A standards-based portal for integrated
Land Administration information

A case study of the Netherlands

by
Marjolein van Aalst

A thesis submitted to the Delft University of Technology in partial fulfillment of the
requirements for the degree of
Master of Science in Geomatics for the Built Environment

April 2024

]
TUDelft



Marjolein van Aalst: A standards-based portal for integrated Land Administration information.
(2024)

The work in this thesis was carried out at:
Faculty of Architecture & the Built Environment
Delft University of Technology

]
TUDelft

Thesis committee: Prof. dr. ir. P.J.M. van Oosterom, TU Delft, supervisor
Dr. H.D. Ploeger, TU Delft, co-supervisor
Prof. em. dr. ir. C.H.J. Lemmen, University Twente, co-reader

kadaster

External committee: Dr. ir. L. Rowland, Kadaster, supervisor
Dr. ir. E.J.A. Folmer, Kadaster, supervisor



Acknowledgements

This thesis presents the final results of my research conducted at Kadaster between September
2023 and April 2024 as part of the curriculum of the Geomatics Masters program at the Delft
University of Technology.

I would like to express my gratitude to my university supervisors, Peter van Oosterom and Hen-
drik Ploeger, for their intensive guidance during this research and providing me with valuable
feedback. Moreover, I would like to thank my co-reader, Christiaan Lemmen, for providing me
with insightful feedback on my thesis. Furthermore, I would also like to thank Lexi Rowland
and Erwin Folmer, my company supervisors at Kadaster, for supervising my thesis and most
especially Lexi for her valuable expertise and guidance on linked data, which I have learnt a
lot from and will always carry with me. I am grateful that Kadaster provided me with the
necessary data for my research for me to gain valuable insights. Furthermore, I would also like
to express my thanks to the Data Science team at Kadaster, that I had the opportunity to
work within during my thesis, for their interest during my research.

Finally, I would like to thank my friends and family for their unconditional support during my
master, and during this challenging research.

Marjolein van Aalst
Rotterdam, April 2024

iii



Abstract

Land administration is the organized and systematic process of establishing and maintaining
information about land. The efficient practice of land administration is anticipated to organize
land registers for the provision of cross-sector and cross-border land administration services.
Such a system should provide fundamental information regarding land administration without
requiring access to land registers or geoportals. Due to disaggregated land administration sys-
tems in the Netherlands, land administration information related to the Dutch territory must
be accessed through various geoportals. These geoportals include PDOK, Ruimtelijkeplan-
nen, Wozwaardeloket, Bagviewer, and Kaartenvannederland. These geoportals utilize different
approaches to information delivery, processing and retrieval. The basic assumption for the
functionality of land administration is the interoperability of data from different registers and
geoportals containing land administration information. Therefore, there appears to be a need
for an integrated land administration information system. The Land Administration Domain
Model (LADM) as a conceptual model is a way to integrate land administration information
into the organized environment of a Spatial Data Infrastructure (SDI) for efficient data orga-
nization and accessibility. The second edition of LADM consists of five parts about the generic
conceptual model, land registration, marine georegulation, valuation information and spatial
plan information. This study examines the benefits and drawbacks of the implementation of
the LADM Edition II for data dissemination in the Netherlands with a linked data portal.

An analysis has been conducted on the current state of LADM Edition II. Two use cases were
identified and modelled to assess the implementation of LADM. Country profiles of the Nether-
lands were developed to adapt the model to country-specific needs. Linked data, a technique
based on standardized web technologies, can enhance the capabilities of an SDI. To enable the
implementation of the model with linked data, the country profiles were converted into an OWL
ontology model, and datasets based on the Dutch registers were created in accordance with the
ontology. Finally, a data story was developed using SPARQL queries to query and present the
data for the use cases. A data story is a narrative that makes data comprehensible to a wider
audience.

The assessment shows that the implementation of LADM Edition II for data dissemination in
the Netherlands with a linked data portal has the potential to offer benefits in terms of time
efficiency, resource efficiency and usability. This is the result of linking multiple registers from
different domains of land administration, which enables the consultation of a single geoportal,
the data story. However, this requires significant investment. The country profile has to be
validated, datasets have to be created according to the ontology by matching the attributes in
the Dutch registers with the attributes in LADM, and SPARQL queries have to be written to
retrieve the data. These last two steps require a thorough understanding of the Dutch land
administration systems and the ontology, and can be a time-consuming task. It remains to be
seen whether the benefits of LADM in the Dutch context are worth the investment required
for implementation.

Key words: land administration, the Netherlands, LADM Edition II, use cases, country
profile, linked data portal
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Glossary

Disclaimer: This glossary has been compiled for the context of the Netherlands.

Base register (Basisregistratie) = The Dutch government has established base registers as
the mandatory sources for data registration for all governmental institutions when executing
their public duties [Digital Government, 2023].

Cadastre = Base land register (BRK) of the Netherlands.

Geoportal = A web environment which acts as an access point to the shared land adminis-
tration data [He et al., 2011].

Kadaster = The Kadaster is an independent administrative body under the Ministry of the
Internal A airs and Kingdom Relations (BZK). Its main duties are maintaining public reg-
isters, maintaining and updating the base land register, maintaining a network of coordinate
points, maintaining and updating a registration for ships and aircraft, and the uniform, consis-
tent and nationwide collection, geometric recording, management and cartographic represen-
tation of geographical data as well as maintaining and updating the basic topography register
[Overheid, 2024a].

Land = The spatial extent to be covered by rights, restrictions and responsibilities, encom-
passing the wet and dry parts of the earth surface, including all space above and below the
surface [ISO, 2023].

Land Administration = The organized and systematic process of establishing, maintaining
and disseminating information about land, including land tenure (RRR), land use, land use
planning, land valuation, land development and land registration. This de nition is based on
the de nition of land administration provided by the United Nations Committee of Experts on
Global Geospatial Information Management (UN-GGIM).

Land Administration data = Data that is established, maintained and disseminated during
the process of land administration.

Land Administration System = Comprises the legal, institutional, and technical framework
that supports land administration.

Land Administration Domain Model = A conceptual model based on a practical approach.
It describes the data contents and relationships of land administration and can be extended
and adapted to speci c situations.

Land register = Public register.
Rights, Responsibilities and Restrictions (RRR) = A 'right' is a formal or informal en-

tittement to own, to do something, or to refrain someone from doing something. In the context
of land administration this right is regarding land ownership (e.g. ownership right, apartment
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right, tenancy right or possession). A right can be an (informal) use right, and rights may
be overlapping, or may be in disagreement. A 'responsibility’ is a formal or informal obliga-
tion to so something. This means in the context of land administration obligations or duties
associated with land ownership (e.g. adherence to certain land use practices or payment of
property taxes). A 'restriction' is a formal or informal limitation or condition imposed. In the
context of land administration, this refers to the use or transfer of land (e.g. zoning regulations)
[Lemmen et al., 2010].

