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Preface

There is an urgent need for land administration system worldwide today and
products and services can be offered to users in society from complete digital
cadastres. Governments need information to govern. Data integration and
accessible information on “people to land relationships” are crucial for
sustainable economic and infrastructural development and interrelated spatial
planning, for disaster and environmental management. Harmonization of spatial
data is a policy in the European Union in support to the implementation of
environmental and other policies. Towards this dimension standardization and
communication protocols are key concepts.

The increasing complexity of urban [(and rurall spaces and their ever-
increasing dense and intensive use require proper registration of their legal
status (private and public). This registration cannot be provided in all situations
by existing 20 cadastral registrations.

Given all this, there are many countries that have already developed their
own land administration systems some of them including the third dimension as
an important aspect. Towards this development tools are urgently needed
taking advantage from modern land administration systems in support to good
governance. The data model is one of them as it defines the structure of the
spatial and non-spatial infarmation. Land Administration Domain Model (LADM, IS0
19152 2012) provides a generic data model for land administration based on
common grounds, widely accepted and being useful for many peaople countries.

In Greece the Hellenic Cadastre is still an ongoing projects and at the same
time it should face and follow the European and international changes and
challenges on the domain of land administration. Apart from cadastral
information shortage, the country has to deal with the absence of an integrated
National Spatial Data Infrastructure. The implementation of an international
standard, such as the LADM, is an opportunity for Greece to reorganize its land
information registries based on model driven architecture and will set more
robust foundations for the completion of the Hellenic Cadastre.

This research investigates several aspects of the associated to 20 and 30
cadastral situations within Hellenic cadastral registration system covering a
broader perspective than the one that the Hellenic Cadastre covers today.






Acknowledgements

I could never have finished this work without the support of a group of very pleasant people and I
feel privileged that I was able to work with them. [ would like to thank all the people who contributed
either directly or indirectly to this work. First of all I would like to thank my professor Efi
Dimopoulou. Her enthusiasm stimulated me to do this research with great enjoyment and our
discussions were very inspiring for me. Peter van Oosterom contributed with his enthusiasm and
ideas to further develop this research and encourage me with his ideas to go into depth in some
unknown domains for me.

Marinos Kavouras and Margarita Kokla contributed to the research by introducing the necessity
of the creation ontology and by discussing the further improvements of this research. The NCMA S.A.
cooperated in this research by multiple discussions on data models and on research developments, as
well as the explanation of the existing situation and progress of the Hellenic Cadastre.

Finally there are a number of people who supported me in finishing this thesis in a more indirect
way. To have these people around me give me the possibility to explore and experience the things in
life that are essential to me. First of all [ would like to thank my family; Stavro, Anastasia, Olympia-
Christina and Lefteri as they always support me in doing what I find important to do.

Secondly, I would like to thank all my inspiring friends who contributed to the thesis with some
way. My sister Olympia-Christina did a great job because she gave me advice on the English text of
this thesis. Eva and Dimitris also contributed to this thesis by discussing my findings using their 3D
modeling and juridical expertise correspondingly. Katerina and Mirela assisted me in preparing the
illustrations in this thesis. Stathis was indispensable during my research because he was always
available assisting me in all kinds of technical issues. These contacts were very important to me
during my research.

Vii






Table of contents

g =) - Lo v
ACKNOWIEAZEIMENLS .....cocucciiismssssssssssssssssssss s s e E R AR SRR A R AR e e R R R R R R RS vii
1] C 0 o0 =) L ix
BT a0 e Lo xi
I 0 6 P2 0 xiii
8T 0 72 1 0] (T xiv
203 Tt XV
0116 1 xvii
WX 0] 0) )74 1 (1) o 1, xix
BT 01 o001 L1 (0 o 1
1.1.  Motivation and background 3
1.2.  Setting the scene 4
1.3.  Research approach 4
1.3.1. RESEATICH ODJECTIVES ..ot sssssssssssssens 4
1.3.2. Methodological apProachi..... s sses e 5

1.4.  Overview of the thesis 6

2. Related research in 3D Cadastres ......—————————— 10
2.1.  Cadastre and Land Administration 12
2.1.1. Land adminiSTration ... reenecereesesseeseeseessesssesse s ss s s s s s ssesss s ssssssseans 12
2.1.2. OF: T F= 1] 0 o PO 15
2.1.3. 3D CAAASIIE couvrereeeicreree st essee s bbb es s bbb bt 17

2.2. Why3D?? 22
2.2.1.  Whatis the role of 3D Cadastre in the full life cycle in 3D?......ccoooeerrenneesreereerseennne 24

2.3.  Needs and opportunities for 3D Cadastre 24
2.4.  Conceptual models of 3D Cadastres 27
2.4.1. FUIL 3D CAASIIE: ettt eee st 27

2 377 < 4 0) (e W oz= Vo b= Ty o TP 27
2.4.1. 3D tags linked to parcels in current cadastral registrations........c.omesmeesseesseesseeenne 28

2.5.  Different aspects of 3D Cadastres 29
2.5.1.  Legal aspects Of 3D Cadastre.....ueeencereeneesseesesseessessssssssessssssss s sssssssssssssssesssssssssesans 30
2.5.2.  Technical aspects 0f 3D CadastlIes......couererneeererseessnessess s seesssssssssesssssssesssssssssssssans 32

2.6.  nD Modeling of Spatial Information 42
2.7.  Conclusions 44

3. StaNdaArdiZAation ... ———————————————— s ————— 45
3.1.  Previous work in LA domain modeling 48
3.1.1. Object — Right — SUDJECE MOEL ... cuieieeeeeereerreesseersecessee e sessseessesssssss s sssssssessesns 49
3.1.2. The Continuum 0of Land RIGIES ...t sesssssesssesssessssssssssanes 51
70 0 R 06 Vo = Yoy o Y 0 OSSP 52

3.2.  Spatial Data Infrastructure 53



4.

5.

S 70770 R 1) o § 20

3.2.2.  Marine Spatial Data Infrastructure [MSDI] .....ccmrmenmnmemsrnsessnennns
3.3.  Standardization in the domain of Land Administration

3.3.1.  Geo-information exchange formats.........neneeseenneseenseeseennes

3.3.2. Standardization initiatives for domain models.......ccneeerrenrerienen.

3.3.3.  Standardization initiatives that are not yet adopted by SDO

3.3.4. Land Administration Domain Model [LADM] ....ccoummermernmensrnsessnennns

3.3.5.  Interoperability between BIM and geospatial environments

3.4. Conclusions

3D Cadastres/3D LADM: International Experience..........ummmnininns

4.1. The Russian Federation

4.2.  Malaysia

4.3.  Israel

44, Conclusions

The Hellenic Cadastre

5.1.  The two systems of Land Record Management in Greece
5.1.1.  Registration and Mortgages SYSTem ........ccoucomenmeneenmerseesseessesserssesseenes
5.1.2.  System of Operative Cadastre..... o eneenneenessessseesesssessssesseesns

5.2.  The HC Project.
5.3. Legal Framework

5.3.1. LaW 3481/2006.....eressssssssssssssssssssssssssssssssssssssssssssssss
532, LaW 4164 /2013 sersssssssssssssssssssssssssssssssssssssssssssssssssasens
5.3.3.  Rights in Real Property....eeeeeeeesssesssessssssessseesseesns
5.3.4.  Customary property rights ...
5.3.5. Special Real Property Objects [SRPO] ..o
5.4.  Organizational Framework
5.4.1.  National Cadastre and Mapping Agency S.A. ....eenmeerseceseeen:
5.4.2. Archeological Cadastre.......eneneeneeneesneessesseesesssessesssessessessesaes

5.5.  Infrastructure Projects

............................... 117

119
121

125

5.6.  The Data Model of the HC

5.6.1.  Cadastral MOdel...... e ssssssessseessssans
5.6.2.  Cadastral Database......s s
5.6.3.  Digital descriptive database OVErVIEW........oeneneeneensessessseeseenes
5.6.4.  Digital spatial database OVEIVIEW .......ocenreenneeeesneernsessseesseesseesseeenns
5.7. Why registering the 3rd dimension?
5.7.1.  Overlapping private and public properties..........rnenreseennes
5.7.2.  Overlapping private Properties ... eeneneensesssessesssessessesssenes
5.7.3. Multilevel DUIldINGS ..o ssesssessseeseeenns
5.7.4.  Difference between legal and physical reality ........ccnmenmeernecneeenn.
5.7.5.  The existing cadastral situation in Greece.........nersernseereenes

5.8. Conclusions

Proposed Model for land management in Greece ........unmmssnssssnanns

6.1.  Towards a multipurpose 3D Cadastre

6.2.  Motivations to apply I1SO 19152
6.3.  Matching of LADM and Hellenic Cadastre Data Model

6.3.1.  Existing work based in LADM in Greece ...
6.4.  Conceptual model

6.4.1.  Party PACKAZe ..ottt ssse s ssss st saeees

6.4.2.  Administrative Package ...

6.4.3.  SpatialPackage ... ————

6.4.4. Ontology for the LCOS5 - SRPO ... ssessenas

6.5. Conclusions




7. Conclusions and further reSearch........cierierisisiss s —————————————————- 193

7.1.  General Conclusions. 195
7.2.  Evaluation of the proposed model 197
7.2.1.  Advantages of the proposed MOodel........ncnnnesesee e 197
7.2.2.  Limitations of the proposed Model ... 198

7.3.  Further research 199
7.3.1.  PropoSed MOAEL .. sssssssssssssssss s sssssssssssssssssssssans 199

20 2] A=Y 1 o 201
FL Y 0] 0753 0 10 211
Appendix A - Descriptive database of the HC 211
Appendix B - Code lists of the non-spatial part (Party Package) of the proposed model.............. 211
Appendix C - Code lists of the spatial part of the proposed model 211
Appendix A 213
Appendix B 215
Appendix C 217

List of figures

Figure 2.1: A global land management perspective [Williamson et al, 20101.............. 13
Figure 2.2: Global land administration perspective [Adeniran T., 20141 ..o 14
Figure 2.3: The cadastral concept [FIG, 1995] and the adapted 3D cadastral
CONCEPL [HO B @L, 2013 e 15
Figure 2.4: Different 30 spaces in 30 cadastre [Ying et al., 201 .o 17
Figure 2.5: The marine parcel [Sutherland, 2000 ... 21
Figure 2.6: Temporal concept - changes of state of a subdivision [Doéner et al,
2 0T L ettt en 23
Figure 2.7: Business district 'La Defense' in Paris, a road and a metro in the
subsurface intersect buildings and plazas [Stoter, 20041 ..o, 25
Figure 2.8: Example of drawing in strata titles [Stoter, 2004 ] ... 25
Figure 2.9: Tooltip to display attribute data [Shojaei et al., 2013 ] 26
Figure 2.10: High rise building and its 20 representation in a land subdivision
plan [Rajabifard &t al., 20121 . 26
Figure 2.11: UML class diagram of the hybrid cadastre [Stoter, 2004 ... 28
Figure 2.12:UML class diagram of 20 cadastre with 3D tags [Stoter, 2004].............. 28
Figure 2.13: Distribution and break down of the surveyed 3D research
publications and topic distributions [Paulsson & Paasch, 201, 29
Figure 2.14: Basic aspects of 30 Cadastre that need to cooperate [Aien et al,
2 0T ettt a e a s a et s et s e e et s e 29
Figure 2.15: Physical representation of legal issues in 3D cadastres [Ho et al,
2 0] 3ottt 31
Figure 2.16: Topological guery [Ying et al, 201 s 33
Figure 2.17: 30 visualization of point clouds, managed as points in DBMS
[Z1BEANOVE, 20041 ..ot en 34
Figure 2.18: NURBS building retrieved from DBMS [Zlatanova, 20041 ...cccoveieeeeenenenen. 35
Figure 2.19: Managing different documents using Bentley Geospatial Server [A
Bentley White Paper, 20T ettt 35
Figure 2.20: Interacting with 30 parcels - Floor 01 dragged outside of the
buildings [Elizarova et @al,, 20121 ... 38
Figure 2.21: Possible integrated visualization of X3D objects and attributes
through web browsers utilizing X330 plug=iN. e 39

Xi



Figure 2.22: Detailed design of 3D spatial data model. ..o 40

Figure 2.23: The interface od 3D and 2D platform [Guo et al, 2013] ..o, 41
Figure 2.24:Query in 3D scene [Guo et al, 2013 ] e 41
Figure 2.25: Vario-scaled: additional dimension [2D->3D] for topographic data [Van
OOSEEIOM, 2014 et 44
Figure 3.1:Land Administration Maturity Model [Van Oosterom et al, 2009]............ 48
Figure 3.2 : The triple "Object - Right - Subject" [Henssen, 19951 .. 49
Figure 3.3: Left: relation "man-land" in deed system. Right: Relation "man-land" in
title system [Kaufmann & Steudler, 19981 ... 50
Figure 3.4: Modification of the Henssen diagram [Van der Molen, 2003al.................. 50
Figure 3.5: The legal property object model [Kalantari, 2008al......ccccccooieiniccnne. 51
Figure 3.6: The continuum of land rights [UN-HABUTAT, GLTN 20081, ...cccoceoiioieeniinee 51
Figure 3.7: Structure of Cadastre 2014 [Kaufmann & Steudler, 1998l ... 52
Figure 3.8: Models for buildings as in Cadastre 2014. Parcels are in a separate
layer; no links are needed [Kaufmann, 2004 ] ... 52
Figure 3.9: Relationship between spatial data and the different level of SDIs
[Rajabifard &t al, 1999 . e 53
Figure 3.10: The geometries of 30 parcels in LandXML. A volumetric parcel can
be referenced to an external resource as a URL ... 61
Figure 3.11: A building part modeled in IFC [left] and in CityGML [right] [Nagel et al.,
2009]. 67
Figure 3.12: The five Levels Of Details defined by CityGML [LoD] [KITGroger et al.,
2 DT 2 L e 69
Figure 3.13: Core conceptual diagram of STDOM [Linkages between Core Cadastral
Model, LABM and STDOM, UN-HABITAT, 20131 i 71
Figure 3.14: A complete ultimate model [Open BIM and the future: BIM and GIS
INEEGrALION, 2012 et se s nees 85
Figure 3.15 : The UBM as meta-model [El-Mekawy et al, 20128 86
Figure 3.16: UBM representation of IFC and CityGML data integrated, El-Mekawy et
Bl L2012 ettt s en 87
Figure 3.17: Proposed integration approach for CityGML and IFC integration, El-
Mekawy B Al [2012D 1] et 87
Figure 3.18: 30 Cadastre, an example of Geo-BIM [Stoter, 20141 88

Figure 4.1: At the top the cadastral map fragment including the pipeline and at
the bottom two different 30 views are depicted [Van Oosterom et al, 2012].

............................................................................................................................................................................ 95
Figure 4.2: Various cadastral objects related to strata tiles within a lot [Zulkifli et
B, 2OTAL ettt 96
Figure 4.3: 30 data query and visualization of MY_ParcelUnit using Bentley
Microstation [ZUlkifli €t @l., 20141 e 98
Figure 4.4: 30 presentation of the spatial sub-parcels on the background of
existing land parcels [Shoshani et al, 20057 ... 100

Figure 4.5: The parking lot parcel is composed out of the shaft parcel [ C] which
is infinite parcel A-1 which is the exclusion from parcel A and B-1 which is

the exclusion from B Felus et al, 20141 s 101
Figure 5.I: a-Anogeio, b-Yposkafa, c-Syrmata, d-Arch, e-Windmill, f-Domes
[TsiliakoUSDIMOPOULOU, 20T ettt 115
Figure 5.2: Protection areas in archeological site represented as polygons
[http://archaeocadastre.CUltUrE. Gl . e 120
Figure 5.3: Attributes related to the area presented in Figure 5.2.
[http://archaeocadastre.CULLUrE.Qrl . e 121
Figure 5.4: The 98 HEPOS bases [http://Www.hepos.grl ... 122
Figure 5.5: Screenshot of a digital orthophotomap [www.ktimatologio.gri................ 123
Figure 5.7: SYSLEM ArChILECEUIE ..ot 125
Figure 5.8: Results from spatial query using KAEK ... 131

Figure 5.9: Football stadium situated over a public road [Dimopolou et al, 20061



Figure 5.10: Anogia extended over a public road [Dimopolou et al., 20061. ............. 133
Figure 5.11: Overlapping parking area with public space and buildings [Dimopolou

EBE AL, 20001 ettt 134
Figure 5.12: Overlapping public with private properties [Dimopolou et al., 2006]..134
Figure 5.13: Gas pipeline network under land parcels Dimopolou et al, 2006].....135
Figure 5.14: Overlapping real properties in Santorini. [Dimopolou et al., 2006]....... 135
Figure 5.15: Multistory buildings [Bimopolou et al, 20061 ... 136
Figure 5.16: Differences in surface registered and realized [Dimopolou et al,

200 D] ettt reeen 136
Figure 6.1: The anticipated schematic diagrammatic diagram of MPC [Rahman A, et

B, 20Tt h e h et 145
Figure 6.2: Description of the SRPO_ONEOlOGU. o 187
Figure 6.3: Children of the entity "legislation framework" in the SRPO_ontology..187
Figure 6.4: Basic classes created for the SRPO_oNntologU. ..o 188
Figure 6.5: The definition and the attributes of the class "anogia"......cccceeevieees 189
Figure 6.6: Basic entities of the SRPO_ontology at the top levels. ... 190
Figure 6.7: Example of the entity "yposkafa" and their relationship with the roads

BN ENE DA CELS. oottt 191

List of diagrams

Diagram 2.I: The 'butterfly" diagram shows the cadastre as the engine of LAS
and the means to implement the land management paradigm. The cadastral
information forms a key component within the SDI as it supports each of the
four land administration functions for delivery of sustainable development

[WIllI@MSON B AL, 207101 .ttt 16
Diagram 2.2: Marine property data model [Ng'ang'a et al,, 2004].......cccooiiriiceceee. 22
Diagram 2.3: A general architecture for visualisation in 3D Cadastres [Shojaei et

Bl 20 B ettt 37
Diagram 2.4: Workflow of research methodology for SB modeling [Van Oosterom

Q& SEOEET, 20T 2] ettt en 43
Diagram 3.1: The INSPIRE Cadastral Parcel model derived from LADOM via inheritance

[LEMIMEN, 20712 e 56
Diagram 3.2: Marine Administration and SDI [Strain et al., 20061 ..o 57
Diagram 3.3: A marine cadastre and SDI are essential components of effective

marine administration [Rajabifard et al., 2006]..........ocooeeeeeeeeeeeeeeeeee 58
Oiagram 3.4: Overview of the LandXML schema with expansion of the Parcels

element IWWwW.LandXML.OrGl s 60
Diagram 3.5: LandInfra UML Packages [Scarponcini, 20131 . 63
Diagram 3.6: INTERLIS: Language and transfer format [Germann, 2012]......cccoenee.. 64
Diagram 3.7: Industry Foundation Classes

[http://paginas.fe.up.pt/~gequaltec/w/index.php?title=Industry_Foundation_Clas

S S ettt en 66
Diagram 3.8: What is BIM? [National Defence Canada, 2012] ... 68
Diagram 3.9: Core classes of 3DCDOM [Aien A et al, 20121 e 72
Diagram 3.10: UML diagram of 3DCDM's LegalPropertyObject model [Kalantari et al.,

2008, bbbttt en 73
Diagram 3.11: Conceptual model of integrated legal and physical objects in the

30CBM model [AIEN &t @l, 2013 e 73
Diagram 3.12: The Land Administration Domain Model [Lemmen, 2012]......ccooieeenene. 74
Diagram 3.13: LADM and external classes [ISO 19152, 20121 i 76

xiii



Diagram 3.14: LADM classes VersionedObject with subclasses [ISO 19152, 2012].....77

Diagram 3.15: LADM Class LA_Source with subclasses [ISO 19152, 2012 77
Diagram 3.16: DQ_Element class and subclasses [ISO 191S] . 78
Diagram 3.17: CI_ResponsibleParty [from SO 191151 e 79
Diagram 3.18: OM_Observation from I1S019156 [ISO/TC211, 201D 79
Diagram 3.19: The formalized domain ontology focused on user roles for land

administration, using OntoGraf plug-in in Protégeé [Soon, 20131 e 82
Diagram 3.20: The GeoBIM extension for CitYGML. e 84
Diagram 3.21: BIM Strategy Direction [Open BIM and the future: BIM and GIS

[[gla=Ta] =1 oY =0 D U 85
Diagram 4.1: LADM profile of the Russian Federation [ISO 19152, 2012 ..o 94
Diagram 4.2: Overview of the spatial part of the Malaysian LABDM country profile:

blue is used for strata titles related classes [Zulkifl et al., 2014]. ..o 97
Diagram 4.3: the four steps of the prototype development [Zulkifli et al., 2014]...98
Diagram 4.4: The 3D cadastre workflow in Israel [Felus et al, 20141 ... 100

Diagram 4.5: Current situation of the spatial part of land administration in Israel,
UML model of the initial Israeli country profile as specialization of LADM

[FELUS BL 8L 2014 L e 102
Diagram 5.I: The transition from one system to the other [Kalogianni et al, 20141
........................................................................................................................................................................... 109
Diagram 6.1: Matching of the HC Data Model and LADM classes [Gogolou, 2013]....149
Diagram 6.2: Non-spatial Mmodeling OVEINVIEW. ..o 151
Oiagram 6.3: Content of GR_PartyPackage and associations with other basic
B S S B S et 152

List of tables

Table 2.1: Data required representing legal spaces in 3D, [Kitsakis & Dimopoulou,

2O A ettt s sttt a et a s e s s e s sttt a s s e s s s a s snanaeas 19
Table 2.2: Data required representing physical objects in 3D [Kitsakis &
DIMOPOULOU, 2014 e 19
Table 3.1: The semantic objects related with 3D property unit in CityGML [Ying et
Bl 20T ettt ettt 70
Table 5.1: Authorities responsible for registries and databases in Greece.............. 116
Table 5.2:Contents of the descriptive base of the HC [Technical specifications of
HC, ANNEX A, 20714 ettt 127
Table 5.3: The classes of the spatial model of the database of the HC [Technical
specifications of HC, ANNEX A, 2014 .o 129

Table 5.4: Codes of cadastral parcels [Technical specifications of HC, Annex A,



Abstract

Nowadays, most countries have developed their own land administration
system. Some countries operate deeds registration, other title registration.
Some systems are centralized, and others decentralized. Some systems are
based on general boundaries approach, others on fixed boundaries. However,
many of those countries lack a coherent national approach to land
administration, which constitutes an essential component of national
administrative portfolios.

Modern cadastral systems and in general, land administration systems, were
affected and continue to be strongly affected by the advancements in
Information and Communications Technology. Significantly, GIS, DBMS and in
particular spatial DBMS, as well as other systems for spatial analysis (e.g. R) and
visualization systems allow for more effective management and dissemination of
spatial and non-spatial information nowadays.

The use of land is always related to a certain amount of 30 space as well as
a certain amount of time, e.g. leasehold. However, traditionally cadastres are
based on representations of the division of the land in 20 on a certain moment
in time. Because of growing pressure on land and rising land values, which lead
to more complex and intensive land use, it is argued that there will be a
growing need for 30/4D information in cadastral registers. As the 2D maps
cannat sufficiently represent the reality, the 30 Cadastre has been introduced
especially for the description of apartment units and for physical objects that
cross above or below land parcels and other types of multilevel buildings. Even
when the creation of property rights to match these developments is available
within existing legislation, describing and depicting them in the cadastral
reqgistration poses a challenge. Additionally, the upcoming 30 approach in other
domains (3D GIS, 30 planning, etc.), which makes a 3D approach of cadastral
registration technologically realizable also causes a growing interest for the
realization of a 3D Cadastre.

The scope of a 30 cadastre depends on each country and its limitations and
opportunities. To ensure legal security and support development, a 30 cadastre
can benefit from other domains that develop towards 30 and vice versa, since
30 data can be exchanged. However, those capabilities cannot be fully
exploited due to the absence of standardization and interoperability within
cadastral systems.

Nowadays standardization has been an increasingly accepted process in the
fields of land management and land registries all over the world. In the
developed world, standards are required in land administration for adequate
information exchange and data acquisition. At the European level, INSPIRE
directive identifies 34 different geo-information themes, including cadastral
parcels, which should be (and currently are] harmaonized.

At a national level now, the design and development of the Hellenic Cadastre
is an ongoing project since 1995, progressively replacing the existing mortgage
reqgistries. Due to the current financial crisis, there is a delay in the process of
the Hellenic Cadastre, but it is expected to be accomplished by 2020. The
dynamic nature of immovable property in Greece calls for updated information
about rights and restrictions that apply to each land parcel.

Taking this situation into account, there is a need to standardize the process
of land management, introducing a model for the effective management of the
properties in Greece with a multipurpose character. Therefore, in Greece, it is
time to plan for the future, chart a course for redefining the data model of the
HC and replacing components of the existing system. A new data model could
facilitate the provision of data to internal and external users in a maore flexible

XV



format for the community's needs. That means improving the structure of
property rights, restrictions and responsibilities, as well as all relative
stakeholders, in a direction of harmonizing with international land administration
systems and standardization processes in this field.

Land Administration Domain Model, ISO 19152, was introduced as a model to
create standardized information services in an international context, where land
administration domain semantics have to be shared between regions or
countries, in order to enable necessary translations. It covers land reqgistration
and cadastre in a broad sense by describing spatial and administrative
components, source documentation and the ability to link with external
reqgistrations. The model also includes agreements on data about administrative
and spatial units, land rights in a broad sense and source documents (e.q. titles,
deeds or survey documentation). The rights may include real and personal
rights as well as customary and informal rights and the restrictions and
responsibilities can be similarly represented to document the relationships
between people and land.

This thesis proposes a comprehensive LADM country profile for 20 and 30
cadastral registration system for Greece. The proposed model is partly based
on the existing spatial and administrative registration systems, and partly based
on new developments inspired by the LADM standard and other country
profiles. Within the country profile, an attempt is made to cover all Greek land
administration related information, which are maintained by different
organizations today. This means that apart from the registrations of the existing
HC, other objects are categorized and registered in the proposed model aiming
at the creation of a multipurpose land administration system for Greece.

The different types of spatial units include areas with archeological interest,
buildings and unfinished constructions, utilities (legal spaces), 2D and 3D
parcels, mines, planning zones, Special Real Property objects usually found in
Greek islands I[anogia, yposkafal and marine parcels. What makes the
development of this model unique is the support of a wide range of gspatial
units, each of them having different requirements. The country profile also
includes the content of various code lists, which are an important aspect of
standardization.

It should be mention that as | am currently doing two Master Degrees, one at
the National Technical University of Athens and one at Technical University of
Delft, | decided to choose a broad topic for my research in order to be able to
split it into two parts for my 2 thesis and also go into to depth in one domain.
For that reason, the broader topic that was selected was the link between the
legal with the physical reality of 3D objects through the derivation of a
technical model from a conceptual one using international standards. In
particular, the conceptual model created during this thesis describes mostly
the legal part of the 30 objects registered in the proposed multipurpose land
administration system but also provides different ways to link it with the
physical counterparts of the objects. This conceptual model will be the input
for the TUDelft MSc thesis, which will be more technically oriented, according to
the character of the Master. In particular, a prototype to derive a technical
model from the conceptual will be developed by implementing it into a spatial
database and visualising the result in a 30 environment using advanced and
complete technical tools.



NeplAnyn

Ye Tmaykooulo eninedo Ta olUyxpovad KINUWATOAOYIKAG ocuoTAdata  kat
YEVIKOTEpA Ta ouoTthuata dlaxeiplong yng smnnpsalovtal and tn paydaia
eEEAIEN TNg TeEXVOAoylac Twv MANpopoplwv kdl TNASTUKOWWVIQV. MNapoAeg To
dlapopec TwV OCOUOTNUATWY avd Tov KOOWo, N avdamntugEn Twv UoTAPATwy
Fewypapikoy MNANPoOoplwy, TV ocuoTnuatwy dlaxelplong Bdoewv dedopsvwy Kdl
MO OUYKEKPIMEVA, XWPKWV Bacewv Jdedopevwy, kaBwg kal aAAwv epyaAsiwv
XWplkg avaAiuaoncg [mx.R), erutpernouv TNV kaAutepn dlaxeiplon kat diadxuon Twv
XWPLKWY KAl Un-xwplkwv dsdousvwy.

Ta TeAsutala xpdvia n €psuva OTovV Todea TG  dlaxelpiong yng
EMIKEVIPWVETAlL OAOSvVA Kal MeplooodTeEPo  OTNV  eVowdatwon Tn¢  Tpltng
dlaotaong, TOOO OTAV syyagn kal anobrkeucr Tng, 000 kal oTnV  OnTKA
avanapdoTtacr TNG. Inudepa, n Tpitn dldotacn kpivetal WBlaltepa okarupn kat
arapaltntn oTnv  anewkovion TNg NepMAOKNG MPpaydatikoTntag Mou  sxel
dnuloupynBel kuplwc OTov AOTIKO 1OTO TwV MOAEWYV AOYW TwWV TMOAAAMA®Y Kal
EMKAAUMTOUEVWYV XPHOEWY yNG AAAd KAl TWV EMKAAUTTOUEVWV SPMPAYHATOV
dikalwpdTtwy. 0L duvatoTnTeg SEAPPOYNEC eVO¢ TPLodldoTAToOU KTINUATOAOVYIKOU
OuUOTANATOG €X0ouv peAeTnBel skTevwg TOoo os enimedo £peuvag aAAd kal
MAE0OV dE TNV EQApHPOYr TUAOTUKWY MPoypauddtwy os dlagopec xwped [(mx.
Pwola, Kival.

Eva oAokAnpwuevo TplodldoTaTo KINMATOAOVIKO olotnua Tmpenst  va
neplAauBdavel ktnuatoAoyikd dedopeva mou anekovilovTal o Tpelg dlacTaos!(q
kal va AapBdavel urnoyly BE0UIKEG, VOUIKES KAl TEXVIKEG MTUXEG dvaAoyad pe Ta
13laltepa  xapakTNPOTIKA TNc¢ kaBe xwpac. MapdAec TIC npoondbBelec Twv
TeAeuTalwyv eTwV 38V UMNAPXEL KAMOIO OAOKANPWHEVO TPLO3IA0TATO KTNUATOAOYLO
oe kdrowa Xxwpa Tou KOOWOoU.

Kplowo poAo os authy tnv katelBuvon diadpaptiCouv n Tumonoinon kat
UovteAonolnon Twv CUCTNUATWYV aUTWV KaBw¢ kKAl Td MPOTOKOAAQ erikolvwviag
Mou ErUTPENOUV TN duvatotna avAantugEng TETOWV CUCTNPATWY KaBwg kal Tn
SIAAEITOUPYIKOTNTA Touc. Aldpopec npoondbelc tunonoinonc kataBaAAovtal Ta
TeAseuTala xpovia pe okomd va Bpebolv Ta kolva onuela Twv KTNUATOAOYIKWYV
dedopdeEVWY, Ol avaykeg Tou¢ kal va apBolv ol yswysagikol ToAlTikol kat
kowwvikol meploplogol.. Y& ula  npoonaBela  tunonoinong  ta  WBlaitepa
XQPAKTNPLOTIKA aAAd KAl oL avaykeg Tng kKabe yxwpag dev napauepifovral, aAAad
npotelvovtal yevikd TmAalola kal Jdodeg Omnou kdBes ocuoTnua dropel va
guumeplAngBel kal va dwoel eupacn OTIC AVAyKed TOU, SMITPEMOVTAC OUWE TNV
erkolvwvia kat dlaAeltoupylkOTNTa Ye AAAQ.

Yto dleBvec oknVikG erukpatel ta teAsutala xpovia pla ospd npdTUNWY
wovteAwv (ISO) n orola BaciCetal otn olUvdeon ToOU MPOCWMOU PE TO akivnTo
UEOW Twv JIKAWUATWY, MEPLOPIoPKY Kdl uroxpswoswv. To Land Administration
Domain Model [LADM], amoteAel tn peyaAlUtepn, Pexpl Ordepa, mnpoondbela
Turnonoinong kat pgovteAonolnong Twv KTNUATOAOYIKWV CUoTNUATwyv oe dleBvec
erninedo. AvaueveTal va anoteAeosl 3leBveg MpOTUNO PeXpl To AsksuBplo Tou
2012. KaAlmTsl Tig kowveg disbBveic avTIAfYelg oxeTikd e Tn dlaxelplon tTng vNng,
otnplCeTal oe mnponyouueva J3leBvry mpoTumna kat eival sueAlkkto kat slUkoAa
MPooapuOCIYo avdAoya PE TIG avAyked TNG eKAoTOTE XWPad.

STnv EAAGDaQ, onou 1o EBVIKG KTNUATOAOYo elval und eEeAlgn, tTa eAANVIKA
KTnuatoAoyika dedogeva otadlaka svrtdaocgovial gs  svd  noAudldoTtato
KTNUATOAOYIKO cUoTnua To ornoio Ba amoTteA&ost To nMAgov olyxpovo cguoTnua
KaATaypagrc akivATwy, SUrpAaydaTtwy SIKAWPATWY Kdl guvaAiAiaywyv yng. MapoAa
auTtd, To HovTeAo mMou xpnoworolel to EK dev BaciCetal oe kanolwo debvecg
MPOTUMo, aAAd €xel dnuloupynBel wote va sEumnnpetel TI¢ avdykeg TNG Xwpac.
Ma To AOyo auto, Unapxel n avaykn va esvtaxBsl os &va supltspo,
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TunonoiNUevo nAaiolo mou Ba erutpenst TN SAASITOUPYIKOTATA Kdl sTikolvwvia
UETAEU OAWV TWV SUMAEKAOUEVWY POPEWV TOOO SVTOE, 000 kKal sKkT0¢ EAAASOC.

AGYw TNG TMOAUMAOKOTATAC ToU avayAUgou Tng xwpag kal Twv Wdlaitepwyv
UOP@POAOYIKOV XapaktnploTikol nou odnyolv kal oe daltepo 18loktnolako
kaBsoTwyv, oTnv napoload JIMAwWUATIKA spyacia mnpotsivetal eva moAudldoTtato
wovteAo dlaxelpiong yng. Mo  ouykskplueva, npotelveTtal €va  JoVTEAO
dlaxeiplong yng mou erutpenel TNV eyypagr Tooo J3lodldoTatwy 000  Kdl
Tplodldotatwy dedopsvwy yvia Tnv EAAAGSa, Baoiopygvo oto dlabvecg mMpOoTumno
LADM, ISO 19152. MveTal yla npoondBela opodonolnong kdl Kkataypapns OAwY Twyv
dedopevwy nou oxetiCovtal ye tn dlaxelplon tng yng kat daxspifovtal and
dlapopoucg @opelc. Mepa amd Tta dedoyeva Mou eyypdpovTial OnPepda  OTo
KTnuatoAdyio kat GAAa 3dedoueva katnyoplorololvTal Kdl kataypagovial
arogkonwvtag otn dnuioupyia evog MoAudldoTaTou CUSTHUATOC.

H rmowklAopoppla mou  sgpaviCetal ota  Xxwplkd Jdsdogeva TNG  XWpag
katnyoplomnolr|Bnke w¢ €Er)¢ OTo MPOoTelvousvo TMoAudldoTdTo POVISAO: OToU
BlAPopoUC apXaloAoylkolg XWPOoWUG Ta KTipla kal TG urno-sEsAlEn KaTAOKEUEG,
Ta dlktua kolvrig weeAsiag, Ta dodldoTata kdl TPodldoTaTd YEWTEPAXld, TOo
BaAdoolo yewTtepdxlo, Ta edkd 13lokTnolakd avikelyeva nou supaviCovrtal
kuplwg oTic KukAddec, Ta opuxela, aAAd kal ol kaTteuBUVOELC MOU ArMoppeouv
and ta dldgopa snineda xwpotagikoU oxedlacuol. H nokiAouoppla Twv dlapopwyv
eV XWPKWYV HOoVAdwV AAAA KAl SMASKOUEVWY QOPEwV o guvdudous Ue TIG
avdaykeg Tou dlauopewyvouy, KaBloTouyv To MapoVv PHovTeAo povadikd. TEAOG, OTo
HoVTEAD TMpotelvovtal oplopgeved Aloteg kwdlkwv yia kabe pla and Ti¢ KAAos(q
OTIC ornole¢ kataypagovTtal ol dldpoped TIWEG Tou Pnopel va napsl 1o kabs
nedlo. H kwdlkornolnon mou mpoTeiveTtal yia Ti¢ AloTeg kwdlkwv sival onuavTiko
XAPAKTNPLIOTIKO TNG MPOTUNonoinong.

TeAog, Ba rBeAa va avagepw NMwW¢ napdAAnAa pe 1o AMMI MewnAnpogopikr
MapakoAouBw kal TO PETANTUXIAKO Mpoypadua Geomatics oto MavernoTrylo
NTeApT tng OAAavdiacg (TUDelft). KaBwg ta dUo uestantuxlakd Bplokovtal otov
(3lo epsuUVNTIKG Toped andgdacioa va erAsefw eva suplTspo Bsud €psuvacg TO
ornolo B8a urnopoloa va dlayxwplow oe dUo Pspn, €va yld Tn PeTAmnTuXldKr Hou
epyacila oto EMM kat eva yia 1o TUDelft. Ot dUo epyaociec elval aveEdaptntecg
ueTaEU Toug, aAAd kal cuvexela n yla tTng AAANnG. To Bgua nou sneAsga sival n
dlepelivnon TNG oUvdeonc TNG QUOIKNG UE TN VOUIKA MAEUpd TwV TplodlaoTatwy
AVTIKEIWEVWY HEOW TNG £peuvac Twv dlapopwyv TROMwY mou urnopesl va sEayxBsi
£va TEXVIKO YOVTEAO MOU Meplypdpsel TN @UOIKA 3lA0TAcn TWV AVTIKSHEVWY amnd
£Va £VOIOAOVYIKO ToU Meplypd@el TN Vouikr) dldotaaon.

Mo ouykekpieva, n  mnapoloa geTtantuylakr spyacia neplypdgst 1o
oxedlaoud svO(¢ SVVOIOAOYIKOU PHOVTEAOU Pe MoAUdIA0TATO XapakTthnpa yla tTnv
EAAG3a. To anoTteAsoua Ba anoTsAedsl TN BACN yla Tn PETAMTUXLAKr spyacia
otnv OAAavdia, o6rou Ba JdlepsuvnBolv ol dlagopol TPOMol rnou unopel va
eEaxBel €va TeXVIKO UOVTIEAO AMO TO EVOIOAOYIKO. ¥Tn CUVEXEld, TO TEXVIKO
yovteAo Ba sloaxBel oe pla xwplkry Bdon dsdopevwyv (PostGIS) kat teAog, Ba
unapEel dla OnTIKrA avanapddtacn TNEG QUOIKAG KAl VOPIKAG MAsUpdg Twv
avTIKEWEVWY O Tplodlaotato neplBAAAov. H ouvexela TNG epyaciag¢ autng oTto
TUDelft fTav o Baowkdg Adyoc¢ yvia Tov onoio To kelyevo autd ypdgtnke ata
ayyAa.



Abbreviations

ADE Application Domain Extension

AJAX Asynchronous Javascript and XML

API Application Programming Interface

BIM Building Information Model

bSlI Building Smart International

CAD Computer Aided Drawing

C.C. Civil Code

CDOM Cadastral Data Model

CityGML City Geography Markup Language

CSF Community Support Framework

CWA Closed Waorld Assumption

0OBMS Data Base Management System

0CDB Digital Cadastral Data Base

FIG International Federation of Surveyors

Gll Geo-Information Infrastructure

GLTN Global Land Tool Network

GMMI Greek Mining/Metallurgical Industry

HC Hellenic Cadastre

HMGS Hellenic Military Geographical Service

ICT Information and Communication
Technology

IETF Internet Engineering Task Force

ILA Israel Land Authority

IFC Industry Foundation Classes

INSPIRE Infrastructure for spatial information in
Europe

IR Implementing Rules

ISO International Standardization Organization

KAEK Hellenic Cadastre Code Number

KML Keyhole Markup Language

LandInfraDWG Land And Infrastructure DBomain Waorking
Group

LADM Land Administration Domain Model

LAS Land Administration System

MDA Model Driven Architecture

MPC Multipurpose Cadastre

NCMA National Cadastre Mapping Agency

NL The Netherlands

NTUA National Technical University of Athens

0GC Open Geospatial Consortium

OMG Object Management Group

OWA Open World Assumption

OWL Web Ontology Language

R&D Research and Development

RDBMS Relational Data Base Management System

RIF Rule Interchange Format

SD Sustainable Development

SOl Spatial Data Infrastructure

SO0 Standards Developing Organization

STDOM Social Tenure Domain Model

SaL Structured Query Language
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The increasing complexity of urban and rural spaces

and their intensive use the last years require proper
registration of their legal status. Until now this registration
cannot be provided by 20 cadastral registration and

30 Cadastre /s considered to be the solution.

Significant progress has been made in advancing

the concept of 30 cadastres and related technologies

to racilitate jts realization.

. Introduction
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1.1. Motivation and background

In many global documents, land is considered as an issue of utmost
impaortance, see for example Agenda 21 [UNCED, 2002]. It is considered as the
ultimate resource, for without it life on earth cannot be sustainable [United
Nations, 1996]. Many political objectives are in many ways related to access to
land and land - related opportunities. How governments deal with this issue,
developing multiple land policies is an interesting topic and many studies have
been conducted through this direction. However, apart from the land policy, the
tools to facilitate its implementation are very important and challenging [Lemmen,
20121.

Until today, many countries have developed their own land administration
systems [LASI], which fit in the purposes and needs of its society. Most of the
countries based their LAS on existing standards, while some others developed
their own methodology in order to organize the people to land relationships, e.qg.
Greece. A good LAS should service the needs both of the individual and of the
community at large. Standardization is a key concept in designing of LASs and in
supporting data quality by avoiding inconsistencies.

According to Lemmen [2012], land administration systems must deliver
accessible, exchangeable, complete, and valid information about people to land
relationships in 20 and 3D reflecting various ownership models and they must
manage the huge amount of information in cadastral databases.

Moreover, during the last two centuries population density has increased
considerably making land use more intense. This trend has caused a growing
importance of ownership of land, which has changed the way humans relate to
land. This changing relationship necessitated a system in which property to land
is clearly and indisputably recorded [Stoter, 20041].

Digital 30 cadastres can be the solution as they provide important and
reliable information for different aspects of land and property management,
provide to decision makers and may be utilized as the basis for the integration
with other information models, such as Building Information Model, CityGML, etc.
[Rajabifard et al.,, 20121

From all the above mentioned, pve. This was the motivation for starting this
reaserach at the field of 30 Cadastres, mainly investigated the case of Greece.

The overall research can be described as the design of a multipurpose
model for land administration in the context of international standards. The aim
of this research is to exolicitly describe the legal reality of the objects and their
inter-relationships by creating a conceptual model for land administration in
Greece based on LADOM ISO 19152, focused mainly on the third dimension. The
conceptual model is a proposal covering a broader perspective than the one of
the HC today as it also includes objects and interests that are not registered to
the existing HC. It aims to best organize the current situation and also include
improvements for the future. The objects, interests and their relationships are
described by using UML diagrams.



1.2. Setting the scene

The last decades urbanization is regarded as a global trend. World urban
populations demand apartments and high-rise structures nowadays. In 2013,
mare than 3.5 billion people, about half of the world's population, live in cities.
Many demand a smarter cross-disciplinary integration in the land development
industry including architecture, construction, surveying and building
management disciplines. This includes integration along the supply chain, better
documentation and design, the use of technologies and effective
communication [Kalantari, 2014]. It is clear that the ways societies use and
occupy space occur in multiple dimensions; however, the ways we manage and
administer space relies on two-dimensional information representations (20D).

Residential developments also arguably drive an accompanying need for
investment in infrastructure and services such as laying utilities [networks,
underground cities, large shopping complexes, subterranean transport systems,
etc.). As gpatial entities, these developments impact on the urban form, with
corollary impacts on urban flow (e.g. energy. travel, etc] and function (e.g. land
use) [Salat & Bourdic, 2012]. Therefore, there is need for information about all
aspects of the built form to facilitate better decision-making to support the
functioning of our cities.

Complex cities demand 3D description and they are initiatives worldwide that
suggest we are moving in this direction. For instance, at European level, INSPIRE
directive [INSPIRE, 1997] defines that the cadastral parcel has a more visible role
now in facilitating multiple aspects of land information management and
emphasizes the 3D aspect of the buildings. However, there are clear
opportunities for exploring how best to position 30 cadastres as part of much
needed collaborative approach [Rajabifard, 2014].

Greece is consisted of many complex cities that need 3D cadastral
reqgistrations. Due to the unique morphology and the great diversity on the
terrain but also on the way the properties have been built, the 2D registrations
are not enough to describe this situation. At the moment, the Hellenic Cadastre
is an ongoing project and proposals for best managing the special, unique
cases are important.

The land question in Greece presents great diversity and specificities, as it
largely depends on localized historical, geographical, economic, social, political
and cultural factors. It is a challenge to face and exploit with the optimal way
those characteristics of Greece, using international experience and create a
model for land administration covering a broader scope than the one that the
Hellenic Cadastre covers today.

1.3. Research approach

In this section the research objectives and questions as well as the
research methods that were used to achieve these objectives and answer
these questions, are explained.

1.3.1. Research objectives

The main objective of the thesis is to answer the question how to design a
multipurpose cadastral model for Greece based on international standards. The
emphasis of the thesis is on the creation of the conceptual model, based on
the IS0 19152 Land Administration Domain Model (LADM).
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To realize this objective, the thesis concentrates on three main topics:

O

(0]

O O O O

Analysis of the background. This part explores the following
scientific fields:

What is the state-of-the-art on the 3D Cadastres? International
experience in this field.

