among the most important factors that E—
have been taken into consideration in *:2;“‘5‘(’)':‘2' Motivations Specialized
all publications are those that can be R
divided primarily into two main - ~

categories: altruistic and egoistic

motivations. \ /
The motivations for participating in Career

reasons
cadastral mapping are given below:

A. Altruistic motivation as a
contribution to society, which
means assisting in any manner
without any claim of exchange.

Figure 5-1: Main reasons for participating in
cadastral mapping

B. Targeted and specialized questions on cadastral process. The volunteers were
asked about their willingness to participate to save cost and time by collecting
accurate spatial data free of charge and correcting the lack of spatial data in the
area of interest.

C. Career reasons such as career investment and technical specialization in relation to
the specific field.
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D. Personal reasons and more specifically: personal satisfaction, relaxation, self-
promotion and introduction to social networks, social reward and self-promotion.

5.3.2. The content of the research

A questionnaire was designed in a Google platform and 250 individuals completed the
online form. It was divided into four main sections consisting of general, special and
personal questions [Figure 5.2].

The first section consists of general technical questions as a way to determine the
familiarity of the citizens with technical aspects: use of personal computers, broadband
Internet, cell phones with Internet connections; use of social media such as Facebook,
LinkedIn, etc.; and use of dynamic maps. As McLaren (2011) has emphasized, the
expansion of smartphones with GPS functionality have given great assistance to
crowdsourcing techniques.

The second section is focused on the willingness of citizens to participate voluntarily in
cadastral mapping and the potential motivations that could lead them in this direction.

The third section addresses how citizens perceive the Hellenic Cadastre; how concerned
and aware they are of its necessity, role, cost, funding and perspectives.

The last section includes personal questions concerning the respondent’s gender, age,
educational background and the potential professional connection.

A. General technical questions &
dynamic maps

B. Potential participation in
cadastral mapping & motivations

C. The HC and citizens’
opinions about it

— D. Personal questions

Figure 5-2: The content of the research

The questionnaire was designed using closed format questions so that respondents’
answers could be restricted by specified boundaries and the replies could be easily
categorized and classified statistics exported. Questionnaires using open-ended questions
are more time consuming, hard to categorize and some questions may remain
unanswerable. The main categories of closed-end questions that were posed are close-
ended dichotomous questions, close-ended likert questions and close-ended scale
questions.
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The main questions are given in the text box in Figure 5.3:

Section 1 - Technical Questions Section 2 - Volunteered Mapping & Motivations
Close-Ended Dichotomous Close-Ended Dichotomous Questions
Questions

*  Volunteered participation in any action

Use of personal computers +  Volunteered participation in mapping
Eroadband Internet . Potential contribution in volunteered cadastral

Cell phones with Internet connection I
Social media participation -
C

Close-Ended Rating Scale
Questions

lose-Ended Rating Scale Questions

. Altruistic motivations

. +  Specialized motivations for cadastral process
. Use of dynamic maps e  Career motivations

. Personal motivations

Section 4 - Personal Questions

Close-Ended Dichotomous Section 3 - Official Cadastral Process Evaluation
Questions
Close-Ended Dichotomous Question
. Gender

. Occupational Relevance - *  Knowledge about cadastral process in their
area

Close-Ended Scale Questions Close-Ended Likert Questions

*  Age . Evaluation of the official cadastral process in a

. Educational background series of statements

Figure 5-3: Main reasons for participating in cadastral mapping

5.3.3. The sample of the research

The sample was selected by using the exponential non-discriminative snowball sampling
methodology and covered a wide range of age and educational backgrounds spread across
all Greek jurisdictions including urban areas, the capital city of Athens and rural areas as
well. The questionnaire was shared by the researchers among undergraduate students of
the SRSE, employees occupied in the public and private sectors, engineers (16% of the
total sample), colleagues and neighbors of the researchers and a wide range of people in
the social environment of the researchers [Figure 5.4]. This type of sampling technique
works like chain referral. The exponential non-discriminative snowball sampling
methodology was adopted due to its advantages: it is a quick, inexpensive and efficient
methodology which allows researchers to reach populations that are difficult to sample.
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Other researchers in
various academic fields

Public Sector
Collegues - Engineers

Private Sector

Researchers
Students of School of
Rural and Survey —— Students
Engineering
Social Environment

Social Environment

Social Environment

Figure 5-4: The exponential non-discriminative snowball sampling of the research

Citizens who live abroad were asked to participate in the research covering 2.5% of the
total sample so that the answers might vary based on external incentives. The percentage
of women was higher than men: 145 women and 105 men participated on the experiment.
The majority of the sample was 18 to 30 years old in an effort to approach those who are
more familiar with new technologies [Figure 5.5]. The sample in all other age categories
decreased with age.

Educational Sepior
Background High
Age School
>51 11%
0,
4150 87 MSc/PhD Student

12% 32% 9%
College
18-30 6%

56%
31-40

24%

Figure 5-5: The age and the educational
background of the sample
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5.4. The results

5.4.1. Technical responses and dynamic maps

The research was firstly focused on technical aspects in order to identify citizens’
familiarity with the new technologies. The first part of the survey is an introduction to GI
before the participants are asked about the specialized field of VGI.

It is remarkable that in the first section, the majority answered positively. All respondents
have a personal computer and 96% have a broadband connection while 60% retain an
account on social media pages and have a GPS, proving the great increase which
mentioned in the BroadBand Report of the Observatory for the Greek Information Society
(2012).

The extreme majority, 94%, also answered positively about the use of online maps.
Between the six most common maps in Greece (Google Maps, Bing, OSM, DriveMe Terra
and Navigation.gr Maps) the table below indicates that Google is the leader in use and
preference far beyond its competitors. The specific maps were chosen among numerous
others, not only because they are popular but also because they have not been derived by
mashup maps. The spatial data used in each map is primordial and was not derived from
different sources.

Table 5.2 summarizes the extent to which the sample uses these online maps.

Google Maps Bing Maps OSM DriveMe Maps | Terra Maps Navigation.gr

Not at all 1% 81% 86% 56% 91% 75%

To little 7% 6% 5% 10% 1% 13%
extent

To some 20% 6% 4% 16% 4% 6%
extent

To a large 24% 5% 3% 11% 3% 4%
extent

To a very 49% 1% 3% 7% 1% 3%

large
extent
Table 5-2: Extend of use of specific dynamic maps
5.4.2. Are Greeks willing to participate in VGI governmental cadastral

mapping projects?

Starting the second section of the research, respondents were asked if they have ever
participated voluntarily in any action, if they have especially participated in mapping and
if they would potentially participate voluntarily in cadastral mapping. Overall, 56% of the
sample has never participated voluntarily in any action. Only 3% of the participants have
voluntarily participated in mapping and 51% of the sample is positive about participating
in cadastral mapping although it is a totally new activity for them.
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The results indicate a positive trend towards cadastral mapping, which is increased
among citizens who have already participated in an action or project voluntarily. All these
citizens have already adopted a culture of contribution and 55% of them might participate
potentially in cadastral mapping. The percentage is encouraging if it is taken into account
that the majority were volunteers at the 2004 Olympic Games, which was the most
important national goal of the last twenty years before Greece fell into a great economic
recession.

However, most impressive is the percentage of experts who are willing to participate in
cadastral mapping. Almost 77% of surveyors, GIS specialists and cartographers, generally
young, are positive about potentially participating in mapping [Figure 5.6]. The specific
results prove not only the potential of expert volunteers as team leaders in targeted
volunteer actions (Basiouka & Potsiou, 2012b) but also verify Adlington’s (2011) research,
which showed that in East Central Asia the World Bank Land Administration
Management projects have succeeded in the greatest land reform the world has ever seen
because they have been guided by experts who were open to helping, without being
wedded to traditional methods and high levels of accuracy, and were willing to be practical
and meet the needs of the society. The results were constant between men and women
although a gradual elimination of interest was mentioned in accordance with increasing
age.

Willingness to Participate in Willingness to Participate in Cadastral
Volunteered Cadastral Mapping Mapping among Expert Volunteers
Negative
Negative 23% N

49%
_\

Positive

51% Positive

77%

Figure 5-6: Willingness to participate in cadastral mapping

5.4.3. Motivations behind participation in cadastral mapping

All previous research has primarily focused on altruistic aspects (Coleman et al. 2010,
Papadakis et al. 2004, Haklay & Budhathoki, 2010). As Clary & Miller (1986) first
underlined, altruism positively affects the length of service offered by volunteers. Altruism
was the first main category that was also evaluated in the current research. The given
answers were encouraging, as 63% of participants would participate to a large or very
large extent as a manner of contribution to society. Only 4% would not participate at all or
to a little extent offering the same incentive.

Clary et al. (1998) have reported that volunteers who receive benefits are more willing to
participate in voluntary projects. The study indicated that volunteers were willing to
participate in contributory cadastral mapping in order to speed up the official process to
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some extent (32%) and to a large extent (30%); and in order to minimize its cost to a large
extent (26%) and to very large extent (22%).

Table 5.3 summarizes the targeted responses below.

Quicken the official Minimize the cost Acquiring free Fill the gap of reliable
process of the official geospatial data geospatial data
procedure
Not at all 8% 14% 14% 10%
To little 8% 16% 8% 16%
extent
To some 32% 24% 24% 24%
extent
To a large 30% 26% 31% 29%
extent
To a very 22% 22% 24% 20%
large extent

Table 5-3: Volunteers’ responses to specified questions about cadastral mapping

Regarding career reasons, the results are controversial indicating the real socio-economic
situation of Greece. The majority (35%, “not at all”) considers that participating in a
governmental VGI project is not a proper way for career advancement. On the contrary,
one out of four participants supports the opposite; that participating in such a VGI project
could broaden horizons and improve chances of gaining a relevant position. The citizens
are divided into two main categories based on the security they receive from their career
field. However, participation is considered as a great opportunity for gaining technical
knowledge in the specific field (60%) and for developing practical skills. It is clear that the
levels of unemployment have increased citizens’ interest in new fields. As Clary & Snyder
(1999) summarized, career reasons are those that could activate volunteers to work in a
scientific field that they might prefer.

Among the personal reasons considered in the questionnaire, the predominant one is
personal satisfaction, where one out of three volunteers might contribute to a large extent.
However, it is noticeable that volunteers might not contribute to cadastral mapping for all
the other personal reasons given in the survey. Incentives such as stress elimination, self-
promotion and introduction to social networks were negligible in impact. This is not
surprising, if it is taken into consideration that targeted participatory mapping has to
serve specialized needs. In all these personal cases the majority, which varied between
43% and 63%, answered negatively to a perspective of participation driven by specific
motivations. Thus, it is clear that targeted research like this, which is focused on a
specific aim, cannot be advanced by general personal motivations.

The graph summarizes what volunteers broadly support or, in other words, what would
potentially motivate them [Figure 5.7].
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Motivations of Volunteers

Introduction to social networks
Personal satisfaction
Improving technical skills
Career investment

Acquiring spatial data

Cost elimination

Quicken the process

Altruistic reasons 39%

Figure 5-7: Broad motivations of volunteers

5.5. Oriented Land Administration initiatives in participatory
mapping

The main objective for introducing crowdsourcing techniques in cadastral data collection
is to activate local citizens and rights holders, as these are the ones who best know the
existing situation in the field (tenure and boundaries), in order to provide more accurate
and cheaper interim cadastral maps and to shorten the duration of the procedure,
especially in rural areas. However, the questionnaire focused on more general issues and
did not go into details relevant to the above problem, while the sample of participants was
not affected by this problem. The questionnaire indicated that participants recognize the
value of an accurate LAS as a sign of a civilized society that protects public and private
ownership in a framework of fair taxation, and supports property markets and economic
development.

It is notable that 47% of the participants unconditionally support this concept, while 78%
of the sample is positive about this statement (1). Furthermore, eight out of ten citizens
agree that the existence of a cadastre will eliminate squatting on state land and will solve
all controversies of landownership, while guaranteeing private properties (2). 66% of
citizens also believe that when the compilation phase is complete the economy will start
benefitting (3) and more specifically 60% of them agree that there is a need to accelerate
the compilation procedure (4). The concern is higher in aspects like fair taxation; almost
seven out of ten citizens thinks that the Cadastre is created for taxation purposes and
will bring fair taxation (6); 43% of citizens characterize the official process as time
consuming and expensive (5). It is remarkable that four out of ten have neither positive
nor negative reactions to these two last statements, indicating ignorance about the
subject.

The graph summarizes the given answers by the sample broadly in agreement with this
section [Figure 5.8].
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Citizens' general responses

Cadastre is created for taxation purposes &
will bring fair taxation

Cadastre is time consuming and expensive

Need for acceleration of the compilation
procedure

Cadastre will help economy benefitting
Cadastre will eliminate land controversies 80%

Cadastre will protect ownership 78%

Figure 5-8: Citizens’ general responses

5.6. Concluding remarks

It is clear that the motivations of volunteers vary a great deal. Volunteers may contribute
to the same research motivated by various incentives. However, it is encouraging that
among the principal motivations are altruism and a wish to improve the official process.
Although Greece is in a difficult socio-economic situation, the fundamental motivations
are focused on general improvement to land administration and cadastral processes.
Participants recognize the need for an accurate LAS as a tool for ownership protection and
the property market.

Targeted reasons are found behind citizen participation. Elimination of time and cost are
the fundamental factors. Researchers’ experience indicated that the theoretical approach
differentiates slightly from the practical one. Participants’ desire for property transactions
and the elimination of registration fees can be positive factors, speaking practically.
Participants’ desire to help society is the principal incentive, theoretically. Their positive
recognition of the utility of a cadastral system was in contrast to their suspicion towards
the official procedures, which turns them from being reluctant to potential participants in

mapping.

Although participants were quite divided into two main categories of either participating
voluntarily in mapping or not, the majority was positive towards this. The percentage of
positive answers was significantly higher among the younger participants, the citizens
who had a previous voluntary experience, people who do not work in the public sector and
do not have guaranteed job positions and experts such as engineers, surveyors and GIS
analysts.

Among the most positive results of the survey is citizens’ comprehension of the need for a
proper LAS and the necessity of its implementation.

Table 5.4 indicates the predominant results of the survey.