Spatial data = The de nition by the International Organization for Standardization (ISO) is
adopted, stating spatial data as data with explicit or implicit reference to a location relative to
the Earth's surface (ISO 19115-1:2014).

Spatial Data Infrastructure = A framework consisting of the institutional arrangements,
policies, standards, and technologies that enables the collection, maintenance, and distribution

of spatial data to meet user needs [European Commission, nd].

User = Anyone who interacts with land administration information, including professionals
and non-professionals.

Xi



1 INTRODUCTION

1. Introduction

This chapter introduces the topic of this thesis, and describes the problem statement in Section
1.1. The scienti c relevance of this thesis is discussed in Section 1.2. Following, the main re-
search questions as well as the sub-research questions are presented in Section 1.3. Section 1.4
discusses the scope of this thesis, followed by Section 1.5 which elaborates the Design Science
Research. Lastly, the structure of this thesis is described in Section 1.6.

Land administration is the organized and systematic process of establishing and maintaining
information about land, including land tenure, land use, land use planning, land valuation
and land registration, to support e ective land management and governance. This de nition
is based on the de nition of land administration provided by the United Nations Committee
of Experts on Global Geospatial Information Management (UN-GGIM). Land Administration
Systems (LASSs) are structured to support the four main functions of land administration: land
tenure, land value, land use, and land development [Williamson, 2001]. Each country must
establish an e cient, e ective, and secure LAS to support sustainable development and good
land management practices [Dale and McLaughlin, 1999].

Responsibilities and tasks related to land administration may be distributed among dier-
ent organizations and authorities. If so, these organizations and authorities are likely to
deal with di erent administrative domains and have di erent operational aspects, such as
how information is provided, processed and retrieved. The e cient practice of land admin-
istration is anticipated to organize land registers for the provision of cross-sector and cross-
border land administration services. Such a system should provide fundamental informa-
tion regarding land administration without requiring access to land registers or geoportals
[Ca8&da® and Stubkjeer, 2014]. The Land Administration Domain Model (LADM) o ers a con-
ceptual model which supports the expression of legal, geometric and semantic features of prop-
erties for functional land management, and facilitates the e ective implementation of land
administration [Van Oosterom and Lemmen, 2015]. The model, which consists of ve parts
about the generic conceptual model, land registration, marine georegulation, valuation infor-
mation and spatial plan information is presented in LADM Edition Il. Providing a shared
ontology, thus de ning a terminology, is crucial for e ective communication among users and
for facilitating the exchange and management of data quality. Individuals who interact with
land administration information are referred to as users. This group can include both pro-
fessionals and non-professionals. LADM includes a standardized terminology, serving as the
foundation for regional and national pro les, and enabling the combination of land adminis-
tration data from di erent sources [ISO, 2012]. LADM provides a exible conceptual schema,
that can facilitate the exchange of data to and from dierent land registers or geoportals
[Van Oosterom and Lemmen, 2015].

1.1. Problem statement

Land is de ned as the spatial extent to be covered by rights, restrictions and responsibilities, en-
compassing the wet and dry parts of the earth surface, including all space above and below the
surface [ISO, 2023]. Land that is within the borders of the Netherlands is Dutch territory. Cur-
rently, information related to the Dutch territory must be accessed through various geoportals
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due to the country's disaggregated LASs. These geoportals include PDOK [Kadaster, ndc],
Ruimtelijkeplannen [Rijksoverheid et al., nd], Wozwaardeloket [Rijksoverheid, nd], Bagviewer
[Kadaster, nda], and Kaartenvannederland [Kadaster and BZK, nd]. The home page of the geo-
portals is displayed in Figure 1.1. These geoportals acquire their data from distributed sources,
including land registers maintained by dierent organizations such as Kadaster, Waarder-
ingskamer (Council for Real Estate Assessment) and municipalities. These geoportals utilize
di erent approaches to information delivery, processing, and retrieval. The basic assumption
for the functionality of land administration is the interoperability of data from di erent regis-
ters and geoportals containing land administration information [Mika, 2017]. So there seems
to be an ambition for an integrated land information system, such a system can be structured
by a data model that clearly identi es the attributes of these registers and the relationships
between them [Ca8da3 and Stubkjeer, 2014].

(b) Ruimtelijkeplannen
(a) PDOK [Kadaster, ndc] [Rijksoverheid et al., nd]

(c) Wozwaardeloket [Rijksoverheid, nd] (d) Bagviewer [Kadaster, nda]

(e) Kaartenvannederland
[Kadaster and BZK, nd]

Figure 1.1: Geoportals in the Netherlands

A Spatial Data Infrastructure (SDI) is a framework consisting of the institutions, policies,
standards, and technologies that collect, maintain, and distribute spatial data to meet user
needs [European Commission, nd]. LADM as a conceptual model is a way to integrate land
administration data in the organized environment of an SDI for e cient data organization
and accessibility. The LADM establishes a common ontology enabling users to communicate
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e ectively by use and exchange of data. Secondly, it supports the development of a land ad-
ministration system, particularly involving multiple organizations. Lastly, LADM supports the
creation of application software with the data model at its core, and allows for the exchange
of land administration data. This capability must exist within an SDI to allow for exchange
between land registers. The ultimate objective is to aid in data quality management. With the
above-mentioned objectives, LADM holds the promise of being a potential solution when re-
sponsibilities and tasks related to land administration are distributed among di erent branches
of government or organizations [Lemmen et al., 2015].

Linked data, a technique based on standardized web technologies, can implement and enhance
the capabilities of an SDI. National mapping agencies are exploring the potential of publishing

o cial government data utilizing linked data [Ronzhin et al., 2019]. By adhering to linked data
principles, land administration data can seamlessly link together, facilitating access and naviga-
tion. In summary, linked data principles are highly relevant to the development of application
software with LADM at its core to show the value of LADM. These principles augment the
capabilities of the data model by making data more interconnected, improving interoperability,
and enabling e cient data exchange, all of which are important in land administration where
multiple organizations and information systems need to work together.

The Dutch Cadastre, Land Registry and Mapping Agency, in short: Kadaster, registers land
administration data on behalf of the Dutch government, including ownership and rights. Due
to this central role, they manage crucial land registers and geoportals of the Netherlands. It
is worth noting that despite these important responsibilities, the Kadaster and other organiza-
tions that manage geoportals do not use the LADM standard to create an integrated national
system [Hagemans et al., 2022]. In theory, the application of LADM appears e ective, but the
guestion is if this application actually provides a solution in practice? This study examines the
application, implementation and bene ts and drawbacks of LADM in the Netherlands, utilizing
an SDI approach and linked data. The study adopts the ISO 19152 standard LADM Edition
Il. A prototype will be created using linked data technologies to implement the country pro-
le conceptual model of the Netherlands. Then, use cases will be compared and evaluated to
analyze the bene ts and drawbacks of the LADM implementation in the Netherlands.