What is the need for 30 Cadastres?

How can the standardization help towards this direction?
International country profiles for LASs based on ISO 19152.

Hellenic Cadastre. In this section, the state of the art for the
Hellenic Cadastre will be presented. Moreover, the cases that 30
Cadastre is required at the Greek territory will be emphasized. The
different cases should be treated with specific and legally
requlated way. In addition, the way that the Hellenic Cadastre deals
with those situations today will be explored.

Proposed model for land management in Greece based on LAOM. At
the last section, the proposed model based on the international
standard 1SO 19152 will be presented and described by UML
diagrams.

1.3.2. Methodological approach

In order to answer the research question and objectives the following
methodological approach is followed.

@)

Analysis of the background. A literature review is performed on
relevant papers and theses related to this issue. During the past
decade, various 30 cadastre activities have been conducted and
numerous developments have occurred with respect to 30D
cadastres. After past research and prototype developments the
present era is one in which the first 30 cadastral systems are in
operation [Van Oosterom, 2013]; those developments are described
in the section. This development brings additional experience and
forms the basis for new requirements as well as new research
challenges. Towards this direction, the importance of standards
and communication protocols are analyzed and the recent and
most important on the domain of land administration are presented.
LADM, ISO 19152, providing an abstract, conceptual schema, defines a
formal description of a common set of concepts and terms and
was selected among other standards as basis for the proposed
model in this research. Therefore, characteristic LADM country
profiles that emphasize the 3D extension and serve needs of
different countries are presented and discussed.

Hellenic Cadastre. The National Cadastre and Mapping Agency S.A.
company (from now on NCMA] is a Legal Entity of Private Law and
its mission is the study, development and operation of the Hellenic
Cadastre. It collects information on property objects, in order to
cover the entirety of the Greek territory and according to its action
plan, this information is in reference with the land-parcel and is
analyzed on the two dimensions of the real objects. In this section
the role and the operation and the progress of the HC are
described and also the data model used today is presented.
However, reqgistering property objects in the three-dimensional has
become an imperative need in order to optimal reflect all optimal
complex cases of the multilayered reality of property rights.
Especially in urban built-up areas where the third dimension will
display the allocation of ownership rights in the vertical component
sufficiently. However, implementing the 3D concept in the present



Cadastral system does not imply the establishment of an absolute
three-dimensional registration system, which is not currently
feasible. Greece has many special cases that require 30
reqgistration and representation and they are explored in this
section; for instance the Special Property Right Objects [SPRO] are
presented together wit they way they are faced today.

o Proposed model for land management in Greece based on LADM.
For the last section, the matching the HC data model classes with
the corresponding of the LADM is presented. The in-house data
model of NCMA is not based on international standards and the
proposed model based on ISO 19152 is a research proposal with a
broader perspective than the HC. Today, the NCMA S.A. develops a
system based on land parcels of the country, including their
geometric description and ownership status as well as additional
information needed for administrative, technical and economic
activities. The proposed model, apart from this information, includes
the zoning plans, the parcels with archeological interest
separately, the utility networks as well as the marine parcels,
which today are not registered in a cadastral system. The scope
of this model is to create a 3D multipurpose system where all the
geographical information that can participate in a transaction will
be registered, grouped and managed optimally. Therefore, the
classes of the conceptual model are described together with the
corresponding code lists for each class. Extra attributes and
external classes are added in order to represent the Greek reality.
For the creation of the code lists deep investigation of the existing
situation took place and then values are added to represent the
future developments. Last but not least, the concept of levels at
the conceptual model is introduced, in order to better organize the
information in thematic coherent groups.

1.4. Overview of the thesis

Chapter 1 [(this chapter] presents the motivation and background of this
research, specifies the objectives and the scope of it and presents the
methodology approach that was followed. The second chapter introduces the
concepts of land administration and cadastre, the 30 cadastre and the different
aspects of it. Additionally, the related research that has been conducted for 30
Cadastres is revised, emphasizing at the need for the third dimension and
discusses the state-of-the art and the future trends of the data storage, data
visualization and semantic information in 30.

The next chapter gives an overview of standardization process in the field of
land administration the last years. Different standards are presented and their
need is described. The research focuses more on ISO 19152 LADM, its structure
and the reasons, which lead to its selection as basis for the development of the
Greek profile.

Moreover, at the fourth chapter the international experience in this field is
presented. In order to place this research in an international context, several
characteristic country profiles based on LAOM - mostly focused on 30- are
described.

Chapter 5 includes an overview of the Hellenic Cadastre project. The
organization, the data model that is now used for the registration and
maintenance of the cadastral information and the progress of the outgoing
project for completing the HC are described. The last part of this chapter deals
with the characteristic cases in Greece that require three-dimensional
visualization, which enables their location on, below or over the earth’'s surface.
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Last but not least, in chapter 6, the proposed model for a 30 multipurpose
cadastre for Greece is presented. In the beginning, the matching the HC data
model classes with the corresponding of the LADM is presented. The scope of
this model is to create a 30 multipurpose system where all the geographical
information that can participate in a transaction will be registered, grouped and
managed optimally. Therefore, the conceptual model is described in UML
diagrams and its classes are described together with the corresponding code
lists for each class.

Finally, conclusions and recommendations for further development are
presented at the last section and emphasis is given at proposals for the
implementation and test of the performance of this model.
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2.l. Cadastre and Land Administration

Oriven by sustainability and economic objectives, many cities around the
world are moving towards complex vertical multi-unit and multi-functional
developments [e.g. King, 2004; Adam, 2008, 2012]. Operationally, this adds an
additional layer of complexity to the management of these structurally complex
buildings. Consequently, these developments and their RRRs challenge current
land administration practices, particularly where the management of RRRs is
based on the concept of a land parcel [Ho, 2012].

In response to the complexities of understanding and managing
contemporary urban spaces, creation of new land administration systems
utilizing 30 technologies and 3D digital information has increased. It is clear that
according to the local situation, the land market requirements, the legal
framework, and technical possibilities and limitations of each country, cadastre
and LAS are defined and used in different ways.

In this section, useful definitions of cadastre, land administration and land
administration systems are further clarified.

2.1.1. Land administration

All countries have to deal with governing the land. The operational
management concept is the range of land administration function that include
the areas of [see Figure 2.1

e Land tenure [securing and transferring rights in land and natural
resources],

e | and value [valuation and taxation of land and properties],

e Land use I[planning and control of the use of land and natural
resources] and

e |and development [implementing utilities, infrastructure and
construction planningl.

The four functions interact to deliver overall policy objectives and they are
facilitated by appropriate land information infrastructures I[cadastral and
topographic datasets, etc.] and supported by sophisticated Information and
Communication Technology (ICT) models [FIG, 2014]. Across land administration
literature, there is widespread acknowledgement that land administration
systems [LAS] reflect the relationship that people have with land.

The term Land Administration was defined by the Nations Economic
Commission for Europe to be ‘“the processes of determining, recoding and
disseminating information about the tenure, value and use of land when
implementing land management policies. It is considered to include land
registration, cadastral surveying and mapping, fiscal, legal and multi-purpose
cadastre and land information systems”. It is recognized that land administration
and LASs are state responsibilities, but there can be many areas where the
private sector is involved. [UNECE, 1996; Lemmens, 20121

e Institutional
Cotorrsl ana Topspapnic Date

Policies Cantparrel Dasa teversnamans Framework
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Figure 2.1: A global land management perspective [Williamson et al., 20101



Land administration is defined as the process run by the government using
public or private sector agencies related to land tenure, land use, land
development and land value, according to Williamson et al. [2010]. LASs are
essential for land management. They are considered as an infrastructure for
implementation of land management policies in support of sustainable
development.

As shown in Figure 2.2, the ultimate objectives of land administration are
sustainable development using current land policy and the corresponding
instruments. This determines how a government can provide access to land,
offer tenure security, regulate the land market, implement land reform, protect
the environment and levy land taxes [Adeniran, 2014].
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Figure 2.2: Global land administration perspective [Adeniran T., 20141

In most less developed countries the legal framework for land administration
reflects colonial times and often serves only the elite. The processes for land
reqgistration are complex, costly, time consuming and with high demands for
accuracy of boundary surveys. The existing legal framework is therefore often a
significant barrier for implementing a flexible approach to building land
administration systems and the underlying spatial framework.

The spatial framework is the basic large-scale mapping showing the way land
is divided into smaller spatial units for specific use and occupancy. It provides
the basis for dealing with land administration functions such as: recordation and
management of legal and social tenure; assessment of land and property value
and taxation:; identification and management of current land use; planning for
future land wuse and land development: delivery of utilty services: and
administration and protection of natural resources.

The Social Tenure Domain Model (STDM) supports the continuum of land rights.
It is flexible and enables all legal and social tenure rights to be captured
[FIG/GLTN, 20101

In conclusion, it has to be emphasized that as LAS covers land registration
and cadastre. The combined process is called land administration and a LAS is
the enviromment in which this process takes place. Processes include
adjudication [the juridical and technical procedures to document land rights],
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establishment of and transaction on land rights and information provision.
Information provision can support in multiple purposes: taxation, legal or tenure
security, support of land market and mortgage industry, spatial planning and
other [Bogaerts & Zevenbergen, 2001; UNECE, 19961.

2.1.2. Cadastre

The definition of a cadastre has long been associated with a function as a
repository of land and property related information (e.g. the Austro-Hungarian
cadastre and the Napoleonic cadastre of the 19th centuryl, whose original
functions as tools of survey and census to produce registers of information
are still relevant today. Definitions of modern cadastres however, are perhaps
more aligned with the content of the information itself and its technological
implementation. For example, Figure 2.3 [left] below shows the cadastre as a
concept comprising individual pieces of information relevant to land and
property, and the implementation of this concept is through the use of
technology to link, integrate and visualize land and property information. At the
right side, the individual pieces of information are exploited using the
technologies required to support the physical representation of cadastral
information in 30.

B A o

Figure 2.3: The cadastral concept [FIG, 1995] and the adapted 3D cadastral concept [Ho et al, 20131

Simpson [1976] refers to the cadastre as “a public register of the quantity,
value and ownership of the land (immovable property) in a country, compiled to
serve as a basis for taxation’. A reqgister of deeds is a “public register in which
documents affecting rights in land are copied or abstracted .

Apart from Simpson [1976] there is a common agreement that a cadastre can
be used for different purposes. This means that both a legal administrative
component and a geometric component are included.

According to Henseen [1995] land registration and cadastre have the
following meaning.

* [andis an area of the surface of the earth together with the water, sail,

rocks, minerals and hydrocarbons beneath or upon it and the air above it.

» [and registration is a process of official recording of rights in land
through deeds or as title on properties. It means that there is an official
record [land register] of rights on land or of deeds concerning changes
in the legal situation of defined units of land.

» ([adastre is a methodically arranged public inventory of data concerning
properties within a certain country, based on a survey of their
boundaries. Such legal land objects are systematically identified by
means of some separate designation. They are defined either by private
or by public law.

The cadastre as an engine of LAS is shown in Diagram 2.1. The diagram
highlights the usefulness of the large-scale cadastral map as a toll by
exposing its power as the representation of the human scale of land use and
how people are connecter to land [Williamson et al., 20101
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Diagram 2.1: The "butterfly" diagram shows the cadastre as the engine of LAS and the means to implement the
land management paradigm. The cadastral information forms a key component within the SDI as it supports
each of the four land administration functions for delivery of sustainable development [Williamson et al, 20101

The cadastre is defined as a register of land information by FIG [FIG, 19951
This means that a cadastre is a parcel based and up-to-date land information
system (LIS containing a record of interests in land [rights, restrictions and
responsibilities]. Additionally, it usually includes a geometric description of the
parcel linked to other records describing the nature of the interests, the value
of the parcel, and improvements on that, etc. [Lemmen, 20121.

Kaufmann and Steudler [1998] state that "Cadastre 20147, is a worldwide-
recognized vision on Cadastre. Cadastre 2014 can give the answers to the
questions of where and how much and who and how. It is mentioned that
Cadastre 2014 can replace the traditional institutions of “Cadastre” and “Land
Registration” as it represents a comprehensive land recording system.

To be able to meet all these requirements, the main tasks of current
cadastres can be defined as:

*To register the legal status of and governmental restrictions on real estate:
the persons who have interests in land; what the interests are [nhature and
duration of rights, restrictions and responsibilities]; on what land the interests
are established [information on parcels such as location, size, valuel;

+To provide information on the legal status of and governmental restrictions
on real estate.

To sum up, it has to be emphasized that LAS is a tool, or a number of tools
that covers land registration and cadastre. This combined process is called
land administration, which includes the establishment of, and transactions on
land right and the juridical procedures to document property, use and other
land rights [Lemmen, 20121.
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2.1.3. 3D Cadastre

The ways society use and occupy space occur in multiple dimensions.
However, the ways we manage and administer space relies on two-dimensional
information representations. The legal ambiguity and administrative limitations
inherent in such practices are becoming increasingly pronounced within land
administration especially for urban areas. In response, a research domain has
emerged, termed by specialists as ‘30 C(adastres’ to seek greater
correspondence between the administration of legal land and property [parcel]
boundaries and the reality of physical bounds of structures themselves
[Kalantari & Stoter, 20131.

This research domain in this field is concerned with the “registration of the
legal status in complex 30 situations” [FIG, 2012]. Within the International
Federation of Surveyors (FIG)] 30 cadastres’ working group, the concept of 3D
cadastres with 3D parcels is applied in the broadest possible sense in order to
comprise all the country-specific meanings of 3D Cadastres. Consequently, 30
parcels include land and water spaces both above and below the surface.
However, each country should decide according to the needs and the
legislation framework the types of the 3D parcels that should be registered [Van
Oosterom, 20131.

The implementation of a 30 cadastre model in a country requires generation
of 30 volumes representing either physical objects or volume parcels based on
cadastral data [Stoter & Van Oosterom, 2006]. According to FIG [2010], a 30 parcel
is a legal object describing part of the space, often related with a physical
object that is also described in 3D with plane coordinates. In order to generate
3D real properties plane coordinates, real property units’ dimensions and
semantic data are required. The realization of 30 cadastral models also requires
sufficient elevation data, and therefore, cadastral legislation should introduce
height measurement methods and requirements for 30 Cadastre modeling, e.g.
Navraril & Unger [2011]; Sanecki et al., [2013].

0 property unit — 20 buliding space

D bullding space | ‘ r— 2D building space

Surtace parcel

Figure 2.4: Different 3D spaces in 30 cadastre [Ying et al, 2011].

Ying et al. [2011], introduce two conceptual classes to describe 3D space in
China represented by 30 solid; the 3D land parcel and the 3D building space, as
shown in Figure 2.4. A 3D (legall building space unit can be associated with a
physical construction and the description of the legal space focus on the
homogeneity of the legal attributes [Karki et al., 20101

According to the literature, real property is defined as either a real or an
ideal part of space, which constitutes an autonomous or an undivided multi-



owned property right. It can be argued that all property units are in fact three-
dimensional, since a [(2D] property unit may not consist solely of the land
surface, but extends downwards into the earth and upwards into the sky. Thus,
the three-dimensional aspect of the property does not concern the actual
extent of the property unit, but rather the delimitation of it. It is therefore
difficult to define the term 3D property, as noted in Paasch and Paulsson [2011].

3D property is often used as a general comprising term and the content of it
differs between countries in their legislation. One description of it is real
property that is legally delimited both vertically and horizontally [Paulsson,
2007]. The concept of 3D property is therefore still a rather new form of land
management, as it only exists only for a decade. However, there has been an
increased interest in 30 property and ownership apartments, although the
demand has not been as high as initially expected. The use of 30 property
formation in land management is still to be seen as a supplement to the
traditional 2D property formation [El-Mekawy et al, 20141

There are many obstacles towards the adoption and use of the concept of
3D property. Today, many countries have regulated or plan of requlating their
legal and cadastral framework to accommodate 30 property issues. Although
approaches concerning 30 property in each country differ, they share similar
principles [Paulsson, 2012; Kitsakis & Dimopoulou, 2014].

For this research, 30 parcels will refer to 3D spatial units with right,
restrictions and responsibilities attached to it, where ownership parcels should
not overlap other ownership parcels [Van Oosterom et al, 2011]. This definition is
different from the classical one, according to FIG [2011], where the land parcel is
denoted as a piece of ‘land” with defined boundaries, on which a property right
of an individual person or a legal entity applies.

The implementation of each one of the different types of 30 Cadastre models,
serving the unique needs of each country, requires generation of 30 volumes
representing either physical objects or volume parcels based on cadastral data
[Stoter & Van Oosterom, 20061
According to Kitsakis and Dimopoulou [2014], data that may be used to generate
the 3D model of legal spaces and physical objects are presented, respectively
in

Table 21 and

Table 2.2:
LEGAL OBJECT Data Remarks
Location * F’lamar' Earth’'s surface
coordinates [X, ) A
elevation is not
Y] on cadastral ) .
always available/ is
maps/database . )
; : in low accuracy/ is
S . given n in different
national )
coordinate
reference
systems.
systems.
RRR Definition e Planar

coordinates [X,
Y] on cadastral
maps/database
S given in
national
reference
systems.
e [escriptevely

in
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contracts/deed
S
“Spatial Extents” e Descriptevely

in Isometric plans [3D]
contracts/deed available in
S. Common Law

e Survey jurisdictions.
drawings.

Table 2.1: Data required representing legal spaces in 3D, [Kitsakis & Dimopoulou, 2014].

PHYSICAL OBJECT [PO] Data Remarks
Parcel Location Planar coordinates [X, e Varying
Y] on cadastral accuracy,
maps/databases, e Scanned or
mineral cadastres paper
available in national drawings
reference systems. may exist.
PO Location Building footprints are e Varying
recaorded to the accuracy,
cadastral e Scanned or
maps/databases in paper
national reference drawings
systems. may exist.

PO Dimensions

Horizontal and vertical
dimensions are
available on building
permit drawings

No coordinates
available.

PO constituent parts

e (an be found in
building permit

drawings. L No coordinates
e In dESCI’IptIV.e available.
form in
contracts/deed
S
Elevation and height data e 30 drawings
e PO's relative mainly in
heights can be Common Law
obtained from jurisdictions
cross section and the
drawings. Netherlands.
e Surfaces o 7

heights in maost
countries not

coordinates
reduced to

recorded national
directly. reference
systems.

Infrastructure,
networks

utility

Orawings, maps from
utility owner, operator.

Data cannot be
easily obtained.

Table 2.2: Data required representing physical objects in 3D [Kitsakis & Dimopoulou, 2014].

Condominium and strata titles




‘Condominium” comes from Latin. Jomus means, “house” and dominum is the
‘lord or owner of the house’. Therefore dominium signifies power or ownership
(of a housel. Con means “with". Hence condominium means “ownership [of a
housel with” [http://www.beforeyoubuyacondo.com/condovsstrata.htmll.

According to the UN/ECE Guidelines, condominium ownership comes in a
variety of forms from multi-apartment buildings used exclusively for residential
purposes to those that contain both residential units and space used for
commercial purposes. It is a type of home ownership that allows an individual to
own an individual unit in a large complex. The people who purchase these units
own each and everything inwards from the boundary - which is the walls of
their unit. The common areas include areas such as elevators, swimming pools,
hallways, and other amenities that may be available.

They may extend vertically as in tower blocks or horizontally as in terraced
houses. Essentially such buildings have two components - privately owned
units and jointly owned parts [for example service areas and equipment such as
lifts, electricity and heating supply, etc.l.

The right in freehold to a separate apartment in a tower block breaches the
idea that land, as real property, extends from the center of the Earth to the
infinite of the sky. The concept that the land is a single unitary object may work
in legal theory but in practice it needs to be modified, especially in the case of
ownership of individual apartments in a block of flats [UN/ECE, 2004].

‘Strata” is also derived from Latin, but its origin is a little more obscure.
Originally, stratum meant, “spread’, but by the time we see it associated with
condominiums in English, it was perhaps borrowed from geology where it is
used to describe a layer in a rock formation. The plural of stratum is strata:
‘layers”.

Apparently the Australian [New South Wales] legal profession adopted “strata”
in 1961 to cope with a new form of co-ownership of apartment blocks since such
buildings have two or more ‘layers” or “strata”. So an owner of a Lot and
undivided co-ownership in the common property was granted a “Strata Title".

A few years later, British Columbia appropriated the term and much of the
legislation from Australia, naming the first act the Strata Titles Act. As with the
Australians the term “strata” was extended to include townhouse type and bare
land developments. Essentially, there is no difference between the terms condo
and strata, unless you reside in Australia or British Columbia in Canada, where
the term has encompassed townhouses within it [http://geniepad.com/posts/204-
what-is-the-difference-between-condo-strata-hoa-and-co-op-associations].

Those differences on the terminology, depending on the legislation
framework of each country or area show that the need for a common
terminology in the domain of land administration is urgent.

Apart from the condominiums there are also other special cadastral types
related to 30: for instance the marine cadastre, which is described below.

Marine Cadastre

The interests of a nation do not stop at the land-sea interface. They
continue into the marine environment. Therefore, the responsibilities and
opportunities of governments to provide infrastructure for land and resource
management extend to marine areas. This has brought with it an increased need
to more effectively and efficiently manage marine resources to meet the
gconomic, environmental, and social goals of sustainable development
[Williamson et al., 20101.

The concept of the marine cadastre evolved to bring coherence to the
various approaches. The design of the marine cadastre was influenced by the
environmental movement and its effect on politics and society: by emerging
technologies for realization and visualization of marine information and
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boundaries: and by the need to deliver regional, rather than merely national,
marine management. [Williamson et al, 2010]. The marine cadastre poses a whale
range of questions, due to the different nature of the enviromment. The most
important issues are: the inherently 30 nature of most marine rights, which
makes a 20 definition of these rights legally inadequate, the fourth dimension of
spatial data, the overlapping rights exist within a single locality [Sutherland,
2005al. So the marine cadastre can be considered as a special case of 30
Cadastre [Sutherland, 2005a; Sutherland, 2005bl.

The concept of a marine cadastre is being considered by a number of
countries, in order to address the issues and problems. Due to the complex and
changing nature of the marine environment, there are currently several different
definitions for a marine cadastre. Robertson et al, [1999] describe the marine
cadastre as:

‘A system to enable the boundaries of maritime rights and interests to be
recorded spatially managed and physically defined in relationship to the
boundaries of other neighboring or underlying rights and interests’.

Nichols et al, [2000] have a different understanding of the marine cadastre,
introducing concepts of ownership and the need to record rights and
responsibilities together with the boundaries. They describe the marine cadastre
as:

A marine information system, encompassing both the nature and spatial
extent of the interests and property rights, with respect to ownership, various
rights and responsibilities in the marine jurisdiction’.
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Figure 2.5: The marine parcel [Sutherland, 20001

The concept of a marine cadastre is being considered by a number of
countries. In order to illustrate the relationship and interaction between marine
rights and responsibilities, Sutherland [2000] has developed a conceptual
diagram of the complex set of rights and controls offshore, showing the
overlapping nature of relationships between stakeholders and the 3 dimensional
nature of the ocean [Figure 2.51.
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Also a marine property model has presented by Ng'ang'a et al. [2004] [Biagram
2.2. Since 1999 [Hoogsteden et al, 1999] the concept of marine cadastre has
been present in Geomatics-related research and professional literature. There is
a plethora of articles and papers on the subject of marine cadastre that deal
with varying technical, institutional, legal and stakeholder issues. To name a few:
Binns & Williamson, 2003; Fraser et al, 2003; Ng'ang'a et al., 2004; Fulmer, 2007;
Nichols et al, 2006; Sutherland & Nichols, 2009; Rahibulsadri et al., 2014.
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Diagram 2.2: Marine property data model [Ng'ang'a et al, 20041
2.2.Why 3D?7

For 3D developments above and below ground, such as apartments, tunnels,
bridges, utilities networks, etc. a 20 land parcel is no longer the appropriate
basic spatial component of cadastral models for managing and modeling 3D
information [Aien et al, 2013l It should be replaced by 3D property object, as 2D
cannot represent the complexity of 30 properties.

The increasing complexity of infrastructures and densely built-up areas
requires a proper registration of the legal status of real properties; both private
and public. 3D properties allow the real property to be volumetrically delimited
as discrete legal entities. It is a volume of space on, above or below the ground
that defines and represents a particular right, restriction or responsibility [RRRI
[Aien et al., 20131.

Current cadastral data models only represent legal objects, and do not
integrate their physical counterparts. This trend is working well in 2D cadastres
where the land parcels [(legal objects) represent the corresponding physical
land boundaries as well.

However, in 30 cadastres objects are represented by physical structures
such as walls, floors, and ceilings in the buildings, and are integrated so that
the cadastral data model facilitates management and representation of 3D legal
objects. This integration also maximizes the usability of 3D cadastres for
additional applications such as property management and city space
management [Aien et al, 20131

It is important to realize that legal objects do not necessarily coincide with
their corresponding physical objects mostly in cases of airspace and common
properties [Lemmen, 2012]. In this case, a 30 cadastre can be used to reveal the
differences between the two ‘aspects’ of the object and the consequences of
that.

In this scope, a 30 cadastre can interact with other registrations, which
offers opportunities, such as: the holders of infrastructure constructions will
benefit from a clear reqgistration of the location of the objects, since they have
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more legal protection and better overview of other RRRs that may intersect.
Maoreover, the parties may be maotivated to include more spatial information in the
deeds when enabling 3D registrations.

Moving a step forward, the time dimension is required to be able to recorded
how the legal status of the objects changes during the time. In most cadastral
registers, the time is representing by a versioning of the objects depicted by
time-stamps that usually indicate the creation and the deletion of the object in
the cadastral database, see Figure 2.6 [Doner et al, 20111
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Figure
2.6: Temporal concept - changes of state of a subdivision [Déner et al, 20111

In addition to the above mentioned, there are other drivers to move from 20
and paper-based representation methods to 30 visualization of the cadastre.

These include [Shojaei et al., 20131:

o Technology push: there are a rapidly increasing number of 3D
visualization systems Iin many disciplines providing realistic
representations of the world with real-time navigation:

o Public demand: as people demand more access to information
about their environment, they require effective means of
communication that do not require specialized training;

o Professional demand: nowadays, 3D visualizations are widely used
in various applications such as architecture, urban planning,
building development, and disaster management. Professionals are
looking for compatible visualization systems for also managing
ownership information in 30;

o Resource efficiency: land and property, as important resources,
require modern management approaches for their sustainable use,
especially in populated urban areas; and

o Systems efficiency: 30 visualizations increase the functionality of a
cadastre [Stoter & Van Oosterom, 20061.

Therefore, there is a need for effective and efficient systems for
representing RRRs in 30. Such a system has several parts: a data model for the
information itself [Aien et al, 2013], a data format to support the data model, a
database to manage data, and visualization tools for communicating, exploring,
and representing the information.
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2.2.1. What is the role of 3D Cadastre in the full life cycle in 3D7?

When considering the complete development life cycle of rural and, in
particular, urban areas, many related activities should all support 3D
representations. The exact definition of these activities differs from country to
country, and their order of execution may differ.

However, in some form or another, the following steps performed by various
public and private actors, which are all somehow related to 3D cadastral
reqgistration, are recognized, according to Van Oosterom [2013:

Develop and reqgister zoning plans in 30.

1.

2. Register [public law] restrictions in 30.

3. Design new spatial units/objects in 30.

4. Acquire appropriate land/space in 3D.

5. Request and provide lafter check] permits in 3D.

6. Obtain and register financing Imortgagel for future objects in 30.

7. Survey and measure spatial units/objects [after construction] in 30.

8. Submit associated rights [RRl/parties and their spatial units in 30.

9. Validate and check submitted data [and register if accepted] in 30.
. Store and analyze the spatial units in 30.

=0

Disseminate, visualize and use the spatial units in 30.

Several of the above mentioned activities and their information flows need to
be structurally upgraded from 2D to 3D representations. Because this chain of
activities requires good information flows between the various actors, it is
crucial that the meaning of this information is well defined.

It is important to reuse existing standards as a foundation and to continue
from that point to ensure interoperability in the domain in our developing
environment!

2.3.Needs and opportunities for 3D Cadastre

A little more than a decade ago, Stoter and Ploeger [2002] stated that there
is competition for space, especially in the cities, with increasing population and
more advanced space-demanding activities that have to share space within the
same traditional two-dimensional property unit. Many complex situations where
there is a need to separate the ownership within an existing parcel and its
space can be found [Stoter & Ploeger, 2002].

The use of 30 property rights has for many years been a tool for providing
secure and lasting rights for the use of space and has become a common
feature internationally [see e.g. Paulsson, 2007]. In order to efficiently manage
these complex situations of ownership - and other RRRs associated with land,
water and air - the procedures for 30 property formation and registration also
have to be addressed.

According to previous studies and the community needs, digital 30D cadastres
can provide important information for different aspects of land management. The
information related to land and the owners is complicated, sometimes even
insufficient and difficult to keep on track. Cadastres with 30 information facilitate
reqistration of 3D property rights and represent the spatial extent of ownership
boundaries in the third dimension of height where layered and stratified
ownerships exist. Residential multi-unit and high-rise developments and complex
apartments are becoming more and more popular, as they accommodate people
and businesses. [Aien et al, 20131

Especially in metropolis with dense population, the development of land use
has promoted the land parcels to be subdivided in 30 space according to
certain property rights. This results in 30 parcels above or below the land
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surface and the management of that becomes an urgent task for the
government of each country [Ying et al., 2011l

In addition, they support land development processes including issuing of
permit plans in dense urban areas, which cross above or under other
developments. Last but not least, they can be used as a basic layer to
integrate with other information layers such as 3D city models (e.g. CityGML),
Building Information Model (BIM], transportation, utility networks, land use, and
delivery of services for different applications providing reliable information for
decision makers.

Moreover, pressure on land in urban areas has led to overlapping
constructions [Figure 2.7 and Figure 2.8]. Cities require significant infrastructure
above and below the ground in unigque titles and arrangements, Even that the
existing legislation can serve in a way the matching of these developments with
the corresponding property rights; the cadastral registration still remains a
challenge [Stoter, 20041

Figure 2.7: Business district 'La Defense' in Paris, a road and a metro in the subsurface intersect buildings and
plazas [Stoter, 2004].
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Figure 2.8: Example of drawing in strata titles [Stoter, 20041.

In addition, 2D survey plans [even with stratum boundaries specified] are no
longer able to represent the reality of the inter-related titles or deeds with their
complex rights, restrictions and responsibilities [see Figure 2.10l. On the other
hand, tooltips to display attribute data [Figure 2.9]1 are very useful for the
representation of RRRs.
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Figure 2.9: Tooltip to display attribute data [Shojaei et al,, 20131.

Figure 2.10: High rise building and its 2D representation in a land subdivision plan [Rajabifard et al., 2012].

The complexities described above are not new. However, they have become
more obvious the last year. This is due to the fact that complex buildings and in
general 30 situations have been occurring much more often the last decades
than previous years. For instance, the number of pipelines and cables has
grown, many tunnels and highway intersection have been built and the
complexity of multi-purpose constructions has increased rapidly.

Taking also into account that people today want to know and have ensured
the legal status of the property through registrations and demand high-
accuracy in the boundaries; the need for a 30 cadastre is urgent.

According to Stoter [2004] the basic needs for a 30 cadastre can be
summarized as:

e To have a complete registration of 3D rights. Rights that entitle
persons to volumes, explicitly.

e To have a good accessibility to the legal status of stratified property
including 3D spatial information, as well as restrictions at the
legislation framework.

The scope of a 3D cadastre depends on each country and its limitations and
opportunities. To ensure legal security and support development, a 30 cadastre
can benefit from other domains that develop towards 30 and vice versa, since
30 data can be exchanged.
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A link with external databases containing objects of interest for the cadastre
[monuments, forest protection zones, etc.] is needed. The update on the
external databases should be synchronized with the cadastral database in
order to avoid loss of information and inaccuracies. Linking different
registrations and linking different databases can be established by the set-up
of a well-working national Spatial Data Infrastructure (SDIl.

2.4.Conceptual models of 3D Cadastres

Stoter J. [2004] introduced three concepts to register 30 situations,
depending on the way that the term “3D cadastre” can be interpreted ranging
from a full 3D cadastre supporting volume parcels to the current situation with
limited additions of 3D information. The three proposed conceptual models are:

2.4.1. Full 3D cadastre:

Introduction of the concept of rights in 30 space. Rights and restrictions are

explicitly relates to volumes, defined in three-dimensional space. This situation

requires change in the legislation, technical and cadastral framework. Two
alternatives are distinguished for the full 3D cadastre.

o Alternative |: Combination of infinite parcel columns and volume
parcels. - Combined 20/3D alternative. This requires conversion of
the conventional representation of parcels into 30. Two types of
real estate objects are distinguished: infinite parcel columns [which
still apply in 2D0] and volume parcels.

o Alternative 2: only parcels are supported that are bounded in three
dimensions [volume parcelsl. - Pure 30 cadastre. The only real
estate object is the parcel volume [bounded in all dimensionsl.

2.4.2. Hybrid cadastre:

Preservation of the 2D cadastre and integration of the registration of the

situation in 3D by registering 30 situations integrated with 2D cadastral data.

This result to a hybrid solution, where both 20 parcels and 3D registrations is

included. As shown in Figure 2.1, the 3D representation can be either a volume

to which a person is entitled [Alternative 1] or a physical object itself [Alternative
21.

The juridical and cadastral concept of ownership is not changed as in full 30
cadastre. RRRs are always registered on 20 parcels. The difference with existing
2D cadastres is the way RRRs are registered and visible in the cadastral
registration.
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Figure 2.11: UML class diagram of the hybrid cadastre [Stoter, 20041.

(0]

Alternative 1: registration of 20 parcels in all cases of real property
registration and additional registration of 3D legal space in the
case of 3D property units. It implies that the 3D registration of
rights that are already registered and that are concerning 30
situations using 3D right-volumes. The parcel is the starting point
of registration.

Alternative 2: registration of 2D parcels in all cases of real
property registration and additional registration of physical objects.
The physical object is the starting point of the registration.

2.4.1. 3D tags linked to parcels in current cadastral registrations.
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Figure 2.12:UML class diagram of 2D cadastre with 3D tags [Stoter, 2004]

As depicted in Figure 2.12, this concept means preservation of the 20
cadastre with external references to representation of 3D situations. It is the
solution that requires the least fundamental changes of the current cadastral
concept. This is due to the fact that real rights are always established and
registered on 20 parcels. In addition to the ‘3D tag’ on the parcel, a reference
can be added to a legal document or to a drawing that illustrates the situation.
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2.5.Different aspects of 3D Cadastres

30 cadastres have many different research aspects. The research trends in
this area of cadastral research supports this: in their survey of topics in 3D
property research over a ten year period from 200! [see Figure 2.13 below],
Paulsson and Paasch [2011] found that institutional topics li.e. legal and
organizationall accounted for only 30 per cent (31 instances of primary
research] of all research. Of this, the research was almost overwhelmingly [just
over 90 per cent] focused on legal aspects, with few instances of primary
research being conducted on the organizational aspects in support of 3D
cadastres.
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Figure 2.13: Distribution and break down of the surveyed 3D research publications and topic distributions
[Paulsson & Paasch, 20111

This means that a 3D Cadastre that best depicts the reality including all the
special cases is regarded as a tool for development in the field of land
management. In order to achieve that, the technical, legal and institutional
aspects of each country should be harmonized and cooperate [see Figure 2.141.
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Figure 2.14: Basic aspects of 3D Cadastre that need to cooperate [Aien et al., 20111
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2.5.1. Legal aspects of 30 Cadastre

Legislation is a foundation of 30 property. Without proper legislation, 30
properties cannot be formed [Jenny et al, 2013]. Legislation is a significant issue
of 30 cadastre and many researchers stress in this domain [Dimopoulou, 2013;
Gerhard, 20131

The literature supports the need for 3D property to be established
administratively, i.e. provided with legal status and establishes its relationship
with other RRRs. Inherent in the establishment of rights is the issue of
registration and the instruments that support the ability to unambiguously
define the extent of rights.

Therefore, the leqgislation framework of each country must support the
geometric definition and location of these RRRs in a clear and consistent
manner. This requires some prescription [legal or regulatoryl to standardize
methods for the definition of 3D property RRR boundaries and to locate its
position relative to boundaries of other RRRs. The introduction of a vertical
dimension is therefore logical and facilitates the definition, representation and
relationship of RRRs in strata objects, ie. ‘rights with 30 characteristics” [Van
Oosterom et al, 2011, p.171.

In general, the legal issues found in the literature, mostly concerned the
concept of 30 property [e.g. Stoter & Zevenbergen, 2001; Fendel, 2001; Stoter,
2004; Paulsson, 2007; Paulsson, 2008; Karki et al, 2010l as well as on how
current legislative frameworks support autonomous registration of 3D property
[e.qg. Stoter & Zevenbergen, 2001; Huml, 2001l

There is international variance across what constitutes stratified RRRs, but
Paulsson [2007, p.32] has defined the main types to be:

o independent 30 property,

o condaminium [apartment ownershipl,
o indirect ownership and

o granted rights.

Those four categories reflect diversity in perspectives and land policies in
different countries and cities towards ownership, boundary definition, property
management and common property [Paulsson, 20121

Moreover, in some countries there is no doubt that legal reform is required
either for including the 30 property as a term and define ways to manage it,
wither because 30 property already exists but cannot be established as a
secure entity, either because the legislation framework does not cover future
developments maostly due to legal ambiguity,

For instance, in Finland, where 3D property cannot be formed, the use of
alternative methods of registration and RRRs definition circumvents this issue
[Vitikainen and Hiironen, 2012]. Some other countries have already undergone
recent reform to the legislation framework to support 30 property:; which has
been beneficial in providing greater clarity. For example, China introduced a new
property law in 2007 to support 30 properties and associated rights and
Hungary enacted legislative modifications in 2011 to current acts to ensure
clarity on the legal establishment and definition of 30 property and associated
rights [lvéan, 20111

However, very often it is unclear whether and if yes, what kind of reform is
required. In order to overcome the limitations of 20 cadastral systems, many
countries establish 3D properties by using existing juridical boundaries of the
base 2D land parcel eg. the Netherlands and Australia [e.g. Stoter &
Zevenbergen, 2001l A recent comparative study by Dimopoulou and Elia [2012]
looking at the function of land law in Greece and Cyprus relevant to RRRs also
provides another potential situation where legislative reform lies in a grey area:
in this instance, customary traditions that bestow 3D property rights are still
practiced even though they contravene the civil code.

As more and more countries move towards developing prototype systems
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and implementing 30 cadastre pilots, it is becoming evident that legislative
reform may not be as significant a factor for progress as once thought [Ho et
al., 20131

Addressing the primary issue of 30 property rights, current research shows
that in many countries, legislation originally designed for managing 20 properties
are flexible enough to accommodate 30 properties, as is the case in Sweden,
The Netherlands, Queensland and Victoria [Paulsson, 2012; Stoter et al., 2012; Karki
et al, 2013l In addition, there can be little fundamental dlfference in the
reqgistration of 20 or 3D properties and their resulting legal status [Sandberg,
20011.

From all the above mentioned it is clear that the law can affect the legitimacy
of 3D property in different ways, due to different reasons. The literature in this
domain has mainly concentrated on issues best dichotomized as being
addressed at the broad level of public or private law [Ho et al, 2013]l. These
include, but are not limited to:

o the concept of a 30 property, its legal status and classification of
associated rights [e.g. Stoter & Zevenbergen, 2001; Fendel, 2001;
Stoter, 2004; Paulsson, 2007; Paulsson, 2008; Karki et al., 2010];

o questions raised over the leqgislative framework required to support
autonomous registration of 30 property le.g. Stoter & Zevenbergen,
2001; Huml, 2001

o Jjurisdictional legislative limits and considerations [e.g. Huml, 200f1;
Sandberg, 2001; Stoter & Ploeger, 2003; Papaefthymiou et al, 2004;
Aien et al, 2011; Tan & Hussin, 2012];

o reg|strat|on of real property vs. physical objects [e.q. Ossko, 2001

o effect of public law on private rights [Navratil, 2012]; and

o common property regimes [Paulson, 20121.

Figure 2.5 shows a graphical representation of the legal issues of 3D
cadastres and their inter-relationships.
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Figure 2.15: Physical representation of legal issues in 3D cadastres [Ho et al, 20131

It became apparent that many jurisdictions all over the world found an
alternate path forward either within the bounds of its legal framework or in spite
of it, given the immediate need for 3D property registration for the continued
functioning of land markets. This challenges the dominant assumption within the
30 cadastre research domain that attributes the lack of progress towards
implementation as resting mainly on legal limitations.

Ho et al. [2013] introduced institutional theory and a theoretical institutional
framework for the impact that legal issues have in the implementation of 30
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cadastre. These were fundamental in reconceptualising the role that legislation
plays, especially if considered as part of a broader landscape of institutional
factors. Consequently, their research showed that the legal framewaork,
regardless of its current level of support of 3D property registration, actually
plays an enabling role in 30 cadastral implementation. This has less to do with
the regulatory characteristics typically associated with the legislation, and more
to do with understanding its broader social function as a means of shared
sense making through the application of an institutional lens [with regards to
new registration situations posed by complex 3D situations).

More international comparative legal research should be conducted
[Paulsson, 2012], although doing so may be very difficult because of the
differences in national terminology. The current informative Annexes F “Legal
Profiles” and “Code Lists” of the ISO 19152, LADM and the Legal Cadastral Domain
Model [LCDM] as developed by Paasch [2012], may be used as starting or
reference points in international legal research and development.

2.5.2. Technical aspects of 3D Cadastres

Apart from the administrative and legal issues of the 3D Cadastres, the
technical issues are very important and also challenging. The need to handle
spatial data in the third dimension is growing and providing the spatial extend,
DBMS and visualization enviromments have been challenged by the third
dimension.

The generation of 30 cadastres should take into account existing
communication protocols and standards for modeling, data storage and
representation. Towards this direction, many prototypes, pilot programs and
proposals for visualization have been conducted the last decade.

There have been huge amount of data that show what 3D objects look like
but they usually consist of individual faces. Real geometric 3D body is required
to describe the true 30 characteristics of the objects. According to Ying et al.
[2011], at least three aspects should be clearly presented in order to manage
the 3D parcels correctly:

I. The precise geometric model that describe the shape and geographic
location of various 3D parcels, mainly based on sets of flat faces.

2. A solid model that indicates its entire boundary faces with orientation to
present the corresponding 30 parcel object.

3. The topological relationships that encode the information about the
adjacencies among the solids/parcels shared common faces to keep the
consistence of the objects’ geometries.

The same authors create a 3D topology based prototype of ISO 19152 LADM,
where some topological queries and operations can be performed [see Figure
2.161.
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Figure 2.16: Topological query [Ying et al., 2011l

l. Data storage

DBMS have been traditionally used to handle large volumes of data and to
ensure the logical consistency and integrity of it. Geospatial databases have
been used for years in the geospatial industry and offer numerous advantages
such as scalability, security and standardization. For years, spatial data used to
be organized in dual architectures consisting of separated data management for
administrative data in a Relational DBMS (RDBMS] and spatial data in a GIS. This
approach usually results in inconsistencies; for instance, if the attributes of a
record are deleted from the database, there is no check that the spatial
component of this record will also be deleted from the GIS. A solution to that
problem was to use a layered architecture, in which all data is maintained in a
single RDBMS.

Presently, most DBMS offer spatial data types and spatial functions usually in
an object-relational spatial extend to RDBMS [Zlatanova & Stoter, 20061 Storing
spatial data and performing spatial analysis can be completed with SQL queries.
Integrated queries on both spatial and non-spatial parts of features can be
executed at the database level. The spatial data types and spatial operations
reflect only 2D objects, though embedded in 30 space. This support of 3D0/4D
coordinates allows for alternatives in management of 3D objects.

A number of experiments were performed by several researchers to
investigate possibilities to store, query and visualize features with their 3D
coordinates in mainstream DBMS: Oracle, PosrGIS, MySQL, IBM, Ingres and Informix
[Arens et al, 2006; Stoter & Zlatanova 2003; Pu, 2005; Zlatanova et al, 2002:
Zlatanova et al, 2004]. Zlatanova [2002] summarizes the conclusions of those
experiments into two categories:; good and bad news. The good new is that 30
data can be organized in DBMS, retrieved and rendered by front-end
applications. However, there since no 30 data type is currently supported by
any DOBMS, the user remains self-responsible for the validation of the objects
and for implementing true 3D functionality.

In particular, all the above-mentioned DBMSs offer 20 data types (basically
points, lines and polygons] and also support 30/4D coordinates [except Ingres,
which is 2D0) and offer a large number of spatial functions usually compliant with
the OGC standards. Most of the functions are only 20, apart from PostGIS, which
supports 30 spatial operations.
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Two types of models have been examined in many studies across the
literature: topological and geometrical. Topology is one of the mechanisms to
describe relationships between spatial objects and it is the basis for many
spatial operations. The geometrical models are easier to implement. Several
DBMSs, such as Oracle, IBM, Ingres and DBZ2, support spatial objects organized in
geometrical models. Some of them even follow the Open GIS standards.

In addition, many GIS and CAD packages, such as Mapinfo, ArcGIS and AutoCAD
use geometrical models of DBMS [Zlatanova et al, 2002]. Real’ and ‘complete’ 3D
objects and their corresponding functions cannot be implemented today by
most of the geometric types supported by DBMS. Usually, 30 spatial objects can
be displayed as 2D objects with 30 coordinates, but the spatial operations are
limited to 2D [Zlatanova et al, 20041

A number of topological models for 2D and 2.50 spatial objects have been
implemented, or are under consideration by GIS and DBMS vendors. Compared to
geometrical models, the development of topological models is much more
complex into the 30 dimension. 3D topology is still being researched as the
third dimension introduces many issues in representing the objects and their
relationships. Also, the suitability of topological models in 3D for different
applications varies, as there is not one 3D topological model that is suitable for
all types of applications. According to Zlatanova et al. [2004], there are two main
groups of data structure found in the literature: those that maintain objects (00
- object-oriented] and those that maintain relationships (topology-oriented).

