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SUMMARY

In our paper ‘Impact Analysis of Recent Geo-ICT Developments on Cadastral Systems
presented at the FIG Washington Congress in April 2002 we concluded that cadastral systems
must be flexible and generic because user requirements keep on changing due to new
legislation, new registrations, new technology. In addition we stated that (geo-) ICT
developments, such as geo-DBMSs, Internet, GPS, and data exchange (XML) and modeling
standards (UML), have greatly contributed towards the efficient implementation of effective
systems. However, a core cadastral domain model supported by vendor software would have
increased efficiency yet more. Such a model would enable application of Model Driven
Architectures in the context of cadastral systems.

A draft cadastral core model has been developed. This model has been introduced to the
Open GIS Consortium, Noordwijk, The Netherlands, September 2002, to the COST Working
Group ‘Modeling Real Property Transactions', Delft, The Netherlands, October 2002, and to
the annual meeting of Commission 7 ‘Cadastre and Land Management’ of FIG, Pretoria,
November 2002.

First discussions with software providers (ESRI) are ongoing; scientists have reviewed the
draft model. All thisresulted in a second draft of the core cadastral model.

In this paper the second draft of the cadastral core model will be presented. Furthermore the
progress in activities related to the development of this model will be reported. The need to
eventually establish a Special Interest Group at OGC will be discussed.
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1. INTRODUCTION

The idea for the introduction of a Core Cadastral Domain Model has been launched at the
FIG Congress in Washington (Oosterom, van, Lemmen, 2002a). During this meeting there
was a lot of attention to the standardization issue: the FIG guide on standardization (FIG,
2002) was presented and it has been decided to continue the work of the FIG Task Force on
Standardization in the 'FIG Standards Network'. ISO TC 211 is interested in co-operation
with FIG. See: www.isotc211.org/resolutions/resolul3.htm . During the FIG Working Week
in Paris 2003 standardization is again one of the main themes of interest. Within FIG the
standardization issue in relation to Cadastre (1SO as applied to 'cadastres) will be managed
by the Working Group 7.3 of Commission 7, ‘Cadastre and Land Management'.

In the developed world it can be observed that a lot of efforts in standardization of the
Cadastral Domain are ongoing, an overview is given in (Oosterom, van, Lemmen, 2002b).
The Open GIS Consortium already tried to establish a'Land Title and Tenure SIG' three years
ago, the US Bureau of Land Management expressed interest, but finally there was insufficient
support. In Germany the Working Committee of the Surveyors Authorities of the States of
the federal Republic of Germany (AdV) has started developing a new conceptual data model
for the Official Cadastral Information System (ATKIS) based on 1SO standards. This
conceptual model is object based and describes geographic and non-geographic features as
well as their associations (Seifert, 2002). The Cadastral Subcommittee of the US Federal
Geographic Data Committee developed a complete Cadastral Data Content Standard for the
National Spatial Data Infrastructure (FGDC, 1999). The US National Integrated Land System
(NILS) provides business solutions for the management of cadastral records and land parcels
information in a Geographic Information System environment. The NILS concept provides
the user with tools to manage land records and cadastral data in a "Field-to-Fabric" manner,
www.blm.gov/nils. A Conceptual Parcel Data Model is available in ArcGIS (Meyer, von,
Oppmann, Grise, Hewitt, 2001). In New Zealand (LINZ, 2002) the new Cadastral Survey
Exchange Format, as part of the Landonline survey and title automation programme is based
on the LandXML (2002). The Intergovernmental Committee on Surveying and mapping
(ICSM) has developed a National Cadastral Data Model (ICSM, 1999). This model is based
on areview of cadastral models supplied by the different jurisdictions in Australia and New
Zedland. It was not expected that all jurisdictions would immediately convert to this standard.
However, they should be able to import and export data based on the standard (ICSM, 2002).
The European market is becoming more integrated. So far property transactions have
remained quite national, and complaints have been made about the lack of a single mortgage
market. In order to speed up the integration process Landméteriet Sweden has initiated a
project for providing the market with a single point of access to land information across the
borders (Ollén, 2002): the EULIS project, www.eulis.org. Nine organizations from different
parts of Europe participate.
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In developing countries the need for the introduction of a simple data model, which can be
adapted and extended to the local requirements on Land Administration can be derived from
van der Molen (2003). Comparable basic objects for ‘colonial systems' and informal systems
are identified. Mulolwa (2002b) introduces a prototype for an integrated land delivery
process in Zambia based on ESRI's MapObjects using the Unified Modeling Language
(UML). Approaches in data cadastral modeling for developing countries can be found thesis
work &t the International Institute of Geo-Information Science and Earth Observation (ITC).

