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Preface

For some people on this planet cadastral modeltiag be a life time job. I'm
amongst them and I'm happy to know quite a few froom own and from other
countries. It is the generation heavily involvedhinnging the cadastral maps and
registers from analogue to computerised environmehtunique event with unique
knowledge built up for that purpose. Cadastral megrguired extra attention in
computerisation in order to keep the spatial datesistent and accessible.

After conversion the data have been harmonisedany countries using extended
or linked data models; the data quality has begwromed; complete archives have
been scanned and digital workflows have been iotred. Today products and
services can be offered to users in society frompiete digital cadastres. Data
integration continues. Harmonisation of spatiahdata policy in the European Union
in support to the implementation of environmentaligies. The cadastral parcel is a
core element here: a High Tea for cadastral datdefteys. New, user dominated,
applications appear with the introduction of alhdiof mobile devices and social
networks. The next generation can work and live méth all the created digital data
sets. This generation does not (want to) have mmatout paper maps or registers
based on conventions on maintenance and use frothearcentury.

For many so-called less developed countries wadewall this is not yet the case.
My experiences in land administration in the lessaedoped world learned that most
‘people to land relationships’ on land use and lamchership are not registered, nor
recorded in some way, nor spatially referencedlatracase data exist its quality is
most often far from optimal, data are incompletat, up-to-date and do not represent
the situation in the field in a reliable way. Thésvalid for the analogue data sets and
also for eventual computerised data sets. Newlgtetcedata are often not properly
maintained.

There is an urgent need for cadastral maps artrizgistries worldwide — but |
also learned that it is very complex to find simptdutions for the introduction or
improvement of land administration systems. Thogestesns are worldwide
recognised as being important for governance. Guwents need information to
govern. Accessible information on ‘people to laethtionships’ is crucial here; for
sustainable economic and infrastructural developmand interrelated spatial
planning, for resource and environmental managenfentisaster management. All
this is about today’s challenges as change in tiimproblems with draught and
access to water, unequal access to land and laskicigl justice, food shortage and a
growing urban population with a complex urban—rimgrface.

Given all this it is not so nice to see that imsany less developed countries there
are so few people who can design the required detdels, develop the required
applications and implement the required systemlsTare urgently needed here
allowing taking advantage from modern land admiaigin systems in support to
good governance.



Vi

One of the most relevant tools is a software apfibn built on top of a data
model. The data model is the core. What to incladé how to structure this? One
other lesson from my experience comes in heres faii more difficult to start from
scratch than starting with a model that can be tadiajo the local situation.

Providing a generic data model for land admint&irebased on common grounds,
widely accepted and being useful for many peopledsth making efforts for. To
find that it is possible to use it in so-calledamhal and customary environments. To
look for a basis to apply the model for supportadand rights for all. To support in
avoidance of land grabbing by mapping the existsitpation fast and with
unconventional approaches as point cadastres|iteaiebtages, boundary drawing
instead of measuring, with participatory approactasepting errors and with the
intention to improve quality later.

| hope this domain model is useful indeed in mamgces where land
administration and its improvement or implementatis under discussion and
decision.

Christiaan Lemmen
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Introduction 1

1 Introduction

The focus in this research is on the design of an&io Model for Land
Administration. In this chapter the research wile bntroduced: motivation,
background, problem definition, research objectiesearch questions and research
methodology.

First the motivation and background of this reshas provided in Section 1.1:
avoid re-inventing the wheel again and again whewebbping and implementing
Land Administration Systems (LASs) There are sdvatefinitions of Land
Administration (LA) and LASs, Section 1.2 givesrieboverview. Then the problem
definition of LA Domain Modelling is discussed ire&ion 1.3. Research objective
and questions are presented in Section 1.4; théauelogy in Section 1.5. The
incremental design approach of the Land AdministraDomain Model (LADM), as
made during the last ten years, is given in Sectién Scope and limits is subject of
Section 1.7. The thesis overview is in Section 1.8.

1.1  Motivation and Background

In many global documents land is considered asssuei of utmost importance, see
for example Agenda 21, a comprehensive plan obadfat was adopted by more
than 178 governments at the United Nations Coné&reon Environment and
Development (UNCED, 2002). Main political objectiveuch as poverty eradication,
sustainable housing and agriculture, strengthettiegole of vulnerable groups (e.g.
indigenous people and women), are in many waydetlto access to land, and to
land-related opportunities. How governments deahwhe land issue, could be
defined as land policy, and part of the governnmigmbéicy on promoting objectives
including environment sustainability, economic depenent, social justice and
equity, and political stability. Having a policy @me thing, having the instruments to
enforce this policy is another. Therefore governtmeneed instruments like
regulations concerning land tenure security, lanakket, land use planning and
control, land taxation, and the management of aattgsources. It is within this
context that the function of LASs can be identifiadsupporting tool to facilitate the
implementation of a proper land policy in the brestcisense (UNECE, 1996&ee also
Van der Molen, 2006; Van der Molen and Lemmen, 2004

Until today most countries (states or provincegyehdeveloped their own LAS.
Some countries operate a deed registration, whilercoperate a title registration.
Some systems are centralised, and others decsatrabome systems are based on a
general boundaries approach, others on fixed beigsdapproach. Some LASs have
a fiscal background, others a legal one (Bogaertts Zevenbergen, 2001; UNECE,
1996). However, organisational structures withrihsted responsibilities and ever-

! The United Nations Economic Commission for Eurdged Administration Guidelines.
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changing system requirements make the separatenmepitation and maintenance of
LASs neither cheap nor efficient (UNECE, 1996). tRermore, different
implementations of LASs do not make meaningful camitation very easy, e.g. in
an international context such as within Europenaa hational context (for example in
a less developed country) where it may happendifi@rent partners in development
co-operation design and provide different LASs withco-ordination.

Personal experience learns that it is very easydke LASs very complex and
that it is really complex to make it easy. Standstibn is supportive and helpful in
design and (further) development of LASs. It isevant to keep data and process
models separated, this means (inter-organisatipmatiesses can change independent
from the data sets to be maintained. The data mmatelbe designed in such a way
that transparency can be supported: this impliekision of source documents and
inclusion of the names of persons with roles argpaasibilities in the maintenance
processes into the data model. A further lessomtiés that the number of attributes
is preferred to be minimal; during the design @& tlata model there may be lack of
awareness that there is something like a “multiplidepending on the number of
objects and subjects each attribute can have milli@f instances. The LA
organisation is responsible for the quality of thibse data. There is impact if the
number of attributes can be reduced with one.

Standardisation is a well-known subject since #mtablishment of LASs.
Standardisation concerns identification of parcétg;uments, persons, control points
and many other issues. It concerns the organisafidables in the registration and
references from those tables to other componergs seurce documents and maps;
this includes efficient access to archives. It @ns coding and use of abbreviations,
e.g. for administrative areas. It concerns work8petc. It should be observed that all
this is valid for paper based and for digital LAS3uring analogue to digital
conversions (many) inconsistencies built up in pepdased system can appear: there
can be parcels in the registry which are not onntfag and the other way around.
Such errors should benpossible because a real right is always related to a perso
and to a piece of land in reality. The same isdvedr the representation of this reality
in a register and on a map. This type of inconsises should be impossible, but they
exist. Measures have to be taken to avoid thikérfuture after computerisation.

Many countries perform efforts in the developmeftfASs. Just to mention a
few: Zevenbergen (1998) talks about ‘promising’uleson computerising in a pilot
land administration project in Ghana. Nabil Nag&002) describes the cadastral
survey process in Egypt. A database design for gahdinistration is included in this
paper. Opadeyi (2002) explains problems relatedttwage, access, duplications,
lacking unique identifier, etc. resulting in delays processing in Trinidad and
Tobago. Land administration agencies should takeartdge of developments in
information technology, by adopting computer tdolsefficient storage and efficient
retrieval. These tools would facilitate the exchangf data and ensure a more
compact storage environment. Liou (2002) discutisesisks of economic exclusion
presented by a lack of ICT and the internet enghifie poor to look after better place
of shelter and good information on job opportunitis is related to land information
systems.Fares (2002) analyses types of cadastral systethsuaggests the use of a
Unified and International Form of LIS while resgagtall Local Real Estate Laws
and Regulations. Poyraz and Ercan (2002) introdoeanew system in Turkey. Goal
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of the TAKBIS project is to create a “Land Registry and Cadastformation
System” throughout the country. See also the p#émen Cete et al (2006) about
analysing the Turkish cadastral system accordingpedand administration concept,
with a reference to standards in Germany. Zhang Mimd Tuladhar (2006) discuss
Modelling Spatio-Temporal Aspects for Cadastral t8ysin China. Adeoye and
Mensah (2008) explain the importance of GIS fordladministration in Nigeria.
Weldegiorgis (2009) talks about a cadastral systenmfant stage in Eritrea, many
steps have to be done, computerisation is amohgst.tlt is observed that human
capacity is a problem. Arko-Atjei et al (2009) (sds0 Arko-Adjei (2011)) sees a big
problem in the inability of land administrations deal with the dynamic aspect of
land tenure, for example, where several interedst en the same piece of land. Also
in Indonesia customary tenure is not included i fibrmal land administration, see
for example Ary Sucaya (2009). He highlights theddor standardisation in land
administration in Indonesia. The National Land Aggnis under a process of
decentralisation. Standardisation is a requirememt to support the development of
a National Land Information System.

What can go wrong if you don’t have a standardtf@ Land Administration
Domain? What goes wrong if you don’t have standarifgny things went well
before standards were introduced. Greenway (200%¢sgsome examples of
standards: the format of telephone and bankings¢diné internationally standardised
freight container; the number of businesses impfging 1SO 9008 (quality
management) and ISO 14000 (environmental managgntkatuniversal system of
measurement known as*SISO codes for country names, currencies and lages:
paper sizes and so on. He states that this listtptd the ubiquity of standards, but
also begins to indicate the economic benefitsttiey provide. That is the confidence
that things will work and will fit together. He qtas key findings from a NASA
report (NASA, 2005): ‘Standards lower transacti@sts for sharing geospatial data
when semantic agreement can be reached betwegaitties’, and: ‘Standards lower
transaction costs for sharing geospatial infornmatidnen interfaces are standardised
and can facilitate machine-to-machine exchange;. skandards are, amongst other
things, widely used because of efficiency and bseaf support in communications
based on common terminology. One more issue is LIAB development. As
highlighted above many countries are working os.tAihe data model is the core.
Starting from scratch in data modelling generalleams the introduction of
complexity (which has to be reduced later), it nseareating a mix between really
required data and process data (those are thendatded for data production and
management; processes are subject to change, agn wew technologies are
introduced). It often means software which cannetdasily extended for future
need§ and it often means insufficient attention itdormal relationships between
people and land (because informalities are notgmised and seen as ‘illegal’). In

2 Badan Pertanahan Nasional.

%S0 is the International Organization for Standzation.

4 Systéme international d’Unités.

® National Aeronautics and Space Administration.

¢ Larsson already observed in 1976:is impossible to predict all possible uses osgstem of this type
(Land Data Bank). But we can be rather sure thatfime goes on, more and more registers will bét bui
up, more and more information will be integratediie data system and the possibilities of comlonati
between different types of Data Systems will iree&é_arsson, 1975).
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many countries this type of software is and will developed, see the examples
above. Examples are known from countries whereedifft software has been
developed without co-ordination. This happens fcaneple under development co-
operation with different donor countries. All thmé the wheel is re-invented and the
same functionality is re-implemented over and again. It should not be forgotten
that in many countries insufficient capacity is itafale. It often happens that experts
get better salaries elsewhere after being involaeldAS automation for some time;
this has huge impact on the continuity of developinaad maintenance and operation
of LASs (in many cases insufficiently documente)standardised LADM (adapted
to the local situation) supports in knowledge stgriOne more issue in relation to the
importance of standards is in the support to SpBtasa Infrastructure (SDI).

Van Oosterom et al (2009), based on and inspisetNddan (1979), show how
standardisation is contributing to the fact thabd.@dministration (LA) is considered
more and morehe cornerstone of the SDI, or, perhaps even more rgenthe
cornerstone of the information infrastructure aalsb involves (relationships to/with)
non-spatial registrations. A model is used to dpedifferent levels of maturity.
Growth in maturity will follow the four levels. Thenodel forms a kind of ladder
where every step gives higher value and efficierieyery level can be met after
finishing the previous one. In almost every sitiatno level can be omitted as the
subsequent level builds on the previous one.

Effect

; Networked

Integrated
i

— Connected

| Standards

Ny Intemational
Qrganization for
Standardization

Time

»
»

Figure 1 Land Administration Maturity Model (Van Slerom et al, 2009).
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The model has four stages: Standards, Connegtlnitygration and Network; see
Figure 1. Once standards are clear, different asgions, or countries can start to
make a connection. A point to point connection meg@ossibilities to exchange Land
Administration information, both geographic and adstrative. After being
connected they start acting as a whole. This wilhfa kind of Land Administration
Information Infrastructure; the spatial informatitihhang-out” for all related users.
According to them the ultimate level ‘network’ ingd a mind shift and has the
biggest effect. The focus will shift from the Landldministration or Spatial
Information Infrastructure towards higher levelisbthemes. It will place the Spatial
Information Infrastructure in the context of curreelevant social themes, e.g. public
safety, environmental issues, spatial planning, ewahanagement and poverty
reduction. Within these themes many different playstakeholders) and sectors and
also information sets as such must work togethdade the social challenges. This
will require semantic translations of the infornoatin order to be useful in a different
context than the original production purposes.tFteps are made in the European
Union; see for example INSPIRE2009). The case from Indonesia here above is
another example: at one side decentralisation ssiaport to registration of local land
rights, this possibility is the main reason for thecentralisation, but at the other side
a national SDI requires standards.

One more issue is that standards are in suppoguadity of data by avoiding
inconsistencies.

A standard for the Land Administration Domain carve the following goals.

1. Establishment of a shared ontology implied by treeleh This allows enabling
communication between involved persbnsithin one country and between
different countries. This is relevant in the detimation of required attributes and
in setting responsibilities on maintenance in cadeimplementation in a
distributed environment with different organisasomvolved. This is also in
support of the development of LASs as core in SDhe more issue is the
globalisation; there are already ideas for and @ggves to international
transactions, e.g. within the European Union. Alsaelation to carbon credits
registration. See Van der Molen (2009) or Mitchedlg(2011).

2. Support to the development of the application softvior LA. The data model is
the core here. Support in the development of a lMA&ns provision of an
extendable and adaptable fundament for efficiedteffective LAS development
based on aModel Driven Architecture(MDA), as promoted by the Object
Management Group (Siegel, 2001). This approachroff@itomatic conversions
from models to implementation, where local detailsn be added to the
conceptual model first.

3. Facilitation of cadastral data exchange with andrfr a distributed LASThis can
be between cadastres, land registries and muriti@sadnd between countries in a
federal state or between countries.

4. Support to data quality management in l4se of standards contributes to the
avoidance of inconsistencies between data mairtaimadifferent organisations

" Infrastructure for Spatial Information in Europ$PIRE, 2007).
8 E.g.: information managers, prossionals, and rebees.
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because data duplication can be avoided as mupbsasible. It should be noted
here that a standardised data model, which wilhi@emented, can be supportive
in the detection of existing inconsistencies. Qyaéibels are important.

1.2 Cadastre, Land Administration and Land Administrati on
Systems

In this section definitions of land, land regisivat land administration, cadastre and
LASs are further clarified.

Simpson (1976) describes cadas{ta word brought from France’) as a ‘public
register of the quantity, value and ownership & gnd (immovable property) in a
country, compiled to serve as a basis for taxatidntegister of deeds is a ‘public
register in which documents affecting rights indaare copied or abstracted’. A
register of title is ‘an official record of rights defined units of land as vested for the
time being in some particular person or body, ahthe limitations, if any, to which
these rights are subject’. In Henssen (1981) tHeviing observations are placed in
relation to deed and title registration: ‘in caderegistration of deeds the document
(deed) containing the legal act with respect thvange in the legal status of the real
estate is published in its entirety, which is rfet tase in registration of titles — than
merely what is envisaged by parties is publishelb@al consequences)’.

Henssen (1995) gives definitions fand, cadastreandland registration.

— Landis an area of the surface of the earth togethér thie water, soil, rocks,
minerals and hydrocarbons beneath or upon it améithabove it. It embraces all
things which are related to a fixed area or poihtthe surface of the earth,
including the areas covered by water, includingsbe.

— Cadastre is a methodically arranged public inventory of adatoncerning
properties within a certain country or district,sbd on a survey of their
boundaries. Such properties are systematically tiftesh by means of some
separate designation. The outlines of the proparny the parcel identifier
normally are shown on large-scale maps which, tagewith registers, may show
for each separate property the nature, size; vahaelegal rights associated with
the parcel (see also United Nations, 1985).

— Land registrationis a process of official recording of rights imd¢athrough deeds
or as title on properties. It means that thereni@fficial record (land register) of
rights on land or of deeds concerning changes énlégal situation of defined
units of land.

FIG, in its Statement on the Cadastre (FIG, 1998inds a cadastre as a register of
land information: a cadastre is (normally) a parbelsed and up-to-date land
information system(LIS) containing a record of interests in land .(irghts,

® The derivation of the word cadastre (accordinGitopson (1976), p. 4) used to be ascribed to thia La
word capitastrumwas taken to be a contraction of capitum registramegister of capita, literally 'heads’,
and so by extension ‘taxable land units’. Simpstdsathat modern dictionaries derive ‘cadastre’ fitb
Greek word katastikhon (meaning literally ‘line lnye’ and so a tax register).
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restrictions and responsibilities). It usually undbs a geometric description of land
parcel’ linked to other records describing the naturehef interests, the ownership
or control of those interests, and often the valthe parcel and its improvements. It
may be established for fiscal purposes (e.g. vialnand equitable taxation), legal
purposes (e.g. conveyancing), to assist in the ganant of land and land use (e.qg.
for planning and other administrative purposes)d &o facilitate sustainable

development and environmental protection. Suchstesyis usually managed by one
or more government agencies.

Kaufmann and Steudler (1998) state that ‘Cad&ilel’, see Figure' will be a
complete documentation of public and private rigintd restrictions for land owners
and land users. It is further stated that ‘Cada&d®4’ will be embedded in a broader
LIS, fully co-ordinated and automated, without gegian of land registration and
cadastral mapping. Kaufmann and Steudler definea§tael 2014 as a methodically
arranged public inventory of data concerning ajbldand objects in a certain country
or district, based on a survey of their boundari®ach legal land objects are
systematically identified by means of some sepadatggnation. They are defined
either by private or by public law. The outlinestioé property, the identifier together
with descriptive data, may show for each sepaiatd bbject the nature, size, value
and legal rights or restrictions associated withltnd object.

{ADAJ e LM‘WR

A VISION FOR A FUTURE CADASTRAL SYSTEM

Figure 2 Cadastre 2014 a worldwide recognised visio Cadastre
(Kaufmann and Steudler, 1998).

0 This means information is geographically referenimeunique, well-defined units of land.

1 At the XX Congress 1994 of the International Fatlen of Surveyors (FIG) in Melbourne, Australia,
FIG’s Commission 7 on Cadastre and Land Managemheritied to produce a vision of where cadastral
systems might be in twenty years, of the changaes rfight take place, of the means by which these
changes can be achieved, and of the technologyetased to implement these changes. The vision
‘Cadastre 2014’ was presented at the XXI Congré$d@®, held in Brighton, United Kingdom, 1998. This
publication of Kaufmann and Steudler found worldigrecognition and was translated into more than 30
languages.
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Apart from Simpson there is a common agreemettiéndefinitions above that a
cadastre can be used for different purposes. Bdéga administrative component
and a geometric component are included. The legahirastrative component
concerns a publication of formal land rights; tpisblication may include source
documents. Land surveys are or can be neededgeometric documentation. All the
definitions are applicable in an automated envirentnor partial automated
environment.

The termLand Administration(LA) is used, according to (UNECE, 1996), to refer
to the processes of recording and disseminatingrimition about the ownership,
value and use of land and its associated resouf®esh processes include the
determination (known as the adjudicatfrof rights and other attributes of the land,
the survey and description of these, their detadlecmentation and the provision of
relevant information in support of land marketsttie document it is explained that
stakeholders have different interests in the satfign organisation for LA. Further it
is highlighted that it is important to adopt a i LIS. And it is recognised that LA
and LASs are state responsibilities, but there lmarmany areas where the private
sector is involved.

Dale and McLaughlin (1999) define LA as ‘the praes of regulating land and
property development and the use and the conservafithe land, the gathering of
revenues from the land through sales, leasing, tardtion, and the resolving of
conflicts concerning the ownership and use of dmel I

According to Van der Molen (2006) the definitioh ONECE (1996) stands
firmly, especially when the concepts of ‘ownershiglue’ and ‘use’ are interpreted
in a broad sense. The concept of ‘ownership’ shanldhe view of Van der Molen,
be understood as a relationship between people eoong land within any
jurisdiction, so the mode in which rights to lang deld, and therefore based on
statutory law, common law and customary traditions.

Enemark et al (2005) argue that ‘LASs historicakbflect their jurisdictions of
origin. Understanding how LASs were created anchghd over time in response to
political, social and technical pressures is imgatt However, management of the
processes of change requires collective and iniema understanding of an
LA model capable of servicing national and globadads’.

Williamson et al (2010) see land administration the process run by the
government using public or private sector agen@ésted to land tenure, land value,
land use and land development. A LAS in their vievan infrastructure for
implementation of land policies and land managem&nategies in support of
sustainable development. The infrastructure indudestitutional arrangements, a
legal framework, processes, standards, land inféoma management and
dissemination systems, and technologies requiredipport allocation, land markets,
valuation, control of use and developments of gty in land. They explain theA
comprises an extensive range of systems and pestsnanage.

1. Land tenure the process and institutions related to secusaocess to land and
inventing commodities in land and their allocatiogcording and security;
cadastral mapping and legal surveys to determimeep&oundaries; creation of

2 The process whereby the ownership and rightsnia e officially determined, UN ECE (1996).
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new properties or alteration of existing propertibe transfer of property or use
from one party to another through sale, lease aditrsecurity and the
management and adjudication of doubts and dispetgarding land rights and
parcel boundaries.

2. Land value the process and institutions related to assedsofi¢he value of land
and properties; the calculation and gathering wémeies through taxation; and the
management and adjudication of land valuation ardtion disputes.

3. Land usethe process and institutions related to the obrdf land use through
adoption of planning policies and land use regoietiat national, regional and
local level; the enforcement of land use regulajoand the management and
adjudication of land-use conflicts.

4. Land developmenthe process and institutions related to buildifhgew physical
infrastructure and utilities; the implementation adnstruction planning; public
acquisition of land; expropriation; change of larsg® through granting of planning
permissions, and building and land-use permits; dhd distribution of
development costs. See also Enemark and Williar(2aod).

Zevenbergen in his inaugural address notes thaeth®_and Administration Systems
has become much used since the transitions in &emtd Eastern Europe in the early
1990s. An important reason he says is the need tmmmon term to bring together
the cadastral and land registration functions (dbeegen, 2009). According to him
the term “system” in land administration systemsangemuch more than just the ICT
(Information and Communication Technology) compdnémwever important that
part may be. A system can be described as “a setlehents together with
relationships between the elements and between dtiebutes related to each other
and to their environment so as to form a whole #iats to reach a certain goal”
(Zevenbergen, 2002). A system is thus a combinatioelements at a useful level
that together fulfil a certain goal. In brief, iartns of a LAS that goal is to provide
tenure security and to implement land policy. Zéergen highlights that it is of the
greatest importance to remember that a LAS is k tmanore precisely a number of
tools, to be used to satisfy these goals.

In conclusion: it has to be emphasised that a lcA%ers land registration and
cadastre. The combined process is called land astnsitton and a LAS is the
environment in which this process takes place. éses include adjudication (the
juridical/administrative and technical procedur@siocument property, use and other
land rights, which may be informal or customangtablishment of and transactions
on land rights and information provision. Infornaati provision can support in
multiple purposes: taxation, legal or tenure sagussupport of land market and
mortgage industry, support in spatial planning dlamonsolidation, re-allotment, re-
adjustment and land reform) and other. Differergaoisations can be involved,
public and private. Implementation can be centdli®r decentralised. See also
Bogaerts and Zevenbergen (2001), UNECE (1996).

The field of knowledge on land administration &lled theland administration
domainin this thesis.
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1.3 Problem Definition of Land Administration Domain
Modelling

One of the problems in the development of LASs thase proper data and process
models is the representation of different respadlitsels in LA over different
organisations, e.g.: the office of the private syor, the cadastre or surveyor-general,
the office of the valuation expert, the valuatie@pdrtment, the office of the conveyor
or notary, registrar and also organisations redptmnor determination of land use.
See also (UNECE, 1996). Sometimes those organisatibeal with different
administrative territories of responsibility. Eacinganisation can have distributed
responsibilities in itself again: central respoilgibs (e.g. policy making and system
design), regional (e.g. quality checking), local.g(e data acquisition and
maintenance); and with public or private roles. Sdhoesponsibilities are reflected in
the ‘ownership’ and quality of the LA data setsmpeteness, consistency; up-to-
dateness and fitness for purpose.

In general it can be observed that organisatioitis tasks and responsibilities in
Land Administration are confronted with rapid dephents in technology, a
technology push: internet, spatial data bases, hinglstandards, open systems and
Geographical Information Systems — GISs; as wethwi growing demand for new
services, a market pull: e-governance, electropitveyance, integration of public
data and systems; see Van Oosterom and Lemmen gR00an Oosterom et al
(2006b). Not all organisations can align their bess of Land Administration with
those developments yet. The distribution of resyditees into different
organisations and within organisations is a conapilig factor in the provision of
consistent and up-to-date land information.

In 2002, Van Oosterom and Lemmen observed thatldpments in Geo-ICT
have important implications for the developmentL@{Ss in relation to SDI. The
developments in Information and Communication Tedgy ICT in general, and
specifically the Geo-ICT can improve the qualitysteffectiveness, performance and
maintainability of LASs (Van Oosterom and Lemme@02a). In their paper it was
further observed that spatial data management wadléd so far by GIS software
outside the Data Base Management System (DBMS)eamr-[@atabase. As DBMSs
are being spatially enabled (with spatial data sypsperators, index systems, etc.),
more and more GISs are or will soon migrate towamlsntegrated architecture: all
data (spatial and thematic) are stored in the DBWI8s marks an important step
forward that took many years of awareness creatmd subsequent system
development. Many organisations are currently i pnocess of migrating towards
such architecture. A next logical step will be tneation of a common SDI for related
organisations; the so-called information commuaiti€his can replace the exchange
of copies of data sets between organisations. Huires good protocols,
standardisation such as the OpenGIS web mappingifispon (Buehler and
McKee, 1998). But also the role of the Geo-Datalgets more important, because
not a single organisation depends on it, but a &ltolmmunity. Only the owner of
the data should perform updates, others are oniggdqueries, data duplication
should be avoided. This is difficult to organise.
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The problem identified now is as follows:
In spite of the available basic standards (for nitwlg the Unified Modelling
Language - UML), exchanging structured informat{exXtended Markup Language:
XML) and ISO generic geo-information standardsyehs still one important aspect
missing: a standard and accepted base model folatine: administration domaifr
There is a need for domain specific standardisatmcapture the semantics of the
land administration domain on top of the agreednidation of basic standards for
geometry, temporal aspects, metadata, and alsoredtens and measurements from
the field. This is required for communication betweprofessionals, for system
design, system development and system implemengatiposes and for purposes of
data exchange and data quality management. Sudhralard will enable GIS and
database providers and/or open source communit@sdevelop products and
applications. And in turn this will enable land isfly and cadastral organisations to
use these components to develop, implement andaimagystems in an even more
efficient way.

1.4 Research Objective and Research Questions

Focus in this thesis is on the design of a stanétarthe domain of LA. It defines a
LA Domain Model (LADM), covering the information leded components of LA.
This is the starting point for the research objectind the research questions, which
are derived from this.

The research objective is to design a Land Adimatisn Domain Model
(LADM). It should be possible to use this modeh &ssis for LAS development. Such
a LADM has to be accepted and it should be adaptablocal situations. It has to be
usable to organise LA data within a SDI. The desigrbased on the pattern of
‘people — land’ relationships.

Principles for the design of the Land Administratibomain Model are:

1. it should be as simplas possiblgin order to be useful in practice;

2. it should cover the basic data related componehtra administration, see
Section 2.2. This means a start from consolidaterWlkedge; a re-use of existing,
widely recognised and accepted knowledge in omlechievegenericresults. For
the LA domain much attention has been paid to teselbpment of the
representation of all possible relationships betwpeople and land, not only
formal relationships like ownership but alsdormal relationships as proposed in
UN-HABITATs™ continuum of land rights (UN-HABITAT, 2008; seesal UN-
HABITAT 2003 and 2004). A similar continuum can lapplied to the
development of a range of parcedpdtial units,see also Fourie (1998) and Fourie
and Nino-Fluck (1999)), persons and organisatipasties, and data acquisition
methods, see also FIG (1996) and Section 2.4. Beetlze axes of variation in

3 The Land Administration Domain Model as desigmethis thesis was called the Core Cadastral Domain
Model up to the version as presented during the IXEbngress of the International Federation of
Surveyors in Munich, 2006 (Lemmen and Van Ooster@d06). Later it was called the Land
Administration Domain Model.

14 UN-HABITAT is the United Nations Human SettlemeRt®gramme.
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Section 2.3, based on Larsson (1991). Further ¢heepts of ‘Cadastre 2014’ of
the FIG should be covered; see Kaufmann and Ste(i#¥68), later worked out in
Kaufmann (2004), see Section 2.2 and 2.5 and ttemamendations of Van der
Molen (2003a), see Section 2.2;

3. user requirements see Section 3.1, 3.3 and 3.5.

Given the research objective, and a design of a MAlhe following questions are
formulated:

1. whatis the common pattern of ‘people — land’ ielaghips?

how can the model be used as a basis for LAS denedat?

is the design usable within a Spatial Data Infradtire?

is the design accepted and supported by LA prafeats and governments?

is the design adaptable to local situations?

is the design implementable and applicable in blifeasituation?

ok~ wnN

1.5 Methodology of this Research

The design of the LADM took place in an incremerggpproach with a continuous
expert reviewing from 2002 till 2006; see below asek Section 1.6. The final
construction took place with Enterprise Architecttware.

Then the design and development process for latiemal Standards has been
followed as a methodology for LADM desijn The first step in this process is to
confirm that a particular International Standardegeded. A New Work Item Proposal
(NWIP) is submitted for vote by the members of frechnical Committee (TC, in
this case TC211. CEN 287 on Geographic informatims in parallel to TC211). The
proposal is accepted if a majority of the partitipp members of the TC votes in
favour and if at least five participating memberantvto take actively part in the
project. At this stage a project leader is appainhen a working group of experts
(the chairman (convener) is the project leaderdetsup by the TC for the preparation
of a working draft. Successive Working Drafts (WDsgay be considered. At this
stage, the draft is forwarded to the TC for thesemsus-building phase. As soon as a
first Committee Draft (CD) is available, it is retgred by the ISO Central Secretariat.
It is distributed for comment and, if required, mgt by the participating members of
the TC. Successive CDs may be considered until esmus is reached on the
technical content. Once consensus has been attathedtext is finalised for
submission as a Draft International Standard (B19he DIS is circulated to all ISO
member bodies by the ISO Central Secretariat foingoand commenting within a
period of five months. It is approved for submissias a Final Draft International
Standard (FDIS) if a two-thirds majority of the Rembers of the TC are in favour
and not more than one-quarter of the total numbeotes cast are negatiVelf the
approval criteria are not met, the text is returtedhe originating TC for further

5 See: http://www.iso.org/iso/standards_developrpeotesses_and_procedures/stages_description.htm
last accessed December 2011.

8 This is the last stage described in this thekis;means the next stage, this is the Final Dradrhational
Standard (FDIS), is not presented.

7 A positive vote has been received on the DIS ore 27" 2011.
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study and a revised document will again be cireddbr voting and comment as a
Draft International Standard. The FDIS is circutate all ISO member bodies by the
ISO Central Secretariat for a final Yes/No votehiita period of two months. If
technical comments are received during this pettiogly are no longer considered at
this stage, but registered for consideration duarigture revision of the International
Standard. The text is approved as an InternatiSteaddard if a two-thirds majority of
the P-members of the TC is in favour and not mbntone-quarter of the total
number of votes cast are negative. If these appaitaria are not met, the standard
is referred back to the originating TC for recoesation in light of the technical
reasons submitted in support of the negative vatesived.

In order to answer the research questions theviailp methodology is used.

1. What is this common pattern of ‘people — land’ tiglaships?
To answer this question a literature review is @renied on relevant papers related
to this issue. This is described in Chapter 2. &herattention to informal people
to land relationships. Documentation on land cotdliis included. Attention is
paid to gender to land (shares in land). Socialres are worked out in the so-
called Social Tenure Domain Model (STDM); this isspecialisation of the
LADM. A prototype has been developed to procestectdd data from the field.
See Chapter 4. Finding the common pattern is ratefoa the development of a
generic model for the LA domain.

2. How can the model be used as a basis for LAS dawelot?
To answer this question a test has been performétbnduras. A Model Driven
Architecture provides a platform independent fundility. Standards, as provided
by international standardisation bodies like thge@bManagement Group and
ISO are identified with regard to MDA. See Sectidi3 with test case from
Honduras.

3. Is the design usable within a Spatial Data Infrasture?
Domain models related to the LA domain do not yedte Related (future) domain
models are considered to be “external”, but canliieed in an information
infrastructure See Chaptet’3Subsection 3.6.6. This is a design approach where
well defined interfaces are recognised with an tgdaechanism to keep SDI
consistent.

4. |s the design accepted and supported by LA prafeaks and governments?
In their paper Van Oosterom and Lemmen (2002a)qeepo join forces and start
working on a standard and accepted cadastral badelnSuch a model should be
usable in (nearly) every country. The standardissthstral domain model should
be described in UML schemas and accepted by expeit& modeling, by the
proper international organisations and by softwangpliers. The model has been
designed and validated in a@ancremental approachsee Section 1.6. and the
presented versions of the model in Chapter 3, @e&i2, 3.4 and 3.6.
An early review was related to the publication opr@-version of the LADM,
called the Core Cadastral Domain Model (Van Oosteamd Lemmen, 2002b).

18 Given the definitions of Land Administration abavehould be noted here that taxation, valuatio an
spatial planning processes are not included inatisdyses behind the design of the Land Administmati
Domain Model in this thesis. Only the output of shgprocesses (that is new or updated attributes) ar
considered to be relevant for the data model.
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LADM versions (see Section 1.6) were not only désad with LA professionals.
Legal professionals, geodesists, anthropologistsd | reformers and ICT
professionals were all involved in the discussiand reviews.

After six years of discussions and developments Blfbmitted a proposal
(prepared by Lemmen and Van Oosterom) to develomtannational Standard
for the Land Administration Domain to the TC 21%k¢hnical Committee 211 on
Geographic Information/Geomatics) of 1SO, the In&ional Organisation for
Standardisation (ISO/TC 211, 2008a) in the begigmih2008 and, in parallel, to
CEN/TC287. The proposal received a positive votenfrthe TC 211 member
countries. A project team started to work on theettspment of the standard. To
date®, after several Working Drafts (WDs), a Committeeafd (CD), a Draft
International Standard (DIS), a Final Draft Intdioaal Standard (FDIS) is under
development. During the development of the stantlfamde versions of the model
have been reviewed by LA modelling experts, deledjéty member countries and
external liaisons (European Commission Joint Rete&@entre, FIG and UN-
HABITAT) to the project team and later by the edabcommittee within ISO/TC
211. Comments from those reviews are documentedhaneé been accepted,
partly accepted or have been rejected by the awhdthis thesis in his role as
editor®. This methodology results in validation and acaspe of the model by
means of voting of member countries of ISO/TC21hisTmethodology implies
peer reviews by experts within the editorial contedt of LADM within
ISO/TC211. See ISO/TC211 (2008a), ISO/TC211 (2008BP/TC211 (2009)
and ISO/TC211 (2011c) and Section 3.6 and 3.7.

During the post-conference session at a World Bab&nference in
Washington, D.C. USA in 2009 (World Bank, 2009a¢ ®TDM as a means to
improve security of tenure for vulnerable groupsdiveloping countries, was
subject of discussion. The discussion underscorestr@ang institutional and
profession support for STDM (World Bank, 2009b)eSdso Lemmen (2010d)
and Section 4.1 and 4.2.

In the Solutions for Open Land Administration (SOL#om FAO the LADM
DIS has been used as basis for data storage reerite although extensions and
adjustments have been made to support the functgrirements of SOLA (FAO,
2011b, FAO, 2011d). See Section 5.7.

Is the design adaptable to local situations?

This is investigated in close co-operation with exp in modelling land
administrations from different countries. Cyprusvisrked out in detail in Section
5.2. and Honduras in Section 5.3. In Section 5#n&bn is paid to the
developments in Portugal. One more case is INSP$BE& Section 5.5. and further
the Land Parcel Identification System as discusseSlection 5.6 of this thesis.
See also the SOLA and LADM as discussed in Seétidn

Is the design implementable and applicable in d liéasituation?

This is tested by the development of a prototypthefSTDM. See Chapter 4 for
the experimental results with a first prototypesien.

9 May 2012.
20 This activity has been performed in close co-opemawith prof.dr Peter van Oosterom from Delft
University of Technology and by dr Harry Uitermdr&m Twente University.
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1.6 Incremental Design of the Land Administration Doman
Model

As already mentioned above the announcement adelielopment of a standardised
domain model was at the FIG Congress held in WashinDC, US in April 2002 in
a paper (Van Oosterom and Lemmen, 2002a) analygiagimpact of GeolCT
developments. The paper highlighted that efficdesign, development, testing and
maintenance of LASS allows the introduction of such systems within egtable
time and budgets. A basic condition is analysisusér requirements. The paper
concluded that LASs are dynamic; they do have teeld@ continuously over time in
order to support society in a sustainable mannetause of changing user
requirements with reference to UNECE (1996). Ttapgy was the starting point of
the development of the LADM - based on experiemoenfbuilding of a very large
spatial database in the Netherlands, see the pe#wed publication on this in
Computers, Environment and Urban Systems: Van @ostand Lemmen (2001).

The version 0.1 was presented in September 2002 raeeting of the Open
GeoSpatial Consortium (OGC), organised in Noordwiijle Netherlands, and also at
a COST? Workshop in Delft, the Netherlands in November 2(Q%an Oosterom and
Lemmen, 2002b).

A version 0.2 was presented (after expert revieatsy workshop on Cadastral
Data Modelling at the International Institute foe&@lInformation Science and Earth
Observatiof® (ITC) in Enschede, the Netherlands in March 208&n(Oosterom and
Lemmen, 2003a); during the FIG Working Week, Pd&tiance, April 2003 (Lemmen
and Van Oosterom, 2003a). Further several pubtioatirelated to this have been
made in GIM International (Lemmen and Van Ooster@®03b; Lemmens and
Lemmen, 2003). In the latter feature in GIM Intaioaal experts have been invited to
give their opinion on a column written by the swyisor of the author of this thesis,
prof.dr Peter van Oosterom (Van Oosterom, 2002@)htEreplies were received.
Those replies concerned the environment of land iridtration, the dynamic
processes in cadastre, country specific legislation culture, and the many
differences within countries. Further needs andr wequirements were specified.
These are included in the user requirements, sept&h3 of this thesis. One example
here is from Enemark. He proposes to use the lagabf ‘real property’ as the key
unit, not the parcel. In this way, the model willable the control of land as a legal,
fiscal and physical object. This proposal was issugebate during the developments
of the LADM. Such a Basic Property Unit (BPU) is@lincluded in the hierarchy in
ownership as recognised in UNECE (2004) as disduss&ection 2.2 of this thesis.
In the Draft International Standard (ISO, 2010) ®EU is included, but under
another name: Basic Administrative Unit. Furtheedfic requirements (boundary
surveying) can be found in Wakker et al (2003).eAtion to informal rights and
communal rights was included in a presentation rofaanual meeting of the FIG

2L |n this paper, as in other papers, LASs are intred as cadastral systems.

22 cOo-ordination in the field of Scientific and Tedétal Research - European Co-operation in Sciende an
Technology.

3 |TC is a Faculty of the University of Twente, tNetherlands, since 2010.
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Commission 7 on Cadastre and Land Management hefféatoria, South Africa,
2002 (Lemmen, 2002), but see also (FIG, 1996).

The version 0.3 of the model development has Ipgesented during the Digital
Earth, September 2003 in Brno, Czech Repufilemmen et al, 2003c); at th&"2
Cadastral Congress, held in Krakow, Poland (Vant®om et al, 2003b) and at the
European Land Information Service (EULIS) Seminarland Information Systems
and the Real Estate Industry’, Lund, Sweden, ApBiD4. The version 0.3 included
3D extensions, new functionality for restrictiorend there was attention to the
dynamic aspects, customary and informal tenurerelere refinements and more
authors as domain specialists. The version 0.asgdbon the set of user requirements
developed at the FIG Congress held in Washington @& in April 2002 in a paper
(Van Oosterom and Lemmen, 2002a) and with inputsnfrthe workshop in
Enschede, the Netherlands. Also a paper from VaMadéen was an important input,
(Van der Molen, 2003a). The version 0.3 can be ssea ‘mature’ initial version of
the LADM, at that time called the Core Cadastrahiatn Model (CCDM), and will
be presented (together with requirements) as & ftep in the incremental
development in Chapter 3 of this thedi&DM Version A Only major versions will
be presented in this thesis, inclusion of all imediate versions would not add value.

Input from the Expert Group Meeting on Secure Laedure, in Nairobi, Kenya,
November 2004 was most relevant to better modeirmidde customary tenure (Van
der Molen and Lemmen, 2004a). The Nairobi meetimgvided input from
developing countries, which was worked out in tleesion of the model presented
during the Second Workshop on Standardisation@fhdastral Domain, held in the
Auditorium of the University of Bamberg, Germany10 December 2004Van
Oosterom et al, 2004). In this version 0.4, asgmesl in Bamberg, there has been
attention to the system boundary and some otheagestigns for further improvement
have been included in the conclusions. In the eiref@amberg the version 0.3 has
been used as a reference model to all presentedpdpring the workshop and as a
reference paper for the discussions. See for theplsie documentation (FIG and
COST 2004) and the report of this event in Lemntead €005).

The version 0.5 was presented at the FIG WorkirgekVin Cairo, April 2005
(Lemmen et al, 2005). This version was mainly inmgebon the legal, administrative
side of the model (based on the Bamberg workshog)tiae model was made 100%
compliant with the OGC and ISO/TC211 standardss Mairsion included reflection
on the Arab world cadastral registration at the Fh@eting in Jordan, September
2005. Version 0.6 was presented at the UN-HABITA®Meart group meeting in
Moscow, October 200%Van Oosterom and Lemmen, 2006a), and the FIG nagjio
conference in Accra, Ghana, March 2006, includihg third LADM workshop
(Augustinus et al, 2008)

After review of the version 0.5 the written, akry valid comments have been
addressed in the version 0.6. The received commestdted into the inclusion of a
class Building in the model; improvements in reaships between rights and
restrictions (often ‘the positive and negative smfethe same coin’); in a better
explanation of the role of PartOfParcel and in magk on the need of not only
standardising the model but also possible inforomatiervicesThe version 0.6 was

2 Earlier Fourie.
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presented in a peer reviewed scientific journal iamehs decided to present the whole
model, instead of the increments only, becauseadans related to completeness and
readability(Van Oosterom et al, 2006b).

