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Abstract

In recent years, the registration of 3D property objects in a cadastral system has been even more necessary while there is a growing interest in utilizing the space above or under the ground. In the context of the multilayer construction, especially in urban areas, the present paper deals with the legal and technical issues for registering 3D property objects. According to the existing land registration system in Greece, 3D cadastral objects are registered based on legal land objects. However, some problems may appear due to the requirement to determine not only legally but also technically real property objects in 3D space. Moreover, a number of real property objects is not registered in the Hellenic Cadastre. Finally an application is presented dealing with the registration of 3D real property objects in the Hellenic Cadastre.  

Introduction

In Greece, the registration of cadastral objects is realised on the basis of the Hellenic Cadastre project. It is founded on a two-dimensional representation where land parcels are represented by the use of X,Y coordinates and buildings are indicated only with their projection. It is obvious that the current land registration system is restricted in two-dimensions, while defining and modelling the geometry of world objects, that is relevant for cadastral registration, requires the third dimension (Z coordinate). In conjunction with the legal status of real property objects, in most cases this requirement arises because the location of these objects causes overlapping rights in a vertical dimension. This overlap causes interdependence among these properties which must be taken into consideration for the land management of subterranean and above the ground space. The consideration which is studied in most countries for the achievement of the unambiguous determination of 3D cadastral issues indicates that the better solution is a gradual approach starting from the existing 2D cadastral system and giving more insight in the legal and factual situation above and under the surface. In the framework of the new international trends and interest in 3D cadastral registration this paper presents an initial attempt and an application is realized, which confronts with certain issues concerning the registration of 3D real property objects in the Hellenic Cadastre. 
3D cadastral needs in reality…

The fact that property objects are practically factual 3D objects makes in certain cases the present 2D cadastral system insufficient to describe the 3D reality. Indicative examples are presented below:
[image: image3.wmf] 
Figure 
1 shows that part of a building extends over a road. Practically this means that one property may be situated above another public or private land without belonging to it. This is a very often situation in Greek Islands, for instance in “Syros”, from where this picture was taken.

Figure 1: A building extending above a road in Syros (island in Aegean Sea)
[image: image4.wmf]
Due to steep relief the roof of one building may be the balcony of another one which is partly situated above it. In this case part of the above building extends beyond the boundaries of the land parcel (figure 2).

Figure 2: Part of a building extends beyond the boundaries of the land parcel in Santorini (http://www.santorini.gr)
Legal aspects of registering 3D real property objects
The basic real property objects that are established in Greece are distinguished in:

a) two-dimensional real property objects (land parcels) 

b) three-dimensional real property objects, which are situated above or under the surface ground, and are the following:
1. apartments
2. buildings

3. mines

4. tunnels

5. metro

6. underground antiquities

7. telecommunication cables

8. water pipes

9. electricity cables

The above mentioned cases are the principal real property objects which are presented in the Greek cadastre. It is remarkable that up to now no provision has been made for registering some of them in the project of the Hellenic cadastre (table 1):
	
	Real Property Object
	Cadastral Registration

	1
	Land parcel
	Land parcel

	2
	Apartment
	Α) Horizontal ownership
Β) Compose vertical ownership 

	3
	Building
	Α) Vertical ownership
Β) Building

	4
	Mines
	Ownership to mines

	5
	Tunnels
	Not registered

	6
	Metro 
	Not registered

	7
	Underground antiquities
	Not registered

	8
	Telecommunications cables
	Not registered

	9
	Water pipes
	Not registered

	10
	Electricity cables
	Not registered


Table 1: Registration of real property objects in the Hellenic Cadastre
The cases of apartments (horizontal, complex vertical ownerships) and vertical ownerships, which are real property objects with spatial characteristics in 3D, are dealt in a manner that allows their successful definition and description for cadastral use, not by modelling their spatial representation in 3D, but rather by developing a set of relatively complex relationships to match the legal reality (Rokos, 2001). Thus, the use of horizontal, vertical, composite vertical ownership and ownership to mines provides legally the solution for registering the majority of property objects that are situated above or under the surface ground while in Cadastral map their spatial representation remains two-dimensional.

