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Abstract

After more than a decade of 3D cadastre research in the Netherlands, including detailed
analysis of various complex 3D right configurations and development of several prototypes,
the Dutch Kadaster is implementing a 3D cadastre solution.
Earlier research showed that the registration and publication of rights on multi-level
property is possible within the existing system in the Netherlands. However, as demonstrated
in these earlier publications, this way of registration has limitations. The most important is
that it may require a mental exercise to understand 3D property situations based on
information available in the land and cadastral registers. Sometimes the registration is
ambiguous and reality is even needed to understand the registration instead of vice versa. To
meet these limitations, the Dutch Kadaster is currently designing and implementing the
cadastral system extension for registration of 3D rights (and restrictions).
The solution is partly driven by the alternatives as studied in previous research and partly by
the observation that implementing 3D cadastre in practice is a process that requires
experience- and knowledge- building. Uncertainties on the implementation of a 3D cadastre
in a specific country exist due to technological developments on the one hand and cadastral
and legal developments on the other hand. Also two disciplines are involved (i.e. technical
and legal experts) who need to understand the impact of 3D cadastre in each other domains
for proper 3D cadastre developments. To meet these uncertainties, the proposed 3D cadastre
NL solution consists of a two-phase process. The aim of the first phase is to gain experiences
by introducing evolving technologies in the legal domain of 3D cadastre. The second phase
will aim at a more advanced 3D cadastre solution, which will accomplish a 3D cadastral
registration at a fundamental level. Both phases do fit in the ISO FDIS 19152 Land
Administration Domain Model via 3D country profiles for The Netherlands.
This paper will start with identifying the situations appropriate for a 3D approach. After that
the two phases are further explained. The paper will end with conclusions and work in
progress.
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1 INTRODUCTION

Cadastral registration of multi-level property increasingly receives attention because
more and more situations occur for which common 2D registration appears to be
problematic. Although most legal systems provide the possibility to create 3D
property rights, i.e.  property rights that represent a volume that is delimited in length,
width, height and depth (Paulsson 2007; Ekbäk 2011; Liat Choon and Hussin 2012),
the main registration entity is mostly still a 2D parcel. In the Netherlands, as in many
other countries, 3D  property rights  are projected on the plane. In the case  only a part
of one (or more) 2D parcel(s) is affected, the ground parcel(s) will be subdivided
based on those projections. From a legal perspective the current way of registration
correctly represents the situation. . Still the registration itself may be unclear because
many small parcels may be necessary to register one single object. This is illustrated
in Figure 1 where a building, appropriately named “The Bridge”, is constructed over
several other buildings and a public road. The ownership right for the building has
been established by a right of superficies (‘building lease’) on all intersecting surface
parcels. To better localise the areas to which these rights apply, specific parcels were
generated by the projection of the building, which resulted in a fragmented parcel
pattern. Another example of parcel fragmentation as a result of the registration of two
3D property rights on the same piece of land is described in Section 2.

The consequence of this way of registration is that the registration is ambiguous and
that knowledge of the factual situation might be necessary to understand the
registration instead of vice versa. In addition, the registration of the right on a single
real world object over several parcels introduces a risk for errors in maintaining the
cadastral registers.

Several studies on national and international 3D cadastral developments have been
carried out (Onsrud, 2003; Benhamu and Doytsher, 2003; Stoter and Salzmann, 2003;
Stoter and Ploeger, 2003; Stoter and Van Oosterom, 2005, 2006; Paulsson, 2007;
Döner, et al., 2010; Karki et al., 2010, Eriksson and Jansson, 2010; Pouliot et al.,
2010; Aien et al., 2011; Rahman et al., 2011; Guo et al., 2011). These studies
performed detailed analysis of various complex 3D right configurations and
developed several prototypes. Until now these studies focused on studying the
optimal legal, technical and cadastral frameworks for 3D Cadastre and they proposed
several (theoretical) alternatives for proper cadastral registration of multi-level
property. However, as concluded in Van Oosterom et al. (2011) hardly any cadastral
registration made the step towards a fundamental solution for 3D cadastre. Instead 3D
parcels in cadastral maps are (mostly) limited to apartment units, although various
countries are investigating moving towards 3D registration. An example is the
Russian Federation (Vandysheva et al., 2011).



(photo by Frans Schouwenburg, Creative
Commons-licence).

Figure 1. The Bridge (‘De Brug’) building in Rotterdam above other buildings and roads with the
cadastral map of this situation.