The most discussed 3D objects that are supported in the DBMS mentioned
before are usually volumetric objects. The data types that can be used from
the user to manage them in a database are polygon and multipolygon or
creating a wused-defined data type. For a simple volumetric object, polyhedron
[consisting of arbitrary number of planar polygons which have arbitrary number
of pointsl, triangulated polyhedron [consisting of arbitrary number of triangles]
and tetrahedron lconsisting of four triangles] can be easily realized with
provided data types. Each one of them has its own advantages and
disadvantages and the selection depends on the end product. Apart from them,
3D line objects are used to represent utilty networks Ilines with 3D
coordinates] using the supported spatial data types lne or multiline.

Additionally, 3D point objects, which are massively used the last years due
to the advances of sensor technology, which produce large amount of specific
3D point data [point cloudsl] are included into the DBMS. They can be organized
either by using the supported spatial data types point [Figure 2.17] and
multipoint or creating a user-defined type.
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Figure 2.17: 3D visualization of point clouds, managed as points in DBMS [Zlatanova, 20041.
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Last but not least, freeform curves and surfaces such as NURBS, B-spline
and Bezier, are becoming progressively important for modeling 3D objects
[Figure 2.18l.

Figure 2.18: NURBS building retrieved from DBMS [Zlatanova, 20041

A 3D cadastre system is not only about managing 30 property features with
geometry and attributes. Many other documents, such as legal documents,
urban plans, as well as scanned deeds and plans, are all part of the cadastral
record and require efficient management processes. These documents are in
different forms such as PDF, doc, txt, and tiff files, and are frequently managed
with content management systems. One major benefit of managing these
heterogeneous documents is the ability to integrate them with geospatial data.
This can be achieved by associating spatial locations with these documents.
Therefore, documents can be represented on a map and found through a spatial
query.

Another way to integrate images and documents is to link them to existing
spatial objects such as a cadastral parcel. Figure 2.19 shows documents
managed within Bentley Geospatial Server consisting of a tree-viewer, which
supports navigation through the data and an interface showing the
representation a 20 representation of the data [top view of a 30 modell [A
Bentley White paper, 20111

BNt

Figure 2.19: Managing different documents using Bentley Geospatial Server [A Bentley White paper, 2011]

. Visualization

Visualization issues in the context of implementing 30 Cadastre systems was
one important outcome identified at the 1°° 3D Cadastre workshop [Fendel, 2001l
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During the last decade a number of research activities in the field of 30
cadastral visualization have been reported and various prototype systems have
been developed [Frédéricque et al, 201, Hassan & Rahman, 2010; Jarroush &
Even-Tzur, 2004: Stoter & Zlatanova, 2003l. A general architecture for 3D
cadastral visualization systems is presented in Diagram 2.3.

The current status of visualization in 30 cadastre was addressed by Pouliot
[2011] and important issues and problem such as preconditions for data
visualization, new realities which influence 3D visualization, purposes of
visualization, users, and technical problems were discussed and some solutions
proposed [Shaojaei et al, 2013]. At that time, no specific recommendations were
made about the requirements needed for the visualization of 30 parcels.
Notwithstanding this research and progress, there is no fully operational digital
30 cadastre in the world and existing functionality is limited to basic activities
such as registering volumetric parcels [Van Oosterom et al, 2011l Throughout the
time, it was realized that data visualization requires the combination of a large
variety of domains all converging to communicate a comprehensive and
coherent message to human.

MacEachren et al. [1992] defines Geo-visualization as “.. the use of concrete
visual representations.. to make spatial contexts and problems visible, so as to
engage the most powerful human information-processing abilities, those
associated with vision'. For this field, the geometry I[location, form, size and
orientation] and/or spatial distribution [patterns, trends and correlation] of
geographic characterizes are the most important aspects that should be
described.

Various categories of geotechnologies exist such as Geographic Information
System I[GIS], spatial database management system [S-DBMS], Computer Aided
Design [CAD]l, computer graphics, virtual reality, video games, web-based
browsers [based on 3D Globes or notl, mobile device [e.g. smartphonel, or even
simple viewer such Adobe Acrobat Reader [3D PDF]. Some progresses in GIS and
S-DBMS have been made for 30 geovisualization. For instance, GIS now supports
various categories of 3D spatial representations, manages levels of details [LoD]
models or proposes enhanced import/export capabilities. CAD software already
offers powerful capabilities for 30 visualization but they are currently improving
the management of georeferenced and descriptive data, the integration of
spatial standards and the on-the-fly creation of solids from faces [Pouliot, 20111

In  addition, Internet and Web offer today several options for 3D
geovisualization. The beginning was made by the use of 3D globes, such as
Google Earth and Bing Map, which contributed to the democratization of spatial
data to a huge public. The development of Web browser usually requires user
to install a plug-in, to provide better performance. HTMLS [by W3C], has already
become a dominant technology on 30 visualization in browser. This is also
related to mashups, solutions that integrate the concepts of tagged
geographical data and APl in order to enable the superposition of various
sources of geospatial data.

Pouliot [2011] refers to the most important reasons that we need
development on the field of geovisualization, the technical problems that exist,
the interoperable standards that should be used and also to the technologies
that have been developed. At the moment, all those problems and challenges
are taken under consideration and the geovisualization in is in early steps with
pilot and prototype projects that try to represent the 3D aspects of the real
property. Some applications and/or pilot programs were designed o
demonstrate the feasibility and advantages of using 30 geo-visualization
software for cadastre data, mainly focusing on the technical aspect, examining
the possibilities of current technology [De Vries & Zlatanova, 2004; Miguel et al,
2011; Aditya et al., 2011].

On the other side, according to the graphical semiology of Bertin [1983], the
cartographical foundations of the visualization and the visual variables should
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be studied. Until today, there is not so much literature in this topic. A
preliminary experiment was conducted in 2012 by Wang et al, aiming to
investigate which among the visual variables are more appropriate for geo-
visualization of 3D legal units in 30 Cadastres: position, size, color, orientation,
shape, value and texture.

One year later, Pouliot et al. [2013], conducted a second experiment about the
semiology o 30 Cadastres, with notaries in the form of face-to-face interviews.
The last experiment conducted in 2014 by the same authors [Pouliot et al, 2014],
based on the hypotheses “Transparency is performing to distinguish two
groups of bounding objects such as physical and legal and to give the
impression of ownership”. Some preliminary results have been published, but
additional results and data analysis are needed to get more investigation.

A general architecture for visualization has been proposed by Shoiaei et al.,
2013 as depicted in Diagram 2.3.

Elizarova et al. [2012], conducted one of the most complete pilot programs in
this domain: where 3D cadastre model for the Russian environment was created
based on the ISO 19152 LADM and a prototype was developed based on that
model. In addition, a data preparation process for 30 cadastre on pilot was
developed and the prototype was tested in conditions of a pilot region.

e~
Visualization System l T
(7 B
Presentation Layer
\ S
{ )
Application Layer
" S
) ¢ 1 i
Data Sources &
Web Services
Data Access Layer
W~ 7)

Diagram 2.3: A general architecture for visualisation in 3D Cadastres [Shojaei et al, 20131

The option of a polyhedral legal 3D cadastre based on the representation of
3D objects as polyhedrons [volumes limited by flat faces] was selected as a
working model. For technical implementation, a solution involving the existing 20
portal and linking it with a new 3D0-Viewer was selected. It could display both
the 3D objects and the legal cadastral information of these objects. The result
was a Web-based interface, which can interact and query 3D cadastral objects,
as shown in Figure 2.20.
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Figure 2.20: Interacting with 3D parcels - Floor Ol dragged outside of the buildings [Elizarova et al., 2012]

The visualization and/or interaction with 30 cadastral parcels require more
attention and may be quite different from the more ‘experienced’ visualization of
30 city models.

According to Wang et al. [2012] the most specific key points when visualizing
3D cadastral parcels are as follows:

e How to visualize dense 30 volumetric partitions such as in a complex
building because the first visible outside layer of 3D spatial units
blocks a view of the others-solutions could be based on selections
and the use wireframes and semi-transparent objects, showing cross-
sections/slices, or applying slide-out layer techniques as developed in
the Russian prototype: see Figure 2.20.

How to display open or unbounded parcels,

e How to include the earth's surface and/or other reference objects
[e.g., CityGML-likel for 3D cadastral parcels,

e How to provide the proper depth cues for subsurface legal spaces
related to utilities [e.q. use stereo, perspective, movement/rotation, or
connecting vertical sticks from a subsurface object to the earth's
surfacel.

Another option was introduced by Aditya et al. [2011], who presented a 3D
cadastre web solution in order to support data management and visualization.
They concluded that a seamless integration between web database and 3D
visualization components that are available in the market is not possible yet.

The same authors emphasize the use of open source standards to facilitate
data integration and visualization. For instance, KML format is capable to be used
as an intermediate format for converting CAD data into spatial database.
Regardless the limitation of the existing geo DBMS in storing 30 geometries, the
presented solution, that proposes the use of KML and PostGIS, is considered to
be sufficient to extend 20 cadastre geodatabase into 30 hybrid cadastre
geodatabase. In this respect, hybrid cadastre refers to a solution that
integrates 20 geometries of land parcels and 30 geometries of the property
units [Stoter & Van Oosterom, 20041

The use X3D format to present 30 objects with its associated attributes has
a promising future to present 30 cadastre data. As presented in Figure 2.21,



PART | Related research on 3D Cadastre /2

terrain and buildings can be integrated and then be related to their
corresponding attributes for web visualization [with X3D plug-inl using e.g. AJAX
application framework.

Further development is needed in order to make X3D as a GIS-ready platform
to visualize and also analyze geospatial features via the Internet. Some
constraints that need to be improved include inconsistent visualization of 3D
objects and terrain data between one 30 graphics browser to other browser.

Current open source software development and computer graphics
technologies can be considered far from sufficient in enabling optimal online 30
data sharing and visualization. Challenges include insufficient support for spatial
data types in spatial databases, immature 30 representation and data modeling
of 30 space, inconsistent 3D representation detail and accuracy across 3D
browsers.

From the conclusions of this research, it can be stated that X3D format still
has difficulties in dealing with parcels [especially those constructed from
polylines] and 3D surfaces. Thus, 30 visualization options using open source 30
formats and browsers are still limited.

As a conseqguence, the texture mapping of images into terrain surfaces or
into 3D objects was considered not succeeded in this project. In contrary,
tightly coupled 30 modeling and visualization wusing ArcGIS or Bentley
Microstation [Frédéricque et al, 2011] software package provides high-quality 30
visualization results but it requires more hardware resources than using open
source format and 30 browsers. Additionally, possibilities for full data
interoperability are limited.

Figure 2.21: Possible integrated visualization of X3D objects and attributes through web browsers utilizing X3D
plug-in.
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A recent developed prototype for Shenzen, China, is one of the most
coherent and complete programs developed to meet the requirements of 30
land use. At first, the 3D cadastral system in China was focused in academic
research, including geometry of 30 objects, compatible 30 data models,
generating 30 model data and 30 topologies [Guo et al, 2013]. After two years’
developments, the focus moves towards the implementation and forms a special
model for 30 cadastral administration.
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Figure 2.22: Detailed design of 3D spatial data model.

At the 3D spatial data model [see Figure 2.22], there exist three layers, the
geometrics, the topological and the entity layer. In the geometric layer the basic
primitives for constructing 3D solids are the geometric primitives: point, arc,
polygon, TIN, TEN and volume. In the topological layer, the primitives for
constructing 30 solids are topological primitives [node, edge, face and bodyl
composed of geometric primitives.

In the entity layer, cadastral entities [boundary surfaces, boundary curves
and boundary points], which form property objects could also be, regarded as
topological primitives combined with semantic information [Guo et al., 20121

Moreover, a 30 cadastral database was created including the gspatial
database, the attribute database and the historical database, where both 2D and
30 data are stored. In addition, a data-generating module is a significant module
as it creates 30 spatial data with different ways, including both regular data
[those which can be generated by extrusion] and irregular [solids which have
concaves or holesl

Maoreover, the 30 query platform and 20 platform are in a unified framework,
which allow the visualization of a 3D scene, as depicted in Figure 2.23 and
Figure 2.24.
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2.6.nD Modeling of Spatial Information

Cities, and in general the urban environment, are dynamic living organisms in
which the geographical information plays dominant role. The availability of
spatio-temporal databases nowadays facilitate and enhance the use of geo-
information in many applications, also in the domain of land management.

Undoubtedly, 3D geo-information has become a significant research field due
to the increased complexity of tasks in many applications [Lee & Zlatanova,
2009]. The existing technological developments [spatial databases able to hanfle
huge amount of data, ISO standards for geo-information, data exchange formats,
visualization environments for multiple directions, introduction of semantics in
order to reduce complexity, etc] enable the registration and manipulation of
more than 2 dimensions, regarding the spatial data. It is evident that a complete
model consists also of non-spatial attributes which are even stored at the same
database with the spatial or in different databases and their communication is
enabled usually with unique identifiers.

0D to 3D geometrical and topological characteristics of geo-data are the
fundamental characteristics of the existing geographic information around the
world. However, geo-information also has temporal aspects [e.g. when was an
object valid in the database?] as well as scale components that were often
implicitly taken into account when the data was collected.

The different dimensional aspects highly correspond, e.g. a [possibly
geometricl change may be only relevant for the highest scale of an object or
understanding the route directions for a long car trip requires overview, but at
specific locations consistent information at a higher scale, with also temporal
information may be needed. Although scale is a well-known concept in the geo-
information technology domain, regarding it as an extra dimension of geodata,
integrated with the other dimensions, is new [Van Oosterom & Stoter, 2012].

Until now different dimensions of geo-information have been studied in
multiple initiatives, with sometimes limited support for the other dimensions.
Although past research offers important knowledge on how to handle the 2D/30
dimensions, the time and the scale, individually, there is no modeling approach
which truly integrates all those dimensional concepts.

This was the driving force for Van Oosterom and Stoter [2012], who started a
new research on a conceptual full partition of 30space&timelscale [i.e. without
overlaps and gapsl realizing it in a true 50 generic model. The methodology
followed for this approach is presented in diagram 2.4. This true 50 approach
provides a solid foundation for the Gll for three core reasons:

o The deep integration of all dimensional concepts accomplishes a
highly formal definition of geo-data [with 5D data types and 5D
topological primitives]. The associations between space, time and
scale are fully addressed and no special cases need to be treated
in another way.

o The model enforces consistency crossing dimensional borders,
which improves the quality of geo-data.

o Optimal efficient 5D searching and maintenance can only be
realized if a 50 data types and index/clustering is used. Otherwise
the queries on the will first select space, then time and then scale
[or in another orderl
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L

Conceptual modelling

>

Implementation

b

Testing & Validation

Diagram 2.4: Workflow of research methodology for SD modeling [Van Oosterom & Stoter, 2012].

Modeling different scales of geo-data is related to the “coarse-to-fine”
hierarchical structure of how we perceive, model and understand our
environment. In some applications less detailed, but simpler data works better,
especially when there is a need for an overview. In other cases very detailed
data is required.

43



2.7.Conclusions

To sum up, a 3D cadastre will assist in managing the effects of 3D
development and increase the functionality of a multipurpose cadastre [Stoter &
Oosterom, 2006]. It is important to realize that a 30 cadastre solution always
depends on the local situation and is driven by user needs, land market
requirements, the legal framework, and technical possibilities and there in no
single best solution for a 30 cadastre. There are several questions that need to
be answered for each country in order to investigate the special needs for 30
cadastre, according to Van Oosterom [20131.

For instance, are the types of 3D cadastral objects that need to be
registered, related to real-world objects [buildings, utilities, or other
constructions] or not (airspace of arbitrary subsurface partsl.

If related to real-world objects, how can the relationship between the 30
cadastral registration [legal spaces] and the registration of real-world objects
be maintained within the context of the geo-information infrastructure (Gll).

Nowadays more and more countries are moving towards the concept of a 30
cadastre. After past research and prototype developments, a new era has
arrived with the first implementations and pilot programs of the first 3D
cadastral systems in operation. It helps in communication to use existing
standards when available [such as LADM] and to further discuss terminology and
concepts [Van Oosterom, 20121.

As discussed previously, there are many 3D visualization systems for
representing data in 30, some researchers propose using CAD systems, other
propose the use of GIS systems integrated with databases. However, these
systems are still at a prototype level and require validation by users before
being used in real applications [Pouliot, 2011l. Moreover, much work still need to
be done for the definition of 30 RRRs, their storage and representation.

Additionally, temporal aspects of geo-data is fundamental for recording or
monitoring changes, for describing processes, and for documenting future
plans. Recent researches have introduced 5D modeling, including the time and
the scale as fundamental aspects of the geoinformation. The multidimensional
modeling depends on the final result and also the available data and
technology. In some applications less detailed, but simpler data works better,
especially when there is a need for an overview. In other cases very detailed
data is required.

Figure 2.25: Vario-scaled:
additional dimension [2D->3D0] for topographic data [Van Oosterom, 2014]
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Until today most countries (states or provinces) have developed their own
LAS. Some countries operate a deed registration, while others operate a title
reqgistration. However, different implementations of LASs do not make meaningful
communication very easy, €.9. in an international context such as within Europe
or in a national context where it may happen that different partners in
development co-operation design and provide different LASs without co-
ordination. Standardization is supportive and helpful in design and further
development of LASs.

After the development of domain-independent standards for spatial and
temporal schemas for spatial features lincluding metadata standardsl], a next
step is the standardization of domain-specific standardized models, as a basis
for standardized [(Spatial]l Information Infrastructures, also known as the Geoweb
- development. Examples include International Standards for land cover [ISO
19144-2], Addressing [ISO 19160], Land Administration [LABDM, ISO 19152], all within
ICO/TC211. In addition, from OGC CityGML, GeoSciML, both based on GML3 are
introduced and have a broader scope. Furthermore, at the European level, the
INSPIRE directive has identified 34 different geo-information themes which should
be harmonized.

It is relevant to keep data and process models separated; this means that
[inter-organizationall processes can be changed independent from the data sets
to be maintained. The data model can be designed in such a way that
transparency can be supported: this implies inclusion of source documents and
inclusion of the names of persons with roles and responsibilities in the
maintenance processes into the data model. The number of attributes should be
minimal: during the design of the data model there may be lack of awareness
that there is something like a “multiplier”: depending on the number of objects
and subjects each attribute can have millions of instances [Lemmen & Van
Oosterom, 20131.

Standardization is a well-known subject since the establishment of LASs. It
concerns identification of parcels, documents, persons, control points and many
other issues. It also concerns the organization of tables in the registration and
references from those tables to other components, e.q. source documents and
maps. Coding and abbreviations: e.qg. for administrative areas; workflows,
definitions etc. are all part of the standardization process both for paper based
and for digital LASs [Lemmen, 20121

But what can go wrong if you don’t have standards®?

Many things went well before standards were introduced. Greenway [2005]
gives some examples of standards: the format of telephone and banking cards:
the number of businesses implementing ISO 90003 [quality management] and ISO
14000 [environmental management]; ISO codes for country names and languages
and so on. He states that this list points to the ubiquity of standards, but also
begins to indicate the economic benefits that they provide. That is the
confidence that things will work and will fit together. He quotes key findings
from a NASAS report [NASA, 2005]: “Standards lower transaction costs for sharing
geospatial data when semantic agreement can be reached between the parties”,
and “Standards lower transaction costs for sharing geospatial information when
interfaces are standardized and can facilitate machine-to-machine exchange”.

So, standards are, amongst other things, widely used because of efficiency
and because of support in communications based on common terminology. One
more issue is the LAS development on which many countries are working
[Lemmen & Van Oosterom, 20131
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3.1. Previous work in LA domain modeling

FIG stated the importance of the Cadastre from an international perspective
for social and economic development [FIG, 1995]: the development of such
systems should be promoted internationally, with attention to the needs and
demands of societies with customary and informal tenures. The different needs
of each country are underlined and is agreed that the framework can support
plethora of legal, technical, administrative and institutional options of a cadastral
system; providing the record a continuum of land rights, from private to
individual rights [Lemmen, 20121

Effect

Networked

y 4 Integrated

— Connected

OIEEE :
| Standards
" : Time
(rpavsmne
e >

Figure 3.l:.Land Administration Maturity Model [Van Oosterom et al, 20091

Van Oosterom et al. [2009], based on Nolan [1979] show how standardization is
contributing to the fact that LA is considered more and more the cornerstone of
the information infrastructure combined both spatial and non-spatial
reqgistrations. As depicted in Figure 3.1, a model is used to specify four different
levels of maturity: standards, connected, integrated and networked. Every step
gives higher value and efficiency and can be met after finishing the previous
one.
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3.1.1. Object - Right - Subject Model

Henssen [1995] visualized the Object - Right - Subject relation in the model
shown in Figure 3.2.

name date of birth
living address MAN civil status
i company ?
profession kind of

RIGHT

security right (steward- use right
ship) :
mortgages ownership
charges freehold
(encumbrances) (long term) leasehold

easements building rights

usufruct
address identification
use PARCEL acreage
nature value

Figure 3.2 : The triple "Object - Right - Subject" [Henssen, 19951

Henssen explained with this model that land registration and cadastre
usually complement each other, and that land reqgistration focuses more on the
relationship subject - right, whereas cadastre on the relationship object - right.
Kaufmann and Steudler [1998] recognise the structure from Henssen [1995] and
make clear the difference between a deed and a title system. The deed system
is ‘man-related’ as a deed becomes legally effective when it is registered in the
official land register in relation to the rightful person.

On the other hand, the title system is “and-related” as the title is registered
together with the indications about the rightful person in relation to the land
objects [Figure 3.3l
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Figure 3.3: Left: relation 'man-land" in deed system. Right: Relation "man-land" in title system [Kaufmann &
Steudler, 19981

In Van der Molen [2003al, it is argued that when it is assumed that the
world's community is sincerely of the opinion that appropriate LASs are required
for the eradication of poverty, sustainable development and economic
development then it will be evident that attention should be devoted primarily to
LASs of developing countries.

Therefore, in these countries it will be necessary to adopt new concepts in
the design of LASs in order to take more into account the dynamism of land
tenure, the land market, and government intervention in private property rights.
Traditional basic concepts [objects, subjects, and rightsl are already affected in
three ways with regard to:

e o0bjects: gpatial units other than accurate and established units;

e subjects: group ownership with non-defined membership:

e rights: the recognition of types of non-formal and informal rights.

These new insights can be incorporated in a modification of the Henssen
diagram presented in Figure 3.2 of the three basic concepts of LASs. The
modified diagram is shown in Figure 3.4:

Defined social group,
non-individualised
persons

Relationship within
jurisdiction

Some form of
spatial unit

Figure 3.4: Modification of the Henssen diagram [Van der Molen, 2003al.

The same author adds some remarks regarding groups and individual group
members; the entity exercising the land rights is now defined as a community.
However, the individual members of that group are not specified and their rights
pertain to a relationship with the land that is in accoedance with the needs and
standards of the relevant community.

The object-right-subject model should be extendable to social tenure
relationships: customary and informal rights [Lemmen, 2012].

The work of Kalantari [2008al], was based on the fact that LA with its existing
digital systems is not flexible enough to accomondate new land related to
interests as well as to respond to the increasing need of land information.
According to him, LASs are not flexible for two reasons:

e parcel based indexing of interests in land cannot accomondate
interests that are not necessarily equivalent to the extent ofland
parcels.
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e the maintenance of ICT systems based on LASs is complex and
expensive. Interoperability is an important issue that should be
considered when enabling future LA by ICT.

Kalantari proposes to replace the data model baesd on the physial land
parcel by a spatially-referenced data model based on the legal property object,
where every interest is uniquely combined with its spatial extent [see Figure
3.51

Legal Property Object

Figure 3.5: The legal property object model [Kalantari, 2008al.

Consequently, the relation between interest and its spatial dimension is that
they together are a unique entity in the real world [Lemmen, 20121.

3.1.2. The Continuum of Land Rights

It is recognized worldwide, that the legal frameworks as used in developed
countries do not serve the millions of people whose tenures are predominantly
social rather than legal. This relates to the Continuum of Land Rights [Figure 3.6l
where the range of possible forms of tenure is considered as a continuum.
Each continuum provides different sets of rights and degrees of security and
responsibility and enables different degrees of enforcement [UN-HABITAT, GLTN
2008l

Percelved tenure Adverse
approaches Occupancy possession Leases
Informal Formal
land rights land rights
Customary Anti evictions Group tenure Registered

freehold

Figure 3.6: The continuum of land rights [UN-HABUTAT, GLTN 2008].

The development of LADM is based on user needs; comprehensive overview
of requirements for the Land Administration Domain is available in [Lemmen, 2012].
Open markets and globalisation require a shared ontology allowing enabling
communication between involved persons within one country and between
different countries. One of the LADOM requirements is the Continuum of land
rights and the impact is described below:

The Triple Object [Spatial Unit]l - Right [RRRI - Subject [Partyl is the common
pattern for Land Administration and is the basic structure [Lemmen, 2012;
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Lemmen & Van Oosterom, 2013]l. Groupings of objects or subjects should be
supported. The flexibility of the model should be based on the recognition that
people’'s land relationships appear in many different ways, depending on local
tradition, culture, religion and behaviour.

It should be possible to merge formal and informal tenure systems in one
environment. Land rights may be formal ownership, apartment right, usufruct,
freehold, leasehold, or state land. It may be social tenure relationships like
occupation, tenancy, non-formal and informal rights, customary rights [which can
be of many different types with specific namesl, indigenous rights, religious
rights, possession, or: no land rights. There may be overlapping tenures, claims,
disagreement and conflict situations. This is an extensible list to be filled in with
local tenancies - flexible and extensible coding of types of rights and
restrictions, etc. is needed. People - land relationships can be expressed in
terms of parties having [sociall tenure relationships to spatial units. This is in
support to access land for all [UN-Habitat, 2008]. It is in support to LA
requirements as in [FAO, 20121.

3.1.3. Cadastre 2014

Kaufmann and Steudler [1998], presented characteristics of existing cadastral
systems based on a research by a working group Vision 2014 from FIG's
Commission 7.The principle of legal independence is a key item in the realization
of Cadastre 2014. This means that legal land objects, being subject to the same
law and underlying a unique adjudication procedure, have to be arranged in one
individual data alyer: and for every adjudicative process defined by a certain
law, Figure 3.7. Besides, a special data layer for the legal land objects
underlying this process has to be created. In addition, it is claimed that no
lonking between layers is needed. A model per layer is valid, e.g. Figure 3.8.

I'he principle of legal independence
Legal Topics Land Object Boundaries Rightful Claimamnt
w———— il ‘
............. | | ]
|

Resoure Explotation | |_Cest ey
Collective Land Rigts | [ Copoon

|
J
1
Water Protection e L_Soclety i
Indigenous Land Rights | w——"""""""—2— |__Trie, Clan
Environment Protection B — s | _Society :
Land Use Planning | | | Socely T
| Private Land Owners
Land Pro —_— |
perty . { [ _Houseowners |
Shelter and HouSINg | c———— | o
[ Society ]
Natural Resources e
Natural Land Objects — == | Socety |
[Common reference system
Figure 3.7: Structure of Cadastre 2014 [Kaufmann & Steudler, 1998].
building right persan/rightful
claimant

ownership

Figure 3.8: Models for buildings as in Cadastre 2014. Parcels are in a separate layer: no links are needed
[Kaufmann, 20041
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3.2.Spatial Data Infrastructure

Many countries throughout the world are developing Spatial Data
Infrastructures to facilitate better management of their spatial data by taking a
perspective that starts at a local level and proceeds through state, national and
regional levels to a global level. This has also resulted the development of an
SOl hierarchy model in which each SDI at the local level or above is primarily
formed by the integration of spatial data sets originally developed for use in
corporations operating at that level and below.

Spatial Data Infrastructure is an initiative intended to create an environment
in which all stakeholders can cooperate with each other and interact with
technology, to better achieve their objectives at different political/administrative
levels. SOl initiatives around the world have evolved in response to the need for
cooperation between users and producers of spatial data to nurture the means
and environment for spatial data sharing and development [McLaughlin & Nichols,
1992; Coleman & McLaughlin 1998; Rajabifard et al.,, 1999, 20001

Less detailed data ]

[ < Global Planning

'\ 4 Regional Planning &

Dufferent levels of \

detail required for ~‘~\ m
dufferent SDI levels < ‘\4_ National Planming
State Planming #

Local Planning A!w

Figure 3.9: Relationship between spatial data and the different level of SDIs [Rajabifard et al, 19991

The way in which data is collected, stored, maintained and used reflects the
institutional and technical background of that particular level or discipline. SDIs
at different levels have different drivers that reflect the issues at each
particular level and each level of development supports the higher level of
development. In general, the various levels are a function of scale. Local
government and state-level SDIs manage large- and medium-scale data, leaving
national SOIs to manage medium- to small-scale data, with regional and global
SDIs adopting a small scale for their activities [see Figure 3.91.

In addition to the vertical relationships between different jurisdictional levels,
complex horizontal relationships within each political or administrative level need
to be analyzed. The vertical and horizontal relationships within a SDI hierarchy
are very complex because of their dynamic inter- and intra-jurisdictional nature.
Users of a SDI thus need to understand all the relationships involved in the
dynamic partnerships it supports levels and to coordinate spatial data initiatives
[http://www.csdila.unimelb.edu.au/sis/Land_Theories/SDI_Hierarchy.htmll.
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An SOl is meant to help avoid fragmentation, gaps in the availability of
geographic information, duplication of data collection, and problems of
identifying, accessing, or using the available data. An SDl addresses both
technical and non-technical issues, ranging from technical standards and
protocols, organizational issues, data policy issues including data access policy,
to the creation and maintenance of geographic information for a wide range of
themes [Van Loenen, 20041.

The GSDI Cookbook [Nebert, 2001] defines SDI as the relevant base collection
of technologies, policies and institutional arrangements that facilitate the
availability of and access to spatial data. According to this definition, an SODI
includes several components:

e geographical information and attributes, organized Iin distributed

repositories,

e documentation of this information [metadatal,

e a means to discover, visualize, and evaluate the data [catalogues and web
mappingl,

e some method to provide access to the geographical information,

e a set of agreements with respect to technical [standardsl, organizational,
and legal issues to coordinate and administer spatial information and
services on a local, regional, national, or transnational scale.

Over the last decade, numerous initiatives have been taken to organize the
coordination of SDIs on a European scale, either by financing targeted projects,
or by establishing SDI coordination bodies and mechanisms on a voluntary basis.
Despite these efforts, the fragmentation of spatial information in Europe has
increased with increasing spatial data collection.

The concrete elements of the Infrastructure for Spatial Information in Europe
follow from the discussions with stakeholders organized through a range of
working groups. The following elements are currently envisaged:

e C(Coordinating structures at EU and Member State level, which organize the
practical implementation of the Infrastructure for Spatial Information in
Europe.

e Metadata, which describe existing datasets held by public authorities
[using agreed standardsl.

e A linked electronic network, which allows anybody to query, view free of
charge, access, and trade the spatial datasets held by public bodies and
made available on a voluntary basis by third parties from a single point of
[electronicl access through a distributed communications network (the
Internet, for examplel.

e A range of standards for spatial datasets and services, which takes into
account existing and emerging European and international standards, and
translation services between existing datasets and these standards.

e A data policy framework and a range of sharing agreements between
public bodies ensuring that information is exchanged without barriers.

e A framework for the monitoring the implementation of the Infrastructure
for Spatial Information in Europe.

INSPIRE is better developed as the European SDI in 3.2.1 and Marine SDI in 3.2.2

as a special category of SO



PART | 30 Cadastres: International Experience /4

3.2.1. INSPIRE

For cross-border access of geo-data, a European metadata profile, based on
ISO standards, is still under development using rules of implementation defined
by the Infrastructure for Spatial Information in the European Community, INSPIRE
[INSPIRE, 2007]. For actual data exchange, the INSPIRE implementing rules will
further define harmonized data specifications and network services. This is
complemented with data access policies and monitoring and reporting on the
use of INSPIRE [INSPIRE, 2009]. Cadastral parcels is a harmonized dataset, which
should serve the purpose of generic information locators for environmental
applications, i.e. searching and linking other spatial information.

Directive 1007/2/EC of the European Parliament and of the Council of 14 March
2007 establishing an Infrastructure for Spatial Information in the European
Community was published and entered into force in May of 2007.

To ensure that the spatial data infrastructures of the Member States are
compatible and usable in a Community and trans-boundary context, the Directive
requires that common Implementing Rules [IR] are adopted in a number of
specific areas: Metadata, Data Specifications, Network Services, Data and Service
Sharing and Monitoring and Reporting. These IRs are adopted as Commission
Decisions or Regulations, and are binding in their entirety
[http://inspire.ec.europa.eul.

The INSPIRE Directive requires to take existing standards into account [article
7 of the Directivel. In the case of the LADM, there was an opportunity as both
the INSPIRE Cadastral Parcels [CP] and the LADM where under development at the
same time. Through joint work, between the INSPIRE Thematic Working Group CP
and the LADM Project Team, this has been achieved. This ensured consistency
between INSPIRE and LADM, and resulted in a matching of concepts and
compatible definitions of common concepts. It must be remembered that there
are differences in scope and targeted application areas: e.g. INSPIRE has strong
focus on envirommental users, while LADM has a multi-purpose character and is
supporting both data producers and data users in these various application
areas.

Also, LADM has harmonization solutions for rights and owners of 30 spatial
units, which are currently also outside the scope of INSPIRE CP. However,
through intensive co-operation, it is now made possible that a European country
may be compliant both with INSPIRE and with LADM [Lemmen, 2012].

Further, it is made possible through the use of LADM to extend INSPIRE
specifications in future, if there are requirements and consensus to do so. In
order to ‘prove” the compatibility, a model was created shown the LADM based
version of INSPIRE Cadastral Parcels, explicitly indicating how the INSPIRE
development fits within the LADM and that there are no inconsistencies [see
Diagram 3.11.

In selecting relevant classes from LADM, using inheritance, adding attributes
and constraints it has been possible to express of the INSPIRE Cadastral Parcels
data set consistent with LADM. In INSPIRE context, four classes are relevant:

e LA_SpatialUnit (with LA_Parcel as alias) as basis for CadastralParcel;

e [|A_BAUNIt as basis for BasicPropertyUnit:

e LA _BoundaryFaceString as basis for CadastralBoundary:

e | A_SpatialUnitGroup as basis for CadastralZoning.
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Diagram 3.I: The INSPIRE Cadastral Parcel model derived

from LADM via inheritance [Lemmen, 2012
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Additionally, INSPIRE has developed some standard styles for data
specification in various domains such as cadastre, hydrography, transportation
and addresses. For cadastral domains, the document “Oata Specification on
Cadastral FParcels Guidelines” specifies 21 requirements and 29 recommendations
for cadastral data [2D parcels] [INSPIRE, 2010]. It addresses issues such as data
content and structures, reference systems, data quality, dataset-level metadata
and data capture.

[ National Geospatial Information Infrastructure

The implementation of Directive 2007/2/EC by the Greek government starts
with the adoption of Law 3882/2010, which sets the legal framework for the
establishment of a National Geospatial Information Infrastructure [NGI. In
comparison with other European countries, Greece was faced with a big
challenge as geospatial information had been developed in an interoperable way
since 2010. Information created by different agencies was characterized by
case specific format and limited permission to exchange due to the existing
framework and the inadequate cooperation between data producers [INSPIRE,
20131.

Furthermore, the lack of an integrated Cadastre results in a number of
interoperability issues. As the parcel is considered as reference data, it is
questionable whether all information produced can correctly overlay each other.
So the completion of the National Cadastre is of high priority.

3.2.2. Marine Spatial Data Infrastructure [MSDI]

The development of most SDI initiatives throughout the world has focused
almost entirely on land. While the concept of marine SDI is relatively new, the
idea of supporting marine and coastal management through better access to
spatial data or information is more established. Several countries are trying to
improve their marine management through improving the accessibility and
availability of gspatial data. Borrero in the SDI Cookbook states that when
developing SDI the following areas need to be considered: definition, objectives,
principles, rules and responsibilities, coordination, policies and guidelines
[Diagram 3.2]. The SDI should deliver a seamless model that creates a spatially
enabled land-sea interface and bridges the gap between the terrestrial and
marine environments. ldeally, this would result in harmonized and universal
access, sharing, and integration of coastal, marine, and terrestrial spatial
datasets across regions and disciplines.

Sustainable Development

T SPATTAL DATA INFRASTRUCTURE

M&Gs - F=2 F Navigation
2

— N —N—F
=1 1-{
Data Lt T e Tee] e
Dsts
Other Datnsets

Diagram 3.2: Marine Administration and SDI [Strain et al, 20061.

Comparison between different initiatives for marine administration shows that
each one has different aims and ideas, responding to different cultures, levels
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of development and user needs [Strain et al, 2006]. Most ocean and coastal
management problems are of a spatial nature and therefore, the development of
a marine component to national and regional SDIs is imperative to the effective
management of the marine environment. It is also important to understand the
link between the terrestrial and marine enviromments, recognizing that they
cannot be treated as separate entities [Williamson et al., 20101

The idea of a seamless administration system that covers both the marine
and terrestrial environments is generally accepted and noncontroversial. A
synchronized SOl is an essential implementation strategy that allows integrated
spatial management of interoperable data from both environments. The marine
cadastre delivers the fundamental datasets that are especially vital to coastal
zone management. The functionality of a cadastre in supporting the SDI is now
recognized after a protracted debate about how to use and adapt land-based
tools to service marine needs. In modern theory, the cadastral component and
the SOl are fundamental to the way marine information is developed and shared,

and ultimately for competent marine administration [Williamson et al., 20101
Diagram 3.3: A marine cadastre and SDI are essential components of effective marine administration [Rajabifard

GIS
Decision Support System - utilising up-to-
date Spatial Information based on the
marine cadastre, accessed through a Spatial
Data Infrastructure

SDI
Access Mechanism - linking people to data
and information

Bathymetry
Administrative Boundaries

Infrastructure Marine Cadastre
Laws & Regulations Base layer of fundamental information
I Marine Protected Areas relating to maritime boundaries and

associated rights and responsibilities,
regularly updated and maintained.

et al, 2006]

3.3.Standardization in the domain of Land Administration

With respect to gspatial data management and interoperability, several
standardization initiatives have been set off [e.g. ISO, IAl, Web3D, etcl. After the
development of domain-independent standards for spatial and temporal
schemas for spatial features lincluding metadata standards], a next step is the
standardization of domain-specific standardized models as basis for
standardized the SDIs.
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ISO and OGC are the two dominant standards organizations, which develop
and publish international standards. [SO I[International Organization for
Standardizationl is an independent, non-governmental membership organization
and the world's largest developer of voluntary International Standards. 0GC
[Open Geospatial Consortium] is an open-member organization, now consisting of
511 active members. It provides free and openly available standards to the
market that are of tangible value to OGC Members and have measurable benefits
for users. Moreover, OGC produces Abstract Specifications and Implementation
Specifications.
[http//www.opengeospatial.org/ogc/members;http://www.iso.org/iso/home/about.ht
m]l.

OGC has already started numerous new initiatives to meet the challenges.
Currently more than 36 projects are discussing various aspects of data
integration and exchange only in the Specification Program and almost all of
them attempt to handle the third dimension. The most relevant is the work of
CAD-GIS working group [Case, 2005]. The aim of this working group is finding a
bridge between CAD, AEC systems and GIS by finding opportunities to improve
interoperability of geospatial data and services across these domains.
Incompatibilities at various levels [(semantic, geometry, topologyl contribute to
the complexity of the problem [Zlatanova and Prosperi, 20061.

To suggest an appropriate schema for exchange of 3D spatial data, this
group will consider several on-going developments, i.e. LandXML, LandGML,
CityGML, aecXML I[for AEC including information about projects, documents,
materials, parts, organizations, professionals, etc.[, TransXML [a project aiming at
XML schemas for exchange of transportation datal, IFC [the Industry Foundation
Classes used to define architectural and construction-related CAD graphic data
as 3D real-world objectsl, OpenFlight [an industry standard real-time 3D scene
description format[, 3D ShapeFile [ESRI], X3D, etc. [Zlatanova, 2002].

The standards tracks of 0OGC and ISO are fully coordinated through shared
personnel and through various resolutions of ISO TC211 and OGC. They are often
complementary and where they overlap, there is no competition, but commaon
action (e.g. in the geometry modell. OGC provides fast-paced standard
development and promotion of standards adoption, similar to other industry
standards consortia such as W3C, IETF, and OMG. ISO is the dominant de jure
international standards development organization [(from now on SDOJ, providing
international government authority important to institutions and stockholders.

Through OGC's cooperative relationship with ISO, many of 0OGC's OGC Standards
either have become ISO standards or are on track to become ISO standards. OGC
maintains contact with a number of other standards organizations (W3C, IETF,
OMG and others), generally offering expertise related to spatial issues and
receiving expertise necessary to ensure that OGC's standards framework is
consistent with other IT standards frameworks
[http://www.opengeospatial.org/ogc/faqg/processl.

Examples include International Standards for land cover (ISO 19144-2), Land
Administration [LADM, ISO 19152], and Addressing (ISO 19160], all within ISO/TC211, or
CityGML [from the OGC, which includes topographic features such as buildings,
roads, water and earth surface elevation[ or GeoSciML (also from OGC] and both
based on GML3 (ISO 19136). The most characteristic examples are described in
3.3.1.

Apart from the OGC and/or ISO standards there are also some standardization
initiatives that are not (currently) adopted by any organization. For instance, the
3D Cadastral Data Model (3DCOM] is developed to support integration of legal and
physical information that are required for 3D cadastral applications, but is not
yet adopted by any SDOO.

Last but not least, except for the geo-information standards there are also
available many basic standards, such as UML for modeling and XML, GML for
exchanging structure infarmation.
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At the rest of this chapter, the most dominant and recent standardization
initiatives on the domain of land administration are described. In particular,
standards from OGC and ISO are presented, followed by initiatives that are not
yet adopted by any SDO and also basic geo-information exchange formats are
described.

3.3.l. Geo-information exchange formats

l. 30 LandXML

LandXML [http://www.landxml.orgl is non-proprietary XML data file was
introduced for land survey and construction, initiated in 1999 by Autodesk and
EAS-E members. It has been used for exchanging surveying data in land
development applications [Crews, 2003]. Government agencies all over the world
have been using LandXML as a national standard for cadastral electronic
lodgment. Oiagram 3.4 illustrates an overview of the LandXML schema. It can also
be used for capturing other types of engineering data, such as pipe networks
and roadways. The Parcels element itself can be expanded into 2 elements:
Parcel and Feature.

-]
§
{
]

g
%
18

Diagram 3.4: Overview of the LandXML schema with expansion of the Parcels element [www.LandXML.orgl.

To support 30 Cadastres, the existing LandXML schema is utilized to model 30
parcels. An example of the Parcels element and its sub elements is presented
below.

Figure 3.10 illustrates an approach of using the element of PntList30, which is
a sub-element of /rregularLine in the LandXML schema. In order to model 3D
parcels in Coordinated Cadastre system, a CoordGeom represents a face that
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contains 30 coordinates [(Northing, Easting, and Height]) in PntList30. A series of
faces forms a volumetric parcel (i.e. Parcel “7002IN"). The volumetric parcel can
be referenced to an external resource as a URI Alternatively to model 3D
parcels in LandXML, one can also use VolumeGeom element, as discussed in
Shojaei et. al. [2012].

v<PntLiat3iD>

29452.0108 30232.133 123.200 29452.832 30216.800 123,280 29425.899 30215.278 123.280 29422.375 10281.345
123.280 29482.916 30284.567 123,280 29484.221 30260.005 123.280 29451.876 30258.266 123.280 29452.008
30255.922 123.280 29452.207 303250,.316 123.280 29451.056 30250.256 123.280 29452.018 30232.133 123.280

</PntlistiD>

reqularLine>

' parcelFormat="Volunetric">

ilekef name="Parcel”
//wiki.tudelft.nl/pub/Research/IB0191%2/InplenentationMaterial /LADMOntology . .owl#Spatialinit” />

o="Yacel" pclRef="700218/3"/>
<Parcel name~"Faced” pclRef="70021K/4"/>

Figure 3.10: The geometries of 3D parcels in LandXML. A volumetric parcel can be referenced to an external
resource as a URL

The problem of LandXML data format is that currently is not supported by a
Standards Developing Organization [SDO] and it is not integrated with any OGC or
ISO’'s geospatial standards. This has resulted in confusion in the marketplace as
to the future of the standard as well as the fact that there has not been any
work done to advance the standard since 2009. LandXML is used worldwide as
a neutral data exchange format by a number of government agencies and
private sector firms to share land development, civilLb survey and other
infrastructure-related data.

Both the land and infrastructure user domain and the geospatial technology
user domain would benefit from integrated access to the two types of
information. Moreover, with no enhancements in over 5 years, LandXML has failed
to keep up with newer methods and software.

The Open Geospatial Consortium Land And Infrastructure Domain Working
Group [LandInfraDWG] was chartered in 2013 to “focus on determining how best
to integrate and support the LandXML schema within the OGC framework, as well
as how to better manage and integrate CAD-based land information with other
OGC standards”. One of the initial goals of the LandIinfraDWG was to gain a better
understanding of exactly what LandXML is and does. Its first activity was to
reverse-engineer a UML model and documentation: which at the moment are
missing; for LandXML-1.2 as a basis for assuming the viability of supporting
LandXML as an OGC baseline.

Apart the compatibility problem many technical problems were identified in
LandXML: e.qg. station data type, weak point typing, case inconsistencies, etc.
[Scarponcini, 2013]. Fixing many of these problems will break backwards
compatibility; for this reason a new standard is proposed having a use case
driven subset of LandXML functionality but implemented with GML and supported
by a UML conceptual model.