1.2. Scienti c relevance

Countries with disaggregated LASs fail to take advantage of the opportunities that may exist

in their separate LASs to address national needs [Bennett et al., 2012]. Misunderstandings
between users can be the result of the lack of shared concepts and terminology. It seems to be
essential to establish concepts and terminology based on a standardized national model, such as
the LADM [Zulkii et al., 2015a]. The term 'national’ is extensively used in current in uential
literature on land administration to convey the requirement for an uni ed national approach.
The United Nations Integrated Geospatial Information Framework (UN-IGIF) also emphasizes
the need for cross-sectoral and multidisciplinary collaboration on data that support people's
activities and their interaction with the built and natural environment [Krizanovic et al., 2023].
Considering the broader international context, the implementation of an international standard

at the national level would represent a signi cant advance toward achieving interoperability
between countries. As LADM Edition Il is still under development, the ndings of this thesis
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can provide feedback and recommend possible changes to further optimize the revised version
before it is o cially adopted. This study will assess and evaluate the implementation of LADM
in the Netherlands utilizing use cases and o er recommendations for future developmental work.

1.3. Research questions

The main research question of this thesis study is:

What are the bene ts and drawbacks of a linked data portal based on the Land Administration
Domain Model (LADM) Edition Il concepts?

The aim of this thesis is to research the potential of applying and implementing LADM in
the context of the Netherlands. In order to answer the main research question, the following
sub-questions are relevant:

1. What are relevant use cases to demonstrate the potential added value of applying the
LADM Edition Il within the context of the Netherlands?

2. What is the state of the art on the LADM Edition 11?

3. How can the country pro le of the Netherlands be conceptually modelled as it pertains
to parts 1, 2, 4 and 5 of the LADM Edition I, and what are the intended and unintended
consequences in this modelling?

4. How can linked data be employed to implement the conceptual model of the country
pro le of the Netherlands based on LADM Edition Il, and what are the intended and
unintended consequences in this implementation?

5. What are the intended and unintended consequences following the LADM-based approach
in the use cases as demonstrated through the developed prototype?

1.4. Scope

This research will exclusively addresses land administration pertaining to the Dutch territory,
with further spatial constraints limiting consideration to only 2-dimensional data. The study
utilizes the base register of addresses and buildings (BAG), the base land register (BRK), the
public law restrictions (PB), and the WOZ-value, as well as the geoportals Wozwaardeloket,
and Ruimtelijkeplannen as the foundation for valuation information and spatial plan informa-
tion in the Netherlands.

The scope of this study does not include 3-dimensional land administration visualizations re-
lated to the context of the Netherlands, nor will it include land administration data related to
foreign territory. In addition, datasets concerning underground infrastructure networks (IMKL)
(KLIC), underground geology and soil (BRO) and maritime areas (Part 3 of LADM Edition 1)
are excluded. Furthermore, the focus of this research will be on data dissemination, considering
the provision of the requested information to the user. It does not address the process of data
registration, which serves to add, modify or update information in a register. Finally, this re-
search will not address privacy and authorization issues that may arise. Due to the complexity
and time constraints of this thesis, it was decided to leave these elements out of scope.
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1.5. Design Science Research

Design Science Research (DSR) is a problem-solving thinking approach that seeks to enhance
people's knowledge through the development of innovative artefacts [Brocke et al., 2020]. This
thesis develops and presents a prototype, in the form of a data story, of an integrated portal
based on the multi-part Land Administration Domain Model (LADM) Edition Il using linked

data implementation. The development of the prototype portal starts with the identi cation

of use cases and the modelling of their processes, as outlined in Chapter 4. Following this, the
country pro le of the Netherlands is developed and described in Chapter 5. This country pro le

is implemented using linked data technologies and data stories are created, which is described
in Chapter 6.

1.6. Thesis outline

This thesis begins by reviewing literature and context on the Land Administration Domain
Model and the state of the art of LADM Edition Il, land administration in the Netherlands,

the development of a country pro le, linked data and the Kadaster Knowledge Graph in Chap-

ter 2. Chapter 3 elaborates on the design of the prototype, including the required datasets and
tools. The process models of the use cases are discussed in Chapter 4, the development of the
country pro le of the Netherlands is discussed in Chapter 5, and the implementation of this
country pro le with linked data is elaborated on in Chapter 6. The assessment and evaluation

of the prototype is discussed in Chapter 7. Chapter 8 includes the discussion and limitations
of this study, and Chapter 9 concludes this thesis by answering the research questions, and
stating recommendations for future research.

This chapter introduced the topic of this thesis research, discussed the problem to be solved,
and the scienti c relevance of why this problem is relevant to be solved. This chapter also
identi ed the main research question and ve sub-research questions. Lastly, this chapter also
introduced the scope of this thesis and the Design Science Research approach. The following
chapter will discuss the literature and contextual review of the thesis topic.
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2. Literature and contextual review

This chapter discusses literature and context to the topic of this thesis. First, the Land Ad-

ministration Domain Model and its multi-parts is explained in Section 2.1, after which land

administration in the Netherlands is described in Section 2.2. Third, the development of a coun-
try pro le is elaborated on in Section 2.3. Finally, the principles of linked data are explained

in Section 2.4, and the Kadaster Knowledge Graph is described in Section 2.5.

2.1. Land Administration Domain Model

To understand the Land Administration Domain Model (LADM) one must understand the
Uni ed Modelling Language (UML) as LADM is modelled in UML. The UML de nes various
types of relationships between classes. Table 2.1 describes the most important relationships
[Rumbaugh et al., 1998].

Relationship Function Notation Designation
An association Shows any type of relationship| A line Has
or connection between classes.
A direct association Shows a strong relationship| A line with | Has exclusively
between classes, the classesopen arrow
must communicate.
Inheritance Shows that a child class inher-| A line with | Is
its functionality from the par- | closed arrow
ent class.
An aggregation Shows that two classes are ast An open dia- | Can have
sociated, but not as close as in mond
direct association. The child
class can exist independent of
the parent element.
An exclusive aggrega-| Shows that two classes are ast A closed dia-| Must have
tion sociated, the child cannot ex-| mond
ist independent of the parent
element.
Realization Indicates that a class imple-| Dotted line Implements
ments an interface.

Table 2.1: UML relationships

The Land Administration Domain Model (ISO 19152) is a conceptual model based on a practi-
cal approach. It describes the information contents of land administration and can be extended
and adapted to speci c situations [Lemmen et al., ][Ca8da2 et al., 2016]. The main packages
of the rst edition of LADM are:

The Party package Parties are persons, groups of persons or legal persons, that make an
identi able single (legal) entity, representing legal and natural people.

Administrative package Rights, restrictions and responsibilities (RRR), dealing with the
rights, restrictions and responsibilities associated with a basic administrative unit of land ad-
ministration.
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The Spatial Unit package Based on a point or line representing a single area or multiple
areas of space, de ning spatial units and their geometric and topological representation.