The limited advances in full 3D cadastre implementations throughout the world,
might be explained by the fact that the implementation of a 3D cadastre requires close
collaboration between legal and technical experts in an empirical environment to
understand the impact of each other’s domain. Therefore this paper presents the
developments in the Netherlands where achieved research results on 3D cadastre are
brought into practice. Also in an international perspective this is an important step
forward.

The proposed solution consists of a two-phase process. The first phase fits within the
current national cadastral and legal frameworks. The aim of the first phase is to gain
experiences and to acquire knowledge by introducing evolving technologies in the
legal domain of 3D cadastre. The second phase will build on these experiences and
will implement a future-oriented and sustainable solution, also implementing new
technologies and allowing a more fundamental change. Both phases fit in the ISO
FDIS 19152 Land Administration Domain Model (LADM; Lemmen et al., 2010;
ISO/TC211, 2012) with the two corresponding LADM 3D country profiles for The
Netherlands.

The paper is organised as follows. Section 2 first identifies the situations appropriate
for a 3D approach. This is important for achieving common understanding of multi-
level property situations that should be considered for 3D registration. Section 3
proposes the two phases of implementation of 3D cadastre and presents first results.
The paper ends with conclusions.



2  SITUATIONS APPROPRIATE FOR 3D REGISTRATION

Our research identified the following three situations in which the spatial dimensions
are relevant to be considered for 3D registration:
1) Multi-level property resulting from a building that is partly constructed on or

in another’s land. Based on the rule of ”horizontal accession to real estate”,
the result of the construction over the parcels boundary is horizontal division
of ownership. For the cadastral registration these situations are only relevant
when a right has been registered that gives the right to have this part of the
building above or under another property, i.e. right of superficies (as in Figure
1) or easement.

2) Complex, multi-level use rights registered with a right of superficies, long
lease or easement that cannot be sufficiently represented in the 2D cadastral
registration. The assurance of the legal status of these situations requires more
‘visual’ registration than is currently practised. The use rights could have been
established either for physical constructions, utility networks or ‘air parcels’
(e.g. easements for ensuring free wind). Specific attention is paid for the
“rights-in-right” situation, for example when the right of superficies is
subdivided in space by using easements.

3) Property rights in apartment complexes that requires further specification in
3D: such as apartment units spread over several floors (e.g. apartment unit
with the main part on the second floor, with a individual parking spot in the
garage in the basement) and/or apartment units that do not have the same 2D
geometries for all floors and/or large building complexes. We distinguish
apartment units as separate category, since they always handle about physical
constructions and regulations for obliged drawings are already in force. In
LADM terminology (ISO/TC211, 2012), an apartment complex would
correspond to a single LA_BAUnit consisting of multiple LA_SpatialUnits.

An example of a complex, multi-level property situation (type 2) is the creation of
two 3D  property rights for a building (an office tower) on one hand and the
underground parking under it on the other hand. The example given is located at the
South-axis business district of Amsterdam (Figure 2). The foundation piles of the
office tower are situated in the underground parking. For both constructions long
leaseholds have been established by the land owner, the municipality of Amsterdam.
As land owner the municipality retains all rights on the public space on the roof of the
parking that is not occupied by the office tower; as near the entrance of the building
(shown in Figure 2).

Figure 2. Photograph of the real situation of case of type 2 (building on the right side)

http://static.panoramio.com/photos/orig
http://static.panoramio.com/photos/orig


The lease right on the office tower on top of the parking is registered through its
foundation piles resulting in about 80 mini-parcels in Figure 3. Actually the
foundation piles of the office tower run through the underground parking itself (from
the roof to the floor of the parking). Therefore the 3D property rights created here are
of a rather complex nature, i.e. the footprint of the foundation piles are used and not
the footprint of the building (the building stands on the ground).

Figure 3: Cadastral map showing the mini-parcels established for the foundation piles of the building
in Figure 2

Consequently - as the authors experienced themselves - the actual dimensions of the
3D  property rights can only be understood properly after visiting the site itself. The
registration is even made more complicated since the office tower is divided into
apartment units (therefore creating the situation that each apartment owner holds a
share in the leasehold). The mini parcels together form the “mother” parcel of the
whole apartment complex.

Apart from the resulting non-transparent property registration, this “footprint” way of
registration leads to inefficient parcel creation, which are hard to maintain. The
obscurity of those mini-parcels is even bigger in case of rights for two distinct objects
above and below the parcel, such as a building-over-road combined with underground
constructions. It may well happen that in a deed referring to the mini-parcels a typing
error is made or that in the future one of the parcels is forgotten in a deed transferring
the 3D property right. Another disadvantage of these mini-parcels is that after
subdivision of the original larger parcel all the rights, limitations and restrictions of
the original parcel are copied to all the mini-parcels, while most likely those do not
apply to all the mini-parcels. In most situations not the initial creation will cause
problems, but the maintenance afterwards: updating the same legal fact attached to 80
mini-parcels after one real world change might be quite error prone.