Page Doctoral Dissertation - Sofia S. Basiouka
124




» There is no great differentiation between men and women in terms of
potential participation in crowdsourced cadastral mapping.

» There is no great differentiation between participants who live abroad and
those who live in Greece when it comes to potential participation.

» However, young participants were found more willing to potentially
participate in a cadastral survey than older participants.

» The participants who answered negatively about participatory mapping
where those who have never participated voluntarily in any action, and find
the whole process time consuming and incomprehensible.

» The sample was found balanced in terms of potential participation in
cadastral mapping. Although a positive trend prevailed for 1%, the financial
crisis has primarily affected citizens’ trust towards governmental projects.

» Within the targeted motivations, the majority of the citizens would participate
voluntarily so that the cost could be reduced, the process quickened and the
whole project of the Hellenic Cadastre concluded.

» The most positive remarks include the altruistic reasons that could lead
respondents to potential voluntary participation. Among other reasons
personal satisfaction, improving technical skills and acquiring spatial data
for free are included.

» Furthermore, citizens seem to understand the necessity of a proper LAS as a
tool for fair taxation, that could also eliminate land disputes among the
owners and protect private ownership.

Table 5-4: Concluding remarks of the fifth chapter
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6. TESTING CROWDSOURCING TECHNIQUES IN URBAN
AREAS

6.1. Introduction

The sixth chapter investigates crowdsourcing techniques that can be implemented in
urban areas. The research investigates those reforms, which are essential so that
cadastral surveys can be quicker and cheaper, by taking into consideration the required
accuracy. The research plan applies different methodologies, recruits young people and
students who are familiar to new technologies and tests various approaches that may fit
in urban areas. During this stage of the research, two different experiments of
participatory mapping were carried out for cadastral purposes in areas with continuous
construction and big block of buildings in the city center of Athens. In technical terms,
the study investigated three different components that play crucial roles in cadastral
mapping in urban areas and constitute the basic parts of the two experiments: GPS, web
mapping with the aid of orthophotos and OSM. The two different practical applications
were designed and applied in two different areas of the city of Athens.

The first experiment took place at Kallithea municipality, close to the city center of
Athens, where nine volunteers participated and seven blocks of buildings where traced. A
handheld GPS and an iPad were used in the implementation of the experiment. In terms
of accuracy, the experiment failed to address the requirements posed by the official
mapping agency due to GPS discrepancies so the procedure was repeated with online
mapping tools provided by the agency. The online mapping took place in the field with the
aid of an iPad and the digitization was done on orthophotos that provide spatial analysis
to 20cm in urban areas. The findings of the first experiment indicated a great flexibility
and various potential solutions that could be adopted in official cadastral processes with
the aid of new technologies.

The second experiment was carried out in an extended part of the historic city center of
Athens with the participation of twenty undergraduate students of the School of Rural
and Surveying Engineering where ninety five blocks were enhanced with attribute data
and forty five blocks were enhanced with spatial data by using OSM. The researchers
explored the capacities of the dynamic map in two steps: (a) in a section where the
polygons of the buildings already existed on the map, so they had to improve it with
attribute data, and (b) in another section where no relevant polygons existed. The
research was based on the various approaches and the freedom that the OSM offers to
users.

Both experiments showed that declaration of properties from a distance, digitization on
web maps and adoption of new technologies in urban areas can satisfy the required
accuracies and offer an alternative, open option that may be transformed into a
crowdsourced model. In particular, concerns over the result produced can be eliminated
in terms of accuracy and reliability. The results indicated a new trend which is more
flexible to use and may replace the hard copy submission of declarations during the first
phase of the cadastral survey, while it may simplify the official procedure for spatial data
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collection which constitutes the second phase of the cadastral survey. The main
innovation of the research is focused not only on the proposed process but also on the
opportunity to manipulate spatial data from a distance. The evaluation of both
experiments was applied in collaboration with the citizens who participated voluntarily
and were interviewed afterwards. The research team and participants recorded the
strengths and weaknesses of each experiment. The specific evaluation was adopted in
terms of an open dialog with the volunteers and a flexible model.

Table 6.1 indicates the main targets of the sixth chapter.

» Investigation of the alternative for a crowdsourced cadastral survey model in
urban areas with attending building construction and large blocks, where
land measurements are totally replaced by digitization on orthophotos and
use of dynamic maps.

» Design and implementation of two different practical experiments with the
aid of new technologies and web tools in two different urban areas.

» Recruitment of young people, undergraduate students and locals as
participants in the experiments.

» Adoption of web-mapping tools and online maps. Use of the first
crowdsourced online map, OSM, for cadastral purposes.
» Evaluation of the process and the experiments by participants.

Table 6-1: Predominant components of the sixth chapter

6.2. Relevant research and publications on GPS and OSM accuracy
6.2.1. Previous international research on GPS accuracy

The methodology that is used for the collection of data using a handheld GPS is known as
absolute kinematic positioning (Basiouka, 2009). The term absolute refers to a single
receiver that is needed for the collection of the satellite signal and the determination of the
position (Jekeli, 2000). Van Sickle (2001) says that kinematic positioning is developed
from GPS that are in motion during the recording of the positional information. Pacione
(1999) notes that kinematic techniques are used for the collection of positional
information while on move. The most representative examples are in the survey of
footpaths or on board cars. Ghilani (2008) underlines that kinematic positioning is
appropriate in mapping. However, Pacione (1999) is the first to have underlined that this
method is appropriate for determining the position of boundaries by walking around their
perimeter.

In general absolute kinematic positioning is primarily used for navigation and the
accuracy varies up to a few tens of meters. Its first advantage is that data is collected in a
relatively short time. Moreover only a single, low-cost GPS device is needed. The main
disadvantage is that a few errors remain due to the use of a single receiver. Otherwise
errors such as atmospheric interference could be eliminated. Moreover, kinematic
positioning is vulnerable to multipath and obstructions to satellite signal [Figure 6.1].

One way to reduce the inaccuracies is by averaging the positions recorded over a given
time period. In general, GPS accuracy is also dependent on the average time of data
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collection. The main query that is posed is how long a receiver must occupy a location in
order to achieve a particular accuracy. According to the best-case scenario, the required
occupation time must be at least one second (Gilbert, 2003).

SN,
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i

Figure 6-1: Real time kinematic positioning (source: Génie civil- Topographie: Positionnement par
satellites, 2009)

Furthermore, different devices do not offer the same accuracy. Not just instrumental
errors but personal ones can also affect the quality of the measurements. Wing (2005)
compared six handheld GPS devices and he found that the positional errors vary to a
significant level. More specifically, the positional error varied from 1.4 meters for the GPS
map 76S to 19.6 meters for the Meridian Platinum.

GPS Errors

In general, the errors are divided into three main categories according to their source
(Ghilani & Wolf, 2008):

» Natural errors result from atmospheric effects such as wind, temperature,
humidity, moisture, and so on.

» Instrumental errors may be caused due to instrument imperfection or due to the
individual movement of specific parts. According to Ghilani & Wolf (2008), these
errors can be eliminated by implementing specific surveying methodologies or
formulae.

» Personal errors may occur due to the observer’s faults or omissions. These errors
are unpredictable and detailed checks are required for their reduction.

However, there are two main errors that include all the above categories: random and
systematic errors:

» Systematic errors are also called cumulative errors and they depend on the
surrounding environment, the observer and the instrument. Systematic errors
follow mathematical models and they remain stable if the circumstances do not
change. Thus if the conditions are known, corrections can be applied to the
observed values.
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» Random errors may also be named accidental or compensating errors. They can be
found in all measurements and they remain after having eliminated systematic
errors. Their existence does not depend on the above reasons. In general these
errors are unexpected and they follow the law of probability. They cannot be
reduced or eliminated in a certain way. They only can be estimated by using least
square analysis (Ghilani & Wolf, 2008).

The GPS errors that affect accuracy performance are divided into three main categories
based on their derivation. Each category has a unique characteristic and the errors
fluctuate from 1 meter to 10 meters.

According to Lachapelle (2007), the distinction of the errors and their magnitude in terms
of user equivalent range errors (UERE) at the 95% probability level is:

» Satellite-based errors (orbits, clocks, group delays), 5-10 m
» Residual propagation errors (atmosphere, multipath), 5-10 m

» Receiver-based errors (antennas, clocks, interchannel biases, noise), less than 1 m.

GPS clock error is one of the most frequent errors and it is observed in each
measurement. The error occurs due to the cheap mechanism that it is used in their
production. The material is usually quartz. The clocks are used for correcting the
satellite’s pseudorange, which is needed for the exact calculation of the distance between
the satellite and the observer. In general, standard values for the correction of a specific
error are provided. Cross (2008) notes that broadcast clocks have an error of up to 2
meters and that post-processed clocks are estimated to the level of a few centimeters.

GPS ephemeris error occurs due to the difference that may arise between the actual
position and velocity of the satellite and the one calculated. In general the ephemeris
provides information about the actual and the future position of the satellite. All this
information is known as Keplerian predictions. According to Cross (2008), the broadcast
orbit predicts positions with up to three meters error. The predicted precise ephemeris is
also at about 10 cm level and the post-processed precise ephemeris is at about 2 cm level.

Ionospheric error is inversely proportional to the square of frequency and occurs due to
the delay of the L1 and L2 signals through the ionosphere. In general, the delays of the
signals are due to charged particles. The size of the error varies a lot and may fluctuate
from O to 100 meters depending on the time of the day, the elevation angle, the latitude
and the sunspot cycle. In some cases ionospheric error leads to the total loss of tracking.
99% of the error is eliminated with dual frequency. Single frequency receivers use models
to erase or ignore it.

Tropospheric error occurs due to the delay of the L1 and L2 signals through the
troposphere. The main uncertainty is due to water vapour. However other factors include
the temperature, the humidity, the angle of transmission through the atmosphere and the
atmospheric pressure. According to Cross (2008), tropospheric error is estimated at up to
2.5 meters in zenith and at 12 meters at 10°. 90% of this error can be modelled by specific
formulae and approximately 99% can be estimated as a part of a solution.
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Multipath error is considered by Giordano (1995) to be the principal source of location
errors in an urban environment. The multipath propagation phenomenon depends on
proximity to reflecting surfaces. The signal incurs multiple reflections during its travel
from the satellite to the receiver. Therefore the signal takes longer to reach the receiver
than it should. Prasad and Ruggieri (2005) note that the effect of several paths causes the
presence of multiple phased and attenuated replies of the main signal (referring to the
signal with the line of sight path) on the receiver side. As a consequence the signal quality
is affected. Cross (2008) notes that the error may be up to five meters. However, it rarely
exceeds two meters. In general, it is ignored. Otherwise special mitigation techniques are
implemented for its elimination.

Taking into account the specific restrictions, GPS receivers have limited capacity for
measuring in some environments, such as indoors, underground, under heavy tree
canopy, in urban and natural canyons. Noise errors may also occur due to strong radio
transmissions or power radio transmitter antennas around the device (Prasad & Ruggieri,
2005). However, their error is not considerable. It is usually ignored and it cannot be
predicted. As an inexpensive and easy-to-use tool, GPS was adopted in two out of the four
experiments carried out in urban and agricultural environments with specific restrictions
and results.

6.2.2. Assessing OSM quality

Numerous case studies have been carried out in various European countries investigating
the quality of OSM. United Kingdom, Switzerland and Greece are the first countries where
the quality offered by OSM was evaluated. Generally, open software that may have derived
from volunteer contributions brings quality concerns. Research carried out by Stark
(2010) in Swiss comparing the quality of the OpenAddresses to the Open Web Map
Services indicates the trend in this direction.

The Quality principles provided by the International Organization for Standardization
standard ISO 19113: 2003 were adopted so that the accuracy of OSM could be evaluated.
More precisely, the technique designed by Hunter & Goodchild (1997) was used for the
estimation of positional accuracy, which is a major component of spatial evaluation for
linear features. The specific approach was applied in all case studies.

The United Kingdom is where OSM first launched so it is predicted to be one of the best-
mapped areas. The first research performed by Haklay (2010b) was extended by Ather
(2009) and improved by Basiouka (2009). OSM was assessed compared to official datasets
such as Meridian 2 and Integrated Transport Network Layers of Mastermap. Generally the
quality of OSM was found to be fairly accurate in all case studies. The percentage of
positional accuracy was more than 80%, and in South London approached 90%. Length
completeness indicated that OSM road length is 95% of ITN road length and 69% of
Meridian 2 road length. ITN data is considered to be the most up-to-date and accurate
provided by the Ordnance Survey in United Kingdom. Finally, the number of volunteers
was considerable especially in central areas proving that with a set of more than five
volunteers in each 1 km?2 area, accuracy does not change dramatically (Haklay et al,
2010).
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In Switzerland the first research performed by Ueberschlag (2009) was focused on the
canton of Geneva. The data provided by OSM was compared to the official data of the
SITG service of Geneva and the TeleAtlas Company. The results indicated a modest trend
with minor differentiations. The number of volunteers is considerable and the geometric
accuracy and completeness is good. All the other aspects including attribute accuracy and
completeness were moderate.

In Greece, research carried out in Athens (Kounadi, 2009) proved that the OSM project is
an accurate tool offering a positional accuracy of more than 89% compared with the
HMGS data, which is the official cartographic service. The dataset was a georeferenced
raster grid tile of 1:10,000 scale that covers a 33.6 km? area around the center of Athens.
The tested data was evaluated by comparing it with the official data provided by the
Hellenic Military Service. The length completeness was found to be of 88% accuracy and
the name accuracy was more than 87%. The two quality aspects where OSM was found to
have low levels of accuracy is the name completeness and type accuracy, which was 26%
and 33% respectively. The main reason of this discrepancy is the adoption of data from
Yahoo imagery where names cannot be copied due to copyright restrictions.

North/Central London (TQ28se) Results Map North/Central London (TQ28se) Results Map
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Figure 6-2: Evaluation of OpenStreetMap quality in London (source: Sofia Basiouka, 2009)
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The main question that this research poses is whether the OSM data is good enough to be
applied in cadastral projects. The concerns are various and the parameters that derive
from the current research should be taken into consideration, meaning that the questions
to be answered are numerous.