Finally, the version 1.0 of the LADM was presentaidthe FIG Congress in
Munich in October 2006 under the name of ‘versidh df the FIG Core Cadastral
Domain Model’ (Lemmen and Van Oosterom, 2006a)thia thesis this version is
calledLADM Version B

In 2003 Lemmen, while working on the design of th&DM, also started the
technical design of the STDM to address the chgsrand fundament and concepts
outlined in Fouries’ (1998) paper; see Lemmen g{2003b), further worked out in
detail in Van Oosterom et al (2006b); Augustinuglef2006), Lemmen et al (2007)
and Lemmen (2010d).

After the FIG Congress in Munich in 2006 many sased examples were worked
through, including the initial filling of severabde lists, which were until then not
described with content. This document became thatifor the 1SO standardisation
process (ISO/TC211, 2008a), over which was repantédemmen et al, 2009a).

In the beginning of 2008, FIG submitted a propdsatlevelop an International
Standard for the Land Administration (LA) domainthe ISO/TC 211 on Geographic
Information of the International Organisation faa&dardisation (ISO/TC211, 2008a)
and parallel to CEN/TC287. The proposal receivgasitive vote and a project team
started to work on the development of the standard.

Within TC 211, many issues and comments have bésussed during several
meetings (in respectively May 2008, October 2008¢cénber 2008, May 2009 and
November 2009), held with a project team composé®l delegates from 17
countries. A significant contribution to the devafeent of the standard has been
provided by the research communities of the Faafit@eo-Information Science and
Earth Observation of the University of Twen(fTC) and Delft University of
Technology, the Netherlands.

After positive results of voting on the so-callbiw Working Item Proposal
(NWIP) in May 2008 (ISO/TC211, 2008a) and on thenfButtee Draft (CD) in
October 2009 (ISO/TC211, 2009) the Draft InternagioStandard (DIS) received a
positive vote in June 2011 (ISO/TC211, 2011c);stage of International Standard is
expected in August 2012. The Draft Internationain8trd is calledlADM Version C
in this thesis.

Each step in the developments within ISO includmgews from the involved
countries in the development process.

See for an implementation case from Cyprus a gsggsr in the peer reviewed
Journal Survey Review (Elia et al, 2011).

During the development of the LADM many reviewsvéabeen performed
resulting in new insights, improvements and profsofsa extensions. All together the
development took place from 2002-2612New ideas written in papers or books
which could be used as possible input and/or requénts for the development of the
LADM came available during the development of ttendard.

Apart from the versions published during the depelent of the international
standard within (and published by) ISO/TC211 (ISCZI1, 2008a, 1SO/TC211,

%S0 19152 Land Administration Domain Model is exjeel to be an International Standard in July 2012.
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2008b, ISO/TC211, 2009 and ISO/TC211, 2011c) tlaeeepublications in scientific
journals related to the LADM (and its predecesswr €CDM). Table 1 gives an
overview of those publications, combined with otbere publications. In the column
to the right there is a reference to the chapter saction in this thesis where the
contents of these publications are included. AlIDM publications are available at
an LADM ISO 19152 Wik The UML model is available at 1SO/TC211
Harmonised Model Management Group (HMMG)

Table 1 Overview of scientific

publications relatedhis research.

Publication

Reference to chapter and section in tbi
thesis

Lemmen, C.H.J. and Van Oosterom, P.J.
(2001). Cadastral  systems; editori
Computers, Environment and Urban Syste
Volume 25, Issue 4-5, pp. 319-324.

Min this first special issue on cadastral syste
alof CEUS the lack of a common terminology|
mhjghlighted. This is one of the motivations f
this research; see Section 1.1.

Van Oosterom, P.J.M. and Lemmen, C.H
(2001). Spatial data management on a V
large  cadastral database.  Computs
Environment and Urban Systems, Volume
Issue 4-5, pp. 509-528.

JSee Section 3.2, 3.4 and 3.5. The content
ethis publication have been the basis for

sreequirement  of integrated management
PBopology and geometry.

Van Oosterom, P.J.M. and Lemmen, C.H
(2002a). Impact analysis of recent Geo- |
developments on cadastral systems. FIG X
International Congress, Washington, D
USA, FIG.

Jhhe proposal on the development of {
CTADM is launched.
X
C.

Lemmen, C.H.J., Van der Molen, P., V
Oosterom, P.J.M., Ploeger, H.D., Quak, C.
Stoter, J.E. and Zevenbergen, J.A., (2003c

armhis paper concerns the LADM Version
Vsee Section 3.2. This paper has also been
. & a reference paper for the second Works

ms
is
or

5 of
he
of

he
n

used
hop

modular standard for the cadastral domailmn Standardisation in the Cadastral Domgin

Digital Earth 2003. (FIG and COST, 2003).

Lemmen, C.H.J. and Van Oosterom, P.J.MThe results of the second workshop |on

(2006b) Cadastral systems |V: editorialcadastral modelling, held in Bamberg, 2004

Computers, Environment and Urban Systemare reported. This sets direction fopr

Volume 30, Issue 5, pp. 523 -528. development of a standard for the land
administration domain co-ordinated by FIG.
This approach is described in Section 1.5 and
1.6 and Chapter 3.

Hespanha, J.P., Van Oosterom, P.J.MAn evaluation and adaption of the CCDM |is

Zevenbergen, J.A. and Paiva Dias, G., (2008)orked out. See Section 5.4.

A modular standard for the cadastral domain:

application to the Portuguese cadastre.

Computers, Environment and Urban Systemns.

Volume 30, Issue 5, pp. 562-584.

Van Oosterom, P.J.M., Lemmen, C.HPThis publication has been extensively

Ingvarsson, T., Van der Molen, P., Ploegereviewed. This paper is basic input for LADM

H.D., Quak, C.W., Stoter, J.E. andversion B presented in Section 3.4 in this

2 http://wiki.tudelft.nl/bin/view/Research/ISO19152¢bHome

2 http://www.isotc211.org/
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Zevenbergen, J.A., (2006). The core cadas
domain model. Computers, Environment 4
Urban Systems, Volume 30, Issue 5, pp. 6
660.

tithlesis.
nd
R7-

Lemmen, C.H.J. and Van Oosterom, P.J.
(2006a). Version 1.0 of the FIG Co

MThis is the LADM Version B, see Section 3.
re

Cadastral Domain Model. XXIII FIG
Congress. Munich, Germany.
Lemmen, C.H.J., Augustinus, C., Vann this publication the Social Tenure Domg

Oosterom, P.J.M. and Van der Molen,
(2007). The social tenure domain mod
design of a first draft model. FIG Workin
Week 2007. Hong Kong, China.

Fis presented in its first draft. See Chapter 4.
el:

g

ISO/TC 211, (2008a). ISO 19152 Ne
work item proposal (NWIP), Geograph

information - Land Administratiorn
Domain Model (LADM).
- ISO/TC 211, (2008b). ISO 1915

Working Draft 3 (WD3), Geographi
information Land Administration
Domain Model (LADM).
ISO/TC 211, (2009). ISO 19153
Committee Draft (CD), Geographi
information Land Administration
Domain Model (LADM).
ISO/TC211, (2011c). ISO 19152, Drg

International Standard (DIS), Geograpli oy

Land Administratior
(LADM). Lysaker,

information
Domain  Model
Norway: I1SO.

wlhe NWIP has been prepared by the aut
ctogether with his promoter prof.dr Peter v

by FIG to ISO/TC211 and (in parallel) {
oCEN/TC287. Comments and observatig
- from a project team have been included in

WD. A CD was worked out by an Editori
Committeé®., Remarks and observations
, this document resulted in the DIS, presen
'L:as LADM Version C in this thesis.

The 1S0O 19152 Working Draft, th

Committee Draft and the Draft Internation

Standard have been prepared by Lemmer
fteditor (and co-author) in close co-operati
ith his promotor prof.dr Peter van Oosterg
and dr Harry Uitermark. The DIS is present
as version C in Section 3.6.

in

hor
an

Oosterom. This document has been submitted

(0]
ns
the
al
to

ted

ed

Van Oosterom, P.J.M., Groothedde,
Lemmen, C.H.J., Van der Molen, P. a
Uitermark, H.T., (2009). Land administratig
as a cornerstone in the global spa
information  infrastructure. Internation
Journal of Spatial Data Infrastructur
Research 4: pp. 298-331.

A\ This publication has a focus on the use
ndLADM and SDI. See Section 3.8.

n

ial

al
S

of

Doéner, F., Thompson, R., Stoter, J.
Lemmen, C.HJ., Ploeger, H.D., V3§
Oosterom, P.J.M and Zlatanova, S., (201
4D cadastres: first analysis of leg
organisational, and technical impact—with
case study on utility networks. Land U
Policy, the international journal covering §

E See Subsection 3.6.6 for the description of
arlink to external physical utility networks

0).

al,
a
5e
all

aspects of land use, Volume 27, Issue 4.

the

2 Members of the Committee are: Danilo Antonio, agpig Solomon Haile (UN-HABITAT, Kenya);
Wim Devos (Joint Research Centre of the EU, Itafyjtony Cooper (South Africa, chair); Paul Egesborg

and Christian Lord (CanadaJomohiko Hatori (Ja

pan) TaikJin Kim (Korea) Christiaan Lemmen (the

Netherlands, editor); Julie Binder Maitra (United States)Tarja Myllymaki (Finland); Peter van Oosterom
(the Netherlands, co-editor), Jesper Paaseted&); Markus Seifert (Germany); Harry Uitermark (the
Netherlands, co-editor); Frédérique Williams (F&nc
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Lemmen, C.H.J., Van Oosterom, P.J.MSome relevant modelling decisions on RRRs
Eisenhut, C., and Uitermark, H.T., (2010a)or the LADM Version C are presented; sge
The modelling of rights, restrictions andSection 3.6 and also Annex C.
responsibiliies (RRR) in the Land
Administration Domain Model (LADM).
XXIV FIG International Congress 2010.
Sydney, Australia.

Lemmen, C.H.J., Van Oosterom, P.J.M.Some relevant modelling decisions on spatial
Thompson, R.J., Hespanha, J. and Uitermanknits for the LADM Version C are presented
H.T., (2010b). The modelling of spatial unitsand worked out.
(parcels) in the Land Administration Domaljn
Model (LADM). XXIV FIG International
Congress 2010. Sydney, Australia.

Lemmen, C.H.J., (2010d). The Social TenurBresentation of the STDM as a pro poor land
Domain Model, A Pro poor land Tool. FIGtool. See Chapter 4.
Publication 52. ISBN 978-87-90907-83-9.

Elia, E.A., Zevenbergen, J.A., LemmenSee Section 5.2 for the adaption of LADM [to
C.HJ. and Van Oosterom, P.J.M., (201fl}he local LA Cyprus where implementation of
The Land Administration Domain ModelLADM is considered
(LADM) as the reference model for the
Cyprus Land Information System (CLIS)
Article in Press, Survey Review.

1.7  Scope and Limits of this Research

The scope of this research is on the data modéhdhéland Administration based on
a common pattern where formal, informal and custgmaople — land relationships
are considered. The data model in its implememntaisoassumed to be distributed
over different organisations with different respobiigies in LA. It can be that a
community maintains its own land administratione $er example the MSc thesis
work of Moreno (2011) with an example from BogdZ@lombia. This administration
has been used for credits in communities. Lamb®5RWho gives example from
Kenya in support of activities of slumlords. Thdaed administrations don't have a
legal basis.

For a domain model it is necessary to draw a esysboundary’, to define what is
inside the system and what is not, or what is mshds research and what is not, or
more general what its limitations afehe scope of this research is on the data model
behind Land Administration based on a common pattkygal/administrative data,
spatial data, survey data. The static part of thedbmain is the main subject. The
dynamic part (initial data acquisition, maintenameel data provision processes) is
seen as being needed to bring the LAS from onédc stéttiation into another; the
dynamic part is outside the focus of this research.

This research does not focus on the legal, paljtieconomic, institutional or
financial aspects of land administration and ladohiistration organisations; at least
as far as those are not related to user requirsnantworked out in Chapter 3.
Strategic and operational planning within land adstiation organisation is neither a
point of attention; the focus is on data modellingt so much on primary (land
transactions) and secondary (supporting financi eesource management, etc.)
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workflows. Organisational aspects are not incluithetthis research — as said: the Land
Administration Domain is potentially to be implented in a distributed environment;
this implies that different organisations or diffat parts (centralised/decentralised) of
one organisation can be involved in this. Thisaasidered to be a starting point for
modelling. Of course it can be just one organisatio

Taxation, valuation and land use are knowleddddie itself and are not within
the focus of this thesis.

1.8 Thesis Overview

Chapter 1, this chapter, gives amroduction to the subject of this research.
Motivation and background, research objectives gunektions, the methodology and
the scope and limits are presented. This chapser atovides an overview of the
incremental approach in the LADM design. Effortssddbeen made to present the
model to FIG to get comments and reviews for imprognts (2002-2007). Then the
FIG submitted the LADM to ISO and CEN. Standardwaitself is a long process
(2008: New Working Item Proposal — 2012: Final Ddaternational Standard, and
International Standard expected in August 2012).

Chapter 2a review on existing work in LA domain modellipgovides the results
of a literature review on people to land relatidpshifrom modelling and land policy
perspectives and comprises a discussion on comatarips in this relationship.

The design and construction of the land administratdemain modeln Chapter 3

will be discussed as follows on the basis of thnegor’ versions of the model:

— the first set of user requirements and the initeakion of the model (Lemmen and
Van Oosterom, 2003c) as presented in Brno is theure initial version’ of the
LADM: LADM Version A,

- the initial version 0.3 (as presented in Brno) bbasn used as a reference paper for
the second workshop on Cadastral Modelling hel@amberg, December 2004.
Further developments were based on new insighis free EGM in Nairobi. All
this resulted in a peer reviewed publication in @aters, Environment and Urban
Systems (Van Oosterom et al, 2006b); finally worl@d in the version 1.0
presented in Munich (Lemmen and Van Oosterom, 2008his is LADM
Version B in this thesis;

— further developments in the ISO Technical Commitgdl, up to the Draft
International Standard (DIS) stage in January 208D, 2011c). The Draft
International Standard is LADM Version C in thiesis. No further versions are
discussed; e.g. the current Final Draft Internatidtandard (May 2012) will nor
be introduced neither be discussed.

In Chapter 3 attention is given tioe basic packages of the LADVhe packages are
designed based on the assumption that the LADMeamplemented in a distributed
environment where co-operation exists between dsgtians with different
responsibilities. This is of course not necessargdse all responsibilities are under
the umbrella of one organisation (for example witbhe community). But linking
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with SDI can appear. Linking to SDI is one morauesen Chapter 3 as is the ‘link’ to
other ISO standards from the 19000 series on gpbgradata.

In Chapter qhew appraoches anekperimental resultan explanation is given on
the limitations of existing LASs: customary and amhal tenures cannot be
represented. A STDM prototype is presented base@men Source software. This
prototype has been introduced to the FIG CongrasSyidney, Australia, 2010.
Specific attention is give to data acquisition ifiedd test in Ethiopia in Chapter 4 and
to bridging the gaps between new appraoches angentaonal systems.

Implementations: first Resules LADM will be discussed in Chapter 5 in relation
to international attention in several countriese@&al attention will be given to
Cyprus, Honduras and Portugal where implementaidnan actual point of
consideration. The use of LADM in the context ofSIRIRE and LPI% will be
highlighted as well as the use of LADM as basisddfree and Libre Open Source
Sotware (FLOSS) / Solutions for Open Land Admimistm (SOLA) within the FAO.
Conclusionof this research angroposed future workan be found in Chapter 6.

The Appendices provideADM Class Namefor the different versions and can be
found in Appendix A; an overview dfADM Associations between Clasgeshe DIS
in Appendix B;Instance Level Diagrami Appendix C andlerms and Definitions
used in the DI$h Appendix D.

2 Land Parcel Identification System of the Europésmion. LPIS is used for agricultural purposes
(subsidies).
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2 A Review of Existing Work on LA
Domain Modelling

In Chapter 1 the motivation and background, probigiinition, research objectives,
research questions and methodology are presentad. thesis is a design thesis
focussing on a generic data model for land adnmatish. It is important to keep in
mind that there can be different purposes behitahd registry and cadastre, see the
definitions in Chapter 1.

In this chapter first a set of guidelines or staytpoints for LA modelling from
global organisations is provided in Section 2.1afhin Section 2.2, relevant existing
work on LA modelling (based on the so-called ObjedRight — Subject ‘view’) is
presented. Section 2.3 presents the ‘axes of i@rias introduced by Larsson. In 2.4
the ‘continuum’ of land rights from UN-HABITAT is xplained, followed by
Cadastre 2014 from FIG in Section 2.5. Those cascegn only be used in flexible
LASs. In 2.6 attention is paid to 3D Cadastres}.ihto Marine Cadastres. In Section
2.8 an existing cadastral standard from the Un@tates is discussed. Section 2.9
deals with open source cadastre and registry tboB.10 the contents of this chapter
are discussed and evaluated. One issue is the conmatbern in people — land
relationships that will be the basis for formulatiof requirements for the LADM.

2.1  Some Guidelines from Global Organisations

The statement on the Cadastre of the FIG highliglitsm an international

perspective, the importance of the Cadastre (LI8) $ocial and economic
development (FIG, 1995): the development of sucstesys should be promoted
internationally, with attention to the needs andndads of societies with customary
and informal tenures.

In the FIG Bogor Declaration (FIG, 1996) the diffet needs from different
countries are underlined: a simple low cost mamwaalastre recording only private
ownership rights may be appropriate for one couniviiile a sophisticated and
relatively expensive fully computerised cadasti@rding a wide range of ownership
and land use rights may be appropriate for anatbentry. The infrastructure can
support a vast array of legal, technical, admiatste and institutional options in
designing and establishing an appropriate cadastsaém, providing aontinuum of
forms of cadastraanging from the very simple to the very sophigéda Such
flexibility allows cadastres to record @ontinuum of land tenure arrangements
(Section 4.5 of the Bogor Declaration) from privated individual land rights through
to communal land rights, as well as having theitghib accommodate traditional or
customary land rights. In field operations thera range of technologies from GPS to
the plane table. Work may commence with large spaletomaps for planning and
adjudication purposes.
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The Food and Agriculture Organisation of the Uitéations, see FAO (2002),
defines land tenure as the relationship, whethgal ler customary, among people as
individuals or as a group, with respect to landhere “land” is used here to include
other natural resources such as water and trees.

The United Nations Urban Settlements Programme-HABITAT) issued in
2003 a handbook on best practices, security ofréeramd access to land (UN-
HABITAT, 2003). It is recommended to develop effiot LISs to supply geo-
information to decision-makers. Land informatiommsldl not be confined to cadastral
or tax information, but should also include infotraad customary land information
and records. And the systems should be developed atiention to poverty
alleviation and the supply of tenure security aamtllto the poor as major priorities.

In the book_and policies for growth and poverty reducti@iorld Bank, 2003) it
is stated that land is a key component of the Wweaftany nation. Well-defined,
secure, and transferable rights to land are crtwidkvelopment efforts. Once secure
in their land rights, rural households invest ter@ase productivity. Moreover, the use
of land as a primary investment vehicle allows ledwéds to accumulate and transfer
wealth between generations. The ability to use lagitts as collateral for credit helps
to create a stronger investment climate and laghtgiare thus, at the level of the
economy, a pre-condition for the emergence and atipar of financial markets.
Property rights to land are one of the cornerstdneghe functioning of modern
economies.

According toUNECE (2004), policy goals can not be achieved sstlere is an
effective land administration infrastructure witlodern information technology.

According to the Land Policy Guidelines of the &ugan Union (EU Task Force
on Land Tenure, 2004) a broad view of cadastratesys and titing methods is
needed, in order to establish reliable and appatgpniecords of village, family or
individual land rights, and to register broad sdétsghts, at low cost.

The main objective of the Global Land Tool Netwd@_TN) is to contribute to
poverty alleviation and the Millennium Developme@bals (MDGs) (UN, 2000)
through land reform, improved land management asxlrity of tenure (GLTN,
2010). The GLTN originates from requests to thetéthNations Human Settlements
Programme (UN-HABITAT, 2010), which initiated thetwork in co-operation with
the Swedish International Development Co-operathagency (Sida, 2010), the
Norwegian Ministry of Foreign Affairs and the WorBhnk in 2006. GLTN aims: to
establish a continuum of land rights, rather thast focus on individual land titling,
and to improve and develop pro-poor land managenasmwell as land tenure tools.

The FAO Good Land Governance (2007) document ittenr for people who
work in LA and all those with an interest in laddnd tenure and their governance
(FAO, 2007). Although much has been written abcw tmportance of good
governance in achieving development goals, theoaisparatively little material on
good governance in land tenure and administratitailings in governance have
adverse consequences for society as a whole. masbimo good governance can help
achieve economic development and the reductiormedy.

The FIG Coastal Zone Declaration (FIG, 2008) loagksre specifically at
providing a pro-poor approach to manage the intera@sd rights in the coastal areas,
and the role of the LA professionals in this regdrdorder to reach a harmonious,
sustainable and resilient development of the cbastae there is a requirement to
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approach the issues holistically. Two of the kegtdes that will maximise the

effective management of these areas are: the @aneattia uniform Cadastre following

the key guidelines in the FIG Cadastre 2014 detitaraand the creation of, and
implementation of, a LIS to bring together all infaation sets that impact the costal
zones.

2.2  Object — Right — Subject Model

Henssen (1995) visualised tlbject— Right— Subjectmodel. See Figure 3 for the
combination of thestuplesto a singl€eTriple ‘Object(parcel) -Right (stewardship) —
Subject(man)’.

name date of birth
living address MAN civil status
i company ?
profession kind of
RIGHT
security right (Ste“!a rd- use right
ship) .
mortgages ownership
charges freehold
(encumbrances) (long term) leasehold
easements building rights
usufruct
address identification
use PARCEL acreage
nature value

Figure 3 The Triple ‘Object —Rright — Subject’ fitenssen, 1995).

Henssen explains thddnd registrationand cadastreusually complement each
other, and that land registration puts in principle accent on the relationstgpbject
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—right, whereas cadastre puts the accent on the relhippokject—right. According

to Henssen (1991) it is generally recognised thiaind recording system should be
parcel based, not peopleased with the parcel being uniquely described on some
form of map supported by a land survey system. ¥betk (2000) and Tuladhar
(2004) also use the object - right - subject apginaa their work.

Simpson (1976), in his book in Section 3.1, alsotgd by Larsson (1991) on p.
14 starts from the purpose of the land recordatigstem. The purpose should
determine the unit of record. Simpson explains iha&iase of a fiscal system the unit
of use (field which vary in size and quality andisovalue) may be suitable. Fields
together may form a unit of operation (a farm; thisit is appropriate where
development is concerned). Two or more units ofrafen may form a unit of
ownership, which may be a record. In this way @fking the estate of the landowner
may comprise several farfiseach separately operated and containing sevaitsl u
of use. Larsson (1991) takes into account now ltha$ are intended to serve many
purposes. There may be different records, but ttsfreuld be common units
according to him; e.g. the parcel. Several parogdy be combined to form larger
units of operation or ownership. The definitionapparcel by a UN Ad Hoc Group of
Experts on Cadastral Surveying and Land InformaBgstems (UN, 1985) specified
a parcel as a continuous tract of land within whighique tenure interests are
recognised. The parcel must envelop a continuoga af land and a continuous
interest in land. On the map a cadastral parderieed by a, in itself closed, line and
has a unique identifier.

Dale and McLaughlin (1988) — (see also UNECE, 260dive a nice overview of
alternative ways for parcel referencing: grant@aigee index, titte number, volume
and folio, subdivision name and plot number, blasid plot number, post office
address, street index and parcel address, griddinate or geo-code. It should be
noted here that some approaches are from the ptikspef the person, other from
the perspective of the land.

Also in UNECE (2004) a hierarchy of ownership isntified (see also Figure 4):

1. a portfolio of ownership:

2. the portfolio may consist of several proprietanjitsifcommonly referred to as
several properties);

3. the proprietary unit may consist of several Basigperty Units (BPUs) although

often it is the same as a BPU;

the BPU may consist of several parcels;

each parcel may consist of several plots;

a plot is something that can be plotted on a mapiamften identifiable by the

way in which the land is used or managed.

o gk

%0 This sounds somewhat ‘colonial’ according to ththar of this thesis. But this personal statememtsd
of course not mean that Simpson'’s view is not uséfbie ownership perspective is person based,tlits
of the operation perspective is land (parcel) baSee also Figure 4.
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Plot Plot Parcels
are rade up of
One ore more plots

Plot Plot

Parcel | |Parcel Basic Property Units (BPUs)

are made up of
Parcel Parcel one ore more Parcels

Proprietary Units
BPU BPU are made up of
one ore mare BPUs
<BPU >< BPU >
Portfolios of Owhership

are made up of
PUor BPU PU or one ore more BPUs or
BPU Proprietary Units (PUs)
PU or BPU

Figure 4 The hierarchy of ownership according taNECE, 2004, p 26).

This is based on the following definitions (quofesin UNECE, 2004):

the term ‘parcel’ refers to the physical space thadentified in a cadastre. It is a
closed polygon or more strictly a closed volume;

a parcel is defined by uniform ownership and homeges real property rights.
The parcel is the basic unit of area that is reediid a cadastre;

a parcel may consist of several plots, each of whiglongs to one parcel;

the plot is an area or volume that can be plottadaomap and is normally
definable by the way in which the land is or mayused. It may or may not be
identifiable in a cadastre;

as a general rule, if an identifiable volume ofcgp or has been subject to a legal
transaction, it is at least one parcel; if it ist mo has not been subject to an
independent transaction, it is a plot;

a group of adjoining plots that belong to differ@mwners but share the same
characteristic may be regarded as a zone;
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— a Basic Property Unit (BPU) is defined by ownershipd homogeneous real
property rights, and may be made up of severalgbardt is the basic unit of
ownership that is recorded in the land books od legisters. A proprietary unit
consists of one or more BPUs that can be regardezha property within there
are non-homogeneous real property rights. A prétgmjeunit arises where an
original BPU may have been extended but where i&iotic or other reasons the
additional components have not been amalgamatech wuite original.
Consequently, there are different rights and thal mroperty object is not
homogeneous. In many cases, however, the propriatar and the BPU are the
same thing;

— a portfolio of ownership is a collection of progegy units and BPUs that are in
the possession of one legal entity.

In practice,according to the guidelines, in many countriegimope a BPU consists
of only one parcel. Real property registration eyst record BPUs and parcels (if
they are not the same object). Only some counttiegtify the portfolio of ownership
as a separate entity. Many countries do not regités as separate parts of parcels.
About the land rights Simpson (1976) makes soragestents compariiy a
bundle of sticksFrom time to time the sticks may vary in numbep(esenting the
number of rights), in thickness (representing tharqum of each right) and in length
(representing the duration of each right). Accogdim Simpson the whole bundle may
be held by one person, a group of persons or a aopynpAccording to Simpson it
very often may be the case very separate stickbelteby different persons. Sticks
out of the bundle can be acquired in different wayd held for different periods, but
according to Simpson the ownership itself is na ofithe sticks — it is a container of
the bundle. The owner has the right to give outstieks. And? “the transfer of the
ownership is transfer of the container itself apdJes the transferor with no interest
at all either present or future”. Interesthiay be enjoyed or exercised by persons
other then the owner. Dale and McLaughlin (1988}agpalso about land rights
applied by groups of people or individuals; thetpotion of customary rights may be
as important as the protection of those of theviddial. Parcels are continuous area’s
(volumes§? of land in which unique, homogeneous interestsrecegnised (see also
Henssen and McLaughlin, 1986). Attributes may leertame of the owner, the nature
of the tenure (e.g. leasehold, freehold), the ppagl for the land on transfer, any
restrictions on the use of the parcel, any exchssiof rights to minerals, or any
caveats or cautions. Overriding interests may Iseirasd to apply. Larsson (1991)
sees a parcel based information system as impptiacause ‘much of human life,
human activities and human property have meaningflas with specific pieces of
land’. According to Larsson this is obviously tinecase of rights to land (ownership,
occupancy, lease, mortgage, etc.), but there aer Gtonnections’ as well: buildings,
people, enterprises, property, building regulatioete. Larsson further highlights
possibilities of the use of parcel identifiers asogodes. This link was also
recommended within the Netherlands Cadastre and LRegistry and Agency

31 See Simpson (1976), 4.4, page 7: ‘The collectibrights pertaining to any one land parcel may be
linked to a bundle of sticks’.

32 Simpson, 1974, 4.5, page 7.

% This definition of parcels may exist independeanf a 2D or a 3D cadastre.
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(Kadaster, 1980). In this report (in Dutch) it wasognised that parcel id and address
can not completely replace each other: the NatiBaask can not deliver letters using
parcel ids and properties can in many cases ndicisutly be described using
addresses. Both address and parcel ids can beodes-See further Williamson et al
(2010) for the significance of geo-codes and Hallat al (2009) for the use of
geocodes and readiness for e-Governrifent.

Subsurface rights are included — with referencePlatt (1975) and Dale and
McLaughlin (1988) speak about mineral, groundwatémber, agricultural,
development and air rights, see Figure 5. All thighats can be registered. If this

really happens is another question.

TIMBER RIGHTS

DEVELOPMENT
RIGHTS

AGRICULTURAL
RIGHTS

MINER
 RIGHT:

Figure 5 Type of rights in 3D space, based on P1875).

Kaufmann and Steudler (1998) recognise the objedght — subject structure
from Henssen, 1995. According to them in a deetksys rightful claimarit has ‘in
hand a document proving his/her right as the owafiexr piece of land by describing
the transfer of the rights referring to him/her.isTdocument, the deed, becomes
legally effective, when it is booked or registeiedhe official land register in relation
to the rightful claimant. The deed system is ‘malated’ (Kaufmann and Steudler,
1998) (see Figure 6 to the left). In a title systism right referring to the parcel, the
title is registered together with the indicatioh®at the rightful claimant in relation to
the land objects. The title system is land relafede Figure 6 to the right).
Zevenbergen (2002) disagrees the adding of onetitiral arrows as is done in
Kaufmann and Steudler 1998. The ‘deeds approacpresented in Figure 6 to the
left is in Zevenbergen’s terminology a view frometlegal aspect system. The
alternative view in which the arrow points from @alrto person (Figure 6 to the

% There is a lot of literature on geo coding sirteed¢omputerisation of land information started.
% In this thesis ‘rightful claimant’ and ‘rightholdds synonym.
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right) takes according to Zevenbergen the pointvigiw of (geo) information
management (a part of the technical aspect systéevenbergen finds that view
equally limited, since it might encourage seeimglaegistration (and the wider land
administration) as an end in itself, without lodkiat its goals. If an arrow has to be
added, it should be a bi-directional one accordingevenbergen. He also introduces
the organisational aspect system and highlightsirtiportance of the interrelations
between the different aspect systems as they aghsiafluence each other.

man — . parcel — . :EJ i
rightful claimant % Eublecs legal land object

right i legal relation right i legal relation

parcel — . i man - subject
legal land object Eﬂ A rightful claimant

Figure 6 Left: relation man - land in a Deed Syst&ight: relation man - land in
a Title System (Figure 3.16 and 3.17 in Kaufmaneh &teudler 1998).

Deininger (1998) and Migot-Adholla (1999), alscotpd by Quan (2000), speak
about registration and adjudication of customaghts and on provision of titles on
community basis. This was the result of an evolutbthe World Bank’s land policy
after a long time of promoting formal land titlirapd abandonment of communual
land tenure systems by the World Bank as a preitonaf modern development.

In (Van der Molen, 2003a) it is argued that wheisiassumed that the world’s
community is sincerely of the opinion that apprap¥i LASs are required for the
eradication of poverty, sustainable development acwhomic development then it
will be evident that attention should be devote@marily to LASs of developing
countries. In these countries LASs will probablyveey simple systems designed to
make the appropriate contribution to the basic sgcof land tenure, basic land
markets, and basic government land policy. Theeefirwill be necessary to adopt
new concepts in the design of LASs in order to tage into account the dynamism
of land tenure, the land market, and governmerdgniention in private property
rights. Traditional basic concepts (objects, suisjeand rights) are already affected in
three ways with regard to:

1. objects: spatial units other than accurate andksiad units;
2. subjects: group ownership with non-defined membprsh
3. rights: the recognition of types of non-formal anfbrmal rights.

These new insights can now be incorporated in afroation of the Henssen diagram
in Figure 3 of the three basic concepts of LASse fitodified diagram is shown in
Figure 7.
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Defined social group,
non-individualised
persons

Relationship within
jurisdiction

Some form of
spatial unit

Figure 7 Modification of the Henssen diagram,; after
Van der Molen (2003a).

Van der Molen adds the following important remaak®ut groups and individual
group members: the entity exercising the land sighthow defined as a community,
i.e. a specified group of persons. However in $fitisation the individual members of
that group are not specified (i.e. in terms of theembership of a tribe, a family,
etc.). Their rights pertain to a relationship wiitie land that is in accordance with the
standards and values of the relevant communitigpatih these rights will need to be
defined whether it is to be possible to providerdhparties with meaningful
information. In these situations the parcel of lainel the object on which the rights
are exercised, may be defined in a manner other Hwwurate land surveys and
geometrical measurements. Furthermore, it is cdecluthat ‘The adoption of an
evolutionary approach to the implementation andetigpment of LASs should
guarantee the viability of these systems in devetppocieties.See also FIG (1996).
The object — right — subject model should be exablelto social tenure relationships:
customary and informal rights. Examples of thedatianships are village titles
(Tanzania, Zimbabwe) (Lugoe, 1996), certificates adcupancy or rights of
occupancy (Tanzania, Nigeria) (Sule, 2000), groapches (Kenya) (Waiganjo,
2001), flexible titles (Namibia) (Juma and Christen, 2001) and (De Vries, 2000),
customary rights issued by Land Boards (Botswamgnda, Namibia) (Toulmin and
Quan, 2000), communal titles for Community Propekgsociations (South Africa,
which will probably be replaced by the customarynomon hold system) (Van den
Berg, 2000), (Cousins, 2002) and (Durand-LassendeRoyston, 2002).

Subject

Right Ownership
Right obligation right
Object

Figure 8 Theoretical connections between subjectsabject (Mattsson, 2004).
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Mattson (2004) presents the object — right — suthjeodel as in Figure 8. There
can be three categories with different theoretcainections between object (“man”)
and subject (“object”): a direct connection betwedect and subject, a connection
through right and obligation and a connection tigfowwnership. See also Paasch
(2004). In this thesis the example as given atléfiein this version (the direct
connection) does not exist. One does not ‘have’ ltmel, one has (a share in)
ownership or use or another right to the land. Qg is just one type of land right.

In the PhD research of Bennett (2007) a framevisriteveloped for organising
the management of ‘Rights, Restrictions and Respilities’ (‘RRRs’) in a way that
enables the achievement of sustainable developrobjectives by citizens and
governments. The framework consists of the ‘RRR IB@d, with in addition the
concept of ‘Property Object. The ‘RRR Toolbox' Indes -eight principles
(‘components’): land policy, legal, tenure, cadalstregistration, institutional
principles, spatial and ICT principles; human reseudevelopment and capacity
building and emerging tools. The ‘Property Objeist’ defined as an advanced
descriptive framework of the fivattributes that make up an individual property
interest
1. the objective attribute: the reasons for enactivgproperty object in legislation or

contract;

2. the action attribute: the particular activitiestttiae property object allows, with
regard to land and natural resources;

3. the spatial extent attribute: the geographic axes which the interest applies;

4. the duration attribute: the period of time over efhihe property object applies;

5. the people impacted attribute: denotes the groygeople affected by the property
interest.

The work of Kalantari (2008a) was motivated by fhet that LA with its existing
digital systems is not flexible enough (a) to acowdate new land related
commodities and interests, and (b) to responddadrtreasing need of clients for land
information. New land related commodities and iests arénformal and customary
rights, 3D titles, water rights, biota rights, reisestrictions, or carbon credits.
According to Kalantari LASs are not flexible enoughtwo reasons:

— a limited number of interests have historically m@gganised in cadastres, with
parcel based data models providing the basic mgl@iock of LASs. Despite its
relative success, it is now under pressure frornthe land related commodities
and interests. Parcel based indexing of interestiamd cannot accommodate
interests that are not necessarily equivalentdcettient of land parcels;

— many ICT based LASs are now outdated, and the Brance of these systems is
complex and expensive. Future LA requires a congmelre view on the
utilisation of ICT. Interoperability is a serioussue to be considered when
enabling future LA by ICT.

Kalantari proposes to replace the data model bereithe physical land parcel by a
spatially-referenced data model based onl¢gal property objecthat is the unique
combination of every interest and its spatial eix{eae Figure 9).
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Legal Property Object

Figure 9 The legal property object model (from Kekxi, 2008a).

Consequently, the relation between interest asdpatial dimension is that they
together are a unique entity in the real workbr purposes of spatial identification,
any kind of interest, whether a right or a resiitthas the same logical construction.
This means RRRs are not seen as a separate antityss. The author of this thesis
disagrees with this way of modelling. RRRs are i in legislation, there can be
shares, and there can be different organisatiotis responsibilities in maintaining
the attributes of a Legal Property Unit.

2.3 ‘Axes of Variation’

Larsson (1991) in his book ‘Land registration aadastral systems’ presents ‘axis of
variation’ in the (so-called progressive, see F®uend Van Gysen (1995))
development of cadastral/land information syste@se can start at different levels;
types of simplification can be seen as variatiolsh@ a number of axes — which
together determine information content. Most impott axes are according to
Larsson:

— the land — unit division axid.arsson observes that for parcel based systems
division in land units is imperative. Variationsnche found in size of the units —
group (village), farm, parcel, etc. This fits taethision of Simpson (1976) here
above (units of use, operation, property). This far example also to the Land
Use Division Survey of the Netherlands, see Bijketlkal (1970): Lot, Compound
Lot, Holding, Land Users District, Land ConsolidatiBlock;

- the location — determination axiblere Larsson observes that location of land can
be indexed without maps, as in the Doomsday Boak ianmost ancient tax
recordation’s. Larsson explains that it can be #&sated by a point on an aerial
photograph or map or as a co-ordinate. Larssora@éthat if the boundaries of
the units have been recorded on the ground, theyeaecorded in a map or co-
ordinate record with a varying degree of accurdéys depends partly on whether
ground survey, photo interpretation or photogranmimehethods are being used.
Great variations in methods and results are passilso Dale and McLaughlin
(1988) highlight that for many record managememnppses a parcel identifier is
the only spatial characteristic that is neededrelation to spatial information
many options are available. Survey of boundariegxpensive. Adjudication
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followed by good monumentation can solve many mwisl in case of disputed
boundaries by the local population. Centimetre ey of survey is rarely
needed, if ever reconstruction of boundary poimt<im level in the field will be
needed for cadastral purposes. Dale and McLaugh888) further discuss aerial
photographs as basis for cadastral surveys. Thergrdictions on the major
impact of the Global Positioning System (GPS) fadastral surveys. There may
be objections by licensed surveyors and becausgraiflems with setting out
afterwards. They may not be seen as evidence int.clmuany case an aerial
photograph is seen as a historical as well as ahgral document. Digital
mapping and remote sensing can be sources askheeiltie (1998) pays a lot of
attention to identification of objects. As a resalrange of identifiers has been
proposed based on some innovative new concepts|seé&ourie and Nino-Fluck

(1999): points, lines, sketch maps, text, list afmes, non geo-referenced parcels,

unique numbers, geo-referenced parcels, etc.:

- points, geo-codes (sometimes known as dots on)phmtsl lines (Latu, N.D.;
Davies, 1998; Durand Lasserve, 1997; Home and daci997), in vector or
raster format;

- polygons with fuzzy boundaries (Jackson, 1997);

- text, including lists of names (Ezigbalike and Beliw1994) and unique
numbers;

- parcels - poorly surveyed, non geo-referenced @righ and Goodwin, 1998)
and geo-referenced;

- sketch maps (Térhénen and Goodwin, 1998), and phapbs, in the absence
of any better description (UNECA Expert Group megtil998, see Fourie,
1998)

Aside from the property parcels of privately ownegjistered land, based on

work by Davies (1998), Cowie (1999), Latu (N.Dnfdrmation in the form of

thematic polygons of low accuracy should be createalving the location and
approximate boundaries of the informal settlemeudt the customary areas. Lists
of leaders (Ezigbalike and Benwell, 1994) in théoimal settlement and/or
customary areas should be attached to such thepadyigons for the purposes of
identifying stakeholders and decision makers whoukh be involved in
negotiating land use and/or land right changesds Ihot possible to use the
cadastral parcel as the only identifier:

— theinformation — content axid.arsson explains here that to the primary land uni
designation can be added various information cardeo this unit. Such as area,
land use, buildings, assessed value, owner, oijigisy population, etc. Some of it
may be contained in property or cadastral recadsie in land or other registers
connected by common identifiers. Larsson statesttie system can be further
extended by secondary records — again a wide sgpariation along this axes.
In Annex Il of UNECE, (2004) an example of inforneat in a real property
register is given. A remark is of course that therenattributes are included the
more attributes have to be maintained — therenmiltiplier for each new attribute
related to e.g. object, right or subject;

- theinformation — quality axisHere Larsson is very clear: practically includedi
land information system may vary considerably imlgy. Dale and McLaughlin
(1988) ask a lot of attention for these issues. M/lspatial data are concerned
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they recognise that a major problem lies in redorgidata from various sources
to different standards of accuracy and precisidris fheans that there are possible
varieties in data acquisition and in existing détadJN-HABITAT (2003) there is
also attention to this issue. Instead of beginniity the accurate delineation of a
parcel or plotgeo-codesgainst the site ddots on plots’could be used (FIG and
UNCHS, 1998). It is cost-effective to connect boamels with photo-
grammetricallyderived dimensions, to existing cadastral boundaiiestead of
using ground survey methods (Parker et al, 1998. (iSe of/isualisationinstead
of relying on an accurate survey. A combinatiomefial photography and GPiS
very cost effective (Ericsson and Eriksson, 19%)zmann (2002) speaks about
‘Do it your self determination of cadastral bouridar®,

— the maintenance — axid.arsson says that the availability of up-to-dad¢ads of
strategic importance for land information systethsnay be included as a quality
issue.

Finally Larsson identifies a spatial axis. Thisalsout priority setting in order to

determine which areas should be included. Todanetteemore and more discussion
about complete global coverage, see for examplar(@eet al, 2010). There can be
support in the avoidance of land grabbing with &ereiew of the complete set of

existing people to land relationships. Knowledgeaogas which are included in land
registry and area’s which are not included hasegigpvalue in this context.