3  PHASED 3D CADASTRE IMPLEMENTATION

The main conclusion from previous case studies in The Netherlands (Stoter and
Salzmann, 2003; Stoter and Ploeger, 2003; Stoter and Van Oosterom, 2005, 2006),
and also shown by the case presented in the previous section, is that the registration
and publication of 3D property rights is possible within the existing system of land
registration in the Netherlands. However, the way it is currently done may require a
mental exercise to understand the situation based on information available in the land
and cadastral registers.

Apart from a better legal security in case of multi-level properties, the
implementation of a 3D cadastre will also save costs. The measurement of each mini-
parcel in the field, in situations as shown in the case in the previous section, costs
1000 euros per parcel. Consequently the registration of the leasehold for the building
through 80 mini-parcels, cost 80,000 euros. This money can be saved when the
building is registered through one 3D legal volume.

In this section we propose the Netherlands solution for 3D cadastre implementation.
This solution is partly driven by the alternatives as studied in previous and partly by
the observation that implementing 3D cadastre in practice is a process that requires
experience- and knowledge- building. Uncertainties on the implementation of a 3D
cadastre in a specific country exist due to technological developments on the one
hand and cadastral and legal developments on the other hand. Also two disciplines are
involved (i.e. technical and legal experts) who need to understand the impact of 3D
cadastre in each other domains for proper 3D cadastre developments. To meet these
uncertainties, the proposed 3D cadastre NL solution consists of a two-phase process.
The aim of the first phase (Section 3.1) is to gain experiences by introducing evolving
technologies in the legal domain of 3D cadastre. The second phase (Section 3.2) aims
at a more advanced 3D cadastre solution, which will accomplish a 3D cadastral
registration at a fundamental level.

3.1 First phase of 3D cadastre implementation

The first phase of 3D cadastre implementation exploits one of the LADM conceptual
modelling options for 3D situations; i.e. separate level with spatial units, which are
associated with 3D drawing (LA_SpatialSource, playing the role of a sketch). The
solution fits within current cadastral and legal frameworks and can therefore be
implemented within a short time frame. In addition, the implementation will provide
an empirical environment to gain experiences and support by all the stakeholders
involved.

The implementation works as follows. In case of 3D property rights, it is no longer
allowed to subdivide a 2D parcel by means of the projection of 3D objects in the
cadastral map because this results in a unclear registration. Instead the original parcel
will be maintained as cadastral object and for additional 3D cadastral objects a
registrar requires a detailed 3D representation that provides insight into the property
situations (established with either apartment right, right of long lease, right of
easement or right of superficies). Such a 3D representation can be registered via a 3D
drawing (in pdf format) within the ELAN system (Kadaster, 2007). A 3D pdf (Adobe,



2012) provides interaction and query possibilities that are very helpful in
understanding 3D situations.

Because the first phase-solution is based on current regulations, the registration of a
3D pdf is not obligatory in a strict formal sense, but in practice a registrar can request
the registration of a 3D pdf for sake of clearness, to avoid the fragmented parcel
pattern that is caused by projecting 3D objects on the cadastral map. This registration
is formulated in a guideline that supports public notaries (responsible for drafting the
deed needed for the registration of property of real estate in the Netherlands) in
deciding in which situations this 3D registration approach is preferred (Section 2) and
how they can accomplish a 3D registration, i.e. what information should they provide,
in what form and in what way this information can be generated. Also the parties will
be encouraged to declare the 3D representation as legally binding. This is needed (and
beneficial for all parties), because the current legal and cadastral frameworks do not
yet accept 3D data nor exact demarcation of legal spaces other than apartment units.

A notification is administrated on the parcel(s) on which a 3D representation is
registered. The 2D projection of the 3D representation will be added for reference to
the cadastral map by an extra graphics layer, like is done in Australia (Queensland
Government, 2008; Stoter and Van Oosterom, 2005) and Norway (Valstad, 2010).
The content of this additional graphics layer is shown on the cadastral map with
symbology different from ‘normal parcel’ (boundaries) and buildings (as traditionally
depicted on the Dutch cadastral map for reference purpose). Therefore the existence
and impact of the 3D legal space on the cadastral parcels becomes visible.