The new standard is called infraGML and described at the next sub-chapter.
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[l. InfraGML

Therefore, a fresh start standard is proposed, which is called InfraGML. This
new standard would [Scarponcini, 20131

o be supported by a recognized Standards Developing Organization,
0GC,

o align with existing 0GC, TC211 and SQL/MM standards,

o benefit from functionality already supported by GML, including
features, geometry, coordinate reference systems, linear
referencing, and surface modeling [TINI,

o focus on survey and alignments,

o using modular extensions, be able to expand into other areas [e.q.
pipe networks, parcels, etc.] as resources become available,

o be use-case driven,

o be based on a UML conceptual model developed prior to GML [and
any other futurel encoding

o have more up-to-date functionality

o be synchronized with the concurrent efforts by buildingSMART in
their development of Infrastructure-based Industry Foundation
Classes (IFCs),

o be more easily integrated with CityGML and TransXML.

InfraGML is the proposed OGC GML application schema supporting land
development and civil engineering infrastructure facilities. The OGC has just
released the OGC Landinfra Conceptual Model, the first draft of the InfraGML
conceptual model for land parcels and the built environment

The alignment part of InfraGML would overlap the recently announced
IfcAlignment development work of buildingSMART International [bSI[. The full facility
life cycle list of use cases to be supported by InfraGML would be broader than
the IfcAlignment focus on design and construction. OGC and buildingSMART can
work together on the use case definitions and conceptual model so that the
two resultant implementations [IFC and GML[ would be harmonized. It is also
intended to include recent civil engineering developments such as wider use of
30 modeling.

The resultant IFC version would be consistent with the buildingSMART
standards baseline and the GML version would be consistent with the O0GC
standards baseline. This would enable interoperability within each respective
baseline [e.q. IfcAlignment with COBie and InfraGML with CityGML[. The shared
conceptual model would allow cross-baseline interoperability [Scarponcini, 2013
http:/ www.openqgeospatial.orqg/blog/2098,
http://geospatial.blogs.com/qeospatial/2013/12/a-proposal-to-replace-landxml-with-
infragml.htmll.

The Landinfra UML Packages and their dependencies are shown in the
Diagram 3.5. These will approximately align with conformance classes in the
InfraGML standard.
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Diagram 3.5: LandInfra UML Packages [Scarponcini, 20131

For further information related to the context of the packages see 0GC [2014]
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1. INTERLIS

INTERLIS is a standard for the modeling and integration of geodata into
contemporary and future GIS. In Switzerland is the leading tool for describing,
integrating and coordinating spatial data and is also listed as Swiss standard
SN612031.

INTERLIS is not only targeting the mass market of casual geodata viewers but
was specially designed as an answer to the needs of the users and producers
[the doersl who are relying on explicitly described geodata structures.
Additional properties of this language include being specially adapted to
geographic information systems implementability, as well as considerable
dedication to practicability and extensibility
[http://www.interlis.ch/interlisl/description_e.phpl.

INTERLIS-1 is a Conceptual Schema Language [CSL] and a neutral Transfer
Format [ITF/XTF] It is an Object Relational [OR] Modeling Language, sufficient for
many modeling tasks. It is a very precise, standardized language on the
conceptual level to describe data models. Both humans and computers can read
it and it has build in data types for GIS-Systems; e.g. the geometry types.

Transfer formats are derived from data models by transfer rules and there is
strict separation of transfer and modeling aspects [model driven approachl.

The main benefits from INTERLIS are that it:

o Supports freedom of methods through system neutral approach:;
o Directly supports the concepts of «Cadaster 2014» [i.e. thematic
independent Topics);

o CSL is understandable by IT and domain experts:

o Data can be directly processed and checked by computers.

o Is easy to implementation it.

o Allows the automated quality control of data [checker, check
servicel

o Allows the automation of many cadaster related processes.

o Provides reference manuals, which are translated to many

languages.
Additionally, it has relation with other standards. INTERLIS uses UML as graphic
representation of its data models Lili filesl. Moreover, GML is supported by

INTERLIS through additional transfer rules [eCH-0118 Standardl.

Application Domain m

INTERLIS
/ \
Transfer Rules DB-Mapping Rules; | Other Rules
-

Implementation Domain

Diagram 3.6: INTERLIS: Language and transfer format [Germann, 20121
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INTERLIS-2 is an Object Oriented [00] Modeling Language, more flexible but also
complex than INTERLIS-1. It supports extension and re-use of existing models
and incremental transfer. In this version, XML takes over encoding for the
INTERLIS 2 transfer format. XML has become internationally widespread and
universally accepted and count on a great number of compatible software
products to be obtainable in the near future. The two versions are compatible
with each other. The most important is that constraints can be specified
formally and explicitly, as they are not defined as individual, independent objects
but as structures [Germann, 20121

V. Industry Foundation Classes

The Industry Foundation Classes [IFC] data model is intended to describe
building and construction industry data. It is an object-oriented data model
based on class definition representing the things [elements, processes, shapes,
etc.] that are used during a construction or facility management project. The
model focuses on the classes that need to share information rather than
processing it in particular proprietary software.

IFC is a neutral and open specification developed by buildingSmart
International' that is not controlled by a vendor or a group of vendors. It was
created to facilitate interoperability in the architecture, engineering and
construction [(AEC] industry [http://www.ifcwiki.org/index.php/Basic_Informationsl.

IFC constitutes an open specification, listed as ISO 16739 [IAl, 2008] and
defines an “entity-relationship” model providing an abstract and conceptual
representation of data. It consists of 900 entity classes organized into an
object-oriented hierarchy and provides detailed semantics for the building's
construction elements [Goetz & Zipf, 20111

It is registered by ISO and is an official international I1SO 16739:2013. IFC
together with CityGML can be used for the representation of cadastres in three
dimensions. The IFC conceptual schema and the specifications are written using
the EXPRESS data definition language, defined as IS0 10303-11 by the SO
TC184/SC4 committee. EXPRESS adopts many object-oriented concepts, including
multiple inheritances. It has the advantage of being compact and well suited to
include data validation rules with the data specification.

IFC data files are exchanged between applications using the following
formats and should be indicated as .ifc: .ifcXML; .ifcZIP.

1 BuildingSmart is an international organization which aims to improve the exchange of
information between software applications used in the construction industry. It has
developed IFC and BIM.
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The highest level of the IFC model contains
entity definitions for concepts specific to
individual domains such as architecture,
structural engineering, facilities management

This level comprises entity categories that are
commonly used and shared between multiple
building construction and facilities
management applications. For ex: Shared
Building Elements schema has entity
definitions for a beam, column, wall, door

F2Q pleorn
FC2xparequal
ISOPAS W7

The other two Extension schemas define
process and control related concepts such as
task, procedure, work schedule, performance
history, work approval

ron-platfcem part

‘

The Product Extension schema defines
abstract building components such as space,

site, building, building element, annotation

CET LT T .

Kernel schema defines core concepts such as

actor, group, process, product, relationship.

csssges
eecseeecese -

Resource Layer

Basic properties such as geometry, material,
quantity, measurement, date and time, cost,
actors, roles

Diagram 3.7: Industry Foundation Classes [http://paginas.fe.up.pt/~gequaltec/w/index.php~title=Industry_Foundation_Classes]
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3.3.2. Standardization initiatives for domain models

[ Building Information Model [BIM]

The need of integrating semantic data for cadastral purposes has increased
popularity of modeling approaches that support semantic characteristics such
as BIM employing Industry Foundation Classes (IFC) standard.

The core requirement of Building Information Model (BIM] for complex building
projects, mainly in Europe and the United States, may facilitate, to some extent,
3D property presentation INBIMS, 2006]. According to lisikdag et al., 2013], BIM is a
digital version of all the functional features of a building through its entire life
cycle [Biagram 3.8l In other words, BIM refers to a representation of the building
parts regarding at the same time their geometric and semantic aspects.

CityGML and IFC are related but at the same time they vary in many aspects.
Summarizing the most important difference of them is the different way
according to which 3D models are acquired in each of the models, which lead to
different definition of the same semantic object, as presented in Figure 3.11. BIM
models represent how 30 objects are constructed, while the objects in IFC
models are described by their observable surfaces based on modeling
principles [Nagel et al., 20091

IntBulidinginstallation

HeWaliStandardCase /
/

HcBeam

Window

HcWindow ; o,“,,“u,.,@__ 5 / InteriorWaliSurface
Figure 3.1 A building part modeled in IFC [left] and in CityGML [right] [Nagel et al., 20091

BIM has evolved in the construction domain, whereas 3D property has
evolved in the legal cadastral domain. Although it seems that they are two
different domains, El-Mekawy et al. [2014] argue that they can interact. BIM is
considered as an object-oriented process, which describes buildings in respect
to their geometric and semantic properties. It therefore involves the generation
as well as management of spatial digital representations of physical and
functional characteristics of building spaces and their surrounding environment
[Isikdag & Zlatanova, 2009al.

Such models are less capable to visualize topographic features and RRRs, as
they are optimal for analysis on building level and cannot accommodate 30
cadastral purposes in full scale. However, research towards integration of BIM
models with GIS characteristics through GeoBIM [De Laat & Van Berlo, 2011] can
enhance BIM's contribution to 30 Cadastre purposes.

Today, there is no interaction between BIM and the 3D property management.
BIM can add to improve the real property formation, registration and visualization
process. However, according to El-Mekawy et al. [2014] there are some problems
to be addressed. For instance, there is increased use of geographical
information standards and LASs do not make use of all of them, or maybe there
is no compatibility between all of them.
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Diagram 3.8: What is BIM? [National Defence Canada, 2012]

. CityGML

The CityGML standard is an Open Geospatial Consortium encoding standard
since August 2008 I[republished in version 2 in March 2012], which describes
physical reality. It allows for a complete 30 visualization of the real world
objects including their semantic, geometrical, topological and appearance
characteristics in different levels of detail [LoD] depending on application [Kolbe,
20071

As reported in [www.citygml.orgl CityGML is defined as follows: "CityGML is a
common information model and XML-based encoding for the representation,
storage, and exchange of virtual 30 city and landscape models, ... CityGML js
implemented as an application schema for the Geography Markup Language
version 3.1.1 [GML3] an official extendible international standard for spatial data
exchange issued by the Open Geospatial Consortium [0GC] and the IS0 IC2]1.
Because CityGML is based on GML, it can be used with the whole family of GML
compatible OGC web services for data accessing, processing, and cataloging like
the Web Feature Service, Web Frocessing Service, and the Catalog Service.
CityGML is an open standard that can be used free of charge.”

Apart from its coherent semantic and geometrical design principles, CityGML
is a data model comprising, among others, 0OTM, buildings and building parts,
tunnels, water bodies and land use [Grager et al, 20121

CityGML model as presented in [Kolbe et al, 2005] is a multi-purpose, unified
information model that uses a semantic-based objects hierarchy expressed by
classes and associations for the most relevant (city] features from different
thematic groups. In particular, CityGML defines the geometric information about
layers for water bodies, buildings, vegetation, terrain, etc, represented by basic
geometric objects [point, line, polygon] tohether with the corresponding



PART | 30 Cadastres: International Experience /4

thematical;,, semantical and appearance properties.

The fact that CityGML is XML based makes it an easily interchangeable data
exchange format as well as it enables the interoperability among many
applications.

CityGML supports 5 different levels of details covering also semantic aspects,
starting from LoDO to LoD4 [indoor, see Figure 3.12] amongst which the most
prominent are the LoD of buildings [Zlatanova et al.,, 2012].

LoDO LoDI1

LoD2 LoD4

Figure 3.12: The five Levels Of Details defined by CityGML [LoD], [KITGroger et al, 2012].

CityGML can be extended to include additional data features and attributes,
and thus provide semantic modeling for 3D Cadastre. However, there is still a
large gap between the geometry data in CityGML data and 3D property unit. This
is due t the fact that, CityGML focuses on the appearances and the shapes of
the landscape and buildings with physical realities, focused on the visualization
of the external physical surface of the city objects. These data have not
reached the requirements of 30 property unit, which is the basic unit of city
management and applications [Guo, 20121.

Although 3D property unit and CityGML are similar to some extent, the specific
geometric data of them are in a tremendous difference. So making the
correspondence rules of the data model between them and finding the needed
geometry data to be handled further are the keys to convert CityGML data to 30
property unit.

According to Ying et al. [2014], 30 property unit has basic triple elements:

e The semantic and ownership information,
e The spatial information and
e The RRRs.

The mainly described objects in CityGML are buildings with different Levels of
Details (LoDsll and precisions; which are different in terms of complexity and
granularity of the geometric representation. According to the same authors,
LoD2 and LoD3 are more relate to the real estate and 3D cadastre. The semantic
objects that are related with 3D property unit in CityGML are shown in Table 3.1
They developed a methodology to convert CityGML data to 3D property units
based on semantic and geometric transformation. This method can be also used
as data source for a wide range of 3D city modeling and spatial analysis; as
applications based on CityGML refer to the wider thematic areas of: urban
development, energy management, property taxation, navigation [indoor as well),
natural disasters simulation, cultural heritage registration and military operations.
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Objects LoD1 LoD2 LoD3 LoD4
BuildingFurnitre - - o

x

CeilingSurface - -- N

ClosureSurface -- -- -- N

Door - - v X

FloorSurface -- -- -- v

GroundSurlace v v N |

IntBuildingInstallation - -- - X

InteriorWallSurface X

RoofSurface v \ ) |

Room — -- s X

Roomlnstallation -- -- X X

WallSurface v \ v '

Window == - X X

the objects except buildings X X X X
{Note: """ indicate that there are no such objects in this LoD, “v" indicates that this object is included in this
Lol and needed for constructing 3D property unit, “x" indicates that this object 15 not used to construct 3D

property umt, )

Table 3.I: The semantic objects related with 3D property unit in CityGML [Ying et al., 20141

1. Social Tenure Domain Model [STOMI

The Social Tenure Domain Model is a specialization of the LADM and has been
introduced in order to cover all types of tenures, conventional and other social
tenures such as informal and customary [Augustinus et al, 2006; Augustinus,
2010; Lemment et al, 2007; FIG, 2010l It has its own terminology and it
complements the LADM. It is developed by UN Habitat, the International
Federation of Surveyors, the World Bank and the University of Twente, Faculty
(ITC). STDM broadens the scope of land administration. ITC was then financially
supported by the Global Land Tool Network to develop the technical aspects of
STOM.

The Global Land Tool Network ([(GLTN] is a coalition of international
organizations who have agreed on an agenda of 18 pro poor land management
tools for urban and rural areas [www.gltn.net]l. Most tools are national but have
rural and urban applications. These tools are being developed by the partners
not just as tools on their own, but also linked to cross cutting issues such as
gender, the involvement of the poor users, land governance, and the need for
capacity building. The continuum of land rights (which is about the incremental
acquisition of rights over time), and STDM are two of the GLTN tools.

The STOM is a multi-partner software development initiative to support pro-
poor land administration. The initiative is based on open source software
development principles. The STOM, as it stands, has the capacity to broaden the
scope of land administration by providing a land information management
framework that would integrate formal, informal, and customary land systems
and integrating administrative and spatial components. The STDM makes this
possible through tools that facilitate recording all forms of land rights, all types
of rights holders and all kinds land and property objects / spatial units
regardless of the level of formality.

Not only with regard to formality does the thinking behind the STOM depart in
terms of going beyond some established conventions. Traditional or
conventional land administration systems, for example, relate names or
addresses of persons to land parcels via rights. An alternative option being
provided by STDM, on the other hand, relates personal identifiers such as
fingerprints to a coordinate point inside a plot of land through a social tenure
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relation such as tenancy. The STOM thus provides an extensible basis for
efficient and effective system of land rights recording.

Furthermore, it integrates administrative and spatial components. In particular,
the model describes relationships between people and land in an
unconventional manner; it has the power to tackle land administration needs in
communities, such as people in informal settlements and customary areas. It
supports development and maintenance of records in areas where regular or
formal registration of land rights is not the rule. It focuses on land and property
rights, which are neither registered nor registerable, as well as overlapping
claims, that may have to be adjudicated both in terms of the ‘who’, the ‘where’
and the ‘what right’.

In other words, the emphasis is on social tenure relationships as embedded
in the continuum of land rights concept promoted by GLTN and UN-HABITAT. This
means informal rights such as occupancy, adverse possession, tenancy, use
rights [this can be formal as welll, etc or customary rights, indigenous tenure,
etc as well as the formal ones are recognized and supported [with regard to
information managementl in STOM enabled land administration system [Lemmen et
al.,, 20091.

Likewise, the STDOM accommodates a range of spatial units ['where’, e.g. a
piece of land which can be represented as one point - inside a polygon, a set
of lines, as a polygon with low/high accuracy coordinates, as a 3D volume, etc.l.
Similarly, the STDM records all types of right holders ["Who", e.g. individuals,
couples, groups with defined and non-defined membership, group of groups,
company, municipality, government department, etc.).

In regard to evidence, STDM handles the impreciseness and possible
ambiguities that may arise in the description of land rights. In a nutshell, the
STOM addresses infaormation related components of land administration in an
innovative way [Lemmen & Van Oosterom, 20131

Social Tenure Relationship
* Use rights
*Occupancy
*Ownership

“Informal
*Customary tenure
*Common land
*Tenancy
\ *Hunting

‘ supportad by

s

Sketch, audio, video, photos
otc.

Figure 3.13: Core conceptual diagram of STDM [Linkages between Core Cadastral Model, LADM and STDM, UN-
HABITAT, 20131

Moving away from individual freehold parcel based tenure systems and
adopting a range of rights and claims in order to extend security of tenure to
more people, including the poor, implies that a new form of land administration
has to be designed. Adopting a continuum of land rights made the land
administration technical gap obvious, which technical gap is covered by STOM
[Augustinus, 20101

V. Land Administration Domain Model [LADMI

The LADM was approved as an official International ISO Standard on November
Ist, 2012 [ISO 19152:2012]. It covers basic information-related components of land
administration (including those over water and land and elements above and
below the surface of the earth). The model provides a conceptual schema with
three basic packages and one sub-package:
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1. parties, which means people and organizations that perform transactions,

2. basic administrative units, including rights, restrictions and responsibilities,

3. spatial units, mostly parcels and the legal space of buildings and utility,

surveying and spatial representation.

As it happens with other models, the scope of LADM is limited, and cannot
therefore model the whole world. However, certain object classes outside its
scope are relevant and should be referred to. There is the paossibility to create
external classes when needed and use population registers (or other sources)
as an external reference [Lemmen, 2012]. LADM will be further analyzed in 3.3.4.

3.3.3. Standardization initiatives that are not yet adopted by SDO

l. 30D Cadastral Data Model [3DCOMI

A 3D cadastral data model (3DCOM]) aims to achieve a conceptual framework
for 30 cadastres. It was developed to support integration of legal and physical
information that are required for 30 cadastral applications. The first version
(3DCBDM_Version 1.0] has the following core classes,;: 3DCDM_InterestHolder,
3DCDM_PropertyObject [(PO), 3DCDM_Geometry, 3DCDM_urvey, 3DCDM_SurveyPaints,
3DCDM_SurveyObservation and 30COM_ExternalSources [Diagram 3.91

3DCDM_PropertyObject
i

MMJ\ 3DCDM_SurveyPoints
/

3DCDM_SurveyObservation

Diagram 3.9: Core classes of 30COM [Aien A et al, 20121

The 30CDM model has twelve sub-models or modules, which are selected
based on the user requirements and the application. It has two important
components; the PhysicalPropertyObject and the LegalPropertyObject.. Based on
these concepts, the 30COM has two hierarchies, legal and physical which are
linked at the model.

e [egalfPropertyObject. It allows for the representation of spatial aspects of
legal objects [2D0 and 3D[. The UML diagram of the LegalPropertyObject
model is depicted in Diagram 3.10. In this model all land interests: rights,
restrictions, and responsibilities are represented.

e PhysicalFPropertyObject: having separated this concept facilitates selection
of the appropriate PhysicalPropertyObject for any particular application.
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Diagram 3.10: UML diagram of 3DCDM's LegalPropertyObject model [Kalantari et al.,, 20081

In Diagram 3.1, the conceptual model of integrating the legal and physical
objects is presented.
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Diagram 3.11: Conceptual model of integrated legal and physical objects in the 3DCOM model [Aien et al., 20131

3.3.4. Land Administration Domain Model [LADMI

[ Conceptual model

Domain specific standardization is needed to capture the semantics of the
land administration domain on top of the agreed foundation of basic standards
for geometry, temporal aspects, metadata and also observations and
measurements from the field. A standard is required for communication between
professionals, for system design, system development and system
implementation purposes and for purposes of data exchange and quality
management of data.

Such a standard will enable GIS and DBMS providers and/or open source
communities to develop products and applications for Land Administration
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purposes. And in turn this will enable land registry and cadastral organizations
to use the components of the standard to develop, implement and maintain
systems in an even more efficient way [Lemmen & Van Oosterom, 20131

Internationally, the wish emerged for a widely accepted standardized domain
model, making use of the collective knowledge already existing worldwide. This
wish was supported by the FIG and UN-Habitat and also by the FAO of the UN.
The data model should be able to function as the core of any land
administration system. The standard should be flexible, widely applicable and
function as a gathering point of a state-of-the-art international knowledge base
on this theme.

The development of LADM is based on user needs; comprehensive overview
of requirements for the Land Administration Domain is available in [Lemmen, 2012].
Open markets and globalization require a shared ontology allowing enabling
communication between involved persons within one country and between
different countries. Effective and efficient system development and maintenance
of flexible [generic] systems ask for further standardization.

The conceptual model of LADM is presented in Diagram 3.12. The main class of
the party package of LADM is class LA_Party with its specialization
LA_GroupParty. There is an optional association class LA_Party-Member. A Party is
a person or organization that plays a role in rights transaction. An organization
can be a company, a municipality, the state, or a church community. A ‘group
party is any number of parties, forming together a distinct entity. A ‘party
member’ is a party registered and identified as a constituent of a group party.
This allows documentation of information to membership [holding shares in
rightsl.

LA _Spatiad Source
Li_LegalSpace tetwerk
LA_Legsd Space Bl Mingit LA_SpatidlLhitOeop
LA_Suurce
LA_GroupParty \i |
0 zt LA_Spstaltit || LA_BandwyfaceSing
LA_PartyMenbar | _
l LA_AgminsraveSource ’—‘
HA_party . L 7 A _Lawvel
LA_RER LA _Poirt
1% LA _BA Uit 5

| LA_Restriction L&_Rasporebiity —‘ LA_BourdaryFace

Ls_Rgrt

A _Morigege

Diagram 3.12: The Land Administration Domain Model [Lemmen, 20121.

The administrative package concerns the abstract class LA_RRR [with its
three concrete subclasses LA_Right, LA_Restriction and LA_Responsibilityl, and
class LA_BAUNit [Basic Administrative Unitl. A right’ is an action, activity or class
of actions that a system participant may perform on or using an associated
resource. A right can be an [informall use right. Rights may be overlapping or
may be in disagreement. A ‘restriction’ is a formal or informal entitlement to
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refrain from doing something; e.g. it is not allowed to build within 200 meters of
a fuel station: or servitude or mortgage as a restriction to the ownership right. A
responsibility’ is a formal or informal obligation to do something: e.g. the
responsibility to clean a ditch, to keep a snow-free pavement or to remove
icicles from the roof during winter or to maintain a monument.

A ‘baunit’ (an abbreviation for “basic administrative unit”) is an administrative
entity consisting of zero or more spatial units [parcels] against which one or
more unigue and homogeneous rights (e.g. an ownership right or a land use
right] responsibilities or restrictions are associated to the whole entity as
included in the Land Administration System. A "basic administrative unit” may play
the role of a ‘party because it may hold a right of easement over another,
usually neighboring, spatial unit.

The spatial unit package concerns the classes LA_SpatialUnit,
LA_SpatialUnitGroup, LA_Level, LA_LegalSpaceNetwork, LA_LegalSpace-BuildingUnit
and LA_Required-RelationshipSpatialUnit. LADM defines 5 levels of encoding the
geometry, based on the level of maturity:

|. Text based encoding

Il. Point based encoding

Ill. Line based encoding

IV. Polygon based encoding

V. Topology based encoding

All the levels of encoding within the LADM are available to be used with 30D
cadastre. It might be unusual to consider the lower-level encodings, [such as
line-based), but it should be noted that the commonly used “building unit” form
of 30 spatial unit is in effect a text based spatial unit.

There is also a fairly common combined approach - where the floor plan of
the unit is defined geometrically, but the only elevation information is textural -
such as “on floor 5". Three-dimensional parcels occur commonly in areas of high
property values, and in these areas, the accuracy of survey likewise tends to
be higher. Further, it is easier to justify the costs of careful data encoding in
these regions. It is easy to envisage a cadastre consisting of a mixture of 20
and 3D parcels using a high level of encoding in the city areas, combined with
low-level encoding of lower accuracy information in less dense regions
[Thompson, 20131

Spatial units are structured in a way to support the creation and
management of basic administrative units. A ‘level’ is a collection of spatial units
with a geometric and/or topologic and/or thematic coherence.

LADM defines a 3D parcel as the spatial unit against which [one or morel
uniqgue and homogeneous rights [e.g. ownership right or land use rightl,
responsibilities or restrictions are associated to the whole entity based on IS0
19152 [Thompson & Van Oosterom, 2011l Spatial units [synonym of parcels[ have
two specializations: legal spaces buildings and legal spaces networks.

The Spatial Unit Package has one Surveying and Spatial Representation Sub-
package with classes such as LA_SpatialSource, LA_Point, LA_BoundaryFaceString
and LA_BoundaryFace. Points can be acquired in the field by classical surveys
or with images. A survey is documented with spatial sources. A set of
measurements with observations [distances, bearings, etc. of points, is an
attribute of LA_SpatialSource. The individual points are instances of class
LA_Point, which is associated to LA_SpatialSource. 20 and 30 representations of
spatial units use boundary face string [2D boundaries implying vertical faces
forming a part of the outside of a spatial unit]l and boundary faces [faces used
in 3D representation of a boundary of a spatial unitl. All classes [except
LA_Sourcel] inherit from VersionedObject.

VersionedObject contains quality labels and attributes for history
management. In the LADM, administrative sources and spatial sources are
modelled, starting with an abstract class LA_Source. LA_Source has two
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subclasses:

LA_AdministrativeSource,

and LA_SpatialSource.

External

links to

other databases [supporting information infrastructure type of deployment], e.q.
addresses, are included, as shown in Diagram 3.13.

sblueprint teatureTypes
Versionaed Object External::ExtArchive
sfeatureTypes + acceptance. DateTime [0.1]
Party:LA_Party + data: LocalissdCharacterString
¢ extraction: DataTime [0..1]
tion: T 3
: :;orga‘dmn DateTime [0..1] icoaeiine
. s + mb.miaion DateTime {0..1] Extamal;
VersionedQbject ExtValuationType
cloalymeTypes VersionedObject] | ekt
Administrative;:LA_RRR chlusprint fealuraTypes + refersd
Extornal:ExtValuation
+ value: Cumency
.
VersionodObject VersionedObject + valueDate: DateVime N A
+ valueType: ExtValuationTypse )
sblueprint featureTypes «ieaturaTypos 150 :7’7'W-ﬂ'°'
External=ExtPa Administrative:LA_BAUnit A orstineaees’ e
i - VersionedObjoct / |50 19103 Curmncy
+ extAddressiD: ExtAddress0."] cblepiintisatiteTings /7
+ fingemrint: image (0.11] External::ExfTaxation i
+ name: ChasacterString [0..1] Emr;:T't"EQ:t’:;x
+ parylD: Oid + amount; Currency =
+ photo: Image [0..1] + taxDate: DateTime + buiiding
+ dgnature: Image [0..1] + taxType: ExtTaxType + land
+ renlEstate
Versioned Object VersionedObject
'Eb:::::::.'.::mp’:' sblueprintfeaturaTypes scodeliste
- Extornal:ExtlandUse External::
+ addrassAreaName: CharacterString [0..1) + woer ExtandUeTine ExtlandUseType
+ addressCoordinate: GM_Point [0.1] VersionedObjact iype: Ex w e
£ Modmists Did «foaturoTypos VersionedObject + housing
+ bulldingName. CharacterString [0..1] Spatial Unit:LA_SpatialUnit v Industry
+ buildingNumber: CharacterString [0..1] vhlueprintfesturaT ypes + nature
¢ city: CharacterSting [0..1] External::ExtLandCover . Ramalisn
¢ couniry: CharacterString [0..1] A
+ postalCode: CharacterString {0..1] v lype: ExtCoveragaType
¢ posiBox: CharacterSting [0..1] ccodelisls
¢ date: CharacterString [0..1] VerslonedObject External:
+ streoiName: CharacterString [0..1] ExtCoverageType
T T «blueprint featuraTypes
H sfeatureTypes External:: & o
: Spatlal Unit: ExtPhysical UtilityNetw ork + Gres
- LA_LegalSpaceUtilityNetwork Ry
¢ direcled: boolean
Cl_Address (from 1SO 19115) + extPatyManagedD: ExtParty
of the INSPIRE address
specnl.lcallun are opbionsfor Version ot
realizing ExtAdcre s «foatureTypes
Spatial Unit: «blueprint featureTypos

External:ExtPhysicalBuildingUnit

LA_LegaiSpaceBuildingUnit

¢ extAddressiD: ExtAddress [0..1)

Diagram 3.13: LADM and external classes [ISO 19152, 2012].

Class VersionedObject is introduced to LADM to manage and maintain
historical data in the database: by introducing a time-stamp for the inserted and
superseded data. As presented in DBiagram 3.14, all the LADM classes are
subclasses of class VersionedObject apart form the abstract class, LA_Source
and the two subclasses: LA_AdministrativeSource and LA_SpatialSource; see
Diagram 3.15.
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featureTypes sleatureTypes
afeatureTypes " Q—
LA_Right LA_Restriction LA_Morigage
eleatureTypex D eleatureTyper wleatlureTypes rieatureTypes
LA_Responsibility LA_RRR LA_BAUnit LA_RequiredRelationshipBAUnit
efeatureTypes
LA_PartyMember «featuraTypa»
wfeature Types LA_RequiredRelationshipSpatialUnit
VersionedObject
«leatureTypes + beginLifespanVersion: DateTime
LA_GroupParty ¢ endLifespanVersion: DateTime [0..1) e} ——— sleature Typer
+ quality: DQ_Element[0.°] LA_SpatialUnit
6 + source; Cl_ResponsibleParty [0.°]
aleatureTypes /V constraints efeature Types
LA_Party {endLilespanVersion (n-1) = danLilespanVersian (n)) LA_SpatialUnitGroup
cfaaturaTypes efsatureTypens «faaturaTypes ""L‘:""u”"l"'
LA_Point LA_BoundaryFaceString LA_BoundaryFace ot
alypes wdatatypes
GenericName Fraction
1008,
{root} + denomnator. Integer
+ deplh() . integer + numerator: Integer
+ getObject() : Any 2 .
. Fraction) : Boolean
. Name() : Sequence<tocalNames oquals(
paseobiamsl) i [2 oquaisib)] = [a numeratord denominator =
b.numerator'a denominator]
+ real)  Real
1 areall) = & numerslons denomrsion
«daiatypex constraints
Oid {denominaler > 0)
{numarator > O}
+ localld: CharacterString {numarator <= dencminator]
+ namespace. CharacterString
Diagram 3.14: LADM classes VersionedObject with subclasses [ISO 19152, 20121.
sfeatureTypes
Special Classes:LA_Source
. Ti cinvanants
¢ acceptance: DaleTima [0.,1] [ifmo linkto ExtArchive then text in
+  availabilityStatus: LA_AvallablilyS1atusTyps pemmm- LA AdminigttstiveSourcs o
+ extArchivelD: ExtArchive [0..1] ¥ "
+ lifleSpenStamp: DateTime [0.1] oK entsio LA Spaiattvure)
+ maintype: CI_PresentationformCods [0..1)
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¢+ mcendation: DataTime [0..1)
+ slb: Qie
+ soume: Cl_ResponsibleParty [0, °]
¢ submision: DateTime [0..1]
«featureTypes sfeatureTypes
Administrative:: Survaeying and Representation::
LA_AdministrativeSource LA_SpatialSource
¢ lext MultiMediaTyps [0..1] ¢ measurements OM_Obearvation [0.7]
+ type: LA_AdminisirativeSourceType + pmocedure. OM_Process(0..1]
¢ lype: LA _SpatialSourceType

Diagram 3.15: LADM Class LA_Source with subclasses [ISO 19152, 20121
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. Imported functionality from other standards

LADM makes use of a number of concepts and classes from other ISO TC21
standards. Most of the classes of LADM inherit of the abstract class
VersionedObject. Besides temporal attributes, also the quality [DQ_Element] and
the source [CI_ResponsibleParty, the responsible organization of a specific
instance version in the databasel are provided. The quality attribute has
multiplicity 0..*, so the various quality aspects as modeled via DQ_Element can
be represented.

DQ_Element is a class from ISO 19115:2003 Metadata. It is an abstract class with
the following subclasses, as depicted in Diagram 3.16:

DQ_Completeness,
DQ_Thematical Accuracy,
DQ_Temporal Accuracy,
DQ_Positional Accuracy,
DQ_Completeness.

The source attribute has also multiplicity 0.* and the class Cl_ResponsibleParty
is also from ISO 19115:2003 Metadata, see Diagram 3.17.

DQ_Element ~Codelig-
DQ_EvaluationMethodType Code

nameOtMeasure: CharacterStang [0.°]

moasureldentification: MD_kdentitier {0, 1] + directintemnal
measureDescription. CharacterString [0..1) + directExtemal
evaluationMethodType: DQ_EvaluationMethodTypeCode {O. 1] + Indirect

evaluationMethodDemiption: CharacterSiring [0, 1]
evaluattonProcedure. CI_Oitation (0.1]

* O 4 PP H

dateTime, DateTime [0, ] =lypen
readt: DQ_Result|1 2] Date and Time::Date Time
DO_Result
DQ_LogicalConsistency DQ_TemporalAccuracy
e g DO_ThematicAccuracy DQ_PositionalAccuracy
“type- «datatype«
Text::CharacterString Citation and responsible party information;:Cl_Citation
+ JIoharacterSet. CharcterSetCode = "I1SO 10646-2" + We: CharactarString
+ selements Character jgze] « allemateTitle! CharacterSting [0..7]
+ maxtength  Integer + date Ci_Date [t 7]
+ 8285 Integer « edition: CharacterString [0..1]
+ editionDate: Date [0 1]

+ <iCharacterString”) | Boolean + ldentifier: MD_ldentifier [0.."]
+ -<={CharacterSuing’) . Boolean + cltedResonableParty. Cl_ResgpondbleParty [0 %]
+ <>{CharacterStnng’) : Boolean + presantationForm: Cl_PresentationFomCode [0 %)
+ =(CharacterSting”’) | Boolean « 2hes O Seres[0..1)
+ >(CharcteSting”) | Boolean + otheCitationDetails CharacterSting {0..1]
+ >={CharacterStnng’) : Boolean + coliectiveT(tle. ChamacterSting [0..1)
+ ihull() . Boolean + ISBN. CharacterSting [0.1]
+ wbESting(integer' Integer') | CharacterSting + ISSN: CharacterString [0.1)
+ toLower() . ChamcterSting
+ loUpper() ' CharmclerSting

Diagram 3.16: DQ_Element class and subclasses [ISO 19115].
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«datatype« wdatatypes «CodeLists
Ci_ResponsibleParty Cl_Contact Cl_RoleCode
+ IngividuaiName: CharacterString [0..1) + phons: Cl Telephone [0..1] + resourceProvider
+ omanisationName: CharacterString [0.1] + address Cl_Address[0..1] + custedian
+ postionName: CharacterString [0..1] + onlinaResource: Cl OnlineResource [0.1)] + owner
+ contactinfo. Ci_Contact [0..1] +  hoursOfService. CharacterString [0..1] + luser
+ roje: Ci_RofeCode + oontactingructions: CharacterString [0..1] + distibutor
+ onginator
+ pointOfContact
+ prncipalinvegigator
+ processor
+ publisher
+ Aauthor

Diagram 3.17: CI_ResponsibleParty [from ISO 19115].

Ancother important ISO/TC211 standard used in LADM is IS0 DIS 19156 on
Observations and Measurements [ISO, 2011bl. It contains the actual source survey
data, attributes for documenting the temporal and quality aspects of survey at
the class OM_Observasion; see Diagram 3.18.

smataciam. 3 nFeatureType«
orreoerwe | i ow procen
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1 +procedure MD_Metadata
1 +theGF_FeatureType
Domain Processsed
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Metadata
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o.*
«FeatureType«
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0. scamerOICharacterigtics + phenomenonTime. TM_Object
+ mallTima: TM_Ingant
~metaclass. + validTime: TM_Period {0.1]
GF_PropertyType + resuliQuality. DQ_Element [0 7]
i {root} + parameter. NamedValue [0 ]
constraints
3 [observedProperty shall be a phenomenon
N | asaociated with the type of the feature of interest)
\ gnnudum shall be suitable tor observedProperty}
slnstanceOfe | , {fesult type shall be auitable forobservedProperty) |
! = WO {a parameter.name shall not be used more than —x
“Typen OM)
Fl_PropertyType| +observedProperty 0.0
Range \
+result .
The attribute value Any shall provide the ~DataType« Observ ationContext
value. The type Any should be substituted _ _ _ | NamedValue “types + role; GenericName
by a suitable concrete type, such as S iarie: GansioNars Any
Cl_ResponsibleParty or Measure. e alue: Any 1 {roo1)

Diagram 3.18: OM_Observation from I1S019156 [ISO/TC211, 2011bl.
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[1. Shared concepts and terminoloqy

Despite the recent development in the filed of 30 cadastres, confusion still
exists over terminology and key concepts. Terms such as 30 SDI and ubiquitous
cadastre essentially refer to the same overarching concept of an information
infrastructure that includes both 3D legal space and 30 representations of
physical real-world objects I[e.g., CityGML-likel. Meaningful communication is
enabled by using existing standards where available, such as the LADM [ISO,
2012], and by further discussing terminology and concepts during international
events, as proposed by Van Oosterom [20131.

Moreover, more formal semantics is asked for within the domain of 30D
Cadastre. For example, an ontology should be further developed in OWL [or ROF)
for 30 Land Administration [based on the foundation of ISO 19152I. This is not only
need for 30 cadastre, but also in a broader sense of the whole chain of
activities of 30 development, as described in 2.2.1.

Ideally, a network of ontologies/semantics should be created in a European
or International level. Further formalization of the involved information, will better
support the various steps and enable as much automation as possible [based
on formal knowledge and reasoningl. An international/European organization
should refer to conceptualizations provided by the scientific disciplines of law,
economics and political science. The terminology should be well defined and
values of the code lists maintained and be updated when needed.

A first step towards this direction has been made in Denmark from Stubkjaer
[20001.

l. Ontology for LADM

The term ontology is originated in philosophy to refer to the science of what
is, i.e. the kinds and structures of objects, properties, events, processes, and
relations in every area of reality [Agarwal, 2005; Mark et al., 2004]. To construct
an ontology for the geographic domain, the understanding for the ontological
foundations of geographic data [Soon, 2010] is crucial. Research has been done
on developing the ontology for roles or user actions [Hoekstra, 2010; Mizoguchi,
et al, 20121

Ontology can be classified into Top Level, Domain and Application ontologies
[Boskovic et al., 2010; Sladi¢ et al., 2013]. Top Level ontology depicts concepts at
the highest level of a domain of discourse. It includes concepts like Space, Time,
Process and Event. Meanwhile, Domain Ontology describes concepts that are
commonly used within a particular domain such as Land Administration. Domain
ontology facilitates automation, sharing and integration of information in a
domain [Van Oosterom & Zlatanova, 2008]. Lastly, Application ontology focuses
on a particular application and concepts contained within this type of ontology
are application specific.

Ontology is used to explicitly describe semantics by using OWL. OWL is a
World Wide Web Consortium standard and a ‘knowledge representation
language, designed to formulate, exchange and reason with knowledge about a
domain of interest” [W3C OWL Working Group, 2012]. By interpreting the
knowledge in the ontology., a reasoner with Description Logics [Baader et al,
2010] is able to make inference. It has three basic entities to represent
knowledge: classes, properties and individuals. Classes refer to categories and
properties refer to relationships or attributes. There are two types of
properties: ObjectProperty and DataProperty. Moreover, classes and properties
can have hierarchy. All classes, properties and individuals are called resources
in OWL and each one of them has a unique Uniform Resource Identifier [URI]. An
example of URI for the LAOM ontology is:
http://wiki.tudelft.nl/pub/Research/IS019152/ImplementationMaterial/LADMOntology.owl


http://wiki.tudelft.nl/pub/Research/ISO19152/ImplementationMaterial/LADMOntology.owl
http://wiki.tudelft.nl/pub/Research/ISO19152/ImplementationMaterial/LADMOntology.owl
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The difference between OWL and UML is that OWL supports machine
reasoning, while UML does not. UML uses Closed World Assumption [CWAIL which
assumes that the world is complete, information that does not exist may be
false; while OWL uses Open World Assumption [OWA] which assumes that the
warld has incomplete information [Zedlitz et al, 2012]. The difference is that CWA
treats all statements that are not false, but OWA considers missing information
as undecided and new knowledge can be inferred through reasoning. Therefore,
semantic web [Kolas et al, 2005] and knowledge representation follow Open
World Assumption, which has the capability to reveal new knowledge: while
software and database modeling supports CWA, where consistency checking is
supported through constraints.

A domain ontology developed by Soon [2013] in OWL supports inference and
reasoning for information integration and automation. The motivation was that
user groups in land administration are huge and range from various parties and
the representation of roles involves dynamics. Currently, however, roles are
rather represented statically in the existing LADM model. For instance, role is
considered as an attribute in the Party class, defined by the Code list. Such a
definition has confined the way to model roles as context dependent.

Defining roles as a code list assumes that the conceptual structure of roles
is relatively flat, however the relationships between roles themselves are much
maore complex. Soon [2013] developed the ontology that emphasizes user roles
in Land Administration, from natural language texts using an open source
ontology editor from Stanford University, Protege 4.3.

Like in the existing LADM model, VersionedObject is also defined in the
ontology as the top-level class from where all classes in the ontology are
connected directly or indirectly. As a first step, the natural texts are extracted
based on the definitions on the four basic classes: Party, BAUnit, RRR and
SpatialUunit and then the corresponding formalization in OWL with cardinality was
created. The text that follows shows an example of the Party class based on
the following natural language text:

LA_Party has &a specialization: LA_GroupFarty [with group party &as an
instancel. Between LA_Party and LA_GroupParty there is an optional association
class: LA_PartyMember [with party member as an instancel. A group party, being
a specialization of party, is also a party. Every party, being a constituent of a
group party, may then be registered a&as a party member of class
LA_PartyMember

To develop the domain ontology, three new concepts were introduced: Role,
RolePlayer and Context, together with two relations: hasRole and dependsOn. The
representation of the ontology as shown in Diagram 3.19. The dashed arrow from
RolePlayer to Context describes hasRole relation and the dashed arrow from
Role to Context describes dependsOn relation. The rest of the arrows describe
hasSubClass relation [Soon, 20131
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Diagram 3.19: The formalized domain ontology focused on user roles for land administration, using OntoGraf
plug-in in Protégé [Soon, 20131

This ontology attempts to support land administration systems that aim to
serve customers more proactively for land administration processes. However, it
is an initial step to support automation in land administration. One step further is
the integration of OWL and LandXML [Soon, 2012], which combined with the use of
rule language, such as SWRL and RIF is expected to raise the level of
automation, mostly on the countries that have considered LandXML as a national
cadastral standard, i.e. Australia and Singapore.

3.3.5. Interoperability between BIM and geospatial environments

There is a growing interest in the integration of BIM and GIS the last years
and a number of publications showed promising results [Hijazi et al, 2009;
IFCwiki.org 2010; Isikdag et al, 2008; Isikdag & Zlatanova, 2009b; Wu & Hsieh,
2007]. However, BIM and GIS “people” still have many differences as they use
different technology, standards and syntax. The two options seen so far are in
previous attempts:

o Integrating BIM data in the GIS world by using GIS technology, GIS
standards and is done by ‘GIS people’ that look at buildings as
information in a geospatial context.

o Modeling advanced detailed 30 buildings with high semantics. Here,
buildings including streets, terrain and maybe some underground
pipelines are modeled.

l. GeoBIM

Until today there is no real integration between those two “worlds”, but the
majority of the geospatial community thinks that BIM and GIS word can create
strong synergy [De Laat and Van Berlo, 2012]. The same authors proposed an
extension of CityGML with semantic information from IFC, called GeoBIM, where a
mix of strong both words is integrated in a single project.
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For the creation of Geobim, firstly, the known CityGML object types like Room,
Window, Door, Building, etc. are extended with extra properties from IFC [e.q.
widths and heights of windows and doorsl. The next level of getting IFC data
into CityGML is to extent the ‘AbstractBuiding’ with an extra property what
creates a link to the base class of our [to be introduced| extra classes, called
VisibleElement. The geometry issues known in the transformation from IFC to
CityGML [Nagel et al, 2009] are still not solved in this integration. De Laat and Van
Berlo [2012], mention that for now the implementation in the open source
BIMserver only exports IFC to CityGML LOD4, including the GeoBIM extension data.
To use IFC to CityGML transformation in practice, the transformation to lower
LODs is necessary. To fully integrate BIM and GIS a translation from CityGML to
IFC is also necessary.

The development focuses on theoretical possibilities for the transformation
of IFC data to CityGML. There is no specific use case to mirror the development.
The result of the development of the GeoBIM extension [ADE[ for CityGML is
presented in an XML Schema file [XSDI[. The result is also represented as a UML
class diagram shown in Diagram 3.20. All added properties from IFC are
presented in the CityGML file. The GeoBIM extension creates some new objects in
CityGML; for instance a new object type is 'Stair. This object has some
properties and also has geometry.