2.4  The Continuum of Land Rights

In 1998 Fourie undertook a comprehensive reviewtled cadastre and land
information in Africa for the United Nations Econ@mrmCommission for Africa. An
overview is presented in this review as to whateiguired in terms of spatial units,
identifiers, representation of varying accuracesles and qualities combined with
persons and based on evidence (from the fieldpaf $ocial tenures actually worked.
The whole spectrum of tenure systems needs to bered: formal, informal and
customary systems, not neglecting land relatedutéspand conflicts. Focus in the
design of systems should be on sustainable developmm not on land transactions
and mortgage. Design criteria for an informatiosteyn are worked out in detail in
this review — e.g. on the use of graphical refeeefn@meworks; on the possible use of
a range of instruments and data acquisition methads the contents of an
information system where cadastre can be a linstks.

The importance of standards and national spatahéworks was recognised,
allowing decentral use of data for different pugmsand for many different decision
makers, combined with central use of data. Conweati LASs are parcel based.
Fourie and Nino-Fluck propose ranges of technologfer data acquisition.
Modelling: cadastral mapping using remotely serisgafes, aerial photographs and
GPS as source should be possible. According toi€¢and Nino-Fluck (1999) it
should be possible to have flexible accuracy demaiitd should accommodate,
“defined in Dale and McLaughlin (1988) termgjraphical (pictorial) data, geometric

% Nowadays this would probably be called ‘crowd sing’
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(measurement based) data and topological datagallland informal lands and
customary lands should be possible to include. #@inaum of land rights is proposed
in UN-HABITAT (2008).

LASs are not yet supporting all these requirementss continuum of land rights
was already discussed in UN-HABITAT, 2003hére are a range of land rights in
most countries which occupy a continuum, with alemof such rights occurring on
the same site or plot’And: “there is a range of informal-formal (illegal-legaijpes
along a continuum, with some settlements being nillggal in comparison to
others. There is a reference to Payne (1997) who speatst abuseful strategy for
policy makers'...every step along the continuum from complelegdlity to formal
tenure and property rights as a move in the rigitection, to be made on an
incremental basis

In the FIG Bogor Declaration (FIG, 1996) a simitntinuum is identified in
relation to ‘tenure arrangements’ (see Section 4hi Bogor Declaration):the
cadastral infrastructure can support a vast arrafylegal, technical, administrative
and institutional options in designing and estatiligy an appropriate cadastral
system, providing a continuum of forms of cadasireging from the very simple to
the very sophisticated. Such flexibility allows astiles to record a continuum of land
tenure arrangements from private and individualdamghts through to customary
land rights, as well as having the ability to acaoodate traditional or customary
land rights”. See also Williamson (1997 and 1998).

Quan (2000) in Toulmin and Quan (2000) speaks attwuintroduction of simple
systems for land rights documentation, boundaryindien and support for the
resolution of disputes at community level. Suchesys for land rights management
should be transparent. Quan also proposes simpleoaghes to formalise land
market transactions (announcement of agreementsulaic meetings, providing
facilities for written transactions, registratiori contracts, and the witnessing of
signatures. And: low cost survey and registratimtedures. Further attention is paid
to the recognition and integration of customanhtsginto the legislative framework
and the extension of tenants rights.

UN-HABITAT (2008) views the various types of landjiit as existing along a
continuum, with some settlements being more caosrsisvith law than others. This
view makes it possible to include the people with tveakest tenures in the idea of
sufficient legal access (See Figure 10). See atmmmérs and Van der Haar ( 2000)
and Augustinus et al (2006).

One more ‘continuum’ is at the subject side: FIG9R) states that land units as
parcels are defined by the formal or informal baanes marking the extent of lands
held for exclusive use by individuals and spedifioups of individuals (e.g. families,
corporations, and communal groups). Simpson (18pépaks about family, clans or
tribes as groups. Further there can be companigevarnments at the subject side or
farmer village, farmer co-operation, religious coomity, etc. Toulmin and Quan,
2000, speak about land shared by several groupijegs wetlands, woodlands,
grazing area’s) and about fuzzy boundaries.
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Perceived tenure Adverse
approaches Occupancy possession Leases
Informal Formal
land rights land rights
Customary Anti evictions Group tenure Registered

freehold

Figure 10 The continuum of land rights (from UN-HABT, 2008.
There is an earlier version in UN-HABITAT, 2004).

25 Cadastre 2014

Kaufmann and Steudler (1998) presented charadtsrist existing cadastral systems
based on a research by a working group Vision 204 FIG's Commission 7.
where questionnaires were send to FIG Commissiordelegates. From 31
jurisdictions (with 7 states from Australia) respes were received. 23 Jurisdictions
had a title based system, 5 a deed based systerh bath. The cadastral unit is a
parcel for 26 jurisdictions, a property for 4 andaame in 1 case. A mix of basic legal
aspects of cadastre exists: positive or negatiherd can be fixed boundaries based
on surveys or general (approximate) boundariesallegjue of boundaries can be on
monuments in the field (19); cadastral maps (18)}pinates (14); measurements
(16) or other 5 there can be monumentation of bagngertices in the field or not.
Interests in land may be rights (in 31 jurisdiciprrestrictions (26); responsibilities
(20); special rights (10); mortgages (4) and ott#gr There can be a link between
cadastral and topographic mapping on technicaklleg organisational level (25
cases) or not (6 cases). Cadastre can be complet# e the latter means that there
may be sporadic data acquisition approaches. lreitmrgen (2002) the difference
between positive and negative systems is explaifidader a positive system the
registrar or his or her employer (usually the Stagearantees the titles that are
registered. Whatever is in the registration is —ldy— regarded correct. Damage
caused by mistakes is settled (financially) by $tt@te (or the registry). In a negative
system there is no guarantee regarding the adtieal®nly mistakes by keeping the
registers are redeemed, not the (mainly private hased) problems that might not
appear from the deeds, but still exist’.

All this implies a need for flexibility in the dataodel; parts of a LADM may be
used in some cases and sometimes not. This isvalisbfor the organisation of land
administration, many options are possible here. AWM should cover this, see the
requirements in Section 3.1.

Kaufmann and Steudler (1998) received a lot ohtitia for the idea that Cadastre
2014 will show the complete legal situation of lardcluding public rights and
restrictions — using the concept of legal land cfgjesee Section 1.2. The principle of
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legal independence is a key item in the realisadb@adastre 2014. This means that
legal land objects, being subject to the same ladvuanderlying a unique adjudication

procedure, have to be arranged in one individua ger; and for every adjudicative

process defined by a certain law. Besides a spéatallayer for the legal land objects
underlying this process has to be created. Thilugrated as follows in Figure 11.

The principle of legal independence
Legal Topics: Land Object Boundaries: Rightful Claimants:

Chartered company

Resource Exploitation 75
Collective Land Rights | _gee=———Z8°° |

Corporation

Water Protection o — Society
Indigenous Land Rights | —= —
: : Society
Environment Protection e
Society

Land Use Planning _5
Land Property .
Shelter and HousiNg | — |
Natural Resources —

Natural Land Objects — —

Private Land Owners

House owners

Society

\
|
\
\
Tribe, Clan |
\
|
|
|
\
|

|
|
|
|
|
= :
|
|
|
|

Society

Common reference system

Figure 11 Structure of Cadastre 2014 accordinghte legal framework, (Source:
Figure 16 in Kaufmann 2004 and Figure 3.18 in Kaarfim and Steudler 1998).

It is claimed in Cadastre 2014 that no linking bestw layers is needed. A model per
layer is valid, e.g. as in Figure 12.

building H right H perslnrjfrightful
claimant

1

awnership

Figure 12 Models for Buildings as in Cadastre 20R4rcels are in a separate
layer, no links are needed, see Figure 8 in (Kaufm&004).

According to Kalantari (2008a) the very close rielaship between each interest
and its spatial dimension in the real world shaailsb be recognised in information
systems. This means, they should be maintainedhegas a unique entity in a LAS.
Kalantari further states that this unique entitysindefine both the interest and its
spatial dimension. Spatial dimensions of the i&rean include a variety of shapes,
limited by the ability of computer systems to prasthem. The spatial dimensions
can currently be presented in points, lines, pahggand volumes. The concept of the
legal property object changes the current core olatdel from three components into
two components: legal property object and person.
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Kaufmann formulated design principles for Cadag®é4’. (Kaufmann, 2004, see

also Kaufmann and Steudler, 1998):
— principle ofspatial units The landownership parcel of traditional cadasstesuld

be extended to include and administer all spatmtisuwhich have some social,
legal or economic relevante

principle of the documentation of private and public rights, triefons and
responsibilities Not only ownership rights will be documented, hlgo the rights,
restrictions and responsibilities established bffetént legislations having an
impact on land shall be registered. See also FEOF},

principle of legal independenceTo be able to build a LAS, it is necessary to
investigate the laws in a jurisdiction and to idignthe ones with an effect on
land. The different spatial units are to be arrangecording to the laws by which
they are defined. This structure allows the immiediadaptation of the land
administration to the development of the legislatidt is not necessary to
rearrange the information. New legal topics canpdinbe added by including a
further information level. If a law is cancelledhet respective information level
can be removed without reorganising the other Vel this way it is possible to
deal with facts which are not formally written downa law. Such informal and
customary rights exist where tribes or clans areyisig unwritten rules. These
tribes or clans may have living, hunting and fighirights within a defined
territory from which the boundaries are known, baot documented formally. The
rightful claimants (or: right holders) are certgirdble to localise the outlines of
their rights and the respective spatial unit caimbkided into the LAS. A form of
‘occupation rights’ exists in informal settlememsnany areas of the world. Even
when the occupation of the land may be contrarthéoformal law, the rights of
the involved settlers are informally defined bywwritten code. The boundaries
resulting from these informal arrangements canolsalised and documented. So
this principle can show overlapping rights and sarve to formalise the situation,
to regulate transactions, to monitor and to imprasabiguous situations.
Indigenous rights normally overlap with a formal rewship system. The rights
and the boundaries where they are in effect ard-kmelwn and can be
documented. The ideas of modelling informal andtamary rights are also
worked out in Lemmen et al (2003c) and Van Ooste(@8®3b). There look up
tables are proposed to manage the different typesustomary, informal and
formal rights; see also the description of theti@iLADM’ in Chapter 3 of this
thesis. For the overlapping rights see also VanMiglen et al (2004b) and Van
der Molen (2006);

principle oflinking objects by geometnfhe realisation of the principle of legal
independence results in a structure of independepics. Spatial units are
arranged in independent topics. There is no explitk between spatial units in
different topics, and links between spatial units aormally not stored in the

%7 Not all of the design principles from Cadastre £2@te re-used in the LADM, e.g. the principle dieti
registration is not taken over. This would reduoe flexibility of the LADM; deeds registations eiis
many places. This principle is not listed. Also ghimciple of IT application is not listed.

% Note: this is something else than the innovatipreposed by Fourie and Nino-Fluck (2000): points,

lines, sketch maps, etc., etc. in relation to #prasentation of space. But both principles areoitapt for
the design of the LADM.



40 A Domain Model for Land Administration

system but may be created when needed with the dfefp spatial overlaying
techniqué®;

— principle ofunified Cadastre and Land Registigpatial units are linked directly
with the information needed for registration. Sém dJNECE (1996): a single
organisation has much merit. Dual systems (cadastiidand registry) can lead to
duplication of efforts, additional costs, inconsisties and, hence, inaccuracies in
the data, and a danger of confusion resultingkimgawrong decisions;

— principle ofLand Administration ModellingThe idea is to model objects in stead
of thinking in graphical categories. Maps have nmction as information
repositories; their only purpose will be the vissation of information.

In the LA domain the diversity dbrmal, informal and customary lanights; spatial
units (e.g. parcels) and parties (e.g. naturabormatural persons) has to be included.

2.6 3D Cadastre

The use of land is alwayslated to a certain amount of 3D-space and spangeh as

a certain amount of tiMf® e.g. leasehold or time-shares. However, traditign
cadastres are based on a (projected) representdttbe division of land in 2D on a
certain moment in time (Williamson and Grant, 2002n der Molen, 2003b; Stoter,
2004; Van Oosterom et al, 2006c). Because of grpwiressure on land, and rising
land values, leading to more intensive and comfaed use, we argue that there will
be a growing need for 3D/4D information in caddstemisteré’. The representation
of the third dimension is especially relevant fgragment units and for physical
objects that cross above or below land parcelsh sa& tunnels (Figure 13a),
underground shopping malls and utility networksatidition the time dimension is
required to be able to record how the legal stafuand is changing in time. In most
cadastral registers, the time dimension is reptedeby a versioning of the objects
(the state-based model) represented by time stdhgisindicate the creation and
deletion of represented objects in the cadastrsteqy, see Figure 13b (Dbéner et al,
2011).

39 Note: this does not work in many cases and maytresvery small spatial references between objétt
different layers. Also in case of using maps froiffecent sources there may be problems. In the LADM
this principle is not completely recognised forsthéason, see the discussion at the end of thigerhand
also Chapter 3.

403D + time, or 4D; see for example Déner et al (901

“l This has been highlighted by (Kalantari et al, &f)0Bennett et al, 2008): 2D representations have
proven to be not suitable in all cases for orgagisind modelling the information of complex comntiegdi
and interests in land.
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Figure 13 lllustration of 3D (a) railway tunnel csses several land parcels and (b)
temporal concept — changes of state of a subdivisim a cadastral register
(Doner et al, 2011).

State 2, t; to t;: 3 parcels

State 1, ty to ty: 1 parcel

In the short term a practical solution for the ierpentation of a full 3D Cadastre
could be to use the 2D parcels as basis for thitiparof space (with their implied
column volumes) and to subtract from this the djecases of volume parcels with a
3D description, e.g. in the form of a polyhedroecBuse it can have major technical
and legal implications when implementing such anfdified’ full 3D Cadastre, and
because it does change the land parcel based sysioter (2004) concluded that a
hybrid cadastre could be feasible in the short term

The conceptual foundation of a 4D cadastre is atjfa@npartition concept: no
overlaps or gaps in the registered rights (Van @ost et al, 2006). In this case it is
not only space which is considered, but also thee tdimension. So, every right is
attached to a primitive in 4D space.

In Stoter (2004) three conceptual models for a 2dd3tre are described:

— full 3D Cadastre. This can be a combination ofifiné parcel columns’ and
‘volume parcels’ (i.e. combined 2D/3D Cadastre)oaly the support of parcels
that are bounded in three dimensions (‘volume psi)ceéStoter explains that this
means the introduction of the concept of propédiyts in 3D space;

— hybrid cadastre. This can be a registration of 2dcels in all cases of real
property registration and additional registratidn3® legal space in case of 3D
property units. Or: a registration of 2D parcelsalh cases of real property
registration and additional registration of phybimajects. According to Stoter this
means preservation of the 2D cadastre and theraiteg of the registration of the
situation in 3D by registering 3D situations intetgdd and being part of the 2D
cadastral geographical data set.

— 3D tags linked to parcels in current cadastralstegfion. This means preservation
of the 2D cadastre with external references toit@igr analogue) representation
of 3D situations. Drawings (which can be digitainawnly be examined per parcel
in this set-up.
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2.7 Marine Cadastre

A special case of 3D Cadastre lies in Marine Cadastre Ng'ang’a et al (2004),

Sutherland (2005a) and Sutherland (2005b) a relgtimew concept in the field of
LA. Canada and the United States have been atotiefrdnt of establishing Marine
Cadastres and New Zealand has also worked on tieept but there is no country
yet which has completely setup a Marine Cadastre.

Public =
Access '
Rights

./ Riparian
Rights

-Nﬁxﬁghﬁéﬁgﬁs‘_ %
: === 6evelopment
Rights

Figure 14 3D Perspective of marine rights
(afterSutherland 2005a and Sutherland 2005b).

The Marine Cadastre poses a whole series of diffeéssues to that of the “land

cadastre”. Issues relevant to this research ater (afidodo, 2003):

1. the marine environment is three dimensional-clas&® simplifications are not
adequate;

2. itis common that overlapping rights exist withisiagle locality;

3. rights can vary in time, adding a fourth dimendiothe spatial data;

4. the baseline to which many maritime boundariegeeted is ambulatory.

Sutherland (2005a, 2005b) visualises this modehfarine rights in Figure 14. The
figure visually supports the argument, that defjrénland object, based on the surface
area of the land it occupies, does not presentamrate view of every right that may
exist in that land object. For example, the righekplore for minerals may have an
impact on the surface of the land, but it will alsffect a 3D cross-section of the
parcel below the land’s surface.

According to Ng’'ang’a’ et al (2004w marine activities can said to take place on
the “surface” of the water because everything neasctivity actually takes place in a
volume of water. Most marine rights, such as agiia@) mining, fishing, and
mooring and even navigation have an inherently Zune, which makes a 2D
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definition of these rights legally inadequate. Arima property model is presented in
Figure 15.
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Figure 15 A marine property model (after Ng’angtea&2004).

This marine property model, a 3D representatioas@nts a marine object in four
physical layers: (1) sea surface, (2) water colur8), seabed and (4) seabed
subsurface. The marine object contains naturaluress, which can be living or non-
living. The marine object has certain interestoeisded to it — each physical layer
that makes up the marine object can have a (legatlygnised) right, restriction or
responsibility associated to it. As an examplestiaxg rights to fish certain species in
the water column in a designated marine reserve mamain unaffected (although
certain quotas might apply), while fishing actiegithat damage the seabed may be
altogether forbidden. Interests can be categorsedrding to the type of laws that
recognise their existence. Interests are basedws) Which can be formal (Fisheries
Act) or informal (customary or aboriginal).

2.8 The USA Cadastral Data Content Standard

For the United States of America, a standard fodastral data has been in
development since 1990. The first version of tliscalled Cadastral Data Content
Standard (CDCS), under supervision of the FedemdgBaphic Data Committee
(FGDC), appeared in 1996 (FGDC, 1996), with revisian 1999, 2002, 2003 and
2008. See FGDC (2003) and FGDC (2008). It definestamdard, that provides
semantic definitions of objects related to landveying, land records, and
landownership information, “which will facilitate ath sharing at all levels of
government and the private sector and will protea enhance the investments in
cadastral data at all levels of government and pthieate sector” (FGDC, 2003;
FGDC, 2008). Cadastral data are defined as thergpbig (spatial) extent of past,
current, and future rights and interests in reabpprty, including the spatial
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information, necessary to describe that geogragbpatial) extent. Rights and
interests are defined as the benefits, or enjoymianteal property, that can be
conveyed, transferred, or otherwise allocated (FGR@8). The CDCS forms the
basis for automating the legal elements of cadad#ita found in public records.
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Figure 16 Cadastral Data Content Standard for thegibhal Spatial Data
Infrastructure - May 2008 — (Source: Version 1.4gufe 3.1 FGDC, 2008).

The standard defines attributes, or elements, dnatin landownership related
documents. The standard does not contain the kjeihtopological linkages and
spatial features required to build and maintainl& G-GDC, 2008). The standard
contains definitions of classes and attributesh{witggested domains of values) and
relationships among attributes in the form of aidab data model. The Entity
Relationship Diagram in Figure 16 illustrates tldationship among the attributes
and classes.

The many classes and attributes of CDCS may baned into generalised
groups of classes, which is useful for a basic tstdading of the model. One way of
‘logical grouping’ the classes is represented guie 17.
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Figure 17 Logical Grouping of Classes (Source: leag the Cadastral Data
Content, Section’d.

The ArcGIS parcel data model is an implementatigon( Meyer, 2003; Von
Meyer, 2004). More information can be found in (Maonsterom et al, 2003b) and
(ESRI, 2009).

The standard in the US has been developed comyplieidependent from the
LADM. For this reason it is a good reference cheg@me definitions are (quoted
from FGDC, 2008): arAgentis an individual, organisation or public agencwtth
holds rights, interests or restrictions in land)dsoor files land records, or has
established a land description, a co-ordinate vaiue monument; Rarcelis a single
cadastral unit, which is the spatial extend offihset, present and future rights in real
property; aRecord Boundarys the linear feature that represents the edgefe#ture,
which may be a parcel or a legal area. Rezord Boundarys the information for
each boundary segment. All boundary features coora the same source and have
the same units of measure.Gorneris a legal location. It may mark the extremity of
a Parcel or aParcel Legal AreaA Corner may have multipl€Corner Points which
serve as measures of markers for the locationed€tner. A Corner Pointis a point
feature, which marks the endsRécord Boundariesr the extremities of a legal area.
A Corner Pointmay or may not be monumented and any represemtatiaCorner.
Restrictioncaptures information related to administrativeligial, or other limitations
or permissions for the use and enjoyment of landhleylandright holder or rightful
claimant.Rights and Interestare related to a parcdRights and Interesare benefits
or enjoyments in real property that can be covepadsed, or otherwise allocated to
another for economic remuneratidrights and Interestsan be below ground, such
as mineral rights, simple ownership on the surfacegsasement for hunting or grazing
or an above right such as transferable developmght. A Right and Interesis
separable and can be conveyed, either permanertynporarily such as in lease and

2 http://www.fairview-industries.com/standardmodegtion5.htm last accessed on DecemB&R(a 1.
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is part of the chain of title. Th&®ight and Interestis distinguishable from a
Restriction which is a limitation placed by a governing badhd is not in the chain of
title. A Legal Area Descriptiomprovides the structure for assembling the comptsnen
of a single legal area into one. The componenta®Eegal Area Descriptiortan be
used to build legal descriptions based on areag Transaction Agentis any
participant or party identified in a land recordcdment or instrument. One attribute
has a role here, e.g. grantor, grantee, leasesededrustee, mortgager, mortgagee,
owner of record, recipient, lender and lendee. Thansaction Documents the
record of the transfers of rights in lafidansaction Documentre often recorded in
instruments, but it is not a requirement in mosttgpaf the US that transactions
should be written. Both parties in the transferights must be legal parties who are
capable of both delivering and receiving the righgsg passed.

2.9 OSCAR - Open Source Cadastral and Registry Tool

OSCAR is an acronym fddpenSourceCadastralAnd Registry tool. According to its
website (OSCAR, 2009) the objective of OSCAR isléwelop a cadastral application
that uses the LADM. OSCAR externalises domain teants concepts in the form of a
domain ontology made up of resources that desaiizk link concepts and terms
within the domain, using the so-called ResourcecBpton Framework (W3C,
2009).

According to (Hall et al, 2008) the OSCAR data maled software architecture
complement the approach proposed by the LA domaideiin this thesis research,
with the distinction that the OSCAR approackevent-driverrather tharstate-based
In the LA domain model in this thesis reseatiche stampsare used to store event
history. While this will work, Hall et al (2008) ate that “it is not ideal in terms of
accurately capturing LA workflow and processes. Nerit ideal for queries on
historical processes (such as winding back databasets dynamically to reveal the
state of the data at a specific point in time)".rtRermore, it is stated that
"maintaining the integrity of an object’s statedkso difficult especially where the
historical state might be stored across variousbates in the system, i.e. since
various objects may be involved in a single chang&ate, the time stamp is applied
to all involved objects and this must be maintaiméth full integrity otherwise the
system will fail. Hence, the relationship betweegrsions of an object must be
explicitly stored to allow the tracing of an objsdtistory since changes may involve
the removal of an object from the active database”.

To overcome these state-oriented restrictions hapt@mentary, event-driven, data
model for the management of cadastral records bas beveloped. Essentially, an
eventmust be created whenever a change is made toject ¢b.g. a parcel changes
its ownership and/or its boundary locations andedisions, or a new land title is
issued for a parcel) and this event links the imagnt of change to the object. In the
case where several objects are changed by the isstnement, an event for each
object is created. The event contains links tortbes state which may be the new
spatial extent of a parcel or polygon record, adsfsatial detail to the polygon record,
or additional thematic attribute information addedhe record.
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The central feature of the OSCAR model is an timsent’, which is some kind of
documentof change associated with land registration adstriaion and land
surveying. OSCAR proposes that documents (whichOBCAR, are a digital
representation ofhstrumenty be defined and implemented in a document repgsito
externally from software or database implementatiorhe external definition and
management ofnstrumentseffectively removes this aspect of land admintgira
from the global data model and therefore removesntted to define these aspects
before an implementation of database or softwarattesmpted. In this case, users
would define their own documents according to locahditions and data by
inheriting base implementations from a shared riéqys

Agent Instrumant Event Obj ect

Spatial

Figure 18 The OSCAR Data model (Hay and Hall, 2009)

The OSCAR data model is shown in Figure 18. Tistrumentclass linksagents
(such as people, banks, or government) to objeztish(as a parcel of land or a
building) via events or processes which implemdm temporal aspects of land
administration.

An Instrumentalso contains temporal information (such as vadlide) and
therefore details about an event that defines skink of change to land and/or its
relationship with agents. The use of an explicierd@vclass models the temporal
aspects of land administration in a way that itteegs the history of objects (such as
land). The history of an object is therefore itediordered list of events/processes.

One more Open Souce Software Development concémdtOSS SOLA at
FAO. This development is already based on an adapgesion of the LADM. See
Chapter 5, Section 7. Relevant documentation abppbrtunities and risks in the
application of open source software is provide(FAO and FIG, 2010).
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2.10 Evaluation and Discussion

The spatial representation of pieces of land (apatnits) can be in points, lines,
polygons, etc. as mentioned in Larsson, 1991 and-dorie, (1998). All the
representations are covered in the LADM, see Se@i@, 3.4 and 3.6; including all
types of restrictions (in the broad sense) witlirtben areas (see Van Oosterom et all
20064, p. 648).

For indexing purposes, every land parcel or prgpetorded in a land registry or
a cadastral information system must have an identii fact identifiers are the most
important linking data element in the land admmaisbn databases helping with
interoperability.

Further elements needed are boundaries; boundamyspsource documents for
spatial and legal data, spatial reference systemiexation and identification are
important because of the amounts of data. In obgitification different ways of
identification are possible. A proposal for a basiodel for maintenance exists
(OSCAR, 2009). It is possible to mix parties resgble for maintenance and parties
as rightful claimants in one database (as in thédE€Gapproach) or in several
databases.

The FGDC (FGDC, 1996, FGDC, 2003 and FGDC, 2008yeh contains both
spatial and legal-administrative data about indiald, or organisations (‘agents’);
rights, or restrictions and parcels. Transactiooudaents are included. An ‘agent’ is
an individual, organisation, or public agency thalds rights, interests, or restrictions
in land, holds or files land records, or has estabd a land description, a co-ordinate
value or a monumentThis means attention is paid to the processes &a d
maintenance; agents can be rightful claimants {rigblders) or parties with
responsibilities in the process of data maintenaseeveying is supported in the
FGDC model. The FGDC model contains parcels andllageas as spatial units.
Rights and Interests are modelled between AgentPamdel. Quite a few entities in
the Entity/Relationship diagram as representediguré 16 are intersection entities.
There are several entities describing administeatbubdivions and subdivisions
within subdivions.

Where the 3D/4D aspects are concerned Van Oosterain(2006c¢) conclude that
the foundation for a generic LA domain model shcagda 2D or 3D parcel (or spatial
unit), with temporal attributes (so, actually theuf dimensions should be
represented), possibly with fuzzy boundaries (Lemrard Van Oosterom, 2006a).
This does not mean that every LAS should have 4fxyfiparcels, but the model
should offer the overall, general framework. AnuattLAS is in a certain sense a
'special case’ of this general model. 3D spatiogeral parcels with possible fuzzy
boundaries can be used to represent dynamic argbtahsituations, such agong)
lease, nomadic behaviour within a certain regiontime pattern, time-sharing of
certain real property (Monday-Friday: X, Saturdaya8ay: Y), fishing or hunting
rights in certain regions during certain seasons.

Marine rights have a 3D nature and can be regist@sesuch. Central in the model
in is the ‘marine object’ class. This is an aggtegaclass and includes interests
(rights, restrictions and responsibilities); this similar to Kalantari's (2008)
approach, see 2.1.7. Flexibility is needed to coapmarine objects out of its
smallest parts and objects in general. With somagination the laws (formal or
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informal) can be seen as ‘parties’; in fact thedaallow people to have interests in
‘marine objects’. The interests are RRRs.

OSCAR models LA processes in a generic way. Hishay to be maintained and
changes are based on documents. Event based mgdellused. So, the focus in
OSCAR is on processes. History management is aga@ay issue, e.g. a state based
approach (see Section 3.2.5). Such a generic waf/great relevance for the LADM
development from data perspective.

According to the UNECE Land Administration Guidelin(UNECE 1996) there
exists hierarchy in ownership reflected in hiergrofi spatial units, e.g. plots, parcels,
proprietary units and portfolio’s of ownership. Téfore it must be possible to
“organise” spatial units in accordance to this &iehy; this means the introduction of
groups of spatial units as “land administratiortsini

The Triple Object (parcel)- Right — Subject (mahgas introduced in Henssen
(1995) hasbeen the starting point for the LA domain modehcsi its inception in
2002 (Van Oosterom and Lemmen, 2002b). The digtindbetween security rights
and use rights in Figure 3 represents in factioistns (such as mortgages, charges,
or easements) to formal use rights. Henssen'’s nindkides the results of valuation,
and (parcel related) land use, which are also deduin the UN Economic
Commission for Europe definition of LA (UNECE, 199&nd by Dale and
McLaughlin (1999).

The Triple Object (parcel) — Right — Subject (maftpm Henssen is a good
candidate for a common pattern for an LA model.sTpéttern is also used in
Cadastre 2014 (Kaufmann and Steudler, 1998) asasah (Van der Molen, 2003a)
(FGDC, 2008) and in (Ng'ang'a et al, 2004). Thewsefrom Simpson, Larson,
Fourie, UN-HABITAT fit very well to this. It shoulde repeated that a hierarchy is
needed according to UNECE (2004); this concerns diganisation of the land
information and is very much in support to genapicoaches. This implies that a kind
of grouping of Spatial Units must be possible (thiselated to the hierarchy of spatial
units), this may require a fourth basic elemenieen RRR and Spatial Ufiit There
is a need for documentation of evidence in initddta collection and data
maintenance. This allows for flexible representaioof hierarchies and/or
combinations of rights, restrictions and respotisi. This will be a solid basis for
the development of a standard. There should beimitations in the types of
relationships that can be included. The marine renment should be possible to
include.

The solutions designed in the 1990s to administehtidetermine (for restrictions
and responsibilities and other interests in larchezfected parcel) is now considered
to be obsolete, and GIS overlaying of the two typésspatial objects is more
practical. If this is not possible, because of ffisient quality of spatial data, the
parcel based method can still be (or must be) o$emburse. It is possible to ‘link’
two objects in two geometric layers which are “cected” in reality — but which
cannot be connected by application of spatial ayerk.g. a building and a parcel in
two different layers from two different data sowscén this case an explicit link
between the objects is needed. But in many caffesatit restrictions (determined by
different social-economic and natural phenomenaj)ehtheir own spatial object

“3 This was a requirement foADM version G see Section 3.5 and 3.6.
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representing their sphere of effect. ‘Cadastre 204ds already foreseeing this
(Kaufmann and Steudler, 1998). See also Van Oast€2006a) and further Kalantari
et al (2008b). Kalantari et al introduce so-calledgal Property Object8* from a
perspective of generic ‘interests in land’. ‘Int&ein land’ as a generic term was also
used in FIG (1995). Kalantari et al propose a clesationship between interests and
the spatial dimension. Kalantari's (2008a) Legabgerty Object model is an
interesting conceptual LA model, but in many leggstems however the ‘right of
ownership’ and other real rights or land use rigbtsomething else the object to
which this right applies. This implies there is @ed for distiction from modelling
perspective. In practice there is a need for tiparsdion between ‘RRR’ and parcel
(or spatial unit): ‘RRR’ related data and ‘parcet’ ‘spatial unit’ related data may be
maintained by different organisations. These ogtighould be available in an
LA model. Furthermore a maximum flexibility is nestin options to group spatial
units into administrative units. One more issu¢his possibility to look completely
from the perspective of a person or legal partpefson or legal party wants to know
all RRRs which are valid for his or her property.hbs to be repeated that this
guestion can not always be answered in case officisat geometric accuracy of
source data or in case the concept as proposedlaytari is not implemented. There
are other good reasons not to implement the legatl lobjects: there can be
restrictions to rights, to parcels servitude orrégh&an be zones with specific
restrictions as a result of spatial planning. Thipl& Object — Right — Subject is a
very nice concept in case of shareholders, e.gaaied couple or another group
holding shares in one right. Compare the stock &xgh: Shareholders — Share —
Company (registered at the stock exchange). A fisason lies in the organisation of
‘RRR’ and ‘parcel’ in one object: in case there arany RRRs for one parcel it is
difficult to manage the attributes: e.g. explosionsthe number of attributes and
repititions of attributes.

And: the Triple Object — Right — Subject is a vegneric approach which can
also be used in other interactions between govemhnamd citizen. E.g. for
registration of other objects as cars, ships, $tairplanes. Or the permission (to hold
a shop) related to a (part of) a building. Or angssion to perform a certain activity
by a certain person, e.g. based on a diploma. @araission to drive a car. This is
something else then owning a car of course; theeddan be another person then the
owner. In case of an accident or in case of viotetiin traffic (registered by cameras)
both parties have different roles; e.g. in relat@msurance.

Such different roles are also relevant in Land Austiation processes: can a
conveyor support in a transaction of his or her gvete of land?

Persons with responsibilities in processes (convepg, surveying, registration,
...) may be subject of registration themselves as oaseguence of needed
transparency: for complete transparency it is meguio include the names of the
responsible persons into the LAS. Van der MolenBmddhar highlighted the urgent
need for attention to this issue; see Van der Maleth Tuladhar (2006) and Van der
Molen (2007). Land Administration is the process d#terming, recording and
disseminating information between people and Idrds may be done by different
institutes. This concerns in most countries hugeunts of data, which moreover are

4 Cadastre 2014 speaks about land objects.
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of a very dynamic nature. The initial data acqigsit the maintenance process
(updating) and the data provision process are motstope of this thesis. But those
processes may require adding of extra attributesnen of conveyor, date of
transaction (submission, acceptance, registrati@, The processes result in
updates. All updates may be based on source dodsimadrich can be simple but
authentic documents. The name of the person reiperier the transaction and the
transaction itself should be traceable. This isdedebecause the responsible person
may have lost his or her certificate or licensdrast from community. Before and
after updating the LAS is in a static situation. #aid: data can be maintained by
different communities, or organisations, for exaengiie Municipality, the Planning
Authority, the Private Surveyor, the Cadastre,Gloaveyancer, or the Land Registry.
The LADM will most likely be implemented as a dibtrted set of (geo-) information
systems, each supporting the maintenance activdied the information supply of
parts of the data set, represented in this modag(@m), thereby using other parts of
the model.

There are differences in tenures and rights. Fregall perspective ownership in
one country does not mean necessarily the samerarship in another country.

If international standards (and the LADM may belsacstandard as a result of
this research and as a result of a co-operatioh &iperts within ISO TC211) are
introduced adaptations and extensions to locaatsins should be possible. A range
of identification systems is in use; in many ca&ased on the administrative
subdivision of a country. This is again a hierarcpatial units can be aggregated to
zones and/or areas representing the administratilidivision of a country. This can
be specific for land administration. Other idertifion systems give evidence of the
property as a whole even if it consists of sevspatial units.

A main characteristic of land tenure is that itleefs a social relationship
regarding rights to land, which means that in aaberjurisdiction the relationship
between people and land is recognised as a legalily (either formal or non-formal)
by a community or a state (Van der Molen and Lemn2994a; Thompson et al,
2010). These recognised rights are in principlgildi for registration, with the
purpose to assign a certain legal meaning to tlystezed right (e.g. a title).
Therefore LASs are not “just handling geographimiimation” as they represent a
(lawfully or customary) meaningful relationship amyst people, and between people
and land. Data recorded in a LAS have a sociallegal meaning, and are based on
accepted social concepts. That concerns both teopgforganisations involved, to
rights (formal and informal) and land objects slhiot relevant whether these concepts
are laid down in the law or in unwritten customsbbth cases the way how rights to
land, the rightful claimants (or: right holders)datie land itself is understood by the
people, determine the content and meaning of th8.LFhese rules, constituting the
basic principles for the system and justifying ésistence, form the institutional
context for land administration. Without rules laadiministration is not possible, as it
will be without a societal and legal meariihgBy consequence it will be a
meaningless activity, not worth to put any effort. iAlso community based

4 A start as a community based land information esystthat can be linked with, and eventually
incorporated into a formal system in the futureylddoe a good approach.
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approaches in land administration will be basedagreements on which data to
collect and how (Lemmen and Zevenbergen, 2010).

In this thesis the conceptual data model (expresseddML* class diagrams)
describing people land relationships is calledltA®M. This model is claimed to be
the representation of the common denominator ia daidels for land administration
(classes and data attributes) which is stable tiwex and which can be adapted or
extended to local purposes. LA can concern forrmdbrmal or customary land
rights; this means the focus of this research is data modelling for land
administration and on the knowledge behind it; independent from kwel of
formalisation of the people-land relationships. @mar Razzaz, a lawyer, states,
“property relations which are endowed with the patibn of legal rights and duties
are only a subset of the universe of property imiat” (Razzaz, 1993). That is, the
data modelling in this research is a search foormain model that can be used for a
LAS that can support the representation of all ®mf land rights and claims, not
only for formal registration of land rights; alsor f(informal) recordation of observed
land rights.

The data model should be as simple as possidiek still may be complgxdata
on people’s land relationships have to be multibby its appearances — which can be
many millions in one territory. The land adminisima organisations are responsible
for the quality of those data sets — which is mooenplex too manage if many
attributes have to be maintained. For this reakerdata model should be flexible in
the way that it can be adapted or extended to Ipcaboses. Here it should be
observed that the way in which processes and tttiosa to collect the data are
structured is very different in local environmerfsr this reason only the outcome of
the maintenance processes (which are the newlytedteand updated data) are
considered. This includes all data which are crbatéed deleted under one
transaction, or possible transaction step. Thelpnotof LA domain modelling will
be tackled by concentrating on the data, not thegsses.

There is a need for a complete coverage of all t@pdesented into LASs. There
are many land conflicts because of unclear or @cognised land rights. LA is being
recognised as fundamental for economic developnpnterty eradication, and for
protection of the environment, for protection oSwarces, for support of tenure
security, taxation, planning and development, axdescredit, access to land and
water, management of carbon credits, etc. Thatig ascomplete coverage does not
only concern the registration of formal rights, dadthe recordation of informal and
customary rights. Also for managing of land valdee use of land, and land
development plans, see Enemark and Williamson (200dmplete coverage of all
land in LASs is only possible with an extendabld #axible model. This implies that
social tenure must be included apart from statutemnyre.

The basic elements Party, RRR, Spatial Unit for EASn appear in different
ways. There is a continuum of land rights, a cantm of parties (which can hold
rights), a continuum of spatial units as repregenteof the reality, where the land
rights are concerned. There is a range of dataisitqn methods, where the

4 A UML class diagram describes the types of objacts the various kinds of structural relationshigt
exist among them like associations and speciadizati Furthermore the UML class diagrams show the
attributes and operations of a class and the @nirthat apply to the way objects are conned@ewm¢h,
Rumbaugh and Jacobson, 1999).
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collection and maintenance of administrative, leya spatial data is concerned, e.g.
land survey, GPS aerial photos or satellite imdgespatial data. Those methods are
with different accuracies.

The need for 3D representation is identified. Teetmimension is time: there is a
need to include time to reconstruct history, tariegrable in SDI, to manage events
in maintenance processes and to reflect realibage of temporal rights. Spatial units
with different accuracies, dimensions and repredimts should be possible to
include. This implies a range of spatial units dtidue posible. One more reason to
include the temporal dimension (3D + time) is theed forinformation assurance
within SDI. Although the related objects, for example personsase of a LAS, are
not the primary purpose of the registration, theolh A production procesgboth
update and delivery of LA information) does dependhe availability and quality of
the data at the remote server. Information asseréoeeded to make sure that the
primary process of the LA organisation is not hadrbg disturbances elsewhere (e.g.
one cannot simply update the LAS when this creadesgling references’). In
addition, remote (or distributed) systems or useay not only be interested at the
current state of objects, but they may need a fiist@rsion of these objects e.g. for
taxation or valuation purposes. So even if the wiggion responsible for the
maintenance of the objects is not interested itohisthe distributed use may require
this (as a kind of ‘temporal availability assurahc&he total set of goals (goals can
be distributed over organisations) has to be censitl In conclusion, an LA domain
model needs the temporal dimension.

The common denominator, or thgattern that can be observed in land
administration systems withegal/administrative data, party/person/organisation
data, spatial unit (parcel)/immovable objealata, data onsurveying or object
identificationandgeometric/topologicatlata. See research question 1.

The task or challenge of LA domain modelling w#l tackled by concentrating on
the adaptation and extendibility to local situationith regard tdarties a very wide
range ofRRRsand Spatial Units This need in flexibility is very well recogniséd
FIG, 1996, Fourie, 1998 and Kaufmann and Steud298.
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3 Design and Construction of an Land
Administration Domain Model

Chapter 2 provided an overview of basic work imtien to LA Modelling. The

Triple Object — Right — Subject is a common patiarbA Models.

Chapter 3 presents the design and construction dbraain model for land
administration based on an incremental approachthforeader it would be complex
to follow in detail all the steps which have beead® during the LADM development
2002 — 2012. It may be confusing to present ancldisall intermediate versions. For
this reason not all small steps and design dedsioih be elaborated in detail.

Three versions of the LADM will be presented to destrate the developméht

— Version A: the ‘mature initial version’. The usequirements for LADM Version
A are presented in Section 3.1. LADM Version A (reen and Van Oosterom,
2003c) can be found in Section 3.2 with an evabmaith Section 3.3;

— Version B: further developments were presented/en(Oosterom et al, 2006b);
finally worked out in the LADM version 1.0 (Lemmand Van Oosterom, 2006a)
presented at the FIG Congress in Munich, Germaf962 This is called the
LADM Version B in this thesis. The user requirenseiaire further developed
based on the evaluation of Version A and are ptedess part of this evaluation
in Section 3.3. The LADM Version B is introduced Bection 3.4 with an
evaluation in Section 3.5. The Version B has bessdias basis for submission to
ISO in a so-called New Working Item Proposal foOISC211 on Geographic
Information, see Section 1.5 and 1.6;

— Version C: the Draft International Standard (IS@12c). The evaluation of
version B and many new insights from discussionstlia 1SO Technical
Committee 211 resulted in extented user requiresneee Section 3.5. The Draft
International Standard (DIS) has been submitted-liy to ISO with a strong
involvement of Lemmen, Van Oosterom and Uitermaitiis is LADM Version C
in this thesis, see Section 3.6. Section 3.6 funinesents the special and external
LADM classes in Version C and there is attentioninportanted functionality
from other ISO standards (re-use of existing stedslan LADM). An evaluation
of Version C can be found in Section 3.7.

In Section 3.8 a brief overview of the ‘link’ betare LADM and SDI is presented.
The chapter closes with a discussion in Section 3.9

47 During the development the naming of classes leas lthanged several times — after discussions with
reviewers and within ISO committees. An overview raming conventions for the three versions as
mentioned here above is presented in the table@peAdix A.
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3.1  User Requirements

The UNECE Land Administration Guidelines (UNECE,969 the FIG Bogor
Declaration (FIG, 1996) and the FIG Bathurst Detian (FIG, 1999) highlight the
importance of continuously addressing user requerégm In FIG (1999) the
importance of ICT for the development of LASs isdearined. Information
technology will play an increasingly important rdieth in constructing the necessary
infrastructure and in providing effective citizerégcess to information. This is a
general recommendation for many countries stilajod his is also valid in collecting
data.