6.3. The first practical application

The first practical application took place at Kallithea municipality, close to the center of
Athens, in a one-day application during the winter of 2012 (Basiouka & Potsiou, 2012a).
Nine volunteers participated, seven blocks of buildings were traced, one handheld GPS
and one iPad Mini were used. The handheld GPS was used only to prove that due to signal
obstacles, the accuracy is not within the accepted values required by the mapping agency.
The second approach adopted the online orthophoto viewing service provided by the
NCMA S.A. The land parcels were drawn online on the LSO with the aid of the iPad. The
cadastral extract of each land parcel contained an image with the property’s polygon and
its coordinates in HGRS 87. The first technical approach adopted the main lessons of the
governmental crowdsourced case studies that were presented previously. The second
technical approach was adopted to serve the national reality. The whole process is divided
into four main steps: brief training of the

volunteers in the field, spatial data collection

with handheld GPS, repetition of the process Training

and digitization of the parcels on the web-
mapping tool provided by the official
mapping agency, and evaluation of the
results at the laboratory afterwards by the Spatial data

research team. The workflow is given in the collecéigrsl itk
chart to the right [Figure 6.3]. The main

reason that all evaluations of the four
practical experiments were carried out at the
laboratory afterwards is based on the nature

-

-

Digitization of the
parcels on the

of the research, and its innovate approach, web-mapping tool
which mean that the results have to be

evaluated by the research team for the first V

time.

Evaluation of the

Young students, all under 25, who were process

familiar to new technologies took part in the

experiment. All were local residents and Figure 6-3: The process of the first
property owners in the areas of interest, a experiment

selection based on the perception that no
one knows the local area better than its residents. The idea to recruit young participants
was adopted from the main lessons of the previously explored case studies.
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6.3.1. The area of interest

The first urban experiment was carried out in the city of Athens in the municipality of
Kallithea, which stretches between Athens and Faliro Bay. Kallithea (meaning "the best
view") is the 8th largest municipality in Greece (100,641 inhabitants, according to the
2011 census) and the 4th biggest in the Athens urban area (following Athens itself,
Piraeus and Peristeri). Additionally, it is the most densely populated municipality in

Greece, with 21,192 inhabitants per km? in 2012 (Hellenic Statistical Authority, 2012)
[Figure 6.4].
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developed covers the biggest part of
the area to the south of Athens, Figure 6-4: The area of interest

protected in ancient times (5th

century BC) by the Long Walls to the west and the Phalerum Wall to the east. The town
and its citizens are mentioned among other places in Plato's Dialogs (Leriou &
Mourouglou, 2006).

The area was selected for the implementation of the first practical experiment due to its
location close to the city center, high-levels of attached building construction typical of
urban areas in Greece and its magnitude, as it is one of the biggest municipalities. The
first phase of the cadastral survey was concluded in this specific area by 2008 and the
locals have submitted declarations of ownership in hard copy at the cadastral offices.
Since then, due to blockages in the processes by the NCMA S.A., the procedures have only
recently proceeded to the second phase of the cadastral survey.

6.3.2. The GPS approach

The GPS approach was only tested to prove that it is an incompatible methodology for
urban areas in Greece. The experiment took place in an area characterized by
construction and high blocks of buildings due to the building regulations. The volunteers
were asked to collect GPS tracks of the blocks of buildings and the frontage of their block
with the handheld GPS [Figure 6.5). The rear boundaries of each block could not be
collected due to the attached construction system of parcels at the area of interest.
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Thus, four edges were collected for each
block and only the two front boundary
points for each parcel. The measured
points were depicted on orthophotos
provided by the official mapping agency
and give spatial analysis up to 20 cm in
urban areas.

As was predicted, the results using the
handheld GPS were disappointing
compared to the technical specifications
required by the official mapping agency.

Due to signal obstacles, the results
indicated divergence of between S5 to 8
meters from the real coordinates of the
points. The results are presented in the

Figure 6-5: The GPS that was used for the
experiment

map [Figure 6.6]. The red lines give the real boundaries of the blocks and the green lines
show those that were measured with the handheld GPS. As an alternative option, the
measured points could be moved to the actual position visually by the experts at the
laboratory, however, the aim is to propose an alternative model which is simple not only
in implementation but in the manipulation of the data as well.

Figure 6-6: The results of the GPS measurements
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6.3.3. The web-mapping approach

Thus, within the same day, the experiment
repeated in an open area. The
volunteers were provided with a Wi-Fi and
cellular iPad Mini connected to the Internet
and visited the web page of the national
mapping agency where the web-mapping
tool of the orthophotos is hosted. The
orthophotos viewing service, which is
provided by the system, creates a mosaic
map. The orthophotos themselves were
produced between 2007 and 2009. Their
spatial analysis approaches 20 cm in
urban areas and 50 cm in rural areas.
After brief training the volunteers were
asked to digitize the boundaries of their
property with the aid of this web-mapping
tool and interface. The young volunteers
used it to create the interim cadastral map
extract of their building [Figure 6.7]. The

was
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land parcels of their properties were drawn Figure 6-7: The extract of the viewing service

online and every extract was

saved

automatically. Each extract was accompanied by the parcel’s coordinates and total area,
which could be used comparatively in a further step of the process as a control. The
extract offers researchers the opportunity to save the outline of each parcel in accordance
with its coordinates so that it can be reproduced in any design software for manipulation
and evaluation. The extract also offers the exact area measurement that can be tested
with the real area that is given in official documents such as contracts. The only
deficiency that was noted in this approach is not in terms of accuracy, but in terms of the
result, which is not a unified seamless drawing. The extracts constitute records for each
block and require connection. The figure left indicates the extract showing the marked

parcel and its coordinates.

The figure below shows the digitized blocks of buildings, that coincide with the actual

boundaries [Figure 6.8].
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Figure 6-8: The results of the web-mapping approach

It is clear that concerns over accuracy can be easily bypassed with this specific
methodology, which can produce sufficiently accurate, reliable and up-to-date results. The
nature of the application also indicates the accuracy that it is required. In cadastral
surveys especially, the accuracy varies depending on the stage of the process. For the
creation of the interim cadastral maps, the accuracy can be lower. In urban areas for
example, the required accuracy can be achieved by digitizing the land parcels on
orthophotos provided by the national mapping agency. Digitization using orthophotos is in
fact the same method used by cadastral surveyors.

6.3.4. Results of the first experiment

According to the research team’s evaluation as well as the opinion of the participants, the
whole process was straightforward and quick, offering the opportunity for local residents
to conclude the process from data editing to map rendering. The young participants
agreed with this perception, due to their familiarity with new technologies [Figure 6.9]. In
terms of accuracy, the result satisfied the requirements of the official mapping agency.
The methodology applied, therefore, offered a result that can be adopted by the NCMA
S.A. and applied in urban areas as it is within its required technical specifications.

The participation was satisfactory and the time needed was eliminated dramatically
without taking into account the reduced cost. The volunteers were willing to participate,
answer questions and get involved in the experiment. Their involvement can be
highlighted as a main component of the proposed model as it guarantees the process and
helps to overcome the technical issues.
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Figure 6-9: The volunteers that participated in the experiment

The first experiment resulted into two main conclusions: the required accuracy may not
always be the highest possible depending on the experience of the team, however, the
required accuracy can be met with the aid of the viewing service that is provided by the
national mapping agency. The viewing service could also be used in an extensive
application designed and launched by the national mapping agency. The application may
be accessible via smartphones and computers and landowners may declare their
ownership from a distance. For example, Mourafetis et al. (2014) have recently worked
towards to this direction and they have launched a new approach in the cloud based on
ESRI’s ArcGIS online application named LADM. The research team used the orthophotos
as a basemap and allowed citizens to use their GPS-enabled mobile phones to provide
information about the location of their properties. The research carried out in the city
center of Athens and the results indicated that no gross errors are detected and the
location accuracy depends on the type of mobile phone used and on the existing network
of antennas.

This first experiment, as a forerunner, is promising as it combines the VGI philosophy
with new technologies and from-a-distance manipulation of data. It is clear that the
volunteers can be involved in the next steps of VGI such as uploading and editing data so
that they can also produce the final map. Data manipulation can be further improved
with the aid of databases that will also store attribute data. The next experiment
investigates this direction.
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6.4. The second practical application

The second practical application took place as an experiment with the aid of twenty
undergraduate students of the School of Rural and Surveying Engineering, NTUA, who
undertook the 9th semester module “Cadastral Systems Development and Management”
(Basiouka & Potsiou, 2014). The experiment was designed to test if OSM can be used for
cadastral purposes. Its aim was for volunteers to collect and store attribute and spatial
data simultaneously and online. OSM can service this purpose and can offer general
assistance in various land administration issues. The experiment was carried out in the
historic city center of Athens [Figure 6.10] and the area was divided into two parts: the
first part was enhanced with attribute data, while the second part with both spatial and
attribute data. The first area is located in the eastern part of Acropolis Hill and north of
the Acropolis Museum. The second area is south of the Acropolis and directly adjacent to
the Acropolis Museum. It is remarkable that, before the experiment, the parcel of the
Acropolis Museum lacked attribute and spatial information [Figure 6.11].

Figure 6-10: The area of interest (Source: NCMA S.A.)

The two areas were divided into blocks: each student edited two or three blocks of
buildings depending on their size and students were left free to fill in the required
information.

6.4.1. The area of interest

The area of Plaka is an historical neighborhood of Athens, in the heart of the city center
and with cultural and historical significance. The settlement pattern consists of small,
narrow paths and blind alleys, small houses that do not exceed two floors and small
private yards. Its land use is restricted to general residence with small shops that cover
the needs of local inhabitants and small touristic shops and cafes or restaurants for
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visitors. According to the Ministry of Finance, the land value per square meter fluctuates

between 1550 and 3000 euro.

The neighborhood of Plaka is
protected by Greek legislation and
UNESCO with a series of laws
regarding the protection and
maintenance of its unique
physiognomy. A series of laws regulate
its architecture, protect the

monuments that are located within it

and regulate the land uses in the
wider area according to its
archaeological importance. The Greek
state has enacted presidential decrees

for all the manifestations that rule the '~

area of interest. It is remarkable that
there are more than thirty single
legislations concerning the specific
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Figure 6-11: The area of interest before the

experiment (Source: OSM)

area, underlying its significance and the necessity of holistic protection. Six single laws
protect the area archaeologically. The first was established in 1929 (Government Gazette
A’', 240/23-07-1929) and it has been modified five times since then. The protected area
has been extended and the last law outlined the boundaries of the protected area by
naming the roads that enclose it (Government Gazette D', 96/10-02-2004). Four laws give
the rules for urban planning and one law concerns land use (Government Gazette D',

1329/07-10-1993). More specifically, the
area can only be used for general housing,
with small coffee shops, restaurants and
shops that serve the neighborhood’s
needs. Shopping centers, industrial units
or any other human activity that may
destroy the area is strictly prohibited.

6.4.2. The OSM approach

The practical application is divided into
five main steps: training, research into
legislation and planning
autopsy, data collection and
manipulation, evaluation of the process.
After brief training the students were left
free to adopt the desired methodology and
approach the case study according to the
requirements posed by the research team.
The students were asked to contact or
visit the responsible public services and
collect

restrictions,

information about the wurban

Training

-

Preliminary
work

-

Autopsy

-

OSM editing

-

Evaluation of
the process

Figure 6-12: The workflow of the experiment
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planning regulations, the permitted uses of buildings and the archaeological restrictions
of the area as a second step of the process. The students collected general information
important for attribute data enhancement within OSM. The information was irrelevant to
the cadastre but correlated to related land administration issues. Their incorporation
within OSM could broaden the horizons for similar experiments. The third step was
focused on the research that the students did in the area. The students visited the area
and collected attribute and spatial data with the aid of paper maps, collected GPS tracks
by using handheld GPS or smartphones and enhanced their field research with
photographs. The students created an account on OSM and edited the attribute and
spatial data. The attribute data was edited according to the categories that already exist
on OSM and the spatial data was enhanced based on the three different methodologies
OSM offers to its users. At the end of the experiment, the students evaluated the process
and identified the perspectives and the concerns [Figure 6.12].

The team estimated that the time required for the whole process was less than a week
including the time needed for familiarization with the OSM editing process and the
required contact with the corresponding public services. The cost remained low except for
the GPS provided to them and/or the smartphone equipment, which was optional for
those who already had one.

6.4.3. The attribute data collection

The attribute data collection is based on two main categories: general data about the area
of interest and particular data about each building and floor.

addr:city ABriva
addr:housenumbe: 10
addrpostcode 10558
addr:street Mirtakod
building office
building:levels 3

condition good

el 8 8 al | g a g | =g

landuse residential

Figure 6-13: Attribute data editing within the OSM environment (source: OSM)

The students were asked to edit the names of roads and complete the missing
information, add the most predominant POIs such as monuments and add the condition,
use and number of floors for each building.

All the information was stored within the OSM in the given categories [Figure 6.13]. OSM
offers flexibility to its users to edit the data by using four different editors: iD, Potlach2,
Josm or Merkaartor. The first two editors are incorporated within the program. The last
two are external, require plug-ins and although they are considered as more complex in
use, they offer greater flexibility and advanced functionality. For the specific task, all
students used iD editing as it filled the requirements and the needs of the research and
was evaluated as easy and quick.
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Although the system is open and flexible in its use, a set of rules were posed so that the
representation would be unique and all students would follow the same guidelines. First,
the annotation of the roads had to follow particular rules for a unique presentation. Thus
students were advised not to use Greek letters or caps lock. Figure 6.13 shows that not all
students followed the specific advice. Secondly, the condition of the buildings was divided
into four main categories: intolerable, deficient, fair and good.
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Figure 6-14: The OSM before the attribute data enhancement (left) and after it (right) (source: OSM)

The researcher set out the rules so that all
students would use the given terminology in
the same way. The term “intolerable” was
given to ruins. The term “deficient” was given
to buildings that require extended renovation
and the term “fair” was given to those that
require little renovation. Thirdly, another
issue that the research team faced had to do
with the land use type, which differentiated
on each floor. A general standard was
proposed: the predominant use of the
building was recorded and the POIs were
shown by pins, creating a temporally
accurate thematic map [Figure 6.15]. The
practical application indicated that the
existing land use matches the permissible
land use.