There are warnings. computerization is one of the most difficult components in Land
Administration reform in developing countries. It requires a major IT drategic plan and a
long-term commitment. Simple, manual systems are often easier to introduce (Williamson,
2000).

The introduction of a simple, generic Core Cadastral Domain Model could encourage and
support the flow of information relating to land property between different government
agencies and between these agencies and the public. Whilst access to data, its collection,
custody and updating should be facilitated at a local level, the overall land information
infrastructure should be recognized as belonging to a national uniform service to promote
sharing within and between nations (UN/FIG Bathurst Declaration, 1996). See also Bogearts
and Zevenbergen (2001) and Williamson and Ting (2001). A Core Cadastral Domain Model
in which classes and associations between classes representing objects, attributes and
operations derived from different tenure systems could, in the opinion of the authors,
definitively contribute to the fulfillment of local cadastral needs in an efficient way. Support
of vendor software would increase efficiency even more. The ambition is to create a model
with common elements of cadastral systems, if possible worldwide.

An overview of the progress made in the development of the proposed Core Cadastral
Domain Model is given in Section 2. The classes are described in more detail in Section 3. As
the development of a Core Cadastral Domain Model is a standardization issue, attention is
given to the progress in activities within organizations related to the development of this
model (Section 4); e.g. the need to eventually establish a Special Interest Group at OGC will
be discussed. Conclusions are presented in Section 5.

2. OVERVIEW OF THE CORE CADASTRAL DOMAIN MODEL

A class diagram describes the types of objects and the various kinds of structural
relationships that exist among them like associations and subtypes. Furthermore the class
diagrams show the attributes and operations of a class and the constraints that apply to the
way objects are connected (Booch, Rumbaugh, Jacobson, 1999).

The here proposed class diagram for the cadastral domain contains both legal/administrative
object classes like persons, rights and the description of real estate objects. This means in
principle that data could be maintained by different organizations, e.g. Municipality or other
Planning Authorities, Private Surveyor, Cadastre, Conveyancor and/or Land Registry. The
model will most likely be implemented as a distributed set of (geo-) information systems,
each supporting the maintenance activities and the information supply of parts of the dataset
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represented in this model (diagram), thereby using other parts of the model. This underlines
the relevance of this model; different organizations have their own responsibilities in data
maintenance and supply and have to communicate on the basis of standardized processes in
so called value adding production chains.

Please note that source documents can be available on paper, microfiche or as scanned
documents.

The proposed Class Diagram, draft version 2, is presented in figure 1. This proposal contains
improvements/extensions of an earlier version of the model, presented to the COST
workshop ‘Towards a Cadastral Domain Model’, which was held in Delft, October 2002;
http://www:.i4.auc.dk/costg9/.
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Figure 1. Second draft of the Core Cadastral Domain Model

One should not look a the whole model at once as the colors are supposed to represent
different ‘packages’ or aspects.

- Green: real core,

- Green and yellow: legal/administrative aspects,

- Green and blue: real estate object specializations,

- Blue, pink and purple: geometric/topological aspects.
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Focus in this paper is on the Class Diagram, which is considered to represent the real core of
the Domain. Of course implementation requires attention to other aspects, e.g. Use Case
Diagrams, Activity Diagrams, etc. (Tuladhar, 2002).

3. SOME CLASSESIN MORE DETAIL
3.1 CoreClasses

The relationship between real estate objects, (e.g. parcels) and persons via rights is the
foundation of every land administration. Related classes, associations and multiplicities are
depicted in the green part of figure 1, in which it is also shown that RightOrRestriction is an
association class between the classes Person and Real EstateObject.

3.2 Specializations of RealEstateObject: Object Detail Classes

A RealEstateObject is an abstract class, that is, there are no object instances of this object
class. However, it has specialization classes (which have object instances), such as Parcel,
ParcelComplex, PartOfParcel, ApartmentUnit, and NonGeoRealEstate. This is represented in
bluein figure 1.