Types of 3D real property objects not registered in the Hellenic Cadastre   

A number of real property objects is not registered in the Hellenic Cadastre. The possibility of the integration of these property objects in the Cadastre is analyzed by categorizing the more general situations that are met below and above the surface and by examining the utility, as well as the legal and technical processes of their cadastral registration.
As far as it concerns the space below the surface three possible cases are distinguished (Giaramazidou, 2002):
A1: expropriation of the above related land parcel  

This case includes the existence of 3D objects found under land parcels which are expropriated, in order for the exploitation, the utilization and the protection of the underground objects to be achieved. Thus, while practically a natural boundary exists, which determines the existence of the underground object, this boundary does not also attribute the current legal situation, as the legal boundaries extend from the surface up to the depth of the ground. Due to the fact that only legal boundaries concern the Greek legal framework, in the present case the existence of one and only legal land object takes place. Consequently, concerning the above mentioned underground objects, for example the underground antiquities, it would not be necessary that they are registered in the Cadastre, because their ownership is not separated from the ownership of the above related land parcels and additionally the use of the subterranean space is identical to the use of the surface ground.  
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Figure 3: A typical example of case A1( expropriation of the above related land parcel)
A2: passage of underground objects through the right of easement
It concerns these 3D property objects located in the space under the surface of one or more land parcels (and their substitute parts) and the legality of their passage is ensured through the right of easement. The right of easement that is declared in the Cadastre practically causes a limitation to the ownership of the land parcel in certain depth and not only on its surface. 
However, in the current cadastral system this right is limited within a zone which is delineated on the surface and in this way is also represented in the cadastral map. Therefore actually an existence of overlapping rights in the vertical dimension takes place, that is the ownership of the surface land parcel and the right of easement of the underground object. The confrontation of this situation, with legal and technical processes, is not provided by the current cadastral system. The subject that must be taken into consideration at this point is:

1. if it is necessary, but also legally and technically feasible, to register in 3D space a right of easement because of the passage of an underground object 
2. if it is necessary to register the exact location of the specific object in the subterranean space.  
Regarding the first subject the precise determination of the boundaries of easement in the vertical dimension is a significant factor for the management of subterranean space, the physical protection of the object and the improvement of land tenure security. 

Concerning the second subject it must be noticed that the maintenance of the current Cadastre should be achieved with the least possible data. Therefore, it is considered that the precise determination in 3D space of the right of easement is possible to serve the aims of the Cadastre, at least until the stage of the basic cadastral survey is completed, without the 3D depiction of the object being essential. 

Integration in the current Cadastre

· Legal Aspects
According to the Greek Civil Code, the current reference to the different types of easement is indicative (article 1120 Creek Civil Code). Consequently the type, the context and the determination of the easement in 3d space is possible to be defined depending on each case in the frame of the law. Therefore the accurate delineation of the easement, which will result and legally be ensured by the contract of the easement, will be required. This means that the contract will explicitly refer to the 3D boundaries of the right, and will determine the depth of the right of passage of the underground object.
· Technical Aspects
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Figure 4: Integration of the property objects in the Cadastre (case A2)
A3: legal limitation of the ownership of the above related land parcels 
This case refers to these 3D property objects which are located in the space under the surface of one or more land parcels (and their substitute parts) and the legality of their passage is ensured via special provisions of law, without the establishment of an easement.
In essence the basic difference from the previous case is that the property objects of this case are located in such depth under the surface, that the use of the above related land parcels is not influenced (e.g. as it happens at the opening up of tunnels for the passage of railway lines).

Consequently, two overlapping rights of ownership in the vertical dimension exist: a) ownership to the above related land parcels and its substitute parts and b) ownership to the subterranean legal land object.
As a result, the existence of these objects is not possible to be determined in the current Cadastre. Concerning the necessity of the cadastral registration, the property objects of this case present interdependence, so much spatial as well as functional, with other underground objects and mainly utility networks. In this way, it is considered that their establishment in the public cadastral registrations would contribute to the more effective management of underground space.
Indeed this is even more necessary because as it has been proved in practice, the space under the surface of ground constitutes a wide field of property rights, which in many cases are presented overlapping with regard to their spatial location.
Integration in the current Cadastre
· Legal Aspects
1. Integration of the underground property object in the Hellenic Cadastre as object of property of each institution. 
2. The property objects of this category are not possible to be registered on the basis of the types of real property objects that are registered in the current cadastral system, according to the Law 2308/1995. For this reason, the possibility of including these property objects in the Cadastre as “properties in constructions” with 0% of co-ownership to the land parcel could be examined. This will come within the provisions of the relative legislative regulations. 