Figure 6-15: Digitization of the parcels on the
6.4.4. The spatial data collection OSM (source: OSM)

OSM offers users the flexibility to either collect spatial data with their equipment and
upload it or digitize the buildings on the satellite layer of the map using the tools provided
and the desired editor. The students were asked to follow the methodology that they
preferred and to document their choice accordingly. The result was extremely interesting
for the research team. The majority of the students selected the easy way to digitize the
satellite image from Bing by using one of the two editors and underlined the loss of
accuracy due to the angle of the image [Figure 6.15]. A small percentage of the students
tried to collect GPS tracks with their GPS or smartphones but they mentioned the signal
discrepancies that also affected the accuracy as a major disadvantage. A great number of
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students however used their knowledge of
commercial GIS packages and created a
semi-hybrid model using both ArcGIS and
OSM. They used the orthophotos provided by
the national mapping agency, then they
digitized the buildings and created a new
layer. The new layer was imported into OSM
by using the Potlach?2 editor [Figure 6.16].

The results of the last approach were
impressive as they combined two different
methodologies; it offered really accurate
results in terms of quality and supported the
desired model of experts and volunteers
simultaneously. Moreover, OSM offered the
capacity to identify the boundaries of the
land parcels by using photo-interpretation
methods and by digitizing the satellite
images, which is useful and easy especially in
urban areas like this where building

s/ :
construction hinders field measurements Figure 6-16: Editing with the aid of ArcGIS
[Figure 6.17]. & OSM.

In general, the experiment indicated that students’ knowledge about the objective was
crucial for its success. Errors such as roads that crossed buildings or other common
topological issues were either avoided or corrected in due time.

6.4.5. Results

Following the completion of the application, the students were asked to evaluate the
process and the software that they had used, and the research team also evaluated the
results. In most cases, the evaluation was identical.

Strengths of the experiment:

Quick and inexpensive methodology.

Easy to use/capture/edit/store data.

Open to the public to participate and gain knowledge.
Flexible in terms of editing and manipulation by non-experts.
Accurate interim maps.

Online and real-time monitoring of the work.

Applicable in a variety of contexts.

VVVYVYVYVVVYVY

Concerns over the experiment:
» Malpractice of third parties, which may lead to changes or damage to the
work.
» Limitations or generalizations within the attribute data storage.
» Quality concerns, which may be bypassed.
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It is clear that the crowdsourcing techniques may be extremely useful when the borders
and the rules are well defined from the beginning. The experience has indicated that well
structured projects, which put citizens at the center of the decisions and adopt
crowdsourcing techniques may flourish with the support of experts and governmental
bodies. The specific practical experiment indicated the great potential that OSM may offer
in cadastral procedures as a significant part of LAS that may be applied with minor
differentiations or improvements in various land-related projects. OSM may be used for
various projects in areas where no accurate basemaps exist.

g 75 4 : = pre. %G .y
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Figure 6-17: OSM before the spatial data enhancement (left) and after it (right) (source: OSM).

This experiment constitutes the first application worldwide which explored the potential to
introduce VGI in cadastral processes by using the first crowdsourced map, OSM. Its
innovation is also focused on the involvement of undergraduate students for the
accomplishment of the specific purpose. It is a general fact that VGI and LAS are two
different academic fields that attract the interest of the academic team due to their socio-
economic impact. Their combination is a challenge that has many aspects still to be
explored.

6.5. Concluding remarks

The sixth chapter investigated the first two different practical experiments in urban areas
with the participation of young people, undergraduate students of the SRSE and
landowners. The two practical case studies indicated that the use of online web tools and
dynamic maps have a great potential for data collection, editing and storage. In terms of
technical editing, the process is simplified. The main innovation is focused on the
potential of use from a distance, which means it can be supported by owners who live
abroad and can submit their declaration with spatial documentation online and not in
hard copy format.

The strengths of both experiments can be summarized in five main categories. Both
supported an inexpensive and relatively quick methodology with web tools and open data
that is easily manipulated with the aid of the new technologies. The cost of data is limited
to data storage (in the first experiment) or completely without cost (in the second
experiment) where OSM is also used for data manipulation and storage. Moreover, both
case studies provide an easy-to-use methodology, which only required a short training
period and supervision by the research team, and flourishes with the aid and active
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participation of undergraduate students. Their participation can be formally extended in
larger projects and supported with contributory benefits such as scholarships and gaining
experience, as the international experience in relevant projects has revealed. The most
significant case study is Community Mapping for Exposure, which was launched in
Indonesia, as the OSM platform was utilized and the young students/volunteers were
rewarded for their services. Finally, participation from a distance can assist in data
collection with limited fieldwork, which need only be done for the collection of reference
points and evaluation of the result of the maps.

Table 6.2 indicates the predominant results of the survey.

» Web tools and dynamic maps such as OSM can play a significant role in
cadastral survey in data collection. Fieldwork can either be totally replaced
or reduced to data evaluation by the official mapping agency in urban areas.

» The participation of young people facilitates the manipulation of new
technologies and the recruitment of undergraduate students of the SRSE or
Geography simplifies and accelerates the procedure. The students can play a
vital role in the training stage and in data collection and manipulation as
team leaders and data registers.

» The cost can easily be kept low as the data collection, editing and storage are
incorporated into one stage. The storage and maintenance of the data will be
done by the national mapping agency in accordance with its evaluation.

» OSM offers the opportunity of real-time monitoring of the work supported by
up-to-date databases and can offer technical assistance simultaneously.

» Among other positive remarks are the elimination of time, the flexibility and
participation from a distance by landowners who may live abroad and can
easily declare their ownership online.

» The two practical applications indicated that accuracy may vary depending
on the required result and the vital role that orthophotos provided by the
official mapping agency may play. Orthophotos can also be used in
applications for data editing from a distance by landowners.

» Issues such as the malpractice of third parties or the limitations or
generalizations within the attribute data storage that were faced in OSM use
can be easily bypassed with minor software improvements by volunteers or
the official partners of the project and a central offline back up by the official
mapping agency.

Table 6-2: Concluding remarks of the sixth chapter
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7. TESTING CROWDSOURCING TECHNIQUES IN RURAL
AREAS

7.1. Introduction

The seventh chapter investigates two crowdsourced experiments that were carried out in a
rural and in a semi-rural area, exploring an alternative process to the official cadastral
survey. The seventh chapter concludes the practical application of the study and has a
technical focus on handheld GPS, smartphones and Apps. It also focuses on landowners
as volunteer participants in the experiments, with the aid of the researchers as team
leaders and the implementation of workshops at the beginning of each experiment as vital
parts for their success. The results of the two experiments were both evaluated by the
research community at the laboratory afterwards.

The application area chosen for the third experiment is the rural part of the village
Tsoukalades, on the Greek island of Lefkada, which for several reasons has been under
cadastral survey for more than 12 years; so far the whole traditional cadastral survey
procedure has been repeated four times due to a number of errors and disagreements
between the landowners and the cadastral authorities. Fifteen volunteer landowners
participated in a weekend experiment and collected geospatial data for the delineation of
their land parcel boundaries on a cadastral map where the spatial data were collected
with the aid of a handheld GPS after brief training. The outcome of the interviews with the
landowners and the resulting citizens’ cadastral map are presented. The citizens’
cadastral map is compared to the cadastral maps compiled using traditional procedures
by the private cadastral office responsible for the cadastral survey in the area and by the
cadastral authorities. The results are given at the end of the experiment and indicated
that 70% of the crowdsourced measurements that were collected in a weekend are within
the requirements of the official mapping agency. The true boundaries were measured by
the official mapping agency after three wasted efforts by the private contractor.

The last practical experiment was carried out in a semi-rural area close to Chania city, on
Crete, where fourteen landowners participated voluntarily in data collection with the aid
of an iPhone 4S and free-of-charge applications that were downloaded directly to the
smartphone and service the measurement of points, distances and areas. For the first
time, the collection of attribute data for the cadastral databases was approached with the
aid of a mobile application designed by Imperial College. Both datasets were stored on the
iPhone and were downloaded for manipulation afterwards. The area in Chania is one of
the new areas that are about to be integrated into a formal urban plan. The area has been
experiencing urbanization for the last 30 years and faces severe delays in land
development. The results of the measurements of spatial data were compared to the
actual boundaries as they have been designated on the official drawings, which although
approved, have not yet been implemented.

While these experiments were carried out in Greece, similar experiments were also carried
out worldwide only a couple of years later. Roberts et al. (2013), who carried out a similar
experiment, investigated if neo-cadastral surveying on smartphones is feasible and
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answered negatively by underlining that the gap will be soon filled. They also refer to
Dasgupta’s (2012) research, which supports the idea that precise surveying will remain
fundamental for boundary determination. Dasgupta suggests controversially that the
differentiation between timely, imprecise information and high-quality but delayed
information is under discussion within the different parties. However, another statement
should be added in this perception, which is that a fit-for purpose result can address the
increased needs of society for land development and the creation of interim cadastral
maps as a first step to unblock the market.

Both experiments indicated a great willingness of landowners to participate, as they easily
understood that an alternative solution to the problem that they face could come out of
this process. The strongest incentive that motivated the landowners in both experiments
was their need to unblock the market so that their land could be mortgaged.

The table indicates the main aims of the seventh chapter.

» Investigation of an alternative crowdsourced model for rural areas. The
experiments focus on the creation of interim maps for cadastral purposes
and aim to propose quick and inexpensive solutions to general land
administration issues that require land surveys worldwide.

» Test of handheld GPS and smartphones as alternative solutions to the official
procedures that require expensive equipment and field surveys.

» Recruitment of landowners as volunteers who have two important
motivations: a wish to unblock the market and a better local knowledge than
anyone else.

» Use of new technologies and applications in the experiments in two different
areas that confront severe land administration problems.

» Investigation of volunteers’ opinions with interviews. Their thoughts were
written down and are presented in detail.

» Evaluation of the process afterwards at the laboratory.

Table 7-1: Predominant components of the seventh chapter

7.2. The third practical application

The third experiment was carried out on Lefkada island during a summer weekend of
2011 with the aid of fifteen landowners as volunteers, three team leaders who trained the
citizens and one handheld GPS (Basiouka and Potsiou, 2012b). Nineteen land parcels
were traced in an area of interest, which is a rural one with olive trees and cultivated
areas. The parcels were chosen randomly so that the sample would be representative and
the landowners volunteered to collect the tracks of their boundaries with the aid of a
handheld GPS. The aim of the experiment is to introduce a process that can serve general
land administration issues and required field surveys.

7.2.1. The area of interest

Lefkada is an island of the Ionian Sea and belongs to the Ionian islands complex. It lies
between the islands of Corfu and Kefalonia. It is very close to the shores of western
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mainland of Greece covering an area of 302.5 square kilometers and is the fourth in size
in the Ionian islands complex, with a population of 23,000 people (Domi, 2005a).

The community of Tsoukalades is one among seven communities that are part of the
municipality of Lefkada. Tsoukalades village is located at 220 meters elevation in the
northwest part of the island and it had 431 habitants according to the last census.
However this record varies depending on the season of the year [Figure 7.1].
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Figure 7-1: The area of interest

7.2.2. The official process

The compilation of the cadastral survey began at the community of Tsoukalades [Figure
7.2] during the first phase of cadastral surveys and it is still incomplete due to errors and
discrepancies between the existing properties and the cadastral maps produced by the
contractor responsible for the cadastral survey, despite his efforts to re-survey the area.
The main errors, according to the mapping agency, are noticed in the location, shape and
boundaries of the land parcels. Errors are also noticed in the records of the cadastral
tables where properties are recorded as belonging to “unknown owners”. In an effort to
unblock the market, NCMA S.A. tried to identify the size of the problem and to do that its
qualified staff re-surveyed the boundaries of the parcels in two cadastral units,
340370913 and 340370914, during the summer of 2009 (Papadopoulou, 2010). The
process has been implemented in cooperation with NCMA S.A. and the municipality of
Lefkada and the new cadastral maps and records compared to those provided by the
contractor.
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The owners were asked to
indicate the boundaries of their
parcels during the re-survey and
interim sketches were designed
by the NCMA S.A. experts
during the field measurements.
The authorities recorded the
owners’ and/or witness’ name.
New digital cadastral diagrams
were compiled on large scale
orthophotos (LSO) produced in
2007 by NCMA S.A. as
cartographic basemaps. A new
correction process was adopted.
All records were checked and
compared to the new spatial
data.

The obvious errors  were
corrected administratively, with
a decision by the head of the
cadastral office, and all

Figure 7-2: Cadastral survey produced by the contractor
(in red); cadastral survey produced by NCMA S.A. (in green).

individual cases were checked no matter whether the parcels were declared by the owners
or were located after the correction. Figure 7.2 shows a part of the cadastral map created
by the contractor (in red) and the new survey by NCMA S.A. (in green); large discrepancies
in location, shape and size of parcels can be identified which mean that gross errors had
been made during the first cadastral survey.

The final cadastral diagrams and tables have not been formed yet. The next steps of the
re-survey process followed by NCMA S.A. are that:

» Cadastral tables and diagrams will be suspended at the cadastral office and the
municipality office of Lefkada at a scale of 1:1500 on the LSO.

» Extracts from the cadastral registrations will be sent by postal mail to those who
have declared a right. Through the suspension procedure the rights holders will be
able to check the content of the registrations and either accept the new boundary
survey with attestation of their original signature or submit objections regarding

any errors or oversights.

» Detailed information is attached to each letter, which will be sent to the interested
parties explaining the process that they should follow, and the actions completed to

date.
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>

>

The whole process will be open to anyone with an interest so that he/she will be
able to submit an objection. The coordinates of each parcel will be made public so
that the accuracy of the cadastral extracts can be tested.

Announcements will be posted at the communal office of Tsoukalades so that all
interested parties will be informed under the responsibility of the municipality of
Lefkada.

7.2.3. The various types of errors identified by NCMA S.A. on the contractor’s

cadastral survey

According to the NCMA S.A., after the re-survey of cadastral units 340370913 and
340370914, six error categories were identified on the cadastral survey and the cadastral
diagrams delivered by the contractor. The various final cadastral extracts (after the re-
survey by NCMA S.A.) sent to the landowners by NCMA S.A. for verification and objection
submission included:

>

Land parcels which have been redefined into the same cadastral unit after the
boundary or location correction.