A ParcelComplex is an aggregation of Parcels. The fact that the multiplicity at the side
ParcelComplex is 0.1 (in the association with Parcel) means that this is optional. A
ParcelComplex situation might occur in a system where a set of Parcels -could be in one
municipality or even in another administrative unit- has a legal/customary meaning.

A Parcel can be subdivided in two or more PartOfParcel’s. This case could occur when
‘preliminary’ Parcels are created during a conveyance where Parcel will be split and
surveying is done afterwards. It could also be helpful to support planning processes, based on
cadastral maps, where establishment of Parcels in the field is done later in time.

An ApartmentComplex is associated with one or more Parcel’s. There can be at most one
ApartmentComplex located on a Parcel. There can be two or more ApartmentUnit’s in an
ApartmentComplex.

Parcel’s are defined by ParcelBoundaries and have a geometric/topological description
(Oogerom, van, Lemmen, 2001). The class ParcelBoundary always has two neighbor
Parcel’s, where territorial ParcelBoundary’s have one ‘zero-Parcel’ as neighbor, representing
the external territory. There can be more then one ParcelBoundary’s between two neighbor
Parcels, depending on attributes and the geometric configuration. Exclaves and enclaves from
territorial perspective can be managed in this approach. In general this approach implies that
individual Parcels are not represented as ‘closed polygons'. Attributes can be linked to
individual boundaries; this allows for example classification of individual boundaries based
on the administrative subdivision of the territory. In this way double, triple or multiple
storage of the same boundary can be avoided, thus avoiding all kind of ‘gap and overlap’
problems, which don’t have arelation to reality.

TS15 Standards and Interoperability 5/13
Christiaan Lemmen and Peter van Oosterom
TS15.2 Further Progress in the Development of a Core Cadastral Domain Model

FIG Working Week 2003
Paris, France, April 13-17, 2003



The class NonGeoResalEstate can be useful in case where a (complete) geometric description
of the RealEstateObject does not (yet) exist. E.g. in case where only one co-ordinate inside
the RealEstateObject is observed, using Satellite Images or GPS. Or in case of fishing rights,
mining rights, etc.

3.3 Surveying Classes

Object classes related to surveying are presented in pink color. A cadastral survey is
documented on a Survey Document, which is a (legal) source document made up in the field.
Mostly this document contains signatures. Files with terrestrial observations -distances,
bearings, and referred geodetic control- on points are attributes of SurveyDocument, the
Measurements. Both ParcelBoundary and SurveyPoint are associated with SurveyDocument.
From the multiplicity it can be recognized that one SurveyDocument can be associated with
several SurveyPoints. In case a SurveyPoint is observed at different moments in time there
will be different SurveyDocuments. In case a SurveyPoint is observed from different
positions during a measurement there can be only one SurveyDocument. The association
between a ParcelBoundary and SurveyDocument is derived via the classes SurveyPoint,
tp_node and tp_edge.

3.4 Topology: imported OpenGI S Classes

Object classes describing topology are presented in purple. The Cadastral Domain Model is
based on already accepted and available standards on geometry and topology published by
ISO and OGC (1SO, 1999a, 1999b, OpenGIS Consortium 1998, 2000a, 2000b, 2000c and
2000d). Geometry is based on SurveyPoints (mostly after geo referencing, depending on data
collection mode: tape, total station, GPS, etc) and is associated with the classes tp_node
(topology node) and tp_edge (topology edge) to describe ‘shapes between points, metrically
based on SurveyPoints.

Parcels have a 2D geometric description. A Parcel corresponds one-to-one to thetp_facein a
topological structure (as defined by 1SO TC 211 and OpenGIS Consortium). A face is
bounded by its edges in 2D. An edge is related one-to-one to a ParcelBoundary, which may
contain non-geometric attributes as explained in 3.2. Every edge has exactly two end points,
represented in tp_nodes. In addition, an edge may also have several intermediate points. Both
intermediate points and nodes are associated with SurveyPoints. The topological primitives
tp_face, tp_edge and tp_nodes, have all a method (‘ operation’) called ‘Realize’ which can be
used to obtain a full metric representation.

Please note that the here proposed draft version 2 of the model does not yet include a 3D
geometric/topological description of ApartmentComplex or ApartmentUnit, associated rights
arein reality of course 3D (Stoter, et al. 2002).