There is increased interest for the interoperability of CAD/BIM and GIS
systems, for instance, with several organizations around the world working on
that such as the CAD-GIS Interoperability Working Group in the Open Geospatial
Consortium and many conferences and meetings are organized in order to
gather all the knowledge together; e.g. the Emerging Technology Summit [ETSI:
Convergence: CAD / GIS / 30 / BIM.
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The progress of BIM brings change to lifecycle management processes of an
asset. The industry is entering Level 2 [Diagram 3.211 with many still working in
CAD in two dimensions. The ultimate position is shown as OPEN BIM, where all
data and systems are integrated and interoperable using the same data. The
OPEN BIM moves
capability that is fully integrated with the enterprise system. Figure 3.14 shows
an example of a complete campus model where GIS and BIM/CAD technologies

are integrated together with rater and legal data.
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Diagram 3.21: BIM Strategy Direction [Open BIM and the future: BIM and GIS integration, 2012]
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Figure 3.14: A complete ultimate model [Open BIM and the future: BIM and GIS integration, 2012]
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. Other integrations of CityGML and BIM models

CityGML and IFC models are the two prominent semantic models in the field of
30 GIS which aim at spatio - temporal coherence of spatial information. However,
it is evident that they have been developed for different purposes and CityGML
was not originally designed to fully comply the semantics on IFC standard.
However, both are adjustable data models which enable their extension and
interoperability.

Sharing and exchanging spatial information in various disciplines has been a
major driving force behind the development of spatial technology and
applications in the last decade (Isikdag and Zlatanova, 2009b). Nowadays, there
is a growing interest in developing methods for exchanging information and
bringing IFC and CityGML together.

Towards the direction of common communication standards, many
approaches and prototypes and software tools have been developed in order
to support various applications (urban planning, 30 cadaster, indoor and outdoor
navigation, construction analysis, etc.).

As mentioned in the previous sub-chapter, GeoBIM is a CityGML ADE extension
employed to obtain IFC semantic information data into a GIS framework, via a
conversion process of IFC to CityGML implemented in the open source Building
Information Modelserver.

De Laat and Van Berlo [2011] mention that the real integration of BIM and GIS
would be at the point where the one word can learn from the other, In other
words, thiw integration will be be successful when using the strong parts of BIM
technology in GIS and the strong parts of GIS technology in BIM. The main part of
their research is the development of a GeoBIM extension on CityGML for IFC data
achieving the addition of semantic information from IFC into CityGML.

The authors conclude that the transformation of IFC semantics into CityGML
has shown promising remarks, however in order to fully integrate IFC and GIS
research and implementation of prototypes should be done in central model
servers.

At a recent research, El-Mekawy et al. [2012a] and El-Mekawy et al. [2012b]
address the need for combining IFC model with CityGML and propose a unified
model which is defined as a superset model concept containing the features
from both IFC and CltyGML models, while omitting their relationships. This
approach shows promising results as the Unified Building Model [UBM] can be the
common ground wherelFC nad CityGML models can be smoothly integrated
without any need for conversion [Figure 3.121.

4| v

IFC Building Model CityGML Building Mode! l

one-to-one mapping is difficult

" Unified Building Model |
(UBM) |

Figure 3.15 : The UBM as meta-model [El-Mekawy et al., 2012a]

An implementation of UBM in ArcGIS is presented in Figure 3.13, which depicts
part of a perspective model representing an IFC building (right side), and a
combination of a CityGML building I(left side), and its CityGML surrounding
environment El-Mekawy et al. [2012bl.
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Figure 3.16: UBM representation of IFC and CityGML data integrated, El-Mekawy et al. [2012bl.

The need for the integration of the two models is nicely presented by El-
Mekawy et al. [2012a] at the following diagram. Nowadays, multiple initiatives have
been developed [(e.g. INSPIRE Directive, etcl, which suggest the creation of
common spatial applications and they require the integration or, at least, the
communication, among the existing standards for spatial information.
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Figure 3.17: Proposed integration approach for CityGML and IFC integration, El-Mekawy et al. [2012bl.

Additionally, International Alliance for Interoperability [IAll advancing BIM work
based on the Industry Foundation Class [IFC] standard, and eXtensible Markup
Language [XML[ and XML-based GML expressions of IFC are being developed to
improve the integration of geospatial as well as architecture, engineering,
construction and facilities management [A/E/C/FMI information in a single model.

Generally speaking, there is need to integrate the “GEO" aspect
[geoinformation] with BIM, towards the concept of smart cities. 30 Cadastre is an
example of Geo-BIM, as shown in Figure 3.18 from Stoter’'s presentation at the
same event [Stoter, 2014].
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This challenge was introduced in Geo-BIM - Smart Infrastructure event in
Amsterdam [http:/www.geo-bim.org/europe/speaker.ntml.

Figure 3.18: 3D Cadastre, an example of Geo-BIM [Stoter, 20141.
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3.4.Conclusions

Nowadays, maost countries have developed their own land administration
system; which serves the country's needs. Those LASs are not always based
on an international standard: which creates many problems mostly on the
compatibility and interoperability of the responsible organizations both inside
and outside of the country. Although the approaches concerning 20 and 3D
properties in each country differ, they share similar principles that can be
found. Standards are based on those similarities.

Standardization is defined as the development of agreements and rules
amongst users to create unity and clarity where diversity is unwanted.
Standards and communication protocols are key concepts towards this
direction. In this chapter, some of the most important models for land
administration are presented together with standards for storage and exchange
of geo-information, in the context of 3D cadastres.

Nowadays, multiple standardization organizations propose many different
standards to support different activities. They can be de juro standards or de
factoz, open or proprietary. Standards for conceptual models, technical
standards and specifications as well as communication protocols have been
introduced in order to enable, facilitate and improve the maintenance and
exchange of geographical information between different organizations in the
same country or from different countries.

According to Van Loenen [2014] standards represent an effective way of
transmitting information facilitating co-ordination and communication and
promoting compatibility. They reduce the complexity resulting in simplicity of the
processed they refer to. The aim of standardization is to adapt a world of
increasing interdependences with a comparative advantage.

Additionally, the importance of SOl increased over the last years. SDIs became
very important due to the rapid improvements in spatial data collection and
communication technologies. The recent explosion in the amount of spatial data
calls for better organization, management and analysis, specialized systems and
use of standards for spatial types and spatial operations and there the SODI
comes into account. To benefit from this data and use it for decision-making and
planning, data should be available and assessable for the responsible
authorities and therefore many countries have developed their NSDI.

In this chapter significant standards in the domain of geo-information and
land administration were described and their interoperability was discussed. The
main purpose of standards is to facilitate interoperability and data exchange,
which means that they should be compatible.

“The nice thing about standards is that you have so many to choose from.”

[Andrew S. Tanenbauml]

° De jure standards: standard published by an official institution/ legal obligation to use
the standard

De facto standards: in practice a standard: a custom, convention, product, or system
that has achieved a dominant position by public acceptance or market forces le.q.
QWERTY, PDF, etcl
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Recent works suggest that the utilization of LADM international standard for
cadastral domain is significant as mentioned by several researchers: Lemmen
[2012] Van Oosterom et al [2011], Pouliot [2011], Hespanha [2012] and Ary Sucaya
[2009]. Many countries such as Poland, Republic of Korea Malaysia, Indonesia,
Croatia, etc. have proposed country profiles based on LADM as reported by
Bydlosz [2013], Kim et al [2013], Budisusanto et al, 2013 and Vucic et al [2013l.
There is no reason to refer to all of the existing profiles here. For that reason, a
selection was made according to the most recent profiles, which make use of
the latest technological advancements and also have common aspects with the
Greek proposed LADM model, and they are presented in this chapter.

The first LADM country profile presented here is the one of the Russian
Federation. As a conceptual model it is not very different from the classes of
ISO 1952, however it explores the possibilities to use LADM as a reference model
in a 3D Cadastre. At the same time a “Russian-0Outch Project: 3D Cadastre
Modeling in Russia” was conducted aiming to evaluate the possibilities for better
reflecting the real world through a 30 Cadastre. It focuses more on
implementation of a prototype trying to solve the problem of multilevel
complexes and underground and elevated objects. It is considered as very
technical proposal with a useful and interactive interface.

The proposed LADM profile of Malaysia is chosen to be presented here for
the following reasons: a lot of work and research have been conducted the last
two years for the creation of a model compliant with LADM and based on the
existing Malaysian model; 20 and 3D geometries are integrated in the proposed
model; the concept of levels as groups of gpatial units with thematic or
geometric coherence is used as well as a prototype is created for the creation
of a technical model derived from the conceptual schema using the latest
technological developments, the implementation of the conceptual model in a
database and querying in 20 or 30 the database using an interface to visualize
the result.

Another reason for referring to the Malaysia LADM country profile is that
some important aspects during the whole process of the prototype
development are considered to be used for the Greek LADM country profile. In
particular, the proposed model [6.4] also uses the concept of levels in order to
better manage the different types of spatial units in the country and also is
expected that in future this work will be continued in order to develop a
prototype for the proposed Greek LADM profile.

On the other hand, the LADM profile of Israel is mentioned because Israel was
one of the first countries towards the exploration of 3D Cadastre solutions,
involve multiple organization for the exchange, storage and distribution of the
information and also uses the 3D sub-parcel principle. Additionally, the country
profile is extended to the third dimension and also makes use of current
technologies for 3D modeling. Therefore, it is considered as one of the most
recent, complex and successful examples.
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4]1. The Russian Federation

Aiming to introduce 30 cadastre registration in the Russian Federation, the
Russian Government commissioned 30 cadastre modeling project. After the initial
analysis of the Russian legislation, an inventory of possible use cases in Russia,
and the examination of 30 Cadastre ‘'solutions’ in other countries, the project is
currently in the phase of the design of a 30 Cadastral model, which will then be
followed by the development of a prototype system. The project is based on
experience of the Netherlands [Stoter, 2004; Stoter and Van Oosterom, 2005] and
other countries [Van Oosterom et al, 20111

There are multiple Russian and Dutch partners in this project. Van Oosterom et
al., 2012 analysis showed that the cadastral law in the Russian Federation is
quite generic concerning 30 situations: it neither explicitly mentions 30, nor
does it prohibit 30 volumetric parcels for registration. However, the Russian
Federation has a strong drive towards a 30 cadastre for better registration of
complex buildings, or other types of constructions, and subsurface networks
[e.q. cables and pipelinesl.

The current cadastral parcel registration system is 20 polygon-based, in the
terminology of the LADM. The database contains the full history of the parcel
since its creation. The Russian Cadastre registers more than land parcels and
depending of the area, urban or rural, in different scales. In particular, the
Russian cadastre registers five types of objects:

o Land Iparcels],
Buildings,
Apartment Units,
Other structures [bridges, pipelines etc.] and
Unfinished objects, ie. objects under construction [buildings,
bridges, pipelines, etc.l.

The implementation of this model, both the administrative and spatial parts, is
realized via the two existing databases of Rosreestr [the responsible
organization for the Cadastrel: the '‘Cadastre’ database and ‘Registration’
database.

The design of the 3D Cadastral model is based on an analysis [of the
geometric part] of the current Cadastre registration. As a reference model the
ISO 19152, LADM has been used |

O O O O

Diagram 4.1l. This already includes a 30 spatial profile.

Based on the requirements derived from the potential use cases, it was
decided that the 3D registration is based on two objects: 3D polyhedron volume
[flat planes] or 30 multicurve with diameter [curved surfaces around pipelines]. A
topologically structured 3D Cadastre, is not conform the current 2D Russian
Land Registry, which has no topology.

The motivations in favor of the selected approach are that this approach is in
line with the existing 2D registration and should be relative easy to implement.
The 3D volume parcels have their own geometry, similar as in the current 20
database (via polygons). However, the geometry is represented by a polyhedron
(volume bounded by flat faces) or multicurve with diameter. Consequently, the
advantages are clear: relatively easy implementable with current technology
(database, GIS/CAD), and similar to polygon approach in 2D. A drawback is that it
does not support a topology structure [for better quality guarantees] and no
curved faces. This means that during data entry careful checks have to be
implemented to validate that 30 volume parcels are well formed and non-
overlapping. Because curved faces are not supported (except via multicurves
with diameters for pipelines and cables), curved boundary surfaces need to be
approximated by a series of flat surfaces. This is not a serious limitation and
quite a practical and easy to implement solution.
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The model is used for the specification of the rules for the initial registration
of 3D parcels, for the extended database schema, and for the dissemination and
visualization of the 30 parcels in combination with the existing 2D parcels.

The technical model requires to develop guidelines describing how in the
future in Russia, 3D parcels must be submitted for registration. These guidelines
are based on experiences in other countries: especially the Queensland
‘Directions for the Preparation of Plans’. Chapter 10 of these directions describes
exactly how a volumetric parcel should be described so it can be registered.
Based on this example and after analyzing the Cadastre in the Russian
Federation, the guidelines are defined for the registration of new 30
parcels/cadastral objects [Vandysheva et al, 20111
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Diagram 4.1: LADM profile of the Russian Federation [ISO 19152, 2012].

The preference is to store the 30 parcels in the same database table as the
2D parcels, so no database schema change is needed. However, an alternative
option would be to introduce a new table for these 3D objects. It is possible to
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derive from the 3D geometry the 2D contour of intersection of 3D object with
the surface z=0 and the 2D projection contour of the 30 object on the surface
z=0. These 2D contours [polygons] do not have to be submitted as they can be
computed. So, it is possible to store these derived 20 polygons together with
the 30 polyhedron. It has to be decided whether these are computed on the fly
or stored explicitly. The new 30 parcels have to be validated against the
existing area’'s (2D parcels) and 3D objects: are the rights properly transferred.

There are different options to store the 3D data:

o Documents in 3D PDF: the advantage is that both legal text and
drawing can be integrated into one document and then submitted.
However it is not possible to directly extract the 3D geometry.

o 3D data in XML: the actual encoding of a 3D parcel will be done in
the XML based on the integration of LADM-3D and CityGML. This
enables explicit link between the legal parts of a 30 Cadastre with
its physical counterpart.

o 3D data in the Oracle Database: in the administrative part of the
existing database schema there are no changes at all. Because of
the use of polyhedron-based objects there are also not many
changes at the geometric part.

In order to test the prototype several use cases where used. Figure 4.1
illustrates one of those. Besides 20 cadastral parcels and related administrative
(legall information, each case also includes terrain elevation, reference
topographic data and 3D. Here, a short underground gas pipeline of low
pressure is presented. The pipeline crosses a land parcel, on which complex of
museum buildings are located. Pipeline got two exits on surface (hatches]), for
which two [very small and hardly visible in the Figure] land parcels are allotted
land parcel 2 and land parcel 3.

Figure 4.1: At the top the cadastral map fragment including the pipeline and at the bottom two different 3D
views are depicted [Van Oosterom et al, 20121

After completion this prototype can be used to illustrate and test the
possible future workflow around 3D parcels in Russia: accepting newly
registered 30 parcels, and correctly storing them into the database for possible
future access.
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4.2.Malaysia

The Malaysian land administration system is based on the Torrens system.
The main objective of the Torrens title system is to make the register of
documents of title conclusive evidence of land ownership. Once a person’s title
or interest is registered in accordance with the prescribed registration
procedures, it will be recorded in the register document of title, and the person
in whose favor the dealing is registered will become the indefeasible proprietor
or interest holder to the exclusion of all others. The current cadastral system in
Malaysia is still not able to answer several 30 situations as proposed by Stoter
02004], Thomson and van QOosterom [2010] as the 20 cadastre still plays a
dominant role in the land administration.

During the last couple of years, the potential of 30 and LADM based cadastral
registration in Malaysia has been investigated and described in several papers,
[Abdul Rahman et al, 2011, Tan and Looi, 2013, Zulkifli et al, 2013]. All this research
has resulted in a proposal comprehensive LADM country profile supporting 20
and 3D cadastral registrations in Malaysia and in a prototype, which will be used
for the implementation of the conceptual model. The prototype has limited
functionality, as the main purpose is to access the conceptual model and derive
the technical model; it will not address multi-users aspect or develop a Web-
based interface for dissemination.

To start with, in Malaysia there are two organizations responsible for
managing and maintaining the cadastral system with different responsibilities.
The Malaysian land consists of multiple types of spatial units. Additionally, the
concept of sub-division of a building into parcels together with numerous other
amendments was introduced in the country at the early 70's and since then the
Strata Titles Act enacts. Figure 4.2 illustrates the various types of cadastral
objects related to Strata Titles within a lot.

Parcel ~
unit

Lon
|Mienated lanag)

oS

Land
parcel

Figure 4.2: Various cadastral objects related to strata tiles within a lot [Zulkifli et al., 2014].

As mentioned before, based on earlier work the Malaysian country profile is
now based on inheriting from LADM classes, ‘MY_" is the prefix for the Malaysian
country profile. The administrative part is adopted from the LADM standard [the
classes are directly inherited by LADM and that is why they are not presented
herel the spatial part contains various refinements and 30 geometric
descriptions.

Diagram 4.2 lllustrates the proposed spatial profile based on LADM. In the
proposed country profile spatial units can be 20 or 30. The model has
introduced an abstract class MY_GenericLot holding the attributes of a lot and
this class has two specializations MY_Lot20 and MY_Lot3D, with their own
attributes and structure. Currently MY_Lot2D is based on 20 topology with
references to shared boundaries [MY_BoundaryFaceStringl. In the 3D case,
topology is not used: not for lots [MY_Lot3D), nor for strata objects.
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Diagram 4.2: Overview of the spatial part of the Malaysian LADM country profile: blue is used for strata titles
related classes [Zulkifl et al., 20141.

In the model one strata object type remains to be represented in 20,
MY_LandParcel [with building no more than 4 storeys). The other strata objects
are all proposed to be 30 and therefore inherit form an abstract class
MY_Shared3DInfo, with  strata specializations [(and mutual aggregation
relationshipl: MY_BuildingUnit, MY_ParcelUnit, MY_Accessoryunit,
MY_CommonPropertyUnit, and MY_LimitedCommonPropertyUnit. As there can be
several LimitedCommonProperty's in one CommonProperty, this is modeled as a
part-of relationship to MY_CommonProperty (the aggregation class).

To make the model comprehensive and future proof, a wide range of spatial
units can be supported including legal spaces for utilities [3D], customary areas,
and reserved land (forest, wildlife areas). The various types of spatial units are
organized in levels using the class MY_Level. For this class there is an attribute
type that described level type of the spatial unit, which will include: customary,
lots, buildings and utilities. The code list for these attributes can refer to
MY_LevelContentType.

According to IS0 19152, 2012, LA_Level and therefore, MY_Level is a collection
of spatial units with a geometric or thematic coherence. For Malaysia the
following levels are proposed: level O for customary, level 1 for reserved land,
level 2 fir 20 lot, level 3 for 30 lot, level 4 for strata and level 5 for utility.

In Malaysia standard codes for features and attribute code exist according to
law. Newly proposed code list for the non-spatial and spatial packages have
been proposed, see more in Zulkifli et al, 2014.

After the creation of the conceptual schema the first step of the prototype
development was the conversion of the conceptual schema into a technical
model; the target is a database schema (in Oracle Spatiall. A class in the UML
model normally corresponds to table with same name in the database schema.
Additionally, there are also views, tables for code lists and additional tables for
representing relationships in case of a many-to-many relation between two
classes.

97



There are many types of constraints e.g. the primary key must be unique,
endDateTime > beginDateTime, end date of previous version must be equal to
start of next version, sum of shares must equal to 1, boundary of lot must be
closed, boundaries may not intersect, etc that need to be implemented in the
database. There are several issues concerning the creation of the technical
model in the database such as the use if views, clustering and indexing and the
topological structure that are analyzed in Zulkifli et al.,, 2014 prototype.

Additionally, some sample data are converted into the model in order to test
the efficiency of the database. After creating the database schema and loading
sample data, the prototype frontend development is based on Bentley
Microstation [Figure 4.3]. Using this application, queries are conducted via the
visual SQL Query Builder. In general, the prototype development consists of four
steps as depicted in the next figure.

Malaysian LADM Database Oracle Bentley
Country Profile :& Schema [j Spatial |:> Microstation
- several classes - sample data - SQL (for

selected uploaded into query and
database view the data)

Diagram 4.3: the four steps of the prototype development [Zulkifli et al., 20141.

The current prototype only covers 20 lots and 3D strata objects and the
remainder of the classes will be dealt with at later development stage. The
outlook of this research is as follows, realization of a near future prototype that
covers all functionalities with large area, development of regulations for digital
certified plans with 30 objects, redesign XML exchange formats for LAOM based
on Malaysian data, and creating prototype with appropriate web interface for
land office data accessibility.

¢ alagh (30 VI DOM) | heviation T8 2004 Lities

Figure 4.3: 3D data query and visualization of MY_ParcelUnit using Bentley Microstation [Zulkifli et al., 20141.
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4.3.Israel

Israel is a relatively small country, with a rapidly growing population, the
pressure on the available land/space is increasing, and today's technology is
enabling 30 functionality It was among the first countries in the world to
address the topic of 3D representations in the cadastral registration [Benhamu
and Doytsher 2001, Forrai and Kirschner 2001, Sandberg 2001 and Sandberg
2003]. This was facilitated by a two year 3D Cadastre project during the years
2002-2004 [Shoshani, Benhamu,Goshen, Denekamp and Bar 2004, Shoshani,
Benhamu, Goshen, Denekamp and Bar 2005Benhamu 2006] when it was
proposed for the first time a solution to 3D Cadastre by sub-dividing the surface
space into spatial sub-parcels. The early R&D in Israel was not directly
transformed in an operational system due to legal, organizational and technical
aspects. Despite the fact that the 30 representation was not yet introduced to
the Israeli registration, the 3D research that have been conducted to many
topics puts Israel in a high knowledge level.

In this sub-chapter, the development of the LADM country profile is
presented, which is a joint activity involving the Survey of Israel, the Land
Registry, Israel Land Authority [93% of the land in Israel is in the public domain,
and ILA is responsible for managing this land]l, and the licensed surveyors
[creating the new 20 and 30 parcel representationsl. This is one of the reasons
this LADM profile was selected to be mentioned here as there are many
different organizations involved and strong cooperation is needed. The
cooperation is not only needed for creating the Israeli LADM country profile, but
also to agree on new functionality as well as for data exchange, data
synchronization and joint data delivery.

As Israel has already explored possibilities and difficulties of 30 Cadastre for
quite a long time, requirements were set of which the main two aspects are
[Shaoshani, Benhamu, Goshen, Denekamp and Bar 20051:

o Prepare appropriate legislation framework and,
o Solve the problems derived for a 30 Cadastre from the 3D sub-
parcel principle.

The 3D sub-parcel concept is based on subdivision of the unlimited column
of space implied by the 2D surface parcel into at least one completely bounded
3D volume and a remaining (unlimited) space. The bounded 3D volume is within
the column of the 2D surface parcel [Felus et al., 2014], see Figure 4.4.

The logic behind the sub-parcel is the following: the owner of the surface
parcel (30 column of space] splits the owned space and sells one part to
another party. For long infrastructure type of objects the result is that one
object, such as a tunnel, is to be represented with many 3D sub-parcels.

To each of the 3D sub-parcels the same right and party should be attached,
both initially, but also in future transactions (e.q. tunnel is sold to a companyl.
This is redundant information and error prone. After a lot of research it is
conclude that it is better to allow 30 parcels crossing many surface parcels. It
has recently been decided that whilst being a necessary stage in the process
of creating a new 3D parcel, it will not be the final stage. Within a cadastral
block the temporal sub-parcels are merged into a single larger and connected
3D parcel with same right and party information attached.

Moreover, concerning the legal aspects a more in-depth analysis was
conducted for the existing legal tools and concluded that the preferred solution
is to establish specific leqgislation for creating spatial parcels. Similar to the
scoping guestions raised by the FIG Working group 3D Cadastres [van Oaosterom,
et al, 20111

Israel, as any other country, has to consider where, when, and how to apply
3D Cadastre. It may be wise to design a more generic solution, from legal
organizational and technical points of view, of which initially only the most
urgent cases will be represented in 30. However, it is to be expected that in
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less urgent cases the needs or expectations of society in the future may also
change and it is wise to anticipate or even stimulate these future uses of 3D
registration [Felus et al, 20141

Figure 4.4: 3D presentation of the spatial sub-parcels on the background of existing land parcels [Shoshani et
al., 20051

The Israeli country profile both considers the current registration (in 2D] and
the wishes for the future registration. Therefore the first step is analyzing the
key concepts in LADM and their counterparts in the actual registrations and link
related concepts. Diagram 4.5 shows a UML diagram of the current registration in
the initial Israeli country profile as specialization of LADM. The prefix IL_ is used
to indicate the fact that this is the Israel country profile. The following
inheritance relationships are shown IL_Parcel (from LA_SpatialUnit], IL_ParcelArc
(from LA_BoundaryFaceStringl, IL_ParcelNode [from LA_Point), IL_Gush [from
LA_SpatialUnitGroup), and IL_Talar [from LA_SpatialSourcel.

The first step towards 30 parcels is the introduction of the 30
IL_BoundaryFace [(from LA_BoundaryFacel] but this needs to be further
developed. The same is true for the administrative side of the Israeli LADM
country profile.

A cadastral registration with 3D support has impact on the complete process:
from data acquisition until data dissemination in 30 and all steps in between.
Diagram 4.4 shows the seven steps in this workflow.

DTS=Data
Mutation p_lanl l  Model I
in 30 (1) Berep (2) )

R

. \ Visualize

[QC, topology 2D database 3D PDF (6)
other and

— 3D =

_checks (4) layer (5) —

Disseminate
DTS (7)

Diagram 4.4: The 3D cadastre workflow in Israel [Felus et al, 20141

The process begins by providing the spatial data sources of the new 30
parcels. Today, new buildings are often directly designed in 30 and with some
limited additional effort it should be possible to create the relevant 30 cadastral
objects. With respect to step 3 the DTS has a range of options: LandXML or
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InfrGML, BIM/IFC, other prototypes, etc. The next step covers the automated
quality control in 30 for topological and geometrical errors. After that, the 3D
parcels have to be stores in the database, be visualized and disseminated
either through web or desktop.

Additionally, there are different ways to model 3D parcels in LADM. It gives the
opportunity to extend the existing 20 database with 30 LA_Level. For instance,
the parcel 20 records (base properties] will be linked with these exclusions/
additions [see Figure 4.5]. In order to define a parcel which is open on the side
of top and/or bottom and bounded on the other sides the LA_Level approach
with a 20 parcel level and a 30 parcel level is followed:

o have 3 parcels [A, B, Cl in 2D parcel level, implying 3D columns;
o have | parcel [A-1+B-1] in 3D parcel level; and
o use LA_BAUNIit to combine C with A-1+B-1.

Then the parcels A and B, both 3D columns, have exclusion [A-1+B-1] via the

LA_Level approach. Parcel C has documented extension via LA_BAUnNit grouping.

A-1
PP P/ TP

Figure 4.5: The parking lot parcel is composed out of the shaft parcel [ Cl which is infinite parcel A-1 which is
the exclusion from parcel A and B-1 which is the exclusion from B Felus et al, 20141

After developing the Israeli LADM country profile, still many technical design
and implementation decisions have to be made during the conversion of country
profile to technical model: identifiers [PK, FK], time stamps, versioning, indexing,
clustering, multiplicity of attributes and relationships, constraints, derived
attributes and the earlier mentioned 20/3D geometry/topology structure. Israel
supports that this is a national activity with the co-operation of many different
organizations.

The fundamental gquestion arises should these 30 space, time and scale
‘attributes’ be treaded separately, or is it worthwhile to deeply integrate these
in a single higher dimensional representation as suggested in [van Oosterom
and Stoter, 2010]. These topics are related to the recently started research “SD
Cadastral GIS project (SOMpLIS - 5D Cadastre GIS)” by an Israel-Greek consortium.
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Diagram 4.5: Current situation of the spatial part of land administration in Israel, UML model of the initial Israeli
country profile as specialization of LADM [Felus et al., 20141.
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4.4 Conclusions

Since the establishment of LADM as an International ISO many country profiles
have been implemented. Some of them have minor differences with the
proposed classes of the SO, whereas some others introduce new classes
according to the particularities of its country. Apart from the three LADM country
profiles mentioned in this chapter much more have been investigated. From
those it is concluded that in most of the cases the countries have minor
adjustments on the administrative [legall part of the classes of ISO 1952,
whereas at the spatial part they introduce new classes or extra attributes on
the existing classes.

The code lists of each county are adjusted to each legislation system and
the external classes enable the linking between the legal aspect of the
reqgistrations with the physical aspect which can be imported from another
database, outside of the LADM country profile.

The three profiles that are presented in this chapter have been recently
created and also focus on the spatial part of the model. In particular, the
Malaysian profile differentiates a lot at the spatial part form the ISO 19152 classes
by using the level concept and create sub-classes from each one of the
different kind of spatial units in Malaysia.

Additionally, all of them show the flexibility of the LADM and the opportunity to
use it as a reference model and based on that derive a technical model. In the
three cases a prototype is developed starting from the use of LADM as basis
for the conceptual model, continuing with the creation of a technical model
based on the conceptual, then sample real data are implemented into the
database and at the end the result is visualized in an {interactivel interface
where 20/30 queries can be executed.
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The Hellenic Cadastre [HC) is a unified and constantly updated system of
information that records the legal, technical and other additional details about
real estate properties and the rights on them.

The Hellenic Cadastre is an ongoing project expected to be completed due to
2020. This chapter presents the plan and the progress of the Hellenic Cadastre
since its birth. The Greek government and in particular, the National Cadastre and
Mapping Agency S.A. is the responsible organization and has the mission to
study, develop and operate the Hellenic Cadastre. lts goal and scope is
analyzed here together with the Infrastructure Programs that have been
created in order to support the project of the HC.

5.1. The two systems of Land Record Management in Greece

Greece is in a transition period the last years moving from the “Mortgage
Office” system to a fully digital Cadastral System. The development of the
Hellenic Cadastre aims at the creation of a modern, fully automated real estate
property record, whose details are of an evidentiary nature, ensuring the best
publicity and security of transactions.

5.1.1. Registration and Mortgages System

For the majority of areas throughout Greece the System of Registrations and
Mortgages is still the method for the registration of legal titles regarding the
transfer of a property. This system is based on the person or entity that owns
the land at any given time. Under this system a copy of each deed of transfer
of property rights is deposited in the deed registry in a chronological order.

It is not possible to locate a property in the Mortgage Office archives
based on its address or location. The registry is supplemented by a land charge
register, which provides information about charges, mortgages, real servitudes
and property claims. In addition, an index of names of vendors, of purchasers
and of claimants is provided, related to the Volume and folio in which the deed
is registered. You must know the name of the last person who legally owned
the property. The property will be listed under their name. So if you are
researching at the Mortgage Office to determine the status of a title, and there
is no deed on file, you will be unable to locate the property.

The regqgistration of parcels is usually coupled with an extensive verbal
description of boundaries aor/and a graphical plan, attached to every transaction,
obligatory since 1977 and deposited to the Notary Public [Zentelis and
Dimopoulou, 2001l In regions where the cadastral survey remains in progress,
Land Registry Offices are still valid, operating alongside with the corresponding
Cadastral Offices. Besides, the legal definition of real property provided by the
old system does not always reflect the actual condition on the terrain and this
situation creates further confusion in the manipulation and management of land
issues within the Greek territory and best evidence cannot easily be proved.

In particular [Tsiliakou and Dimopoulou, 2011l mention that deeds do not
contain 30 information related to the heights applying on real estate, but
relevant descriptive information. The only exception is when the legal
description in deeds is accompanied by topographical plan including
coordinates and/ or heights. Additionally, Land Registry Offices retained legal
information related to land parcels and this information was [and still is] updated
by new deeds describing recent transactions on real property. Similar problems
apply for the HC project, since only the legal information is updated, while there
is no capability for local offices so far, to maintain and update spatial data.



PART I The Hellenic Cadastre /5

5.1.2. System of Operative Cadastre

Upon completion of the cadastral survey of a region, the system of
‘Registrations and Mortgages’ is replaced by the system of “Operative Cadastre’.
Under this Land Registry system, all properties are catalogued by both their
street address and the name of whoever proves ownership (the legal owner, a
trespasser). In case that no one appears to claim ownership, the property is
characterized as “of wnknown owner’: which if no one with a rightful claim
comes forward, will eventually end up being claimed by the Greek state.

The New Land Registry System will allow for both the location of the property
to be tracked as well as the name of the current owner of the property. So
feasibly, in the near future, if you wish to research the legal status of a
property, you will not need the name of the current owner, you will just need
the address.

The system was designed as a parcel-based land information system,
serving as a legally recognized record of land ownership. The aim of the project
is to establish a complete, uniform, systematic and always up-to-date
registration of land parcels in Greece and guarantee titles to those parcels
brought on to the register by the adjudication process, issued according to
relative legislation [Law 2308/1995 & 2664/1998]. These registrations consist of
the geometric description of the parcels and the ownership situation on them.
The procedure of collecting and maintaining the data is overseen and
guaranteed by the Hellenic State. The project also, aims to include additional
valuable information, which is necessary to support developing activities of the
country.

Syst f “Registrati
e System of "Operative

and Cadastre”
Mortgages” (23/4/1836) =
‘ Tcmpofary Permanent
1" -Cadastral —*  (Cadastral
—Offices — Offices

Sard

Diagram 5.I: The transition from one system to the other [Kalogianni et al, 2014].



In a nutshell, the Hellenic Cadastre is an integrated system, admittedly more
effective than the old system of registrations and mortgages supported by the
Land Registry Offices. By registering their properties in the Cadastre, owners
achieve the full registration of information relating to each and every property
individually, combining both spatial and legal details.

5.2.The HC Project

The HC project started in 1994, based on an initiative of the Ministry of
Environment, Physical Planning and Public Works [now is renamed as Ministry of
Environment, Energy and Climate Changel, the financial support of the EU [2
Community Support Frameworks] and the Hellenic State. Ktimatologio S.A. [now
renamed to NCMA SA] established by a joint decision of the Ministries of National
Economy and Environment, Physical Planning and Public Works [M.D.
81706/6085/6-10-1995 MDGGB72B/19-10-1995] executed this project in co-operation
with a private consortium, the Hellenic Cadastre Consult [HCC] for the promotion
of the project.

The purpose of the project is the systematic collection, registration,
organization and multipurpose management of the spatial information in relation
with its legal/ownership status all over the jurisdiction.

Some of its main features are:

o Guarantee the land tenure and improve the land market,

o Safety of publicly owned land,

o Elimination costly and time-consuming paper-work and bureaucratic
procedures,

o Assistance of the management of land and monitoring of land use
and

o Facilitation of the sustainable development and environmental
protection.

Responsible for preparing strategies and providing the necessary
infrastructure data [(topographic data and aerial photographyl is the Hellenic
Mapping and Cadastral Organization [HEMCO] [Law 1647/ 1986], a governmental
organization under the Ministry of Environment, Physical Planning and Public
Works. The development of the Hellenic Cadastre relies greatly on the
collaboration between public sector and private surveying engineering
companies, who have the means to complete the tasks contracted to them by
Ktimatologio / HEMCO.

The project comprises so far two pilot programs and the 1°° main program. It
is expected that the ongoing cadastral works within this framework will cover
16% of urban areas, 10% of agriculture land and 7% of forestland areas, in 447
municipalities. In its operational phase the cadastral activity will be undertaken
by regional and local cadastral offices, responsible for maintaining and updating
cadastral maps and registers. The setting up of these offices will at first
correspond to the existing mortgage bureaus, in order to ensure that legal
support will be provided for the first registrations. Further on the system will be
developed towards the establishment of an information system that will upgrade
all cadastral activities, and provide the end users of the system (landowners,
associated organizations, etc.) with the necessary certificates containing all
information concerning property rights, transfers of rights etc. This will greatly
facilitate all legal transactions [Zentelis, 20011

The Hellenic Cadastre introduces innovations that constitute it a truly
fundamental project for Greece, resulting in significant benefits for the citizens,
Hellenic economy and the protection of environment.

The Hellenic Cadastre:

o Proceeds to the definite, without contestations, registration and
consolidation of the citizens’ real property.
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o Limits bureaucracy and real estate property transfer procedures
become simpler and faster.

o Reinforces transparency and security in property transfers.

o Upgrades the real estate property market and raises the property
value so that significant investments are attracted.

o DOemarcates irrevocably and ensures State and municipal property.

o Protects the environment more effectively. The irrevocable
demarcation of forests and coastal zones will constitute a most
serious impediment against encroachment and arbitrariness.

o Constitutes a pivotal tool for the sensible organization and
development of the country.

5.3.Legal Framework

Reqgistration of all the rights exercised by the owners to their properties, all
over the Greek territory. The problem is that the public property is not yet
recorded in its whole in a national scale. This means that there is no knowledge
for its extent, leading to infringement from individuals.

This is due to the fact that Public State was not obliged to register its
properties since July 2013 according to the existing legislation. However,
according to the Law 4164/2013 the Greek State is obliged to register all its
properties.

Cadastral legislation dates back In 1995, when the HC projects started and
since today multiple laws have been formed changing the legal framework. The
most important are: L. 2308/1995, L. 1664/1998, L. 3127/2003, L.3208/2003, L.
3481/2006 and L. 4164/2013. Additionally, the Civil Code of 1964, the cadastral law
of the Dodecanese islands and the concept of Byzan-Roman law “superficies
solo cedit’ lwhat lies above or below the surface belongs to the owner of the
corresponding land-parcel]l are dominant frameworks for the operation of the HC.

For the horizontal ownership Law 3741/1929 about “ownership per floor” or
‘ownership of mines” together with the current Civil Code about "horizontal co-
ownership’ are the most important frameworks. Therefore, the Civil Code [“/egal
implantation right on foreign land', “surface or separate ownership legal right on
plantation, trees or constructions on foreign land’]l and the customary laws of
Cuclades islands ["possessor of the ground-floor /s the sole owner of the land-
parcel and the subsoill are the framework for the complex properties
[Papaefthymiou et al, 2004]. Additionally, the customary law, which applies to
several Aegean islands, controls legal relations on ownership rights, such as
joint properties, constructions on foreign parcels, etc. is milestone for the HC as
it concerns unique cases. SRPO apply in this case as well.

After a comparative review of all countries’ guestionnaires concerning 30
Cadastre, Tsiliakou and Dimopoulou [2011] mentioned the main deficiencies of the
Greek legislative framework regarding the registration of 30 objects:

o There is no generic or specific legislation stipulating the three-
dimensional description of objects, even in a 20 way.

o There is no specific legislation describing the specifications for
surveying plans in 30, even in 2D. Note that the Dodecanese’s
Cadastre is separated and provides floor plans per floor of
property additionally to the cadastral plans of land parcels.
Consequently, a clear view of the allocation of rights in the vertical
component is provided.

At this sub-chapter two of the most important laws for the HC project will be
briefly introduced: Law 3481/2006 and Law 4164/2013. Apart form them, different
kind of rights will be further analyzed.
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5.3.1. Law 3481/2006

Law 3481/2006 set the Hellenic Cadastre on new foundations with regard
both to the cadastral survey, since the law simplifies and speeds up the
survey's completion and ensures at the same time the project’'s financing, and
to the implementation of the Cadastre’s institution.

More analytically, the most important changes that this legislative amendment
brought about are the following [http://www ktimatologio.grl:

1. The time and cost of the cadastral survey procedure are reduced. The
second public presentation (suspension of datal is abolished and the
relevant processes are merged in the context of a single public
presentation [suspension]). The collected data will be crosschecked and
verified. Following that, they will be publicly presented only once, so that
the interested parties can submit either correction applications for simple
(obvious] mistakes, or objections to be judged by a committee, in which a
judicial officer will be presiding.

2. The correction procedure for the so-called “obvious mistakes” of the
initials registrations is simplified. Following a simple application filed by
the interested party to the Head of the competent Cadastral Office, the
latter can correct the so-called obvious mistakes, which refer to any
detail of the registration and mainly to the beneficiary, the right, the
ownership title and the real property, observing certain conditions which
guarantee that the correction does not involve any arbitrary
modifications.

3. The procedure of judicial correction of the registrations referring to an
‘“unknown owner” is accelerated and simplified. In case a citizen does not
submit an ownership declaration during the cadastral survey procedure,
their property is reqgistered in the Hellenic Cadastre flagged to belong to
an “UNKNOWN OWNER". Provided the beneficiary holds official legal deeds,
he/she can request the correction of the relevant registration even after
the completion of the cadastral survey. Up to now, the correction was
possible only through a strict, expensive and time-consuming judicial
procedure. Corrections of this type will be now performed through a
simple and timesaving procedure of “voluntary jurisdiction”’, in which the
court decides upon the correction request without any litigation and the
procedure is completed in a very short period of time. This way, the
guarantee of judicial control is maintained and transactions are facilitated.

4. The project’'s financing is assured. The cost of the Cadastre is estimated
at about 1.5 billion Euros. Since it is no longer financed by the European
Union, we proceeded with the self-financing of the project with a realistic
and just ‘cadastral fee”. Furthermore, the State will contribute to the
project an amount of about 260 million Euros.

5.3.2. Law 4164/2013

At a time when the reorganization of the public sector of our country and
the improvement of its competitive position in the international environment
constitute a primary -national- objective, the National Cadastre, as a key
development tool, enters into a new phase, further improving the conditions of
operation and application of the institution with the passing of Law 4164/2013
about “Supplementation of the provisions governing the National Cadastre and
other regulations” [Gov. Gazette 156/A"/09.07.20131.

The new Law on the National Cadastre contains important regulations that
safeguard the public property and facilitate the transactions of citizens in the
context of both the cadastral survey procedure and the operation of the
Cadastre.


http://www.ktimatologio.gr/sites/en/aboutus/Documents/Pages/280/LqYyvusGBh2JgNdw_EN/fek162ac_1.pdf
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The law's main objectives are, among other things, the acceleration of the
cadastral survey, the simplification of the procedure for correcting initial
registrations, the cutting of red tape, the introduction of a system for online
remote service. In this way, a significant saving of resources is achieved, and
the Cadastre is rendered more functional and more citizen-friendly. An important
development is also the establishment of the State's obligation to submit
declarations, which will lead to the complete recording of public property, with a
view to protecting and exploiting it.

In this context, the new law contains regulations for the quick and
unhindered progress of the necessary calls for tenders, by shortening the
tendering procedure for the awarding of studies by one stage. This reqgulation
boosts to the maximum extent the acceleration of the awarding and completion
of cadastral survey studies until 2020, but also of other contracts for the
development of studies or the provision of services that are directly related to
the National Cadastre, such as the formation of forest maps.

The leqgislative regulations regarding the operation of the Cadastre include
the digitization of the transactions with the Cadastral Offices, such as the online
submission of petitions for the entry of reqgistrable deeds, the issue of
certificates and the long-distance search in the cadastral records. The company
‘NATIONAL CADASTRE AND MAPPING AGENCY SA " [EKXA SA. undertakes the
organization, structure and logistical support of the operation of Cadastral
Offices, while at the same time provision is made for the possibility of providing
central support to the Cadastral Offices and the making available to them of
specialized personnel to assist their work and, in general, to meet their
operational needs.

5.3.3. Rights in Real Property

In Greece, the Property law, as part of the Greek Civil Code, regulates the
main issues related to ownership. Apart from the Civil Code, other Greek Codes
[e.g.. Code of Civil Procedure, Commercial Law, etc.] and various special laws
[such as “on ownership per floors’, "on compulsory expropriations’, or “on the
provision of mines, caves and archaeological sites’] contain rules regarding
property rights.

Some recent reforms affecting real estate property in Greece are more
associated with envirommental issues, residential needs and better land
organization, within the framework of information society, and of course the
ongoing project of the Hellenic Cadastre, which will undertake the reqgistration of
all real property in Greece according to Laws 2308/1995, 2508/1997, 2664/1998
and 3127/2003.

Under the Greek legislation, whatever lies above or beneath the surface of
the earth belongs to the owner of the corresponding land-parcel [with the
exception of some minesl. Therefore, the ownership of a part of land generally
includes all the buildings that have been constructed on it [article 954 C.C.. An
exception to this principle is the establishment of horizontal and vertical
property according to article 1002 C.C. in combination to Law 3741/29 "buildings
that are built on a uniform plot” correspondingly.

After the introduction of the Greek Civil Code the articles 1002 and 1117 have
set the basic principles of the “horizontal ownership’. As a result, exists the
individual ownership of the apartment combined with the joint ownership of the
land. The owners of the land where the block of flats is built or shall be built
can set up this separate ownership only with a notarial act, which must be
registered, or with a will in an existing apartment or in a future one [Mattheou,
20041

Another exception to the principle that “the objects lying above belong to the
objects lying underneath”is established by the article 1010 C.C.: building party on
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an outland real estate. Apart from this stipulation, other interests in land, such
as different servitudes, give the benefit of the owner or possessor of other
land: such as easement of passing through. They are distinguished in negative
and positive ones and are regulated by the articles 1118-1141 of the C.C
[Dimopoulou et al., 20061

5.3.4. Customary property rights

Customary rights still remain in some parts of the world requlating the
creation, possession, use and transfer of RRRs. Customary law, controls legal
relations on ownership rights such as joint properties, implantation privileges,
constructions on foreign parcels, etc.

Mostly in the Aegean islands, the customary law regulates most legal
relations on property rights. Particularly in the Cyclades, due to the lack of
space, the ground’'s intense relief and the socioeconomic conditions that
prevailed, laws arranging the partition of land and buildings and establishing the
succession to land property have been utilized. Customary law was the
requlator of the transmission of property from one generation to the next,
resulting in the structure of the type of property devolved [Dimopoulou et al,
2006]. In order to give dowry and secure the best possible their children,
parents adopted various customary strategies, concerning their family property
[Kasdagli, 20041.