Land parcels, which despite being declared by the owners within the declaration
period, were not recorded by the contractor on the interim cadastral plans. The
follow-up research proved that they should be registered in the cadastral records.

Land parcels registered on the interim cadastral plans by the contractor as
belonging to the incorrect cadastral units but after the re-survey it was found that
they should be relocated within cadastral units 340370913 and 340370914.

Land parcels which had to be removed from cadastral units 340370913 and
340370914 as after the re-survey it was discovered that they belong to other units.

Land parcels that were not registered in the cadastral records at all. They were
indicated during the re-survey by NCMA S.A. and defined to be within cadastral
units 340370913 and 340370914. However, the specific parcels cannot be legally
registered to their owners now within this process due to legislation restrictions.

Land parcels which are located in adjacent cadastral units and are affected
geometrically due to the correction of the boundaries of the unit under re-survey.
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7.2.4.

Volunteer landowners mapped the
northwestern part of the area of interest
(with  the unique cadastral code
340370914) during a weekend. Nineteen
parcels were traced with the aid of a
handheld GPS, and fifteen volunteers and
three experts from the NTUA research
team participated in the project. The idea
was adopted from the weekend mapping
parties, which are organized in the United
Kingdom for cartographic purposes
(Basiouka, 2009). The parcels
chosen randomly so the surveyed sample
will be representative. Not all the parcels
of the area were mapped because not all
the interested parties were present on the
island of Lefkada or were available to
participate when the experiment took
place. The volunteers that participated
were encouraged to show the boundaries
of their ownership and collect the tracks
themselves wusing a handheld GPS
provided by the SRSE. The research team

wWere

The practical crowdsourcing experiment

Community for the

implementation of the experiment

-

Contact of the President with the
owners of the cadastral Unit

Meeting between the team and
the Volunteers.

Data Collection by the Volunteers

-

Interviews and Discussion

~

Data Editing by the Experts

Figure 7-3: The experiment process

contacted the local authorities; the local authorities informed the landowners and asked
for volunteers; a meeting was arranged between the research team and the volunteers to
explain the objectives of this research and the use of handheld GPS; data were collected
by the volunteers; interviews and discussion was arranged after the data collection; final
data editing was done by the research team in the office. A flowchart showing the process

of the experiment is given by Figure 7.3.

The adopted methodology was absolute kinematic positioning which is primarily used for

navigation [Figure 7.4|. This method is
appropriate for determining the position of
boundaries by walking around their
perimeter  (Pacione, 1999). Its first
advantage is that the data are collected in a
relatively short time. There is no risk of
gross errors (such as location of a parcel in
a neighboring cadastral unit) as the
landowners know the place well. In fact,
nobody knows the area better than the
landowners, who live and work there.
Moreover only a single, low-cost GPS device
is needed. Its main disadvantage is that the
accuracy of handheld GPS devices is

A/ L

Figure 7-4: The handheld GPS
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influenced by several factors and varies with the location and the terrain where it is being
used. The accuracy of GPS is also dependent on the signal strength. Many different
environmental factors can further affect the accuracy of the GPS receiver, including
atmospheric conditions, which can degrade the accuracy of the GPS unit. A good estimate
usually varies between 5 and 10 meters. Moreover, kinematic positioning is vulnerable to
multipath and obstructions to satellite signal, especially in the area of interest, which was
an olive grove.

Figure 7-5: Volunteer landowners doing the cadastral survey

What made the volunteers participate to this experiment? The question is quite simplistic
but the answer is clear. As Kingsley (2007) has noted, civil society shares the same goals
and has created a non-hierarchical network of self-organized individuals. The interview
with the volunteers showed that this specific network of volunteers was willing to
participate so that the time and cost of cadastral surveys could be minimized and the
errors eliminated; as they have experienced the disadvantages of the formal cadastral
procedure at first hand, they themselves have pointed out that the procedures should be
simplified, costs should be reduced and finally the real estate market should start
operating again.

The identified strengths of the experiment are:

» Participation in the project was notable given the magnitude of the village, especially
taking into account that the experiment was undertaken during the summer period in
hot weather conditions [Figure 7.5.].

» The volunteers were extremely willing to participate in the project due to the
inconvenience they had experienced from the formal cadastral survey (e.g. the high
cost of preparing and submitting objections in order to correct the numerous errors of
the cadastral survey prepared by the contractor; the fact that the property market was
blocked for 12 years, etc.); they also answered sensitive personal information
concerning their property.
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No boundary disputes among the owners were noted. Although a few owners were not
present at the area of interest when the experiment took place, relatives or neighbors
offered to show the boundaries of those properties, which were the actual ones
according to the last cadastral extract provided by the NCMA S.A. agency. This is a
good sign that landowners are indeed reliable citizens and can be trusted to collect
such spatial/ cadastral information. Further, if VGI is formally introduced into the
cadastral procedure, normally all landowners will be informed and engaged, so
multiple measurements of the boundary points will be acquired; this will take care of
any errors.

The identified weaknesses of the experiment are:

>

Accessibility was limited at some points due to spikes or cultivated crofts. Due to the
olive trees the GPS signal was obstructed in a few cases.

Some older volunteers provided with a handheld GPS were not familiar with new
technologies, preferring to keep a supervising role by indicating the boundaries of their
parcels to the younger volunteers.

Figure 7-6: Left: Cadastral survey as compiled by the measurements of the landowners (in blue).
Right: Cadastral map compiled by the measurements of the landowners after editing the obvious

errors (in yellow).
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Figure 7-7: Cadastral re-survey provided by NCMA S.A. (in green) compared to the landowners
cadastral survey (in blue)

The researchers edited the tracks and created the cadastral extracts at the laboratory
afterwards. The GPS points were exported by the handheld GPS during the experiment
and were imported by the research team into a drawing package. Each corner was shown
as a node and each segment of the land parcels was traced by connecting the nodes; a
simple procedure was carried out based on an interim sketch made in the field.

Figure 7.6 (left) shows an overlay of the cadastral map as it is derived from the field
measurements made by the landowners, without any correction or adjustment, on the
LSO. Obviously due to errors in the coordinates of the parcel boundaries, the width of a
small path (of fixed width in the field) varied along the path on the map; in order to fix
that an adjustment to both sides of the path was made locally. The smallest width (as it
appeared along the path) was selected and the boundary lines were adjusted accordingly
so that the path has a fixed width along its length and is located in-between the boundary
lines as these were originally mapped by the owners. Figure 7.6 (right) shows the result of
the adjustment of the obvious errors; the new boundary lines are marked in yellow. In any
case, the final result is derived by editing the measurements taken by the landowners,
without using any other source of information.

The comparison [Figure 7.7] of the cadastral survey produced from measurements taken
by the volunteers [Figure 7.6 right] to the cadastral re-survey provided by NCMA S.A.
[Figure 7.2], which is considered to be the accurate cadastral map, shows as expected
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some discrepancies at the boundary nodes and the boundary lines of the parcels. More
specifically eight of the hundred measured nodes (in total) have coordinate deviations
greater than Sm (these nodes are marked in a red circle in Figure 7.7); the area size of
seven out of the nineteen land parcels (37%) differs from the correct size (as on the NCMA
S.A. re-survey), more than the acceptable tolerance in the technical specifications of the
Hellenic Cadastre (these parcels are marked with a red cadastral code number in Figure
7.7). However, the location and shape of all land parcels are correctly defined and the area
size of the majority of the land parcels is sufficiently defined (within the requirements). In
contrast to the cadastral survey delivered by the contractor, where high accuracy
surveying instruments were used and the formal procedures specified in the technical
specifications of NCMA S.A. had been followed, almost all the land parcels were incorrectly
shaped and the area size of only 10.5% was within the technical specification
requirements.

7.2.5. The volunteers’ interviews — the odyssey of their property registration

During the second day of the experiment, all volunteers participated in a meeting and
were interviewed about the process of the formal cadastral survey in their community
[Figure 7.8]. Based on the volunteers’ interviews the greater area was re-surveyed more
than four times.

The first cadastral map version was done at the island’s cadastral office where the
landowners were asked to define the boundaries of their land parcels on 1:5000
orthophotos for the compilation of the cadastral maps. The result was not successful as
trees cover the rural area so the exact boundaries and location of the parcels was
ambiguous and visual recognition was difficult. The contractor then attempted a re-survey
in the field with the aid of a handheld GPS, but without the involvement of the
landowners, as the specifications did not require landowners’ involvement in the field
surveying. The result led to a general misplacement of several parcels within the same
cadastral unit or in different cadastral units and even in different communities. The
contractor tried to improve the situation without any significant results and the cadastral
study was delivered to NCMA S.A.

Due to the increased number of remaining objections, once again surveyors went into the
field as members of joint committees of the Hellenic Mapping and Cadastre Organization
(HEMCO), the supervising agency, and NCMA S.A., the agency responsible for the
cadastral survey, to investigate the number of errors claimed by the owners and to
estimate the size of the problem.

NCMA S.A. then commissioned a complementary cadastral survey study and the area was
surveyed by a new private contractor with the aid of total stations and GPS, according to
the technical specifications, who however undertook to correct the errors in only some
scattered areas within the greater area.

As a great number of errors still exist the cadastral survey cannot yet be finalized and, as
a result, the real estate market has been blocked in the greater area for more than 12
years. To overcome the problem the new management of NCMA S.A. decided to fully re-
survey the two cadastral units (those under study in this paper) in order to investigate the
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most appropriate procedure (within the existing legal framework and the technical
specifications of the project), times and costs for a total re-survey of the area; the
cadastral maps of these two cadastral units are still at the suspension stage open to the
submission of objections.

Figure 7-8: Interview with some members of the team of volunteers

The volunteers were also interviewed about the major problems they had faced during the
whole process of the formal cadastral survey [Figure 7.8].

Among all, the most important ones, according to the landowners’ views, are:

» The cost of the whole cadastral survey process is extremely high. The owners are led to
pay private lawyers and surveyors more than 2000€ to prepare the request for
correction of their declared ownership each time they submit an objection. The specific
amount is given for each parcel separately, on top of the fixed cadastral survey fee that
has to be paid by each rights holder when an area is declared to be under cadastral
survey.

» The long duration of the whole process has led to great discomfort for the owners.

» For more than 12 years the owners have been unable to transfer their properties as the
region is still under cadastral survey and the boundaries or the location of their parcels
are not fixed, although they are obliged to pay all property taxes for it.

7.2.6. Results

The first approach to using crowdsourcing techniques in the compilation of cadastral
maps in rural areas shows that owners are willing to participate. The formal procedure,
which requires that owners identify their parcels on orthophotos at the cadastral office,
seems to be difficult and confusing to most of them. The results of the formal procedure
can be so confusing that the whole cadastral survey can be delayed for decades, costs can
be increased and the economic impact on the landowners, the tax payers and the market
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can be huge. On the contrary it is easy and cheaper for the owners to collect raw
measurements in the field by themselves after brief training. No gross errors in the
location of parcels have been detected during this experiment. Currently, it can be said
that VGI can be implemented and integrated to cadastral surveys in a practical way,
although there are still concerns. The first practical approach in rural areas was positive
but more detailed research is still required.

The involvement of volunteers in the data collection and editing process [Figure 7.9] for
the compilation of the interim cadastral maps should be further investigated in rural
areas where there are no addresses and the visual recognition of land parcels on
orthophotos is difficult for the landowners both in Greece and in other countries under
cadastral survey.

Submission of property
GEETE T

The participants’ motivations were recorded as being far
away from altruistic, as Laarakker et al (2011) first
mentioned. The volunteers underlined the necessity for an S S
updated LAS, which will guarantee their ownership, and were Diagrams with GI tcniues
found to be extremely skeptical about the long period during
which the cadastral survey has been stalled in their area.

Suspension of the interim
In conclusion, the volunteers underlined many of the cadastral data

statements that were posed theoretically at the design stage
of the general cadastral model: landowners are willing to
participate in the editing of the collected data, as supported Submission of objections
by the real meaning of voluntarism; and there is a need to
identify a new role for the local authorities that may facilitate
the cadastral survey by providing volunteers with open
software and equipment but also by facilitating some brief
training of the team leader. According to these statements,
registration fees should be reduced as the landowners will
actively participate in the cadastral survey, gross errors and Completion of process
objections will be eliminated and the duration of the survey

Reformation of cadastral data

will be reduced dramatically. Figure 7-9: Proposed
procedure for future cadastral
7.3. The fourth practical application surveys in rural areas

The last practical application was carried out in a district of Chania city, on the island of
Crete, with the participation of landowners as volunteers in data manipulation and the
use of smartphones for land administration purposes (Basiouka, 2014). The philosophy of
the experiment was close to the previous applications, however, the methodology was very
different. The research aimed to incorporate in one step the collection and editing of
attribute and spatial data, which is officially divided into two separate procedures.
Fourteen landowners participated voluntarily in data manipulation, one smartphone was
used for data collection and storage and free-of-charge applications were selected for
implementation in this specific context. Seventeen land parcels were traced in total and
the process lasted three days including the training process. Although issues of privacy
are out of the scope of this research, for the first time volunteers were asked to complete
forms with personal data to simulate the submission of attribute data. The experiment
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investigates the use of smartphones and new technologies and explores the potential of
citizens’ participation in official procedures and in their simplification.

7.3.1. The area of interest

The city of Chania is located in the northeast part
of the Prefecture of Chania. Chania is the second
largest city of Crete and it lies along the north
coast of the island, about 70 km west of
Rethymno and 145 km west of Heraklion. The
official population of the «city is 53,910 el
inhabitants while the municipality has 108,642
inhabitants, according to the last census, and it
extends to 2376km?2 (Domi, 2005b). The city of
Chania can be divided into two parts: the old
town and the larger, modern city. The city has
seven districts. The practical experiment was
carried out in a part of the district called
Eleftheriou Venizelou, in the area of Koumpes,
which belongs to the modern part of the city
and is a semi-urban and semi-rural area
[Figure 7.10]. The area has been under an
urban regeneration process since 1983.