Although current frameworks are used, the proposed 3D registration makes new use
of those possibilities and therefore it is an innovation for cadastral registration in the
Netherlands. In fact the major breakthrough is that the option to register a digital 3D
drawing (possibly legally binding) will actually be practised. In addition, because the
3D drawing provides insight into the spatial dimensions of the right, new 2D parcels
do not need to be created to delineate the exact boundaries of the 3D property on the
ground parcel and creation of fragmented parcels can be avoided. The (minimum)
information required in the 3D representation to understand the property situation are
identified as follows:
 2D ground parcels that overlap (in projection) with the 3D legal volumes, draped

over a Digital Terrain Model (to localise the parcels in space; e.g. is the legal
space located above or below the earth surface). The overlap of the 3D space with
the ground parcels should be identified (e.g. by hatching the specific area of the
ground parcel).

 3D (graphical) description of legal space.
 To be in sync with the guidelines for drawings required for apartment units, the

legally required 2D cross sections with accompanying annotations (e.g. unique
identifier, north arrow etc). These cross-sections can be just another view on the
same data, as will be shown in Figure 4.

 Objects needed for reference and orientation in the 3D environment, i.e. at least
the same as in current 2D cadastral map, which is 3D topography for reference
purposes. The source for this could be the 3D topographic database, currently
under construction at the Kadaster (Oude Elberink et al, 2012).

 The 3D drawing should localise the 3D legal volume in both a local coordinate
system and the national height datum system.



Within the current framework no 3D data can be submitted for registration (in
contrast to 3D graphics drawings, which can be submitted for registration). Therefore
as long as the 3D space can be well visualised in 3D, the representation is accepted
(i.e. it is not possible to validate the data nor will the Kadaster check the data in the
field). One should keep in mind that the reference to physical markers prevails above
the coordinates in the cadastral map in the system of The Netherlands. Therefore also
in 3D the main aim of the drawings is to sufficiently explain the intention of the
involved parties.

Initial results
It is important that the 3D registration does not bring a lot of extra costs. Therefore
we investigated in collaboration with a design and construction company (VDNDP
Bouwingenieurs), how the 3D drawings can be generated from existing digital design
drawings (CAD) of the constructions. These types of companies are also the ones
who currently prepare the map of divisions for apartment complexes.
Figure 4 is the result of the foreseen workflow to generate 3D property drawings for
an apartment complex. It shows several (cadastre-relevant) views (also cross-
sections) on the same source data that was generated to construct the building.

Figure 4. Registration of 3D representation of 3D property rights via different views on the same 3D
design drawings; top left: artistic impression, top right: respective view 3D legal spaces, bottom left:

vertical cross section, bottom right: floor plan of 1ste floor

From our experiences we can conclude that the costs to generate the 3D cadastre
information in this format are similar to the costs involved for generating the
currently obliged 2D maps of divisions (in case of apartment units).

The outcomes of this hand-on study have been converted in a best practice procedure
to support external parties to generate the information recommended for a 3D
registration. It should be noted that the described workflow focuses on newly built
construction for which digital drawings are at hand.



3.2 The second phase: 3D registration for the long-term

The disadvantage of the first phase-solution is that it focuses on visualisation.
Therefore the 3D data is not available as such in the registration, which has several
drawbacks. The data is necessary to check the validity of the 3D representation; e.g.
is the space to which the right applies closed? Does it not overlap with spaces of other
rights? In addition, if future transfers need to alter the 3D drawings, they cannot make
use of the previous version of the data and they might need to collect the data again
with risks of inconsistencies. Finally, data (and not just isolated 3D graphical
illustrations) are needed to generate an overview that combines different 3D
representations in a 3D overview; i.e. a true 3D cadastral map.

Techniques for 3D data acquisition, management and distribution are in reach. The
next step is to optimally exploit these techniques to meet the more advanced
implementation of a 3D cadastre. Therefore the planned solution of the second phase
implements a full 3D cadastre alternative, i.e. combination of traditional, infinite
parcel columns and volume parcels, defined by 3D data (e.g. polyhedrons) and not
limited by 3D drawings. The implementation requires a 3D geometrical
representation in all cases identified as multi-level property situations (see Section 2).
In this representation, the location information has a more formal meaning than in the
first phase.

In first instance, the Kadaster will not check the data and can therefore not guarantee
that the 3D representation correctly reflects the real situation: this is still left to the
parties. This fits the current Dutch system of land registration based on a registration
of deeds, in which the land registers and cadastre do not provide any guarantees as
such for thirds parties (also not in 2D). It is also similar to the way utility networks
are currently registered as real estate objects by the Dutch Kadaster (Döner, et al.,
2011).