LADM user requirements deal with the general rezgmients for standardisation
as expressed in Section 1.1: ontology and supposystem development and data
exchange. Building upon consolidated knowledge exidting standards is relevant;
e.g. Cadastre 2014, ISO standards.

From the beginning LADM has been developed basedaoset of user
requirements. These requirements have been in nadigh with possibilities in
Information and Communication Technology. The UNEC&nd Administration
Guidelines (UNECE, 1996) and the FIG Bogor DeclarafFIG, 1996) highlight the
importance of continuously addressing user requrém The UNECE Guidelines
state that users can be anyone who is interestémhéh matters. The assessment of
user needs should be made not only at the outdbealevelopment of a new LAS,
but also throughout its lifetimenticipate future needs his implies flexibility and
extensibility. A wide variety of user communitiedlweed to be consulted in order to
understand their requirements and the constraimderuwhich they currently operate.
Naylor (1996) relates this to the market orientegpraach applied to land
information. New data acquisition methods are hgidtied in the UNECE Guidelines
in relation to co-ordinate systems. The importaotenique parcel identification is
addressed. Data protection is mentioned.

Then a workshop on cadastral modelling was orgdnise the International
Institute for Geo-Information Science and Earth €@hation (ITC), in Enschede, the
Netherlands in March 2003. This workshop was omggohiin co-operation between
FIG, ESRI and ITC in Enschede, the Netherlands. eMiiran 30 cadastral data
modelling experts from around the world gatheredhare their expertise and project
experience helping to define the core data modeglirements. The goal of the
workshop was to refine the initial Cadastre 2014admodel to support key
requirements, which include the management of pleltiproperty rights and
restrictions by cadastral agenéfesSpecialised working group meetings on property
rights, survey/topography, and land registry wesaducted. During the discussions
in this 3 day workshop requirements were formulgiéan Oosterom and Lemmen,
2003a and Van Oosterom et al, 2003b). There wasimait from other papers, e.g.
from Van der Molen (2003a) and Lemmen et al, (2003c

The results from the first workshop on Cadastral dslbng, included the
following (Van Oosterom and Lemmen, 2003a): thedném an object oriented

8 The workshop was led by the author of this thesigther with Steve Grisé from Esri. The workshop
was opened by prof. Paul van der Molen of ITC whared his extensive international experience with
various land management systems. Selected presestébllowed from attendees who outlined the many
issues involved in implementing cadastral systemtheir respective organisations.
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design approach. All object classes and attribstesuld be well defined. There
should be the flexibility to include in implemeritat only those objects that will be
maintained. FutureParcel may be included. Surveyiegds to be worked out:
‘Boundary’ can be included in the model. Data nmaiimt¢d by different organisations
(e.g. cadastre and land registry) have to be iatedrin the model, and maintenance
of historical data should be possible, to be sujggoby a robust version of the
database management system. The requirements ekedamut in Table 2.

See further the inputs from Chapter 2 of this thésithe development of user
requirements, this is the triple object — rightubject, shares in rights, support to
different titling sytems, temporal aspects, 3D Gadg Marine Cadastre (also
mentioned in FIG, 1999), exchange of data betweegarosations, process
independent approach, flexibililty, maintenance hitorical data, UML based
(‘object oriented’), etc. Furthermore the relevanmie LA to SDI is important:
avoidance of data redundancy and keeping datatsdtrce.

Table 2 User Requirements for LADM Version A.

Code Requirement Impact

AO01  General The development should be based on user needs Eharneed
for standardisation.
Open markets and globalisation require a sharedlamy
allowing enabling communication between involvedrspes
within one country and between different countries.
Effective and efficient system development and nhesiance of
flexible (generic) systems ask for further standsatibn.
A standardised land administration domain modelukhde as
simple as possible, in order to be useful in peacti
And: it should be adaptable and adoptable to Isitahtions.

AO02  Anticipate future The technology adopted should be sufficiently fixito meet
needs anticipated future needand to permit system growth and change.
In this context, a framework for re-engineerib§Ss is given by
Williamson and Ting (2001). For LADM it means thagsign
tools should be flexible enough to support MDAalflatabase is
generated and new demands result in new classa#tritrutes
there will be impact on the architecture.

AO03  Object — Right— The Triple Object — Right — Subject is the commottga for
Subject; survey  Land Administration and is the basic structure. Wpings of

and topology/ objects or subjects should be supported. Relevatides could

geometry be value, area’s, land use, geographic descriptierson name,
dates, type (...), interest, transaction, conveyendgtic control
point, etc.

Surveying should be supported, boundary shouldhblided in
relation to ‘Object’ in this Triple. The common deninator, or
the pattern that can be observed in land administration system
with legal/administrative data, party/person/organisationdata,
spatial unit (parcel) /immovable objedata, data osurveyingor
object identificatiorandgeometric/topologicatiata.
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AO4

AO5

A06

AQ07

AO8

A09

A10

All
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Shares in Rights Holding shares in rights must be supported.

Authenticity Inclusion of new data and data updates should leirdented.

This concerns legal administrative data, spatitd dad technical
data.
Updating in one organisation may need updating riottzer
organisation. E.g. in an environment with use etritiuted data
there may be no disturbances elsewhere (e.g. anetaimply
update the LAS when this creates ‘dangling refezsic

Different titling Both deed and title based systems should be suppaue
systems documented. This condition implies the maintenasfdastory.

History - temporal Distributed systems or users may not only be isterk at the

dimension current state of objects, but they may need a figstersion of
these objects. It may be that the organisationoresiple for the
maintenance of the objects is not interested irtohis the
distributed use may require this. Deed based systamuire
maintenance of history, title based systems mayuireq
maintenance of history, e.g. in case of distribgstems.

3D Cadastre Are strata titles (relating to the ownership of pents, etc.) to
be recognised? This subject has been discussed K Ga
workshop on 3D Cadastres (FIG, 2001), organised dtit,xthe
Netherlands. The 3D representation of cadastra idah typical
example of a future need for certain areas in teldv A 3D
object should possibly have references to docurfieratges/3D
models and to 3D geometry

Implementation  The model should be implementable as a distribd#gd set with

over different inter-organisational workflows. See FIG, (1999).

organisations Data packages have to be defined with links to risgdion and
responsibilities and liabilities. E.g. Cadastre &mmhd Registry.
There will be a need for co-operation over whoexif and co-
ordinates data other wise the model can not becimghted.

Exchange of data Magis observed in 1998: the use of information and

between communication technology for management, transastiand

organisations communication is becoming increasingly popular (Mad998).
Customers are taking up a much more directive role.
Organisations are becoming more dependent of etwdr and
are in fact forced to openness (of systems) anthamge (of
data). Developments such as chain orientation tiskgion and
new technologies are leading to the fading of ptafsproduct
concepts.

Avoidance of Today all data (spatial and thematic) can be stareal DBMS.
redundancy: keep This marks an important step forward that took mgagrs of
data to the source awareness creation and subsequent system develbprhemext

49 Meanwhile there has been a second Workshop ona&fasires, also in Delft (November 2011).
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Al12

Al3

Al4

(within SDI)

Process
independent

Multi source
information
products

step is the creation of a common SDI for relateghoisations;
the so-called information communities. This canlaeg, in the
long run, the exchange of copies of data sets legtwe
organisations. It requires good standardisationopads, such as
the OpenGIS web mapping specificatin (Buehler andédg
1998). But also the role of the Geo-DBMS gets morgairtant,
because not a single organisation depends on ftabwhole
community. The main use will be query oriented (&%$ update
oriented, only the owner of the data is doing upslabthers are
only doing queries). An important component is thetwork
infrastructure (bandwidth) itself.

The public must understand and accept the levéhfofmation
that is placed in the public domain or else peeylefind ways
to avoid information appearing in the registerse 8kso Van der
Molen (1999) and Van der Molen (2001). LA data améhentic —
but not all of its data. E.g. names of parties haseorigin in
population and company registers.

Important considerations during the design of thedeh were,
that it should cover the common aspects of landimidtration,
worldwide. This means it should be possible to espnt all
people — land relationships independent from rdiura related
to local approaches in adjudication, maintenance aata
provision processes and also independent from lecgdlation,
customary or informal rules. Further there showddhb mix with
management of workflows and financial processess Tieans
neither exclusion of important dates in a transac{icheck in,
observed in the field, accepted, verified, validatetc.) nor the
roles and the names of the responsible personseTaiributes
are transparancy related and should be published.

Information products are becoming flexible combimaé of
digital data components and additional facilitiesl services. In
order to be able to operate as a supplier of infion products in
this changing environment in the long term, an piggtion must
understand the economic dynamics of informationdpetion
(Magis, 1998).

Built upon existingExisting ISO and OGC standards should be followedtiqularly

standards, e.g.
Cadastre 2014

the 1SO 191XX geographic informationstandards. See the
references in (Van Oosterom and Lemmen, 2002ajh&umore,
it should be based on the conceptual frameworkGzdastre
2014’ (Kaufmann and Steudler, 1998); see Lemmaeal, €003c.
There should be collaborating systems (see alsoetipgirement
under ‘flexible’ ways to organise data sets), eadth system
boundaries based on legislation; this means treptmciple of
legal independence from Cadastre 2014 must be cabdi
(Kaufmann and Steudler, 1998). As a result from whekshop
on cadastral modelling in 2003 it was clear thatspatial
representation of (public) restrictions on land tabe included
in the model. This means in other words that thregdashould not
be ‘overloaded’, in principle public restriction®rit result in
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subdivisions of parcels. GIS technology makes #yer concept
available for the Cadastre. The layers of the Cagl@§tt4 Model
(see Section 2.5) map well to GIS layers, each rldyas
associations with non-spatial tables, the layerupehas to be
flexible, geometry can be based on ISO geometry S
topology.

Al15 Data protection The names of persons responsible for transactienpat of the
and transparency data set (conveyors, surveyors, registrars, etc).
All updates should be traceable. This is one meason for
management of history and for documentation ofipdlates.

Al16 Data acquisition The application of new technologies, such as GP8uld be
assessed from an economic rather than a technécapective
(UNECE). Provisions must also be made to accommddatee
changes in the network that may occur as a reguieahnical
improvements. These may affedt co-ordinate based systemig
co-ordinates are an essential component of thestrafisystem
than the survey technique must be capable of pigutbese
either directly or indirectly Orthophoto-maps, rectified
photomaps, or planimetric maps can be used depgratinthe
user requirements, cost, and timing among othetoifac
Inclusion of quality labels.

Whilst more and more users require cadastral irdgion that is
frequently and quickly updated in real-time, thesaheéo secure
data qualityshould not be underestimated. It should be possible
to include documentation on data collected fronffitsid.

Al7 Identifiers A key component in LASs is the spatial unit, thecphidentifier
or the unique parcel reference number. This actsliak between
the parcel itself and all record related to ifaltilitates data input
and data exchange. See (UNECE, 2004).

Fiedler and Vargas (2001gcognise a technical requirement for
cadastral data collection: the need to change#neel identifier
during the data collection process (e.g. first teglato aerial
photographslater related to the administrative subdivisiorttod
country; or first related to surveyor).

Identifications should be free of semantics, thisr@ need for
‘identification’ providers, e.g. for parcels, areammes, rights,
restrictions, taxation, mortgage, land use, suareydocument.

A18 Flexible waysto In FIG (1999) it is highlighted that th#ow of information
organise LA data relating to land and property between different egoment
sets agencies and between these agencies and the pub&t be

encouraged. Whilst access to data, its collectmustody and
updating should be facilitated atlacal leve| the overall land
information infrastructure should be recogniseda®nging to a
national uniform service to promote sharing within and betwe
nations. See also Williamson and Ting (2001).

LA data can be maintained by different organisatiodnd within
one organisation at many sites. Administrative itmies for
organisations can be completely different. The LADIS
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Al9

A20

A21

expected to be implemented as a distributed setgeb-)

information systems, each supporting the maintemgmocesses
(transactions in land rights, establishment of tdghestrictions
and responsibilities and the information supplypafts of the
data set, represented in this model (diagram)ebheusing other
parts of the model. Note: this implies that it mhstpossible to
use data in data infrastructures — where data evduped by
different organisations. There are opportunities deeater cost-
effectiveness in areas such as subcontracting teotke private
sector; increasing cost recovery through highes,fesmles of
information, and taxes; and by linkinghe existing land
administration records with a wider range of lanfbimation.

See also Bogaerts and Zevenbergen (2001) and KaQ#8).

Marine Cadastres In order to ensure sustainable development oftéeial oceans

Products

Quality

claimed under the UN Convention on the Law of tka,3he UN
Nations emphasise the need for claimant countoesgevelop
their capability to support effective marine resmur
administration through the national SDI.

Information that is timely, up-to-date, reliableonaplete,
accurate, relevant, if necessary customised, wedlgrated with
other relevant data sets of other suppliers. I \déthe specific
business characteristics, an information suppleukl aim for
standards (of distribution, exchange and usage) @mdiuct
flexibility.

Users of cadastral information need clarity, sikipfiand speed
in the registration process. The information muwestas complete
as possible, reliable (which means ready when redyi and
rapidly accessible. Consistency between spatial &eghl
adminsitrative data is important. Topology integdat with
geometry and other attributes (Lemmen and Van Q@aste
2001) is relevant. The system must be ready to kiep
information up to date.

Those requirements have been the starting poithédesign of LADM Version A.
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3.2 LADM Version A>®

The Unified Modelling Language (UML) has been utwadhe LADM design.
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Figure 19 Version A of the LADM — earlier called BM (Lemmen et al, 2003c).

The LADM Version A, see Figure 19, is based onghper ‘A Modular Standard
for the Cadastral Domain’ (Lemmen et al, 2003c. 8=® Van Oosterom et al,
2003b). The core of the Land Administration Domisliodel Version A as depicted in
Figure 20, is the central part of the model as asvalready presented at the FIG
Working Week in April 2003, Paris (Lemmen and Vaosterom 2003a).

The relationship between real estate objects paugels) and persons (sometimes
called ‘subjects’) via rights is the foundation @fery land administration, see the
introduction to object — right — subject in Sectidr2 and the discussion in Section
2.10. Besides rights, there can also be restristmtween the real estate objects and
the persons. In Version A the class names for objedght — subject are now:

50 Version A was published in September 2003 duriigitél Earth in Brno, Czech Republic.
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RealEstateObject — RightOrRestriction — Person. &se Appendix A where the
LADM Class Names for Version A, B and C are presdnt

Figure 20 shows the core of the LADM Version A. TRightOrRestriction is an
association class between the classes Person afilsRgeObject. Note that this is an
n-to-m relationship, with the conditions that evpgrson should at least be associated
with one RealEstateObject and vice versa every H¥aeObject should be
associated with at least one Person (indicatedhen WML diagram with the
multiplicity of ‘1..* at both ends of the assodia).

FealEstate0bject
-Objectld : oid

-tmin : Date

-tmax : Date

RightQrRestriction

-tmin : [rate RightOrRestrictio
-tmax : Data

-Type : enum

1.7

Ferson
-Subjld : oid

-tmin : Date

-tmax : Date

Figure 20 Core of Version A: Person, RightOrResti; RealEstateObject
(Lemmen et al, 2003c).

The UML class diagram for the land administratioom@in contains both
legal/administrative object classes like persorights and restrictions and the
geographic description of real estate objects. Teans in principle that data could
be maintained by different organisations, e.g. Migality, Planning Authority,
Private Surveyor, Cadastre, Conveyancor and/or [Reglistry. The model is built as
a set of packages; one should not look at the winaldel (all packages together as
presented in Figure 19) at once as there are UMtKages’ or coherent parts of the
model: legal/administrative aspects, real estatejecbb specialisations and
geometric/topological aspects. Besides being ablerésent/document the model in
comprehensive parts, another advantage of usirkpgas could be that it is possible
to develop and maintain these packages in a motessrindependent way The

®1 Domain experts from different countries could liert develop each package. It is not the intentiche
model that everything should be realised in onéesysThe true intention is that, if one needs tipe tof
functionality covered by a certain package, thais ftackage should be the foundation and thereby
avoiding re-inventing (re-implementing) the wheeldamaking meaningful communication with other
packages possible. Furthermore basic packages teuldnplemented by software suppliers, e.g. GIS
suppliers.
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different packages in Version A are presented e ftillowing subsections in more
detail.

3.2.1 RealEstateObject Classes

A RealEstateObject is an abstract class, thahésetare no object instances of this
object class. However, it has specialisation clgséhich have object instances),
such as Parcel, ParcelComplex, PartOfParcel, Vdhoperty, RestrictionArea,
ApartmentUnit, and NonGeoRealEstate. In a UML cldegram the specialisation
classes point to the more generic class with an bpaded arrow. The specialisations
are mutual exclusive. The specialisations of thealBstateObject class are
represented in Figure 21. Also the other classam fhe RealEstateObject package
are represented there: ApartmentComplex, ServimgPRarPartitionParcel and
ParcelBoundary.

All these specialisations of RealEstateObjects lesdciations with one or more
Persons via the RightOrRestriction association. Phecels are also part of a two
dimensional partitioning of the surface (see Sulimed.2.1), but not all these parts
have this direct association with Persons. Thegeparts, called ServingParcels in the
model, which only have direct associations with taromore (main) Parcels. This
means that a ServingParcel ‘serves’ a number adfrd®arcels; e.g. a joint facility,
such as a path or playground. A straight line i thiL class diagram depicts this
association. It could be considered as some kinpbiof ownership via the (main)
Parcels. In the UML class diagram Parcel and SgRaincel are both specialisations
of PartitionParcels, which altogether form the piart of the 2D domain. The
PartitionParcel class, just as the RealEstateOlgjass, is an abstract class as there
will never be instances of this class

A ParcelComplex is an aggregation of Parcels.fabethat the multiplicity at the
side ParcelComplex is 0..1 (in the association Wiincel) means that this is optional.
A ParcelComplex situation might occur in a LAS wharset of Parcels — ¢ ould be in
one municipality or even in another administrativeit — has a legal/customary
meaning, for instance being the object of one naagsggor spatial planning (e.g. land
consolidation).

A Parcel can be subdivided into two or more Part#@dBls. This case could occur
when ‘preliminary’ Parcels are created during aveyance where the Parcel will be
split and surveying is done afterwards. It coulsoabe helpful to support planning
processes, based on cadastral maps, where estadtistof Parcels in the field is
done later in time. Note that in the model a contpagssociation is used, indication
that the components (from the class PartOfParealg Imo meaning/right of existence
without the aggregate class (Parcel), this in iaigid with the closed ‘diamond’ in the
UML diagram in Figure 21.

52 parcel is based on multiple inheritance (from BstiteObject and PartitionParcel, both abstrassek).
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MonGeoRealEstate ApartmentUnit ApartmentCompleax
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Figure 21 The RealEstateObject package in VersigheAnmen et al, 2003c).

An ApartmentComplex is associated with one or nm@agcels. There can be at
most one ApartmentComplex located on a Parcel. efteam be two or more
ApartmentUnits in an ApartmentComplex. In case midtiplicity of a class in an
association is one (‘1’), then this is not explicghown in the UML class diagram as
is the case at the site of the ApartmentComplexthia association between
ApartmentUnit and ApartmentCompf&x

Parcels are defined by ParcelBoundaries and hawgeanetric/topological
description (Van Oosterom and Lemmen, 2001). ThsscParcelBoundary always
has two neighbour PartitionParcels, where teratoRarcelBoundaries have one
‘zero-Parcel’ as neighbour, representing the eslerritory. There can be more then
one ParcelBoundary between two neighbour Partiiocets, depending on attributes
and the geometric configuration; e.g. there cantwe ParcelBoundaries with
different survey dates between two PartitionPardelgeality this may look as just
one boundary. Exclaves and enclaves from territpeaspective can be managed in
this approach. In general this approach implies idividual PartitionParcels, and
therefore also the derived classes Parcel and rig#tarcel, are not explicitly
represented as ‘closed polygons’.

Attributes can be linked to individual boundarigbis allows for example
classification of individual boundaries based oa siiministrative subdivision of the
territory. In this way double, triple or multipléosage of the same boundary can be

3 An ApartmentUnit is intended in the general semse,only unit for living purposes, but also fohet
purposes, e.g. commercial. All building units wiglgal/registration significance are included here.
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avoided, thus avoiding all kind of ‘gap and ovetlppoblems, which don’t have a
meaning in reality and would be confusing.

In most LASs a restriction is associated to a cetepRealEstateObject (Parcel)
and this is also reflected in the presented model:Person can have a
(RightOr)Restriction on a RealEstateObject (there also PublicRestrictions; see
Section 3.2.4). However, this may be inconveniensame cases: one ‘thing’ may
cause the restriction on many RealEstateObjectsrasdch a case this information
has to be repeated many times (with all possiéditior inconsistencies). Further, a
restriction might also cover/affect only a parttbé RealEstateObject, but it is not
(yet) registered which part this is. A better solutfor this situation is to introduce a
new layer (in addition of the planar partition ofiet PartitionParcels) with
RestrictionAreas (comparable with ‘Cadastre 20k&ufmann and Steudler (1998)
and Kaul and Kaufman (2003). These can be considems a kind of
RealEstateObjects ‘overlapping’ other RealEstate€bj from which they ‘carve
out’ a part of the associated rights. In Lemmenrale{2003c) it is suggested to
maintain only the ‘positive’ rights. For those ‘fitdge’ rights it is not explicitly stored
(for one Person) that another Person has a pattieofights. Inspecting all rights
associated with the RealEstateObject and the qmirg RestrictionArea$ is
needed.

Because of the high pressure on the use of spamre, amd more situations occur
which can best be modelled in three dimensionsmddly a (2D) Parcel represents
the whole 3D column from the centre of the Eartinptigh the surface out into the
sky. Explicit 3D VolumeProperties ‘carve out’ a parf this space in favour of
another Person (the buyer of a 3D VolumeProperty)is possible that one
VolumeProperty overlaps with many Parcels (agais tian be obtained via spatial
overlay). In the same manner as proposed for RéstrAreas, we suggest that it is
best to register only the ‘positive’ side of thegistration without redundancy.
VolumeProperties are modelled without external togg, but with internal topology
by referencing several times to the same SurveyPwhen this is shared between the
different faces of a polyhedron. VolumePropertieeutd not overlap in 3D space.
However, their projection in 2D space may overlips expected that it will not
happen often that VolumeProperties will share facegh other explicit
VolumeProperties (as is the case in 2D with thetitRarParcels). Might this
assumption turn out to be wrong, then a 3D topchrgstructured model should be
introduced. More background and discussion onratere 3D cadastral modelling
can be found in Lemmen et al (2003c).

The class NonGeoRealEstate can be useful in caseeveh(complete) geometric
description of the RealEstateObject does not (@eidt. E.g. in case where only one
co ordinate inside the RealEstateObject is obsemsidg Satellite Images or GPS.
Or in case of a right to fish in a commonly heldear(itself depicted as a
ServingParcel), where the holder of the fishinghtigoes not (or no longer) hold
rights to a land parcel in the area.

54 RestrictionAreas are modelled as closed polygand pbtain their co-ordinates from SurveyPointe, se
section 3.2.3). There is no explicit topology betweRestrictionArea, that is, they are allowed tertap
(and it is expected that they will not often shewenmon boundaries as Parcels do).
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3.2.2 Surveying Classes

Object classes related to surveying are SurveyDeotiand SurveyPoint; see Figure
22. A cadastral survey is documented on a Survegubent, which is a (legal)
source document made up in the field. Most impadharthis document contains
signatures. In a full digital surrounding a fieltfice may be required to support this
under the condition that digital signatures halegal support. Otherwise paper based
documents should be considered as an integralopdine LAS. Files with terrestrial
observations - distances, bearings, and referrediggie control - on points are
attributes of the SurveyDocument, the MeasuremeBtgh ParcelBoundary and
SurveyPoint are associated with the SurveyDocunfi@nim the multiplicity it can be
recognised that one SurveyDocument can be assaidiie several SurveyPoints. In
case a SurveyPoint is observed at different momiantsne there will be different
SurveyDocuments. In case a SurveyPoint is obsdread different positions during
a measurement there is only one association withraeyDocument.

Sunrevlocument SurnveyPoint
-Humber: char -Location : gm_point
-Measurements : data Source 1.7

Figure 22 Survey Package in Version A (Lemmen, &0413c).

3.2.3 Geometry and Topology Classes

Object classes describing geometry and topologytareode, tp_edge and tp_face,
see Figure 23 The Land Administration Domain Maddbased on already accepted
and available standards on geometry and topologlighed by 1ISO and OGC (ISO,
2003b, ISO, 2003c, OpenGIS Consortium OGC, 1999CO#D06b, OGC, 2007a,
OGC, 2007b, and OGC, 2010b).

Geometry in LADM is based on SurveyPoints (mostfterageo-referencing,
depending on data collection mode: tape, totalostalGPS, etc) and is associated
with the classes tp_node (topology node) and tpe dtlgpology edge) to describe
intermediate ‘shape’ points between nodes, melyidssed on SurveyPoints. The
association between a ParcelBoundary and SurveybDeauisderivedvia the classes
SurveyPoint, tp_node and tp_edge.

Parcels have a 2D geometric description. A Pareeksponds one-to-one to the
tp_face in a topological structure (as defined 301 TC 211 and OpenGIS
Consortium, see the references here above in thise8tion). A face is bounded by
its edges in 2D. An edge is related one-to-one tBaecelBoundary, which may
contain non-geometric attributes. Every edge hastgxtwo end points, represented
in tp_nodes. In addition, an edge may also haveraéintermediate points. Both
intermediate points and nodes are associated witlvegPoints. The topological
primitives tp_face, tp_edge and tp_nodes, haveaathethod (‘operation’) called
‘Realize’ which can be used to obtain a full metrépresentation. There are two
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additional geometry layers in LADM Version A, whiele not based on an explicit
topological structure, these can be found in rebpey the classes RestrictionArea
and VolumeProperty. As in the topology/geometryelayf PartionParcel, co-
ordinates are obtained from the SurveyPdint& VolumeProperty is defined by at
least 4 non-planar SurveyPoitfts
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+Realize() : gm_volume
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Figure 23 Geometry package in Version A (Lemmeh, &003c).

3.2.4 Legal/Administrative Classes

Object classes LegalDocument, Mortgage, PublicRéistn, Natural Person and
NonNaturalPerson cover the refinements in the LAdahinistrative side
(RightOrRestriction and Person); see Figure 24.

All updates associated to RightsOrRestrictionskased on LegalDocuments as
source. In principle legal data will not be changedithout provision of a
LegalDocument.

The essential data of a LegalDocument are assdcigith (‘can be represented
in’) the classes RightOrRestriction, Mortgage oblRURestriction. A single legal
document may be the source of multiple instancethe$e classes and may even
create a mix of these three types. In the otheectiobn, a RightOrRestriction,
Mortgage or PublicRestriction is always associatéth exactly one LegalDocument
as its source.

% There are also ‘Realise’ methods available withie RestrictionArea and VolumeProperty classes to
return the complete and explicit geometry respebtigm_surface and gm_volume.

%6 This would result in a tetrahedron, the simpleéBtw®Ilume object. The RestrictionArea is defined by
three or more SurveyPoints, which all have to ledgatthe same horizontal plane (of the earth’sca@).
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Each jurisdiction has a different 'land tenure ewst reflecting the social

relationships regarding rights (and restrictioms)aind. The variety of rights is a quite
large within most jurisdictions and the meaningsifilar rights differs considerably
between jurisdictions. Usually one can distinguishween a number of categories:

a)

b)

<)

d)

firstly we have the strongest right available ijuisdiction, called e.g. ownership,
freehold or property;

secondly we have derived rights from the previocategory where the claimant
(or holder) of this derived right is allowed to udee land in its totality (often

within the limits of a certain land use type, dagusing or animal farming);

thirdly we have minor rights that allow the claimanf it to some minor use of
someone else’s land, e.g. walking over it to thedroSuch rights can be called
servitude or easement, and also may include the tigprevent certain activities
or constructions at some nearby land, e.g. freeafowew;

fourthly we have the so-called security rights, ety certain of the previously
mentioned rights can be used as collateral, maihtpugh bank loans, e.g.
mortgage, lien.

FublicResstriction 0.
-RestrType : enum |
-tmin : Date
-imax : Date Restricts
Source
LegalDocument - RealEstateObject
L . Source -0bj < oi
Humber : char Ml Objectid : oid
0™ alue : int -tmin : Date
-tmin : Date almaxiDts
-tmax ; Date
Source 1.7
0.1
Rasts
0. 17
RightORestriction
-imin : Date RightOrRestrictio
-tmax : Date
-Type : enum
1.7
HaturalPerson Peison
-PersonEsdld : oid FHH & ]
D -tmin : Date
D -tmax : Date
NonNaturalPerson
-OrgEsdld : oid
+operation_10

Figure 24 The Legal/Administrative classes in Marsh and Person classes
(Lemmen et al, 2003c).

The aforementioned rights are primarily in the donw private law. Usually the

rights are created after an agreement between drsop getting the right and the
person losing something (who sees his right réstiiby the newly created right).
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The rights and restrictions we are concerned wite husually remain valid, even if
these persons change after the right was createldrégistered). This is called a right
in rem in many jurisdictions. There is a difference betwdegal systems and
registration approaches in whether rights, othanthnder a), are formulated and
recorded primarily as the right of the rightful iok@nt (right holder), as a restriction
to the right (or object) they are 'carved' out framboth.

Because property and ownership rights are baseghational) legislation, ‘look
up tables’ with types of rights can support in tisg. the right of ‘ownership’ might
be ‘Norwegian Ownership’, ‘Swedish Ownership’, etetc. ‘Customary Right’
related to a region or ‘Informal Right’ can be umkd; from modelling perspective
this is not an item for big discussions. Of courfee,the actual implementation of
LADM in a country or region, this is very important

In addition to those private law restrictions, mamuntries also have public law
restrictions, which are usually imposed by a (Ipgalvernment body. The ‘claimant’
of the right is abstract (either ‘the government’society-as-a-whole’ ") and usually
they are primarily seen as restrictions. Some afnthapply to a specific
RealEstateObject (or right therein) or a small graf them: e.g. most pre-emption
rights, or the duty to pay a certain tax for impgrments on the road, or the duty to
repair damage or perform belated maintenance. ©thave their own area of
application, like whether there is soil pollutiorepent, flood plains, (re-)zoning of
areas (especially when urban development is maskglge in a rural area).

Each restriction type has its own place in the LAddhinistration Domain Model.
Public restrictions with their own areas can berded via the RestrictionArea class,
not being linked to a specific claimant. Obvioutihe documents on which they are
based need to be included. Public restrictionsclvhpply to RealEstateObjects, but
have no clear beneficiary, are recorded as PubditiRBons. Other restrictions
should be recorded as well, if possible as rightthe name of the claimant, but in
certain countries some types do not state the alain{or the claimant is a
neighbouring RealEstateObject, regardless who hblatsRealEstateObject). In such
cases the restriction as such is recorded on tldERmteObject, often without a
person connected to it. Nevertheless, the modtrigfiats are usually in the name of a
person, like ownership, leasehold or usufruct. 8curights differ between
jurisdictions. Sometimes the claimant of the ri¢gdag. a bank) is recorded. In other
cases there is only a restriction recorded, infogndthers someone has already a
security right on this RealEstateObject (often oalydefined, and often recorded,
amount of money is secured, and a second or thindgaige could be created). For
every RightOrRestriction it is important that itmsade clear how it is recorded. In all
cases the relevant source LegalDocument(s) shaubisfociated. One should finally
be aware that in most jurisdictions certain usétsagand certain security rights can
exist totally outside the registration system. Ehes-called “overriding interests” are
valid, also against third parties, without regi8tia. Examples can be rent contracts
for shorter periods, certain agricultural tenangreaments, and ‘liens’ by tax
authorities.

The abstract class ‘Person’ (that is again a aMf®ut object instances) has as
specialisation classes NaturalPerson or NonNatersifr like organisations,
companies, co-operations and other entities reptiegesocial structures. If a Person
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is a NaturalPerson it cannot be a NonNaturalPessdrthe other way around. That is,
NaturalPerson and NonNaturalPerson are mutual sixelu

Right (a subset based on the type attribute in tRigRestriction) is a compulsory
association between RealEstateObject and Pers&felision A, where this is not
compulsory in case of restriction (the other subisetRightOrRestriction). For
example a restriction like encumbrance is only eissed with the land: the
RealEstateObject.

3.2.5 History Aspects

There are two different approaches when modellimg result of dynamic systems

(discrete changes in the state of the system):tewetior state based modelling:

- in event based modelling, transactions are reptedeas a separate entity within
the system (with their own identity and set ofihtttes). When the start state is
known and all events are known it is possible tonstruct every state in the past
via traversing the whole chain of events. It iDglessible to represent the current
state, and not keep the start state (and go baakénvia the ‘reversal’ of events);

- in state based modelling, only the states (thditdgresults) are included explicitly:
every object gets (at least) two dates/times, whialicates the time interval
during which this object is valid. Via the comparisof two succeeding states it is
possible to reconstruct what happened as resuhefspecific event. It is very
easy to obtain the state at a given moment in tiypgust selecting the object
based on their time interval (tmin-tmax).

In the Land Administration Domain Model a hybridpapach is introduced as both
aspects of event and state based modelling carodradf The (legal and survey)
documents can be considered as explicit represemtatf events (transactions).
However, the effects of these events are kepteénsthtes of the associated objects
(which have tmin and tmax attributes). New inseiteiances get a tmin, equal to the
check-in/transaction time and a tmax equal to thaimal (integer) value. A deleted
instance gets a tmax equal to its check-in/trafmatime. In case of update of one or
more attributes, a new instance will be createccgy from the old instance with its
new values for updated attributes) with a tmin éqoaheck-in/transaction time and
a tmax equal to a maximum value. The old instarets g tmax equal to check-in/
transaction time. This allows to query for the sdatepresentation of cadastral
objects at any momenhback in time or to query for all updates betweenamentt;
andt, in the past. Apart from check-in/transaction tintes real dates of observation
in the field can be included to manage history.

Note that nearly every object inherits these tnriid #max attributes via either
RealEstateObject, RightOrRestriction or Personwdiuld have been possible to
introduce a new object (TemporalObject with tmird @amax) from which in turn
these three mentioned classes would inherit tleaipbral attributes (mainly because
of legitability this was not done).

In addition to the event and state modelling, it aso possible that the
‘parent/child’ associations between cadastral dbjare modelled (lineage), e.g. in
case of sub-division of a cadastral parcel. Howeasrthese associations can also be
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derived from a spatitemporal overlay, it was decided in Version A notftirther
complicate the model with the explicit parent-chiédationships.

Focus in this thesis is on the UML class diagrdmat is, the structural aspect. This
diagram can further be completed by diagrams cogedynamic aspects, e.g. via
state (use case, sequence, collaboration, statetivity) diagrams. Activity diagrams
show how processes are related to the informatiataj and how one ‘flows’ from
one to the other. The introduction of differentigs’ of a parcel, a right and a person
could further reflect the dynamic nature of thetsys

3.3 Evaluation of LADM Version A

In Lemmen et al (2003c) it was already observed tha dynamic nature of land
tenure is a major challenge for cadastral modellseg Chapter 2. In Subsection 3.2.5
some structural aspects of the dynamic LASs weseudsed, mainly at an overview
level in the model. In this section some more detnd considerations are presented.
In the first place there is variety of forms of te@ (Toulmin and Quan, 2000),
(Zoomers and Van der Haar, 2000) and it is posshkewitch between these forms,
and ‘upgrade’ the right. See also the continuuntaofl rights in Section 2.4. This
functionalilty has to be explicitly included in LAD Version B.

In Lemmen (2003c) it was mentioned that innovatiwacepts (Fourie et al, 2002)
are observed for the geometric component of landhimidtration, where a well-
known guiding principle for the cadastre ‘specialtgquires a good identification of
the land parcel that is subject to the executights, normally by the survey of its
boundaries. Apart from the dynamics of the landcelaas the result of the land
market and land development (subdivision, constiida redistribution, restitution,
etc.) alternative forms of identification are mentd such as midpoint co-ordinates
only, topographic visualisation (similar to the pation of the general boundary rule
in e.g. England and Wales). All these examples trpgbvide some evidence that the
creation of a Land Administration Domain Model isa complex nature, and is a
challenge. However the driver for the developmdrat mnd administration domain is
the basic concept of a relationship between peapdeland, whatever right claimants
(holders), whatever rights, and whatever land dbjethe here presented dynamic
aspects could be represented in the proposed mBdeher research is required to
verify this. See also Fourie (1998), Fourie andd\ihuck (1999)and Van der Molen
(2003a) as discussed earlier in this thesis, setioBe 2.2 and 2.4. The related
requirements are not yet sufficiently includedhie t ADM Version A.

UML is widely used for data modelling because of gupport by the Object
Management Group. A LADM based on UML diagrams ta&nadapted to local
situations by the introduction of new attributesdes, classes and associations.

History can be maintained in Version A by usingdirattributes (in the core
classes, the class PublicRestriction and the dlastgage; the time stamp attributes
are inherited by all subclasses). Deed and titetaystems can be supported using
time stamps and LegalDocuments, where SurveyDoctameay be included. This
can also guarantee authenticity (of course if im@eted in a proper way with
attention to access control, data security, privaty.). In case of implementation in a
distributed environment technical documents maynéeded in case an instance is
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deleted in one database. This may have impact femerees to another database.
Maintenance of history data can be organised mffiiemt by the introduction of
one TemporalObject from which all classes inherit.

The Object — Right — Subject Triple has been cotapténtroduced in Version A,
see Figure 20, RightOrRestriction is an associatiless between Person and
RealEstateObject. This means: if there is a RigR#&3triction there must be a Person
and a RealEstateObject at the same time. This Wweyodelling is a logical impact of
legislation, the right applies to an object andr¢his a right holder. But there have
been comments on this from practise. It is knovwat there may be parcels on the
map which are not known in the registers and/oratfeer way around in many land
administrations. This type of error situations ardact incorrect representations of
reality. It must be possible to include such ineotrsituation in LADM — in this way
the inconsistencies can be managed and repairedhiSaeason it is better to model
the core classes with two separate association® association between
RightOrRestriction and Person and one associatgiweden Rightor Restriction and
RealEstateObject. One more reason is that the iaisocclass ‘RightOrRestriction’
does not allow multiple Right — Restriction — Resgibility (RRR) instances to be
associated (e.g. one expressing ownership, and exgressing a certain
responsibility). This can again be improved by thioduction of two associations
between RightOrRestriction and Person and betweéght®rRestriction and
RealEstateObject. There are many types of RightsirRtions and Responisbilties.
Therefore it should be possible to better represleist This is in support to the
inclusion of the continuum of land rights. RRRs aog yet really included in LADM
Version A; this is a requirement from Cadasre 2(Bek also Bennet (2007).

The class RightOrRestriction allows for the introtion of ‘shares of rights’ in
case where a group of Persons holds a undividadpar'complete’ right; this has to
be included: a share in a Right is possible in MarsA, but should be explicitly
included as an attribute. Rights, Restrictions aRdsponsibilities should be
specialisations of the RRR class; this allows Ifer introduction of separate attributes
in subclasses.

Where Persons are concerned there could be sptgaltion to those Persons
with responsibilities (roles) in the data maintetgf(conveyor, surveyor). It should be
possible to include the names of those personkeirrdgistration. The same is valid
for moneylenders (banks).

For better modelling requirements from customargaa group persons (with
members) are needed.

The Version A is organised into several packagessid®s being able to
present/document the model in comprehensive partether advantage of using
packages is that it is possible to develop and ta@inhese packages in a more or less
independent way.

The set of specialisations of RealEstateObjectutel Parcels, ServingParcels,
PartitionParcels, ParcelBoundaries, PartofParcélpartmentUnits, Apartment-
Complexes, ParcelComplexes, VolumeProperties amstriBonAreas. This implies
that full topology is supported and in fact reqdir@ the implementation of the
model. In case topology is incomplete this can b&cted; from this perspective
LADM can be used to detect and manage (and supti@t repairing of)
inconsistencies in topology. Implementation of LADWersion A is based on the
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expectation that topologically well-structered pmips (PartitionParcels) will be
represented in the model; no matter if systematisporadic titling (or another form
of land administration) is applied.

Boundaries of Parcels are composed from SurveyRoitite surveys are
documented in SurveyDocuments.

In implementation of LAS it may happen that sucHlws&uctured polygon data
are not available and even are not intended tovhdahle. This became more and
more clear during the LADM development, see exampieChapter 2, Sections 2.2
and 2.3. Different types of spatial units need ¢ariiroduced into the model. E.g. no
spatial units at all, text based spatial unitsidkdéased spatial units, point based units
(see Lemmen, 2003c, with reference to Jackson, )200@ based spatial units,
polygon based spatial units; with labels for difier accuracies (those labels are
already included in the Version A). This also metirad there can be areas with good
spatial data which are well-structered or not stned. See also Augustinus (2006).

For apartments and apartment complexes thereég@ to separate common areas
(entrance, stairs, elevators, roof, etc.) and iddi® apartment units because of
separation in ownership in buildings where apartheme located. This means the
inclusion of building as a class.

SDI is supported by implementing packages in différorganisations or by
implementing the complete model in different orgations. E.g. one organisation
responsible for the rights, another organisatianréstrictions. This can support data
sharing and avoidance of duplications in data gmra

Where Marine Cadastre (Ng'ang’a et al, 2001, Ng'areg al, 2004; see Section
2.7) is concerned: the MarineObject correspondk thi¢ RealEstateObject in LADM
Version A, the Interest with RightOrRestriction i\DM Version A and the Law
(read: institutions/organisations) corresponds vRterson. The MarineObject is a
composition of the physical environment (Water @uhg, Seabed, Seabed-
SubSurface and SeaSurface in PhysicalLayers); al&esources (Living and
NonLiving) and Interests (Right, Restriction andspensibilities). Interests depend
on Laws (with Level of Government Federal, ProwahciMunicipal) and with
Institutions (Formal, Informal, Customary). It igpected that LADM can be used
here; explicit layers to organise information aeeded then.

The re-use and link to the existing ISO standarmisidc be better highlighted,
especially with attention to 3D representations @D see also the MarineObject in
Marine Cadastres).

Output may be modelled as interface classes, @lipsfrelated to rights
(ownership folio) or cadastral maps. This may bebetter expression of the
requirement for multi source information products.