3925500
a2}

3928250

7.3.2. The urban regeneration
procedure

“Spatial and urban planning in Greece is a
fundamental tool for decision making to define ¢ :
strategy for land development and to secure ’
economic growth, social stability, environmental

protection and quality of life” according to

Potsiou & Muller (2008). However, the design
drawings, which forecast the creation of roads
and siting communal facilities, have been under implementation for the last 30 years.

Figure 7-10: The area of interest

Urban land development in Greece was first ruled by the Housing Law enacted in 1923,
according to which urbanization of new areas was made in two steps, the compilation of
an urban planning study and a sporadic implementation of this study, according to the
interest of the individual owners or the municipality. The Law presented great injustice in
its treatment of the landowners and did not provide a unique development of the areas, so
it was replaced by Laws 1337/1983 (Government Gazette A', 33/14-03-1983) and
2508/1997 (Government Gazette A", 124/13-06-1997) and their amendments. Potsiou et
al. (2008) did thorough research on the process and the steps that should be followed.
Thus, the procedure follows the steps below:
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» Compilation of the General Urban Plan study (at a scale of 1:10,000), which defines
the location, size and boundaries of all areas dedicated for urban development.

» Compilation of the detailed Urban Plan study, which refers to a formal set of rules
and plans to define the zoning and building regulations to be applied on both
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Figure 7-11: General urban plan of the area
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» Ratification of the Urban Plan by a Presidential Decree.

» Compilation of the Urban Planning Implementation Act for each of the above areas.
This study refers first to the compilation of the necessary cadastral surveys and the
adjudication of current owners, due to a lack of cadastral maps in Greece.

» Ratification of the Urban Planning Implementation Act by a Prefect’s Decision.

Urbanization in the area of interest is currently at the last step of the ratification of the
urban planning implementation. However, the cost of the roads to be created, the
construction of buildings for common benefit activities and the configuration of areas for
common use financially burdens municipalities which have limited financial resources,
especially contemporarily [Figure 7.11]. The cadastral survey, which is a national project,
has already been completed without any difficulties in the area of interest and the
cadastral office has been in operation since 2006.

7.3.3. The technology used for the experiment: smartphones & Apps

The idea to test smartphones for data collection and storage in the last experiment was
inevitable due to the expansion of smartphones, their penetration in the population and
the approval that they have gained from citizens. The first ever attempt to build a
smartphone was helped by IBM who introduced Simon at the COMDEX Show in 1992.
The device was able to make and receive calls, send emails and faxes and it had a touch
screen. In the late 1990s many manufacturers such as Palm Inc. introduced PDAs
(personal digital assistants), which had limited capabilities of desktop applications such
as word processing.

In 2007, Apple introduced the iPhone and the history of smartphones as they are known
today had begun. The iPhone had a touch screen, extensive browsing capabilities,
incorporated various sensors such as an accelerometer and gyroscope and, most
importantly, offered a wide variety of applications with features available only on desktops
and laptops. Soon after in 2007, Google announced that they would offer a free operating
system to manufacturers Android, and in 2008, HTC signed up to be the first
manufacturer to make Android phones after Google backed the project.

The ability to manufacture smartphones with powerful hardware and sensors such as
GPS, gyroscopes, etc., led to the development of numerous applications. The two biggest
application stores, App Store by Apple and Google Play by Google, offer smartphone users
applications ranging from business applications to games and personalization tools.
Appbrain.com (Appbrain Home Page, 2015) offers extensive statistics about the number of
applications in different categories. The powerful hardware of modern smartphones poses
no limitations to application development. Thus, applications such as word processors,
spreadsheets, PDF readers, media players, etc., are equally powerful and functional
compared to their desktop counterparts.
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The introduction of sensors in smartphones enabled the development of a variety of
applications that use inputs from them. In cadastre, there is an interest in applications
that are able to make area calculations and provide the coordinates of selected points by
making use of the embedded GPS sensors. These applications provide a fast and efficient
way to gather crowdsourced data. Their interface is in most cases very simple and the
instructions they offer make the measuring task easy and not discouraging for the user.
Moreover, the ability of many applications to directly export and send data over the web
makes data collection and distribution easy and cost effective.

During this work, a number of different applications have been evaluated for spatial data
collection. The requirements posed were that the application should be able to measure
distances and areas and provide the coordinates of the selected points and/or areas in
WGS84 standard. The applications that met the requirements were Distance Tool and
iMaplt Lite, both free and available on Apple’s App Store (iTunes Preview, 2015).

Distance Tool

Distance Tool allows for easy distance and area calculations (iTunes Preview Distance
Tool, 2015). The user can drop points at his/her location using the GPS and then
calculate the perimeter and the area of the polygon he/she has formed. The results can
be shared via e-mail, which include a file that can be opened only by other devices using
Distance Tool or by generating a URL that can be viewed by a desktop web browser, a
feature that adds more flexibility [Figure 7.12, right].

iMaplt Lite

This application uses the GPS sensor of the device in order to collect geographic
coordinates (iTunes Preview iMaplt Lite, 2015). These coordinates can be used to form
lines or polygons. The mapped lines and polygons can be calculated.

The Lite version of the application does not support automatic data export. Upgrading to
the pro version, the user can export mappings in DXM format, which is compatible with
CAD software, or KML format for viewing on other map-showing applications [Figure 7.12,
left].

Other applications

Application markets offer a variety of measuring applications but at the time this
experiment was done most of them do not meet the accuracy criteria specified above. For
example, GPS Area Measure Free (Google Play GPS Area, 2015) and Connected Farm
Scout (Google Play Connected Farm, 2015) applications were not considered for use in
this experiment because the former faced issues with correct positioning (although the
problem is supposed to have been fixed in the latest update) and the latter does not
calculate areas.
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EpiCollect.net toolkit

To meet the requirements posed for the attribute data collection and editing, another free-
of-charge application was selected, EpiCollect. EpiCollect.net toolkit was developed by
Imperial College and as the developers state on their main webpage “The epicollect.net
provides a web and mobile app for the generation of forms (questionnaires) and freely
hosted project websites for data collection which includes GPS and media by using
multiple phones and all data can be viewed centrally by using Google Maps and creating
tables and charts” [Figure 7.13]. Aanersen et al. (2009) state that EpiCollect was designed
to support a two-way communication so that field workers could connect to their project
databases simultaneously. According to their research, GPS and Google Maps offer a great
opportunity in this direction and the main advantage of the mobile phone is to be used in
conjunction with web applications.

@ o

Create a Project Website at Design form(s) online for Load Project into the mobile View data collected at your
EpiCollect.net data collection (including app and collect data project website.
GPS and media)

Figure 7-13: The workflow of the EpiCollect process (source: EpiCollect.net website)
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The Chania project was first created on the EpiCollect.net website and was named
Volunteered_Cadastre. The questionnaire was designed and then was loaded onto the
smartphone. The data was stored on the mobile phone and was also accessible by the
website.

7.3.4. The crowdsourcing process

The experiment was carried out during a weekend of August 2013 in the district of
Eleftherios Venizelos, which is located in the south part of Chania city. Fourteen
landowners participated voluntarily and collected GPS tracks of seventeen land parcels in
a continuous area covering 80,473.81km?2. Continuous land parcels constitute the area as
the urban regeneration planning has only been implemented in a very small percentage.
Many parcels in the greater area do not have access to the road network so they remain
unutilized. The majority of them do not have any enclosure, although they may belong to
different owners and the physical boundaries remain indiscernible to any outsider.

An iPhone 4S was used and data were collected using two mobile applications. The
attribute data was collected using the EpiCollect.net toolkit and the spatial data was
collected by using the Distance Tool.

The process that was followed in this experiment differed from all previous experiments by
a few steps [Figure 7.14]. Compared to all previous experiments, this one required not
only follow-up evaluation of the results but also appropriate selection of the toolkits,
design of the project in EpiCollect website for attribute data collection and general
preparation that may be done once and can then be adopted in various projects.

The beginning of the process was not done by recruiting undergraduate students or by
asking for support from the local authorities. Within this experiment, the researcher came
directly into contact with the landowners and asked for their assistance in the practical
application. This approach satisfied three different statements that it was important to
prove practically. First, the participation of volunteers is proportionate to the credibility of
the organization that asks for assistance. For example, naming the NTUA as the
organization carrying out the application developed the landowners’ trust. The
involvement of NGOs and universities in data collection and manipulation can only work
positively, as highlighted in the design of the general model. Second, the procedures can
be easily simplified and bureaucracy can be bypassed. Third, either the procedures
should be automated in an easier and quicker way or the participation of landowners in
the different areas of interest is of vital importance for an experiment’s success and
approval by the local community.

As a third step of the process, the landowners were trained by the researcher, who kept a
leading role as a supervisor, offering instructions and explaining the aims of the
experiment. The landowners were asked to collect spatial data not for the current
condition of their land parcels but for the coming one after the implementation of the
general plan in the area. The volunteers were asked to indicate the future boundaries that
exist only on the general plans.
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The next step of data collection was divided into two parts: collecting attribute and spatial

data separately with the aid of different
mobile applications. The collection of
attribute data was based on volunteers
completing the form designed using the
EpiCollect tool and the spatial data was
collected with Distance Tool and iMaplt Lite
applications. All mobile toolkits for spatial
data collection were selected to satisfy four
main factors: being free of charge and
meeting the requirements of measuring
distances and areas, giving coordinates in
WGS 84 and depicting the measuring area
on the map. EpiCollect.net satisfied the
requirements posed by the researcher in the
form of the questionnaire and was the best
choice for attribute data collection with the
geotagging of photos regarding land parcels.

Preliminary work

b

Call for participation
by NTUA

-
Training of land
owners
Vv
Spatial & attribute
data collection
. 4

Evaluation of the

process

The last step of the process comprised

downloading the data, spatial data  Figure 7-14: The workflow of the fourth
manipulation and evaluation afterwards at experiment.

the laboratory. The design of this experiment satisfies a few of the principles that were
posed by the general model previously introduced, including that manipulation of data
can be completed with the participation and aid of undergraduate students. Maintenance
and storage of data can also be guaranteed by the official mapping agency, which is
responsible for this part of the work.

Finally, this experiment is different to all previous experiments, as it serves a more
general target. It is applied in an area where the compilation of the cadastral survey was
concluded in 2006 without any difficulties. However, the area faces a different land
administration issue that can be approached by crowdsourcing techniques and the
principal components that were introduced in the general crowdsourced model for
cadastral surveys, which is to identify their new property boundaries according to the
urban regeneration plan.

7.3.5. Collecting attribute data

The online collection of attribute data simulated the process followed by the official
mapping agency for the collection of the data in the first phase of the cadastral survey.
The EpiCollect.net application was used to collect the attribute data, to geotag photos of
the area of the experiment and create an online toolkit project developed by the research
team named Volunteered_Cadastre. The first step of the cadastral survey process states
that the right holders submit declarations to the cadastral survey offices and the
registration of the declared rights is added to a digital database. The owners are obliged to
complete their data and submit their titles in a hard copy format. The contractor who has
undertaken responsibility for that specific area of interest digitizes the information in a
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second step. In the case of any ambiguities, corrections or completions, the procedure
should be repeated in a new cycle between the owners, the contractor and the official
mapping agency.

The idea to simulate the process targeted the simplification of the process, the elimination
of the time and cost and introduced the active participation of citizens in the online
submission of cadastral data. The attribute data was collected with the aid of
EpiCollect.net toolkit installed in an iPhone 4S device. All entries collected with EpiCollect
also included the GPS location and a photo [Figure 7.16]; an opportunity offered by the
application and which proved helpful in the identification of the land parcel. The project
was first designed on the EpiCollect website with the aid of the features provided by the
designers of the application. The project was named Volunteered Cadastre and was
designed with instructions for users. The created form contained three types of questions:
personal data, data about the land and the buildings, the title of ownership and any
special characteristics of the parcel [Figure 7.13].

R
N

Title of Ownership

Personal Data Land & Buildings
Title of ownership, Information
Name, surname, special
birth place, age, sex, characteristics of the Area, land use,
full address, phone parcel (leasing, building in land
number id card mortgage) parcel, horizontal
number, id taxation property (HP) level,

number HP/Veritcal property
(VP) Area, HP/VP
percentage

Figure 7-15: The content of the attribute data collection.

The experiment indicated that landowners found it easy to complete the form. Although
privacy issues are out of the scope of this research, it should be underlined that no
participants were reluctant to grant personal data. It is clear not only that the new
generation confronts privacy issues in a more open manner, but that the majority of
citizens who trust the state may act proportionally.
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Figure 7-16: The interface of EpiCollect for the attribute data collection

The aim of the project is not to copy all the required fields of the hard copy declaration
and reproduce them in the online application. The aim is to simulate the process and
reduce repeated cycles between owners and the official mapping agency in the cadastral
survey office.

The only disadvantage that was noted is that the EpiCollect website does not maintain the
data for a long period of time. This inconvenience
would be bypassed by the proposal that data
storage is to be done by the national mapping
agency within the general cadastral model.

7.3.6. Collecting spatial data

The landowners were also asked to collect the
spatial data with the aid of the iPhone 4S and by
using the Distance Tool application [Figure 7.17].
The Distance Tool application was evaluated as
easy to use and was selected in comparison to the
iMaplt Lite application because it provided
supplementary coordinates for each single GPS
measurement. The use of only one application for
spatial data collection was also expected to
facilitate the evaluation of the results and the
elimination of errors and deficiencies between the
different applications. The volunteers needed only
to press one button at the edges of their parcel boundaries [Figure 7.18]. The coordinates
were recorded in a separate sheet by the team leader and were extracted in TXT format.
They were transformed to HGRS 87 and were imported in a DXF file. The results were
compared to the initial data provided on the General Plan.