Figure 2.1 shows a general overview of LADM [Lemmen et al., 2015].

Figure 2.1: Overview of the Land Administration Domain Model [ISO, 2012]

The functionality included in the rst edition of LADM is also included in the second edition of
LADM [Van Oosterom et al., 2022]. The revised version of LADM is published as a multipart,
containing ve parts, each part having a pre x that identi es the UML package in which a
class is de ned, as is stated in Table 2.2. Each part constitutes separate standards, and each
part will go through the full standardization process. Although the revised version is still under
development, it is stable enough to be used as the basis for this thesis study. The ve parts of

LADM Edition Il are brie y explained below.

Part

Pre x

Part 1 - Generic conceptual model

LA

Part 2 - Land registration

LA

Part 3 - Marine georegulation

MG

Part 4 - Valuation model

VM

Part 5 - Spatial plan information

SP

Table 2.2: Pre xes of LADM classes
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In line with the scope, the current state of parts 1, 2, 4 and 5 of the second edition of the
LADM is documented.

2.1.1. Part 1 - Generic Conceptual Model

The information in this subsection is based upon information from the ISO overview document
for Part 1 - Generic conceptual model [ISO, 2023]. This part has been voted for by ISO member
bodies and is approved. The rst goal of this part is to enable involved parties, both within
one country and between di erent countries, to communicate based on the shared vocabulary
implied by the model. The second goal is to provide an extensible basis for the development of
e ective land administration systems, and for the creation of standardized information services
at a national or international context where semantics have to be shared between organizations
in order to enable necessary translation. Note that to achieve this second goal, the 4 other
parts of LADM are also required.

Terms and de nitions
de nitions apply.

For the purpose of this documentation, the following terms and

De nition

An administrative entity which
can be subject to registration
(by law) or recordations, and to
which one or more unique and
homogeneous rights, responsit
bilities or restrictions are at-
tached as contained in a land
administration system.

Any number of parties, together
forming a distinct entity, which
each party registered.

A person or organization that
plays a role in any land admin-
istration process.

An explicit association between
either spatial units or between
basic administrative units.

A document providing legal,
spatial and/or administrative
facts on which the land admin-
istration object is based.

Term
Basic administrative
unit (BAUniIt)

Note to entry

A BAUnit should be assigned
a unique identi er when regis-
tered or recorded.

A group party may be a party
member of another group party.

Group party

Party A basic administrative unit may

be a party.

Required relation-

ship

Source

Spatial unit

Feature type related to land
administration with associated
spatial and thematic attributes.

Spatial units are structured in a
way to support the creation and
management of basic adminis-

trative units.

Part 1 provides a general overview of the model and serves as an overarching standard that
supports Parts 2 to 5 and is backward compatible with the rst edition of LADM. It de nes the

basic components and relationships common to all land administration objects, and provides
an overview of all parts, including those over water and land, and elements above and below
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the earth's surface [Van Oosterom et al., 2022]. This part also provides a terminology for land
administration, a basis for national and regional pro les and enables land administration data
from di erent sources to be combined [Body et al., 2022].

The conceptual schema is described in the UML, following the guidance of ISO 19103. Names
of UML classes, with the exception of basic data type classes, include a two-letter pre x that
identi es the document and the UML package in which the class is de ned. The pre xes are
earlier shown in Table 2.2. LADM is organized in a set of packages and sub-packages, a sub-
package is a group of classes with a certain degree of cohesion. Figure 2.2 shows the packages
of core LADM, and will be described in more detail later in this section.

Figure 2.2: (Sub)Packages of core LADM [Kara et al., 2024]

Core LADM is based on four basic classes (see Figure 2.3), all inheriting from VersionedObject,
and associated to LA_Source:
1. Class LA Party. Instances of this class are parties.
2. Class LA_RRR. Instances of subclasses of LA_RRR are rights, restrictions or responsi-
bilities.
3. Class LA_BAUnit. Instances of this class are basic administrative units.
4. Class LA SpatialUnit. Instances of this class are spatial units.

5. Class VersionedObject. This class is an abstract class and subclasses of VersionedObject
are all LADM classes, except LA _Source and its subclasses.

6. Class LA_Source. Instances of this class are sources, i.e. administrative and spatial.

The main packages of Part 1 - Generic conceptual model are described below.
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Figure 2.3: Basic classes of core LADM [Kara et al., 2024]

Party package The main class of the Party package is the basic class LA_Party, with
party as an instance. LA_GroupParty is the specialization of LA_Party, with group party as
an instance. Between LA Party and LA_GroupParty there is an optional association class,
LA_PartyMember, with party member as an instance. Any party that is a member of a
LA_GroupParty can be registered as a party member of the LA_PartyMember class.

Figure 2.4: Classes of the Party package [Kara et al., 2024]

Administrative package The main classes of the Administrative package are the basic
classes LA RRR and LA_BAUnit. LA_RRR is an abstract class with three specializations
classes: LA_Right, with rights as instances, LA_Restriction, with restrictions as instances,
and LA_Responsibility, with responsibilities as instances. LA _BAUNnit is a core class of the
model and de nes the elements upon which rights, restrictions and responsibilities apply. In-
stances of LA _BAUNnit are basic administrative units.

All rights, restrictions and responsibilities are based on an administrative source, as instances
from class LA_AdministrativeSource. LA _RequiredRelationshipBAUnit allows for the cre-
ation of instances of relationships between BAUnits. These relationships can be legal, temporal
or of a spatial nature. The class LA _RequiredRelationshipRRR allows for creating instances
of relationships between RRR.

10
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Figure 2.5: Classes of the Administrative package [Kara et al., 2024]

Spatial Unit package The main class of the Spatial Unit package is the basic class
LA _SpatialUnit, with spatial units as instances. LA_Parcel is an alias for LA_SpatialUnit.
Spatial units may be grouped into two forms:

1. As spatial unit groups, as instances of class LA_SpatialUnitGroup. An example of a
spatial unit group is a municipality.

2. As sub-spatial units, that is, a grouping of a spatial unit into its parts. This is realized
by an aggregation relationship of LA_SpatialUnit onto itself. In their turn, parts may
be grouped into subparts, and so on.

An instance of LA Level is a level. A level is a collection of spatial units with a geometric
and/or topological and/or thematic coherence. Furthermore, required relationships explicitly
describe the spatial relationship between spatial units, and instances of class
LA_RequiredRelationshipSpatialUnit without reference to geometry. These explicit relation-
ships may be needed, for example when the geometry of spatial units is not accurate enough.

Figure 2.6: Classes of the Spatial Unit package [Kara et al., 2024]

11
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Generic Conceptual Model package The main classes of the Generic Conceptual Model
package are the basic classes VersionedObject and LA_Source, see Figure 2.3. The Versione-
dObject class manages and maintains historical data. The LA_Source class supports any type
of source, and represents the event that causes the changes in the register. All classes intro-
duced in this report are directly or indirectly subclasses of VersionedObject, with the exception

of LA _Source and its subclass LA_AdministrativeSource.