In conclusion (see Table 2 for the references A@R%L): the general requirement
as under requirement A01 is met, but improvementtis version are needed. The
model has been built in a flexible way, the modetasy extensible and the model is
adaptable. This means growth and change (as medtionder requirement A02) is
possible, as it is proven by the development ofrtet versions. In practise this is
related to a data conversion from data under or&oreto another version. This type
of conversion can be easily organised by compatiegontologies as provided in the
UML models. The Triple Object — Right — Subjectimsequirement A03 is the core
of LADM Version A; it is implemented in the classeRealEstateObject,
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RightOrRestriction and Person. Surveying is sumahriThe required components
surveying and geometry/topology are supported. €shar rights are not yet really
supported. GroupPersons are needed and methodsctothat the sum of shares is
equal to the whole. Authenticity (A05) is possibing source documents. In case of
updating dangling ends should be avoidable: tlysires versioned objects which can
be related to workflows. Different titling systert®06) can be organised — this is
related to the functionality available under soud®cuments. The history and
temporal dimension (see 3.2.5) is supported byithe stamps, but versioned objects
are needed. The 3D Cadastre (requirement A08)tiyatoreally supported where it
concerns 3D objects; but strata tiles can be irdludmplementation over different
organisations as required from AQ9 is possible, vmmsioned objects and related
workflows are needed to organise this in a propay.wAl0, exchange between
organisations needs to be specified and developed,is supported under the
principle using existing standards (e.g. GML). Tgrenciple of keeping data to the
source (Al1l) can be very well supported; even dréhare extensions to other
databases founded on similar models in other enmiemts. The model is process
independent (A12), but process related data as saheersons responsible for
transactions (see also A15) and dates in a trdoeaptocess have to be included.
Multi source information products as required fréxh3 can be derived in case of
implementation of the model in a distributed enmirent as intended. Interface
classes could be helpful here. The model is bpittruexisting standards — the layers
as in Cadastre 2014 — could be explicitly includ&hta acquisition (A16) is
supported by the option to use sources for spdtitd and by the introduced class
Point. Better versioning is used here to suppomvecsions and adjustments.
Identifiers free of semantics as required from A&n be included (user based), but
should be fully integrated. The flexible ways ofjanising data (A18) are supported
by the different packages. Marine Cadastres araeaitly worked out, but the data
model as presented in Figure 15 illustrates tha Thriple is included: the
‘MarineObject’ can be seen as alias for RealEstajed, the ‘Interests’in Figure 15
cover the RightOrRestriction and ‘Laws’ can be sasralias for Persons (normally
this concerns a State).

The requirements on products are implementatioated] as said: interface
classes would be helpful. Where data quality isceomed (A21) it can be stated that
this model supports data consistency (but furtprovement is needed: e.g.
versioned objects) and merging of data sets. Tagyolan be explicitly included.
Main conclusion is that LADM Version A from 2003 #svery first version which
needs further development. The evaluation aboveltse;n some re-formulated or
new requirements, as presented in Table 3.

Table 3 User Requirements for LADM Versian B

Code Requirement Impact Analyses

BO1 Remaining This concerns the inclusion of explicit topologyentifiers

requirements from without semantics, layers, interface classes faxdpets and

LADM Version A services, responsible persons in transactions qusiles),
versioned objects and 3D Cadastre and Marine Cadastre
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B02 Different The flexibility of the model should be based on theognition
tenures that people’s land relationships appear in manfedifit ways,
depending on local tradition, culture, religion ahdhaviour.
Inclusion of data in the LAS based on the model matyonly be
based on formal registration of formal land rightat may also
be based on observations in reality, resultingegordation (not a

formal registration) of informal land use rights

B03  All types of ‘People — land’ relationships can be expressedrimg ofparties
people’s land having (social) tenure relationships to spatial t3niThis is in
relationships can support to access land for all. Flexible and extdéesoding of
be represented  types of rights and restrictions, etc. is needed.

Non-spatial data are closely linked to each otb®&ECE, 1996).

B04  An (extensible) Parties can be persons, or groups of persons, or non-ratura
continuum of land persons, that compose an identifiable single entityon-natural

use right person may be a tribe, a family, a village, a camypaa
claimants (or municipality, the state, a farmer's community/ccedion, a
parties) is slum dwellers group/organisation, a religious comity ....
included This list may be extended, and it can be adaptedotal

situations, based on community needs. It shoulddtieed that a
person can hold aharein aright, e.g. in case of marriage, or
groups of persons holding rights. Women'’s accedartd can be
organised by registration or recordation of shareghts.

BO5 A continuum of It should be possible to merge formal and infornethure
land rights can be systems in one environmentand rights may be formal
represented ownership, apartment right, usufruct, freeholdsédeld, or state

land. It may be social tenure relationships likecugation,
tenancy, non-formal and informal rights, customagits (which
can be of many different types with specific namesjigenous
rights, religious rights, possession, na land rights (no access
to land). There may be overlapping tenures, claims, disageeé
and conflict situations. There may be uncontrofeiatisation.
Again, this is an extensible list to be filled inthvlocal tenancies.
A restrictionis a formal or informal entitlement to refrain from
doing something, e.g. it is not allowed to have emship in
indigenous areas. Or it may be a servitude or ragegas a
restriction to the ownership right. There may beeaporal
dimension, e.g. in case of nomadic behaviour whastgpalists
cross the land depending on the season. This tangionension
has sometimes a fuzzy nature, e.g. "just afteetieeof the rainy
season”.

57 Some of those requirements are implementatioresssu
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B0O6

BO7

BO8

A continuum of  Representation of a broad range of spatial unitth &i clear

spatial units can  quality indication, should be possible.

be representéd  Spatial unitsare the areas of land (or water) where the rights a
social tenure relationships apply. Spatial unitsusth possibly be
represented as a text (“from this tree to thatrfjyas a sketch,
as a single point, as a set of unstructured liags, surface, or as

a 3D volume.
Integration of This range of representations of spatial units aadties,
different combined with the continuum of land rights can cove

recordation- and, community based LASs, or rural, or urban, or othgres of
registration- types formal LASSs, like Marine Cadastres and 3D CadasTreis is an
implicit requirement.
If all data are collected in the same structure tthee integration
with between informal recordation’s and formal LABould be
possible.

Arange of data Surveys may concern the identification of spatiaitai on a
acquisition photograph, an image, or a topographic map. Sureeys be
methods resulting conventional land surveys, based on hand-held GP&l cases
in (a range of) the representation of ‘legal’ reality should betidisted from the
authentic source ‘physical’ reality. There may be sketch maps draynlocally.
documentation  (see Augustinus, 2006, Van der Molen and Lemmef42p A
can be applied for sketch map may be drawn on a wall, from which atqdp@ph is
spatial and non  taken.
spatial data. Depending on the local situation, different registms or
Quality upgrading recordings of land rights are possible. In rurgaarthere can be
of data is possible spatial units covering customary areas. Thosealpatits can be
recorded as ‘text based’ spatial units, where baried are
described in words. Or as ‘line based’ spatialgjrdtawn on low
accurate satellite images. The tribe may be reptedeby its
chief. Formal property based spatial units can eomdormally
registered ownership with a related owner and wigntified
boundaries by accurate field surveys. Persons divim
‘structures’ in slum areas may be identified bygérprints. The
(social) tenure relationship to the spatial units/rhe represented
by points collected with (hand-held) GPS instruraentsource
documents may be printed from websites providiratiapdata.
Spatial units in urban business districts can baventional
parcels with high accurate boundaries. Spatiakunitesidential
areas can be derived from aerial photographs. tat stations,
radar detection, recording, cyclomedia, pictometoy, other
sensors can be used. Digital video or voice reogrdire also
possible; see Barry (2005).
Data quality of spatial data may be improved irat@n stage of
development. Note that there may be a serious fozestcurate
geo-data in slum areas: the value of land in slewasanear city
centres can be very high.
Person identification is not a primary respondipibf cadastre

%8 |t should be possible to represent spatial dagifferent reference systems: local, regional diamal,
federal, continental or global reference systems.



78 A Domain Model for Land Administration

and land registry, but might be of relevance in pirAcesses. It
can be observed that biometric approaches are gomare and
more available; in passports, in access to countiientification
documents can be ‘time-line’ disrupted when newutleents are
provided.

It is possible to link fingerprints to points (codinates), see
Lemmen (2010d).

3.4 LADM Version B*®

LADM Version B is presented in (Lemmen and Van @omi, 2006a). This
publication is strongly based on Van Oosterom ef(24l06b), a peer reviewed
publication — and is the basis for the contenhdf section.

The naming of some classes has been changed, peadip A.

3.4.1 RegisterObjectlasse?’

The core of the Version B is visualised in FiguB&'2In the model there is no direct
relationship between Person and RegisterObjectobliyt via Class RRE (Rights,
Restrictions and Responsibilities).

In this version the idea of a registration authyofitr movable and immovable
objects is included. RegisterObject has as sutesas®vablé® and Immovable. The
specialisations of the Immovable class are repteddn Figure 26.

The different types of specialisations from Immdeamclude: RegisterParcel,
SpaghettiParcel, PointParcel, TextParcel, Immo@depleX’, PartOfParcel. These
classes can all have actual instances and thesmdes describe in a way a piece of
land (2D) or space (3D). The other immovable regisbjects include: Building, Unit
(with specialisations (SharedUnit and IndividualfyniNonGeoRealEstate and
OtherRegisterObject. All these specialisationsmimiovable have associations with
one or more Persons via the RRR class (see Figre 2

Other RegisterObject classes are: AdminParcelSatceR ServingParcel and
NPRegion.

% The LADM Version B has been presented in Octol162to the XXIII FIG Congress held in Munich,
Germany.

% |n LADM Version A RegisterObject is called Real&stObject.

51 Multiplicity is “1” if not represented. So, a RetgrObject can be associated to many RRRs, a Pesson
be assciated to may RRRs, a RRR can be assoaiabtee tPerson or RegsiterObject.

2 |n LADM Version A RRR is called RightOrRestriction

% This can be ship, plane, train or car. Reasonntegrate those objects is that mortgage may be
established, e.g. on a ship or a plane.

5 In LADM Version A ImmovableComplex is called Pa@emplex.
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=< FeatureType ==
RegisterObject

+objedid:
+useCode:[1.*]
+HaxAmount:Integeq1.*]
+hame:Character[0..1]
+value:Integer(*]
+#tmin:Date
+Hmax:Date

== FeatureType ==
RRR

+share: float *
+timeSpec:Time
+tmin:Date
+Hmax:Date

=< FeatureType ==
Person

+subjld:
+minDate
+max:Date

Figure 25 The core of LADM Version B: Person, RRRilft, Restriction,
Responsibility) and RegisterObject, see (Lemmeth Vam Oosterom 2006a, based
on Van Oosterom et al, 2006b).

SurveyDocument and SurveyPoint in Figure 26 areresurclasses. There are
parts, called ServingParcels in the model, whicly dvave direct associations with
two or more RegisterParcels. Characteristic is thaterves a number of other
RegisterParcels, and that it is held in joint owhg by the owners of those
RegisterParcels.

Parcels can be aggregated to AdminParcelSets,ae'gection’, a polygon, a
municipality or a planning area. This class corgamrmethod for area calculation. An
AdminParcelSet can be an aggregation of other ABanicelSets. Implementations of
the LADM can be related to identifiers of parcelspatial units.

The UML class diagram RegisterParcel, ServingPaaoel NPRegiolt consists
of specialisations of the topologically structuredrcel, which altogether form the
partition (subdivision without gaps and overlapd) tbe territory where land
administration applies. The Parcel-family of claséenmovable objects) is shown in
Figure 26.

% NonPlanarRegion, see explanation below.
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ImmovableComplex
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Figure 26 The different types of Immovable objéasses in Version B, see
Lemmen and Van Oosterom (2006a) based on Van @astetral (2006b).
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An ImmovableComple¥ is an (optional) aggregation of Immovables. A
ImmovableComplex situation might occur in a systetmere a set of Immovables
(e.g. a Unit -see below-, a Building and a ParbaB a legal/customary meaning. An
ImmovableComplex is in itself an Immovable whicndz related to a RRR.

A RegisterParcel can also be subdivided in two orenPPartOfParcels. This case
could occur when ‘preliminary’ RegisterParcels areated during a conveyance
where the RegisterParcel will be split and survgysidone afterwards. It could also
be helpful to support planning processes, based cadastral maps, where
establishment of RegisterParcels in the field isedtater in time. Or in case where a
RegisterParcel is determined from aerial or spagery.

The Version B of the LADM offers the possibility tepresent parcels not only
based on a topological structure (in 2D or in 3Dyt is a set of cells without overlaps
and without gaps, but also in alternative ways. Andl (or space)
Immovable/RegisterObject could (initially) be repeated with a textual description
(label), a single point or a spaghetti polygon, ahhis not (yet) adjusted with its
neighbour in a topological structure. Spaghettiygohs can overlap each other and
can be identified. In this way a land administmatlzrritory' can be covered by two
types of regions:

1. regions based on parcels with a topological strectand
2. regions not (yet) based on parcels with a topldgitacture

Together these regions cover the whole territoxgept the ‘zero-Parcel’ representing
the external territory.

The object class Parcel is therefore also speedli;ito NonPlanarRegion
(NPRegion). A NonPlanarRegion is a region withagiaogical structured data. Note
that the NPRegion itself does not have any assatiaerson (or RRR), that is it is not
a RegisterObject. On the other hand, the land tbjecdmmovable class include the
following specialisations: TextParcel, PointPareald SpaghettiParcel. These three
‘alternative’ non-topology representations of adarbject can only exist in NPRegion
areas. A parcel may change its presentation owver fiom TextParcel (e.g. associated
to Person or RRR later in time), to PointParceSpaghettiParcel to RegisterParcel.
However, this does not need to be the case in ithatisn that the TextParcel,
PointParcel or SpaghettiParcel fulfils the needsh&ps, the text, point and spaghetti
representation of a parcel should be interpretea jparcel description with a certain
fuzziness (all ‘fuzzy faces’ belonging to the sarfmenceptual’ partition of the
surface). A TextParcel may be a list of names dfjhimurs or other textwise
description of boundaries.

One more option is ‘SketchParcel’. This can beumhoor a detailed sketch of the
parcel (or spatial unit). This type can be includsdSurveyDocument; see Subsection
3.4.2. In that case there must be at least ond ®imveyPoint) for geo-referencing.
Another option is to include Sketchparcel as Legalnent (this may be needed
because of a complete lacking geo-reference). Usg¢her media (voice and video,
see Barry (2005)) require different data types unithe description attribute of
TextParcel, or may be included again under Legalbwmt because of lacking geo-
reference.

% ImmovableComplex replaces ParcelComplex in earbesions of the LADM Version B.
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As mentioned above, the other immovable registgeatd, include: Building,
Unit, NonGeoRealEstate and OtherRegisterObjectFgpae 26. In the Version B of
the LADM there is no explicit association betweeuil@ing and a Parcel as this can
be derived from the geometry and topology structufidnis also fits to the Cadastre
2014 approach; see Kaufmann and Steudler (1998)xabe this would not be
possibl&’, for example because a TextParcel (without gegiésr involved, an
explicit association could be added in that spediuntry or area. Unit and Building
are specialisations of ImmovafleA Building is composed out of several Ufiits

ImmovableComplex allows to relate one right to @gombination of apartment
Unit, parking place and another Unit in the buifgin

A Unit has as specialisations SharedUnit and ladiziUnit. In such a way an
apartment could be represented as an Individualtlét common areas (threshold,
stairs, corridors, elevator, roof,...) as a SharetdUA Unit is associated to
SurveyPoint and so a link to 3D geometry is esshbli. SharedUnit, Individual Unit
and the association Unit and SurveyPoint are netioinalities in Version B.

In most LASs a restriction is associated to a cetepl RegisterObject
(RegisterParcel) and this is also reflected inpgtesented model: a Person can have a
Restriction (specialisation of RRR) on a Registgedb It should be observed here
that OtherRegisterObjects are modelled as closédpas in 2D or polyhedrons in
3D and there is no explicit topology between OtlegjiBterObjects, that is they are
allowed to overlap. Typical examples of OtherRegiSbjects are: geometry of an
easement (such as ‘right of way’), protected redama consequence of sustainable
management of national resources or nature pragatyadegal space around a utility
object. In this way the functionality as availabie Version A under class
PublicRestriction is available again in Version B.

RegisterObject contains attributes required fouatbn purposes: arrays of value
attributes with linked dates (of observation) areided nowf.

The class NonGeoRealEstate can be useful in caseevehgeometric description
of the RegisterObject does not (yet) exist. Fomexa in case of a right to fish or
hunt in a commonly held area (itself depicted &eevingParcel), where the holder of
the fishing right does not (or no longer) hold tigto a land parcel in the area.

3.4.2 Surveying Classes

Object classes related to surveying are SurveyDeatimnd SurveyPoint; see Figure
26, 27 and 28. A cadastral survey is documented &urveyDocument, which is a
(legal) source document made up in the field. Hoisument may contain signatures;
in a full digital surrounding a field office may bequired to support this under the
condition that digital signatures have a legal suppOtherwise paper based
documents (which can be scanned of course) shauttbbsidered as an integral part

5 In Version C the option for explicit associatioissre-introduced after discussions with expertsnfro
many countries in relation to the development eflthDM as an I1SO standard. Re-introduction is ndede
because of inaccuracies in geometry (e.g. shiftieoause of the detection of very small overlapsaise
of applications of polygon overlays in geographicérmation systems.

% This is new in version Version B of the LADM. Ire¥sion A Unit was associated to Building only.

% A Unit is intended in the general sense, not amiiy for living purposes, but also for other purpsse.g.
commercial. In other words, all building units witlgal/registration significance are included here.

"0 But valuation is outside ths scope of this thesis.
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of the LAS. Files with terrestrial observations istances, bearings, and referred
geodetic control — on points are attributes of yBocument, the Measurements.
The individual SurveyPoints are associated withv/&ybocument, see Figures 26 and
27. One SurveyDocument can be associated with alev@urveyPoints. The
SurveyPoints form the metric foundation of both thpology-based objects and the
non-topology-based objects.

In case a SurveyPoint is observed at different nmsnén time there will be
different SurveyDocuments. In case a SurveyPointoliserved from different
positions during a measurement there is only osedation with a SurveyDocument.
One of the attributes of a SurveyPoint is the godate, which indicates the type of
SurveyPoint; this could for example be a Geodetiott®l Point (GCP). If the ‘same
point’ is (re-)surveyed several times and the locatioes change significantly then
there are two options in the model: replace the SldveyPoint with a new
SurveyPoint (with a new id) and all associatedsgaqBuilding, but also Parcel node,
edge, face) must be updated in order to referisoniw id.

An alternative is to make a new version of the SloiveyPoint (keeps same id, but
gets different time stamps). The associated classe®mt have to be updated, only the
SurveyPoint itself: new time stamp, improved qyatib-ordinate and association to
new SurveyDocument. Previous locations of a spe6iirveyPoint can be found via
its id, which remains the same. In general the m@aption is preferred in case the
location of the SurveyPoint is changed as thisreffell the functionality with a
relative small adjustment in the data set. Furthrestead of a resurvey, there could
also be other reasons for changing co-ordinataseXample map improvement or
switching to a different co-ordinate reference sgyst(or a new calculation of the
same reference system). Note that in Version Bcatitin of Geodetic Control Points,
possible multiple co-ordinates for points, suppawytmultiple reference systems are
supported.

3.4.3 Geometry and Topology Classes

Object classes describing the geometry and topcdogyGeomTopolRepresentation,
TP_Face 2D, TP_Edge 2D, 2D_Node’2D TP_Volume 3D, TP_Face 3D,
TP_Edge_3D and TP_Node_3D; see Figure 27.

The Version B is based on already accepted andablaistandards on geometry
and topology published by ISO and OGC (ISO, 20086, 2003c, OGC 1999, OGC,
2006b, OGC, 2007a, OGC, 2007b and OGC, 2010b). @&yntself is based on
SurveyPoints (mostly after geo-referencing, depgmndin data collection mode: tape,
total station, GPS, etc.) and is associated withdlasses TP_Node_2D (topology
node), TP_Edge 2D (topology edge) and TP_Node 3P, _EHge 3D and
TP_Face_3D (topology face, only in 3D case) to diesdntermediate ‘shapes’ points
between nodes, metrically based on SurveyPoints.

" In the LADM Version A TP_Face_ 2D, TP_Edge 2D, 2bdd 2D is called tp_face, tp_edge and
tp_node.
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Figure 27 The Geometry, Topology and some relatettgges in Version B,
see Lemmen, and Van Oosterom (2006a) based on ¥&terom et al (2006b).

Parcels have a 2D or 3D geometric description.Dra2geometry area is defined
by at least 3 SurveyPoints, which all have to ledatthe same horizontal plane (of
the earth’ s surface). In 3D a geometry volumedfingd by at least 4 non-planar
SurveyPoints; this would result in a tetrahedrbme, gimplest 3D volume object.
Parcels have a 2D or 3D geometric description. Zheor 3D (ISO/OGC) topology
structures are valid at every moment in time. Tlaeenever gaps or overlaps in the
partition. However, two edges belonging to différéme spans (defined by tmin-
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tmax) may cross without a node. The temporal tagpoloust also be maintained, that
is no time gaps or overlaps in the representatibherefore the structure is based on
spatio-temporal topology.

LASs, based on 2D topological and geometricallycdbed parcels, have shown
limitations in providing insight in (the 2D and 3cation of 3D constructions (e.g.
pipelines, tunnels and building complexes) anchim vertical dimension (depth and
height) of rights established for 3D constructi§B¢oter and Ploeger, 2002; Stoter
and Ploeger, 2003; Stoter, 2004). 2D and 3D aratede in the same manner
throughout the model; not only for Parcels but &irtypes of Immovables. It is
important to realise that there is a differenceveen the 3D physical object itself and
the legal space related to this object. The LADMyarovers the ‘legal space’. That
is, the space that is relevant for the registratiod cadastre (‘legal bounding box’ of
the object), which is usually larger than the pbgkiextent of the object itself (for
example including a safety zone).

3.4.4 Legal/Administrative Classes

‘Person’, see Figure 28, has as specialisation setasNaturalPerson or
NonNaturalPerson like organisations, companiespprations and other entities
representing social structures. Further there can & third specialisation:
GroupPerson. The difference between the NonNateratfa and the GroupPerson is
that the first is intended to represent instanagsh sas organisations, companies,
government institutes (with no explicit relatiorghito other Persons), while the
second is intended to represent communities, coatipas and other entities
representing social structures (with possible eiphelationships to other Persons,
optionally including their ‘share’ in the GroupPens and associated
RightsOrRestrictions to RegisterObjects). Note th&@roupPerson can consist of all
kinds of persons: NaturalPersons, NonNaturalPersomst also of other
GroupPersons. In case of more informal situatidmes explicit association with the
group member Persons is optional. Further, a Pesanrbe a member of 0 or more
GroupPersons. The composite association betweemp8srson and Person could be
developed into an association class ‘Members’, ictv for each Member certain
attributes are maintained, e.g. the share in tbepeand the start and optionally end
date of the membership.

The main class in the Legal/Administrative packégeyure 28) is the abstract
class RRR with specialisations Rights, Restrictiand Responsibilities. In principle,
all RRRs are based on a LegalDocument as source. eHsential data of a
LegalDocument can be represented as attributdeiolasses RRR and Mortgage. In
the other direction, a RRR or Mortgage is alwaysoamted with exactly one
LegalDocument as its source. Of course it is ptessib describe more than one
Mortgage in one LegalDocument (even combined with or more other RRRs).
Property and land use rights are based on (najitegiklation, ‘look up tables’ can
support in this. ‘Customary Right’ related to aioggor ‘Informal Right' can be
included in those tables; from modelling perspecthis is not an item for discussion.
Of course, for the actual implementation in a giwauntry or region, this is very
important.
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In addition to those private law restrictions, mamuntries also have public law
restrictions, which are usually imposed by a (Ipgalvernment body. The ‘holder’ or
‘claimant’ of the right is a Person (either ‘thevgonment’ or ‘society-as-a-whole’)
and usually they are primarily seen as restricti@mme of them apply to a specific
RegisterObject (or right therein) or a small grafpthem, for example most pre-
emption rights, or the duty to pay a certain taxifoprovements on the road, or the
duty to repair damage or perform belated maintemanc

Each non-ownership Right by a third party (be wegmment or a private Person)
causes a Restriction (to the ownership). TheseiBishs have their own place in the
LADM Version B: they are modelled as views. Thah@ intended to be stored, but
to be derived on demand when needed.

Right (a specialisation of the abstract superdRiBR) is a compulsory association
between RegisterObject and Person, where this tscompulsory in case of
‘Restriction’ and ‘Responsibility’ (the other spalisations of RRR); in case of a
public restriction not allowing to do somethinggienot to built within a certanin
distance to a fuel station). The class RRR allowrstlie introduction of ‘shares of
rights’ in case where more than one Person holdsnaivided part of a ‘complete’
Right (or Restriction or Responsibility). There asmme refinements in the
Legal/Administrative side; see Figure 28.

The first refinement is the extension of the cl&RR to explicitly include
Responsibilities as well. In current thinking ariterbture on cadastral and land
administration issues usually the three Rs of RigRestrictions and Responsibilities
are used. A restriction means that you have tavadlomeone to do something or that
you have to refrain from doing something yoursBiéstrictions can both be within
private law, especially in the form of servitudas,within public law through zoning
and other planning restrictions as well as envirental limitations. Responsibilities
mean that one has to actively do something. Notleglal systems allow such
mandated activities as property rights (rightsrem), and this will also effect the
question if they can (and have to be) registerebdvi@sly their impact can be
substantial and their registration makes sense.

The class RRR, is presented as an association éetRerson and RegisterObject
in LADM Version A. In Version B of the model thisak been replaced by a normal
class RRR with associations to both Person (exacit) and RegisterObject (exactly
one) as suggested by (Zevenbergen (2004) and Pg2G@#h). It is still possible that
one RegisterObject is related to several PersdaadRRR associations) and reversibly
that one Person is related to several Register@bjegain via RRR associations).
There is always at least one instance of Rightdlsisls of RRR) in which the type of
right represents the strongest (or primary) rigbit,instance customary or statutory
ownership, freehold or leasehold. Connected to gstrisngest right certain interests
can be added or subtracted from this ‘strongegiitrisee Subsection 3.2.4. A point of
discussion is how to represent the subtractionst(Réons) as they are already
implied by a non-primary right of a third party. §ffiact a neighbour is allowed to
walk over your Parcel is an additional Right (apenance, positive -side) to the
ownership of the neighbour property, where it Restriction (encumbrance, negative
side) to your property. In the present model bades are represented. Zevenbergen
suggests to include the positive side and derieenfte) the negative side when
needed (compare Zevenbergen, 2004).
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Figure 28 The Legal/Administrative and Person adssie Version B, see Lemmen,
and Van Oosterom (2006a) based on Van Oosteroiin(20@6b).

One or several mortgages are always vested ontafjs®ight(s) and should
never be seen as a separate relation between RerddRegisterObject. On the other
hand a Mortgage is usually vested as a collaterah floan. Therefore the mortgagee
is connected to the Mortgage as MoneyProvider; specialisation of Person (see
Figure 28). Mortgage is associated to a Right aod anymore on a RRR as in
Version A of the LADM simply because a Mortgage @n Restriction or
Responsibility has no meaning.
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The fact that all the different (public law andvatie law) RRRs find their base in
some kind of establishing or transacting documemepresented by connecting them
to LegalDocument which is a specialisation of theteact class SourceDocument (as
is SurveyDocument). The one responsible for drgfttre document is connected to
this as Conveyer.

LASs that have to underpin customary land tenurigrinally arranged land use
or conflicting claims to rights, and whose objentigght not be clearly identifiable
(fuzzy), not (yet) clearly identified or whose aseaverlap are in need of other classes
to allow for those type of situations (Van Oosteremal, 2004). Often in such
countries or jurisdictions both types of situatidsgictly legal and formalised and
more fuzzy and informal) are to be found in the saarea, and should therefore be
able to co-exist in the LAS, and thus in the Lardinistration Domain Model.

3.5 Evaluation of LADM Version B

As mentioned earlier: a main characteristic of lamadure is that it reflects a social
relationship regarding rights to land, which med#met in a certain jurisdiction the
relationship between people and land is recognésed valid one (either formal or
non-formal). LASs mostly only take into account eentional legal forms of
evidence and are parcel based. This means thabthgyover a portion of all forms
of land tenure. Also they cannot accommodate athfoof tenures. See Augustinus
and Lemmen, 2011. Globally there are many examptesre the land use rights of
informal settlement residents, slum dwellers, familand groups living under
customary tenure, indigenous people, pastoralisfsigees, etc. are not capable of
being integrated into a conventional LAS. The STha$ been designed to cover all
types of tenures, conventional and other sociaures) such as informal and
customary tenures (Augustinus et al, 2006). It domgnts the LADM and allows
interoperability between the two systems. The STRMh its own terminology, will
be worked out in Chapter 4, prototype softwarebieen developed to test the model;
see Chapter 5.

After the presentation of the Land Administratioarbain Model Version B to the
FIG Congress in Munich. Germany, 2006, this verdias been prepared as an ISO
TC 211 New Working Item Proposal (NWIP), see ISO0&a). This NWIP has been
submitted to ISO TC 211 on Geographic Informatidrntemplate has been used for
this purpose.

The main comments and observations received froen fitoject group and
editorial committe€ during this development are presented here belbhis
concerns comments and observations to Version B fraernational experts in the
TC 211 project team and also to later versions ldpeel by the Editorial Committee

2 1n the editorial committee experts from the follog countries are represented: Canada, FinlandcEra
Germany, Japan, Korea, the Netherlands, South &fffeveden and the United States. UN Habitat was
represented as well as FIG and the Joint ReseawtreCfrom the European Union. All experts perfaime
reviews on the Working Draft, Committee Draft anke tDraft International Standard. It is a
comprehensive, extensive and formal process withndnuous review and a continuous, creative amproa
to find common denominators in land administraystems and included data sets. Also with supgdort o
national expert groups.
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for LADM within 1SO TC 211; this concerns the Waonkj Draft versions and
Committee Draft version (see ISO, 2008b, ISO, 2806 ISO, 2011c). There were
hundreds of comments on the (lacking) definitionsl aerminology, especially on
attributes in the NWIP. Some terms (layer, righdvé already a definition within
ISO. Can this be re-used — or is it better to usather term (which happened for
‘layer’, the term was replaced by ‘level’).

Also many comments on the representations in thé dMgrams, the contents of
classes, the example cases, etc. Besides theremarg minor comments on the
organisation and structure of the document, spglland grammar. All those
comments are documented and have been discusdedheiproject team and later
with the editorial committee.

From the reviews positive support was received: MAas guide to land
administration modelling and exchange of data. Ats® LADM was recognised as
being potentially very supportive in the desigmefv LASs.

On the other side there were critical remarks, @sfig from countries in the EU.
This was related to the fact that the standarddcget the status of mandatory norm
(via CEN and national standardisation bodies amd tiffis may cause change in the
system or via INSPIRB). Sometimes there was confusion about the proposed
contents of the LADM, e.g. that it presupposes th@adastre and Land Registry are
in the same institution, and that the act of regisy a property in the Land Register
is equivalent to register it in the Cadastre witgdl implications. This is of course not
the intention of the LADM. For this reason a clsaope has to be included to avoid
this type of mis-understanding of legal impact.

From several countries there were remarks thaétisetoo much emphasis on the
‘spatial/surveying’ part and too little on ‘admitritive/legal’ aspects.

An interesting comment was that ISO/TC211 treatsd@aphic Information and
not rights and duties. This was not accepted. LABM domain model. Therefore, its
content is also non-geographic information, adliotaer domains. Point information
can be used for orientation (if the reference systeknown), but lines on a map only
have meaning with domains as reference behind it.

The ‘overview’ requirement BO1l (see Table 3) inesdsome non-fulfilled
requirements from LADM Version A. In LADM Version Bopology is explicitly
included now, a few identifiers without semantice @cluded — but a structural
approach is needed as was discussed during theldpewvent of the International
Standard (this DIS is presented in the next Se@&iénas LADM Version C), layers
are more or less possible in LADM Version B (cldsssed, again a structural
approach is needed), interface classes for prodants services are available,
responsible persons in transactions (using roles) iacluded, RRRs are added,
versioned objects could be more systematically uishetl. Functionality for 3D
Cadastre is basically there. Marine Cadastre igcéifs there (with an association
between ‘Interest’ and ‘Law’ (read ‘InstitutionsRequirements B02, BO3 and B05
are included based on types of RRRs (look at RRR fa broad perspective: it can be
formal, customary, etc.). A better management issfile using layers. BO4:
GroupPerson is included now, this extends the plessiepresentations of land

3 A mandatory implementation would be completely aaeptable and impossible for the countries with
voting rights in TC211. To avoid misunderstandingcape for the LADM was defined formulated in such
a way that there could be no misinterpretationhis t
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rightful claimants or right holders. New forms gfasial units are added, topology is
not longer a requirement for point based, text thas®l spaghetti based immovables.
This allows for overlaps with the toplogical stuetd area; this is a kind of
introduction of layers, but insufficient. The fuimetality in support of surveys has
been extended, e.g. transformations, quality code.

New requirements from the comments and observapiomgded by international
experts are in Table 4.

Table 4 User Requirments for LADM Version C.

Code Requirement Impact Analyses

C01 Remaining This concerns identifiers without semantics, layarsl better
requirements from support in surveying.
LADM Version B

C02  Better The Triple Object — Right — Subject does not suppbs
Representation of constellation of basic property units (see Figuxeedpecially in
Basic Property  cases where a basic property unit has a uniquetifiden
Unit’® needed (meaning that all spatial units belonging to thésib property

unit have the same identifier). The purpose of asida
administrative unit is the grouping of spatial spitvhich have
the same rights, etc. attached. A new core classeéted to
represent this properly.

This is a fundamental change because there is mectdi
association between RRR and Spatial Unit anymore. iBut
allows the inclusion of non-parcel based LASs, a&® the
BPUs in Section 2.2. Multiplicities in the asso@at between
core classes should be as flexible as posSible

To get a generic terminology the BPU should be dalkasic
Administrative Unit'. This BAUnit does not includiée word
‘property’.

" Basic Property Unit may consist of several paroeégh of which may contain several plots. In many
cases the plot, the parcel, the BPU, the propyiatait and the protfolio will be the same thing (IBCE
definition, Guidelines on Real Property Units addrtifiers, page 55 in UN/ECE, 2004). See also rféigu
4. A basic property unit is defined by ownership &lmogeneous real property rights and is madefup o
several parcels. It is the basic unit of ownerghat is recorded in the land books or land regisfpage
49). During the review process there was the suggeto introduce Legal Land Object as a name for a
new BPU, like core class.

S On the other side there were remarks that the nigtih for any land is the equivalent of freeholdyioh

is either held by the state or an other party.offller rights derive from the main right. Leasesncdrexist
with only one party, there has to be a landlord artdnant. Without the tenant all there is is asisional
lease, in effect an offer to potential tenantsegatiate. The same logic follows for all other &ssghts.
This would mean a set of associations between dasses as in Version A. This can not be accepted,
because roles are included, which means that daerde Parties (certified to perform in data maiatee)
without RRRs. The multyiplicity issue was also dissed where RRR and documents are concerned: RRR
can exist without any document. In the ideal caszyelLA_RRR must have at least one document, it th
reality is that the reference to the document oylradghe whole document is missing (e.g. during war)
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C03  Basic Property A property unit (BPU in Figure 4) can play the ralka Party.
Unit as Party E.g. in Scandinavian countries there can be twodkimf
ownership. The most common is “personal’ ownersHip.
addition to that a property unit may be owned by @n more
other property units. This is often the situationithim co-
ownerships. The right then often follows the praéigsrand not
the owners. This may be parking areas or playgreuhdt are
owned by the properties in the neighbourhood.

C04  Positive and The model has to cater for both positive and negatituations:
negative side of if the negative side can be derived (computed)n thely the
restrictions positive side needs to be stored. Parcel basednsyswork very

well (Tuladar, 2004), but BPUs are required.

C05 Cadastre 2074 A remark related to the Cadastre 2014 principle egal
and the principle independence (which should be possible to be intred as
of legal layers in LADM Version C), is that it should be pibds to
independence not include explicit relationsbetween different themes, e.g. rights
only by overlay, and restrictions. Overlays are not accurate endqugtany cases.
but also by This brings unreliable results. “RequiredRelationsisipould be
explicit linking explicitly possible and always override implicitlatonships

established through spatial operatidns

C06  Re-use existing The standards to be re-used should be better Hedcre.g. the
ISO Standards  spatial description package. This observation corscall the

existing classes on geometry and topology (seeéstiba 3.2.3
and 3.4.3) and should be referred to as extCl45s&tention
point here is on aspects of 3D Cadastre: do thetimxis
standard® include ‘unbounded objecf’ It should be possible
to close volumes in all directions to form a bouwhgelume.
Also for the Survey package there should be as msgbossible
re-use of standards on Observations and Measurgth@mder
development). On surveying itself there were remahat also
stereo plotting can be used as basis for acquisitiodata on
cadastral boundaries. This is supported of coursg lzetter
worked out in the LADM Version B (e.g. lines without
associations to points).

8 The standardization process is not an authorisaifoCadastre 2014 to an ISO standard. In general
references are not accepted as part of the norentatkt — this would imply the inclusion of the cemits of
that reference to the contents of the standard.

"When geometry overlay can be used and when not Wheality means legal independency mentioned
in Cadastre 2014? This is quite a key question lwiimot resolved yet. According the LADM geometry
overlay seems to be the only way, but accordingetd world experiences in some countries it is not
suitable in every case. Real world experiences ldhbe taken into account better was one of the
comments.

8 This implies that the view of integrated managenoériopology and geometry and other attributetas
(Lemmen and Van Oostero2001) is abandoned; topology is not modelled iexgplicit way anymore.

" E.g. 1ISO 19107 Geographic Information, Spatialédea (1ISO, 2003b).

8 A parcel is in some jurisdictions defined by aafaproperty rights. A parcel extends notionallgrir the
centre of the earth to the infinite in the sky asdsuch should be regarded as a volume of spac8ae
and McLaughlin (1998). In fact this is an unboun8&dobject.

8150 19156.
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C07  Party members It should be indicated that by default, it is asednthat all
members in a partygroup hold equal shares in tbepyrThe use
of class PartyMember is only required to managéypaembers
in a Group party with unequal shares.

C08  System boundary There was discussion on the system boundary adshich
of LADM, external classes belong to the LADM and which don’t. Firsalh there is
classes and re-use of existing standards as discussed above.irBun
information information infrastructure also data on personsmmganies,
infrastructures addresses, land cover, land use, valuation, taxatiol networks

may be external. This is very relevant in relatit;m the
development of information infrastructures for gagm/ernance.
Such infrastructures do not only contain spatiataganany
domains have to be covered. Goal is avoidance d& da
duplications and clear responsibilities on data ntesiance.
Archiving is proposed to be completely externaingsexisting
standards. According to some experts documents bardivided
as spatial and non-spatial documents: this is arfashioned
way of thinking. Nowadays (even more than earliene
document can include every kind of data. See Stibges.6.6
for external classes in Version C.

C09  Generic Generic versioning and quality labelling for all néents of
versioning and LADM is requested. There was a remark that class
quality labels SourceDocument does not provide sufficient inforamatto

manage event based history. It would be requiredaimtain the
state before and after for each document to digpleyhistory. It
needs to be demonstrated that event based modeiting
supported.

C10 Miscellaneous Values in code lists are informative, not normatieéthough
there is the possibility to add national codes.
There were also many remarks and comments on w#sb
should purchase price be included?; should eleictrsignature
or finger print be an attribute?
Data types as multimedia should be included forudmntation
purposes.
Regarding dimensions: a spatial unit can be reptedéyy a line
which would be 1D or by a point (centroid) whichwie be 0D.
More flexibility with identifiers and general andemgric
introduction of identifiers is needed.
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3.6 LADM Version C

The Land Administration Domain Model (LADM) has Ibepublished as a Draft
International Standard by the International Orgatii® for Standardization (1SO), as
ISO 19152 (ISO, 2011c). The Draft Internationalrsitard has also been submitted to
CEN/TC 287. As explained in Sections 1.6 and 3i5 tlevelopment has been a
substantial effort. The Draft International Stamtlerpresented here now as version C
of the LADM. Some class names changed, see AppehdBor a complete overview
of associations (relationships) between classa&ision C, see Appendix B. Terms
and Definitions for LADM Version C can be foundAppendix D.

Of course, the scope of the LADM (or any other nipdelimited and does not
model the whole world. The scope of Version C (tigatthe ISO 19152 Draft
International Standard) is described now in detail.

The standard (ISO, 2011c, p. 1):

- ‘defines a reference Land Administration Domain MbflL ADM) covering basic
information-related components of Land Adminiswati(including those over
water as well as land, and elements above and kalwurface of the earth);

- provides an abstract, conceptual schema with fasictpackages related to:

- parties (people and organisations);

- basic administrative units, rights, responsibisitiand restrictions (ownership

rights);

- spatial units (parcels, buildings and utility netiks);

- spatial sources (surveying), and spatial repreenta(geometry and

topology);

— provides a terminology for land administration, ddhsn various national and
international systems, that is as simple as pasgibbrder to be useful in practice.
The terminology allows a shared description of etéght formal or informal
practices and procedures in various jurisdictions;

— provides a basis for national and regional profite®l

— enables the combining of land administration infation from different sources
in a coherent manner.

The following is outside the scope of this Inteimia&l Standard:

- interference with (national) land administratioow$athat may have any legal
implications;

— construction of external databases with party datllress data, valuation data,
land use data, land cover data, physical utilitjwoek data, archive data and
taxation data. However, LADM provides stereotypassks for these data sets,
which indicate what data set elements LADM expércis these external sources,
if available; and

— modelling of land administration processes.’

LADM Version C, as a product, is a conceptual schettADM Version C is
organised into three packages, and one subpack&gb)packages facilitate the
maintenance of different data sets by differentanigations, e.g. Land Registry or
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Cadastre (each with their own responsibilities atadmaintenance), operating at
national, regional or local level.

The core LADM in Version C is based on four corassks, see Figure 29 (prefix LA
is used now for each cla8s)

1) Class LA_Part}, parties;

2) Class LA_RRR, rights, restrictions or responsiigiit

3) Class LA _BAUnit, basic administrative uffit

4) Class LA_SpatialUnft, spatial units.

LA_Party

{A_RRR

LA_BAURit

LA_S patialllnit

Figure 29 The four core classes of LADM ( 1SO 2011c

The three packages are: Party Package, Legal/Adiritive Package and Spatial
Unit Package. The Surveying and Spatial RepresentaBubpackage is one
subpackage of the Spatial Unit package. Figurer88gmts all Version C classes.