Property rights are based on multiple legal frameworks [(such as statutory,
customary, case and local laws), which co-exist, influencing each other in the
course of time. This multiplicity and interaction between legal orders eventually
result in significant property law modifications, which in turn contribute to
increase tenure confusion and uncertainty, especially for less favored groups.
In other words, property rights should be legally “well- defined’, in order to
provide tenure security and efficiency in use [Meizen-Dick&Pradhan, 20021.

Greek legislation contains contradictory laws regarding the definition and
management of property rights, which is rather confusing. It is evident that
there is a need to perform relevant reforms in order to overcome this situation.
According to (Tsiliakou and Dimopoulou, 2011], an arrangement would be to reform
old laws such as [(superficies solo credit] Article 954 of the Civil Code, while
reviewing and redefine those applied to comprise the description of three-
dimensional objects.

Joint ownerships, implantation rights or constructions on foreign land and
ownership on a specific part of property, are some of the custom derived
cases. In some of them, the owner of the legal right might have no percentage
on the ownership of the land-parcel, while the owner of the ground floor is the
100% sole owner of the land parcel and its subsoil, and the owner of the upper
floor is the sole owner of the air, unless it has already been transferred to
another person [Papaefthymiou, et al., 20041].

5.3.5. Special Real Property Objects [SRPO]

The concept of “Special Real Property Objects” has been introduced in
accordance to the Statement of FIG for Cadastre 2014 [Kaufmann, 1999 and
Rokos, 2001l The SRPO include [Tsiliakou and Dimopoulou, 2011; Papaefthimiou,
2001], see Figure 5.1

o Anogia: high-level constructions built, some bridging roads or
paths, very common on Greek islands and traditional villages.

o Katogia: constructions built below ground level.

o Yposkafa: dug-in houses, very common in many Greek islands.
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o Syrmata: typical seaside spaces common on islands of Cyclades,
which have a special mechanism to draw the boats inside during
the winter.

Arcades

Tanks

Wells

Arches: structure spanning a space while supporting weight.
Windmills

Domes: byzantine constructions functioning as large warehouses.
Mines.

O OO0 OO0 O0OO0

(a)

(d) (e) ()

Figure 5.I: a-Anogeio, b-Yposkafa, c-Syrmata, d-Arch, e-Windmill, f-Domes [Tsiliakou&Dimopoulou, 2011].

S.4.0rganizational Framework

Complex organizational framework concerning the Hellenic Cadastre, as there
are many stakeholders, such as Ministries, institutes and regional authorities
involved in the process and also there is a significant number of laws dating
from 1995 to 2013. Table 5.1 depicts the databases and registries maintaining real
property data in Greece today [Kalogianni et al. 20141.

Geographical data are at disposal of the Hellenic Military Geographical Service
[IMGSI. Until 2013, there was no centralized coordination of relative institutions or
agencies that maintain the main registries. Therefore overlapping data produced
by various authorities is common as data is not systematically organized and
may also exist in different reference systems. Since 2013, an electronic
document submission from the owner to municipal Urban Planning Offices for
issuing of building permits is required. Unfortunately, until then, in many
registries the data is in analog format.



Registries, Databases,
Maps

Data

Hellenic Cadastre/
Mortgage Register
Offices

- Real property boundaries and RRRs

- National datum coordinates

- Building footprints

- Real property owned by the State

- Sea-shore and forest land (ongomg)

- Areas to be expropnated for public constructions (not yet
recorded)

- DTM/ DSM/LSO/VLSO

- Deeds(that may include survey drawings or sketches)

Municipal’ Regional

- Documentation required for issuing building permuts

Urban Planning Offices (construction drawings, plans of survey, cadastral sheet)
- Municipal street level
Utility operators - Maps of individual utility networks

Thematic Cadastres
(mainly maintained by
separate ministries such
as Mimistry of Rural

-L.PLS

- Mineral activities (to be incorporated to the HC)

- archaeological sites, historic places, protected locations of the
cultural environment and monuments (Archaeological

Development and Food. Cadastre)
Mimstry of - Forest maps (not completed-to be mcorporated to HC)
Environment, Energy - Municipal real estate property and constructions under
and Climate Change and | municipal authority (Mumicipal cadastral offices)
Ministry of Culture and | - Drawings and data of informal buildings or informal building
Sports) parts
- Taxation databases - Use of real estate parcel/building
- Municipal Registers - Location (defined by address)
(municipal tax) - Area
- Registry of Public | - Ownership type
Power Corporation
HMGS - Aerial photography
- Analogue maps and digital data
- Topographic products

Hellenic Statistical
Authority

- Digital cartographical data (based on HMGS maps including
the axis' of the streets and their names (when possible), the
outlines of the blocks and their numbering, the outlines of the
buildings and their numbering within the blocks)

- Data related with building and construction activities

Table 5.1: Authorities responsible for registries and databases in Greece.
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5.4.1. National Cadastre and Mapping Agency S.A.

The company was founded with a joint decision of the Minister of Economy
and Finance and the Minister of Environment, Physical Planning and Public Works
[Decision 81706/6085/6-10-1995/Government Gazette 872B/19-10-1995]. NCMA S.A.
operates according to the rules of private finance and the provisions of article
5 of Law 2229/1994, of the coded Law 2190/1920, of Law 2308/1995 and Law
N.2664/1998, as these stand today.

[http://www ktimatologio.gr/sites/en/aboutus/Pages/goQhyNCvtozm6ajS_EN.aspx].
Furthermore, the company does not fall under the class of organizations and
businesses of the broader state sector: regulations that concern companies
directly or indirectly owned by the State do not apply to NCMA S.A. The sole
shareholder of the company is the Ministry of Environment, Energy and Climate
Change [http://inspire.ec.europa.eu/index.cfm/pageid/42/list/6/id/16506].

The development of the Hellenic Cadastre aims at the creation of a modern,
fully automated real estate property record, whose details are of an evidentiary
nature, ensuring the best publicity and security of transactions. Specifically, the
main activities of the NCMA S.A. are:

o To establish the HC in the country. This is accomplished through a
staged approach that involves designing, planning, and carrying-out
the cadastral surveys in areas to be incorporated into the Hellenic
Cadastral System.

o Records all deeds that establish, transfer, change or abolish rights
on properties on a real property-centered basis. Thus, everything
becomes simpler and more definite.

o Guarantees all legal details it records, since every deed is
registered only after its lawfulness has been checked, meaning
that no deed is registered if the transferor is not the person that
the cadastre shows to be the beneficiary.

o Records the geographical description [shape, location and sizel of
the property too.

o Unveils and systematically records the State real property for the
first time in contemporary Greece.

o Records the rights evoking from usucaption, which, especially in
the province, may constitute the most usual way of ownership
acquisition due to the informal nature of transactions.

o To support [technically, legallyl the operation of the cadastre in
areas in which the system has been established.

o To operate the Hellenic Positioning Service [HEPOS], which provides,
through a network of approximately 100 permanent GPS stations,
centimeter-level accuracy measurements to users throughout

Greece.
o To compile large scale color orthophotomaps [(-1:5.000) for the
entire country and very large scale (-1:1.000]) color orthophotomaps

for the urban areas of the country.
o To compile specific purpose base maps [about forests and the
shore] that are necessary for establishing the cadastre in an area.
o To operate the IT System of the Hellenic National Cadastre.
o To support legally and technically the operation of the cadastre.
Ktimatologio S.A. has followed closely the developments about the INSPIRE
Directive since the initial steps of the initiative. Most of its input, however, has
been made through the Hellenic Mapping and Cadastral Organization [(HEMCO),
which is the coordinating agency in Greece on issues about the INSPIRE. It must
be noted that both agencies, HEMCO and Ktimatologio S.A., belong to the Ministry
of Enviromment, Physical Planning and Public Works and now they are merged in
one organization called NCMA S.A.
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l. Cadastral Survey

The implementation of the Hellenic National Cadastre covers 340 areas of the
country, where smaller cities and villages are included. The development of
Cadastre, ‘cadastral survey’, at a region is defined as the procedure of
recording the real property or other registrable rights [e.g. full or limited
ownership, usufruct, prenctification or other real property encumbrance, etc.]
which a person or a legal entity has on real properties of a specific region of
the country and the connection of these rights to a specific property or
properties, as the latter are defined and depicted, after being checked and
technically processed, on cadastral diagrams.

On recording a real property right, a series of legal details (register and ID
details of the beneficiary, way of acquisition of the right, details of the deed
with which the right was acquired, etc.) are also recorded. Furthermore, land
parcels are depicted on cadastral diagrams in absolute accuracy with specific
node coordinates that refer to the Hellenic Geodetic Reference System [EGSA
‘871, specific boundaries and property areas.

Consequently, the cadastral survey procedure aims at collecting, processing
and recording property and other registrable rights per property, but also at
collecting and processing details that allow the most accurate possible
depiction of land parcels on cadastral diagrams.

The cadastral survey as it is organized today has a specific time schedule. It
begins with the declaration that a region is under cadastral survey and it is
completed with the commencement of the Cadastral Office’'s operation in this
region.

Briefly, the cadastral survey procedure includes the following stages:

o Submission of property declarations to the Cadastral Survey
Offices by the beneficiaries and registration of the declaration in a
digital database. The beneficiary can go by himself/herself or send
a third party to the competent Cadastral Survey Office, or
submitted it on-line in the appropriate form. In case that a
beneficiary did not submit an ownership declaration in due time,
he/she can submit an overdue declaration during the cadastral
survey: however a fine is prescribed in this case.

o Formation of interim cadastral tables and diagrams based on the
data that has been collected from the submitted declarations and
has been processed by lawyers and surveyors. The tables will be
suspended at the Cadastral Offices and the Municipalities. The
Suspension procedure will allow citizens to check the content of
the reqistrations and to submit objections to any errors or
oversights.

o Suspension of the interim cadastral data [tables and diagrams] at
the Cadastral Survey Offices for a two-month period and dispatch
of extracts to the beneficiaries for their information. The
suspension of cadastral data is a particularly important paint in the
process of drafting the National Land Registry. In this way,
everyone is given the opportunity to verify, confirm or even
correct possible errors.

The Suspension consists of:

a. The Cadastral Table, which includes all property rights for a region,
as substantiated by deeds and other data collected during the
survey process. The table is organized according to “KAEK”
(National Cadastre Code Number), which is a number unique to each
property.

b. The Cadastral Chart, where the geometrical data of properties is
shown [position, limits).
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o Submission of objections to independent administrative
committees or applications for the correction of a cadastral
registration, depending on the case, by whomever has a legal right,
for a time period of two months for residents of Greece and a time
period of four months for people residing abroad.

o Reformation of cadastral data after the examination of the
objections and the correction claims and formation of the final
cadastral tables and diagrams. The registrations that appear on the
final cadastral tables are called Initial Registrations since they
constitute the first (initiall registration in the cadastre.

o Commencement of the Cadastral Office’'s operation in the particular
area in place of the old Land Registry Office.

Initial registrations in the HC project are the ones that appear in the cadastral
book of a region, as transferred from the cadastral tables, after the completion
of the cadastral survey and before the commencement of the HC operation in
that specific reqgion. Every posterior registration of a right is based on the initial
reqgistrations.

Properties (or rights on properties), which for any reason were not declared
during the cadastral survey, are recorded in the cadastral database as
belonging to an “Unknown Owner”. For the correction of the initial registrations
of “Unknown Owner” into a known owner, the same procedures -judicial or
administrative correspondingly depend on the case- with the ones for the
erroneous registrations stand. Specifically, the interested party should comply
with the correction procedures that are laid down, after he/she has already
located their property.

Each registered property, building, etc., gets a code number of National
Cadastre [KAEK], a 12 or 16 digit unique number.

From these digits:

o The first two digits correspond to the Prefecture of the country,

o The next two digits to the sector of each Municipality or
Community,

o The next two to the sector of each municipality

o The next two to the building square and,

o The three next to the number of the building plot.

If it is a horizontal property lapartment, office or shopl four extra digits are
added:

o The next two correspond to the serial number of the building block
of flatsl.

o The last two digits to the floor and the place of the particular
harizontal property.

All the data of the National Cadastre will be registered in computer files. The
research of recovery of the householder of each piece of property may be
organized buy:

o The address of each property, or

o The code number of each property.

When the HC will be completed it will be also possible to search by the name
of the property owners in the entire country.

5.4.2. Archeological Cadastre
The Hellenic Archaeological Cadastre is the first organized, on-going and
systematic digital registry for:

o The Public Assets (Real Estate) managed by the Hellenic Ministry of
Culture and Tourism,
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o The Protection Areas of  Cultural Environment including
Archaeological Sites, Historical Places, Protection Zones, Peripheral
Protection Zones [buffer zones], etc.,

o The Ancient and Modern Immovable Monuments.

It is anticipated to become a valuable source of reliable information regarding
the rich Cultural Heritage of Greece, as it will include detailed data on ownership
and acquisition status, the historical identity of each Site and Monument, precise
geospatial data, and more. All information managed by the Archaeological
Cadastre will be provided under the responsibility and the warranty of the
Hellenic Ministry of Culture and Tourism through publicly available Electronic
Services.

At the moment, the project is at the implementation stage. One of the main
goals is the development of an Integrated Information System that will be
populated with: nearly 6.000 entries relating to Public Assets (real estate] ie.
urban and suburban land plots, agricultural parcels, buildings and other artifacts,
that have been acquired by the Ministry of Culture and Tourism. Nearly 18.000
entries relating to Protection Areas of Cultural Environment and Monuments.

At the following figures an example depicts the information registered in the
Archeological Cadastre today.
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Figure 5.2: Protection areas in archeological site represented as polygons [http://archaeocadastre.culture.grl
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Figure 5.2 represents the protection areas in an archeological site at the
historical area of Delphi, which behave as restriction zones. With yellow color
Zone A’ is represented where no building activity is permitted at all, and with
green color Zone B where limited activities are permitted.
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Figure 5.3: Attributes related to the area presented in Figure 5.2. [http://archaeocadastre.culture.grl.

Figure 5.3 shows the form where the attributes of the gspatial data are
stored. In this example, the attributes corresponding to the area shown in
Figure 5.2are represented. It includes the following information:

o e the name of the archeological site,
e the official name of the site stored in the archeological catalogs,
¢ a short description,
e an archeological description,
the location of the site,
e the legislation framework,
e important links or information form external sources and
e @a map
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The strategies adopted by the Archaeological Cadastre will be coordinated
with the Hellenic National Cadastre. Moreover, the computing infrastructure will
serve as a central platform, available to the entire Ministry, easily expandable to
incorporate and connect to future iNnformation systems and data sources. Such
systems may be the Cultural Atlases, the Information System of the National
Archive of Monuments, various outcomes from topographic surveys, data from
archaeological findings and excavations and so on.

The project is currently being developed and managed by the Department of
Expropriations and Real Property [http://archeocadastre.culture.grl.

5.5.Infrastructure Projects

NCMA S.A. has implemented a series of supporting actions under the title
‘Data and IT. Infrastructure for a modern Cadastre” along the lines of the
‘InNformation Society” Operational Plan, part of the 3™ Community Support
Framework [CSF]l. The supporting programs were co-financed by the EU and y
the Greek State.

121



The goal of the co-financed projects of the 3 CSF, which introduced a new
managerial approach and utilized the latest technological developments, is to
organize and prepare the continuance and completion of the Hellenic Cadastre
in a more effective and inexpensive way.

The 3™ CSF projects comprise the following supporting actions:

Development of a Digital Database of the “active” titles coming from the Land
Reqistry Offices in urban centers.

The action involved the development and maintenance of a digital database
that contained all data included in the ownership declarations submitted in 107
regions of the State. This database is called “active titles database” because it
recorded all valid rights on real estate properties standing today in these
regions.

The ratification of the collected rights will be performed with cadastral
survey projects that will not be financed by the 3 CSF.

Digitization and conversion of existing maps / reqisters

Digitization of data from land consolidations and re-distributions for the entire
State: This action aims at the development of a digital database that will contain
all cadastral data included in the land consolidations and re-distributions of the
Ministry of Rural Development and Food.

Hellenic Positioning System - HEPQOS

This system makes use of GPS technologies so that for every measurement
performed using this system the co-ordinates of a paoint within Greece are
determined in minimal time, at a low cost and with high accuracy [2-4 cm in real
timel. The HEPOS system is being used as the base for the cadastral survey
already in progress in 107 regions of the country [Figure 5.4]. At the same time,
it will also serve the needs for the development of the Hellenic Cadastre in the
future years.
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Figure 5.4: The 98 HEPOS bases [http://www.hepos.grl.

Digitization of the Dodecanese Cadastre

The cadastral survey data of the Dodecanese Cadastre (Rhodes, Kos and part
of the Leros Islands]) are digitized and automated in such a way so that it is
compatible with the Hellenic Cadastre database. At the same time, the content of
the developed database will faithfully represent the respective analog
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information of the Special Dodecanese Cadastre, without correcting spatially or
improving the content of its data at any phase.

Development of Unified National Basemaps

The basemaps required for the new cadastral surveys are developed using
geometrically ortho-rectified images with high spatial analysis and accuracy.
Color digital orthophotomaps with a pixel size of a 20cm rate [Figure 5.5] are
produced for the major urban areas of every prefecture. In addition, digital
orthophotomaps with a pixel size of approximately 50 cm are produced for the
entire State.

Figure 5.5: Screenshot of a digital orthophotomap [www.ktimatologio.grl]

Collection of suggestive / indicative data for the facilitation of the cadastral
survey procedure

Delineation of forests and forest areas for the entire country

Forests and forests areas are delineated based on aerial photographs from
1945 / 1960, recent basemaps, recent satellite data and recent aerial photos. The
estimated are covered by forests and forest areas in Greece is 93.3 stremmas.
The outcome will be a preliminary product that will facilitate the development of
forest maps. It is clear that without the boarders of the forests the operation of
the HC project cannot be completed [Figure 5.61




Figure 5.6: Delineation of forests and forest areas
[www ktimatologio.gr]

Development of unified national basemaps appropriate for the delineation of
coastal zones

Development of digital orthophotomaps of high accuracy for the delineation
of coastal zones. The project’'s objective was to develop color orthophotomaps
of high resolution and accuracy l[even objects of a 20cm size are represented]
as well as a detailed digital elevation model of a certain zone along the
coastlines, riverbanks and lakeshaores nationwide.

The project aimed at developing the necessary basemaps and delineating the
Preliminary Costal Zone for the largest part of the country with unified
specifications and format. This data will be used, at a later stage, by the
Services and Committees of the Ministry of Economy and Finance for speeding
up the procedures in order to officially delineate coastal zones, older coastal
zones, the seaside and riparian zones of lakes and rivers.

Areas protected by NATURA 2000

An important structural change, concerning protected areas, is brought about
by the new law on the National Cadastre, 4164/2013. An authority is now
designated to determine whether a real estate is found inside or outside a
Natura area. In this way, different information from different agencies and
sources is interlinked, and the location of each real estate inside or outside a
Natura area is certified, giving a definite picture for each real estate in the
country. So, EKXA S.A. undertakes to provide a new service at national level
through the cadastral offices or the company: the provision of data and
information about the limits of the Natura areas, certified as to their accuracy.
The database will be updated as to the boundaries, based on the uniform
basemaps that the institution possesses. In this way, comprehensive information
will be provided on each real estate included in the system of the National
Cadastre.
Development of IT infrastructure

The actions of this measure aim at improving and updating the IT
infrastructure o NCMA S.A., so that it becomes the means for the management of
the company’'s projects. The Web services that were developed so far are
addressed to citizens [online submission of ownership declarations with the
ability to identify the location of the property on a basemapl as well as to
contractors of cadastral surveys [online application of registering and
processing ownership declarationsl.
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Figure 5.7: System Architecture

5.6.The Data Model of the HC
5.6.1. Cadastral model

The Greek Cadastral model has two phases of data modeling, the conceptual
and logical design of the model.

[ Conceptual model

Error! Reference source not found.2 is the Entity - Relationship diagram of
the entities used at the HC. It presents the general conceptual model that is
currently being used by HEMCO SA today, as well as the topological relationships
that exist among those entities (eg. For all cadastral data are not overlapping
entities within the same layer). The model is parcel based and every part of land
at the municipal level is a cadatrsl parcel (including roads, streams, special
areas, etc.). Additionally, the spatial information is fully connected with legal and
property infarmation [Kavvadas |, 2012]. In order to check the quality of the
cadastral parcels the Greek Quality Model for cadastral parcels has been
introduced, which compiles with international standards (ISO 10005) and is
mandatory to be implemented from HEMCO..

[l. Logical model

After the creation of the conceptual model the next step involves its
translation into the corresponding logical model and finally into the database.
The transformation of the logical model into a physical database provides a
better understanding at the conceptual level. The Hellenic Cadastre Data Model
is translated from a Platform Independent model, as it was described using UML



diagrams, to a Platform Specific Model, using an object-relational database model
and in particular Oracle database,

5.6.2. Cadastral Database

The HC's descriptive and spatial information is organized in a property-
centered base, thus search can be done either by the property's National
Cadastre Code Number (KAEK) which is unique to each property, the address or
the beneficiary name. The DBMS that is used from HC is Oracle

5.6.3. Digital descriptive database overview

The digital descriptive database includes the cadastral information that is
collected and technically processed according to the specifications for the
development of the HC.

The descriptive database of the HC describes the following:
o Properties,
o Beneficiaries or other parties that have any kind of right on a
property,
o Rights and the corresponding documents,
o Information necessary for the cadastral survey,
o Multiple standard comments.

The following figure shows a screenshot of the table BEN and some of its
relationships with other classes. The complete diagram of the descriptive
database is presented in the Annex A.

The spatial data are stored in the database. For visualization purposes ArcGIS
server of ESRI, Openlayers APl or WMS [Web Map Servicel, as well as Javascript
browsers are used. The descriptive information is maintained in the database
Oracle 10g and is visualized with Microsoft.net [Tsiliakou and Bimopoulou, 20111
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Diagram: 5.I: Table BEN and its relationships Technical specifications of HC, Annex A, 20141
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The descriptive base comprises the following classes depicted in Table 5.2:

Table Description
Properties
1. PROP Info about all kinds of
properties, also SRPO.
2. ADRS Addresses of the
properties
3. PROP_ADRS Link table far
properties and
addresses
4. BLD Info about buildings
5. PROP_BLD Link table far
properties and
buildings.
6. VERTREL Height info for SRPO,
using ‘abave’, 'below’ or
‘inside’.
7. FOREST
Stakeholders/Parties/
Owners
8. BEN Physical and non-
physical parties and all
the stakeholders
Rights and Documents
9. RIGHT All the info about the
right and also the
property it refers to
10. DoC Documents such as
deeds and titles
11. DOC_BEN_RIGHT Link table for the
stakeholder and the
right, based om the
corrsponding
document
12. DOC_ISSUER Info about those who
publish the documents;
ministries, notaries, etc
Multiple standard comments
13. BLD_STANDARD_COMMENTS
14. PROP_STANDARD_COMMENTS
15. BEN_STANDARD_COMMENTS
16. RIGHT_STANDARD_COMMENTS
17. DOC_STANDARD_COMMENTS
18. BEN_PARENT
19. PROP_PARENT
20. DOC_PARENT
21 RIGHT_PARENT
22. RIGHT_ ORIGIN
23. DECL_AREAS

Table 5.2:Contents of the

descriptive base of the HC [Technical specifications of HC, Annex A, 2014]




5.6.4. Digital spatial database overview

The result of the spatial data processing, which is in accordance with the
technical specifications issued by the National Cadastre and Mapping Agency
S.AA., is included in the cadastral diagrams. For urban areas the cadastral
diagrams are in 1:1000 scale, where for rural areas 1:5000.

Every piece of land at the municipal level [including roads, streams, special
areas etc.] is considered as cadastral parcel and spatial information is fully
associated with legal and property information.

No matter the scale, all the cadastral diagrams should include the following
elements:

o KAEK,

o Building ID,

o Names of streets, squares, parks, open places, archeological sites,
public buildings and churches,

o Names of the rivers/ lakes/ sea,

o Toponyms, names of prefectures/ regions/ cities/
municipalities/villages,

o Boundaries of the country,

o Boundaries of the region,

o Boundaries of the municipality/village,

o Boundaries of the cadastral sector and cadastral sections,

o Boundaries of the forest areas,

o Boundaries of the special property rights objects represented as
palygons,

o Special property rights objects represented as paints,

o Boundaries of the mines,

o Boundaries of the reserved areas,

o Boundaries of the exclusive use areas and

o Boundaries of the cadastral parcels.

Table 5.3 presents the different levels of spatial data of the HC. Diagram: 5.1
is the entity-relationship diagram of the spatial information of the HC.

Table 5.4 is an example of the coding used by NCMA S.A. for describing the
spatial data related to the cadastral parcels in the HC.
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Table Description

1. PST Data for parcels

2. ASTOTA Data for municipality
boundaries

3. ASTTOM Data for cadastral
sectors

4. ASTENOT Data for cadastral
sections

3. MRT Data for mining
polygons

6. VST Vertical ownershipes -
independent buildings

7. EAS Data for easement
zone

8. BLOCK_PNT Data for measurements
of points on the terrain

9. BLO Data for buildings

10. ASTIK Data for polygon of
urban area

1. EIA Data for SPRO

12. EIA_PNT Data for points of SPRO

13. ROADS Data for roads

14. OIK Data for residential
areas before 1923.

15. CBOUND Boundary of city plans

16. FBOUND Boundary of forest
areas

17. RBOUND Boundary of
responsibilities of
mortgage offices

18. NOMI Land tenure

19. POl Points of interest

20. POL Parcel identification
marks

Table 5.3: The classes of the spatial model of the database of the HC [Technical specifications of HC, Annex A,

20141.
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Obect Type Information | PROP_TYPE | Type of the | Notes
KAEK
Parcel Polygon | Parcel 0101 nnoootteeaaa | nn: Prefecture,
polygaon 000: local
authorities
[OTAIL
tt: Sector,
ee: Section
aaa: serial
number inside
the section
Mine Polygon | Mine 0601 NnnoooMExxxxx | nn: Prefecture,
polygaon 000: local
authorities
[OTAIL
ME: capital
areek letters
XXXXX: serial
number inside
the local
authority
Road Polygon | Polygon 0701 NnNoooEKxxxxx | nn: Prefecture,
River Polygon 0702 ooo: local
Coastal Polygon 0703 authorities
zone [OTA]
Beach Polygon 0704 EK: capital
Lake Polygon 0705 greek letters
Seashore Polygon 0707 xxxxx:  serial
number inside
the local
authority

Table 5.4: Codes of cadastral parcels [Technical specifications of HC, Annex A, 2014]

The next figure is a screenshot of a spatial query in the database of the HC,
querying the database with the KAEK of a property.

Fﬂl’.’(.!v))'.:' 7

Figure 5.8: Results from spatial query using KAEK

131




5.7.Why registering the 3™ dimension?

It is evident that the implementation of a three-dimension cadastral model in
Greece has become a necessity. Multiple initiatives towards this direction have
been conducted the last decades reflecting the need to register the third
dimension especially in urban built-up areas. Tsiliakou and Dimopoulou, 2011]
mention the features that the Hellenic Cadastre is currently responsible for
registering, as well as they underline the need for registering the third
dimension.

Land-parcels:

Condominium:

Vertical ownership:

Composite vertical property;
Special real property objects [SRPOI;

o Mines.

These objects can only be portrayed by making use of the third dimension,
which enables the location on, below or over the earth's surface as it is also
performed in other countries. The same authors, also based on literature study,
consider necessary the registration of the 3“ dimension of the following
aspects:

o the intense relief of the land, resulting in complex constructions
[constructions under or over bridgesl], multi-level buildings [overlapping
private and public properties] and the entanglement of property areas
for different properties [underground constructions with a surface
entrance or properties with access from neighboring onesl
[Papaefthymiou et al, 2004];

o multilevel constructions and mixed land uses especially in urban dense-
built environment;

o the great historical value of the Greek land, on which unfortunately,
many modern settlements are built on the ruins of ancient cities:

o the registration of Special Real Property Objects:

o the registration of customary property rights:

o the contradictions in Greek legislation concerning three-dimensional
objects, such as condominiums;

o urban planning purposes. A 30 cadastral model would be sufficient in
displaying the precise legal situation within the buildings and in
detecting infringements of General Building Code (GBC);

o fiscal and real estate considerations, since the land value is high,
especially in urban and commercial areas

0O O O O O

The SRPOs are the only elements with their third dimension including at the
existing cadastral model in Greece. HC does not register the evolving property
reality of urban areas, characterized by an increased building density and a
complicated use of space in different levels.

It is therefore necessary for the existing 2D cadastral model to provide a
solution for registering and representing multilayer property activities in order
to better reflect the property rights on land in Greece. The most characteristic
cases that require 3D registration and representation within the Greek territory
are the following:
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5.7.1. Overlapping private and public properties

Due to the urbanization as well as to the traditional architecture, mostly the
phenomenon with mixed land uses on overlapping properties is very commaon, in
the Greek islands and in the cities. Public properties [e.g. infrastructures, open
spaces, etc.] are sometimes entirely or partially built over, below or on with
privately owned land parcels and buildings and vice versa, as depicted in the
following figures:

. Public properties below private properties

The most characteristic cases of public properties lying under private land
parcels with or without constructions on them are the roads, see Figure 5.9.
Additionally, in many islands privately owned constructions of upper floor, called
anogia, are located over communal roads, see Figure 5.10.

Figure 5.9: Football stadium situated over a public road [Dimopolou et al, 20061.

Private
land

Figure 5.10: Anogia extended over a public road [Dimopolou et al., 20061



. Public properties over private areas

In urban areas with constantly increasing car density, privately owned

parking places are usually located under squares or public buildings, in order to
handle this problem [figure 5.1

Figure 5.11: Overlapping parking area with public space and buildings [Dimopolou et al., 20061
On the other hand, in rural areas the most typical cases of overlapping

properties is usually mines, tunnels or cables lying below private properties,
see Figure 5.12

Public property

" Mines (tunnels)

Figure 5.12: Overlapping public with private properties [Bimopolou et al, 20061

[ Infrastructure below privately owned land

Subterranean networks such as gas pipelines, or telecommunication lines,
mainly supplying industrial areas usually extend under the built environment.

For these utility networks, a separate registration should be considered, in
relation to the surface land parcels and constructions. This 3D reqgistration

facilitates their proper and safe maintenance. An example of this case is
illustrated in Figure 5.13.



PART I The Hellenic Cadastre /5

Figure 5.13: Gas pipeline network under land parcels Dimopolou et al., 20061

5.7.2. Qverlapping private properties

It is very common in several Greek Islands [e.g. in Santorini, with steep slope,
where most houses are dug in the vaolcanic soill, that land parcels and buildings,

are partially or totally overlapping to each other.
A typical example of the situations presented at the previous schemas is
depicted on the following figure; where it is clear the overlapping real properties

in Santorini Island.

Figure 5.14: Overlapping real properties in Santorini. [Dimopolou et al, 2006]



5.7.3. Multilevel buildings

In many complex complex constructions such as multi-use buildings,,
apartments has diverse heights, different from the “standard due to special
constructions, such as lofts and top roofs. This results in uneqgual shares of
privately owned space, as illustrated in the following schema. For example, the
apartment on the third and fourth floor is registered as El1+E2 and double height
above space, not reqgistered, see Figure 5.15.

H=2h

Figure 5.15: Multistory buildings [Bimopolou et al, 2006].

2.7.4. Difference between legal and physical reality

There are many cases where the physical reality represented in a map does
not match with the legal as described in the deed or another administrative
source. For instance, in many department stores, the floor plan’'s surface area is
different from the one legally realized, according to the building permit. This is
mostly common on ground floor stores, as illustrated in the following schema,
with mezzanine [E2 in areal not requiring a cadastral registration. Dimopoluou et
al.,, [2006] describe the situation with an example presented below. In Greece,
ground floor department stores, constructed before 1985, with mezzanine area
E2= %*El, the total area to be registered is El, although the one realized is EI,
although the one realized is EI+E2. After 1985, the new regulations oblige a
cadastral registration for the total area EI+E2 realized, when A=0 :1/2 and
EIKE1+E2, where E2=A*EL

E2

El

Figure 5.16: Differences in surface registered and realized [Dimopolou et al, 2006]
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3.7.5. The existing cadastral situation in Greece

From all the above-mentioned, it can be concluded that the implementation of
a 30 cadastral model in Greece requires the resolution of many fundamental
issues underlying the current operating cadastral system. In general, the
Cadastre still abstains from the implementation of digital services which will
definitely boost its optimal operation.

Tsiliakou & Dimopoulou, 2011 mentioned the following fundamental principles of
the current cadastral situation in Greece, underlying the existing limitations:

e For the SRPOs: SRPOs is a special class related to a plethora of objects,

which are characterized by multiple and complex topological relations
They the only feature with a 3D tag in the existing cadastral model.
However, according to the HC project, they are manipulated not as spatial
information but as descriptive. This is done with the following approach.
During the cadastral survey, the surveyors are forced to attach a
relational matrix to the deliverables of the survey, which would include
the description of these objects in a structured descriptive manner using
wards as “below’ or “above’. According to the technical specifications of
the HC the information that should be registered for the SRPOs are:

o The KAEK,

o The FID; an identifier for each SRPO,

o The PROP_TYPE, the type of the property [the values that can be

registered are given in a separate table],

o The address of the parcel in front of the SRPO and

o The shape-geometry of the SRPO.

e For the buildings: The gspatial database contains information regarding
buildings, however there informaton for the outlines and/or the footprints
of them are not currently represented. However, the existing spatial data
model includes an entity for the buildings, allowing their future
reqgistration.

e Aspects that should be represented in 3D0: Buildings’ floors in the case of
horizontal ownership are only registered as an attribute today, which is
not the optimal way to be described. Additionally, the source documents
do not contain floor plans of the apartments. Consequently, there is no
further height information reqgistered in the system apart from the
buildings’ code, the floor and the property's KAEK.

e Maintenance and update of spatial data: The current ownership status is
not efficiently registered in the cadastral system, while the link between
the descriptive and the spatial data is limited to the KAEK.

e Cooperation between the institutions responsible for the geo-information:
This is one of the fundamental problems of the existing system. Currently,
the communication and the exchange of information between all the
responsible organizations that collect, produce, store, maintain and
visualize geo-information is not open. A lot of bureaucratic procedures is
needed in order to exchange spatial and no-spatial information between
those organizations. This leads to problems with the update of the
database, loss of information, inaccuracies and time wasting.

According to the same authors, the main drawback of the current Hellenic
data model is that it mostly manipulates the legal information on properties,
excluding the representation of the spatial aspect of RRRs as the information
needed does not exist.
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5.8.Conclusions

The Hellenic Cadastre [HC] is a unified and constantly updated system of
information that records the legal, technical and other additional details about
real estate properties and the rights on them. Although the project started its
operation in 1995 and is in progress for 20 years, the results in some regions
are quite disappointing concerning progress and efficiency.

The need for 3D registrations and representation in Greece is vital
concerning special cases like the multilevel constructions, the overlapping
properties and the SPROs. A successful 30 Cadastre for Greece will constitute a
unique tool, a level for sustainable development in urban and land planning and
in every aspect of technical, financial, social and legal issues of everyday life. It
can also be used as a means for political decisions and pressure, which is
nowadays a key challenge for the Greek reality.

The characteristic cases, which require 3D registration are presented in this
chapter and is concluded that the hybrid model seems to be the best solution
for the Greek case.

The key issue and main drawback concerning the development of the Greek
Cadastre is basically legal. It is quite obvious that Greek legislation contains
contradictory laws on property rights, which is rather confusing. Therefore
there is a need to perform relevant adjustments in order to overcome this
situation.

The limitations and problems of the existing situation do not regard the
producers and users of the cadastral system nor from the expertise they have
developed. The problem is focused on the insufficiency and inactivity of the
existing structures of the public administration to adapt to new global
tendencies and, of course, their reluctance in supporting the scientific
personnel of HC in order to enhance numerous aspects of the Greek reality.
These problems are further discussed in Tsiliakou and Dimopoulou, 2011.

However, Greece has made a first step forward when the Ktimatologio S.A.
and HEMCO were merged into one unique organization, the NCMA SA. like the
Kadaster in the Netherlands, the Cadastral Office in Belgium, etc. Those
organizations are responsible for both the collection of the geographical
information and the registration of the legal rights attached on them.
Additionally, during the cadastral surveys a special adjudication procedure is
been followed and parallel infrastructure projects are carried in order to
facilitate the progress of the project.

To sum up, the third dimension needs to be incorporated into [some]
cadastral registrations: however, several modifications to the actual property
rights’ registration procedure are required. Therefore, it is vital to consider
fundamental issues of the operating HC, such as the fact that the outlines of
any construction are not represented on the cadastral map.
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Despite its small surface area, Greece is endowed with a particular rich and
diversified natural environment: with singular geomorphology and intense
contrasts [http://www.visitgreece.gr/en/naturel. It is a country with mountainous
and rocky terrain and about 20% of the country is made up of islands. All those
diversities conclude to a complex scenery, with big differences in altitude:
which should be registered and managed into a coherent and unified system.
Maoreover, the rights, restrictions and responsibilities attached to that scenery,
the activities developed, the responsible parties, as well as the difficulty to
represent the outline of it need to be described explicitly. Consequently, there
is a need for creating a model, emphasizing on the third dimension where all the
different characteristics will be described.

This chapter is dealt with the development of a conceptual model in UML that
deals with the registration and management of objects and spaces related to 30
cadastre system. The model is created based on the implementation of I1SO 19152,
LADOM classes by conforming to the existing situation.

In particular, this chapter proposes a comprehensive Land Administration
Domain Model [ISO 19152] country profile for 20 and 30 cadastral registration
system for Greece. The proposed Greek country profile is partly based on the
existing spatial [including surveyl and administrative registration systems, and
partly based on new developments ingspired by the LADM standard. Within the
country profile, an attempt is made to cover all Greek land administration related
information, which are maintained by different organizations.

The proposed model has a broader perspective than the current data model
used by National Cadastre and Mapping Agency SA. What makes the
development of this Greek country profile unique is the support for a wide
range of parties as well as gpatial units. Each of them has different roles and
requirements. The country profile includes the content of the various code lists,
which are important aspect of standardization and unique for each country.
Code lists are used to describe a more open and flexible enumeration values
and are useful for expressing a long and potentially extensible, list of potential
values.

Several novel aspects for Greek land administration are introduced, such as:
30 representations, full version management, explicit linking of all land
administration information and source documents in digital form and possibility
to group multiple spatial units with the same characteristics, legal framework
and visualization demands, using the LA_Level concept.

The country profile helps to establish a national SOl enabling meaningful
exchange of information between different organizations distributed along the
Greek territory. The fact that LADM is an international standard and also supports
international exchange of information, as part of the Global SDI [from now, GSDIL
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6.1. Towards a multipurpose 3D Cadastre

In recent years, a 20 cadastre registration system is being developed in
Greece. The need for 30 in many cases; see 3.7; in served by adding the third
dimension only as textual information, or by setting topological rules. In this
chapter a 30 model is propose for Greece: covering a broader perspective than
the National Cadastre and Mapping Agency S.A..

The current cadastral system, still do not support three-dimensional
capability. Therefore, a good organization is very important in order to achieve
an excellent and reliable cadastre reqgistration system.

However, due to historical constraints, it seems quite difficult to realize this
unless there is full cooperation from various legal bodies, technical
organizations and other land-related government agencies and private sector
participants in Greece. A multipurpose 3D cadastre [from now, MPC] can be
defined as an integrated land information system containing legal [e.q. tenure
and ownershipl, planning [e.g. land use zoningl revenue I[e.g. land value,
assessment and premium] and physical [e.g. cadastre] information.

Therefore, the Greek multipurpose 30 cadastre should contain all information
about administrative records, tenure, value and sale and purchases records,
base maps, cadastral and survey boundaries, categories of land use, streets
addresses, census utilities etc. It has the potential to support spatial enabled
government, private sectors and society by expanding the process of
organization, management and visualization, of useful land information. In brief,
there are many advantages for implementing a multipurpose 30 cadastre. It is
especially useful for property inventory, project implementation and monitoring,
utility management, population estimates, school management, census mapping
and urban and rural development [Choon & Seng, 2013l

A  well- structured multipurpose cadastre will be of benefit to the
government, different level of administrative division [municipality, region, etc.],
private companies, public agencies, academia and the citizens themselves. It will
serve as the main source, which will contain all available spatial and semantic
information concerning land and marine parcels. Visualization of these parcels in
30 will further enhance the nature of the multipurpose cadastre and introduce
the concept of 30 modeling.

As an integrated land information system it can exhibit data on RRRs and all
encumbrances associated with the parcel. This will promote transparency and
wealth creation in the land market [Rahman A, et al, 2012]. Knowing who owns,
what and the corresponding associations with other RRRs will strengthen
property ownership, project implementation and monitoring.

One significant problem in Greece today is that there are differences
between the physical and the legal reality of the parcels. The parcel with its
boundaries and the RRRs associated to it as described in the deed, is not
exactly the same with the “real” parcel and the RRRs attached to it. It is clear
that only by introducing an international standard into the Greek land
administration system cannot solve this problem. However, it is an important first
step to best organize all the information.

Gathering all the information related to the land and marine parcels,
properties with archeological interest, network utilities, mines, Special Property
Right Objects and the planning zones would create a unified and multipurpose
LIS for Greece. It is difficult to have such spatial and semantic information with
their interrelations together as there are many factors that affect them: but this
will lead to a transparent and coherent LIS.
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As a result, a 30 multipurpose cadastre for Greece should have the following
components:
e Land parcels [20 & 3D parcels];
e Properties with archeological interest [immovable monument,
archeological site, area of cultural environment, etc.];
e Mines;
e Utility networks [water, telecommunications, etc.];
e Special property right objects [anogia, katogia, etc.];
e Marine parcels;

From the issues as listed above I[bullets] not all need 3D registration and
visualization. Each category will be further explained at the 6.4.3.

Monitoring of the existing situation as well as planning for further
development will benefit from such a system. Moreover, the tax system can be
more efficient and all the transactions more transparent. A multipurpose
cadastre including all the above-mentioned information can serve as a basis for
all the organizations in Greece solving the problem of duplicates and errors.

Figure 6.1 illustrates the general view and the components of the proposed
MPC in Malaysia: where there are many different kinds of spatial units.

3D Objects
Owner [D (Strsa)

Ownerslup Info
Std Measurement
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.
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Chvner ID (Sea Area)
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Crvnership Info
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Figure 6.1: The anticipated schematic diagrammatic diagram of MPC [Rahman A. et al., 2011l



6.2.Motivations to apply IS0 19152

The dynamic features of spatial information, together with the continuous
need for its representation through geographic information technologies are the
two basic reasons for the adoption of international standards in the core
structure of modern cadastral systems [Dimopoulou and Gogolou, 2013l
Additionally, domain specific standardization is needed to capture the semantics
of land administration domain on top of the agreed foundation of basic
standards for geometry, temporal aspects, metadata, as well as measurements
from the field.

As the Hellenic Cadastre is still being implemented, the use of standards for
land administration and management could serve its harmonization with the
international practices. Moreover, a standard is required to facilitate the
communication between professionals in order to develop, implement and
maintain systems in a more efficient way.

The international state of the art shows that innovative models have been
created in order to achieve effectiveness and interoperability between different
systems. Sufficiency of administrative and spatial representation of land
properties could also be achieved if common standards are used.

The core model provided by the Land Administration Domain Model [LADMI]; see
sub-chapter 1.4.5; is an excellent basis for this purpose. The LADM, as an IS0
standard seems suitable for the detailed administrative and spatial
representation exported by the properties that include various spatial unit
types and party members. This is due to the fact that the core model provided
includes a wide range of classes and possibilities of linking with external
information concerning the ownership status of the above properties. In this
way, a modern geospatial infrastructure could be created for the best
management of the geographical information in Greece, combining not just
classic GIS platforms, but also descriptive administrative information for the
various RRRs attached on the parcels in a standardized structure as well.

ICO/TC2N1, 2012; Lemmen et al, 2010 state: "The LAOM is a conceptual model
and not a data product specification..The purpose of LADM is not to replace
existing systems, but rather to provide a formal language to describe them, so
that the similarities and differences can be better understood. It is a descriptive
standard not a prescriptive standard. Land administration is a large field; the
focus of this International Standard is on that part of land administration this is
interested in RRRs affecting land or water and the geometrical components. The
LADM provides a reference model.”

According to Tjia and Coetzee [2012b], earlier studies upon which the LADM is
based include the Cadastre 2014. The Cadastre 2014 provided that the modern
cadastral systems need to move away from the traditional concept of cadastre
to a more integrated cadastral modeling and legal land objects. Also, Lemmen et
al. [2011] note that the implementation of LADM can be performed in a flexible
way. In other word, the standard can be extended and adapted to local
situations, which excluded the legal implications that interfere with national land
administration laws.

Furthermore, external links to other databases, e.g. addresses, are included.
LADM can be used for as a basis for the design of Land Administration Systems.
It facilitates appropriate system development and, in addition, it forms the basis
for communication between different systems in different organizations and the
application design can be based on GIS and database technology. When using
standards, information can be exchanged in heterogeneous [(commercial and
open saource) and distributed environments.

The model has been introduced for land registration purposes. The
development of it is designed as a base for various land registration practice in
different countries. Two important goals of this model as listed in [van Oosterom
et. al 20061:
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e To avoid reinventing and re-implementing the same functionality over and
over again, but provide an extensible basis for efficient and effective
cadastral system development based on a model driven architecture
[MDA] and

e To enable involved parties, both within one country and between
different countries, to communicate based on the shared ontology
implied by the model.