Figure 7-17: A volunteer collecting
spatial data.
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One of the great advantages of the application is that after collecting the GPS tracks, the
parcel is depicted on the map and its area is given. Thus, errors in position or in size can
be easily noticed in the field and if necessary the measurements can be repeated.
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Figure 7-18: The interface of the Distance Tool application within the spatial data collection

The distance was calculated by recording the coordinates of the edges of the actual
boundaries and the measured coordinates and by applying the equation D = VAX? + A¥Z,

The distance indicated a variation between the measured points and the actual points,
which fluctuates from 0.45 to 13.75 meters. The analysis of the results showed that the
urban part of the application suffers the greatest failures. Only 16.67% of the measured
points diverge less than 1.8 meters, however 37% diverge less than 4 meters. The average
is 5.05 meters. The highest diversion between the measured and the actual point is 13.75

meters and the lowest is 0.45 meters.
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15

501810,1620

3928249,3930

501810,9238

3928250,9080

1,6957

16

501801,1040

3928193,9390

501805,4878

3928198,9654

6,6695

17

501746,6860

3928205,0180

501741,7622

3928200,8951

6,4220

18

501746,6880

3928193,9270

501747,1421

3928193,9283

0,4541

19

501810,1740

3928193,9410

501807,8594

3928191,0028

3,7404

20

501801,1120

3928160,6670

501805,4345

3928160,5961

4,3231

21

501764,8340

3928160,6590

501761,6934

3928164,5080

4,9677

22

501764,8390

3928138,4780

501759,8880

3928140,5100

5,3518

23

501792,0470

3928138,4840

501791,4750

3928133,8510

4,6682

24

501801,1190

3928127,3950

501804,0040

3928131,2250

4,7950

25

501801,4693

3928097,3300

501801,7693

3928097,7300

0,5000

27

501773,9130

3928116,2990

501769,9046

3928115,3743

4,1137

28

501773,9110

3928127,3890

501765,9467

3928125,3152

8,2299

29

501810,1980

3928083,0350

501808,7531

3928089,3851

6,5124

30

501828,3370

3928083,0390

501828,9037

3928092,3385

9,3168

31

501828,3394

3928071,9483

501830,2328

3928072,3824

1,9425

32

501810,2030

3928060,8540

501809,6750

3928074,5884

13,7445

{

32

501946,2350

3928105,2470

501948,4340

3928100,8074

4,9544

33

502018,7930

3928094,1740

502021,3147

3928085,4773

9,0549

34

502009,7370

3928038,7190

502008,0353

3928035,6665

3,4948

35

501936,8280

3928061,1878

501943,2410

3928049,3318

13,4793

36

501864,6000

3928149,5900

501870,3291

3928149,4141

5,7318

37

501900,8800

3928149,5470

501898,6927

3928145,7985

4,3400

38

501900,8800

3928138,5080

501897,6539

3928134,4251

5,2036

39

501873,6720

3928138,5020

501869,0606

3928137,2118

4,7885

40

501810,1790

3928171,7590

501813,1232

3928170,8057

3,0947

41

501855,5280

3928160,6790

501854,7174

3928159,6039

1,3464

42

501855,5330

3928138,4980

501852,9777

3928141,3538

3,8321

43

501810,1840

3928149,5780

501813,8357

3928149,5939

3,6517

44

501819,2430

3928193,9430

501814,7115

3928198,5210

6,4415

45

501864,5893

3928193,9530

501861,5556

3928192,3031

3,4533

46

501855,5260

3928171,7700

501858,1927

3928168,0725

4,5588

47

501819,2480

3928171,7610

501813,6341

3928177,2852

7.8761

48

501819,2346

3928231,3722

501817,4025

3928231,4990

1,8365

19

501864,5820

3928227,2240

501861,2659

3928228,4336

3,5298

50

501864,5993

3928193,9530

501861,8526

3928192,2609

3,2261

51

501819,2430

3928193,9430

501814,7115

3928198,5210

6,4415

52

501819,2330

3928238,3050

501817,7965

3928238,3422

1,4370

53

501819,2310

3928249,3950

501821,1379

3928247,4139

2,7497

54

501864,5770

3928249,4060

501861,9087

3928252,4105

4,0183

Table 7-2: The measurements from the handheld GPS with the actual points and their diversion

The GPS tracks were linked to create the boundaries of the parcels and the result without
any editing is given in Figure 7.19 (left) below. The right-hand side of Figure 7.19 shows
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two adjacent land parcels with the lowest diversion between measured and actual points
in green and the highest in yellow.
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Figure 7-19: The measured land parcels in red. The most precisely measured point in green (0.45
meters) and the most remote in red (13.75 meters)

However, the experiment indicated that the use of high-resolution orthophotos in urban
areas might bring the required accuracy to the result. Thus, in this experiment, selected
parcels with buildings were edited on the orthophotos and the result was improved [Figure
7.20]. Rural parcels where the fences are distinguished on the orthophotos may also be
improved afterwards at the office. The combination of two different technical approaches
was the best solution for follow-up editing. Furthermore, the collection of more GPS tracks
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than required for the depiction of the parcel may contribute to its better presentation. In
two parcels where owners collected more GPS tracks than required, the shape was
produced with higher accuracy.

1 \v
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Figure 7-20: The land parcels
corrected on the orthophotos.

7.3.7. Results

All previous statements highlighted in the third experiment are verified in this experiment
as well: the application was quick, inexpensive and easy for volunteers to participate.
Crowdsourcing techniques also offer flexibility in design and selection of the best practices
to serve the specific purpose. In the sociological framework, the workshops constitute the
most important part of the experiment. The volunteers gain familiarity with the new
technologies, the purpose and the necessity of the application. Only in one case was a
citizen reluctant to participate and the boundaries of his parcel were instead verified by
the other adjacent owners and the existing fence.

The experience also indicated that the combination of different techniques such as spatial
collection with handheld GPS and digitization on orthophotos might improve accuracy in
semi-urban and urban areas. The technical restrictions and the accuracy issues that are
presented in this experiment were only recently bypassed by Mourafetis et al. (2014) who
presented a GIS application that uses mobile GPS only for rough positioning in the field.
The volunteers can then identify the boundaries of their property with accuracy on the
basemap used. Jones (2013) first introduced the idea of the LADM in the cloud, a GIS
platform incorporating global basemaps that is supported by Android or iOS
smartphones.

Two main questions are posed after the evaluation process concerning the unpredictable
human factor of citizens’ participation and the required accuracy depending on the scale

Page Doctoral Dissertation - Sofia S. Basiouka
171




of the produced map. The first one concerns the volunteers who may collect, edit or delete
data by accident or deliberately. When training is missing, a volunteer may be unable to
understand the technical procedure, or a simple human-error factor is imported, leading
to possible deficiencies. If conflicts between landowners exist, incorrect information may
be deliberately imported into the system. In this case, gross errors may be found in the
editing process or information may get lost. The difficulty may be bypassed if the
participation of volunteers is accelerated and the errors of one participant may be
corrected by another’s correct tracks. The accuracy of the result becomes an endless
conversation, however, and the desired scale of the map is the key factor of the whole
process. Taking into account the results of the experiment, a 1:500 map may not be ideal
for geometric accuracy but only for determining a parcel’s location; however a 1:1000 map
can serve the requirements of cadastral mapping. It should also be taken into
consideration that accuracy might be improved if landowners submit spatial
documentation such as topographic diagrams, etc.

The main disadvantage noted within the experiment is that although the volunteers were
very willing to participate in the experiment, a lack of smartphones or other technological
devices that could facilitate their contribution to the experiment was recorded. Lack of
equipment has been predicted in the design of the general crowdsourcing model for
cadastral surveys, which can be filled with the participation of the public sector.

7.4. Concluding remarks

Both experiments indicated that cadastral surveys might be supported by crowdsourcing
techniques especially in the first phase of the cadastral survey where interim cadastral
maps are designed. Technically, the procedures are improved day by day. From a
sociological perspective, landowners are willing to participate. The most significant
outcome of the practical applications is the enrichment of the general cadastral model
with components gained practically.

All practical experiments reflect the international trend in the willingness of the different
parties of the state and the owners to participate in the simplification of the procedures
and elimination of the cost.

To sum up, the seventh chapter has some significant outcomes that are summarized in
the table below.

» Both experiments indicated that decision making policies without the
support and the participation of citizens suffer severe failures and delays.

» Both experiments indicated a quick, inexpensive and flexible methodology
that gained the approval of the landowners.

» New technologies may bypass bureaucracy and the hard copy submission of
the declarations to the cadastral offices.

> Registration fees should be reduced in reciprocation of landowners’
participation in the implementation of this national target.
» Handheld GPS may be used for positioning and measurement in urban
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areas, however, editing afterwards in the office by the experts is inevitable.
Handheld GPS is proposed for use only for rough positioning and not
measurement in cases where orthophotos are available. In rural areas, the
use of handheld GPS returns better results. Collection of more GPS tracks
than required may facilitate the process.

» The combination of different technical approaches may accelerate the
accuracy of the result.

Table 7-3: Concluding remarks of the seventh chapter
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8.RESULTS, DISCUSSIONS & FURTHER PROPOSALS

8.1. Introduction

The aim of this study has been to produce keynotes, main lessons, principal components,
practical applications and essential proposals within a potential model for the
introduction of crowdsourcing techniques in Land Administration Systems. The research
explored in depth the technical and sociological aspects that derive from this specific
context and investigated theoretically and practically in this direction. Legal aspects and
in particular security concerns in terms of private data are out of the scope of this study.
The Hellenic Cadastre project was used as a guideline, however the research generalized
its proposals and findings so that they may be applied in various land administration
projects worldwide. To deal with this challenge, the theoretical findings of the research
community and previous practical experience were analyzed. The research also focused on
a potential model and checked its functionality by improving its deficiencies and its
content with the lessons gained from practical experience. Four different practical
experiments were designed and applied so that the theoretical knowledge could be
improved by practical outcomes.

This last chapter summarizes the findings and categorizes them into three basic
outcomes: general, technical and sociological. It also presents a brief list of potential
projects in land administration that can flourish with the aid of crowdsourcing techniques
and various general parameters that have not yet been explored.

Table 8.1 indicates the main components of this last chapter.

» Discussion on general technical and sociological principles.

» Analysis of the research outcomes.

» Proposals for further research and potential investigation.

Table 8-1: Predominant components of the eighth chapter

The research indicated that crowdsourcing techniques do not just present a temporary
solution as they suggest a viable alternative in a variety of projects and case studies. The
current research introduces a holistic approach to the VGI philosophy and determines the
framework for its application in land administration projects.

8.2. Discussion

The research proposed the principles for the creation of a general model that could be
introduced into a variety of land administration issues. Privacy issues were out of the
scope of this research. There are two main reasons for this: (a) the new generation
understands privacy in a different and more open way than the previous generation and
(b) experience gained from the practical experiments showed that privacy issues are
bypassed when credibility and trust exist between volunteers and the state.

The perception that VGI techniques may be adopted only in developing countries or in
countries that suffer multiple financial problems has only recently been recognized as
anachronistic. The research has demonstrated that, in civilized societies that put citizens
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at the center of decision making policies and where there is a lack of governmental data,
the quest of suitable datasets can lead to the initiation of VGI projects. The VGI approach
is not a need; it is a trend and should be defined within this specific framework.

The technical factors behind VGI were explored in a general way, however the field is wide
and various aspects could be more developed than those explored in this thesis. Technical
keynotes were developed from the research and can be modified depending on the nature
of each project.

The economics firmly support the implementation of such a model; and registration fees
should be reduced for the landowners who voluntarily participate in this project. This
elimination of fees may work as a motivation for the majority of the participants. The
whole cost of the procedure will also be reduced with the elimination of contractor’s time
and duplication of work in case of errors, as a result of the active involvement of the
landowners and the contribution of the public sector to equipment and other facilities.
Another significant factor that keeps cost low is that the data collection, editing and
storage can be incorporated into one stage. The storage and maintenance of the data will
be done by the national mapping agency in accordance with its evaluation.

The research has already predicted the need for coordination with the INSPIRE directive
such that any SDI must be designed to be contemporary and up to date with the EU’s
requirements and restrictions. According to the INSPIRE directive, institutions and other
bodies of the Community with access to spatial data sets and services should be
harmonized with the principles posed by the directive. Crowdsourcing techniques as well
as the general model designed in this study both firmly support the specific statements in
the directive.

Previous experience indicates that it is vital that SDIs broaden in terms of agreements on
technology standards, institutional arrangements and policies enabling the discovery and
facilitating the availability of, and access to, spatial data.

8.3. Findings

The results of the current research are categorized in three different domains: technical,
sociological and more general key factors for the potential crowdsourced cadastral
process. The outcomes below have been derived from the practical and theoretical
investigation of this study, and present its main results.

8.3.1. General outcomes

» Firstly, the research indicated that crowdsourcing techniques may adhere to good
practice, and they are viable projects and fit-for-purpose solutions to complex
problems that require fast, low-cost solutions. They are characterized as
inexpensive, relatively quick and flexible approaches.

» Projects have been applied on a variety of tasks at local or national level and their
output has served multiple purposes, not just those for which they were originally
designed. Experience shows that general processes can be adapted to special needs
and modified so that they serve specific targets.
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The new GIS era is directly linked to the democratization of data with the aid of VGI
in a large number of land management projects including cadastre. Data collection
is affected by these changes and so is data editing and sharing.

Governmental crowdsourced projects should be well defined to reduce overlapping
duties and responsibilities between the various parties that participate in an
experiment. However, the process should also be flexible so it can be adapted to the
nature of each area or to local needs.

The contribution of the parties involved may reduce the time required for the
project and ensure that it covers the special needs of experts.

Not all land administration projects work with the aid of crowdsourcing techniques:
cadastre for forest areas, mapping of archaeological sites, determination of coastal
zones or areas where boundaries are not easily recognized on orthophotos for
example are a few examples that either require great accuracy or face other
restrictions. Briefly, it is hard to delimit the boundaries of an archaeological site in
the field with a handheld GPS when official coordinates are given in the Official
Government Gazette; and it is difficult to determine coastal zones or forested areas
affected by private ownership when disputes among landowners are recorded in
courts.

The creation of interim cadastral maps is not included in the above list of
restrictions and may be supported by crowdsourcing techniques. The theoretical
and practical experience gained by the current research indicated that the first
phase of cadastral mapping could be implemented with the aid of crowdsourcing
techniques and the support of local volunteers who constitute an essential tool for
successful implementation.

Concerns over the maintenance and viability of the quality of the data experienced
in other short-term projects may be avoided with the support of the official
mapping agency, which will be responsible for data storage and updates when
needed. In other words, continuation and sustainability beyond the initial project is
guaranteed with the active participation of the state.