2.1.2. Part 2 - Land Registration

The information in this section is retrieved from the 1SO overview document for Part 2 - Land
registration [ISO/TC 19112-2, 2023]. This documentation is in the DIS (Draft International
Standard) stage, which means that the document is circulated to all ISO/TC211 P-members
members to vote and comment on it. If the DIS is approved, it goes to FDIS (Final Draft
International Standard) for a nal approval vote, before being published as standard. This is
the most up to date document available regarding Part 2 of LADM, when writing this thesis.

Terms and de nitions For the purpose of this documentation, the following terms and
de nitions apply, as well as the terms and de nitions de ned in the previous section.

Term

De nition

Note to entry

Administrative
source

A source with the administrative

description of the parties involved,
the rights, restrictions, and re-

sponsibilities created and the ba-
sic administrative units a ected.

Boundary

A set that represents the limit of
an entity.

Boundary face

A face that is used in the 3-
dimensional representation of a
boundary of a spatial unit.

Boundary face A boundary forming part of the | Boundary face strings are used to
string outside of a spatial unit. represent the boundaries of spatial
units by means of line strings in
2D.
Face 2-dimensional topological primi-
tive in 3D space.
Level A set of spatial units, with
a geometric, and/or topological,
and/or thematic coherence.
Point O-dimensional geometric primi- | May be used to de ne one or more

tive, representing a position.

boundary faces or boundary face
string.

Spatial source

A source with the spatial descrip-
tion of the spatial information re-
lated to land parcels.

A spatial source (survey or design)
may be o cial, or not (i.e., a reg-
istered survey plan, or an aerial
photograph).

Utility network

Network describing the legal space
of the topology of a utility.

12
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Part 2 about land registration entails detailed descriptions about the classes introduced in
Part 1, and introduces the Survey and Representation sub-package, which includes a new class
LA_SpatialSource, as well as support for di erent observation types, accompanied by several
new features and corresponding code lists [Van Oosterom et al., 2022][Body et al., 2022]. The
concept of 'integrated source' is introduced and modelled as an association between the Admin-
istrative and Spatial Source classes. A semantically enriched, structured and versioned code
list is also part of the re nement. Part 2 together with Part 1, form the core of LADM. Figure

2.7 shows the packages of core LADM with their classes and relationships. Figure 2.8 and 2.9
show the packages are de ned in which part of the standard.

13
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Figure 2.7: Packages, classes and relationships of core LADM [ISO/TC 19112-2, 2023]
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Figure 2.8: Packages and classes of core LADM [ISO/TC 19112-2, 2023]

15
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Figure 2.9: Packages and code lists of core LADM [ISO/TC 19112-2, 2023]

16
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Surveying and Representation package The Surveying and Representation package has
sixteen main classes as can be seen in Figure 2.10.

Figure 2.10: Classes of the Surveying and Representation package [Kara et al., 2024]

Individual points are instances of class LA Point and are associated to LA SpatialSource.
The LA _SpatialSource class is updated and extended with two subclasses: LA _SurveySource
and LA_DesignSource. A survey is documented with survey sources, as instances from class
LA_SurveySource, this are all documents related to a survey. A design document is documented
with design sources, as instances from class LA_DesignSource. Boundary face strings are used
for 2-dimensional representations of spatial units, as instances of class LA_BoundaryFaceString,
and boundary faces as instances from class LA_BoundaryFace.

2.1.3. Part 4 - Valuation Information

The information in this subsection is retrieved from the ISO overview document for Part 4 -
Valuation Information [ISO/TC 19112-4, 2023]. This documentation is in the DIS (Draft In-
ternational Standard) stage. This is the most up to date document available regarding Part 4
of LADM, when writing this thesis.

Terms and de nitions For the purpose of this documentation, the following terms and
de nitions apply, as well as the terms and de nitions de ned in the previous sections.

17
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Term

De nition

Note to entry

Condominium
unit

Concurrent ownership of real
property that has been divided
into private and common por-
tions, and the privately owned
part is made up of clearly demar-
cated parts of a building.

Accessed value

Monetary worth of property.

The assessed value of a property
generally used for tax purposes.

Building

Construction works that has the
provision of shelter for its occu-
pants or contents as one of its
main purposes, usually partially
or totally enclosed and designed to
stand permanently in one place.

Transaction
price

Amount of consideration for
transferring right(s) on property,
excluding amounts collected on
behalf of third parties.

Valuation

Process of estimating value of any|
administrative unit (BAUnit).

This results in a valuation unit.

Value

Value of a property or a property
unit estimated under certain as-
sumptions at a particular moment
of time.

A property or a property unit may
have more than one value. The
value of a property or a property
unit, in some cases, may equal to
assessed value or market value.

Valuation unit

Smallest unit that is subject to
property valuation process.

Valuation unit types may vary by
jurisdiction.

Valuation  unit

group

Group of valuation units that
share similar characteristics to
support mass or individual ap-

praisal approaches and sale statis-

tics.

Valuation units may be grouped
according to zones that have sim-
ilar environmental and economic
characteristics, or considering the
functions.

Part 4 speci es the semantics and characteristics of valuation information [Kara et al., 2021].
The valuation model is a conceptual scheme that facilitates all stages of administrative prop-
erty valuation [Body et al., 2022]. In particular, the identi cation of properties, the valuation

of properties, the recording of the transaction price and the presentation of sales statistics, and
nally the handling of appeals [Kara et al., 2021]. This all includes the input and output data
in valuation processes [Body et al., 2022].

This part about valuation information is developed through extending core LADM. The re-
lationship between core LADM and Part 4 - Valuation information is organized into a set of
packages as can be seen in Figure 2.11. Part 4 about valuation information contains 10 basic
classes as shown in Figure 2.12. These main classes are: VM_ValuationUnit, VM_SpatialUnit,
VM_Building, VM_CondominiumUnit and VM_ValuationUnitGroup. These classes repre-
sent their characteristics and objects of valuation [Kara et al., 2021]. The relationship between
these classes and core LADM is visualized in a UML model as can be seen in Figure 2.13.

18
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Figure 2.11: Relationships between the valuation information package and the packages of
core LADM [ISO/TC 19112-4, 2023]
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Figure 2.12: Basic classes of valuation information [Kara et al., 2024]

Figure 2.13: Relationships between valuation information classes and core LADM
[Kara et al., 2024]

20
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Valuation units, as instances of VM_ValutionUnit, are the basic recording units of valuation
registers, realised by an aggregation relationship of VM_ValuationUnit onto itself. The object
of valuation may be:

~

Only land parcel.

~

Only building.

~

Land parcel(s) with building(s) together as land property.

Condominium unit consisting of building(s) and a share in land parcel(s).