· Technical Aspects
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Figure 5: Integration of the property objects in the Cadastre (case A3)
Three equivalent cases, as far as the legal and technical aspects are concerned, can also be distinguished for the land objects which are situated above the surface ground (table 3).
So according to the above analysis the real property objects that are not registered in the cadastre (table 1), are categorized in the following cases (table 2). 

Table 2: Cases of real property objects not registered in the cadastre
	REAL PROPERTY OBJECT
	CASE

	Water pipes
	Α2

	Metro
	Α3

	Underground antiquities
	Α1

	Telecommunication cables
	Β3

	Electricity cables
	Β2

	Tunnels
	Β3


	
	Α1
	Α2
	Α3
	Β1
	Β2
	Β3

	Location
	Below one or more land parcels
	Below one or more land parcels
	Below one or more land parcels
	Above one or more land parcels
	Above one or more land parcels
	Above one or more land parcels

	Legal status of above related land parcels
	Expropriated from the Owner of the subterranean object
	The ownership of the above related land parcel is not the same with the object’s
	The ownership of the above related land parcel is not the same with the object’s
	Expropriated from the Owner of the above the surface object
	The ownership of the above related land parcel is not the same with the object’s
	The ownership of the above related land parcel is not the same with the object’s

	Relations between physical and legal boundaries of the object
	The physical boundaries do not coincide with the legal boundaries
	The physical boundaries coincide with the legal boundaries
	The physical boundaries coincide with the legal boundaries
	The physical boundaries do not coincide with the legal boundaries
	The physical boundaries coincide with the legal boundaries
	The physical boundaries coincide with the legal boundaries

	Use of land parcels
	The same with the use of the subterranean space
	Irrespective of the use of the subterranean space
	Irrespective of the use of the subterranean space
	The same with the use of the subterranean space
	Irrespective of the use of the subterranean space
	Irrespective of the use of the subterranean space

	Legal security of the passage/existence of the object
	Expropriation of the above related land parcel 
	Establishment of easement of passage determined from the article 1031 of Civil Code and specific legislative regulations depending on the case 
	Article 1001 of Civil Code and specific legislative regulations without the establishment of the easement passage
	Expropriation of the land parcel 
	Establishment of easement of passage determined from the article 1031 of Civil Code and specific legislative regulations depending on the case 
	Article 1001 of Civil Code and specific legislative regulations without the establishment of the easement passage

	Physical boundaries of the easement in the vertical dimension
	_
	Extending in certain depth below the surface of the land parcel
	_
	_
	Extending in certain height above the surface of the land parcel and its substitute parts influencing their nature and utilization 
	_

	Legal status in the vertical dimension 
	The legal boundaries of the ownership to the object are not limited in the vertical dimension 
	Overlapping rights in the vertical dimension: ownership to the land parcel and one or more easements of passage from different institutions which may be spatially overlapping 
	Overlapping rights in the vertical dimension: ownership to the land parcel and ownership to the subterranean object 
	The legal boundaries of the ownership to the object are not limited in the vertical dimension 
	Overlapping rights in the vertical dimension: ownership to the land parcel and one or more easements of passage from different institutions which may be spatially overlapping 
	Overlapping rights in the vertical dimension: ownership to the land parcel and ownership to the subterranean object 

	Necessity of cadastral registration 
	No necessity   
	a) management of the subterranean space

b)  physical protection of object 
c) improvement of land tenure security 
	a) management of the subterranean space

b) spatial and functional interdependence with other subterranean activities  

c)  physical protection of object
	No necessity   
	a) management of the above the surface space

b)  physical protection of object 

c) improvement of land tenure security

d) interdependence with other above the surface constructions


	a) management of the above the surface space

b) spatial and functional interdependence with other activities  

c)  physical protection of object 



	Cadastral representation
	_
	Easement’s zone   registration delineated on the surface of the land parcel
	Not registered
	_
	Easement’s zone   registration delineated on the surface of the land parcel
	Not registered