How the Kadaster will accept the 3D data itself (which format) needs to be decided:
(City)GML (OGC, 2012), or IFC (i.e. Industry Foundation Class; IFC, 2012) from the
Building Information Model domain or …?  In a future step Kadaster can decide to be
responsible that the data correctly reflects the real situation like in a ‘positive’ system
of title registration, as in Queensland (Queensland, 2008). In that case, the Kadaster
should check the data on geometrical and topological correctness as well as on
eventually overlap with other legal volumes. This is not trivial; see Thompson and
van Oosterom (2011). However such an option needs a fundamental shift in the
current principles of land registration of the Netherlands. The following principles
further explain the implementation:
 The legal space is still related to one or more ground parcels (although one right

of superficies can apply to several legal volumes within one parcel). The
introduction of the possibility of free lying legal spaces would require a change in
the Civil Code, which would take years. Therefore, when a 3D property does
overlap with several ground parcels, for every ground parcel a specific right needs
to be established. However this can be established in a single deed with one
drawing, involving multiple surface parcels and a single volume corresponding to
the 3D object. This volume gets an own identification. This is the only way to
treat one real world object as a whole, even if it goes through several ground
parcels.



 The list of situations that legally require a 3D registration will be defined in
consultation with the notaries and be based on the experiences gained from
applying the (voluntary) short-term solution (first phase). In addition to building
complexes, this will also include utility networks, often spanning multiple surface
parcels.

 Apart from the format, also the allowed geometries need to be decided, i.e. fully
enclosed by flat surfaces (polyhedron) or even by curved surfaces with precise
mathematical descriptions of such as parts (e.g. cylindrical or spherical surface
patches)? And is it allowed to have 3D representations that are open at the top
(sky) or at the bottom (earth)?)

 The required precision relates to the value of the measures, i.e. also in 2D the
reference to physical markers currently prevail above the boundaries in the
cadastral map. However, having exact 3D information available as conversion of
exact 3D drawings (or measured in the field by advanced tools) may question this
rule in The Netherlands and opt for a different approach. To add measures to
constructions, it is preferable to follow the national standard on measuring
volumes and areas within constructions (NEN 2580, 2007). This standard is used
in the building and construction domain.

The optimal implementation will be further shaped, also by experiences gained during
the first phase and an analysis of on-going developments in other countries
(Queensland Government, 2008; Valstad, 2010; Olivares García et al, 2011;
Vandysheva et al, 2011).

4  CONCLUSIONS

This paper presents the 3D cadastre developments in the Netherlands and proposes an
actual implementation of a 3D registration of 3D property rights fitting within the
international standards of the ISO 191xx family (and more specifically ISO FDIS
19152, Land Administration Domain Model; LADM). The proposed solution builds
on alternatives proposed in earlier research and consists of two phases. The first phase
(for the short term) fits within the current cadastral and legal frameworks and the
second phase focuses on a long-term solution that also facilitates to register 3D
geometrical data apart from a 3D drawing. Both phases target an appropriate
registration of 3D rights and restrictions. Making this 3D information accessible via a
(direct) link in the cadastral map is part of the solution (phase one). However the
registration of 3D data is under study for phase two.

This paper proposes a solution for 3D registration within a given legislation and
therefore a national setting. However the need to develop the current system land
registration towards an efficient and clear representation of complex property
situation that occur as a result of intensified land use and multiple use of space is
certainly not limited to The Netherlands. Other countries face similar limitations of
legislation and/or cadastral regulations to facilitate appropriate 3D registrations, as
can be concluded from the international comparison carried out by the FIG joint
commission 3 and 7 working group on 3D-Cadastres (van Oosterom et al., 2011). As
the presented solution is based on international standards, similar approaches can be
applied in other countries; e.g. as illustrated with the 3D cadastre prototype in the
Russian Federation (Vandysheva et al., 2011).



The developments in the Netherlands as described in this paper will therefore
contribute to further study and subsequent development in other countries. However it
does not provide a “manual” for implementation that can be followed anywhere in the
world. The actual implementation of a 3D registration will always depend on the
characteristics of the current land law and system of land registration in a certain
jurisdiction. Future work will refine the goals for the second phase of the
implementation of 3D registration, which will encounter a more significant change
with respect to current registration because it will also cover the steps after the
submission of a 3D geometrical representation: how will this be managed in the
cadastral database(s), how can users (within and outside the Kadaster) access this 3D
information? Handling this kind of rich 3D information is much more complicated
than storing 3D pdf’s and make these available after selection in the 2D cadastral map
and requires therefore further research.
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