Valuation unit groups, as instances of VM_ValuationUnitGroup, are realised by an aggregation
relation of VM_ValuationUnitGroup onto itself and may consists of other valuation unit groups.

The class VM_Building includes the building characteristics required in valuation processes
(e.g. date of construction, use type and energy performance). A building may be considered
as a complementary part of parcel(s), de ned in the class VM_SpatialUnit, but may be valued
separately from the parcels on which they are located. A building may represent a condominium
building, which consists of:

Condominium units.
Accessory parts assigned for exclusive use.

Joint facilities covering parcel, structural components, accession areas, and other remain-
ing areas of buildings.

The class VM_Valuation speci es output data produced within the valuation processes. It is
data regarding date of valuation, value type, purpose of valuation, valuation approach, and
assessed value of valuation units. Mass appraisal is the process of valuing a group of valuation
units using standardized procedures at a given date. The class VM_TransactionPrice de-
nes data of transaction contractor declarations, including the date of contract or declaration,
transaction price, date, and type of transaction. The class VM_SaleStatistics represents sales
statistics produced through the analysis of transaction prices. In principle property valuation

is based on a valuation source, as instances from class LA ValuationSource.

2.1.4. Part 5 - Spatial Plan Information

The information in this subsection is retrieved from the ISO overview document for Part 5 -
Spatial plan information [ISO/TC 19112-5, 2023]. This documentation is in the DIS (Draft
International Standard) stage. This is the most up to date document available regarding Part
5 of LADM, when writing this thesis.

Terms and de nitions For the purpose of this documentation, the following terms and
de nitions apply, as well as the terms and de nitions de ned in the previous sections.

21
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Term

De nition

Note to entry

Permit

Explicit proof of a right (to per-
form a task) granted by authori-
ties and granted to parties tting
within the relevant plan unit, that
is, the object having the correct
function for the requested loca-
tion.

Plan unit

Homogeneous
(2D/3D) with assigned func-
tion/purpose to represent the
potential land use development
according to the spatial planning
authorities at the highest detall,
usually the municipality/neigh-
bourhood level.

area/space

Y

Spatial plan

Set of documents that indicates a
strategic direction for the develop-
ment of a given geographic area.

A spatial plan states the poli-
cies, priorities, programmes and
land allocations that will imple-

ment the strategic direction and
in uences the distribution of peo-

ple and activities in spaces of var-
ious scales.

Spatial planning
authority

Authority mandated by the gov-
ernment to design, develop and
implement spatial plans.

Part 5 de nes a general schema for spatial plan information. It proposes planned land use to

be converted into rights, restrictions, and responsibilities (RRR) [Van Oosterom et al., 2022]. It

contains three main classes: SP_PlanBlock, SP_PlanUnit, and SP_PlanGroup [Lemmen et al., 2019].

The LA_SpatialUnit is used in this part to facilitate RRRs from land administration and spa-
tial planning processes.

The spatial plan information package includes planned land use (zoning) to be converted into
RRRs. The spatial plan information information includes ve basic classes, see Figure 2.14:

o k~ wDdPkE

SP_Permit

SP_PlanUnit
SP_PlanBlock
SP_PlanGroup
SP_PlanUnitGroup

The package accommodates hierarchy (e.g., national/federal, regional/state, municipality/city,
neighborhood, and so forth) in spatial planning in SP_PlanGroup.

22
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Figure 2.14: Basic classes of spatial plan information [Kara et al., 2024]

The relationship between core LADM and Part 5 - Spatial plan information is organized into a
set of packages as illustrated in Figure 2.15. The relationship between spatial plan information
and core LADM is also visualized in a UML model as can be seen in Figure 2.16. Figure 2.17
shows the relationship of the class SP_Permit with SP_PlanUnit and core LADM. All spatial
plan classes inherit from VersionedObject as can be seen in Figure 2.18.

Figure 2.15: Relationships between the spatial plan information package and the packages of
core LADM [ISO/TC 19112-5, 2023]
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Figure 2.16: Relationships between spatial plan information classes and core LADM
[Kara et al., 2024]

Figure 2.17: SP_Permit and its relationship with SP_PlanUnit and core LADM
[Kara et al., 2024]
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Figure 2.18: Spatial plan information package and VersionedObject [ISO/TC 19112-5, 2023]
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2.2. Land administration in the Netherlands

Land administration information in the Netherlands can be accessed through various geoportals.
The data in these geoportals are each structured and formatted according to the land registers
they include, which leads to cross-sector interoperability problems when trying to link these
di erent LAS [Ca8da® and Stubkjeer, 2014]. It is therefore important to have an integrated
land administration system that clearly identi es the registered units within the land registers
and their attributes, as well as their interrelationships. The following sections describe general
information on land registration (see Section 2.2.1), valuation information (see Section 2.2.2)
and spatial planning (see Section 2.2.3) in the Netherlands, as well as the required datasets and
geoportals.

2.2.1. Land registration in the Netherlands

Land registration in the Netherlands is managed by Kadaster (the Dutch Cadastre, Land Reg-
istry and Mapping Agency), an o cial independent administrative body. Kadaster performs
its tasks under the supervision of the Ministry of Housing, Spatial Planning and the Environ-
ment (VROM), to ensure legal certainty. The Cadastral Act outlines the responsibilities of the
Kadaster, which include maintaining public registers of registered property, updating the base
land register, and maintaining and updating registrations for ships and aircraft. The purposes
of these tasks are to support legal certainty with regard to registered property, to support an
e cient geo-information infrastructure, to support an e cient provision of information to the
government for the bene t of public-law tasks and statutory obligations of administrative bod-
ies, and to support economic activity [Bartels et al., 2021].

In practise this means that the Kadaster is responsible for cadastral registration, which includes
various real estate assets such as parcels and condominium rights. It records detailed infor-
mation about ownership, mortgage rights, and easements, assigning unique cadastral numbers
to each parcel of land to identify speci c ownership information. The Kadaster also manages
national mapping and maintaining of the national reference system, and cadastral maps used
to map the boundaries of parcels and properties. The owner of a particular piece of land or
building is also recorded by Kadaster. Furthermore, the Kadaster provides information on
mortgage rights and plays a crucial role in spatial planning and urban development. It o ers
data for drafting spatial plans and managing public spaces. In recent decades, the Kadaster
has digitized its processes, making information easily accessible to citizens, businesses, and real
estate professionals.

In summary, the Kadaster has several key tasks, including maintaining various registrations
such as real estate and topography. They also provide access to information from registrations
of other parties and maintain national facilities that provide access to data, such as addresses
and buildings, cables and pipelines, and energy labels. Information products are provided
through registrations and national facilities in various formats, including data les, formal doc-
uments, and maps [Kadaster, ndb].