	Object’s nature
	_
	Permanent constructions and networks of public utility 

	Permanent constructions and networks of public utility 
	_
	Permanent constructions and networks of public utility 
	Permanent constructions and networks of public utility 

	Interdependence with the land parcels
	Legal and functional interdependence
	The passage of the object causes limitations to the above related land parcels or influences in their nature and utilization
	The  utilization  of the above related land parcels is not influenced due to the appropriate passage depth of  the object
	Legal and functional interdependence
	The passage of the object causes limitations to the above related land parcels or influences in their nature and utilization
	The  utilization  of the above related land parcels is not influenced 


Table 3: Categories of the cases of 3D real property object not registered in the Hellenic Cadastre

An implementation of a 3D registration
The present application attempts to deal with the registration of 3D real property objects in the Hellenic Cadastre. It concerns a Cadastral model in 2D, which presents an indicative solution for registering 3D property objects. It includes a descriptive Database and a spatial model for representing cadastral objects in three dimensions. For the implementation of this model, three basic procedures have been followed (Ntokou, 2002): 

1. creating the spatial database

2. creating the descriptive database

3. connecting spatial & descriptive database

1. Creating the spatial database

The data used for the spatial model is a 2D project of the current cadastral system, on the basis of which a three-dimensional spatial database is developed, while the topological structure of spatial objects remains in two dimensions. 
Land parcels keep their 2D geometry and topological relations built in the cadastral geometric data modal. Regarding the spatial implementation of 3D real property objects, they are represented by:
a) a polygon that keeps the 2D topology and illustrates the projection of the property and the centroid of this polygon where the cadastral information of the descriptive database is appointed.
b) a surface that describes the 3D shape of the real property object which is furthermore connected with the descriptive database. It is important to mention that in cases where two or more properties share a common boundary, the descriptive information of all these properties is appointed to the surface that is defined from this common boundary. In this way the model partial supports topological relations of 3D property objects.  
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Figure 6: a illustrates the polygon of the property’s projection and its centroid
                 b illustrates the surface that describes the 3D shape of the real property object 

2. Creating the descriptive database

The descriptive Database is developed on the basis of the Hellenic Cadastre Technical Specifications, while certain additional fields which determine the three dimensional nature of real property objects have been created in the existing tables (e.g the height of the apartment). 
3. Connecting spatial & descriptive database

A link between the descriptive and spatial Database is supported by the use of Microstation Geographics. 

The development of the spatial and the descriptive database is organised by the use of ASAR-GIS, an application based on Microstation Geographics that handles spatial data for the Greek Cadastre (Sarafidis, 2001). 
In the framework of this application an example of a horizontal ownership is presented below. Particularly it concerns the representation of a maisonette, extending between the 2nd and the 3rd floor of a multi-storeyed building. The implementation includes the followings processes:

1. Creating the polygon that illustrates the projection of the 2nd floor and its centroid where the information of both 2nd and 3rd floor is appointed.
2. Creating the surface of the maisonette (that is the common surface representing the height of the 2nd and the 3rd floor).
[image: image8.wmf]
Figure 7: The example of the maisonette extending between the 2nd and the 3rd floor of a multi-storeyed building. The centroid of the polygon and the surface of the maisonette include the information of both 2nd and 3rd floor.
Conclusions and Recommendations
According to Greek reality, the registration of 3d real property objects should be confronted as an organized and systematic effort of resolving with single regard, so much legally as well as technically, the problems of registration that are related to three-dimensional factor of real properties. Furthermore, the compatibility of the existing Cadastre with the information concerning these real properties, whose location causes the existence of overlapping rights at a vertical dimension, (and as a consequence limitation of ownership in a vertical dimension) should be taken into consideration. However, up to now these issues have not been examined from the organizations that support the development and operation of the Hellenic Cadastre. So, the legal and technical aspects of registering 3D property objects in the Hellenic Cadastre should be a new field of research in the framework of the new international trends and interest in 3d cadastral registration.
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Database of the Institution that owns the property object (more detailed data)











2D graphic representation (cadastral map)








Cadastre





� EMBED AutoCAD.Drawing.15  ���








Property object’s thematic Data (descriptive database)








Database of the Institution that owns the property object (geometric data)
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