The four core classes of Version C are introduce@ ipackages (Party, Legal
Administrative and Spatial Unit) and are descriliedhe next subsections of this
section. The sequence of presentation and themsrtéthe packages in this Section
has been changed compared to the LADM VersionsdABain earlier sections. First
the Party Package is introduced, then the Admatise Package with RRRs and
Basic Administrative Units (BAUnits, a new core sdasee Figure 29) and then the
Spatial Units Package (which includes now the Syingg Classes and Spatial
Representation Subpackage) are presented. This ofdg@esentation is one of the
outcomes of the discussions with international espdirst party and right should be
known and then the objects (spatial unit) whereriiet applies to; for the model this
sequence is not relevant. In this section therefarter subsections for special
classes (for object versioning) and a subsectioarg/i_ADM — expected’ contents
of external classes is described. Finally the irtggbifunctionality from other ISO
standards is presented (re-use of existing stasglard

82 prefixes used in this thesis: Prefixes from ISOC@ation (ISO 19115), DQ Data quality (ISO 191.15)
EX Extent (ISO 19115), GF General Feature (ISO 991@GM Geometry (ISO 19107), LA Land
Administration (ISO DIS 19152), MD Metadata (ISO118), OM Observation and Measurement (ISO
DIS 19156), RS Reference System (ISO 19115), S@ia@zoordinates (ISO 19111), TM Temporal (ISO
19108)

8 |n LADM Versions A and B LA_Party is called Person

84 Baunits are administrative units consisting obzer more spatial units against which one or mdRRR
are associated. See Subsection 3.6.2 for a fudtfamition and description.

8 In LADM Versions A and B LA_SpatialUnit is callé®arcel or PartOfParcel.
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Code lists are used to describe a more open ariblfeenumeration. Code lists
are useful for expressing a long list of potenti@lues. The code lists included in the
LADM aim to allow the use of local, regional or iwattal terminology.

«conceptualSchema»
Party «conceptualSchema»
Administrative

+ LA_Party

+ LA_GroupParty

+ LA_PartyMember
+ LA_PartyType e —————————>>
+ LA_PartyRoleType
+ LA_GroupPartyType

+LA_RRR

+ LA_BAUnit

+LA_Right

+ LA_Restriction

+ LA_Responsibility

+ LA_Mortgage

+ LA_AdministrativeSource

+ LA_RequiredRelationshipBAUnit
+ LA_AvailabilityStatusType
+LA_BAUnItType
+LA_AdministrativeSourceType
+LA_RightType

+ LA_RestrictionType

+ LA_ResponsibilityType

+ LA_MortgageType

C0EN [N [N [N O o

(from LADM classes)

«conceptualSchema»
Spatial Unit

/]

+ LA_SpatialUnit

+ LA_SpatialUnitGroup

+ LA_LegalSpaceBuildingUnit

+ LA_LegalSpaceUtilityNetwork
+LA_Level

+ LA_RequiredRelationshipSpatialUnit
+LA_AreaValue

+LA_VolumeValue

(10N [N (00N [N [0 [N O YN O O O e T o m

(from LADM classes)

+LA_DimensionType

+ LA_BuildingUnitType

+ LA_SurfaceRelationType

+ LA_UtilityNetworkStatusType
+ LA_UtilityNetworkType

+ LA_RegisterType

+ LA_StructureType

«conceptualSchema»
Surveying and Representation

+LA_Point

+ LA_SpatialSource

+ LA_BoundaryFaceString
+ LA_BoundaryFace

+ LA_Transformation
+LA_PointType

+ LA_SpatialSourceType

+ LA_LevelContentType
+LA_AreaType
+LA_VolumeType

V0N (YN [N [N N O N (N O [ [N N N e

+ Surveying and Representation + LA_InterpolationType

00N [EIN [N [N COETW (O TN O

+LA_MonumentationType

(from LADM classes)
(from Spatial Unit)

Figure 30 The LADM overview of (sub)packages irs\er C, with their
respective classes (ISO 2011c).
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3.6.1 Party Classes

The main class of the Party Package (see Figuras3the class LA Party with its
specialisation LA_GroupPaffy A party is a person or organisation that playsla
in a rights transaction. Another class is LA_Pargyhbef’.

There is an optional association class LA PartyMemiletween LA Party and
LA_GroupParty. A group party is any number of pastiforming together a distinct
entity; e.g. a village community or a tribe. A pamember is a party registered (or
recorded) and identified as a constituent of a jgiuarty.

There are external classes for Parties in Versipth@se external classes have
references from LA Party. This is in support of lempentations on information
infrastructures (based on domain standards). Té islto use only authentic data in
such information infrastructures, e.g. to use dftan population or company
registers in case of Parties. The external classisate what data contents LADM is
expecting from external resources. See Subsecttf Br an overview and expected
contents of external classes in Version C of LADM.

In LADM Version B there are separate classes foe tgpes (MoneyProvider,
Conveyor and Surveyor). But facts related to pesswith a specific role are mostly
included in a separate database. This is implerdaént¥ersion C via an attribute for
party role types combined with an identifier of tharty with a specific role in an
external database (extPID). In this way it is possito refer, for example to an
(external) database with certified conveyors tal fout if a specific conveyor is still
authorised in case a transaction is requé&t&dmething similar is valid for notaries,
for certified or non-certified surveyors or for t#aadministrators. If parties with a
specific role in a transaction are in an exterrathbase it is needed that history is
maintained in this external database. This is reszgsbecause a party performing a
specific transaction needs to be known and traedabltransparency reasons. This is
also valid for transactions performed in the pasg.( before a certificate was
withdrawn). The need for transparency and transpaestems, and related to this the
success of land administration, is discussed in ¢&mMolen and Tuladhar (2006b)
and in Van der Molen (2007).

Conveyors and surveyors may also have differemsrobmbined in one person.
They can be rightful claimant or right holder andteey can have a responsibility in
the data acquisition and/or data maintenance psocéa transactions. Those
responsibilities concern the authenticity and dyabf the products which are
delivered from their roles: survey documents, letgadluments and mortgage deeds. It
may be required to include the names of the resplenpersons into the LAS with
linked external databases.

Also user groups for information services as citizebanks and parties involved
in transactions (conveyors, etc.) have a rolete.grganise authorisation or payment
of services and products. Farmers may be include specific role e.g. because of
subsidies for agriculture; see Section 5.6.

8 In LADM Version B LA_GroupParty is called GroupBen.
8 In LADM Version B LA_PartyMember is called Member.
8 This is in principle the responsibility of an extaf organisation and not of the LA organisation.
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Attributes of LA Party are (see Figure 29): theniifeer of the party in an
external registration (extPID); the name of thetygathe identifier of the party (pID);
the ;‘;))Je of the parfy in the data update and maintenance process argiphef the
party™.

Attributes of LA _GroupParty are: identifier of aogip party (grouplD) and type
of a group pary}. An attribute of LA_PartyMember is share, thisifraction of the
whole. The sum of shares must be equal to 1 (os®g; the constraint in class
LA_GroupParty in Figure 31.

VersionedObject

«featureType» baunitAsParty
Party::LA_Party
0.%
+ extPID: Oid [0..1]
+ name: CharacterString [0..1]
+ plb: Oid VersionedObject
+ role: LA_PartyRoleType [0..*] |+party +nr
+ type: LA_PartyType «featureType»
0.1 0.* Administrative:LA_RRR
VersionedObject +parties | 2.* +r | 1x
«featureType» |
Party:LA_PartyMember 0.*
+ share: Rational [0..1] - " 1 VersionedObject
VersionedObject
- «featureType»
«featureType» +baunit] - Administrative::LA_BAUnit
Party::LA_GroupParty
a 0.*
+ grouplD: Oid
+ type: LA_GroupPartyType 0.
VersionedObject
constraints
{sum(LA_PartyMember.share)=1 per group} «featureType» S
Spatial Unit::LA_SpatialUnit

«codeList» «codeList» «codeList»
Party::LA_PartyType Party::LA_GroupPartyType Party::LA_PartyRoleType

Figure 31 LADM Version C Party Package and assaoiet to other core classes
(1SO, 2011c).

3.6.2 Legal Adminstrative Classes

The main classes of the Administrative Package care classes LA RRR and

LA_BAUNit. See Figure 32. LA _RRR has three classespecialisations:

- LA _Right, this is an action, activity or class dftians that a system participant
may perform on or using an associated resourceht®igre primarily in the
domain of private or customary law. Ownership righte generally based on
(national) legislation, and code lists in LADM dresupport of this, code tables
are available for all “type attributes”; e.g.: owslgip, possession or customary
right. A right can be an (informal) use right. Rigimay be overlapping, or may be
in disagreement;

8 |LA_PartRoleType can be bank, certified surveyiiizen, conveyor, employee, farmer, money provider,
notary, state adminsitrator, surveyor, writer, etc.

LA _PartyType, see Figure 31, can be a baunitSsdssection 3.6.3, a group, a natural person oma no
natural person. Examples of non-natural personsaatempany, a municipality, the state, a trib&grener
co-operation, or a church community (with eachdigal person represented by a delegate: a director,
chief, CEO, etc.).

1 LA_GroupPartyType can be: an association, a gafupaunits, a family or a tribe. For baunits (basic
administrative units), see Subsection 3.6.2).
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— LA Restriction, this is a formal or informal enéithent to refrain from doing
something. E.g. it is not allowed to build withid®meters of a fuel station. Or a
servitude or mortgage as a restriction to the oshiprright. Restrictions usually
remain valid when the right to the land is transfdr Amortgage(LA_Mortgage)
is a special restriction of the ownership rightmartgage is in fact a security right
to provide a maximum guarantee that (bank) loangpfmchase of real estate are
repaid;

— LA _Responsibility, this is a formal or informal ddption to do something, e.qg.
the responsibility to clean a ditch, to keep a stfi@ pavement, to remove icicles
from the roof during winter or to maintain a monurne

BAunits are administrative entities consisting ef@ or more spatial units against
which (one or more) unique and homogeneous rights 6wnership right or land use
right), responsibilities or restrictions are asatail to the whole entity as included in
a LAS.

By unique is meant that a right, restriction orpassibility is held by one or
several parties (e.g. owners or users) for the evli@Esic administrative unit. By
homogeneous is meant that a right, restrictionesponsibility (e.g. ownership, use,
social tenure, lease or easement) affects the wiasie administrative unit. It should
be observed in relation to this that rights, retibhs and responsibilities may affect
only a part of the spatial unit, with the geometepresentation of that part missing.
E.g. in case of a right of way: the location of tiy may be unknown.

The class LA_BAUNIt contains a constraint expregshat the sum of shares in a
subclass of RRR must be equal to 1. This meangeparan hold a share in a right,
restriction or responsibility. A special attribuitedicates whether this constraint is
valid or not, as in some cases this constraintdganingless.

LA_BAUNit allows the association of one right tacambination of spatial units
(e.g. an apartment and a parking place); e.g. anibias a basic property unit with
three spatial units (e.g. an apartment, a garadeaaaral parcel). A ‘baunit’ can be a
group of spatial units under a zoning plan, whielimder development or a group of
spatial units as basis for taxation. A basis faatimn can be more than ownership in
case lease is included: so a ‘baunit’ for taxat®onot necessarily the same as a group
of spatial units forming an ownership baunit. Withss LA_BAUnit it is possible to
register spatial units from different levels (setspatial units in themes) as one unit.
If (parts of) spatial units are included or elintigh from the ‘baunit’, the identifier
may remain the same, but with a different verslarthis approach, a mortgage can
only be established on the complete ‘baunit’, notame or more of the included
spatial units. A (group of) ‘baunits’ may be a pathis means a ‘baunit’ may own
another ‘baunit’. This can be compared with senpagcels in Version B.

There may be required relationships between bakiirastrative units in absence
of spatial units to describe the ‘baunits’ or ie fhresence of inaccurate geometry of
spatial units to generate reliable implicit spatihtionship;. e.g. between a ‘baunit’
(a servitute) on one level and a ‘baunit’ (a basisperty unit) on another level or
between an ownership ‘baunit’ on one level and autiit’ for taxation on another
level. For taxation purposes ‘baunits’ may be fadnoa the basis of factual land use
(e.g. ‘ownership’ minus ‘leased to’ plus ‘leasednfr minus ‘given in use to’ plus
‘taken in use from'. Land ‘given in use to’ or ‘@k in use from’ exists within
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families or village communities). Something simitaay be valid for land use based
subsidies; e.g. subsidies for agriculture in Eurdpeen if the geometry for spatial
units does exist and is accurate there may be tegabns to organise the data in this
way. Instances of LA RequiredRelationshipBAUnit wide implicit relationships,
established through geospatial overlaying techmigubifferent life cycles of
relationships between ‘baunits’ can be traced.

«invariant» baunitAsParty
{Instances of LA_Right and LA_Responisbility have always

- .| one (= 1) party. Sometimes there can be 0 or 1 party; e.g. no

(= 0) party for object restriction and 1 party for right restriction

(indicated by partyRequired boolean attribute)} «invariant»

Administrative::LA_RRR

1. .
description: CharacterString [0..1] +baunit 1 0.% 0.*
fD: Oid -

share: Rational [0..1] VersionedObject
shareCheck Boolean [0..1]
timeSpec: 1SO8601_Type [0..1]

0.*
- - H {share must be specified, unless thisis meaningless fo
nveyor: VersionedObject : the specific type (indicated by shareCheck=false; in
— «featureType» 0.1 ' this case constraint 'sum (RRR.share) = 1 per type' can
1. Party::LA_Party Pl not be applied)}
_ +party | '
,,,,,,, ]
L f i ! .
0. | smoney-provider e —-eea ' ' VersionedObject
«invariant» : ' : «featureType»
* ! . .
g’;gynCi:;Tr{eh:;E 0 Hm (0. N : ' Administrative:
i y |- - h . N .
has specific role} VersionedObject ‘\‘ LA_RequiredRelationshipBAUnit
«featureType» nr 1 |+ relationship: CharacterString [0..1]
)

«featureType»
Administrative:LA_BAUnit

+oH o+ 4

A S + name: CharacterString [0..1]
| 0. + type: LA_BAUnitType —
+ ulD: Oid 0.

constraints
{sum(RRR.share)=1 per type if RRR.shareCheck}

«featureType» {no overlap RRR.timeSpec per summed type}
Administrative::LA_Responsibility +unit | 0.* 0.*
+ type: LA_ResponsibilityType 1.* | +source 0.* | +source
LA_Source
«featureType» 0.*
«featureType» Administrativ e::LA_AdministrativeSource VersionedObject
— ative::LA_Right " — LA Availanili T «deatureTypen
" |+ type: LA_RightType + text: MultiMediaType [0..1] Spatial Unit::
+ type: LA_AdministrativeSourceType LA_SpatialUnit
0.%
«featureType»
Administrativ e::LA_Restriction - -
VersionedObject
+ part).fRequlred:FBpolean [0.1] <} T ED
+ type: LA_RestrictionType istrative::LA_Mortgage
+(ordered) |+ amount: Currency [0..1]
o + interestRate: Float [0..1]
- + ranking: Integer [0..1]
o + type: LA_MortgageType [0..1]
«codeList» «codeList» «codeList» «codeList»
inistrative:: i ative: Administrative:: Administrative::
LA_RightType LA_RestrictionType LA_ResponsibilityType LA_MortgageType
«codeList» «codeList» «codeList»
Administrative:: Administrative:: Administrative::
LA_BAUnitType LA_AdministrativeSourceType LA_Av ailabilityStatus Type

Figure 32 LADM Version C Administrative Packagethwassociations to other
core classes (ISO, 2011c).
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In principle, all rights, restrictions and respdmildies are based on an
administrative source. Class LA RequiredRelatigpBAUNit allows creating
instances of relationships between ‘baunits’. Ifow$ maintaining explicit
relationships between ‘baunits’ in the absencepafial units to describe the ‘baunits’
or in the presence of inaccurate geometry of Spaitiiis to generate reliable implicit
spatial relationships; e.g. in case of ‘map corieersfrom a less accurate to a very
accurate cadastral map.

Attributes of LA_RRR are (see Figure 32): a dediwip regarding the right,
restriction or responsibility; the RRR identifier); a share in an instance of a
subclass of LA_RRR (attribute shareCheck indicatkether the constraint in class
LA_BAUnit is applicable) and timeSp&qoperational use of a right in time-sharing).

An attribute of LA_Right is the type of righit Attributes of LA_Restriction are:
the type of the restrictidhand partyRequired (for specific parties may nonhbeded
to exist) PartyRequired identifies if a party iseded or not. An attribute of
LA_Responsibility is the type of responsibifity Attributes of LA_BAUnit are: the
name of the basic administrative unit; the typehef basic administrative uffitand
the identifier of the basic administrative unityl Attributes of LA_Mortgage are:
the amount of money of the mortgage; the interest rate of tnertgage
(percentagéy; the ranking order (if more than one mortgage i2gpb a right(s)) and
the type of the mortgade Attributes of LA AdministrativeSourc® are: the
availability status of an administrative souféethe content of the document and the
type of documenit? An attribute of LA_RequiredRelationship is the chgstion of the
required relationship.

92 Attribute timeSpec is capable of handling othenpieral descriptions, such as recurring patternsrjev
weekend, every summer, etc.). This means, for elgrtipat a party can hold a right to use an apartme
each year in March, or that a group of pastoraltiatsthe right to cross a field each summer (faryuime
range specifications see ISO (2004), Annex D; mayubed instead of ISO 8601:2004). There is a
constraint that no overlap is allowed between tipgeS for the same RRR type and the same basic
administrative unit.

% LA_RightType can be agricultural activity, commownership, customary type (there are many), fire
wood, fishing, grazing, informal occupation, leasegupation, ownership, owneship assumed, supesfici
tenancy, ususfruct, waterrights and Islamic rightgk, miri, waqf).

% LA_RestrictionType may be administrative publicvieide, monument, no building allowed, servitude,
zone, etc.

% LA_ResponsibilityType can be monument maintenamegerway maintenance, road maintenance, road
cleaning, etc.

% BA_UnitType can be basic property unit, leased, dakation unit, etc.

971S0 (2008) should be used for the list of curresci

% This percentage may change after some yearsaircéise the question is if this should be includetie
LAS.

% LA_MortgageType could be linear, microcredit itit the bank, etc.

1% |n LADM Versions A and B LA_AdminsitrativeSourceaw called LegalDocument.

11| A AvailabilityStatus can be archive converted @} archive destroyed, archive incomplete, archive
unknown (meaning not accessible because the locationknown, e.g. after war), etc..

192 | A AdministrativeSourceType can be agri-consentj-kease, agri-notary statement, deed, mortgage,
title, community statement, personal statement, etc
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3.6.3 Spatial Unit Classes

The main class of the Spatial Unit Package is ctass LA_SpatialUnit, see Figure
33. A spatial unit is a single area (or multipleas) of land and/or water, or a single
volume (or multiple volumes) of space. A spatialt @an be a parcel. Spatial units are
structured in a way to support the creation andagament of basic administrative
units.

«datatype» «datatype»
VersionedObject baunitAsParty Spatial Unit:: Spatial Unit::
LA_VolumeValue LA_AreaValue

«featureType» 0.*
Party:LA_Party + type: LA_VolumeType + areaSize: Area

i + volumeSize: Volume + type: LA_AreaType
+party LU»»li VersionedObject
0.*

«featureType»
Administrative:LA_RRR

0.*
+mr | 1 . VersionedObject Each spatial unit hasa dimension. There

+baunit — can be a 2D spatial unit, ora 3D spatial
QUL unit, with a spatial unit with dimension

Topology relationship 1S019125 1 Administrativ e:LA_BAUnit “liminal® ini‘;men See Annex B

_Type asdefined ISO 19125 . .

0. .
. .
. -
’ ’
VersionedObject ‘ 0. o . «invariant»

. {If structure = text then

U B VersionedObject} * i i
Spatial Unit::LA_RequiredRelationshipSpatialUnit 0 geometry/topology is optional}
— 0. «featureType» ;
+ relationship: 1S019125_Type [0..1] Spatial Unit:LA_SpatialUnit '
.
- + area: LA_AreaValue [0..4] H - -
Z‘L“S'a"a“"’ ot ‘ e + dimension: LA_DimensionType [0..1] VersionedObject
if dimension=2D then volume not specifies + extAddressiD: Oid [0..*
if dimension=3D then area not speci + label: Charac(erstr[in ][o 1] D
. g . i @] ?D _"( 0.1] Spatial Unit:LA_Level
+ referencePoint: GM_Point [0.. +su +evel
Felement + sulD: Oid + IID: Oid
1 + ;LA ionType [0..1]|0..* 0.1|+ name: CharacterString [0..1]
VersionedObject + volume: LA VolumeValue [0..%] + registerType: LA_RegisterType
+ structure: LA_StructureType [0..1]
 «eatureType» + areaClosed() : Boolean + type: LA_LevelContentType [0..1]
+set | Spatial Unit::LA_SpatialUnitGroup +whole spart |+ computeArea() : Area
0.1 5 hierachyLevel: Integer N 1. * N O:Vulgme -
+ label: CharacterString [0..1] 0.. + createArea() : GM,Mu\tlSurfac‘e «invariant»
+ name: CharacterString [0..1] + createVolume(): GM_MultiSolid L .---4 {If dimension = 3D than structure in
+ referencePoint: GM_Point [0..1] + volumeClosed() : Boolean LA_Level can be toplogical,
+ suglD: Oid polygon, unstructured or point}
«featureType» «featureType»
Spatial Unit::LA_LegalSpaceUtilityNetw ork Spatial Unit::LA_LegalSpaceBuildingUnit
+ extPhysicalNetworkD: Oid [0..1] + buildingUnitID: Oid [0..1]
+ satus: LA_UtilityNetworkStatusType [0..1] + type: LA_BuildingUnitType [0..1]
+ type: LA_UtilityNetworkType [0..1]
+ getGeometry() : GM_Geometry
«codeList» «codeList» «codeList» «codeList» «codeList»

Spatial Unit:: Spatial Unit:: Spatial Unit:: Spatial Unit:: Spatial Unit::
LA_UtilityNetw ork Status Type LA_Sur ionType LA_Di ionType LA_BuildingUnitType LA_LevelContentType
«codeList» «codeList» «codeList» «codeList» «codeList»

Spatial Unit: Spatial Unit:: Spatial Unit:: Spatial Unit:: Spatial Unit::
LA_AreaType LA_RegisterType LA_StructureType LA_UtilityNetw ork Type LA_VolumeType

Figure 33 LADM Version C Spatial Unit Package vagsociations to other core
classes (1SO, 2011c).
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LADM Version C supports different types of spatialits as in Version B; see also
Chapter 2 with reference to Larsson (1991) and iEqd©98) for spatial profiles (see
also Annex E in the DIS (ISO, 2011b):

— no spatial units (see Henssen, 1981). This doesneaih that there is no object
description. This means no map;

— a ‘sketch based’ spatial unit is used when a skécuick draw of a group of
spatial units) is available; e.g. sketch maps (@tem and Goodwin, 1998) and
photographs, in the absence of any better ideati€in,

— a 'text based’ spatial unit is used when the difiniof the spatial unit is entirely
by descriptive text. This includes the ‘metes andrals’ descriptions. Metes and
bounds is a system or method of describing regbgnty. The system has been
used in England for many centuries, and is sti#dughere in the definition of
general boundaries. By custom, it was applied énatiginal thirteen colonies that
became the United States and in many other lansdjations based on English
common law (Cribbet et al, 2002). A typical destiap for a small parcel of land
would be: “beginning with a corner at the intergmttof two stone walls near an
apple tree on the north side of Muddy Creek roael mile above the junction of
Muddy and Indian Creeks, north for 150 rods to #mel of the stone wall
bordering the road, then northwest along a line targe standing rock on the
corner of John Smith's place, thence west 150 todlse corner of a barn near a
large oak tree, thence south to Muddy Creek rdaehde down the side of the
creek road to the starting poirfVikipedia, 2010). There can be observations like
distances and bearings (by compass) in a locaemsysthis means there is no
cadastral map;

— a ‘point based’ spatial unit is used when the anfgrmation about the location
are the co-ordinates of a single point within tsaa(or volume). Jackson (1996),
with references to several other authors, speatsatahe ‘midpoint concept’. In
this concept the position of a land right is reeatdnot its boundaries. Lester and
Teversham (1995) refer to the concept as follovesssihgle co-ordinate of the
centre of the dwelling unit could positively iddgtithat unit, and this may be
sufficient for basic recording purposes where timét$ of the landholding are for
the time being unimportantThis concept is supported in LADM by ‘point based’
spatial units. Fourie and Van Gysen (1995) plaeentidpoint survey at an early
stage in a system of progressive title improvemending in a standard freehold
system. This is exactly what LADM supports in paimg different options for the
representations of spatial units;

— a 'line-based’ (also known as ‘unstructured’ ordghetti’) spatial unit is used
when the representation is allowed or the dataag®is explictly used to have
inconsistencies, such as hanging lines and incdmpb®undaries. This may
happen if data are collected over time with différdata acquisition methods.
Referring to Figure 34 it can be seen that, althotge line work is of different
quality and lineage, and in fact does not join lecps (the circled points), a large
number of the parcels are well defined. In factatbuman user, the pattern of
subdivision is clear. Further, adjacent parcels lmametermined by inspection of
the figure. The other side of this issue is thathegiece of line work is uniquely
identifiable, and can be marked with a quality estant. Using this statement, a
set of criteria can be developed to allow manyhef issues of hanging lines and
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mismatches to be resolved. Different ‘levels’ ma&yused for storage of different
qualities, as explained here below. This could ymilat both line based and
topology (or polygon) based spatial units are in us

— a ‘polygon based’spatial unit is used when eachiapanit is recorded as a
separate entity. This is applied in many GISs. &hisemo topological connection
between neighbouring spatial units (and no bourdashared), and so constraints
enforcing a complete coverage must be applied kys#nding and receiving
software;

— a ‘topology based’ spatial unit is used when spatiaits share boundary
representations. A topological based spatial uiencoded by reference to its
boundaries, with the common boundary between twacadt spatial units being
stored once only. Thus there is a topological cotioe between neighbours.

Figure 34 Line based spatial units (Lemmen et @1,ab); figure designed and
created by Rod Thompson.

LADM supports either 2-dimensional (2D), 3-dimemsib (3D), or mixed (2D and
3D) representations of spatial units, which maylescribed in text (“from this tree to
that river”) or based on a single point or représéras a set of unstructured lines or
as a surface (with or without topology) or as a Bilume (Lemmen et al, 2009a,
Lemmen et al, 2010b). Independent from spatialsunaéipresented with a single point,
text or a set of unstructured lines, a spatial amly have an area equal to zero for
administrative reasons; e.g. in case where a ‘mathecel’ is subdivided into parcels
which have been sol&patial units can be grouped in two forms:

1. as spatial unit groups (any number of spatial ucibmsidered as an entity e.g. a
municipality). This is realised by an aggregatiorelationship of
LA_SpatialUnitGroup™ onto itself, see Figure 33. A spatial unit grougynbe a
grouping of other spatial unit groups. In implenatians of LADM this is to
enable the inclusion of spatial unit identifiershierarchical zones;

2. as sub spatial unit, that is a grouping of a spaiidt into its parts (recursive
grouping of LA_SpatialUnit). This is realised by aggregation relationship of
LA_SpatialUnit onto itself, see Figure 33. Pantstheir turn, may be grouped into
subparts and so on.

193 |n LADM Version B LA_SpatialUnitGroup is called AtinParcelSet.
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Spatial units have two specialisations: buildingtsjnthose are components of a
building concerning the legal, recorded or inforraphce of the physical entity and
utility networks, those are networks describing thpology of a utility; this can be
modelled as a ‘baunit’.

A level is a set of spatial units, with a geome#al/or topologic and/or thematic
coherence. A ‘level’ is a collection of spatial tsnwith a geometrical, topological or
thematic coherence (class LA Level in Figure 33)sTt¢oncept is important for
organising the spatial units in LADM. In this wag,relation to the principle of ‘legal
independance’ (Kaufmann and Steudler 1998), thareb®e one level representing
spatial units, reflecting the formal rights as d#xsed in e.g. the civil code. This may
include freehold, leasehold and servitutes. If igpatinits are based on local
legislations (e.g. a municipal regulation) there ¢@ another level for this; e.g. a
level with restrictions or responsibilities. Thisaynbe valid for all municipalities in a
territory. Further levels can be related to redafet developed by other governmental
institutions. A further division may be based oe tirban and rural subdivision and
the related type of land registration which existriany countries. There can also be a
forest cadastre, a railway cadastre or an utilagastre. There may be a need to
represent a taxation and legal cadastre which easeparate organisations. A final
division is in allocating levels for types of thi$.is also possible to deal with facts
which are not formally set down in a law. Such mfial and customary rights exist
where tribes or clans are obeying unwritten rulEsese tribes or clans may have
living, hunting and fishing rights within a defingefritory from which the boundaries
are known, but not documented formally. The rightfaimants are certainly able to
localise the outlines of their rights and the resipe spatial unit can be included into
the LAS. A form of ‘occupation rights’ exist in imfmal settlements in many areas of
the world. Even when the occupation of the land tn@ycontrary to the formal law,
the rights of the involved settlers are informaldlgfined by an unwritten code. The
boundaries resulting from these informal arrangeametan be localised and
documented. So this principle can show overlappiglyfs and serves to formalise the
situation, to regulate transactions, to monitor &mdmprove ambiguous situations.
Indigenous rights normally overlap with a formal mexship system. The rights and
the boundaries where they are in effect are weadkm and can be documented
(Augustinus et al, 2006; Lemmen et al, 2007). $patiits may be sketch based, text
based, point based, line based, polygon based poloagy based in this
documentation.

The principle of legal independence; the type ofllaegister (urban, rural, forest
cadastre etc.) and different types of spatial uréts be combined in one level using
so-called code lists; this is worked out below. sThillows for integrating data
delivered by different organisations, with diffeteflegal) mandates and for
integrating data based on different spatial ungsaabasis for progressive title
improvement Fourie and Van Gysen (199%hich could be ending in a standard
freehold system.

According to the author of this thesis a progressipproach can also be applied
in a way that results into re-established custonsstems for different areas of a
territory. A similar progressive approach can deocapplied in relation to the quality
of spatial data related to different qualities.
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An example of quality improvement of the cadasinalp in the Netherlands can
be found in Salzmann (1996) and Salzmann et al 199 This renovation has a
direct link with combining spatial data e.g. théoimation of the cadastral map with
other geographic information (e.g. topographic basps). Earlier inconsistencies
between maps are noted and are difficult to undedsfor citizens.

Required relationships are explicit links betwe@atml units and instances of
class LA_RequiredRelationshipSpatialUnit. In mamges there is a need for these
links, when the geometry of the spatial units i$ accurate enough to give reliable
results, when applying spatial overlay techniqueg.(a building, in reality inside a
parcel, is reported to fall outside the parcel; shaene applies to the geometry of a
right e.g. an easement). Required relationshipsrriode implicit relationships
established through spatial overlay techniques.

LA_SpatialUnit® has the following attributes (see Figure 33): Hfdhis is the
area in case of a 2D spatial unit; there can beyrdiferent areas and areas can be of
different type&™); the dimension of the spatial ufift a link to external address(es) of
the spatial unit (this is useful in case spatiatauhave addresses); a label, this is a
short textual description of the spatial unit whitdn be used for local purposes; a
referencePoint, this is a co-ordinate set of atpimiside the spatial unit; the spatial
unit identifier (sulD); the surfaceRelatfdfand the volume®in case of a 3D spatial
unit. There can be many different volumes and tygemlumes similar to areas.

Attributes of LA_SpatialUnitGroup are: hierarchyle#V?, this is the level in the
hierarchy of an administrative or zoning subdivisidabel, this is a short textual
description of the spatial unit group; name, tkishie name of the spatial unit group;
the co-ordinates of a point within the spatial @ntup and the identifier of the spatial
unit group (sugID).

104 Quality improvement may have a huge impact onsaoéapatial units. A criterium needs to be avadlab

on the allowed difference with legal area (as enitin legal documents).

15 The methods ‘ComputeArea’ and ‘CreateArea’ compuated return a geometric primitive
GM_MultiSurface, which includes a geometric priméti GM_Surface. Similar methods are for
‘ComputeVolume’ and ‘CreateVolume'. If dimensionZB the volume is not specified, if dimension is 3D
than the area is not specified. Condition is ofrseuhat the area or volume can be calculatedrekysires
well-structered topology.

108 A special data type is created for area size:ititisides both areaSize and LA_AreaType; see Fig@re
upper right.

7 LA_AreaType can be surveyed, calculated, nonaffiand official. Areas may have versions after
quality improvements of cadastral spatial data.

18| A DimensionType. Each spatial unit has a dimemsiD, 1D, 2D or 3D or liminal. There can be a 2D
spatial unit, a 3D spatial unit and a spatial wiih dimension ‘liminal’ in between, see Sectio6.3.

19 A_SurfaceRelation indicates whether a spatial isr@bove or below the surface.

10 A special data type is created for volume sizis iticludes both volumeSize and LA_VolumeType; see
Figure 33 upper right.

ML LA VolumeType, for the volumes different values grossible similar to area: a volume may be
surveyed, calculated, non-official or official.

12 The highest level in the hierarchy of a subdivisjcountny) is 1; lower levels are incremented by 1. In
many LASSs this is the basis for identification pfatial units. A meaningless value as id may bettebe
appraoch, there can be serious implications beaafusganges in the boudaries of administrativeduleic
units. This may mean re-indentification or evenldeyold and new) identification of spatial units.
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Attributes of LA_LegalSpaceBuildingUnitare: the identifier of the building unit.
And the type of the building urif. Attributes of LegalSpaceUtilityNetwork are: a
reference to the physical (technical) descriptibthe utility network; the status of the
utility network'> the type of the utility netwofk®. Attributes of LA_Level are: the
identifier of the level (IID); the name of the ldythe register typ&”; the structure of
the level geomet’y® type of the content of the levEl An attribute of
LA_RequiredRelationship is the description of tleguired relationship as in ISO
19125-2 spatial type (1SO, 2004Db).

3.6.4 Surveying Classes and Spatial Representation Gasse

Spatial units are structured in a way to suppa@tdteation and management of basic
administrative units. The Spatial Unit Package lba® Surveying and Spatial
Representation Subpackage (See Figure 35) withsedasuch as: LA Poift;
LA_BoundaryFace; LA_BoundaryFaceStrifigLA_SpatialSourcE?

Points (0-dimensional geometric primitives) can dmguired in the field (with
classical surveys or with GPS), in an office or pded from various sources for
example using forms, field sketches, ortho-imagesrthophotos. The acquisition of
points (a survey) may concern the identificatiorspétial units on a photograph, on
an image or on a topographic map. Cycloramas aomietry methods (multiple
images from different angles) may also be usedhiairpurpose.

A survey is documented with spatial sources. This ispatial representation of
one (part of) or more spatial units (as evidenoenfthe field). This may be the final
(sometimes formal) documents or all documents edlab a survey. Sometimes,
several documents are the result of a single suiveypatial source may be official or
not (i.e. a registered survey plan, or an aeriatg@raph). Paper based documents
(which may be scanned) can be considered as agrahtpart of the LAS. The
document can be used as authentication for thecagnat between neighbours and
also for reconstruction of boundary points in cafsdisputes.

A set of measurements with observations (distaraeemings, etc.) of points, is an
attribute of LA_SpatialSource. The individual pairtre instances of class LA_Paint,
which is associated to LA_SpatialSource. Whilesinot required that the complete
spatial unit is represented, a spatial source maypydsociated with several points.

113 g0 this concerns not the physical space but thgal lespace. In LADM Version A
LA LegalSpaceBuidinUnit is called ApartmentComplex ApartmentUnit, in LADM Version B it is
called Unit, SharedUnit or IndividualUnit.

14 A_BuildingUnitType: can be shared or individual.

15 A_UtilityNetworkStatusType can be in use or nmtplanned.

116 A UtilityNetworkType can be chemicals, electrigias, heating, oil, telecommunication, watec..et
7 LA_Registertype can be all, forest, mining, pulsiiace, raral, urban, etc. Registers can be ifslpes
type.

18| A StructureType can be point, polygon, text, fogial, unstructured lines. Spatial units can e i
levels per type .

19 | A LevelContentType can be building, customaryfoimal, mixed, network, primary right,
responsibility, restriction, etc. Contents canré&iels per type.

20|n LADM Versions A and B LA_Point is called SunRgint.

21 |n LADM Version A LA_BoundaryFaceString is call@rcelBoundary.

122|n LADM Versios A and B LA_SpatialSource is call8drveyDocument.
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Geodetic control points, including multiple setsoofordinates for points, and with
multiple reference systems, are all supportedén thDM.

«datatype»
Surveying and Representation::
LA_Transformation

& ion: CC_OperationMethod
+ transformedLocation: GM_Point
VersionedObject
+surveyor 0.* baunitAsParty
featureType»
Party::LA_Part
1. yaLA v VersionedObject
+represented | 0.1 +party | 0.1 +r «featureType»
by Administrative::LA_RRR
0.* 0.%
0.
. = 4| 1%
«featureType» +baunit[  versionedObject
Special Classes::
LA_Source 1| «featureType»
Administrative: [ «
A for polygon-based (2D) or polyhedron- LA_BAUnit
based (3D) spatial units: no minusand
at least one plus, for topology-based  |_____ 0.*
spatial units: at least one plusor minus '
'
'
'
VersionedObject | 0%
«featureType» . . - -
Surveying and Repr ion::LA_| yFaceString minus VersionedObject
+ bfsD: Oid 0..* 0..* «featgreType“» -
+ geometry: GM_MultiCurve [0..1] Sl _Un't"_ .
o yText: C ing [0..1] N N LA_SpatialUnit
0.* 0.* plus 0. .
- 0.1 0.% 0.
constraints
{either geometry (2..* points) or locationByText (0 points)}
o :
. H
0,2.*
{ordered} See Annex B fora more minus plus
" - detailed description of
RECi=Chices boundary face stringsand
«featureType» boundary faces.
Surveying and Representation::LA_Point T
. .
+ estimatedAccuracy: Length ' referencePoint
+ lationRole: LA_| | Type 0.1 H 0.* 0.*
4 LA_| Type [0..1]| - -
+ originalLocation: GM_Point VersionedObject
& P|[_): Oid _ «featureType»
+ pointType: LA_PointType 03.* 0.+| Surveyingand Representation:LA_BoundaryFace
+ [productionMethod: LI_Lineage [0..1]
+ transA S LA T ion [0..4] fordered} 1 bib: oid
+ geometry: GM_MultiSurface [0..1]
+ GetTransResult() : GM_Point + locationByText: CharaterString [0..1]
+sourcePoint | 1.* constraints
{either geometry (3..* points) or locationByText (0 points)}
+source +source | 1.* 0.%
«featureType» +source
01 Surv eying and Representation:: 0.1
- LA_SpatialSource .
+ OM_Observation [0..4] | 1..*
0.* |+ procedure: OM_Process|[0..1]
+ type: LA_SpatialSourceType o

«codeList»
Surveying and
Representation::
LA_MonumentationType

«codeList»
Surv eying and
Representation::
LA_SpatialSourceType

«codeList»
Surv eying and

«codeList»
Surveying and

p
LA_InterpolationType

Repr
LA_PointType

Figure 35 LADM Version C Surveying and RepresemtaBubPackage with
associations to core classes (1SO, 2011c).
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2D and 3D representations of spatial units use taynface strings, this is a
boundary forming a part of the outside of a spatit, and boundary faces, and this
is used in 3-dimensional representation of a boyndha spatial unit. Co-ordinates
themselves either come from points or are capta®dinear geometry; e.g. in a
photogrammetric workstation. Spatial units may sh#ine same representation
structure: existing 2D data, whether topologicaityuctured or not or polygons or
unstructured boundaries or simply point or textdakcriptions can be included.
LADM Version C supports the increasing use of 3presentations of spatial units,
without putting an additional burden on the exigtidD representations. Another
feature of the spatial representation within LADNI that there is no mismatch
between spatial units that are represented in 2Dspatial units that are represented
in 3D. 2D and 3D representations of spatial unge boundary face strings and
boundaryfaces as key concepts, see Figure 35 and 36. Iry mauntries, a 2D
representation is interpreted as a 3D prismatizmel, with no upper and lower
bound. Using this interpretation, 2D and 3D repnéstions can be unified (ISO,
2011c, Annex B):

a) by boundary face strings, for 2D boundary repregents with a GM_MultiCurve
(linestring) for storage. Boundary face strings liyrgdso a series of vertical virtual
boundary faces, see Figure 36 left and right and

b) by boundary faces, for true 3D boundary represemstwith a GM_Surface (that
may be curved) for storage. Boundary faces can lads® non-vertical true 3D
boundaries. This also allows for the representatiba volume, like an inverted
cone, where the top is wider than the bottom.

I—
right parcel\

LA_BoundaryFaceString
Linestring at
local ground left parcel

level //

T GM_Curve
Node =
vertical edge

Figure 36 left: boundary face string concepts, tiggpatial units defined by
boundary face strings (Lemmen et al, 2009a);
figure designed and created by Rod Thompson.

Liminal spatial unitsare on the threshold of 2D and 3D representatidhsse
representations are a combination of boundary fdags and vertical boundary
faces. The vertical boundary faces shall dissohte boundary face strings (when
common pairs of edges are removed). The boundaegfshall be completely defined
from an (undefined) upper bound to an (undefineser bound, see Figure 36 left
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and right. This method is used for 2D spatial unitéich are adjacent to 3D spatial
units with a split in the shared vertical boundfages.

aD

iz

0 Lirninal

Smple | Limiral ) ) Limiral
e D spatial spjatial & e
spatial spatial it it spatial
unit unit ! urit o 0

Liminal

Limina

2D [
spatial
it A

1 D

i

LR

Figure 37 left: top view of mixed 2D/3D represeitas, right: side view showing
the mixed use of boundary face strings and bounfags to define both bounded
and unbounded 3D volumes (Lemmen et al, 2009a);
figure designed and created by Rod Thompson.

Class LA _Point includes the attributes (see Fidk point identifier (pID); the
estimated accuracy; the interpolation role, thihérole of point in the structure of a
straight line or a cun/&® monumentation, this is the type of monumentatiothe
field*?* originalLocation, this is of type GM_Point andnocerns the calculated co-
ordinates from original observations in a Co-ortBn&Reference System CRS,
explained in more detail in Subsection 3.6.7; pdiype™?* productionMethod:;
transAndResult (transformation and transformedtlonathe transformed location is
a new version of the point). Transformations ineludor example affine
transformations but also mathematical computattuth as least square adjustments.
Note that there may be 0 or more transAndResulbaté values, implying that there
are one (in orginalLocation) or more (in transAnd&®8 GM_Point values for every
instance of a LA_Point object class.

LA_SpatialSource contains as attributes measure@mobcedure and typ&
See also ISO (2011b).

3.6.5 Special Classes

The Class VersionedObiject is introduced in the LADRM manage and maintain
historical data in the database. History requitleest, inserted and superseded data, are
given a time stamp. In this way, the contents efdatabase can be reconstructed, as
they were at any historical moment. The generia dgbe Oid is introduced in the
LADM to provide support for object identifiers; séggure 38. Data type rational is

12 A_InterpolationType can be end, isolated, midg nairc,or start.

124 A MonumentationType can be beacon, cornerstomeken, not_marked.

1B A_PointType can be geodetic control points, dnowith or without source documents.

126 | A SpatialSourceType can be fieldsketch, GNSS eyrvorthophoto, relative measurement,
topographic map, or even video (Barry, 2008). 3s@ examples in (Lemmen et al, 2010b).
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used for ‘share’ attributes; see Figure 31 and[3&a type Oid for identification
purposes; see Figure 31, 32, 33, 35, 38 and 40.