3.5 Legal/Administrative Classes

Object classes presented in yellow cover the refinements in the Legal/Administrative side.
All updates associated to RightsOrRestrictions are based on LegalDocuments as source. In
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principle legal data will not be changed without provision of a LegalDocument. The essential
data of a LegalDocument are associated with (‘can be represented in’) the classes
RightOrRestriction, Mortgage or PublicRestriction.

The abstract class ‘Person’ (that is again a class without object instances) has as
specialization classes NaturalPerson or NonNaturalPerson like organizations, companies, co-
operations and other entities representing social structures. If a Person is a NaturalPerson it
cannot be a NonNaturalPerson: Person is a digoint union of NaturalPerson and
NonNaturalPerson.

3.6 Back tothe Core Classes

Right (a subset based on the type attribute in RightOrRestriction) is compulsory association
between Real EstateObject and Person, where this is not compulsory in case of restriction (the
other subset in RightOrRestriction). For example, a redtriction like encumbrance, is only
associated with the land: the RealEstateObject.

Property and ownership rights are based on legislation. ‘Lookup tables’ can support in this,
e.g. the right of ‘ownership’ might be ‘Norwegian Ownership’, ‘Swedish Ownership’, etc.
etc. ‘Customary Right’ related to a region or ‘Informal Right’ can be included, from
modeling perspective this is not an item for discussion.

The class RightOrRestriction allows for the introduction of ‘ shares of rights' in case where a
group of Persons holds a fraction of a‘complete’ right.

3.7 Further Developments

The second version of the Core Cadastral Domain Model presented is just a proposal and a
potential start for the final model. Many more things have to be done (and perhaps modeled
in additional packages ore refinements). Potential further developments could be:

- Review on multiplicity to alow as much flexibility as possible in the introduction of
separate ‘ packages' of the model, independent from the introduction of other packages.

- History. This could be represented in ‘parent/child’ associations between cadastral
objects, e.g. in case of sub-division of a cadastral parcel. Another option is inclusion of
tmin/tmax attributes to all classes. New inserted instances get a tmin, equal to the check
in time and a tmax equal to the maximal (integer) value. A deleted instance gets a tmax
equal to its check in time. In case of update of one or more attributes, a new instance will
be created (as copy from the old instance with its new values for updated attributes) with
atmin equal to check in time and a tmax equal to a maximum value. The old instance
gets atmax equal to check in time. This allows to query for the spatial representation of
cadastral objects at any moment t back in time or to query for all updates between a
moment t1 and t2 in the past. Apart from check in times the real dates of observation in
the field can be included to manage history. One more option is the introduction of a
TimePeriod class to maintain historical data.

- Other types of RealEstateObjects: airplanes and ships. Mortgage can be established here!
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- GeodeticReferencePoints, could be a specialization associated with SurveyPoint. This
will make SurveyPoint an abstract class with CadastraSurveyPoints and
GeodeticReferencePoints  as  specializations.  Further  specialization could be
CadastralCentroidPoint, in case only one point of a Parcel or NonGeoRealEstate is
observed.

- 3D Cadastral aspects (above/below surface)

- Higher level admin units (aggregations: sections, municipalities,...)

- Land consolidation/reform, urban development, urban and rural cadastres

- Linksto external registrations could include:

Persons (e.g. viafiscal person identifier, or other approved identifiers)
Companies/organizations (e.g. chamber of commerce)

Addresses and zip codes, related to objects and subjects

Buildings, or more general: topographic datasets, including geographic names, street
names, point representations (symbols) etc. in relation to core cadastral data.

poODNE

4. ACTIVITIESRELATED TO THE INTRODUCTION OF THE MODEL

The ‘technical’ activity of the development of the Core Cadastral Domain Model is just one
aspect of the standardization activity. The embedding of this model within the different
involved organizations is one other important task. In this section a short overview is given of
the involved organizations. It is the intention that participants in these organizations will
support the further development of the model.

4.1 COST Research Activity Statement

Founded in 1971, COST is an intergovernmental framework for European Co-operation in
the field of Scientific and Technical Research, allowing the co-ordination of nationally
funded research on a European level. COST Actions cover basic and pre-competitive
research as well as activities of public utility. http://cost.cordis.lu/src/whatiscost.cfm

The goal of COST is to ensure that Europe holds a strong position in the field of scientific
and technical research for peaceful purposes, by increasing European co-operation and
interaction in this field.