Previous outcomes indicate that crowdsourced applications can flourish and
endure, especially if they receive support from the governments and receive
acceptance by the official partners. A semi-hybrid cadastral crowdsourced model
also needs governmental support and encouragement.

8.3.2. Technical outcomes

Previous research, as well as the current thesis, has proved that technical issues
do not constitute a limiting factor in VGI approaches. This is also valid in the
context of cadastral procedures.

The weakness of using a handheld GPS may be bypassed in cases where accurate
basemaps exist (e.g. orthophotos).
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The required accuracy can be reached with a combination of various technical
solutions. The use of accurate and recent orthophotos in combination with the
auxiliary use of GPS may improve the quality of the results.

Technical approaches may vary depending on the required accuracy but also on the
nature of the area concerned. Urban areas can be mapped using dynamic maps or
high-resolution orthophotos. Field surveys with inexpensive equipment — even a
handheld GPS - may be adopted in rural areas and areas without attached
construction. Handheld GPS may be used in urban areas for rough positioning and
subsequent editing either online or offline by experts. In rural areas, the use of
handheld GPS may return acceptable results. The collection of more GPS tracks
than the minimum required may facilitate the process. This may be applied in
areas where no accurate basemaps exist, such as developing countries.

The use of OSM offers great potential for cadastral purposes in countries where no
better basemaps exist. In other words, sources of VGI data such as OSM are
growing increasingly important across a range of thematic areas and user
communities. Among other advantages, OSM offers the opportunity for real-time
monitoring of the work supported by up-to-date databases and also offers
simultaneous technical assistance.

In developed countries, the use of high-accuracy basemaps for the identification of
ownership further accelerates the accuracy of results. This requirement is satisfied
by the use of LSO and VLSO provided by the national mapping agency.

Interim cadastral maps can be better designed with the increased participation of
owners and other volunteers. For the Hellenic Cadastre, the submission of hard
copy declarations of ownership can be easily replaced by the active participation of
landowners and the adoption of new technologies.

Moreover, the combination of commercial low-cost and free-of-charge open software
has proved essential for any project’s success. Combining various tools in different
contexts can widen the technical horizons of an application and create new
opportunities.

In conclusion, new App-like technologies, free-of-charge applications in
smartphones, open-source software and easy-to-use web tools constitute the future
for decision making policies as well as for cadastre.

8.3.3. Sociological outcomes

>

Altruistic motivations may remain the principal theoretical incentive for the
volunteer participation, however targeted motivations should be used to ensure and
encourage participation in cadastral surveys. The volunteers participate to help
their neighborhood, to develop the market, to unblock their properties or to see a
reduction in registration fees and taxation.

In general, the experiment also indicated that large-scale land projects such as the
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Hellenic Cadastre suffer severe failures and delays without the support and
participation of citizens. The participation of volunteers and citizens is a sign of a
civilized society that respects its citizens. Close collaboration between government
and the public may guarantee the approval of hard decisions.

» The study identified the most important oriented land management initiatives in
participatory mapping for the majority of volunteers, which are summarized in five
main motivations: as a cadastre is created to help the economy flourish, there is an
increased need to accelerate its compilation procedure; a cadastre will eliminate
land disputes and protect private and public tenure.

» This research indicated that volunteer participation is motivated by general
incentives in cadastral surveys such as the acceleration of the official process, the
elimination of the cost and errors of the official procedure, the acquirement of free
geospatial data and the closure of the gap towards reliable geospatial data.

» In all voluntary incentives, participants satisfy personal motivations as well as
social ones. This research recorded career investment, personal satisfaction,
introduction to social networks and improvement of technical skills among these.

» Training at the beginning of every practical application has been proved to be one
of the most important factors: volunteers become informed about the purpose and
benefits of the project, and they learn how to work and handle new technologies
and data.

» The participation of young people facilitates the use of new technologies and the
recruitment of undergraduate students of the SRSE, Geography or other schools
simplifies and accelerates this process. Students can play a vital role in the training
stage and in data collection and processing as team leaders and data registers.

» The practical applications indicated that recruitment of volunteers may be possible
for the purposes of every crowdsourced application. The thesis proved that the
recruitment of students and landowners might guarantee the evolution and
viability of the cadastral project.

» Strong collaboration between various organizations, students, the public sector, the
national mapping agency, who are experts in different parts of a project, is key to
success.

» The from-a-distance participation of landowners who may live abroad and can
easily declare their ownership online is an essential facility that satisfies two basic
parameters: owners who live abroad can personally declare their ownership without
involving an attorney and can even feel the satisfaction of contributing to a national
goal.

8.4. Proposals

Crowdsourcing techniques can potentially be applied to various land administration
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projects. The international experience and the current study indicated that the application
of VGI to governmental projects is largely based in three main categories: disaster
response, land management and general public administration. However, there are many
unknown parameters and issues still to be explored.

The VGI philosophy, almost ten years after the term was first coined, is considered to be a
promising and still unexplored field with various elements still to be developed. Some
aspects have been explored as a result of interest from the academic community but
crowdsourcing techniques are adaptive and flexible in various circumstances, meaning
there is scope for this to be further developed.

This research could be further extended in terms of its technical, social and legal aspects
in order to test various algorithms using the data collected from previous practical
experiments. It will also focus on related projects that not only have impact in Greece but
also worldwide. In the context of land administration, further research should be
conducted into projects related to the denationalization of public lands, planning and land
expropriation as these result in the most significant disputes among landowners and the
state. The reason for this is quite simple: the decisions are taken by the state without
taking citizens’ opinions and active participation into account.

It is a general fact that one of the greatest challenges that the research community will
have to face within the next decades will be on land-related issues. The use of
crowdsourcing techniques will be inevitable and the only way for this to work efficiently is
for the requirements of such techniques to be proposed by experts right from the
beginning.
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Epotnuaroioyio

| I'eviés Epotijoeig ‘
1. 'Eyete H/Y; Nat | Oqn
2. 'Eyete ohvdeon oto internet; Nat | Oy
3. 'Eyxete GPS; Nat | Oy
4. "Eyxete kivntd pe evepyomompévn cuvoeon oto internet; | Nou | Oy
5. Awnpeite kGmolov £i00VE 1GTOGEMO; Nat | Oqn

Av Nai, tpocolopiote:

a. XeAoa kowvavikng dtktvmong (facebook, linkedin k.Am.)
B. ZeMoa evIEPOTIKOV YOPAKTNPO

v. ZeAMda TpodOnoNe TPoidVTOg 1 KATOGTHHOTOS

0. IotoAdyro (Blog)

€. AAMO (ITpoGdOPIoTE: vvvvvenvieieanienann. )

| Ewoxés Epotijeerg |

A. Awwdktvokoi yapteg kar OpenStreetMap

A.1. Xpnowonoteite ydpteg amd 1o dtadiktvo; | Now | Oy

Av Nai, katoatdEte avaroyo pe m ypnon and to 1(kabéiov) og 10 S(mapa mwoAY) TOVS TOPUKATO
SadIKTLOKOVS YAPTEG TTOV YPNGLLOTTOLEITE 7O TOAD.

Google Maps 1123|415
Bing Maps 1123|415
OpenStreetMap 112131415
DriveMe Maps 112131475
Terra Maps 1123415
Navigation.gr Maps 11273145
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A.2."Eyete ypnowyonomoel moté to OpenStreetMap; | Nau | Oy

Av Nai, BaBporoynote amd 1o 1(wold kakod) oG 10 5(ToA Kadd) To TOPOKAT® YOPUKTNPLOTIKA TOV.

I[Minpdétta 0dmv — 11213745
TEPLOY DV

[Topovoiaon xéptn 11213745
(xpopata KAT)

Ovopatoroyia Odcdv 11213745
"Yropén Znueiov 11213745
EVOLLPEPOVTOG

B. EOghovtikn N'eoypagucn [Iinpogopia

To OpenStreetMap eivair évag O100IKTOOKOS YOPTHS TOL Onuiovpynnke £’ olorApov amd amlovg

moliteg mov ebelovtikd avverlelav kou emeCepydotnroy ywpikn winpopopio. O kdbe ypnotns umopel

va ovidééer ywpixa dedouéva ue o GPS tov, vo ta avefdoer oto 01adiKTVLO KO Vo ONULOVPYNTEL TO
O1KO TOV YOPTH YWPIS TEPIOPIGUODS XPHONG.

B.1.’Eyete ovppetdoyel moté eBehoviikd oe Kdmola kowvmvikn opydvoon 1 kivnon; | Nou | Oy

B.2. Eyete ovppetdoyel moté behovikd oe yoptoyphenon; Nat | O

B.3. ®a cvppeteiyote eBehovtikd oe yaptoypaenon; | Not | Oyx

Av Nai, BaBporoynote and to 1(ka@olov) oG S(mapa moAv) ToVG AOYOLS Yo, TOVG omoiovg Oa
ovppeteiyate €BEAOVTIKA GTN YOPTOYPAPNON HLOG TEPLOYNG.

B.3.1.

I"a cuvelspopd 6To KowmVIKO GHVOLO

Page
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B.3.2

IMa enionevon g dwdkaciog g 11213125
Kmpuatoypdonong oty neproymn cog
["o peiwon tov K66TOLG dNpovpYiog 112131415
Ktmuoatoroyiov ot ydpa
["a vo amoxtioete dwpedv ympikd dedopéva 112131415
AOY® EMAeyng a&lOTOTOV YOPIKOV 112131415
OEJOUEV®V BTNV TEPLOYT GOG

B33
Q¢ péoo yuo gvpeon epyaciog 112131415
[Ma v andknon teyvoyvooioc & eumeipiog 1121345
TAVO GTO GLYKEKPLUEVO AVTIKEIEVO

B.3.4 [Na Ipoocwmikn Evyapiotnon 112131415
[Ma peiowon Tov Ayyovug 112131415
INoa [pocwmikn [Tpofoin 112131215
INo 'Evtoén oe Kowvovikd Aiktoa 112131215

B.4. BoBuporoynote and 10 1(ka@olov) ¢ S(mdpa moiv) xotd mwoéco elote dwtebepnévor va
ocuveloépete efedoviikd pe T oLALOYN Kou emeepyocio YWPIKAOV OeOOUEVOV GTN Onovpyia

XopTN:

T TThofynon 1121345
' Xaproypagpnon 1]2|3|4]5
INa va teptrapPavet ta 11213145

TPOGMOTIKA GOG onueia
eVOLPEPOVTOC (E0TIOTOPLAL,
aflo0éata K.AT.)

IMa v avtipetomion 112131415
KOTOGTAGEDV EKTAKTOV
Avayknc (celGpHog m.y)
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I'. EAAnviko Ktnpatoroyo

I".1."Exet evtoyBei n meproym cag 6to Na Oy AT
Ktmuotordyio;

I'.2. BaBpoloynote 11 mopakdtom mpotdoels and 10 1 (dtapwve améivta) o¢ 10 5 (coupwvo
amoAvTa) avAAoYo LE TO KOTA TOGO SLOPMVEITE 1) CULPOVEITE.

H dmapén Kmmpotoroyiov 112131415
amoterel avandonacTO
OTOLYEIO Y10 TN CMOOTN
Awyeipion I'mc.

H dnap&n Kmpotoroyiov 6o |1 T2737 4[5
LELDGEL TIG KOTOMOTGELS,
v avbaipetn dounon kot Oa
KOTOYVPMOOEL TNV WO1OTIKN
TEPLOVGIQL.

H évtaén pog meproyng oto 112131415
Kmuoatordyo €xet Betucn
emidpaocn yio v oo TNV
TEPLOYN).

H évtaén pog meproyng oto 112131415
Kmuoatordyo Ba fonbnoet
TOVG 1OL0KTNTEG YEMTEUAYIOV
(G TPOG TNV 71O YPNYoPN)
a&lomoinomn Tovg.

To KtmuatoAdyro yiveton yio 11213145
JkadTEPT| POPOAGYN o).

H évtaén meproyov oto 112131415
Kmuoatordyro givon
¥pOovoPopa Kot damavnpn
0O G0

To KmnuoatoAdyto yiveton yio 112131415
EIGTPAKTIKOVS AGYOLG,.

I'.3 . Eiote owatebeyuévol vo cuvelopépete eBeloviikd e T GLAAOYN Kou emeepyosio YOPIKOV
dedopévmv otn dnuovpyio:

Tov Kmpatoroyiov | Nou | Oyt

Av Nai, BaBpoloynote Tig mopokdt® ntpotdcels ond 10 1 (kaboiov) wg 1o 5 (mapa molv) aviroyo
LE TOLG AOYOVS OV Bo GOg EKAVALY VO GUUUETACYETE:
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IMa va pelmBel 1o K66T0G ™G 112131415
Kmpotoypaenong

I'o va pewwbet o xpovog e Kenuatoypaenons 112134 | 5

["a va éyete TOV EAeYY0 TOV YOPIKOV 112131415
OES0UEVMV MOTE Vo LELWOOLY TaL AGOT

Qg evepydc moAitng mov avayvopilet v 112131415
avaykn vmapéng Kmmuotoroyiov

Av Oy1, BoBporoynote T mopakdto mpotdoelg and 10 1 (kabolov) wg 10 5 (mapa moiv) aviloya
LE TOLG AOYOVE oL Ba GO EKaVaY VoL NV GUUUETACYETE:

AOYo EMdewyng epmelpiog 11213145
AOY® EMdeyng xpovov 1121314l5
AOY® EMAeWYNG EVOLOPEPOVTOG 11213745
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| Hlpoocwmrés Epwtioetg

A.l. dblo

T'uvaiko
Avrtpag

A.2. Hurxkia

18-30
31-40
41 -50

> 51

A.3. Exraidosvon

Amopottoc Avkeiov

dorntng

Kdaroyog ITruyiov T.E.I
Kdaroyog ITruyiov A.E.I
Kdartoyoc Metamtuytaxov TitAov

A.4. Acyoiciote Eayysiuoatind pe KAmolo amo to nopaKdTe meoiay

Tnv Tomoypagia - Xaptoypapio N (0%}
Ta T'ewypaeucd Zuotiuato [TAnpoeopidv Nat Oy
Tn I'eoypopia N Ox

A.S. Iov katoikeite;

AbMva
®eccarovikn

AXroD

(ITpoGo10PIoTE: v, )
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