The term “3D cadastre” can be interpreted in many ways ranging from a full
3D cadastre supporting volume parcels, to traditional cadastres in which limited
information is maintained on 30 situations. Integrated 20 and 3D parcels in
hybrid cadastre, as proposed by Stoter [2004], can be used for the
implementation of 30 cadastre in Greece, based on LADM. The concept of hybrid
cadastre is to preserve the current 2D registration and add the 3D component
in the registration system.

The classical cadastres concepts as “parcel” and “boundary” have been
extended to include spatial representation of multidimensional objects: 30 and
20/30 combined and are embedded in the LADM base model. An integrated 3D
cadastre model looks on how to add 30 component in the current cadastre data
model and make information interoperable between the two involved
organizations. 30 cadastre objects, e.q. apartment buildings are real property
that being built on the 2D land parcel. Text based, sketch based, point based,
line-based, polygon based, or topological based representations of gpatial units
[parcels] are possible. Spatial units may have a 30 representation, and a
provision is made for a mixture of 2D and 3D spatial units to co-exist [ISO 19152,
20121.

LADM also covers land registration and cadastre in a broad sense [Lemmen
and van Oosterom, 2011l This is aimed at improving interoperability between
cadastral or related information systems, thus improving exchange of land
information between local, national and international organizations and
information society [Tjia and Coetzee, 2012al.

Recent works suggest that the utilization of LADM for cadastral domain is
significant as mentioned by several researchers: Lemmen [2012], Van Oosterom
et al [2011], Pouliot [2011] and Hespanha [2012]. Zulkifli et al, 2014, state many
different reasons to specifically adopt the ISO 19152 LADM. It:

e contains the collective experience of experts from many countries [in I1SO
and FIG]

e took long time to develop in the FIG/ISO project team, but LADM is based
on consensus and now adopted by ISO [and CENI;

e allows meaningful data exchange: within country, SOl-setting, and
between countries;

e covers complete land administration spectrum: survey, cadastral maps,
rights, restrictions, responsibilities, mortgages, persons lindividuals of
groupsl], etc,;

e allows integrated 20 and 30 representation of spatial units;

e supports both formal and informal RRRs; and

e link essential land information data to source documents, both spatial
[surveyl and legal [title, deedl.

”
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Realistically, LADM provides a flexible abstract model, which can be used as
basis for many cadastral systems all over the world. However, every system
does need smaller or larger upgrades and maintenances: and they consider
becoming LADM compliant. More and more papers and presentations each year
mention many good reasons to consider LADM; e.g. Kalantari et al,, 2013.

Application of LADM brings the following benefits:
international compliance;
cross jurisdictional data exchange:
upgrading or new versions for existing systems:
existing institutions ['do fit in well’l;
semantic compliance [definition of key concepts];
structural compliance [agreed model patternsl;
feedback and improvements I[during standard development, but also
needed afterwardsl]; and
e capacity building [LADM included in various curriculumsl.

Thompson [2013] concluded that the LADM also provides an excellent growth
path: from text, sketch and point parcels to full topology and 3D support [and
same range of options available in administrative side of the model. This is also
the reason for UN-HABITAT (STDM] and FAO to use the standard.

For all those reasons many countries have already introduced and
implemented LADM; e.q. The Netherlands [Stoter et al, The phased 30 Cadastre
implementation in the Netherlands, 2012; ISO 19152, 2012], Malaysia [Zulkifli et al,
Towards Malaysian LADM country profile for 20 and 3D Cadastral registration
system, 2014; Zulkifli A, et al, Developing 20 and 3D cadastral registration
systems based on LADM: llustrated with Malaysian Cases, 2013], Israel [Felus Y. et
al, Steps towards 3D Cadastre and ISO 19152 [LADM] in Israel, 2014], Indonesia
[Budisusanto Y., ET AL, LADM implementation prototype fir 30 Cadastre Information
System of Multi-Level apartment in Indonesia, 2013], Cyprus [Elia E. et al, The land
administration domain model [LADM] as the reference model for the Cyprus land
information system [CLIS], 2011], Queensland, Australia [ISO 19152, 2012], Shenzen:;
China [Guo R. et al, A multi-jurisdiction case study of 30 Cadastre in Shenzen,
China as experiment using LADM.,, 2011], etc. For further analysis of the countries
profiles see 4.
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6.3.Matching of LADM and Hellenic Cadastre Data Model

The Hellenic Cadastre is a unified and constantly updated system of
information, which records the legal, technical and other additional details about
real estate properties and the rights on them; this information is kept under the
responsibility and guarantee of the State and in particular, of the National
Cadastre and Mapping Agency S.A..

The HC's descriptive and spatial information is organized in a property-
centered base. The Hellenic Cadastre Data Model is not based on international
standards but has been developed in order to serve the needs of the Greek
society. As a result, it cannot be used as basis for building a National SDI in
Greece in order to enable interoperability and data exchange between the
different organizations and institutions but also between different countries.

For that reason, the proposed model based on the international LADM
standard is considered as a step tackling the previous shortcomings. The
flexibility between the two cadastral systems could be achieved by expressing
their core model with terms of LADM. The process of standardization could
create connectivity and interoperable possibilities for the best management in
Greece. Furthermore, according to Gogolou, [2013]; Kalogianni [2012] the
integration of a unique system that would include all registrations concerning
properties could be completed with the following of international practices and
the adaptation of recognized standards.

LADM LA_Party LA_RRR LA_BAUNit <€
A A
LA_Spatial
Unit <— —
Hellenic
Cadaaire BEN Right Properties
Parcels

Diagram 6.1: Matching of the HC Data Model and LADM classes [Gogolou, 2013]



In HC the ownership of a property could be spatially represented with the
entity of Parcel (LA_SpatialUnit] that belongs to public or private owners
(LA_Party).

The rights, restrictions and responsibilities existing [LA_RRR] are related to the
use of land together with the protection of the areas and the detailed
administrative information for them is included (LA_BAUnNIt].

The structure of the HC is shown in a general view for the needs of the
matching. The entities represent all the beneficiaries [(LA_Party)l that own
properties in the Greek territory together with their spatial representation
(LA_Spatialunit) and the rights or weights exercised on them (LA_RRR] with the
registration of their administrative information (LA_BAUNit).

Beneficiaries of the HC correspond to LA_Party: Rights of the HC to LA_RRR:
Propertied of the HC to LA_BAUNIit and Cadastral Parcel to LA_SpatialUnit.

Diagram 6.1 describes the matching of the corresponding entities between
LADM and the existing HC data model.

6.3.1. Existing work based in LADM in Greece

The last three years LADM has been used as basis for the creation of
conceptual models in Greece in a research level. Kalogianni, 2012 introduced the
model to the Hellenic reality creating a model for the management of the Greek
public property. Gogolou 2013 created a conceptual model for the archeological
cadastre in Greece and Athanasio, 2014 proposed a conceptual model for the
marine cadastre. Therefore, Psomadaki, 2014 proposed a model for the
Harmonization of the Hellenic Cadastre with international standards including
LADM and INSPIRE.

However, none of those models attempted to cover a scope broader than
the scope of HC on the domain of land administration. The proposed model
combines the previous knowledge and based on the previous proposed models
it attempts to create a model for a multipurpose cadastre in Greece.

For that reason, the concept of levels was used. According to ISO 19152, 2012,
a level is defined as a set of spatial units with a geometric and/or topological
and/or thematic coherence. By implementing this concept in Greece, different
groups of spatial units have been created with regards to its thematic and
sometime geometric characteristics in order to best organize them. This will be
further analyzed in 6.4.3.
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6.4.Conceptual model

As mentioned in 3.3.4 all the classes of LADM, apart from the abstract class,
LA_Source and the two subclasses: LA_AdministrativeSource and
LA_SpatialSource; are subclasses of the class VersionedObject. As source
documents cannot change, only new source document can be inserted in the
system, they are not versioned.

In IS0 19152, 2012 is mentioned that LADM via the class VersionedObject covers
the state based modeling. This means that the states [results] are modeled
explicitly: every object is assigned at least two dates or times which indicate
the time interval during which the object is recorded in the system as actual
version. Through the comparison of two successive states it is possible to
reconstruct what happened as a result of one specific event.

The temporal aspect is inherited from class VersionedObject with its
attributes beginLifespanVersion and endlLifespanVersion. The class LA_RRR has
an additional temporal attribute called timeSpec, which is capable of handling
other temporal representations, such as a recurring pattern [every month; every
year; etc.]

At the rest of this sub-chapter the packages of the proposed model are
analyzed together with the external classes and their code list. Emphasis is
given at the different levels that have been created for the best management of
the properties in Greece. "‘GR_" is the prefix for the Greek country profile
proposed, covering both the spatial and the administrative data modeling.

Note that there are several abstract classes in the proposed model indicated
in ltalics. These classes are only introduced to support the conceptual model,
representing shared attributes and structures, and they get no instances. This
means that they dont get any corresponding table in the database
implementation. Based on spatial and non-spatial data modeling, several classes
have code lists.

All the UML models are created in EA ([Enterprise Architecture) software, which
can be used to set up and create databases.

Diagram 6.2 illustrates an overview of the non-spatial part of the proposed
model and its external classes in UML diagrams.
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Diagram 6.2: Non-spatial modeling overview.
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Diagram 6.3: Content of GR_PartyPackage and associations with other basic classes.

v role GR_PartyRolkeType (0.7
+ lype GR_PartyType
YersionedOse!
+ DegnlifespanVersion. DateTime
+ enulfespanyversion. DwleTeme {0 1)
+  guasty: DQ_Element [0 °]

source. C_ResponsitieParty [0

GR_Party
+ el O
+  exiLeveiOfadminstativeDivison GR_LevelOladmnisiratveDvision Type
- gigt I
+ rpame CharatiesStong [0 1)
+ pD O™

GR_PartyMember

¢ share Fracton  f=====--

GR_GroupParty
+ grouplD. Od
+  hype GR_GroupPartyType

6.4.1.

Party Package

GR_Party class

The class GR_Party is the main class of the Party Package. As party is
considered as a person or organization that plays a role in a transaction
[Lemmen, 2012]. LA_Party is also associated to LA_BAUnNit, to cater for the fact
that a basic administrative unit can be a part [e.g. a basic administrative unit

holding an easement on another basic administrative unitl.

GR_Party

+ 4+ + + 4+ 4+

+
+
+
+

extiD: Oid

extLevelOfAdministrativeDivision: GR_LevelOfAdministrativeDivisionType

name: CharacterString [0..1]
plD: Oid
role: GR_PartyRoleType [0..*]

type: GR_PartyType

‘VersionedObject

beginLifespanVersion: DateTime
endLifespanVersion: DateTime [0..1]
quality: DQ_Element [0..%]

source: Cl_ResponsibleParty [0..%]
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¢ Code list GR_PartyTupe

GR_PartyType

R S

P01 - Group

PO2 - Natural person

PO3 -Non natural person

P04 - Basic Administrative Unit
POS - Greek Public State

PO6 - Foreign State

PO - European Union

PO8 - Unknown

The different roles

if

¢ Code list GR_PartyRoleType

a party are described by the NCMA SA,
Archeological Cadastre and other organizations involved in the transactions. For
instance, there are different levels of courts; legislative authority [President of
the Hellenic Republic: Greek Parliament; the former King of Greecel.

GR_PartyRoleType

L R T T I R T T T I R T TR R T I

PRO1 - Lawyer

PRO2 - Bank

PRO3 - Notary

PROA - Chiizen

PROS - Institution

PRO6 - Tax Office

PRO7 - Insurance orgnization
PROS - Church

PROY - Surveyor

PR10 - Metropolis

PR11 - Parish

PR12 - Count

PR13 - Court of Appeal

PR14 - High Court

PR15 - State Council

PR16 - Legisiative Authority
PR17 - Expropriation Committes
PR18 - Ministry

PR1G - Local Authority

PR20 - Urban Planning Authornty
PR21 - General Secretary of the region
PR22 - To be fed

the



[1. GR_GroupParty class

A group party is any member of parties, forming together a distinct entity:
e.g. a village community. A party member is a party registered and identified as
a constituent of a group party [Lemmen, 2012]. For the proposed model a group
party can be a group of administrative units or a Consaortium.

¢ Code list GR_GroupPartyTupe

GR_GroupPartyType

¢ GPO1T . Consortium
+ GPO2 - Association

v GPO3 - Famiy
¢  GPOJA - Fratemity

¢  GPOS - Guilg

¢+ GPOE - Partnership

+ GPO7 - Coofporation [SA |

+ GPOS - Pubkc limied company
+  GPOS - Private limited company

+# GP10 - Group of BAUnIts
+ GP11 - Commitiee

+ GP12 - Other

V. Party Packaqge External Classes

External classes have been created for Parties. This is in support of
implementations on information infrastructures. The idea is to use only authentic
data in such information infrastructures. The external classes indicate what data
contents LADM is expecting from external sources.

Four external classes have been created for Parties; for natural persons,
non-natural persons, the level of administrative division and the addresses as
shown at the next figure. The first two external classes can be a link to a
population register, or to a chamber of commerce with a company register or to
external databases with certified parties with a role in land transaction [Lemmen,
2012]. Class External Address is a class for external registration of addresses.
As proposed in ISO 19152, 2012, the INSPIRE address specification may also be
used [INSPIRE, 2010] or an ISO standard [e.g. ISO 19160]; which includes addressing
terminology, conceptual models, quality management and rendering addresses
on postal items, maps, etc.] Last but not least, the class External level of
administrative division is introduced because the different types of spatial units
that have been introduced at the spatial package are linked with a number of
different stakeholders and parties. For that reason, it is considered that the
separation of different administrative levels according to Kallikratis plan in
Greece will facilitate the organization and separation of the party package. The
identifier of a party in an external registration [extPID] is an attribute of GR_Party
class.
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AFM. CharacterStnng

LR S S S

-

gender. CharacterString
« ID_number. int

+ MotherName: int

+ name. CharaclerString
+ partylD: Cd

+ photo Image [0 1)

+ Signature image [0 1]

BinnDate: DateTime [0..1]
exdAddressiD. ExtAadress [0
FatherName CharaclerString

+ sumame CharacierStiring

External::ExtNaturalPerson External::ExtAddress
+ AFM: CharacterString + addressCoordinate: GM_Point [0..1]
+ BirthDate: DateTime [0..1] + address|D: Oid
+ extAddressiD: ExiAddress [0..%] + buildingName: CharacterString [0..1]
+ FatherName: CharacterString + buildingNumber: CharacterString [0..1]
+ gender: CharacterSiring + city: CharacterString [0..1]
+ |D_number: int + country: CharacterString [0..1]
- MotherName: int + OTA: CharacterString
+ name: CharacterString + postalCode: CharacterString [0..1]
+ partylD: Oid + postBox: CharacterString [0..1]
+ photo: Image [0..1] + streetName: CharacterString [0..1]
+ signature: Image [0..1]
+ surname: CharacterSiring
External::ExtNonNaturalPerson
= 2o : e K - AFMrepresentative: CharacterString
External::ExtLevelOfAdministrativeDivision + birtDate: DateTime [0.1]
+ AFMrepresentative: CharacterString + endDate: DateTime [0..1]
+ levelOfAdministrativeDivisionlD: Oid + extAddressiD: Oid [0..7]
+ name: CharacterString + legalTitle: CharacterString [0..1]
+ representativeName: CharacterString + representativeName: CharacterString
+ ftype: GR_LevelOfAdministrativeDivisionType
[l External Natural Person
External:ExtNaturalPerson

AFM is the unique code for each citizen in Greece related to his/her tax
is used in order to verify the
uniqueness of a party, the AFM is introduced here, as all the parties should
always mention this number in their transactions.

obligations. Apart form the ID number that



[ External Non Natural Person

External::ExtNonNaturalPerson

AFMrepresentative: CharacterString
birtDate: DateTime [0..1]

endDate: DateTime [0..1]
extAddressiD: Oid [0..]

legalTitle: CharacterString [0..1]
representativeName: CharacterString

B S T

[ External Address

External::ExtAddress

addressCoordinate: GM_Point [0..1]
addressID: Oid

buildingName: CharacterString [0..1]
buildingNumber: CharacterString [0..1]
city: CharacterString [0..1]

country: CharacterString [0..1]

OTA CharacterString

postalCode: CharacterString [0..1]
postBox: CharacterString [0..1]
streetName: CharacterString [0..1]

O T T T T T

The attribute OTA defines the local authority where the address belongs.
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[ External level of administrative division

According to Kallikratis plan, the reorganization of regional and local
government in Greece held in 2011, there are 4 levels of administrative division.
For that reason, this external class is added to the Greek country profile.

External::ExtLevelOfAdministrativeDivision

AFMrepresentative: CharacterString
levelOfAdministrativeDivisioniD: Oid

name: CharacterString

representativeName: CharacterString

type: GR_LevelOfAdministrativeDivisionType

+ o+ o+

¢ Code list GR_AdministrativeDivisionType

The different levels of administrative division are included in the code list of
the attribute GR_AdministrativeDivisionType. In addition, the attribute can take the
values: European and International, depending on the transaction that is
registered in the system.

GR_LevelOfAdministrativeDivisionType

ADO1 - Municipality

ADO2 - Region

ADO3 - Decentralized administration
ADO4 - Nation

ADOS - European level

ADOG - International level

OO S VT St




¢ Code lists of the Party package

6.4.2. Administrative Package

GR_BAUnit

+ eaxtArchivelD: ExtArchive

+ horizontalPropertylD: int

+ KAEK: CharacterString

+ name: CharacterString [0..1]
+ type: GR_BAUnitType

+ ulD: Cid

+ verticalpropertylD: int

+baunit 1 0.°
0.
e +r
- GR_Administrative Source
GR_RRR + svailabilityStatusType: GR_AvsilabilityStatusType
= : 3 + text: MultiMediaType [0..1]
:?25;'“' ChatacterString [0..1] 1.» 1.%| + type: GR_AdministrativeSourceType

+ share: Rationsl [0..1]
+ shareChecdk boolean [0..1]
+ timeSpeoc: ISO8801_Type [0..1] GR_Responsibility

+ type: GR_ResponsibilityType
=GR_RRR

+ desciption: CharacterString [0..1]
+ 1lD: Oid

+ share: Rationsl {0..1]

+

+

shareCheok: boolean [0..1]
timeSpeck: ISO8601_Type [0..1]

GR_Right

- type: GR_RightType
“GR_RRR
+ description: CharacterString {0..1] GR_Restriction
+ D: Oid

share: Rational [0..1] + partyRequired: boolean {0..1]
+ shareChedk boolean {0..1] + type: GR_RestrictionType
+ timeSpeck: ISC3601_Type [0..1] ZGR_RRR

. + desoiption: CharacterString [0..1]
0. + 1D:0id

+ share: Rational [0..1]
0. + shareChedk: boclean [0..1)
+ordered + timeSpeck: ISC8801_Type [0..1]

GR_Mortgage 9

amount: Currency [0..1]
interestRste: float [0..1]

ranking: int[0..1]

type: GR_MortgageType
::GR_Resiniction

+ partyRequired: boolean [0..1]

+ type: GR_RestrictionType
“GR_RRR

desaription; CharacterString {0..1}
rlD: Oid

share: Rational [0..1]
shareChedk: boolean [0..1]
timeSpeok: 1SC8801_Type {0..1]

+ 4+ 4+ +

o+
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. GR_BAUnNIt

A basic administrative unit is an administrative entity consisting of zero or
mare spatial units [parcels] against which one or more unigue and
homogeneous rights, responsibilities or restrictions are associated to the whole
entity as included in the Land Administration System. A BAUnit may play the role
of a 'party because it may hold a right of easement over another, usually
neighboring and spatial unit.

GR_BAUNIt class determines all property rights and corresponds to a part of
the class PROP of the HC. Apart from the basic attributes defined by LADM, for
the unique identification of each cadastral parcel the Hellenic Cadastre Code
Number [KAEK] is used. KAEK is a unique 12 or 16 digit number, the national
cadastre code number, used for accessing and querying the cadastral
database. A new attribute named KAEK is added at the class LA_BAUNIit with the
restriction at the data type that the length of the integer should be smaller or
equal to 16 digits. The KAEK can be a 16-digit number in case that a horizontal
property [apartment, office or shopl] exists.

Each of the KAEK 12 digits indicates administrative information concerning the
parcel's location, namely:

o The first 2 digits correspond to the Prefecture where the land
parcel is located,

o The next 3 digits correspond to the sector of each Municipality,
Municipal District or Community,

o The next 2 digits correspond to the cadastral sector of each
municipality,

o The next 2 digits correspond to the cadastral section and

o The last 3 digits correspond to the serial number of the land
parcel within the section.

In case of a horizontal property four extra digits are added:

o The next two correspond to the serial number of the building block
or flats,

o The last two digits to the floor and the place of the particular
horizontal property.

Additionally, two new attributes are added to the GR_BAunit class namely
verticalPropertylD [for the identification of vertical ownerships] and
horizontalPropertylD [for the identification of horizontal ownershipsl.

GR_BAUNIt

+  extarchivelD: ExtArchive

+ hornzomalProperylD: int

+  KAEK CharacterStnng

+ name. CharactarString [0..1)
+ type: GR_BAUNIType

+ ulD:Oia

+ verticalpropertylD: int

In case that the cadastral survey is finished the unique identifier of the
BAUNIt is the KAEK. On the other hand, in case that the cadastral survey is still in
progress the property code number is used instead. As the GR_BAUNit is a sub-
class of the class VersionedObject, all the history of the data is reqistered. Due
to this fact, there is no need to create an extra attribute for the permanent
property code number till the end of the cadastral survey. The attribute KAEK is
filled with the property code number and when needed it is updated with the
KAEK of the BAUnNit.



¢ Code list GR_BAUNntType

Administrative::GR_BAUnitType

+ BADY - Cadastrai parced

+  BADZ - Hormzontal property

¢ BAD3 - Sample vertical property

¢ BADA - Complex vertical property
¢ BADS - Specilal real property

+ BADG - Mines

+ BAD7 - Coastal zones

+  BADS - Other

II. GR_RRR

The abstract class GR_RRR defines the rights, restrictions and responsibilities
that are registable in the system. It corresponds to the class RIGHT of the HC.
Restrictions are not registered separately at the HC: they are included at the
table RIGHT. Additionally, the responsibilities are not registered at all in the HC;
but it is considered as an important component of the proposed model. It has
three classes as specifications: GR_Right, GR_Restriction and GR_Respansibility.

I GR_Right

The GR_Right class contains all the rights that can be registered in the
Hellenic land administration system. A ‘right” is an action, activity or class of
actions that a system participant may perform on or using an associated
resource. A ‘restriction” is a formal or informal entitlement to refrain from doing
something. A ‘responsibility” is a formal or informal obligation to do something:
e.g. the responsibility to clean a ditch or to maintain a monument [Lemmen et al.,
2013l. Rights in rem are rights that grant immediate and against all power on the
same object [Greek Civil Code 973, Real Property Law and Procedure in the EU,
Report Greecel

GR_Right
¢+ type GR_RightType
‘GR_RRR
¢ descriplion CharaclerSinng [0 1)
+ D O

¢+ share Rabonal j0 1
+ shareCheck booiean j0 1)
+ timeSpeck ISOBE01_Type 0 1]
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¢ Code list GR_Right_Tupe

Administrative::GR_RightType

D @ 0 O 0D O T P PO 00 PP O DO OO P OO OO

RGO - Full Ownership
RGO2 - Limited Ownership

RGO3 - Possession due 10 land consolkdaton

RGO4 - llegal possession

RGOS - Bullting coefMcant factor transer

RGOE - Exciusve Use

RGOT - Right of superficies
RGOE - Impiantation nght
RGOO - Mining ngt

RG10 - Fhing

RG11 - Usufruct

RG12 « Way serviude

RG13 . Passage

RG14 . Channe access

RG1S - Mortgage ndentured servituoe
RG16- Long-ferm inase

RG17 - Short-term kease

RG1S - Fnancing lease

RGO - Tme-shanng lease
RG2 - Leaseo for

RG20 - Uity lease

RG21 - Communal use

RG22 « Lease 100 acniculural reasons
RG23 - Lease for Tarming
RG24 - Loase 1or ndustnal use
RG2S - Loase for sport actwty
RG26 - Leasa for mining

RG2T - Lease for fores!

RG28 - Lease for renewable energy sources

RGI9 - Waler Ryghts
RG30 « Other

The restrictions refer to the constraints in the use of the property, for
example properties with architectural buildings should have specific land uses.
There are also restrictions in the economic activities exercised on properties
inside the protection zones of archaeological spaces or mines [Dimopoulou and

Gogolou, 20131

¢ Code list GR_RestrictionType

GR_Restriction

‘
‘

o P .9 9

partyRequired boolean [0..1)
type: GR_RestrctionType

GR_RRR

descoption: CharacterStnng (0..1)
nD OK

share Rational [0 1)
shareCheck boolean [0 1)
tmeSpeck 1S08601_Type [0.1)
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[ GR_Mortgage

A mortgage is a special restriction of the ownership right. In fact it is a
security right to provide a maximum guarantee that [bank] loans for purchase of
real estate are repaid. Mortgage is a right in rem and a subsequent right to
secure a future claim or a claim in provision of the borrower with a preferential
satisfaction of him/her regarding the real estate by the owner of the real estate;
who may be a debtor or even a third party; who consented on a mortgage to be
recorded on his real estate [Real Property Law and Procedure in the EU, Report
Greecel.

At the HC model the values of this attribute belong to the RIGHT table.

¢ Code list GR_MortgageType

According to the HC the different types of mortgage that can be registered
in the system are the following:

Administrative::GR_MortgageType

MGO1 - Mortgage

MGO02 - Party eliminated mortgage

MGO3 - Seizure

MGO4 - Insurance placement

MGOS - Mortgage on machinery

MGO6 - Mortgage prenotification [on immovable property]
MGO7 - Party eliminated mortgage prenotification

O N T

[l GR_Responsibility

The responsibilities are related to the obligations the owners have for the
protection of the spatial units and are extracted from the corresponding
legislation. For instance, the State is obliged to protect, promote and make the
antiquities accessible, a fact that generates responsibilities for the owners of
properties with archaeological interest. Until now, at the data model of the HC
the responsibilities where not registered. However it is considered very
important to register responsibilities derived from the customary law, or
everyday life, such as monuments and/or traditional buildings inspection.

GR_Responsibility

+ ftype: GR_ResponsibilityType

“GR_RRR

+ description: CharacterString [0..1]
+ D: Oid

+ share: Rational [0..1]

+ shareCheck boolean [0..1]

+ tlimeSpeck: ISO8601_Type [0..1]
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¢ Code list GR_ResponsibilityType

Administrative::GR_ResponsibilityType

RPO1 - Monument maintenance

RPO02 - Archeologial site declaration

RPO3 - Compensation fee

RP04 - Lease's fee

RPOS - Property's taxes

RPOG6 - Lease for touristic reasons

RPO7 - Architectiral building conservation

RPO8 - Customary rights

RPO9 - Excavation process

RP10 - Disposal of unused products or water material is not allowed
RP11 - Lease charge tax

RP12 - Compliance of special impact assessment
RP13 - Environmental impact assessment

RP14 - Other

PR I T S A S S T T G o

[ll. GR_AdministrativeSource

One of the important foundations of LADM is the fact that all information in the
system should originate from source documents and that the association to the
source document is explicitly included [Lemmen, 2012l The class
GR_AdministrativeSource is the source with the administrative description of the
parties involved; the rights, restrictions and responsibilities created as well as
the basic administrative units affected. In case of administrative source
documents [usually titles] there are associations with right, restriction, [including
mortgagel and responsibility [RRR] and basic administrative unit [BAUNitl.

GR_AdministrativeSource associates with GR_RRR and GR_BAUnit and
corresponds to classes DOC and DOC_BEN_RIGHT of the HC. For the proposed
model it is considered that the availability status of each source it is important
and is added as an extra attribute to the class GR_AdministrativeSource.

GR_AdministrativeSource

+ availabilityStatusType: GR_AvailabilityStatusType
+ text: MultiMediaType [0..1]
+ type: GR_AdministrativeSourceType




¢ Code list GR_AdministrativeSourceType

Administrative::LA_AdministrativeSourceType

B i o S L S S SR TR S SN S R T S S SR S . =

ASO01 - Presidential decree

ASD2 - Legislative decree

AS03 - Royal decree

AS04 - Notarial deed

ASO05 - Court decision

AS06 - Law

ASO7 - Imperative law

ASO08 - Revocable administrative act
AS09 - Administrative act

AS10 - Official state deed

AS11 - Notary deed

AS12 - Documentation deed
AS13 - Usucaption documentation
AS14 - Morigage

AS15 - Permit

AS16 - Building permit

AS17 - Geotechnical impact
AS18 - Environmental impact assessment
AS19 - Lease contract

AS20 - Public work contract

AS21 - Document of plea

AS22 - Stategic plan

AS23 - General urban plan

AS24 - Urban control zone

AS25 - City plan

AS26 - Historical source

¢ Code list GR_AvailabilityStatusType

Administrative::
GR_AvailabilityStatusType

AV01 - Registered source
AV02 - No Registered source
AV03 - Incomplete registration
AV04 - Destroyed registration
AV0S - Undefined

+ + o+ 4+
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[V. Administrative Package external classes

Two external classes have been created for the administrative package: for
the ways of ownership [extWayofOwnershipl and an archive. To make the
current system compliant to LADM, the spatial source, deed or title, would be
identified by a unique number. For that reason the External archive class is
introduce: since there are different organizations that maintain the sources in
which the transactions are based which will be linked via the ExternalArchivelD.
The code list for the different types of ways of ownership are according to the
eXisting code list that HC data model uses.

[ External Way of ownership

External::ExtWayOfOwnership

+ type: GR_WayOfOwnershipType [0..1]

¢ Code list GR_Wayof OwnershipType

GR_WayOfOwnershipType

WO01- Sale

WOO02 - Donation

WOO03 - Exchange

WO004 - Parenltal concession

WOOS - State concession

WOO06 - Common use concession
WOO07 - Demarcation act

WOOB - Residence right lease

WO09 - Parcel joint

WO10 - Boundary determination act
WO11 - Expropriation

WO12 - Land consolidation

WO13 - Urban plan impiementation act
WO14 - Act of settiement

WO15 - Servitude establishment
WO16 - Merge

WO17 - Modification of co-ownership
WO18 - Trust

WO19 - Usucaption

WO20 - Vehicle's parking spacce establishment acl
WO21 - Establishment of co-ownership
WO22 - Bestowal in common use
WO23 - Usufruct

WO24 - Compromise

WO25 - Inheritance

WO26 - Bequest

WO27 - Auctiom

WO28 - Dowry

WO29 - Exchange
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0 External Archive

External::ExtArchive

acceptance: DateTime [0..1]
data: LocalisedCharacterString
extraction: DateTime [0..1]
recordation: DateTime [0..1]
sID: Oid

submission: DateTime [0..1]

T T T

The list of all the code lists of the non-spatial part of the proposed model is
included in Appendix C.

6.4.3. SpatialPackage

In Greece there is a wide range of different spatial units. In order to make the
model comprehensive and future proof, all those spatial units can be supported
including 20 and 3D properties, marine parcels, mines, parcels with archeological
interest, special property right objects, utility networks and the planning zones.
Even if all those different spatial units are not supported today by the NCMA S.A.
or another institution or organization; e.g. the marine parcel; the model is
designed to cover all the possible cases also for the future. For the best
organization and management, the various types of gpatial units are organized
in levels.

At the next figure an overview of the spatial part of the model is presented.

VersionedObyect| o *
afeatureTypen 0.1 GR_Level
- GR_SpatialUnit <
. o S
A A A}
jevel 1 for archeclogical

X tevel 2 Tor 20 parcel
- GR_ jevel 3 for 30 parcel,
. — level & formine

el 5 for SRPO.

Sevel & for planning zane,
fevel 7 for marne parcel
%ol 8 for netwok

PR
T,

GR_LegalSpaceBulldingUnit

GR_LegaiSpaceBuildingUnit]

1S idingUnit
R_LegalSpaceUnfinishedConstruction R LegaBpatesunoanin

GR_Building

1+

LA_SpotialSource|
| GR_SpatialSource
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|. GR_SpatialUnit

GR_Spatialunit is the main class of the Spatial Package. It consists of a single
area [or multiple areal of land and/ or water, or a single volume [or multiple
volumes] of space [Lemmen, 2012] and corresponds to part of the PROP class of
the HC. Spatial units are structured in a way to support the creation and
management of the basic administrative units.

VersionedObdject
«featureType»
GR_SpatialUnit

area. GR_AreaType [0.."]
dimension: GR_DimensionType
extAddress: Oid [0..*]
hasTopographicMap: booiean
insideMap. GR_InsideMapType
KAEK: CharacterString

label: CharacterStnng [0..1)
landUse: ExtLandUseType [0 "]
referencePoint: GM_Paint [0 1]
sulD: Oid

surfaceRelation: GR_SurfaceReiationType [0 1)
volume: GR_VoilumeType [0..%)

| :VersionedObject
beginLifespanVersion: DateTime
endLifespanVersion. DateTime [0. 1]
qualty. DQ_Element [0_ "]

source: Ci_ResponsibieParty [0 "]

SR T S S S SRR SR S R S S S

+ 4+ + +

areaClosed(): boolean
computeArea(). Area
computeVolume() Volume
createArea(). GM_MultSurface
createVolume(): GM_MultiSold
volumeClosed() boolean

- 4+ + + + +

constraints
[ {{sum (GR_PartyMember share)= per group})

¢ Code list GR_AreaType

In the HC there are many areas registered due to the various information that
have been gathered. In particular, the area from the deed. the area from the
topographic map: the area from the GIS registered during the cadastral survey
and the area mentioned on the owner’'s declaration.



«codeList»
Spatial Unit::GR_AreaType

ATO1 - Deed area

ATO02 - Topographic map area
ATO03 - Owner's declaration area
AT04 - Calculated area

+ 4 o+ 4

¢ Code list GR_DimensionTupe

«COodeLists
GR_DimensionType

+ DTO1-0D
¢ DT02-1D
¢ DT03-20D

¢« DTO4-3D

¢ Code list GR_SurfaceRelationTupe

«codeList»
GR_SurfaceRelationType

SRO1 - Mixed
SR02 - Below
SR03 - Above
SR04 - ONnSurface

+ o+ o+

¢ Code list hasTopoMapType

The attribute hasTopoMap is added to the GR_Spatialunit class, as it is also a
class on the HC data model, showing whether together with the ownership
declaration a topographic map was attached or not. It is a Boolean expression.

¢ Code list GR_InsideMapTupe

The attribute InsideMap is added to the GR_SpatialUnit class, as it is also a
class on the HC data model. It signifies if the property is inside the city plan or
not. According to that, the legislative framework, the RRRs and also the value of
the property change.

«codelists
GR_InsideMapType

4 MO1 - Insde
+ MO2 - Qutsige
+ MO3 - Urban
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¢ Code list GR_VolumeValue

«codeList»
Spatial Unit::GR_VolumeType

VTO1 - Surveyed volume

VT02 - Deed volume

VT03 - Non offical volume

VT04 - Owner's declaration volume

+ + + +

I[I. GRSpatialUnitGroup

The class consists of any number of spatial units considered as an entity:
e.g. a municipality and is realized by an aggregation relationship of
GR_SpatialunitGroup onto itself. A spatial unit group may be a grouping of other
spatial unit groups. According to Lemmen, 2012, in implementation of LADM this is
to enable the inclusion of spatial unit identifiers in hierarchical zones.

[1l. GR_LegalSpaceBuildingUnit

It contains the legal space, which does not necessarily coincide with the
physical space of the building unit. LADM provides the opportunity to link the
legal space with the class ExtPhysicalBuildingUnit for the external registration of
mapping data of building units.

1
LA SpatialUnit

«featureType»
Spatial Unit::GR_LegalSpaceBuildingUnit

+ extPhysicalBuildingUnitiD: ExtPhysicalBuildingUnit [0..1]
+ type: GR_BuildingUnitType [0..1]

GR_LegalSpaceBuildingUnit

GR_LegalSpaceBuildingUnit GR_Building

GR_LegalSpaceUnfinishedConstruction /buildinglD: Oid [0..1]

height: double [0..1]

Is_legal: boolean [0..1]

kind: GR_BuildingKindType [0..1]
ftotalFloorNo: int [0..1]

type: GR_BuildingType [0..1]

endExpected: DateTime [0..1]

startDate: DateTime

type: GR_LegalSpaceUnfinishedConstruction [0..1]
unfinishediD: Oid

+ o+ o+

+ + 4+ 4+ o+ 4+




¢ Code list for BuildingUnitType

«codeList»
GR_BulldingUnitType

+ BUO1 - Individual
+ BUO2 - Shared

V. GR_LegalSpaceBuilding

The building unit concerns legal space, which does not necessarily coincide
with the physical space of a building. As in Greece there are many
constructions that are not yet finished, or there have been for many years
unfinished and they still remain like that a sub-class of GR_LegalSpaceBuilding
has created in order to register the unfinished constructions. In case that the
unfinished construction is a building, when it is completed, the endbExpected
attribute of the class GR_LegalSpaceUnfinishedConstructions will have the same
value with the creatrionDate of GR_Building class.

¢ Code list of BuildingKindType

aCOdelists
GR_BulidingKindType

+ BK01 - Bullding

¢+ BKO2 - Attachment to buliding
¢+ BXO03 - Accessory

¢ BKOA - Garden

¢ Code list GR_BuildingTupe

«CogelLists
GR_BuildingType

BT01- industrial busding

BT02- Commercial buiding

BTO03 - Residential buiding

BT04 - Storage space

BT05 - Open parking space

BT06 - Ciosed parking space

BTO7 - Reservoir

BT0S - Chamber

BT09 - Archeoiogical space

BT10 - Special Real Property Object

FORERT ST T TR S S

+ o+
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V. GR_LeqgalSpaceUnfinished

¢ Code list GR_UnfinishedTupe

«codelisi»
GR_UnfinishedType

+ UNO1 - Unknown
+ UNO2 - Buiding

+ UNO3 - Storage space
+ UNO4 - Accessory

+  UNOS - Common space
+  UNOE - Pipeline

VI. GR_Level

According to IS0 19152, 2012, LA_Level and therefore, GR_Level is a collection
of gpatial units with a geometric or thematic coherence. This concept is
important for organizing the spatial units in LADM. In this way, in relation to the
principle of “legal independence” [Kaufmann and Steudler 1998] different groups
of coherent spatial units can be created. This allows for the flexible introduction
of spatial data from different sources and accuracies, including utility networks,
buildings and other 3D gpatial units, such as mining claims, or construction
works, etc.

To make the proposed model comprehensive and future proof, a wide range
of spatial units can be supported including spaces with archeological interest
[2D or 3Dl mines, and special real property objects. The various types of spatial
units are organized in levels using the class GR_Level. For this class there is an
attribute type that described level type of the spatial unit, which will include:
archeological space, land parcels, marine parcels, panning zones, mines and
SRPOs. The code list for these attributes can refer to GR_LevelContentType.

For Greece, the following levels are proposed: level 1 for archeological, level
2 for 20 parcel, level 3 for 30 parcel, level 4 for mines, level 5 for SPROs, level 6
for planning zones and level 7 for marine parcel. In the involved classes a
constraint has been added to make this more explicit. For instance, GR_Mine has
a constraint GR_Levelname ’‘level 4".

GR_Level

IID: Oid

name: CharacterString [0..1]
registerType: GR_RegisterType
structure: GR_StructureType [0..1]
type: GR_LevelContentType [0..1]

+ o+ o+ o+ o+

’
2

AN

level 1 for archeological,
level 2 for 2D parcel,

level 3 for 3D parcel,

level 4 mine,

level 5 for SRPO,

level 6 for planning zones,
level 7 for marine parcel,
level 8 for network
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«co0eList»
GR_RegisterType

* +

> & + &

RTO1 - Urban

RT02 - Rurai

RTO3 - Forest

RT04 - Agricultural
RTOS5 - Mining
RTO6 - Pubic space

¢ GR_ReqisterType

¢ Code list of GR_StructureType

eCO0eLiSts
GR_StructureType

S S TR SR SR

STO1 - Point

ST02 -Line

STO3 - Polygon

STO4 - Text

STOS - Topoiogical
STO6 - Drawing

STO7 - Unstructured. Int

¢ Code list of

GR_LevelContentTupe

«codeList»
GR_LevelContentType

LCO1 - Archeological
LCO2 - 2D parcel
LCO3 - 3D parcel
LCO04 - Mine

LCO5 - SRPO

LCO6 - Planning zones
LCO7 - Marine parcel

T T i T
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0 LCO! - Archeological

The Greek civilization is important and affected the evolution of European
cultures, contributing to modern western civilizations. Political ideas, such as
democracy, philosophy, sciences, architecture and cultural heritage, are all
representatives of the rich Greek civilization. In modern times the remaining
Greek cultural heritage is considered to be world heritage, due to the
importance and the oldness of the antiquities, gathering the global interest of
people, who travel in Greece to visit them.

Until nowadays, many types of legislation have been issued in order to
contribute to the conservation of the cultural heritage in Greece, all tucked
under the title "Archaeological Legislature”.

The Greek State has encompassed all the international conventions,
declarations, agreements and European directives concerning the protection of
all aspects of cultural heritage in the legislation, e.g. Convention for the
Protection of World Natural and Cultural Heritage. However, the adoption of laws
confronts many problems, such as the inadequacy of protecting the public
space, which leads to infringement by the individuals, the bad conservation of
the antiquities and most important, the lack of efficient management structures
to the protection services.

As the archaeological space in Greece is vital for the conservation of the
antiquities it reflects the necessity for the implementation of a special class. In
this class the type of the archeological area that is registered is important as
well as the protection zone. This depends if the archeological sites are inside
or outside of settlements.

[ Archaeoloqgical sites outside of settlements

Archaeological site beyond settlements [(i.e. no existing city plans or legally
existing settlements] are protected by two kinds of protection zones: Protection
zone A and Protection zone B.

Protection Zone A
Building activities are totally prohibited. The only exception is: construction of
edifices or additions to existing buildings may be allowed, where necessary for
the enhancement of the monuments’ sites as well as for facilitating their use. A
ministerial decision sets the building terms for these types of constructions.
Protection Zone B
Agriculture, stock-breeding, hunting or other related activities can only be
carried out upon special permit.
. Archaeoloqgical sites within settlements
As a general rule any intervention impairing the character of the urban web
of the buildings or disrupting the relationship between the buildings and open
spaces is prohibited. The protection zones applicable for archaeological sites
outside of settlements can be also applied to archaeological sites within
settlements. In non-active settlements it is prohibited to erect new buildings.
Only upon permit granted by decision of the Minister of Culture and subject
to restrictions stipulated by law are the use, construction (only if they are
compatible with the character of the settlement], restoration and demolition of
existing edifices allowed. Within archaeological sites which are active
settlements, special rules apply with respect to restrictions to ownership, land
use or use of buildings. These rules are being set by ministerial decision in
each case.
In order to best manage all those special cases, a new level named
Archeological is created at the proposed model, as shown in the next figure:

GR_Archeological

type. GR_ArcheologkalType
+ ones. GR_ArcheologicalZone Type

cConsyravis
(GR_Level name = "level 1)
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And the code lists of its attributes are the following:

«Cogelist»
GR_Archeological:
GR_ArcheologicalType

+ ARO1 - Ancient monument
+ AR02 - Modem moment

+ ARO03 - Hisloric piace

+ ARO04 - Archeoiogical sile

+ AROS - Tradtional vitage

+ AROG - Fortress «CodeList»

+ ARO7 - Movabie objects GR_Archeologicai::

+ AROB -Public buliding OR_Archeciogioazons fypa
+ ARO9 - Theater + AZ0T - protection zone A

+ AR10 - Tempie + AZO2 - protection zone B

+ AR11 - Architecturai buliding

+  AR12 - Hydraulc construction

0 LCO2 - 2D property & LCO3 - 30D property

In the Greek country profile, there are some attributes, which are repeated
after inhering them from LA_ class. The reason for this is that they have
different multiplicity the same attribute has in the corresponding LA_ class. For
instance, LA_AreaValue in GR_3DParcel class has O multiplicity because this class
has no value for area and in GR_2DParcel the multiplicity of this attribute is [1.*]
Indicating the presence of one or more area values. The original LA_ class
(LA_SpatialUnit] for the area attribute has multiplicity zero and more [0.*]. Note
that some example area types of LA_AreaValue are: deed area, owner’s
declaration area, calculated area, and topographic map area.

In the proposed country profile, spatial units can be 20 or 30. Nowadays, the
parcels registered in the HC are 20, but there are many cases that need 30
description as mentioned in 5.7. The model has introduced an abstract class
GR_Parcel holding the attributes of a parcel and this class has two
specializations GR_2DParcel and GR_3DParcel, with their own attributes and
structure. Currently GR_2DParcel is based on 20 topology with references to
shared boundaries (GR_BoundaryFaceStringl.
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[ GR_Parcel
«invariant»
{structure in GR_Level
can be topological,
polygon, unstructured
GR_Parcel::GR_2DParcel GR_Parcel::GR_3DParcel i POy
+ area: GR_AreaType [1.7] + area: GR_AreaType [0]
+ dimension = 2D + dimension = 3D
+ /geometry: GM_Surface + geomerty: GM_Solid
1 + [totalBndLength: double + [totalBndSurfaceArea: double
+ volume: GR_VolumeType [0] + volume: GR_VolumeType [1..4]
constraints constraints
{GR_Level.name = 'level 2'} {GR_Level.name="level 3}
0.1 0_1)

T I I

0 LCO4 - Mines

Greece is one of the EU countries that posses substantial mineral wealth
consisting of a variety of minerals and ores with a large industrial and economic
interest. Nowadays, the mining and mineral industry faces some of the most
difficult sustainability challenges of any industrial sector. Some scholars claim
that mining is an inherently unsustainable activity, since is based on the
extraction of non-renewable resources. However, the last years various
initiatives were launched with a view to secure reliable and undistorted access
to raw materials for Europe and also in an international level.