The main objective of the Action G9 (“Modeling Real Property Transactions’) is

- Toimprove the transparency of real property markets and

- To provide a stronger basis for the reduction of costs of real property transactions by
preparing a set of models of real property transactions, which is correct, formalized, and
complete according to stated criteria, and then

- Assessing the economic efficiency of these transactions.

The modeling activity of the action intend to develop a frame work for the future information
systems through a comparative analysis of the existing, cross-organizational transactions and
the databases regarding real property. A workshop on cadastral data modeling within the
framework of this COST G9 research has been presented in Delft, The Netherlands, October
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10-12 2002: ‘ Towards a Cadastral Core Domain Model, 3" workshop and 4™ MC meeting of
the COST G9 action’. The development of a Core Cadastral Model is included in this
research now.

4.2 OpenGIS Consortium

Worldwide many efforts can be recognized related to standardization in the cadastral domain.
It is proposed here to join forces between FIG and OpenGI S (1SO TC211) and to establish an
OGC SIG for the Cadastral Domain. The activities of this SIG could be organized in close
co-operation with the FIG. In order to establish such an OGC SIG a proposal has to be made
in which the three necessary elements are:

1. A clear misson statement: This could be the development of the core cadastral data
model, but it could also be wider than only developing the data model: use-case
modeling, sequence and collaboration modeling, state and activity modeling. Another
dimension of potentially widening the scope could be not to look a only cadastral
systems (central and local approaches supporting land ownership registration, land
consolidation, land reform and urban development), but also to include other information
systems, such as valuation systems, mining registrations, fishing and agricultural
registrations, registration of polluted areas for environmental purposes, registration of
pipelines and cables, etc. Finally, it isgood OGC practice not to work on the theory only,
but also to test (and further develop) the standards in a test bed environment. In such a
test bed, or interoperability program initiative, not only conceptual standards (models)
are important, but also the actual implementation aspects such as the encoding of
information for data exchange (e.g. in XML/GML).

2. At least three OGC members wanting to be an active member of the SIG. This does not
seam to be a problem in this case as during the OGC TC meeting in Noordwijk, The
Netherlands in September 2002, there was enough interest after the presentation of the
first draft of a core cadastral data model.

3. A chairperson, willing to chair the SIG and organize the necessary activities.

4.3 FIG and ISO

As dready explained in the introduction, it was decided within the FIG that the
standardization issue in relation to Cadastre (1SO as applied to 'cadastres) will be managed
by the Working Group 7.3 of Commission 7, 'Cadastre and Land Management'. The FIG will
further continue the work of an FIG Task Force on Standardization in the 'FIG Standards
Network’, in which close cooperation with ISO TC 211 will be established.

Standardization of the Cadastral Domain will be one of the issues to be discussed during the
FIG Paris Working Week in April 2003. During first discussions about the future work in
WG7.3 focus has been on one very interesting investigation about the basic contents of a
Digital Cadastral Data Base (DCDB). Answers to questions “What are the common elements
in all cadastral systems?’ and “Which should be the basic elements in a DCDB to operate as
a key element of a national or global spatial data infrastructure?’ have been discussed. This
definition of basic elements that should be found in each DCDB can be helpful for easier land
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transactions on an international level (e.g. European Union, Americas) as well for planning
processes on a hational or international level.

The description of these basic elements will be carried out by using the ISO standard
modelling language UML. The use of UML will enable data base specialists all over the
world to understand what the Working Group want. It is not necessary to define the basic
contents of a DCDB as a standard itself but we think it helps different jurisdictions to design
or re-design their cadastral systems by using this work as a good practice guide. The Working
Group plans to publish the results as good practice guidelines via Internet or/and a booklet.

5. CONCLUSIONS
A core cadastral data model should serve at least two purposes:

1. Enable effective and efficient implementation of flexible (and generic) cadastral
information systems based on a model driven architecture (as argued in this paper), and

2. Provide the common ground for data exchange between different systems in the cadastral
domain.

The later one has not been argued a lot in this paper, but is also a very important motivator to
develop a core cadastral data model, which could be used in an international context; e.g. the
EULIS project.

We would again like to emphasize that the current (second) version of the Core Cadastral
Domain Model is just a proposal; it is incomplete and may even contain errors. We would
like to encourage everybody to participate in the further development of this model in order
to make this standardization effort really work.
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