«featureType» «featureType» «featureType»
LA_RRR LA_Mortgage LA_BAUnit

«featureType»

AN
«featureType» VersionedObject
LA_GroupParty
+ beginLifespanVersion: DateTime «featureType»
+ endLifespanVersion: DateTime [0..1] e LA_SpatialUnit
+
+

«featureType»
LA_RequiredRelationshipBAUnit

«featureType»
LA_RequiredRelationshipSpatialUnit

V

quality: DQ_Element [0..*]

«featureType» e source: CI_ResponsibleParty [0..*] <
LA_PartyMember «featureType»
constraints LA_SpatialUnitGroup

{endLifespanVersion (n-1) = startLifespanVersion (n)}

«feature... «featureT... TS «featureType» «featureType»
LA_Party LA_Point LA_BoundaryFaceString LA_BoundaryFace LA_Level

«datatype» «datatype»
Oid Rational
+ localld: CharacterString + denominator: int
+ namespace: CharacterString + numerator: int

Figure 38 LADM Version C VersionedObject classdh siibclasses and data
types Oid and Rational (1ISO, 2011c).

Classes LA_Party, LA_GroupParty, LA_PartyMember, IMortgage, LA_RRR,
LA _BAUnit, LA SpatialUnit, LA SpatialUnitGroup,
LA_RequiredRelationshipSpatialUnit, LA _RequiredRiglashipBAUnit, LA Level,

LA BoundaryFaceString, LA_BoundaryFace, and LA Pare all subclasses of
class VersionedObject, see Figure 38. Class VerdiObject has as attributes time
stamps for history management; this is one atteiltbot the date and time of inserting
into the model (the database) and one for the afadeletion; is this way the lifespan
of all instances in subclasses are known. All #ilisws to reconstruct the database at
one moment in the past or to retrieve all changiéisiwa time span; also related to
external databases. This is possible for the sabeta LA_Sourdé’ is not a subclass
of versioned object because it concerns authemttziments; but LA _Source has a
lifeSpanStamp as attribute. Versioned object dessalso quality and a responsible
party as attributes. Those attributes are impdin@ah other standards, see Figure 45
and 46 in Subsection 3.6.7.

In principle the updating of the database is baseduthentic source documents,
which can not be changed. Class LA_Source hagr@suséés submission (the date of
submission of the source by a party); acceptartee date of force of law of the
source by an authority); and recordation (the dategistration — recordation — of the
source by the registering authority); extArchivefi identification of documents in
external archives; lifeSpanStamp (history managémére moment that the event,
represented by the instance of LA_Source, is fugphecessed in the LAS (this is the
moment of endLifespanVersion of old instances, atlile moment of

27|n LADM Version B LA_Source is called source docmh
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beginLifespanVersion of new instances of relatefeatb in the database such as
LA Party, LA RRR, LA BAUnit and LA_SpatialUnit; thiis the “database time”,
compare the time stamps in LA VersionedObject)rseldentifier; mainType (the
type of document according to 1SO, 2003c); seelei@9.

«featureType»
Special Classes::LA_Source

+ acceptance: DateTime [0..1] «invariant» ) .

+ extArchivelD: Oid [0..1] | {if no Ilnktg Ext.Archlve then text in
+ lifeSpanStamp: DateTime [0..1] LA_AdministrativeSource or

+ maintype: CI_PresentationFormCode [0..1] measurementsin LA_SpatialSource}
+ recordation: DateTime [0..1]

+ sID: Oid

+ submission: DateTime [0..1]

I

«featureType» «featureType»
Administrative::LA_AdministrativeSource Surveying and Representation::
LA_SpatialSource

+ availibilityStatus:

LA_AvailabilityStatusType + measurements: OM_Observation [0..]
+ text: MultiMediaType [0..1] + procedure: OM_Process [0..1]
+ type: LA_AdministrativeSourceType + type: LA_SpatialSourceType

Figure 39 LADM Class LA_Source (with subclasses).

The abstract class LA _Source has two specialisatioA_AdministrativeSource
(see Figure 39 and also Figure 32 in Subsectior2)3a&hd LA SpatialSource (see
also Figure 35 and Subsection 3.6.4).

3.6.6 External Classes

The (external) databases with party data, addrats daluation data, land use data,
land cover data, physical utility network data,ave data and taxation data is outside
the scope of the LADM (see Annex K in ISO, 201Hpwever, the LADM provides
stereotype classes for these data sets, whichaiediwhat data set elements the
LADM expects from these external sources, if avdda Figure 40 presents an
overview of external classes in relation to the IM@ore classes. The classes are
briefly introduced here. Classes which are outdlie scope of the LADM (e.g.
ExtParty, ExtAddress, ExtLandUse, ExtLandCover, \l@akation, ExtTaxation,
ExtPhysicalUtilityNetwork and ExtArchive) are repemted as <<blueprint>>
stereotype classes. They do not have the ‘LA 'iprdfut they do give an exact
definition of what the LADM is expecting of thes&ernal classes.

The Class ExtParty is a class for an external negisn of parties. This can be a
link to a population register, or to a chamber aheerce with a company register or
to external databases with certified Parties withoke in land transactions. The
attributes of ExtParty are: extAddressID: thishs tdentifier, pointing to the external



112 A Domain Model for Land Administration

address; the fingerprint of the external party;iaene of the external party, this is the
identifier of the external party; the photo of theternal party; the signature of the
external party.

The LADM would need its own ‘external database’ fmople living abroad. It
may also be needed in case a population registepmpany register does not yet
exist or is not linked in an electronic way.

Class ExtAddress is a class for external registnatif addresses (an address being
a direction for finding some location or deliverifpalhe attributes of ExtAddress as
proposed in Version C are: the address area nanteeoéxternal address; the co-
ordinates of the external address; the identiffethe external address; the building
name of the external address; the building numb#neoexternal address; the city of
the external address; the country of the exterdaress; the postal code of the
external address; the post box of the externalesdcthe state of the external address;
the street name of the external address.

The INSPIRE address specifications (INSPIRE, 2048y also be used or an ISO
standard on addresses. The I1SO 19160 (ISO/TC2111a20project team has
documented well the review of existing addressitandards and provided the
recommendations that describe the addressing stiisdiion requirements for 1SO
19160 (ISO/TC211, 2011a). These include addressargninology, conceptual
models, address assignment schemes, quality maeagemd rendering addresses on
postal items, maps, graphic displays, etc.

Address co-ordinates can be used for geo codingcssrin combination with
reference points and labels in spatial units aradialpunit groups and points. In the
LADM there is a reference from spatial unit to ext# address: the object address
and from Party to external address: the subjectesdd This is because the rightful
claimant (or right holder) does not need to residethe spatial unit (building or
apartment).

Class ExtLandUse is a class for the external negish of land use data; land use
is an arrangement, activity or input people undertm a certain land cover type to
produce, change or maintain it. ExtLandUse is aatet to class LA_SpatialUnit.
Like taxation it is normal that land use is inteégthin Land Administration and
Cadastre. A similar discussion took place for lasd as for taxation. With a similar
result. The attribute of ExtLandUse is the typdaofd use . The LADM is designed in
such a way that the inclusion of land use can tegrated later. Class ExtLandCover
is for the external registration of land cover da@nd cover is the observed
(bio)physical cover on the earth's surface. ExtlGokr is associated to class
LA SpatialUnit. The attribute of ExtLandCover isthype of land cover . See the
remark on land use above - this is valid agaifdod cover — but here also the 1ISO
19144 Land Cover standard applies. Class ExtVanai a class for the external
registration of valuation data. ExtValuation is @sated to class LA_BAUnit. The
attributes of ExtValuation are: the value of théuaéion; the date of the valuation and
the valuation type . Again this is seen as an agtgurocess. The data resulting from
this process can be linked to the LADM. Class Ex#kimn is a class for the external
registration of taxation data. ExtTaxation is assed to class LA_BAUnit. The
attributes of ExtTaxation are: the amount of ta@tithe date of taxation and the tax
type . It is common practice in some countries thaation can be included in Land
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Administration and Cadastre. The inclusion of teomathas been considered in the
development of the LADM.

«blueprintfeatureType»

VR el External::ExtArchive
«featureType»
eI ’g’any + acceptance: DateTime [0..1]
i~ + data: LocalisedCharacterString
+ recordation: DateTime [0..1]
+ sID: Oid
+ submission: DateTime [0..1] «codeList»
- - External
VersionedObject ExtvaluationType
«featureType» VersionedObject + market
Administrative:LA_RRR
= «blueprint featureType» + refered
External::ExtValuation

+

value: Currency
valueDate: DateTime

+

VersionedObject % Object -
+ valueType: ExtValuationType 1S0 4217 is used for
«blueprint featureType» «featureType» list of currencies in the|
External::ExtParty Administrativ e::LA_BAUnit

VersionedObject _..{80 19108 Currency

+ extAddressiD: ExtAddress[0.] «blueprintfeatureTypen
+ fingerprint: Image [0..1] External::ExtTaxation
+ name: CharacterString [0..1]
+ partylD: Oid + amount: Currency «codeList»
+ photo: Image [0..1] + taxDate: DateTime External::ExtTaxType
+ _signature: Image [0..1] + taxType: ExtTaxType + building
+ land
VersionedObject +
«blueprint featureType» Object
External:ExtAddress «blueprint featureType» <codeLis
+ addressAreaName: CharacterString [0..1] External::ExtLandUse External
+ addressCoordinate: GM_Point [0..1] VersionedObject + type: ExtLandUseType ExtLandUseType
+ addressiD: Oid «featureType» + agriculture
+ buildingName: CharacterString [0..1] Spatial Unit::LA_SpatialUnit + housing
+ buildingNumber: CharacterString [0..1] Versionedobject T inauary
+ city: CharacterStiing [0..1]
+ country: CharacterString [0.1] A «blueprint,featureType» + nature
+ postalCode: CharacterString [0..1] External::ExtLandCov er + recreation
+ postBox: CharacterString [0..1] + type: ExiCoverageType
+ date: CharacterString [0..1] «codeList»
+ streetName: CharacterString [0..1] External::
K ExtCov erageType
VersionedObject —
«featureType» «blueprint featureType» . gc::
CI_Address (from 1SO 19115) Spatial Unit — External + water
orthe INSPIRE address LAL ility K
specification are options for
realizing ExtAddress + directed: boolean
+ extParyManageriD: ExtParty

«featureType» VersionedObject

Spatial Unit: «blueprint,featureType»
LA_LegalSpaceBuildingUnit External: i Jnit

+ extAddressiD: ExtAddress[0..1]

Figure 40 LADM Version C External classes 1SO (2011

The conclusion was that the valuation and requsatial and non-spatial data
and also the determination of tax values is a donmitself and therefore outside the
scope of the LADM. However, the LADM is designedsinch a way that the (S)II
based integration with taxation can be realiseds€IExtPhysicalUtilityNetwork is
for the external registration of mapping data of ilityt networks.
ExtPhysicalUtilityNetwork is associated to class ll&galSpaceUtility-Network.
The attributes of ExtPhysicalUtilityNetwork areetflow direction, fixed or not, and
the organisation responsible for the utility netko€lass ExtArchive is a for the
external registration of sources. The attributeExtfArchive are: the date of force of
law of the source by the authority; the contenthaf source; recordation, this is the
date of registration (recordation) of the source thg registering authority; the
identifier of the source; the date of submissiornthef source by a party. Attributes
submission, acceptance and recordation allow iideslio workflows. This means that
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the status of a transaction can be followed. Thkisrélevant to avoid double
transactions.

3.6.7 Imported Functionality from other ISO Standards

In this Section, a number of concepts and clagses éther ISO TC211 standards (as
used in LADM) are investigated in more detail; e@M_Point from 1SO 19107
(ISO/TC211, 2003b), Co-ordinate Reference Systeom 1SO 19111 (ISO/TC211,
2003a) OM_Observation from ISO 19156 (ISO/TC21111) and DQ_Element
from ISO 19115 (ISO/TC211, 2003c). The class GMnPpiay look simple at first
sight, but it is the start of quite a larger pafrtttee model where relevant cadastral
functionality is available; including support ofettembedded Co-ordinate Reference
System (CRS). The GM_Point itself is a type (claks} inherits from the abstract
class GM_Primitive, which in turn inherits from tladstract class GM_Object; see
Figure 41.

«type»
Geometry root::GM_Object
{root}

boundary() : GM_Boundary
buffer(Distance*) : GM_Object
centroid() : DirectPosition
closure() : GM_Complex
convexHull() : GM_Object
coordinateDimension() : Integer +object +CRS
dimension(DirectPosition*) : Integer N «type»
distance(GM_Object*) : Distance 0. Coordinate Reference System 0.1 Coordinate Reference Systems::SC_CRS
envelope() : GM_Envelope

isCycle() : Boolean

isSimple() : Boolean

maximalComplex() : Set<GM_Complex>
mbRegion() : GM_Object +CRS 0.1
representativePoint() : DirectPosition
transform(SC_CRS*) : GM_Object

10_IdentifiedObjectBase
RS_ReferenceSystem

+ scope: CharacterString [1..*]

o+ FFE ot o+ F o+ o+

Interior to

+containingPrimitive 0..* Coordinate Reference System

«type»
Geometric primitive::GM_Primitive

-

boundary() : GM_PrimitiveBoundary
GM_Primitive(GM_Envelope*) : GM_Primitive | +containedPrimitive 0..*

-

+directPosition 0.*

«type»
Geometric primitive::GM_Point

DirectPosition

+ position: DirectPosition {root}
+ bearing(GM_Position*) : Bearing + coordinate: Sequence<Number>
+ boundary() : NULL + /dimension: Integer

+ GM_Point(GM_Position*) : GM_Point

Figure 41 The GM_Point (ISO 19107, ISO/TC211, 20M3kIf is a type (class)
that inherits from the abstract class GM_Primitiveqich in turn inherits from the
abstract class GM_Object.
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«type»
Identified Objects::
10_ldentifiedObjectBase Reference Systems:
RS_ReferenceSystem
+ identifier: RS_ldentifier [0..*] ——————————————f - e--- Defined in ISO
+ alias GenericName [0..] + name: RS_ldentifier 19115
+ remarks CharacterString [0..1] + domainOfvalidity: EX_Extent [0..1]
Source
«type»
«type» +sourceCRS +coordOperationFrom Coordinate Operations::CC_CoordinateOperation
ECRCRS 0.1 0-*[, " operationVersion: CharacterString [0..1]
+ scope: CharacterString [1..¥] . + domainOfvalidity: EX_Extent [0..1]
+targetCRS +coordOperationTo| | gohe: CharacterString [1..4]
+| + coordinateOperationAccuracy: DQ_PositionalAccuracy [0..*]
f 0.1 Target 0..
«type»
Datums::CD_Datum
«type» + anchorDefinition: CharacterString [0..1]
SC_CompoundCRS " +referer +datum | oalizationEpoch: Date [0..1]
«type» + domainOfvalidit
— y: EX_Extent [0..1]
SC_SingleCRS * DefiningDatum #
+compoundCRS e 0.. iningDatum g 1 |4 scope: CharacterString [1..4]
0.*
+referenceSystem +coordinateSystem «type»
o CoordinateSystem Coordinat‘e Systems::
2.% - 1| CS_CoordinateSystem
{ordered}.
+componentReferenceSystem
? 1 +baseCRS
«type» «type» «type»
SC_ImageCRS SC_VerticalCRS Coordinate Operations::CC_Conv ersion
+ operationVersion: CharacterString [0]
+conversion 1
«type».
SC_EngineeringCRS «type»
SC_GeodeticCRS
«type» +referenceSystem Definition
+baseCRS 1 SC_GeneralDerivedCRS
0.*
«type»
Temporal Reference Systems::
TM_TemporalCRS
T
. . AN ‘ +derivedCRS | o, *
Defined in 1SO 19108 +derivedcrs | 0.*

«type»
«type». «CodelList» SC_DerivedCRS
SC_ProjectedCRS SC_DerivedCRSType

+ derivedCRSType: SC_DerivedCRSType
geodetic

vertical
engineering
image

P

Figure 42 The abstract class SC_CRS (Co-ordinaferBece System) from 1SO
19111, ISO/TC211 (2003a).

Out of these three classes only the class GM_aisitan attribute of type (class)
DirectPosition. All three classes define severagén@gic) operations. The class
DirectPosition has one attribute called co-ordinaftedype Sequence<Number> and
one derived attribute called dimension of type dete Both GM_Object and
DirectPosition have an association to the class (3%S (Co-ordinate Reference
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System) as defined in 1ISO 19111 Spatial referenbingCo-ordinates (ISO/TC211,
2003a). Both associations have multiplicity 0..thatside of SC_CRS.

The abstract class SC_CRS has two specialisattbesclasses SC_SingleCRS
(again abstract, with several concrete subclasseg. SC_VerticalCRS,
SC_GeodeticCRS, SC_ProjectedCRS) and SC_CompoundC&tfstract, an
aggregation of SC_SingleCRS); see Figure 42. A SQISCRS is associated with
one CS_Co-ordinateSystem, which has in turn one more CS_Co-
ordinateSystemAxis; see Figure 43. In summary, GdntPand SC_CRS are part of
a non-trivial model, which should be able to previl the functionality needed in
the context of the LADM and the Survey part: supipgrvarious co-ordinate systems
and transformations.

Another important ISO/TC211 standard used in thd®MAis ISO DIS 19156 on
Observations and Measurements (ISO, 2011b). Theegsource data is modelled
and stored in LA SpatialSource. The attribute “measents” is of type
OM_Observation (as defined in ISO 19156) and costdihe actual source survey
data. The attribute “procedure” is of type OM_Prxeand documents the actual
survey procedure. The class OM_Observation contairesddition to the survey data,
also attributes for documenting the temporal andlityuaspects of the survey; see
Figure 44.

«type» «type» «CodeList» «CodeList»
ICoordinate Reference Systems:| Identified Objects:: CS_RangeMeaning CS_AxisDirection
SC_SingleCRS 10_ldentifiedObject

+ exact
+ name: RS_ldentifier + wraparound

+referenceSystem 0.* Zr

CoordinateSystem

north
northNorthEast
northEast
eastNorthEast
east
eastSouthEast
southEast
southSouthEast
south
southSouthWest
southWest
westSouthWest
west
westNorthWest
northWest
northNorthWest
up

down
geocentricX
geocentricY
geocentricZ
columnPositive
columnNegative
rowPositive
rowNegative
displayRight
displayLeft
displayUp
displayDown

«type»
CS_CoordinateSystemAxis

axisAbbrev: CharacterString
axisDirection: CS_AxisDirection
axisUnitlD: UnitOfMeasure
minimumValue: Number [0..1]
maximumValue: Number [0..1]

rar ng: CS_RangeMeaning [0..1]

+coordinateSystem |1

«type» +coordinateSystem +axis|

CS_CoordinateSystem

+H b+t

0.* 1.

Zr {ordered}

«type» «type» «type» «type»
CS_CartesianCS CS_AffineCs CS_PolarCs CS_LinearCs

R

«type» «type» «type» «type» «type»
CS_EllipsoidalCS CS_VerticalCS CS_CylindricalCS CS_SphericalCs CS_UserDefinedCS

Figure 43 SC_Co-ordinateSystem from ISO 19111 I8@11, 2003a).
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«metaclass» FeatureType»
«FeatureTyp... Rkl yp
GF_FeatureType | - _ __ _ GFI Feature OM_Process
«instanceOf» =
+featureOfinterest 1
1 +procedure MD_Metadata
1 +theGF_FeatureType
Domain ProcessUsed
+metadata 0.1
Metadata
+pr0peny\/alueProviderI +generatedObservation | 0..*
0.%
«FeatureType»
OM_Observation
0.* +carrierOfCharacteristics + phenomenonTime: TM_Object
+ resultTime: TM_Instant
«metaclass + validTime: TM_Period [0..1]
GF_PropertyType + resultQuality: DQ_Element [0..*]
3 froot} + parameter: NamedValue [0..*]
constraints
{observedProperty shall be a phenomenon
A associated with the type of the feature of interest}
. | {procedure shall be suitable for observedProperty}
«instanceOf» | {result type shall be suitable for observedProperty} +relatedObservation
1 {a parameter.name shall not be used more than .
Phenomenon <0..
«Type» once}
GFI_PropertyType| +observedProperty 0.%
Range \
+result R
The attribute value:Any shall provide the «DataType» EERELEIE I
value. The type Any should be substituted| _ _ _ | NamedValue «type» + role: GenericName
by a suitable concrete type, such as Pae ) GenericNamel Any
Cl_ResponsibleParty or Measure. N value" Any, {root}

Figure 44 OM_Observation from ISO 19156 (ISO/TC21,1b). Note
TM_Instant and TM_Period both from 1ISO 19108 (IST¥T1, 2002)Temporal
Schema.

The class LA Point inherits of the abstract classrsibnedObject. Besides
temporal attributes this also provides attributasquality (of type DQ_Element) and
source (Cl_ResponsibleParty, this is the respomsinganisation of a specific
instance version in the database). The qualitibate has multiplicity 0..* and so the
various quality aspects as modelled via DQ_Elemeah be represented.
DQ_Element is class from 1SO 19115 on Metadata {T®211, 2003c). It is an
abstract class with the following subclasses: DQng@leteness, DQ_Logical-
Consistency, DQ_ThematicAccuracy, DQ_TemporalAccyraand DQ_Positional-
Accuracy; see Figure 45. The source attribute hEsomultiplicity 0..* and the class
Cl_ResponsibleParty is also from ISO 19115 on MaadISO/TC211, 2003c).
Besides a number of names (individual, organisatmmsitional) also the role and
contact information of the responsible party is eltatl; see Figure 46.
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DQ_Element «CodeList»
DQ_Ev aluationMethodTypeCode

nameOfMeasure: CharacterString [0..*]
measureldentification: MD_lIdentifier [0..1] + directinternal
measureDescription: CharacterString [0..1] + directExternal
evaluationMethodType: DQ_EvaluationMethodTypeCode [0..1] + indirect
evaluationMethodDescription: CharacterString [0..1]
evaluationProcedure: CI_Citation [0..1]

dateTime: DateTime [0..*] «type»

result: DQ_Result [1..2] Date and Time::DateTime

o+

DQ_Result

DQ_LogicalConsistency DQ_TemporalAccuracy

R Cpleteness DQ_ThematicAccuracy DQ_PositionalAccuracy
«type» «datatype»
Text::CharacterString Citation and responsible party information::Cl_Citation
+ /characterSet: CharacterSetCode = "ISO 10646-2" + title: CharacterString
+ elements: Character [size] + alternateTitle: CharacterString [0..*]
+ maxLength: Integer + date: ClI_Date [1..%]
+ size: Integer + edition: CharacterString [0..1]
+ editionDate: Date [0..1]
+ <(CharacterString*) : Boolean + identifier: MD_ldentifier [0..*]
+ <=(CharacterString*) : Boolean + citedResponsibleParty: CI_ResponsibleParty [0..¥]
+ <>(CharacterString*) : Boolean + presentationForm: CI_PresentationFormCode [0..*]
+ =(CharacterString*) : Boolean + series: Cl_Series[0..1]
+ >(CharacterString*) : Boolean + otherCitationDetails: CharacterString [0..1]
+ >=(CharacterString*) : Boolean + collectiveTitle: CharacterString [0..1]
+ isNull() : Boolean + ISBN: CharacterString [0..1]
+ subString(Integer*, Integer*) : CharacterString + ISSN: CharacterString [0..1]
+ toLower() : CharacterString
+ toUpper() : CharacterString
Figure 45 DQ_Element from I1ISO 19115 (ISO/TC211 3200
«datatype» «datatype» «CodeList»
Cl_ResponsibleParty CI_Contact CI_RoleCode
+ individualName: CharacterString [0..1] + phone: CI_Telephone [0..1] + resourceProvider
+ organisationName: CharacterString [0..1] + address: Cl_Address[0..1] + custodian
+ positionName: CharacterString [0..1] + onlineResource: Cl_OnlineResource [0..1] + owner
+ contactinfo: CI_Contact [0..1] + hoursOfService: CharacterString [0..1] + user
+ role: CI_RoleCode + contactinstructions: CharacterString [0..1] + distributor
+ originator
+ pointOfContact
+ principallnvestigator
+ processor
+ publisher
+ author

Figure 46 Cl_ResponsibleParty from ISO 19115 (IST2T1, 2003c).
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3.7 Evaluation of Version C

During the development of the LADM three ‘core skes, ‘Person’, ‘Right’ and
‘Parcel’ (or ‘RealEstateObject’) were always inaddd with the remark that the
terminology changed (see Appendix A), not the megr(see for an overview of
definitions as used in the DIS Appendix D). Thishs result of intensive discussions.
The class name ‘Person’ changed into ‘Party’, thsscname ‘Right’ changed into
‘RRR’ (Rights, Restrictions and Responsibilities)dathe class name ‘Parcel’ into
‘SpatialUnit’. The basic classes were derived frgtenssen, 1995); see Section 2.2.
This appraoch fits very well to FIG's ‘Cadastre 201Kaufmann and Steudler,
1998).

In the Version A class diagram, the classes ‘Persamd ‘Parcel’ (or
‘RealEstateObject’) were associated with class ‘RRER an association class as
represented in Figure 20.

The association class ‘RightOrRestriction’ from timitial version was in the
version B replaced by two associations: (1) betwdass ‘RegisterObject’ and class
‘RRR’, and (2) between class ‘Person’ and classRRRsee Figure 25. The main
reason for this design decision was to make itiptes¢hat, for a uniqgue combination
of a specific ‘Person’ with a specific ‘Register®bf, multiple RRR instances can be
associated (e.g. one expressing ownership, and exgressing a certain
responsibility), which was not possible in the damgtion with the association class
‘RightOrRestriction’.

Then, during the discussions in ISO/TC 211, it wgeeed that there is a need for
inclusion of a so-called ‘Basic Administrative Un{fUNECE, 1996 and 2004),
located between the classes RRR and SpatialUng. dllows for the introduction of
the so-called ‘Basic Property Unit'. A ‘Basic PropgeUnit’ is in the definition in
UNECE (1996) “the extent of the land, that is omé& of ownership”. It may consist
of one, or more adjacent, or geographically sepapatcels. A farm, for example,
may have a number of fields that are in differemtations, but together they
constitute one BPU. Likewise, a house may haveraggaon a separate piece of
land”.

The BPU is called Basic Administrative Unit (abkieggd as ‘BAUnIt") in the
LADM. This is a more generic term, the LADM is nomly about formal property
rights, but also about other types of ‘people -dlaplationships; e.g. customary and
informal types of land use. This resulted in foorecclasses (LA_Party, LA RRR,
LA_BAUnit and LA_SpatialUnit); see Figure 29.

This allows for a separate introduction in the LADM the ‘legal/administrative
part’ (the registers), and of the ‘spatial patg(ttadastral map), at different moments
in time; e.qg. first the building up of the registethen of the map.

History is maintained in LADM, state based and évieased approaches are
available.The same is valid for the user requiresigngeneral.

The functionality offered by extensible code lidig,levels, spatial units, parts (of
parts) of spatial units, spatial unit groups, BAIdNRRRs and parties supports in a
very flexible way legal requirements for represegtieality into LASs.

Existing standards are re-used as much as possible.

It can be concluded that the inclusion of explioftology (see COlwith reference

to earlier versions from there) is completely bageexisting standards in the LADM
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Version C. This functionality is not included ineth ADM ‘itself’ any more. See
Annex 0% of the DIS, ISO (2011b). A further requirementrfr€01 is on identifiers
without semantics. This is implemented now by aasa&e data type Oid in the
LADM Version C, see Figure 31, 32, 33, 35 and 3& Tequired layers from CO1 are
there now under the term ‘level'. Interface claseegproducts and services are left to
the user, so this is not further in use since tABM Version B. Responsible persons
in transactions are not included anymore as sepatasses but as role types; this is
included by code tables for LA_PartyRoleType, seméx K*of the DIS. Versioned
objects are included in the LADM Version C, all sdas inherit from
VerionedObject’, see Figure 38, to support state based manageoifienistory.
Support to 3D Cadastre is included in the LADM \i@nsC. Marine Cadastre needs
further review, some ‘basics’ are included in th&®OM, see Section 3.5. The Basic
Property Unit as required from C02 has been impldetk as core class BAUnit.
Multiplicities between core classes are vey flexibbw. A Party can be without RRR
(in case Party has a role and no RRR), RRR can hkave or more Parties
(restrictions and responsibilities do not alwayseha Party), a RRR is associated to
one BAUNIt*, a BAUnit can have one or more RR#sA BAUnit can be associated
to zero or more SpatialUnits (in some land admiaigins there is no cadastral map);
a SpatialUnit can be associated to zero or more B&SUBAUnNIt can be a Party; this
means a BAUnit can be a rightful claimant or a rigblder (see requirement C03).
This means a spatial unit can be owner of an ag@ggsisto that spatial unit, e.g. of a
servitude at the neighbour spatial unit. Positind aegative sides for restrictions can
be represented/calculated. This means requiren@hisupported.

The introduction of LA Level allows for all kind ofombinations of data as

demonstrated by the examples below:

— one level of spatial units to define basic admriaiste units associated with
formal rights, a second level for spatial unitsd&fine basic administrative units
associated with informal rights and a third leved §patial units to define basic
administrative units associated with customarytsgh

— one level of spatial units for an urban cadastm @mother for spatial units for a
rural cadastre;

— one level of spatial units to define basic admraiste units associated with rights
and another level of spatial units to define balministrative units associated
with restrictions. Rights or restrictions can bkated to specific legislation;

— one level with point based spatial units, a sedewel with line based spatial units
and a third level with polygon based spatial units.

This allows very flexible approaches including dapping tenure systems. The
Cadastre 2014 principle of legal independence ippsted (Requirement CO05).

28| ADM and other I1SO standards.

129 Code lists.

130 Except LA_Source, which is completely authentic.

31 Only during implementation and conversion thereyrha a need to set this multiplicity even more
flexible. there can be inconsistencies in the irgata. Inconsistencies should be allowed in thasphuntil
they are solved.

132 See footnote 129.



Design and Construction of an Land Administratiooniain Model 121

Explicit relationships between SpatialUnits and BAfd are also possible, needed in
case of inaccurate spatial data. Polygon overlaysldvprovide bad quality results.
Existing standards are re-used. In the future #fisuld also be possible for
unbounded volumes (C06). See also the normatiereretes in the 1Sl 19152 DIS
(ISO, 2011b).Requirement CO7 (shares, party members) is fuffill€he system
boundary (requirement CO08) is very clear definededaon the introduced external
classes in Annex K of the DIS. One external classxiParty. This could be a link to
the population register or to a company registearirinformation infrastructure with
key registers. Still the core class Party is neddettie LADM, e.g. to establish the
link and to register names of people outside thitdey of the population or company
register (abroad). Event based modelling is indluda source documents, see figure
39. Here are the attributes acceptance, recordafon which can be related to
workflows. Administrative and spatial source docuatseare fully integrated in the
LADM Version C in support to the documentation df events (optional). Quality
labels are included in a generic way via Versiongéd€ts, see requirement C09.
Miscellaneous requirements got attention in 1ISOL(X); e.g. purchase price is not
included anymore, finger print and signature atiigls are external (see annex K of
the DIS in ISO (2011b)). Attributes multimedia agreed (as all the issues above)
and included for source documents, etc. See fohdudetails on (grouping of) RRRs
Lemmen (2010a) and (grouping of) spatial units Lemrat al (2011b).

The level of acceptance of the LADM Version C canderived from the voting
results in ISO/TC211. In total 32 Participating nfears could vote; see Table 5.

Table 5 LADM Voting Results.

Stage New Working Item Committee Draft Draft International
Proposal (CD) Standard
(NWIP) (DIS)

Date of voting: May 2, 2008 October ¥ 2009 June 2% 2011

Approved: 15 22 26

Disapproved: 6 3 2

Abstained: 4 4 4

Not voted: 7 3 0

3.8 LADM and SDI

Spatial data sets are most useful in the supporarefs like decision making,

management of space, performance of governmentisindss processes, when they
are integrated in governmental information infrastures and architectures (Van
Oosterom et al, 2009). The basic idea behind dditasitructures is that it provides for
tools giving easy access to distributed databasgsedple who need those data for
their own decision making processes (Van der Mol2@0p5). Although data

infrastructures have a substantial component afrinétion technology, the most
fundamental asset is the data itself, because wiittata there is nothing to have
access to, to be shared or to be integrated. lexside it was understood that the
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development of data infrastructures not only prediceasy access to distributed

databases, but also gave good opportunities fohinging the role of information

supply for the performance of governments. Basedtlis starting point, the

‘Streamlining Key Data’ Programme of the Netherlsimgbvernment took the lead in

the development and implementation of a strategy réstructuring government

information in such a way that an electronic goweent evolves that (Van

Duivenbode, 2003):

— inconveniences the public and the business coritynwith request for data only
when this is absolutely necessary;

— offers them a rapid and good service;

— can not be misled;

— instils the public and the industrial communitigh confidence;

— is provided at a cost that is not higher thaictty necessary.

This implies availability of well maintained linksetween spatial data sets and other
‘basic’ or ‘key’ data sets, e.g. on addresses, grex,scompanies, buildings or land
rights. Integrated inter-organisational value chand business process management
with a reduction in administrative overhead can rbelised based on good co-
operation. In general, solving the problems in etyciequires more information than
provided by one single data set. It is evident té$ type of data provision is
complex in case data is stored at a variety oftiona and in data models specific to
their applications. See Van Oosterom et al (2009).

LA has important relationships with other key régfis in the (spatial) information
infrastructure, some of which are spatial, e.gogwpphy or buildings, while others
contain administrative information, like names dargons, addresses or names of
companies. It is therefore important to have ungondiis definitions of the contents
of these key registers in order to avoid overlap emenable re-use of information.
Further, due to continuous updating of these indéest, but related, key registers
care has to be taken to maintain consistency, nigt within one database, but also
between databases. By re-using basic standardsgéometry, temporal aspects,
metadata, observations and measurements from dlth, fat least the semantics of
these fundamental parts of the model are well ddfiand can be shared. What is
needed in addition to this is domain specific stadibation to capture the semantics
of the land adminsitration domain (as developethis thesis) on top of this agreed
foundation. See Van Oosterom et al (2009) and &ésation 1.1. of this thesis. In this
way information about land rights can be accesdifien SDI. SDI can provide a
platforn for access to many other data sets; seextomple Willamson et al (2010).

For each domain it should be clear what is includéekt an attempt to list classes

that are proposed to be outside the Land Admitistrdomain Model with reasons:

1. spatial (co-ordinate) reference system. It shoudd rimted that the physical
implementation of a reference system is part ofveational cadastral systems.
There can be more than one reference system fiarefit parts of the territories
where such systems are implemented; e.g. one leardinate system per
village. Spatial reference systems are the basigdtting nationwide cadastral
spatial data available. In the LADM the Spatial &ehce System (SRS) appears
via the GM_Point attribute in the LA Point, LA St Unit and
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LA_SpatialUnitGroup; via the GM_Curve attribute li\_ BoundayFace and via
the GM_Surface attribute in LA_BoundayFace clasbeact those attributes are
re-used from ISO 19111, spatial referencing by brates; and 1ISO 19107
spatial schema - GM_point and GM_MulitCurve and @Jrface are defined
here. For this reason spatial reference systemsaladed from the LADM, as
well feature types for spatial data;

2. orthophotos, satellite imagery, and Lidar and diemamodels. Here it should be
noted that orthophotos and satellite imagery maydry well used as basis for
data acquisition in the field of cadastral boundaggta (Lemmen and
Zevenbergen, 2010c). The cadastral boundaries edddntified in the field on
top of such images. The imagery source can be iedcin attributes in the
LA_SpatialSource class and in the DQ_Element atteibwhich is part of the
LA_VersionedObject class. The images itself maynokuded in the LADM using
LA_SpatialSouce;

3. topography (planimetry). Again this is considered te a domain in itself.
Topographic maps (or databases with topographi) saay be used as a basis for
cadastral boundary data acquisition and maintenaheetopographic maps/data
can be used as spatial source (as evidence frofieltlg

4. geology, geo-technical and soil information. Thss relevant information in
relation to mining and land use (agricultural) ngeraent. This are domains in
itself. The LADM supports the inclusion of attrilest resulting from of data
collection processes on geology, soil, etc. In thégy a Land Administration for
mining may be built up; this would include concessi and exploration
companies as parties;

5. (dangerous) pipelines and cable registration. Tbh@icerns the physical
registration of cables and pipelines. Good exterefdrences are possible here
using the extPhysicalUtilityNetworklD attribute wrd LA_LegalSpace-
UtilityNetwork as subclass from LA_SpatialUnit. THADM concerns legal
space in 3D. This includes of course the registratf access to utilities as
restrictions to other land rights of other parfjgghts of way, encumbrances and
servitudes). It is very important to recognise tlegtl space around a utility cable,
pipeline does not necessarily coincide with the gitgl space of a cable or
pipeline in a network. Utilities can be invisibkntennas should “see” each other
for signal transmissions. For all utilities a 3Drtiaon of space is very helpful in
representation. This may also include access ta@mprts;

6. address registration (including postal codes). &teds for addresses are under
development as in ISO 19160 (ISO/TC211, 2011a).réskks in the LADM
concern spatial unit addresses (“object” addresdms) of course parties can
alsohave addresses (“subject” addresses). ButeilL8#DM those addresses are
considered to be available via extParty class:ithtbe population register or the
company register. Of course the external address el as introduced here below
— can be included in a LADM implementation;

7. building registration, both (3D) geometry and atites (permits), concerns the
physical registration. The registration of legabsp in 3D is included in the
LADM. Legal space does not necessarily coincidehwlite physical space of a
building.
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8. natural person registration — the authentic pedsata are considered to be in the
population register: name, date of birth, persairesh, sex, etc.;

9. non-natural person (company, institution) registratSame for typical attributes
of non-natural persons, e.g. companies.

It is not easy to define the scdpeof the LADM as nearly all topics mentioned above
are related to the classes in the Land Administnafbomain Model. The first four
topics listed above are or can be used in the tadiaystem for reference purposes
(or support of data entry; e.g. of the RealEstaje@s). Other topics have a strong
relationship in the sense that these (physicalpaibjmay result in legal objects
(‘counterparts’) in the cadastral registration. leaample, the presence of cables or
pipelines can also result in a restriction area (2[3D) in the cadastral registration.
However, it is not the cable or pipeline itself ttha represented in the cadastral
system, it is the legal aspect and legal spAcé this. Though strongly related, these
are different aspects; compare this to a wall, deac hedge in the terrain and the
‘virtual’ or ‘invisible’ parcel boundary.

The fact that these ‘external’ objects (or packagese so closely related also
implies that it is likely that some form of interenability is needed. When the cables
or pipelines are updated than both the physicallagdl representations should be
updated consistently (within a given amount of oeable time). This requires some
semantic agreement between the ‘shared’ conceptsit(teast the interfaces and
object identifiers). In other words these differdmiit related domain models need to
be harmonised. As it is within one domain (suchthes cadastral domain) already
difficult to agree on the used concepts and themamtics, it will be even more
difficult when we are dealing with other domainawéver, we can not avoid this if a
meaningful interoperable Geo Information Infrastane has to be realised.

3.9 Discussion

The success of the Internet has shown the powan aipen infrastructure. The open

standards and the decentralised architecture apomeible for the many free and

non-free services. Besides the network infrastnecfwired and mobile), the SDI can

be seen as composed of three important and quieratit types of ingredients (Van

Oosterom et al, 2000, Groot and McLaughlin, 2000):

— geo-data sets in different domains, e.g. cadadmgtsalso coverage data; this is
supported by the LADM with its external classes;

— (geo-data services in general and the geo-DBMS fapedby; this is supported by
the LADM with facilities to generate services pred by different suppliers;

— interoperability standards are required to enabée ihtegration of the different
data sets and to combine the geo-data processinigest this is a main goal of
the LADM.

133 version C, which has been developed in TC 211 engBaphic Information of ISO, has a very clear
scope, see Section 3.6.
1% The legal space is normally bigger then the playsipace to allow access.
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The standardised Land Administration Domain ModeKADM), covers land
registration and cadastre in a broad sense (spatihladministrative components,
source documentation included). Such a Land Adinatisn Domain Model
(ISO/TC211, 2011c) underpins existing conventidfss.

These conventional systems take into account ctioreal legal forms of
evidence and are in principle parcel based. Thiansi¢hat they only cover a portion
of all forms of land tenure.

The work of Kalantari (2008a) was motivated by thet that LA with its existing
digital systems is not flexible enough (a) to acowdate new land related
commodities and interests and (b) to respond tanitreasing need of clients for land
information. New land related commodities and iests are informal and customary
rights, 3D titles, water rights, biota rights, r@restrictions or carbon credits. This fits
very well to the LADM and Cadastre 2014 approach.

It can be observed now that the UML class diagranmttie land administration
domain contains both legal/administrative objeasses like persons, rights and
restrictions and the geographic description of restlate objects. This means in
principle that data could be maintained by différerganisations, e.g. Municipality,
Planning Authority, Private Surveyor, Cadastre, @yancor and/or Land Registry in
the same LADM environment. In practise this woukhuire willingness to co-
operate, which might be in conflict with the tréolit and cultures of involved
organisations. But with a growing world populati@hange in climate (see for the
relations with LA Van der Molen (2009)), urbanisatj problems with access to food
and water (see for an example a case related tondravater: Ghawana, 2010),
problems with management of natural resources and imanagement and also
disaster management there is an urgent need nguothuce a global overview of
who is using which piece of land, also for marimeas. Also to get an overview on
disputed lands. Such overview is needed for pdisigpporting social equity (see for
example: Secure land rights for all, UN- HABITATO@B)), for proper planning and
development, for protection of the environment aod food production in a
sustainable way or to generate tax income for gowents. Taxes paid by all, not
only a few. All this means formalisation of soodsti governments need information
for this. In general governments need informatmgdvern.

A cadastral map may look somewhat boring. It regmés boundaries of
ownership or land use rights, e.g. customary laghts. Or informal land rights as
possession or occupation. It is in fact a map wliei® (or can be) visualised that
people agree on the boundaries of their propeftiediving areas or environment).
From this respect it can be seen as a social magan also be seen as a map
representing legal certainty in relation to owngrsbr factual land use, which is in
fact also a social issue. The map can be usedasis for the calculation of land tax.
Again a social issue in relation to the contribataf individuals, families or groups to
building and maintaining society, of course if arg®d in a transparent way. An
example of a cadastral map is given in Figure 47.
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Figure 47 A cadastral map is a social map repreisgnagreements between people;
source of the map is Pomoja Trust, mapped in Kisufaaya

Often distinction is made between “general” ana€fl” boundaries, see (Henssen
1995 and also Bogaerts and Zevenbergen, 2001).selenslates this to data where
can be relied on. He states that the English systamly relies on physical boundary
features, man made or natural. The precise posidfothe boundary within these
physical features depends on the “general” land dathe country concerned. This
system is called the “general boundary system”. TH&DM also provides
functionality, for precise surveyed boundaries ¢oificluded as “fixed” boundaries if
desired by the owners (or other claimants or righilers). Inclusion of the survey
data in the Cadastre implies the boundary to bgailg fixed”. In some LASs the
location of the boundaries is guaranteed. The ehb&tween “fixed” and “general”
boundaries depends according to Henssen on the gfaceating or updating the
system, the existence of physical feature, disptdebe expected, the amount of
necessary security and costs. Important observatitime field may be to identify to
whom the physical boundary belongs.