The mining and mineral industry started to develop a framework for
sustainability indicators [SDIs] as a tool for performance assessment and to
demonstrate continuous improvements as proposed by the Mining, Minerals and
Sustainable Development project [MMSD, 2002 a&bl and later by other [GMEA 2006;
Valta et al. 20071

Tzeferis et al, [2012] examine the most important SD indicators for Greece
using company-supplied information including employment matters,
environmental management, waste management, energy and water management,
local development, etc. The results, which have not been fully verified yet, were
compiled primarily from the annual sustainability reports of GMEA companies.

The Greek Mining/Metallurgical Industry [GMMI] constitutes an important sector
of the economic activity of the country as it supplies essential raw materials for
primary industries and various downstream users.

The most common and known production data of various mineral commodities
produced in Greece are the following: bauxite, aluminium, mixed sulphide ore,
nickeliferrous ores, ferronickel, bentonite, pozzolan, perlite, calcium carbonate,
lignite, mineral aggregates, marble, etc.. Reported data combine data from
statistics provided by the Mineral Resources Division of the Ministry of
Environment, Energy and Climate Change and the annual statistics provided by
GMEA.

The perspectives of the Greek mineral industry appear to be positive, relying
mainly to its export orientation. However, the industry has to identify and exploit
the trends and opportunities of the international business enviromnment in order
to overcome crisis, remain competitive and further improve its position and
perspectives. Mineral sources are of outmost important for Greece and special
legislation framework applies to them. Additionally, the nature of the parcels
where mines and quarries are found is unique due to the geomorphological
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characteristics. For those reasons and for the best exploitation of the natural
resources it is considered that a separate level for mines should be created at
the proposed model. The attributes of this class are the different mineral
resources types, the sustainable development indicators and the mineral
activity that takes place in the mine, as shown in the next figures.

GR_Mine

activity, GR_MineralActivity

penmeter float

resourceType GR_MineralResourcesType

sustainable development indicator. GR_MineraiSOiType
type. GR_MineType

* % % »

Constraints
(GR_Level name="level 4')

And the code lists of its attributes are the following:

«cooeLists
GR_Mine: *CO0BLISTs
GR_MineralResourcesType OR_Mine :OR_MineType
. 1-

¢ MRO1 - marble -
+  MRO2 - bauxite
¢ MRODJ - aliuminium
+  MRO4 - mixed sulphide ore
¢ MROS - [aterites acodeLsts
+  MRO6 - bentonfle GR_Mine: :GR_MineralSDiType
+ MRO"MOM «  MOT - employment
+ MRS - perite +  MI02 - deveiopment of skills
¢+ MROQ - coal +  MID3 - healtn and safety
+  MR10 - lignite +  Mi04 - 103l fumover and produchion
+ MR11 - natural gas +  MI0S - communication with the commundy
+  MR12 - mineral agreegales + M07 - energy cemand
+ MR13- gold +  MO0S - water demnd
+ MR14 - hydrocarbons +  MI02 - fand demand - environmental rehabiitation
s MR15- ferronickel + M0 - waste amanagement
o NRIE . AcheGrre B ¢ M1 - use of dangerous substances

MR17 - cakium carbonate ; :g,::mﬁmrm
¢ MRIE - ofher :
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0 LCOS - SRPO

SRPOs considered an individual entity also in the existing model of the HC.
This is due to the fact that they are properties built above or below other
properties, usually found on the Greek islands. Customary law applies to mostly
in the Aegean islands creating complex RRRs, mixed up in multiple layers below
or above the surface. Legal relations on those RRRs are presented through
characteristic cases and examples of complex 3D reality. The integration of
these legally defined spaces to a 3D cadastral system should leave no doubt
about the way.

As SRPOs are already a separate entity it is considered that a new level for
them should be created. Their characteristics, the legislation framework, their
role in the history and tradition

RRRs are connected and affect each other, as well as connect parties and
property units. Separate ground floor (eg. katoil and upper floor (eg. anoi)
residences have been traditionally under a system of horizontal property,
evidently not complying with the Roman accession rule. The owner of the
ground floor also owned the land parcel, while the owner of the upper floor
owned the roof (and air), having no land share. Under this special system of co-
ownership, each floor's rights, even without land share, are separate,
transferable and registrable. It is clear that there is no way to explicitly
describe those relationships in two dimensions. For that reason, it is mandatory
for this level to use the third dimension for registration and representation.

The SRPOs can be divided into two categories: individual and non-individual
properties. The non-individual properties are registered in the HC together with a
parcel. Therefore, the individual properties can be described depending on their
percentage on the ownership interest.

According to their percentage, three groups are formed:

o properties which have 1000 % ownership interest,
o properties that have less than 1000 %and
o properties that don't have ownership interest at all.

Those categories are depicted in the class of SRPOs as separate attributes
as shown in the figure below.

Additionally, for the SRPOs an ontology have been created using the Protégé
software and is further explained in 6.4.4.

GR_SRPO

+ Individual. boolean

+ ownership interest. GR_OwnershipinterestType
+ shape CharacterString

GR_SRPOType

+ l“v De ¢

constraints
{GR_Level name="levei ')




And the code lists of its attributes are the following:

eCO0eLists
GR SRPO:GR SRPOType

+ SRO1 - Anog@a

+ SRO2 - Katogia

+ SRO3 - Yposkafa

¢+ SRO4 - Weils

+ SRO0S - Syrmata scOodelists

+ SRO6 - Tanks GR_SRPO::

+  SRO7 - Arches GR_OwnershipinterestType
* SROS - Windas + OI01 - no ownership nterest

# SROO.-Oomes + OI02 - smalier than 1000 %e

+ SR10 - Arcades +  OI03 - 1000 %

+ SR11 - Aquaduct

[l LCO6 - Planning zones

According to the Greek Constitution (voted in 1975 and revised in 1986 and
2001), spatial planning [that is both urban and national and regional spatial
planning) is placed under the regulatory authority and the control of the State,
in the aim of serving the functionality and the development of settlements and
of securing the best possible living conditions.

At the national level, the main institution responsible for urban and regional
planning is the Ministry for the Environment, Energy and Climate Change [YPEKAL
It is responsible for the elaboration, approval and implementation of urban
master plans; statutory town plans, housing plans and environmental protection
programs. It is also responsible for the elaboration, monitoring, evaluation and
revision of national and regional strategic spatial plans. Other ministries,
responsible for sectors as industry, tourism, agriculture, transport and energy,
intervene also in the formulation and implementation of spatial planning policy
especially in the field of sectoral spatial plans.

The 13 Regions in which the country is actually divided are entrusted with
several planning responsibilities concerned mainly with the elaboration, the
approval, the amendment, the revision and the monitoring and control of
different types of urban plans, the approval of zones for the transfer of floor-
area ratio and the approval of departures from general building rules in the
case of non-residential buildings (buildings used for health care, education and
welfare services, as well as industrial plants and public sports facilities).

Apart from regional administrations, a great number of second-tier
(Prefectural self-government] and first-tier (Municipalities and Communes) local
authorities intervene in the planning process. In the production and approval of
statutory plans the role of local authorities is mostly advisory, while the hard
core of their responsibilities is concerned with the delivery of building permits
and other licenses and the implementation of town plans.

Greek planning law comprises a wide range of instruments which extent from
strategic and framework plans at the national and regional levels to regulatory
town plans and zones at the local level. Existing legislation establishes a
hierarchical structure between different types of plans as presented into the
next table. The organization of the levels of planning largely reflects the spatial
scale at which plans operate (national, regional, locall, without, however, having a
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strict correspondence with the existing levels of government [Commission of
the European Communities, 2000].

Moreover, planning control in Greece is realized through the building permit.
This permit is required for any work of construction in or out of a settlement. It
is a combined system of planning and building control, which regulates building
construction and demolition, as well as land-use change.

Besides building permit, other consents depending on the use of the building
or its location are needed. Among them, we should mention the consent
required if development is to take place on or around monuments and historic
buildings (article 10 of L. 3028/2002] and the approval of environmental
conditions required in the case of public or private projects that may have
significant impact on the environment [articles 3-5 of L. 1650/1986 as amended
by L. 3010/2002). Both permits are prerequisites for the granting of the building
permit.

Concluding, the planning zones are very important for each country and in
particular for Greece as they define the activities, policies, land uses and the
restrictions for the entire territory of the country. For all the above mentioned
they are considered as a separate level in the proposed model. The attributes
are the type of the plans, the building regulations, the planning sectors that are
created from the corresponding plans and the planning level, as presented in
the next figure:

GR_Planning zone

+ PLO - Building regulations: GR_BuildingRegulationType
+ PLO2 - planType: GR_PlanTypes
+ PLO3 - planningSector: GR_PlanningSectorType —

constraints
{GR_Level.name="level 6}

And the code lists of its attributes are the following:

«CodeLisls
GR_Planning zone::GR_PFilanTypes

¢ PT01 - Nallonal strategic plan

+ PT02Z - Special framework

¢+ PTO3 - Regional framework

+ PTOJd - Master pian

+ PT0S - General Urban Plan

+ PTO06 - Plans of Spatal and Settiement Organizabon for Open Cibes
+ PTO7 - Poleodomixi Meiet _

¢ PTO8 - ZOE

+ PT02-City plan

+  PT10 - Environmental Protection program

¢  PT11 - Regional strategic plan




«codeList»
GR_Planning zone::
GR_PlanningSectorType

- e s

PS01 - inside settiement

PS02 - outside settiement
PS03 - semi-urban area

PS04 - urban area

PS05 - rural area

PS06 - settiement before 1923
PSO07 - forest area
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Types of Plans

Area covered

Responsible authority
for the approval

Strategic:
General Framework for
Spatial Planning and
Sustainable
Development

The whole country

National Parliament

Special Frameworks for
Spatial Planning and
Sustainable
Development

Special areas of the
country (e.g. coastal
areas and islands,
mountainous and
lagging zones), sectors
of activities (e.q.
industry) of national
importance or
networks and technical
social and
administrative services
of national interest

Co-ordinating
Committee of
Governmental Policy
for Spatial Planning and
Sustainable
Development
(inter-governmental
argan)

Regional Frameworks
for Spatial Planning and
Sustainable
Development

The area of a Region

Minister for the
Environment, Spatial
Planning and Public

Waorks

Framework:

Master Plans for
Athens and
Thessaloniki

The Greater Area of
Athens and
Thessaloniki

Approved by Parliament
Act [L.1515/85 and
1561/1985)

Master Plans for other
major cities

The Greater Area of the
selected cities

President of the
Republic [Presidential
Decree]

General Urban Plans
(GPSs) and Plans of
Spatial and Settlement
Organization for Open
Cities (SHOOAPs]

The whole of one
municipality of more
than 2.000 habitants or
the whole of one or
more municipalities and
communes of rural
areas with a population
of less of 2.000
habitants each

General Secretary of
the Region

Regulatory:
Different types of
town-plans
(Poleodomiki Meleti,, City
plan]

Neighborhood level of
one Municipality or
Commune

Presidential Decree
(with the exception of
“minor modifications” of
the above plans that

may be approved by

the relevant local
authorities)

Implementation and
land contribution plans
(Implementation act])

Neighborhood level of
one Municipality or
Commune

Prefect or Mayor
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Minister for the
Environment, Spatial
Planning and Public

Works

Functional planning
Zoning instruments urban or/ and rural
areas

1 LCO7 - Marine parcel

The marine environment introduces complexities that are not inherent in land
based spatial data. Marine environment is subject to a myriad of legal interests
due to international and national institutional frameworks. The marine space
involves RRRs that are time based and overlapping in nature. Some of these
rights include United Nations Convention on Law of the Sea (UNCLOS) and national
maritime zones, sovereign and administrative rights, private commercial rights,
mineral resources rights, development rights, riparian rights, and navigation.

Therefore, in order a marine system to be successful must be subsumed
into a national approach to administration of land, coastal, and marine
environments, but the identification of the unique marine features and the
appropriate management of them is required.

In the existing model of the HC, according to the technical specifications of
the NCMA SA, the marine parts in which the cadastral survey is in progress are
not assigned with a KAEK and therefore no information about them is recorded.
Also, the current LADM version does not elaborate the marine part. Although
there are several proposals regarding the subject of marine cadastre that deal
with varying issues, however there is a lack of literature that deals with marine
cadastre data models and the incorporation of the marine object in the land
administration data model.

In the proposed model for the registration of the marine interests spatial
extent, the GR_Marine class is suggested.

Marine objects can be described as sea surface objects, water volume
objects, seabed objects, and sub seabed objects. That is defined in the attribute
MarineLayerType. These can be demarcated up to a countrys Exclusive
Economic Zone (EEZ). The management, exploration and exploitation of marine
resources are usually for the benefit of the country and stakeholders up to its
EEZ. So in order to define the location of marine spatial unit the attribute
MarineZoneType is introduced. The main characteristic of the marine environment
is that the administration system is needed mostly for the management of
resources. The transaction object is not the space (as in land], but the
resources that included in this space. So the registration of natural resources
is necessary, when a marine interest is captured [Athanasiou, 2014], that is why
the attribute MarineResourxeType is proposed.

In the marine environment the Party is less likely to be an individual and
would most likely be a group, such as a consortium for oil mining. International
law [e.g. UNCLOS, or customary international law], public rights, and government
ownership more frequently take precedence over any private rights that do
exist in the sea [Cockburn et al, 2003l. Regarding the legal space, while spatial
units in the land cadastre can have specializations where objects can coincide
with the legal space, this is very rarely in the marine cadastre. [Griffith-Charles &
Sutherland, 20141.
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GR_Marine parcel

+ 4+ o+ o+

activityType: GR_MarineActivity Type
layerType: GR_MarineLayerType
resourcesType: GR_MarineResourceType

zoneType: GR_MarineZoneType

constraints

{GR_Level name="level 7'}

And the code lists of its attributes are the following:

«codelists
GR_Marine parcel:
GR_MarineLayerType

- -

LTO1 - sea surface
LTO2 - seabed
LTO3 - sub seabed
LT04 - water column

«codeLists»
GR_Marine parcel:
GR_MarineZoneType

ZT01 - exclusive economic zone
ZT02 - internal waters
ZT03 - temitorial sea

«codelists
GR_Marine parcel:
GR_MarineResourceType

- %

- o+

MTO1 - anadroms
MTO2 - catadroms

MTO3 - fish ACO1 - marine protected area
MTO4 - gas ACO2 - range
MTOS - hydrocarbons ACO3 - wetiand

MTOG - migratory species
MTO7 - solar energy
MTOS - wave energy
MTO9 - wind power

«codeList»
GR_Marine parcel:

GR_MarineActivityType

ORI S S S

ACO04 - aquaculture
ACOS - army activities
ACO6 - digging

ACO7 - navigation




[ LCOB - Networks

Netwaorks can be divided into transportation and utility networks. It is
considered as a group of objects with special characteristics that usually
impose restrictions and easements to the properties and should be managed
individually.

According to the model of the HC, the information that is registered concerns
only the utilities networks and refers to the legal status, not to the physical.
This means that only the rights, restrictions and responsibilities related to the
network are described. LADM provides the opportunity to link the physical with
the legal aspect of the utilty networks by adding an attribute for connecting
with an external database where the spatial components of a utility are
described.

Additionally, the type and the status of the networks are registered in the
level as presented in the following image:

Additionally, in this level the time aspect is very important. For instance, the
Trans Adriatic Pipeline [TAP] affects the landowners and land users living along
the corridor in the northern Greece and will be compensated fairly for the time
that the corridor affects their properties.

GR_Network

-

extPhysicaiNetworiD ExPhysicalUtintyNetwork
kind. GR_NetworkKind

status. GR_NetworkSistusType [0 1]

type. GR_NetworkType [0.1]

& + +

constramts
(GR_Level name = “evel 8')

¢ Code list GR_UtilityNetworkType

eCodelist»
GR_Network:GR_NetworkType

+ NTO02-gas

+ NTO3 - ol

+  NTOA4 - lelecomunication

¢+ NTOS - water

+ NTO6E - heating

+ NTO7 - chemcails

¢ NTOB - ralway network

+ NTO9 - primary road network
+ NT10 - navigation network
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¢ Code list GR_UtilityNetworkStatusType

«CodeList»
GR_Network::
GR_NetworkStatusType

+ USO01 - Planned

+ USO02-In use

+ USO3 - Out of use

+ US04 - Under construction/repair

The list of all the code lists of the spatial part of the proposed model is
included in Appendix C.

VIlI. Spatial package External classes

In the LADM design, any specification is not presented on the association of
land use/cover information with LADM classes but for the defined association
relations between LA_Spatialunit class and external land use/cover classes. This
is because LADM provides a basic, abstract model focused on land
administration and especially on the legal part. Undoubtedly, the need to
reqgister the land use in a multipurpose land administrative system is urgent.

However, the unavailability of land use/cover data in any external source is a
major problem all over the world with some exceptions in developed countries.
In the case of availability, none standardized production is one problem and
production of with different purposes in different data quality is the other. In
fact, land use and land cover data are confused by the majority of spatial data
UsSers or even producers.

In  this context, there are many different types of land use/cover
classification systems for different purposes in different data quality and
content, which are either designed internationally or nationally. CORINE land
cover [EC, 1995] INSPIRE land use/cover themes [INSPIRE D2.8..2, 2013], land use
capability classification [Soil Survey Staff, 1999] Land Parcel Identification
Systems (LPIS) [Kay and Milenov, 2006; Goeman et al, 2007;Sagris et al., 2013] are
a few international examples [Inan, 2013].

In LADM data model ExtLandUse and ExtLandCover classes were simply
associated with LA_SpatialUnit. For the proposed model, the external class
ExtLandUse was used in order to register the land uses for the cadastral
parcels in Greece. The code list proposed is according to the corresponding
land uses from the existing HC data model. It should be mentioned that the land
uses registered at the HC are derived from the database of the corresponding
Urban Planning department. Unfortunately, there is no frequently communication
of the 2 databases and the values for land uses are not updated. This means
that the system is not reliable and up-to-date as there are many changes
through the years that are not registered. Additionally, the orthophotomaps
used as basemaps from the HC also represent land uses, but they are dated
back to 2008-2009 when was the last orthophotomaps created. Consequently,
the introduction of this external class in the system is very important, as land
uses affect also the value and the taxation of the land parcels, however the
need for communication between the responsible authorities is urgent.
Maoreover, for the code list of the external land use type it should be mentioned
that not only the values of the existing HC data model are included but also the
values related to the different levels of spatial units.
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It is evident naturally that any type of land use is spatially related to land
parcel (and so GR_SpatialUnit class) in the case of a full partition data structure.
In other cases, there may be some exceptions, yet this relation prevails. This
relation is required for all types of Land Management activities such as land use
planning and application, environmental protection schemes, rural development
schemes and de-coupled payment schemes for farming land. That is to say,
Land Administration should facilitate Land Management activities, which are
related to land ownership, land use rights or merely land parcel boundaries.

[ External Land Use

¢ Code list ExtLandUseType

«codelists
External:ExtLandUseType

LUO1 - agriculture

LUQOZ - residential area
LU03 - industry

LUO4 -nature

LU05S - recreation activity
LUOBG - fishing activity

LUO7 - forestry

LUOS - digging/minning
LUJ09 - no covered area
LU10 - energy

LU11 - services

LU12 - cultural activity

LU13 - sport activity

LU14 - tellecommunications
LU15 - Road network

LU16 - Railway network
LU17 - port

LU18 - airport

LU1S - parking area

LU20 - lakefcanal

LU21 - coast

LU22 - beach

LU23 - coastal zone

LU24 - urban no built area
LU25 - storage area

LU26 - common space
LU27 - facilties for treating waste
LU28 - special use

LU29 - crossing

LU30 - station/stop for transportation means
LU31-marsh

LU32 - open public space
LU33 - other

L34 - pipeline installation
LU35 - space with archeological interest
LU36 - shipwreck

LU37 -research area

+ + + + + + + + + + + t kE ottt o+ 4+ 4+
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6.4.4.0ntology for the LCOS - SRPO

In the beginning the ontology SRPO_ontology is created and saved as OWL
file. The main classes that are created are depicted in Figure 6.4 and they are
subclasses of the super entity “Thing”. Additionally, a small description for the
ontology was added, as shown in Figure 6.2.

The entities created for the ontology are related to the spatial unit of the
proposed model and their inter-relationships with the legislation framework of
the country, the ways the SRPOs are represented in the existing HC and their
attributes. Greece is considered as the basic entity after the top-level entity
‘Thing” and because the focus on the thesis is the land administration system,
the next-level class is the National Spatial Data Infrastructure, which has as
child the Land Administration System composed by the KAEK, the LADM and the
representation objects. It should be noticed that the legislation framework was
also added at the same level with the LAS as it is important in order to best
describe the SRPOs. Its child are represented in Figure 6.3

This is an otnoclogy for the description of the Special Property Right Objects that are found in Greece and in particular at the Greek islands in the Asgean sea, where
the custormary law 5 appled

Figure 6.2: Description of the SRPO_ontology.

v Legislation_framework
Archeological_legislature
Civil_Code
Customary_law
Law_of_the_sea

Figure 6.3: Children of the entity "legislation framework" in the SRPO_ontology.

As shown in Figure 6.4 the classes are based on the classes of the
proposed model and is mainly focused on the spatial part. In particular, the
different kinds of sgspatial units and the levels are analyzed and their
relationships are depicted. The attributes of each one of the classes are most
derived from the definitions of each one of the special real property objects,
their inter-relationships and the customary law.

Additionally, for each one of the special property objects a definition is given
(according to HC) as well as the relationship with the parcel or road that is
related with and the special characteristics in case that it has (Figure 6.5].
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¥ © National_Spatial_Data_Infrastructure
v © Land_administration_System
> KAEK
¥ © Land_Administration_Domain_Model
¥  VersionedObject
» © Levels
¥  SpatialUnit
- Archeological_areas
» © Building_Units
- Marine_parcels
- Mines
¥  Networks
» © Transportation
o Utility
» © Parcels
- Planning_zones
¥  Special_Real_Property_Objects
v ®Individu:
» © No_ownership_interest
¥  Ownership_interest_smaller_than_1000%eo
» = Katogia
~ Anogia
¥ © Ownership_interest_1000%e0
~ Aquaduct
~ Tanks
b Wells
> ~ Windmills
© Non_individual
> © Representation
¥  Legislation_framework
~ Archeological_legislature
¢ Civil_Code
~ Customary_law
~ Law_of_the_sea

v

Figure 6.4: Basic classes created for the SRPO_ontology.
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Annotatons 0gQia TEWH

£
Annetaziess )

tomment elxlo

High-level constryctions bullt, some bridging roads or paths, very common on Greek sfands and traditionas wilages.

Description: Anogla mEEE
faumalern T €
is_represented_by sxactly 1 Polygon 000QC
© hasKAEK some KAEK_Anogeia 0000
© is_above some Parcels 000
SubClass OF L;}
 No_ownership_interest Q000
 Ownership_interest_smaller_than_1000%e {_) (‘) O O
SubClzzs OF CAngmymeus Anceston
0is_level exactly 1 Level_S 0000C
Mehery C:,‘)

Taryes for Key ;I-

Claoim wite (::
 Katogia 00C
i Syrmata, Arcades, Yposkafa, Domes, Arches 00006

Figure 6.5: The definition and the attributes of the class "anogia".

As a first step, all the classes that are at the same level are disjoint with
each other, an attribute that is related to the sub-classes of each class.
Additionally, each one of the subclasses of the spatial unit is related with the
corresponding level as proposed in the model.
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Last but not least, the planning zones are analyzed more in order to define
the planning sections created in Greece, which is required for the description of
the relationships of the SRPOs with the roads and/or the parcels. An example is
presented in Figure 6.7
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Figure 6.7: Example of the entity "yposkafa" and their relationship with the roads and the parcels.

Open World Assumption versus Closed World Assumption

Open World Assumption [0OWA) assumes that the world has incomplete
information. The statements that are not explicitly defined or cannot be inferred
are not false, but undecided. Contrary, Closed World Assumption (CWA) assumes
the world is complete; information that does not exist must be false (Zedlitz et.
al, 2012). Semantic Web [Kolas et. al, 2005] and knowledge representation follow
Open World Assumption, while software and database modeling supports Closed
World Assumption. Because of the characteristics of OWA of being open, OWA
has the capabilty to reveal new knowledge. In contrast, CWA supports
consistency checking through constraints.

UML/OCL follows CWA while OWL applies OWA. Taking the example from the
existing LADM model, an invariant such as

{Party can only have O RRR in case the party has specific role}

has been defined. If a database that has applied this invariant will be violated
if the data that contain party information do not have related information about
RRR and Role and that attempt to load in to the database. In contrast, if an
ontology has defined a person that has spatial source and that does not have
RRR as a surveyor, then when a person is detected to have spatial source and
no related RRR, a reasoner would automatically infer that person as a surveyor
[Soon, 20131
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6.5.Conclusions

The proposed Greek country profile both considers the current registration
in 2D and the wishes for the future registration. For that reason, the third
dimensions as well as different spatial units are also included in the proposed
model LADM is capable of supporting the progressive improvement of cadastres,
including both the geographic and other elements.

Referring to the proposed conceptual model in this chapter, LADM provides
standardized class names for spatial and non-spatial data. For spatial data
class, they have their own standard name called SpatialUnit. In the presented
conceptual model, the Greek LADM country profile, GR_SpatialUnit has a number of
specializations, explaining the multipurpose character of the model. Those are
the archeological areas, the mines, the 20 and 3D parcels, the Special Real
Property Rights, the legal spaces Utilities (30), the marine parcels that are not
yet included in the HC data model and the planning zones. The Building Unit is
also divided into two subclasses, which are Building and the unfinished
constructions.

Querying 20 spatial objects can be based on classes GR_2Dparcel and
GR_PlanningZone. Meanwhile, GR_30parcel, GR_Network, GR_Mine, GR_MarineParcel,
GR_SRPO and GR_Archeological would be used to query the 3D spatial objects. All
geometry is obtained from GR_Point, which is associated with GR_SpatialSource.

GR_Party, including groups and subclasses of GR_RRR can be used to query
non-spatial data. All administrative information is linked to administrative source
documents, such as deeds, and included in the model via
GR_AdministrativeSource.

The ID in each class is the important to link between spatial and non-spatial
data. Additionally, the code lists for spatial and non-spatial data are proposed
based on the characteristics of each class and the existing code lists of the HC
data model. The coding in front of each code list value, e,g PT0Ol - National
strategic plan, is the unique identifier of the national strategic plan and should
be used by all the responsible authorities, facilitating the exchange of
information and the time querying the database and ensuring its accuracy and
reliability.

Last but not least, the paper formalizes domain ontology for the Special Real
Property Objects from the natural language definitions in the standard. The
natural texts are a good source to provide a neutral stance for developing the
ontology without a prior assumption like CWA or OWA. The development
illustrated here, is just an initial step to define semantics for the Greek land
administration system.
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The main research question of this thesis was "how to design a multipurpose
cadastral model for Greece based on international standards”. This thesis used
the existing situation on the Hellenic Cadastre and the state-of the-art at the
standardization domain as starting point, although international experience in
LISs from other countries was examined. The emphasis of the thesis is on the
creation of the conceptual model for Greece, based on the ISO 19152 Land
Administration Domain Model [LADMI

To answer the main research question, the thesis concentrates on three
main parts. This chapter lists the main conclusions that can be drawn from the
three parts:

o Analysis of the background.
o Hellenic Cadastre.
o Proposed model for land management in Greece based on LADM.

This chapter aims to summarize the literature review for the 30 Cadastres
and their different aspects as well as the state-of-the art on the
standardization domain. For that reason, in the beginning, some general
conclusions can be drawn from the overview of this thesis. Therefore the
benefits and drawbacks of the proposed model based on LADOM are analyzed.
Finally, based on the conclusions recommendations for future directions and
future research can be outlined.

7.1. General Conclusions

LAS in developed economies can promote sustainable development of the
built and natural enviromnments through public participation alongside informed
and accountable government decision-making. The interface between the land
administration infrastructure and professions and the public will expand as ICT
helps implement e-govermnment. Ultimately, e-government is e-democracy -
allowing government of, by, and for the people through the use of the Web.

Nowadays many countries have developed their own LAS and they are not
always willing and flexible to change according to the cadastral, technological
and economic developments. The motivation to respond to change in any
particular jurisdiction will depend on how local leaders and decision makers
understand the importance of land management and the cadastre. The success
of a cadastral system depends on how well it internalizes the new influences
while achieving broader social, econaomic, and environmental objectives.

A 3D cadastre will assist in managing the effects of 3D development and
increase the functionality of a multipurpose cadastre. It is important to realize
that a 30D cadastre solution always depends on the local situation and is driven
by user needs, land market requirements, the legal framework, and technical
possibilities and there in no single best solution for a 30 cadastre. There are
several questions that need to be answered for each country in order to
investigate the special needs for 30 cadastre.

Nowadays more and more countries are moving towards the concept of a 30
cadastre. After past research and prototype developments, a new era has
arrived with the first implementations and pilot programs of the first 30
cadastral systems in operation. It helps in communication to use existing
standards when available [such as LADM] and to further discuss terminology and
concepts. Due to the fact that the third dimension is important in the domain of
land administration there is a growing interest in the technologies related to
that.

In particular, 30 geo-database research is a promising field to support
challenging application such as 3D urban planning, enviromnmental monitoring,
infrastructure management, to support the modeling, analysis, management, and
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integration of large geo-referenced data sets, which describe human activities
and geophysical phenomena. Geo-databases may serve as platforms to
integrate 20 maps, 30 geo-scientific models, and other geo-referenced data.
Additionally, there are many 3D visualization systems for representing data in 30,
some researchers propose using CAD systems, other propose the use of GIS
systems integrated with databases. However, these systems are still at a
prototype level and require validation by users before being used in real
applications. Moreover, much work still need to be done for the definition of 30
RRRs, their storage and representation.

The relationship between people and land [or space in case of 30] is
dynamic, which means that the temporal aspect of geo-data is fundamental for
recording or monitoring changes, for describing processes, and for documenting
future plans. Real world 3D dynamic cases [e.g. Australial show requirements for
a true 4D Cadastre as this reflects the real world situations. The fundamental
question arises; should these 30 space, time and scale attributes of the
cadastre be treaded separately, or is it worthwhile to deeply integrate these in
a single higher dimensional representation. The last years in publications an
additional dimension was used for the scale aspect. Recent researches have
introduced 50 modeling, including the time and the scale as fundamental
aspects of the geoinformation.

For the past decades LAS have managed to address cadastral issues within
the boundaries of any country. However, recent advancements and
requirements for a cross-boundary land administration require a common
approach from the global and European community. For that reason, standards
prove to be the best choice when it comes to Spatial Data Infrastructures and
interoperability issues. This is the case with LADM.

Achieving semantic interoperability in the EU context is a relatively new
undertaking, not achieved before. European Directives, and more specifically the
INSPIRE Directive, set the legal framework for the creations of a European Spatial
Data Infrastructure, where the cadastral information plays a basic role, as within
any Spatial Data Infrastructure. So, standardization can be achieved by
implementing one of those, or even both of these practices. It is then up to the
country or the region to decide how to implement those.

The development of National SDI is an issue of significant importance also for
Greece. A NSDI aims at the crossing boundaries between: organizations,
countries and sectors; however it has as prerequisite interoperable data and
services, which require the use of standards. Nowadays, multiple SO0s propose
many different standards to support different activities. Standards for
conceptual models, technical standards and specifications as well as
communication protocols have been introduced in order to enable, facilitate and
improve the maintenance and exchange of geographical information between
different organizations in the same country or from different countries.
Concluding, standardization and interoperability are gaining more strength in
everyday transactions, thus LAS need to adopt them and adapt to them so that
people and land can benefit from their advantages.

Land Administration Domain Model, ISO 19152, 2012 was selected among other
standards to be the reference model for the proposed Greek model. The LADM
provides standardized class names for spatial and non-spatial data and is
therefore a good basis for national harmonization of land administration related
information, maintained by various organizations. The unique identifiers form the
important links between spatial and non-spatial data. Additionally, the external
classes of LAOM enable the link between the physical aspects of the object with
the legal. For instance, at the LA_LegalSpaceUtilityNetwork the legal aspect of a
gas pipeline will be described. The model enables the connection with an
external class, extPhysicalUtilityNetwork that is a reference to the physical,
technical description of the pipeline.
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LADM contains the collective experience of experts from many countries [in
ISO and FIG] as it took long time to develop. In general it is a good practice to
learn from other countries before implementing specific new functionality into
the system Last but not least, LADM is compatible with many other ISO standards
and makes use of a number of concepts and classes from other ISO TC2!
standards, enabling the interoperability with other organizations without the
need of multiple transformations, which lead to loss of information.

The Hellenic Cadastre [HC] is a unified and constantly updated system of
information that records the legal, technical and other additional details about
real estate properties and the rights on them: which is still in an ongoing
process.

The need for 3D registrations and representation in Greece is vital
concerning special cases like the multilevel constructions, the overlapping
properties and the SPROs. A successful 30 Cadastre for Greece will constitute a
unique tool, a level for sustainable development in urban and land planning and
in every aspect of technical, financial, social and legal issues of everyday life. It
can also be used as a means for political decisions and pressure, which is
nowadays a key challenge for the Greek reality.

The characteristic cases, which require 30 registration are presented in 5.7
and is concluded that the hybrid model seems to be the best solution for the
Greek case. The key issue and main drawback concerning the development of
the Greek Cadastre is that it is basically legal. It is quite obvious that Greek
legislation contains contradictory laws on property rights, which is rather
confusing. Therefore there is a need to perform relevant reforms and
adjustments in order to tackle this situation.

However, Greece has made a first step forward when the Ktimatologio S.A.
and HEMCO were merged into one unique organization, the NCMA S.A. like the
Kadaster in the Netherlands, the Cadastral Office in Belgium, etc. responsible for
both the collection of all the geographical information and the registration of the
legal rights on them. Additionally, during the cadastral surveys a special
adjudication procedure is been followed and parallel infrastructure projects are
carried in order to facilitate the progress of the project.

To sum up, the third dimension needs to be incorporated into [somel]
cadastral registrations; however, several modifications to the actual property
rights’ registration procedure are required. Therefore, it is vital to consider
fundamental issues of the operating HC, such as the fact that the outlines of
any construction are not represented on the cadastral map.

7.2.Evaluation of the proposed model
7.2.1. Advantages of the proposed model

Under these circumstances it is clear that it's not yet possible to adopt a full
30 cadastral system, therefore the hybrid 3D model seems to be feasible and
the optimal solution for the Hellenic Cadastre. Besides, referring to a hybrid
conceptual model, it involves the maintaining of the current 20 Cadastre, while
simultaneously incorporating the registration of three-dimensional cases and
the integration of 30 data types in every case necessary.

It may be wise to design a more generic solution, from legal, organizational
and technical points of view, of which initially only the most urgent cases will
be represented in 3D. However, it is to be expected that in less urgent cases
the needs or expectations of society in the future may also change and it is
wise to anticipate or even stimulate these future uses of 3D registration e.g.
reqistration of airspace or the registration of apartments in 30.

This was one of the main reasons the proposed model divides the Spatial
Unit into different levels according to their thematic and geometric coherence.
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The 8 levels that are described enable the best organization and exploitation of
the spatial and non-spatial information of each level. GR_20parcel and
GR_PlanningZone are the only two levels with a two dimensional nature. The rest
are described with three dimensions. Apparently, apartments or condominiums
are the most frequent type of 30 objects to which RRRs are attached, and it
could be argued that these are managed quite well even without a 30 Cadastre
today. However, a 30 Cadastre would provide easier to use representations. In
addition, there are occurring more and more complicated cases where the
condominium needs to be connected to a 30 volume [(above or below the
surface] from an adjoining parcel. This is nowadays often solved in a suboptimal
way le.g. a lease, but unaptly describing the proprietary relationships and
rightsl, and a 3D Cadastre solution would clearly bring benefits.

Additionally, the code lists for spatial and non-spatial data are proposed
based on the characteristics of each class and the existing code lists of the HC
data model. The coding in front of each code list value, e,g, RPO7 -Architectural
building conservation, is the unique identifier of responsibility of the
corresponding party for the conservation of an architectural building. This serial
number should be unique at the national level and used by all the responsible
authorities, facilitating the exchange of information and the time querying the
database and ensuring its accuracy and reliability.

This intends to create a database with national code lists that can be easily
managed and updated by one responsible authority. The use of code lists and
their corresponding serial number enables the communication between the
different organizations and responsible authorities.

The introduction of the marine parcel is an initiative as it is not included to
the current model. Towards a multipurpose land administration system and the
fact that a big part of the Greek territory is covered by water there is a need to
implement a maritime spatial planning. According to the EU each MS is free to
plan its own maritime activities, local, regional and national planning in shared
seas under a set of minimum common requirements. Consequently, the
introduction of the marine parcel was important. The registration of marine
interests will allow the country to govern effectively the tenure in the marine
environment. With the introduction of marine space in the proposed model, the
registration of interests where Greece has sovereign rights is completed.

Additionally, the introduction of the planning zones was important. The
different levels of spatial planning in Greece exist today and different authorities
manage them. Including them in the land administration system enables the
comparison between what it was plan to be done and what is actually done and
also facilitates future planning according to the needs of each area.

7.2.2. Limitations of the proposed model

It is very difficult to create and maintain such a multipurpose system. All the
spatial and non-spatial information should be described and stored in specific
and compatible formats allowing the meaningful exchange of information and
avoid the transformations. This requires many changes at the organizational and
technical part of all the involved authorities, increasing the complexity of the
LAS.

Such a system also requires the direct communication between the different
authorities, organizations and institutions, fact that does not reflect the existing
situation. A significant change is needed in the way those authorities are
organized and communicate with each other. Additionally, the updates at the
different datasets are crucial as well as the link between them and the main
database of the multipurpose LIS through the external classes. Only when the
main database is up-to-date the system can be characterized by valid, accurate
and transparent registrations and transactions.
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For those general limitations and much more specific regarding the
characteristics of each class, this model is a research proposal based on an
international ISO towards the creation of a multipurpose LIS. Further research is
needed.

7.3.Further research

There are many aspects of the 30 cadastre that need to be further explored
and many related activities worldwide that need to be upgraded from 20 to 3D
representations. The chain of those activities requires good information flows
between the various actors. It is crucial that the meaning of this information is
well defined as it is an important role for standardization and interoperability.
Therefore, more formal semantics are requested within the 3D cadastre domain.
For example, an ontology should be further developed in OWL [or RDF] for 30D
land administration based on the foundation of ISO 19152. Finally, there is a need
to create National or International Organizations for the semantics that will
create, maintain and update terminology, definitions and ontologies for the
spatial data.

At the same time, it is proposed that a more international comparative legal
research should be conducted, although there are many differences in national
legislation and terminology. This will facilitate the definition of semantics and
ontology in the domain of land administration.

From a more technical side, it is a key challenge today to find-out the
benefits and drawbacks of the different 30 geometries and exchange formats
and the applications for which each one is more suitable. Additionally, it is
impaortant to define formal validity of parcel with mixed geometry [20 & 3Dl This
will lead to less complex structures which can be easier be stored and also
visualized.

Meaningful communication is enabled by using existing standards where
available and by further discuss shared concepts between the countries. LADM
can be a basis for combining data from different LASs, e.g. LASs with datasets
describing People to land relationships. It opens options now to bridge gaps
between cultures where People to Land relationships are concerned, having a
more social role. Its aims are equally valid for both developed and developing
countries, which also lead to the development of a more specialized model
called the Social Tenure Domain Model [SDTMI.

The connection between other organizations is made as LADM makes use of
unique identifiers forming links between spatial and non-spatial data. In order to
gain the best out of the standardization and interoperability process, the
majority of the countries should agree on certain legal aspects. In the case of
LADOM this would be a common code list for a cross-boundary approach. The
identifiers should not only be unique within a single organization, but should be
globally unique and can be used in the context of the national SDI to realize
references to objects in each others registrations. In the future there may be a
global [ISO or FIG or OGCIl organization, maintaining code list and their values.
Other constrains need to be addressed as well, for example the maintenance
and updating of data, as this makes a land administration system more reliable
and secure.

7.3.1. Proposed model

Further research should be done for the external class for land use.
Association of land use data sets with land parcels is required for any related
land management activity. Therefore, checking the updateness of associated
land use data with other external data sources - a satellite image or similar
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cartographic material is an important aspect. However, there are many different
types of land use classification systems for different purposes in different data
quality and content and the content of external data sources may require a
generalization process before processing the data for the association. In case
of a general land use classification within external data, it may not be possible
specializing land use classes without using any additional external data -
satellite imagery or similar cartographic material. A recent study for the
association of external land use and cover information with LADM is done by
Inan [20131.

Additionally, research for technical issues concerning the compatibility of
different types of databases and formats should be done in order to facilitate
the communication of the different authorities. Research is also necessary for
developing ontologies for the proposed land administration system. As it is very
different to define semantics and ontologies in an international and even in
national level, it is considered important to develop a detailed ontology for each
one of the different levels of the spatial part, as well as an ontology for the
administrative part of the model and find the ways those ontologies
communicate with each other in order to create shared concepts and
terminology for a LAS in Greece.

Moreover, as the marine parcel is introduced as a separate level the air
parcel can also be added as a separate level for future development of the
proposed multipurpose LAS.

Finally, future work includes assessment of the proposed model, mostly for
enriching the code lists, before taking further implementation decisions. For this
purpose a prototype system should be developed in order to discover the
possibilities and limitations of the conceptual model. Experience from the
prototype development will be used to further improve the conceptual model.

The steps in developing this prototype include:

o Derive the technical model [Oracle Spatial or PostGIS] from the
conceptual model: from UML diagram move to database tables SQL
DOL scripts for data storage [and/or XML schema for exchange
format according to LandXML/ InfraGML, CityGML, BIM/ IFC], For this
purpose the Swiss standard INTERLIS can be used. INTERLIS can be
used as a Conceptual Schema Language or a neutral Transfer
Format as it is a very precise, standardized language on the
conceptual level to describe data models. It also enables the
conversion from UML to exchange formats or database schema:
and this is the option that should be further explored. Implement
the proposed model in INTERLIS using UML diagrams and create a
first database schema and also a transfer format, probably in XML.

o Convert some [and/or create] sample data into the proposed model:
this covers both spatial and non-spatial data, and should also
include selection for the 30 cases, which are to be supported by
the future 30 Cadastre, and

o Develop frontends to view and edit for professional desktop
access, and also develop an appropriate web-interface for
SOI/LR/ILA data access.
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Appendices

P07 - European Union

PRO7 - Insurance orgnization
P08 - Unknown

PRO8 - Church

Appendix B
GR_PartyType GR_PartyRoleType GR_LevelOfAdministrativeDivisionType
+ P01 - Group PRO1 - Lawyer + ADO1 - Municipality
+ P02 - Natural person PR02 - Bank + ADO02 - Region
+ P03 -Non natural person PRO3 - Notary + ADO3 - Decentralized administration
+ P04 - Basic Administrative Unit PRO4 - Citizen + ADO04 - Nation
+ P05 - Greek Public State PRO5 - Institution + ADO05 - European level
+ P06 - Foreign State PRO6 - Tax Office + ADO6 - International level
+
+

PRO9 - Surveyor

PR10 - Metropolis

T M P M S =

PR11 - Parish
GR_GroupPartyType PR - Cotrt
GP01 - Consortium PR13 - Court of Appeal
GP02 - Association PR14 - High Court
GP03 - Family PR15 - State Counclil
GP04 - Fraternity PR16 - Legislative Authority
GP05 - Guild PR1T - Expropriation Committee

GP06 - Partnership

GP07 - Coorporation [S.A]
GP08 - Public limited company
GP09 - Private limited company
GP10 - Group of BAUnits

GP11 - Committee

GP12 - Other

PR18 - Ministry

PR19 - Local Authority

PR20 - Urban Planning Authority

PR21 - General Secretary of the region
PR22 - To be filled

T S S S SO Y Y S SRS MY ST SN SR Sy
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Appendix C

«codeList»
GR_BuildingKindType

«codeList»
GR_UnfinishedType

«codeList»
GR_SpatialSourceType

«codeList»
GR_BuildingType

UNO1 - Unknown

+ + + +

SS01 - Topographic map
SS02 - Field sketch
SS03 - Text description
SS04 - Orthophotomap

+ BKO1 - Building +
+ BKO02 - Attachment to building + UNO2 - Building
+ BKO3 - Accessory + UNO3 - Storage space
+ BKO4 - Garden + UNO4 - Accessory
+ UNO5 - Common space
+ UNO6 - Pipeline
«dataType» «codeList»
Surveying and Representation:: GR_Network::

GR_Transformation

GR_NetworkKind

«codelist»
Surveying and
Representation::
GR_InterpolationType

+
+

transformation: CC_OperationhMethod
transformedLocation: GM_Point

«codeList»
GR_Planning zone::
GR_BuildingRegulation

-
+
+

building coefficient
building permit
land use

+ NTOT - utility
+ NTO2 - transportation

+ o+ o+ o+

cubic
linear
nearest neighboor
other

T T T T T T S

BTO1- Industrial building

BT02- Commercial building

BT03 - Residential building

BTO4 - Storage space

BTOS - Open parking space

BT06 - Closed parking space

BTO7 - Reservoir

BT08 - Chamber

BTO9 - Archeological space

BT10 - Special Real Property Object

«codeList»
GR_Mine::GR_MineType

+ MQOT - mine
+ MQO2 - quarry

«codeList»
GR_SRPO::
GR_OwnershipinterestType

+ 0OIl01 - no ownership nterest
+ 0I02 - smaller than 1000 %o
+ 0I03 - 1000 %o

«codeList»
GR_Mine::GR_MineralActivity

+ o+ o+ o+

MNO1 - above surface exloitation
MNO2 - below surface exploitation
MNO3 - digging

MNO4 - environmental rehabilitation
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