Required datasets for land registration and their data sources The Netherlands

operates a system of base registers that have an important role in organizing and managing
essential information across various domains. The 10 base registers in the Netherlands are:
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BRP - Base register of persons

HR - Commercial Register

BAG - Base register of Addresses and Buildings

BRT - Base register of Topographical Information

BRK - Base land register

BRV - Base register of Vehicles

BRI - Base register of Income

WOZ - Base register of Property Valuation

BGT - Base register of Large-Scale Topography

BRO - Base register of Surface

Stakeholders benet from the e ective use of commonly used government data, such as ad-
dresses, personal information, company names, and geospatial data. This data is recorded in
these base registers, and by sharing known data within the government it can act e ciently.
The system sheet data, see Figure 2.19, illustrates the data and their interconnections. In

addition, there is a system sheet for base registers which focuses on the 10 base registers and
their interconnections, see Figure 2.20.
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Figure 2.19: System sheet of data in the Netherlands [Overheid, 2020b]
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Figure 2.20: System sheet of base registers in the Netherlands [Overheid, 2020a]
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The most relevant base registers to this study BRP, HR, BAG, BRT, BRK, BGT and WOZ
are described in the following.

The BRP is managed by the government, by extracting information from municipal base reg-
isters. Data in the BRP is protected and therefore not publicly accessible. However, citizens
can request it from their municipality. The HR is managed by the Chamber of Commerce
(KvK) and data in the HR is publicly accessible through the KvK website, where citizens and

companies can access company data and legal entity registrations.

The Kadaster manages the BAG and collects information from municipalities. Data from the
BAG can be viewed through the BAGviewer, this is an online environment that provides ac-
cess to all o cial addresses, buildings, residential units, stands, and berths assigned on Dutch
territory.

The Kadaster also manages the BRT and often collaborates with other organizations, such as
the Ministry of Infrastructure and Water Management, to collect data. The BRT data can be
accessed through the PDOK platform.

The BRK is managed by Kadaster by extracting information from legal documents, including
notarial deeds, delivery deeds, and mortgage deeds. The BRK can be accessed via the website
of Kadaster, additionally PDOK also o ers BRK data.

The Kadaster is also responsible for the management of the BGT and collects data on large-
scale topography of the Netherlands, often in collaboration with other parties.

Finally, municipal tax authorities determine the value of immovable property based on ap-
praisals and market analyses to administer the WOZ value. The WOZ value is also publicly
available and can be viewed thought the online web environment of Wozwaardeloket.

Bagviewer The Bagviewer geoportal represents data from the base register of addresses
and buildings (BAG). which includes all o cial addresses, buildings, residential units, stands
(for residential caravans), and berths (for ships) assigned on Dutch territory [Kadaster, nda].
Speci ¢ object types and attribute values are de ned in the Bagviewer. Known object types in
BAGviewer are:

Number designation.

~

Public space.
" Residence.
Property.
Accommodation.
©  Stand.

" Berth.

Municipalities are responsible for maintaining the BAG as source holders, including the ad-
dition and quality of data. The National Provision BAG (LV BAG) centrally provides data
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on addresses and buildings. The Kadaster o ers this data to various users in di erent ways,
such as through PDOK and the Bagviewer. The viewer o ers background maps from the BRT,
BGT, and aerial photographs. Moreover, users can download data by selecting desired objects
and attributes, and exporting them as a PDF. The Bagviewer also provides a glossary that
de nes and describes technical terms and their abbreviations.

2.2.2. Valuation information in the Netherlands

The WOZ value is the market value of a property on a speci ¢ date. Itis formally assessed annu-
ally for all types of properties in the Netherlands. The Special Act for Real Estate Assessment
(Wet Waardering Onroerende Zaken) regulates property valuation for public purposes. The Act
authorises all municipalities to assess the value of immovable properties. Public organisations
are mandated to use these assessed values for various purposes. The Council for Real Estate
Assessment (Waarderingskamer) supervises the municipalities on the implementation of the
Act and monitors the quality of real estate property assessment [Kathman and Kuijper, 2018].
The WOZ value is used for various purposes, including mortgage lending, social housing, and
fraud prevention. Notaries, mortgage banks, and insurance companies also use the WOZ value
to prevent real estate fraud. The WOZ values for residential properties are publicly available
through the online environment Wozwaardeloket [Rijksoverheid, nd], which is discussed later
in this section.

Required datasets for valuation information and their data sources Three types of
data sources are used by the municipalities responsible for property valuation in the Nether-
lands. These data sources are the base registers, information from the system for advertising
the supply of real estate on the market, and information that the municipality collects specif-
ically for mass valuation [Kathman and Kuijper, 2018]. Base registers are intended for o cial
use by public agencies at both central and local levels. The base register for assessed values pro-
vides information on the WOZ value, valuation date, valuation object (WOZ-object), and legal
person. The base register has relations with the objects in the BRK and the BAG. The BRK
is essential for property valuation as it records the ownership of parcels of land and apartment
rights and is therefore the main source of information for establishing the list of properties to be
assessed for taxation. The BRK also provides information on the size of cadastral parcels, which
is utilized in property valuation activities. Additionally, this register contains information on
sale prices for both residential and non-residential properties. The BAG contains information
on buildings, occupancy units in building and their addresses. All source documents relating to
administrative or geometric changes to a building and an occupancy unit must also be stored
in the BAG register.

Other registers commonly used in property valuation include the BGT, BRP, and HR. The
BGT provides information on the construction year of buildings and the size of property units,
which can be used in property valuation and geographical analysis to determine the value of
immovable properties. The BRP contains personal data of both residents and non-residents of
the Netherlands and is used to determine taxpayers. Similarly, the commercial register is used
for legal persons such as companies.
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Wozwaardeloket The Wozwaardeloket geoportal contains information on the Waardering
Ontroerende Zaken (WOZ) (Base register of real estate values) [Rijksoverheid, nd]. The WOZ
value is the estimated market value of a property determined on the assessment date. The
Wozwaardeloket is intended for consultation of individual houses for citizens and not for mass
or automated downloading and/or extraction of data. Municipalities are the source holders
of the data and must provide it annually. The Council for Real Estate Assessment (Waarder-
ingskamer) is an independent administrative body that oversees the taxation, the Wozwaarde-
loket geoportal itself is maintained by the government, speci cally by the Netherlands Enter-
prise Agency (RVO) which is an implementing organisation of the Ministry of Economic A airs
and Climate. In addition to the WOZ values, the platform displays the following data:

~

Identi cation (WOZ-object number).

Use purpose.

Attributes: (from the base register of addresses and buildings (BAG))
Year of construction.
Purpose of use.
Surface area.
Addressable object.

Number designation.

A user can nd information about a property by, searching an address, clicking on an element
on the map, ltering in the properties visible on the map, using map layers, or zooming in and
out.

2.2.3. Spatial plan information in the Netherlands

Land use plans are an essential tool in spatial planning. National interests are de ned in the
Spatial Vision on Infrastructure and Spatial Planning (SVIR). The implementation of spatial
plans for the state, provinces, and municipalities is outlined in the Spatial Planning Act (WRO).
Spatial visions are policy documents that replace key planning decisions on government level,
regional plans on provinces level, and structure plans on municipal level. Spatial plans establish
regulations for a given area and include a planning map that illustrates the various zones. Spa-
tial planning decisions are made at national, regional, and local levels based on these plans. Mu-
nicipalities shape spatial planning policy and implementation, allowing them to establish appro-
priate regulations based on their local situation [Ministerie van Infrastructuur en Waterstaat, 2017].

The Environment and Planning Act (Omgevingswet) came into force on 1 January 2024. This
Act applies to spatial planning including anyone who wishes to make changes to the living
environment and determines whether a permit or noti cation is required. In addition to spa-
tial planning, public law restrictions may apply. Public law restrictions are imposed by the
government and specify what someone can or cannot do with a property or piece of land. The
Public Law Restrictions on Real Property Act (WKPB) was enacted to provide insight into the
restrictions imposed. On the basis of this law, governments must register decisions on public
law restrictions in the public register, access to the resistered restrictions is provided by the
BRK-PB. A total of 48 restrictions can be found in the public register [Planviewer, nd], the
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Designation decree on the Act Public Law Restrictions on Immovable Property (Aanwijzings-
besluit Wet kenbaarheid publiekrechtelijke beperkingen onroerende zaken) lists the restrictions
that can and should be registered in the public registers. Public law restrictions are also listed
in an owner's report, which can be requested from the BRK for free for the owners, and other
entitled parties can request it against payment of a small fee.

Required datasets for spatial plan information and their data sources Spatial plans
are created based on the guidelines set out in the SVIR by the government, as well as the zoning
plans created by municipalities. The zoning plans for each area can be accessed through the
online web environment Omgevingsloket. A zoning plan outlines the permitted and prohib-
ited activities in a given area, while a spatial plan is a comprehensive collection of all spatial
plan information for a designated area, usually in PDF format. Spatial plans can be provided
in various formats, including Geography Markup Language (GML), GeoJSON, Shape le, and
Keyhole Markup Language (KML).

The BRK contains information on limited rights related to cadastral designation, such as lease-
hold, super cies and usufruct. The most important sources of public law restrictions are mu-
nicipalities, provinces, water boards, and the national government. It is important to note that
spatial plans are not included in the BRK-PB.

Ruimtelijkeplannen Note: During the writing of this thesis, Ruimtelijkeplannen was the
o cial geoportal for retrieving spatial plans. However, as of 1 January 2024, the Environmen-
tal and Planning Act came into force, resulting in the Omgevingsloket becoming the central
online web environment for spatial plans and permit applications. Regarding content, it is still
relevant to discuss Ruimtelijkeplannen, as the functionality is taken over by Omgevingsloket.

Ruimtelijkeplannen is the result of a collaboration between the national government, Kadaster,
Geonovum, Interprovinciaal Overleg and the Association of Dutch municipalities
[Rijksoverheid et al., nd]. It serves as the national geoportal for spatial plans, which include
zoning plans, structural visions and general rules set by municipalities, provinces and the na-
tional government. These plans provide objective information on government spatial planning.
The viewer of the geoportal o ers various backgrounds for user orientation. These backgrounds
and detailed digital maps rely on the base register of topography (BRT) and base register of
large-scale topography (BGT) and are displayed using open standards for geographic web ser-
vices. The geoportal also o ers a viewer service to display plan map information. The system
o ers multiple types of geospatial services, including Web Mapping Service (WMS), Web Fea-
ture Service (WFS), and tiled services. Additionally, users have the option to request a plan or
point location through a deep link that contains parameters. Furthermore, users may use the
print function to save a map image in PDF format.

Municipalities, provinces and the national government are the source holder of data on Ruimtelijke-
plannen. They provide spatial plans by o ering a complete and validated set of plan les in

a manifest. Manifests can be oered in accordance with de ned standards. Furthermore,
Ruimtelijkeplannen is connected to the geoportal Public Service on the Map (PDOK). This
means that spatial plans are also made available via PDOK as WMS or as a download, also mul-
tiple map layers of Ruimtelijkeplannen are accessible in the webviewer PDOK [PDOK, 2022].
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These map layers include: Area Designation, Letter Designation, Zoning Plan Area, Plan Area,
Provincial Complex, Provincial Area, Provincial Plan Area, 9 Decision Areas, and 8 Structure
Visions. Note that the spatial plan information in PDOK is updated only once per month. For
the most up to date spatial plan information, the PDOK website refers to Ruimtelijkeplannen.

2.3. Country prole

The implementation of LADM in a country involves developing a country pro le (e.g. UML
application schema) [Kara et al., 2021]. The creation of a country prole based on LADM
and e orts to apply LADM on Land Administration Systems (LASs) have so far been car-
ried out by several countries, such as Czech Republic [JaneEka and Soufek, 2017], Croatia
[Mazer et al., 2015] [Vu£i¢ et al., 2013], Turkey [Kara et al., 2021], Malaysia [Zulki i et al., 2015b],
China [Zhuo et al., 2015] and Poland [Byd2osz, 2015]. The results of these studies can be used
as a guide and example for the creation of a country prole. Previous research proposes a
methodology for the development of LADM country pro les, which consists of three phases,
including [Kalogianni et al., 2021]:

Phase | Scope de nition
Phase I Pro le creation (modelling)
Phase Il Pro le testing (implementation)

Phase | involves de ning the model's scope, which encompasses describing the context the
model will depict: the LASSs, classes, attributes, and code lists. In Phase Il the country pro le

is modelled using UML, based on the analysis from the rst phase. In the conceptual modeling,
it is recommended to follow the subsequent steps:

1. Inheritance from LADM core classes into the relevant country-specic classes using a
pre x denoting the country, or explicit schema mapping between the country pro le and
LADM classes in case inheritance is not used.

2. Creation of new classes serving the speci c needs that are not supported in the LADM,
if needed.

3. Adding new attributes to address country-speci ¢ needs and requirements.
4. Introducing new associations based on country speci c needs.

5. Further restrict to multiplicities according to if needed, and de ne relevant constraints to
be imposed.

6. Adding new values to existing code lists and new code lists, if required, for new attributes.
7. Introducing external classes to link the model with the external registers.
8. Conformity testing.
The nal phase involves testing the country pro le by translating the UML conceptual model
into the respective database schema and implementing it with technical encoding. This pro-

posed methodology of the development of LADM country pro les can serve as a guideline for
the development of the country pro le of the Netherlands.
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2.3.1. The Netherlands

In the rst publication of LADM [ISO, 2012], the country pro le of the Netherlands was devel-
oped, as shown in Figure 2.21. Furthermore previous research resulted in the development of
the country pro le of the Netherlands for the valuation information model [Kara et al., 2019],

as can be seen in Figure 2.22.
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