Fixed boundaries are based on surveys in the fi€lddastral boundary
measurements are input for a cadastral mappingepsoresulting in co-ordinates,
often published in combination with point identifie bearings (directions or
azimuths) and distances between the points; sesd-4§.
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Figure 48 Fixed Boundaries with point identifiec®-ordinates, distances between
points and azimuths; source INRA, Bolivia.

A cadastral map can be seen as a social map asregblabove. This means that
land disputes can be visualised in relation to blamies; see the example in Figure 49
(courtesy to the National Land Centre, Rwanda). ekxample map with disputed
lands cannot be produced without boundary obsemstiA boundary between two
spatial units (can be parcels) has (in principtebé¢ identified in the field. This is
“collecting evidence from the field”. Identificatiomay be very well possible in a
very accurate way in some cases (e.g. 10 cm agguidat in many cases this level
of accuracy is not possible. This implies that trecision of identification of
boundary vertexes can be “less accurate” than teeigion of surveys. For this
reason (and for reconstruction purposes) monunuamtde placed (beacons, markers,
other). Here it should be noted that monumentsbeamoved to another place. All
this has to be documented: a cadastre is not ohlS it is also ‘implemented’ in
the field. Boundaries must be ‘reconstructabletvBuing is an integral part of LASSs,
also in case this work is performed by private syors. Cadastre 2014 is missing this
surveying component. Cadastre 2014 also expedataltolate spatial relations using
overlay methods. In practice explicit links are shegtin many cases.
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Figure 49 Disputes or overlapping claims on a caddanap; source National
Land Centre, Rwanda — Field trail period.

Apart from surveying (total station, GNSS basedveys, etc.) it should be
observed that such boundaries may be identifiethénfield using aerial photos,
satellite images (Lemmen et al, 2009) or existiogographic maps. In such cases
boundaries are drawn using pens or digital perdighal pen “knows” its location on
the printed aerial photo or satellite image becaugattern is printed on the photo
which can be read by the pen. The pen is a devitehacan be connected to a
computer where super imposition of the drawn botiedawith the image can be
done. Of course it also possible to vectorise tlyeon top of the image if both
neighbours are represented. Milindi Rugema (20dantified the advantages of using
digital pens for boundary drawing in the field ap tof high resolution orthophotos
(used as normal for drawing boundaries in Rwanaéasy for local people in
Participatory-Mapping; boundaries direct geo-rafieszl on site; digital pen
predictable for climate conditions; rechargeabkeraong time used and no loss of
data when the battery is discharged. Examples leérotlata acquisition tools are
mobile mapping tools, see for example Lemmens (2D1Blost relevant for the
LADM are not the different approaches in data asitjon but the options to include
the original source data with documentation of tbsults of data acquisitions (and
processing of those data, because this processipties different versions, e.g.
different versions of co-ordinates).

Myllyméaki and Pykala (2010) observed that ‘the tesaf the LADM work will
be an international standard. Currently the workinsthe draft stage of an
international standard. The data model has beengeltba lot between the meetings
due to a large number of comments. This shows dongeaibout the difficulty of the
modelling. It is still possible that the model nsedfew, new review cycles to provide



Design and Construction of an Land Administratiooniain Model 129

a more stable result. In the LADM the academic doee of modelling is limited,
because land administration as a domain is reletddgal aspects in such a large
extent. On the other hand, the LADM is a conceptuatiel and therefore it can be
seen in a positive way and accepted more easityttt@INSPIRE model. The present
stage of the LADM work shows that a common modgldssible. Than again several
unequal country profiles prove that a common mddsl not yet been achieved.

It is not the intention of the model that everythishould be realised in one
system. The true intention is that, if one needstyipe of functionality covered by a
certain package, than this package should be thedftion and thereby avoiding re-
inventing (re-implementing) the wheel and makinganmiagful communications with
others possible. Furthermore basic packages coaldniplemented by software
suppliers, e.g. GIS suppliers and suppliers oftieta management software and data
acquisition software.

According to the author of this thesis a progresspproach in land titling can
also be applied in a way that results into forma#lgognised customary systems for
different areas of a territory. This would be imppart of policies where different
tenures would be (re-)implemented for differenarasing step by step (progressive)
approaches based on a standardised LAS. Thisablissiement of tenures by spatial
planning: e.g. large farms areas for food productiorban development and
allocation of customary areas where freehold mayemist. This may be combined
with corridors for pastoralists and developmeninéfastructure.

The LADM supports the representation of all pecpland relationships — but a
specialisation of the LADM is required. This spdisiation needs its own
terminology; terms as ‘cadastre’, ‘land registridwnership’, etc. are too strong
related to converntional LASs. Such an appraockvasked out in Chapter 4 as
STDM.
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4 New Approaches and Experimental
Results

In Chapter 3 the design and design process of e LAdministration Domain
Model has been presented.

This chapter introduces the STDM in more detailisTSTDM is a specialisation
of the LADM. This model is based on first proposfatsm Fourie (later Augustinus),
see Fourie (1998); later those proposals were wiooke by the author of this thesis.
Main reason is that the Land Administration Domisladel (Lemmen et al, 2003c;
Lemmen and Van Oosterom, 2006a based on Van Ouostetral 2006b; ISO, 2011c)
underpins existing conventional LASs. The STDM Hasen designed as a
specialisation of the LADM to cover all types ohtees, conventional and other
social tenures such as informal and customary #&snAugustinus et al, 2006;
Lemmen et al, 2007; Augustinus, 2010; Lemmen, 202gyustinus and Lemmen,
2011). The STDM has its own terminology and it ctenpents the Land
Administration Domain Model (LADM) and allows intgrerability between the two
models. Identified overlapping claims to land néede included (see Fourie, 1998)
as well as illegal and/or informal land uses orupation of land. This means a
complete map of the ‘people — land’ relationshipse(also the discussion in Chapter
3) is needed with recognition of all social tenwedationships, i.e. personal,
customary, informal and indigenous land use anggmnty rights.

This chapter first explains in Section 4.1 why rland administration approaches
are needed (see also Augustinus et al, 2006 andistings and Lemmen, 2011).
Those needs explain the need for pro poor land ta®ISTDM. Section 4.2 gives an
overview of the STDM history. There are importanhtibutions from Augustinus
here: Fourie (1998); Augustinus et al (2006); Lemme al (2007); Augustinus and
Lemmen (2011); Augustinus (2010); Lemmen (2010dyguéstinus and Lemmen
(2011). In Section 4.3 the STDM prototype is introeld. This prototype is based on
open source software. A field test for data coitecthas been done in 2009 in
Ethiopia; see Section 4.4. Section 4.5 discusses tw bridge the gaps with
conventional systems. The chapter is closed witiseussion in Section 4.6.

4.1  Why New Land Administration Approaches are neeéed

LASs provide the infrastructure for implementatiafi land polices and land

management strategies in support of sustainablela@went. The infrastructure

includes institutional arrangements, a legal frawmw processes, standards, land
information, management and dissemination systenas tachnologies required to

support allocation, land markets, valuation, cdnwbd use and development of
interests in land (Williamson et al, 2010).
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Such infrastructure is only available with a natiide coverage in about 20 to 30
countries. Most developing countries have less tB@rpercent cadastral coverage;
this means 70 percent of the land in many counigegenerally outside the land
administration. The security of tenure of peoplethiese areas relies on forms of
tenure different from individual freehold. Most thie registered rights and claims are
based on social tenures. Formal land titling isdrgmt and necessary, but it is not
enough in itself to deliver security of tenure twe tmajority of citizens in most
developing countries. Customary tenure and infornsattlement tenure are
widespread (Fourie, 1998).

Further it can be observed that existing LASs Haw#ations because of the fact
that informal and customary tenures cannot be dweduin these registrations.
Generally, the LASs are not designed for this psepd.and tenure types, also in
terms of the continuum of land rights (UN-HABITAZQ08), see also Section 2.4,
which are not based on the cadastral parcel andaireegistered require new forms
of LASs, including land information management syss. Those systems should
work differently from the conventional land infortien systems (Augustinus et al,
2006). That is, land administration systems araiired for security of tenure and
land management. Conventional systems do not ctivemajority of developing
countries either because they cannot go to scat¥olarbecause they cannot
accommodate the social tenures present in thattigouk social tenure approach is
needed to fill the gap. This is done via STDM, adalisation of LADM; if STDM
works than the whole range of tenures is covered.

It should be noted that recent innovations in L&&sId better cover social tenure.
E.g. Kalantari (2008a) is focussing on Legal Prop&hbjects, where interests in land
are attached to land as a condition to make itgallentity. There is some (but
limited) attention to customary and informal tenuréiis thesis. Similar in Kaufmann
and Steudler (1998). Customary tenure is covere@ddastre 2014; but the data
acquisition part and the ‘wide range of spatialtsinis missing — it is based on
availability of quality spatial data — which is pdde with GPS and satellite images
indeed, but than still there is a need to combimese spatial data with already
existing spatial data.

One of the main drivers behind the developmer8TDM is that many countries
and areas are introducing new approaches to temhigh are not based either on
registered rights and/or the cadastral parcel. \Belse outline some of the
innovations which are taking place around the watdl require new forms of
domain models. In Mozambique the new Land Act (}9@tognises customary
rights in the form of co-titling, as well as theedeto consult with the local
communities as part of the authorisation processnfaw investments (Quadros,
2002). In Namibia there is a new Land Law that waitldress the broad issues of
customary land reform by means of the creatioregfanal land boards for rural areas
(Pohamba, 2002). A flexible land tenure systembyeen proposed by the Namibian
government for the urban areas (Faurholm Crister2@®b). A similar approach can
be recognised in Tanzania (Kironde and Lussagab)2@Bere residential licenses in
urban areas exist, which are intended to be cosded full title later. In Ethiopia a
certification in two phases has been instituted gfdsHaile, 2005). The case of
Ethiopia, where — within a rather short time frameabout 6 million land use
certificates were distributed, even though during ffirst phase” no map or spatial
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reference ares included, is thus of potentiallygdainterest for policy makers
(Deininger et al, 2006). In Lesotho 3 forms of Emare under development: primary,
demarcated and registerable (Selebalo, 2005).

Van den Berg (2000) states that under a new ASointh Africa customary titles
can be granted to Customary Property AssociatiGesamon properties can further
be: indigenous or co-operations (Kirk et al, 1998). Bolivia the INRA Act
(1996/Ley Instituto Nacional Reforma Agraria) prdes for the recognition of
Tierras Comunitarias de OrigefiTCOs), i.e. land belonging to indigenous groups
(Zoomers, 2000).

There are many other innovations in land righspeeially in Africa. See for a
comprehensive overview Van der Molen (2003).

Many different types of land use rights exist; eigufruct, tenancy, lease, long lease,
etc. Land rights can be religious; e.g. thaqfin Islamic land rights, apart from the
milk (private) andmiri (government) rights. Use of apartments can be fbiwna
informal. It is even possible that apartments (thdividual units’ in an apartment
block) have been formally privatised without rethteegulations for ‘shared units’
(threshold, stairs, roof, corridors, elevators,)etélso, state or public lands can be
national, regional or municipal, and can be alledafor a public purpose, e.g. road,
school or hospital (Lemmen et al, 2007).

The recognition of customary rights also devot#snsion to rights of sheep and
cattle farmers. In many countries there are sericwsflicts between traditional
nomadic sheep or cattle farmers and arable farafeost grazing and farming lands
(such as Kenya, Tanzania and Rwanda). Relatedidasththe right of access. Most
informal settlements do not have proper roads andss is across ‘private property’.
Access rights are formalised as servitudes in sgyatems. It can also concern access
to water or agricultural or other lands (Lemmengle2007).

Tanzania's new village Land Act provides for thkasng of pastoral and
agricultural land by sheep and cattle farmers arabla farmers on the basis of
adjudication and mutual agreements (Mutakyamilwa)02). Even ‘illegal
relationships’ between persons and land, e.g. §& @i uncontrolled ‘privatisation’
(Trindade, 2003) exist (reflecting the reality b&treal world in the system), as well
as cases of ‘disagreement’, ‘occupation’ or ‘canfliresulting in overlapping claims
to land. In this way a systematic record of cotdlion lands could support the
realisation of solutions.

As indicated there are therefore a wide rangeigifts being developed which
cannot be easily recorded in the conventional lauininistration and land
information management systems, in addition towtde range of social land tenures
such as informal settlements, customary tenurepast conflict tenures which need
to be managed. Hence there is the need to move lf®dDM to STDM to expand
both security of tenure and land management capacit
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4.2  History and Background of STDM

The history and background of the STDM is documeénin Augustinus and
Lemmen (2011). In 2005 a number of organisationsking with UN-HABITAT
acknowledged that there is an insufficient focugpompoor tools and that these gaps
have to be filled. This resulted in the formatidritee Global Land Tool Netwotf in
2005/6. STDM was identified by partners as oneheftechnical gaps and it became
part of the GLTN’'s agenda, which partners had afrée work on jointly
(Augustinus, 2005). With respect to STDM, the oigations concerned were the
International Federation of Surveyors (FIG), ITCNBABITAT and the World
Bank. They worked together to develop the modeletpister it as an 1ISO-standard, to
develop the software, to do the technical desightarundertake piloting and scaling.
Developments includéf:

— design and prototype development in close co-ojperatbetween UN-
HABITAT/GLTN and ITC®. ITC has been contracted by UN-HABITAT to
develop the (detailed) concept, the technical $ijgations and the prototype
software for testing on real world data. Further-dNBITAT contracted FIG to
review the development process and the outcome;

— the World Bank funded a project for piloting the (B model in Ethiopia on
certificated rural tenure. The results are docuenh (Lemmen et al, 2009b,
Lemmen and Zevenbergen, 2010c);.

— external peer review. FIG took the lead, but inedlvwell-known land
professionals/practitioners. The reviews are imsupof the STDM development;
STDM is important and could facilitate low cost eeding of a wide range of
rights. The use of open source software in theopype development is in line
with the expectations of the reviewers. See aldeu@er et al, 2010). It was
mentioned that the statement of objectives coulthdider: “STDM will provide
the ability to both register existing rights in tfmal system and record other
rights in a way that will support the developmehtiraproved policy and legal
frameworks and the enhanced institutional and adtniive arrangements that
implement the frameworks”, which is correct. Impkartation of information and
communication technology, reversibility to papersdd systems and the
introduction of work processes are identified amdef a complex nature; also
for STDM'™®,

— Social Tenure Domain Model: From Concept to Impletagon. Launch at the
XXIV  FIG International Congress 2010, Sydney, AabBfr. See:
http://www.fig.net/pub/fig2010/techprog.htm and phttwww.unhabitat.org/-
content.asp?cid=9085&catid=5&typeid=6&subMenuld=0;

135 GLTN is facilitated by UN-HABITAT and funded by Meay and Sweden.

136 http://www.itc.nl/Pub/services/Major-projects/SaleT enure-Domain-Model-STDM. html.

137 This is a coalition of international partners,liming FIG (the International Federation of Surveyp

ITC (University of Twente, Faculty of Geo-informeari Science and Earth Observation, the Netherlands),
and the World Bank (WB).

138 See wwwi.oicrf.org and type STDM as keyword to fthd powerpoint presentations as presented at the
Post-conference workshop on the Social Tenure DoimaMarch 2009 during the Conference on Land
Governance in Support of the Millennium Developm@pgls: Responding to New Challenges, held at the
World Bank. (Powerpoints by Enemark, Sietchipingriis, Torhonen, Allebachew and Bell).
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— prototype release by ITC (August 2010);

— data testing of the prototype using data from Shavellers International affiliate
Pamoja Trust from Nairobi, Kenya;

— further refinements and development of an interatediversion built on the
STDM prototype addressing the informal settlemeisties (UN-HABITAT,
currently under development);

- the Land Administration Domain Model (LADM) has Ipepublished as a Draft
International Standard by the International Organi® for Standardization as
ISO 19152 (ISO, 2011c). STDM is under developmest a so-called
“specialisation” of LADM. “Specialisation” here mes that there are differences
in terminology in LADM compared to STDM. For exaraplwhat a “real estate
right” is in a formal system is considered a “sbtgure relationship” in STDM.
Note that a formal right is also a social tenutatienship, but not all social tenure
relationships are formal land rights. The LADM Ifsduring its development to a
(Draft) International Standard (DIS), includes altg more and more of the
STDM functionality; i.e. a range of spatial unitsdaparties (parties, group parties,
non natural persons, ...). This makes the LADM maesgic.

- arange of conference and academic papers hasgbbéshed such as the World
Bank special sessions on Land Administration arg &lents (See: Augustinus et
al, 2006; Lemmen et al, 2007; Lemmen et al, 20@Qlgustinus, 2010; Lemmen
and Zevenbergen, 2010c; Lengoiboni, et al, 201&ud@ér et al, 2010; Uitermark
et al, 2010; Zevenbergen and Burns, 2010a, Zevgeheand Haile, 2010b,
Augustinus and Lemmen, 2011). See also Herbst arginéf (2009). This
concerns software based on the model that hasdmaoped in Senegal. In their
article Herbst and Wagner mention the LADM as aegienapproach, but the
STDM principles can be clearly identified. See liertthe papers from Payne et al
(2009) and Zimmermann (2009), where STDM is memtibas an innovative tool
under development, MSc thesis work at ITC about $1®M approach and
integration into a country profile of the LADM foindonesia: Ary Sucaya,
I.K.G. (2009) and Guspriadi, T. (2011). The lattezsis has a focus on customary
tenure;

— UN-HABITAT led pilot projects with specifically desloped functions (e.g.
informal settlement) in Kenya, Uganda and the Qmdm (urban and rural)
working with a range of potential partners who bilateral and/or NGOs (under
discussion to start in 2011). UN-HABITAT startedbping end 2011 in Uganda,;

— other pilots — International Land Systems Inc (lafdhomson reuters), ‘Open
Title’ software based on the STDM model being mitbt(ongoing). See:
http://en.landsystems.com/content/section/2/21/;

— development of initial conceptual designs to us®MTfor carbon sequestration
(Mitchell et al, 2011).

GLTN partners have agreed that an open sourceoversieds to exist to ensure that
the poorest part of the population and poorest aoipalities and governments can
afford a LAS, given the costs of conventional saftev acquisition, licensing and
upgrading fees. It should be noted here that in case expertise is required to
manage the software, computer systems and databiasesn ‘open source

environment’.
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It is very encouraging to see that Internationahd System (later Thomson
Reuters) is developing a STDM compliant softwarelnfgéad, 2011) to work out
affordable business product software based onhes& business products can be
linked to on site support, which may be an impdrteequirement in case of
insufficient or lacking local ICT expertise withime land sector. The use of open
source software and commercial software may be tomaptary; this is one of the
advantages of standards. ILS OpenTitle adherefid@oSTTDM and configures the
required data model entities (Persons, Non-NatuP&rsons, Social Tenure
Relationships and Spatial Units and Mortgages)dusbftware installation.

The steps outlined above show that a lot of canefirk and reflection (by UN
HABITAT and in co-operation between the author &d-HABITAT) and funding
(mostly by Norway and Sweden) has been requireddee STDM forward and still
more is required to be able to produce robust fiuhctional software, which is also
open source, based on the STDM model. In fact theance so far and the support
in further development can be seen as a part ofdhdation.

4.3  The Prototype

The development of the prototype software is based on four documents: a
conceptual design (Lemmen, 2008a), a functionaigdegLemmen and Alvarez,
2008b), a technical design (Lemmen and Van Bennel2®®8c) and a software test
report (Alvarez, 2009a). An application’s users dgui(Alvarez, 2009b) and an
installation guide (Alvarez, 2009c) are also avadéda

The organisation of activities needed for datauggition and data maintenance is
not really included in this functional design; ptoaf departure is that there is a need
for a generic, process independent, solution basedforms per social tenure
relationship. The data on parties and spatial urate to be collected and those data
have to be linked together with source documentsr($ and images, sketches, etc.).
Administrative data can be collected by the adrmaive data collectdf’ using
forms. Spatial data can be collected using imagéfier spatial data have been
collected by the spatial data collector the padisga small piece of paper with the
spatial unit identifier (which has been drawn oa Hatellite image) and goes to the
administrative data collector where the administeatiata are written or typed. In this
way the relation between people and land is manag#t field. Neighbours should
be available on site. The following attributes areluded in the data model of the
prototype, see also Figure 50 (with an overvies®DM basic classes in Fugure 51)
and Lemmen and Alvarez (2008b) and Alvarez (2009b):
Base imagery
— Administrative area: the administrative provincgiom subdivision of land (M).
- Spatial Reference System: can be given in WGS84*t) ILWIS'*2

139 Prototyping is the process of quickly putting tihge a working model.

140 0One of the roles in the design. Other roles aratispdata collector, data covertor person and
information manager.

141 f another reference system is needed for geaeréing, that has to be adjusted.
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Data Collector

— First and last name: the first and last name ofitita collector (M).

- DataCollectorTyp¥? type of collector depending how he/she is auteatito
collect, modify,or delete (senior/junior, spatidifainistrative data, conveyor)
(M).

— Licence: professional license number of the dalizctor (if available).

Natural Person

- Person ID: official country ID of the perstf

- GenderType: natural person’s gentf&(M).

— First Name: natural person’s first name (M).

— Last Name: natural person’s family name (M).

— Street: street name; this can be a descriptiorosigb code can be included.

— City: name of city or region (M).

— Photograph: person’s photograph.

— Fingerprint: the scan of the person’s finger print.

— Signature: scan of the person’s signature.

— Date Of Birth: natural person’s date of birth.

- Validity/Until: date the record is inserted (M) atg not valid anymore.

Non-Natural Person

— Name: name of the non-natural person (M).

- GroupTypé*® type of group (M).

— External ID: official ID of the non natural person.

— Street: street name or number of the non-naturabpés address.

— Postal code: postal code.

— City: name of city or region.

— Representing Person: the representing person gfrthmp.

— Validity: date the record has been recordeduténdiitabase (M).

— Until: date the record is not valid anymore.

Source Document

- Identification: identification code of the papeiginal source document (M).

- Source: address path where the scan of the soooterent is stored (M).

- Measurements: set of parcel measurements takemgdine survey

- QualityType: quality typ¥”’ (M).

- Social TenurelnventoryTyp&: type of social tenure inventory (M).

- SpatialUnitinventoryTyp¥® type of spatial unit inventory (M).

12 ILWIS is the Intergrated Land and Water Informati@ystem, one of the open source software
components of the STDM. PostgrSQL is another corapirthis is the data base management system. The
prototype has been developed on Java, ApacheTaupports Client/Server environment.

43 DataCollectorType could be spatial data colleotomdministrative data collector or both.

144 |.e. ‘burgerservicenummer’ in the Netherlands, iSlo8ecurity Number SSN is the US, ‘Cédula de
Ciudadania’ in Colombia or ‘Carteira de identidaeBrasil (M).

145 GenderType of natural person, male or female.

46 GroupType may be farmers, indigenous, associatiéormal.

147 QualityType could be terrestrial (an than thereyrha again options), satelite image, digitital, GPS
unknown.

148 5ocialTenurelnventory Type may be paper, digital, e

149 gpatialUnitinventoryType may be image, photogragiietch, topo-map, planetable map, photo, etc.
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— Data Collector: the name of the data collector dwlected the information for
this record (M).

— Recordation date: date on which the source docuise@atorded on the field (M).

— Acceptance date: date on which the competent paidignally accept the source
document.

— Submission date: date on which the source docuimmentbmitted in the database
after it has been formally accepted.

— Survey Date: date on which the survey took place.

— Comments: free-open field to make comments abeusdlirce document.

— Validity: date the record has been recorded irddtabase (M).

— Until: date the record is not valid anymore.

Spatial Unit

— Spatial Unit ID: identification number of the sgtunit (M).

— Field ID: identification number of the spatial ugien on the field and written on
the paper source document (M).

— City: city or region where the spatial unit is |t (M).

— Tax Amount: estimation of the tax that has to ba far the spatial unit has to
pay according to regulations of the country.

— Value: estimation of spatial unit value.

— Calculated Area: approximate area of the spatiel un

- SpatialUnitTypé>® type of spatial unit (M).

- UseTypé>" type of use of the spatial unit.

— Data Source: address path where the data sourteefgpatial unit is stored (M).

— Photograph: scan or digital photograph of the apatiit(s).

— Validity: date the record has beenput into the lozga (M).

— Until: date the record is not valid anymore.

Social Tenure Relation

— Person/Party: the party to be related to a spatial(M).

- SocialTenureRelationTyp#: type of social tenure relationship (M).

— Spatial Unit: spatial unit ID that is related t@ tbelected person (M).

— Share: share in a social tenure relationship. Theis 1.

— Data Sources: list of source documents/imagesiegifir the social relationship.

— Validity: date the record has beenput into the lozda (M).

— Until: date the record is not valid anymore.

Survey Point (not yet implemented)

- DimensionTyp&™ the number of dimensions.

— Location Origin: calculated co-ordinates, baseabservations.

— Quality: survey point quality (look up table).

— Survey Point ID: identification number of the suy\mint.

%0 gpatialUnitType may be point, line-based, texetek, topolgy.

%1 UseType could be agricultural, living (formal afdrmal), residential, industry, etc.

%2 5ocialTenureRelationType may be informal tenuast@mary tenure, co-operation, tenancy, possession,
restriction, stateland, comfort, disagreement, mitkri, waqf, conflict, occupation, network, fiskgin
hunting, common land, etc.

%3 DimensionType is 2D or 3D.



139

local reference system to transformed co-ordinates)

— Transformation Parameters: transformation usedn(ftalculated co-ordinates in a
- PointTypé* type of point.
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Figure 50 STDM Data model, Lemmen (2008b).

4 pointType may be concrete post, bottle, metal,pip#, monument, wooden pile.
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STDM is based on LADM Version A (Section 3.2) amdes a different
terminology for some of the classes of LADM. Fomample, class RRR has been
named Social-TenureRelationship. See Figure 51.

Pary

Social TenureRel ationship

Spatraithmt

Figure 51 Basic classes of STDM: Party, SocialTeRalationship and
SpatialUnit.

The concept of BAUnit, as a basic property urst,nbt present. Furthermore,
SocialTenureRelationship has no subclasses (RRggponsibility and Restriction),
and therefore it is not an abstract class (Lemraéh0).

A specific social tenure relationship, including parties and spatial units, may be
collected on different source documents; e.g. anmare source document(s) for the
administrative data and one (or more) for the spatata. The source document for
the spatial units may contain information about entvan one spatial unit.

A source document contains all the attributes aofi€®a(Persons), Social Tenure
Relationships and Spatial Units. It is possibld thare than one data collector has the
responsibility to fill in (part of the) forms in ¢hfield. It may happen that a sequence
is needed for filling in the forms. This has todrganised by the data collectors.
According to the design a form can be analogueigitaif>>. Analogue forms to be
used in the field can be printed by the STDM systAfter printing the forms can be
copied. Those forms can be filled in the field figsa pen) and the collected data can
be inserted in the system later. The interfaceirigerting the data is the digital
version of the form. It may happen that the dataehbeen digitised but not yet
committed to the database, e.g. because the di¢mtmm is not yet finished in a
specific case.

A Spatial Unit can be linked to spatial data. Tinplementation of a Spatial Unit
represented by point or polygon will be implementgdspatial columns of a table in
PostgreSQL,; this is the open source database sélfmmtthe STDM prototype.

4.4 Field Test

In 2008, a team® conducted a simple field test using high resofutinagery. On-site

tests were performed to determine if Quickbird lisgeimagery could be used to
establish parcel index maps in selected villagé® data collection in the field was
performed with the help of rightful claimants ondaright holders and local officials.

%5 An iPad with GPS navigation and recordation obeginates included would be very optimal for data
collection. The only problem is that people can ‘it around the image” in that case. And this &w
important for acceptance. An alternative is toexilidata digital in the field and to project themabig
screen in the evening to discuss the results. Pexapl very wel understand the contents of the imasge
Lemmen et al (2009b) and Lemmen and Zevenberget0¢20

%6 Augustinus, Burns, Deiniger, Haille, Lemmen andéergen.
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The image quality of the plots at a scale of 1:2@@8 sufficiently high to allow the
parties to easily understand the images and comériimput, making the process very
participatory. Many rightful claimants or land righolders were not able to present
their certificates, suggesting updating issues.nEtlugh the test was not well
prepared, it yielded useful experiences and dat& limited data set was processed
initially with ArcGIS and later with the first protype of the STDM based on open
source software. Processing the limited graphidaplay of the boundaries was
relatively easy, but trying to link the data to G&®ordinates (collected, at the same
time, with hand-held GPS) was not immediately dusstue to offsets caused by a
number of reasons. Nevertheless, the approach sessnsseful for lower land value
areas where coverage is more important than (aiedoaccuracy (Lemmen and
Zevenbergen, 2010c).

Since the beginning of the 2tentury, great progress has been made with rural
land certification in Ethiopia. Several Ethiopiatates have introduced land
administration systems for rural areas aimed atingsland use certificates at an
affordable cost for all (sedentary) farmers in ttate. Unlike many similar initiatives
in other countries, the implementation of this ¢lyiccaught on in Ethiopia, and by
2005 data had been collected on about six millionskholds, about half of which
have actually received their “first phase” certfies.

These certificates identify the rightful claimawtsthe landholders (by name, etc.
and with photographs), but are weak on the deseorippf the land plots, which
include neither a map nor any kind of spatial refee (except for a list of
neighbouring landholders) and only give a roughlasured or estimated indication
of acreage.

To gain more of the benefits that land adminigiratan bring, graphical and/or
geometrical data on the spatial units to which lthelholders have their use rights
need to be collected.

In early 2009, further testing was done by the iEmmental Protection Land
Administration and Use Authority (EPLAUA) in Amhaiags part of the Cadastral
Index Mapping piloting (Belay, 2009). Comparablerkvancludes earlier doctoral
research in Ethiopia (Haile, 2005), Pakistan (Za?®09), as well as pilot projects in
Rwanda (Sagashya and English, 2009) and Namibipif@¢ao and Meijs, 2009).
Using satellite imagery for cadastral applicatimaot new; see the experiences from
Kansu and Sezgin (2006); Konstantinos (2003); Palualyd Subedi (2005); Tuladhar
(2005); Ondulo and Kalande (2006) and Palm (2006)).

After field data collection the processing of thatal involved (see Lemmen et al,

2009b; Lemmen and Zevenbergen, 2010c):

— scanning. This resulted in six analogue imagesh eamntaining the identified
boundaries and parcel identifiers, which were sedrusing a Cougar 36 scanner
with 30 dpi resolution as a first step in transforgnthe field information into a
digital environment. Scanning resulted in six rastata sets in JPEG format.
Necessary corrections such as rotations were daoig in order to ease the
following processes;

— geo-referencing, The six raster data sets contaimelfined spatial references.
Spatial references were defined by importing theombnate system and
projection of the original image. After defining ethreference system, geo-
referencing was then performed by identifying anakahing the co-ordinates of



142 A Domain Model for Land Administration

the new images (marked at the edges of each scamaaegt) with the original
image. Control points such as road intersectiorts @her identifiable features
were also used. The same was done in the STDMtgpatas soon as available,
see Alvarez (2009a);

— Vectorising. Once the images were geo-referencedscoeen digitising was
performed, first in ArcGIS; later in the STDM progpe. Parcel boundaries were
extracted by pointing and tracing the cursor altirgparcel boundaries drawn on
the image. Each parcel was created as a closed@ulyThe polygons do not
share boundaries with neighbouring parcels and therefore, independently
identifiable. The digitising process tried as aetelly as possible to avoid overlaps
between boundaries, especially where parcels beddeach other. Two shape
files were created: one from the test area Hanigddgelta, and another from
Alengu;

— a database containing administrative data aboutttndutes of the spatial units
was created in Microsoft® Excel® (later the sameereise was done in
PostgreSQL as soon as the STDM prototype was alailaee Alvarez (2009a)
and was exported and joined with the attributeetaiflthe parcel's shape file. A
shape file is a commonly used data format for Gtftware that spatially
describes features depicted on a digital map amgei shapes (e.g. points for
water wells, lines for roads, polygons for parcetidaries). The result was that
parcels (geometric data) now also contained adtratige records, i.e., the names
of the rightful claimants or land right holders tife parcels, their certificate
identifications, the area and the names of neighbguand right holders to the
north, east, south, and west;

— GPS points consisting of survey points from theesdgf various parcels in the
field were uploaded and superimposed on the shliblgze These offsets are likely
caused by the fact that the images were not oehtified and by errors
introduced during scanning and geo-referencing gsees, as well as by relief
distortion resulting from the differences in eléwatof the aerial images and the
GPS observations as described above. A more coemsite analysis for more
and less mountainous areas has been recently akeerin Pakistan (Zahir,
2009).

Uploading of the data collected by the field teamoithe STDM prototype was
successful; see Alvarez (2009a) and Alvarez (2009i)is data set has been
demonstrated during the FIG Congress in Sydney).201

4.5 Bridging the Gaps with Conventional Systems

Van der Molen (2006a) states very clear that cotioeal, ‘Western’ ways of land
administration being applied in less developed tes e.g. titling programmes, are
known as being too complicated, too accurate, towlg, too expensive and too
much in favour of middle and elite classes. Uncaotiemal approaches are needed
(World Bank, 2003; UN-HABITAT, 2004), also from theerspective of information
management.



New Approaches and Experimental Results 143

STDM is basically about people and is intendedtoaden the scope of land
administration by providing a land information mgament framework that would
integrate formal, informal, and customary land eys, as well as integrating
administrative and spatial components. The STDMawsahkis possible through tools
that facilitate recording all forms of land righ#dl types of right holders and all kinds
of land and property objects/spatial units regasllef the level of formality. The
thinking behind the STDM also goes beyond some béisted conventions.

Traditional or conventional LASs, for example, telaames or addresses of persons

to land parcels via rights. An alternative optianbieing provided by the STDM,
which instead relates personal identifiers, sucfirgerprints, to a co-ordinate point
inside a plot of land through a social tenure retasuch as tenancy. The STDM thus
provides an extensible basis for an efficient affécéive system of land rights

recording (Augustinus and Lemmen, 2011). This esitda basis means (Augustinus
and Lemmen, 2011):

— inclusion of the representation of all People tad.aelationships — the continuum

of land rights (UN-HABITAT, 2008) applied in a glabsetting. New types of
relations can be easily included. The STDM deseribelationships between
people and land in an unconventional manner, tagkiind administration needs
in hitherto neglected communities, such as peoplénformal settlements and
customary areas. It supports the development arnctenance of records in areas
where regular or formal registration of land righte not the rule. It focuses on
land and property rights which are neither regestenor registerable, as well as
overlapping claims that may have to be adjudicatetérms of “who”, “where”
and “what right”. In other words, the emphasisfissocial tenure relationships as
embedded in the continuum of the land rights conpepmoted by the Global
Land Tool Network and by UN-HABITAT (2008). Durinthe workshop in
Enschede (Van Oosterom and Lemmen, 2003a) there Watsof attention to the
inclusion of ‘informal areas’ into Cadastral Dataodiéls. In the workshop in
Bamberg (FIG and COST, 2004) ‘Formal Ownership’us@mary Tenure’;
‘Indigenous Tenancy’; ‘Starter, Landhold, Freeholeolution’; ‘Possession’;
‘Mortgage, Usufruct, Long Lease, many Restrictiogpds’; ‘State Lands’;
‘Infformal and Unknown People to Land RelationshipsDisagreement’;
‘Occupation’; ‘Uncontrolled privatisation (which ia fact a kind of transaction)
and ‘Conflict’ were presented as a set of (extdaitelations between people and
land (Van Oosterom et al, 2004). A first starthistapproach with extensible code
tables was presented in a paper to the FIG Workfegk in Paris, France
(Lemmen et al, 2003a and Lemmen et al, 2003bhdrLADM a range of spatial
units was introduced based on the overview of EoU998;

flexible representation of people and social streg. This means that a range of
types of parties can be included, in principle sithexceptions;

flexible representation of units of land-use rightsa range of spatial units —
Augustinus et al (2006) provides a comprehensivervew. See also Lemmen
(2010d);

a range of different field data acquisition metheds be applied resulting in (a
range of types) of (authentic) source documentafiwnspatial and non-spatial
data. Unconventional and participatory approachewmilecting evidence from the
field; participation could mean the presentationfiefd collected data in the
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evening to the community. Different data acquisitnethods mean different data
qualities; quality labels can be included. E.g.ltlaind Backstrom (2006) report
from Ethiopia that, because of lack of equipmerd afectricity in most of the
villages, traditional survey methods, compass amsuring tape (cord) were
used. They mention surveying and mapping as beipgreive. Moreover, for
collecting data for around 20 million plots coveyithe whole of Ethiopia other
methods are needed, such as ortophotos and satelligery. Those images have
different geometric qualities. Mosaics are composat of images with survey
times; ‘old’ images may be used because they amapdr (Lemmen and
Zevenbergen, 2010c). Imprecise has to be acceptsikting on expensive
standards is not in the benefit of the poor andeguwent as well. Insisting on
expensive standards for data acquisition has bemrep not to work. In general
such proposals mean that there is insufficientntite for the scale LA
implementations and also insufficient attention tloe option to upgrade quality
later. This does not mean that there should betteataoon to the maintenance of
LA data;

— promising is the use of the digital pen (Milindi gama, 2011 and Prastowo,
2011). Here a pattern is plotted on top of an &hexi satellite) image. This pattern
‘informs’ the pen about its location on the imaghis means the data collected in
the field can be easily projected to the local peater reading the drawn lines
into a PC or inclusion of video or sound (Barry03y

— unconventional and participatory approaches irectithg evidence from the field
means that overlapping claims can be identifiech agatial unit (as a type of
‘right’ with claimants included, a ‘what to do ligor arbiters. This clarifies which
areas are probably free of conflicts;

— if many attributes are collected than many attesutave to be maintained. This
means there should be awareness for this ‘multiptifect. In STDM there is a
minimal set of attributes. Local extensions aresjiids; on the other side not all
attributes may be needed. Local set-ups requiabdsae expertise;

— in STDM the dynamics in reality can be represenkddintenance of non-spatial
and spatial data is possible with a minimal humifeattributes. The STDM has
been designed in such a way that there is no reskflow management, nor
‘controlled’ process management. The user shoutdl @an) easily understand
what has to be done based on the use cases inaheam retrieve/edit/delete
person, group person, organisation, source docynseatial unit, social tenure
relation and split and merge. Different sources lmarrombined. There is no need
for cm or meter precision. This helps to combined amnderstand land
administration information from different sourcesa coherent way;

— for initial data collection the types of allowedasipl units, persons and social
tenure relationships have to be set based on tiEVS3ode lists as presented in
Section 4.8 in Figure 50 and in attribute descriptions (fod&®oto ‘types’):;

— it should be possible to perform unconventionariactions’: in general there
can be new types of transactions along the dimasasight continuum’ (based on

157 SpatialUnitinventoryType; SocialTenurelnventoryTyS@atialUnitType; SocialTenureRelationType;
GroupType; GenderType; QualityType; UseType; DatleCtorType; PointType.
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UN-HABITAT (2008), ‘party continuum’ and ‘spatiahit continuum’. The use of
the LADM is most relevant with regard to the maaece of the data to be able
to provide up-to-date data on land rights. How to fgppm an informal social
tenure relationship to a formal one and from a @aakright of use to a formal
one? The inventory of informal rights could be sasma “what to do list”, after
integrating the land data collected by the locahownity with data from a Land
Administration Authority, maybe in co-operation itother institutions.
Sometimes there are objections in recognising mébrrights; the “informal
rights” are called “illegal rights”. This is in faceglecting what can be observed
in reality. The officials know this: if it is “illgal” action should be taken; e.g.
because of risks of land slides or inundations.pReoeed a shelter somewhere
and in many cases the government did observe iaflcaineas, but did not interfere
for a long time. How to move from a conflict sitigat (conflicting claims) to a
formal one? Again a “what to do list” for the gomerent (upgrade the rights or
take other decisions based on the recordationgbts). Women’s access to land
can be organised by registration of shares insight

Unconventional transactions and updates in the STy be:

- a transaction tehange or updat@ social tenure relationship from ‘informal’
to, for example, ‘occupation’ and may be later fieeé hold’. Or, in a way
similar, from ‘starter’, to ‘land-hold’, to ‘freetd’;

- a transaction toconvert from freehold back to ‘customary’ and from
‘individual person’ to ‘member’ of a ‘group persofThis could be a restitution
after grabbing or after disaster (aids, tsunamnog@&le) returning land rights
to the children (this explain the urgent need fapeplete coverage, e.g. point
based related in land use with fingerprint or othi@metric attributes. Do we
need DNA here in the database necessary from al gmgispective?;

- a transaction tchangefrom a spatial unit under ‘conflict’ or ‘overlapm
claim’ to ‘informal occupation’ and may be later'k@asehold’;

- all kind of transactions to support thestablishmentof unconventional
restrictions: e.g. not allowing formal titles witha polygon or set of polygons.
Or: theestablishmenof a planning and development area as a restmictiay.
to avoid speculation; thestablishmenof a forest destruction restriction (e.g.
no trees for biofuel, palm oil, etc.); testablishmenof a corridor restriction
(right to cross land via a corridor for pastoraljst

- atransaction supporting tlstablishmentf occupation of land after disaster.
If existing land rights are unknown land can be upied and can be
‘consolidated’ later related to a bigger area whenel rights are re-allocated,;

- all kind of quality improvements can be seen assaations: improve
geometric quality e.g. from point based to polydmsed. This could mean
introduction of land taxation to support in devetgmt or from text
based/sketch based spatial units to polygon bapetiak units. Geometric
quality improvements lead to changed co-ordindtas, may have impact on
areas of spatial units. For this reason formal ealtulated areas may be
represented;

- a transaction supportingnheritancé land use rights based on shares in
accordance to local traditions to avoid loss ohtsg Or: tlaiming land use
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rights in case of divorce; this claim can be reedidhis means a transaction
from a share in a use right to an overlapping claim

All together this implies that different approaclaesl different registries may be used
in different areas. This includes different datglasitions methods, and recognition
of different Party types (range of persons), thevednce of different type of spatial

units and the possible People to Land relationsi8pe Figure 52 and 53.

The quality demands in slum areas are differempared to residential areas,
because of different policies and spatial develagmeSlum dwellers may not pay
taxes, but are looking for improvement of livelildpoe.g. based on microcredit.
People in residential areas are looking for legadusity, the same holds for the
business centre. High land values in businesseendy imply a high level accuracy
demand, etc.

Residential
Area

Figure 52 Different areas with different qualityrdands for Land Administration.

Figure 53 in different areas different approachesyrbe used.
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4.6 Discussion

Up to the 1970s work on land at the country lewethie developing world tended to
be focused on conventional land titling. From t8&ds onwards extensive work was
done by political and social scientists to showt tinast poor people, who were the
majority of the population, lived under social faraf tenure. This social approach
was validated by the seminal work of Deininger @00n land policies for growth
and poverty reductiariThe adoption by African governments of new forrhseaure,
as described in Augustinus and Lemmen (2011), hegetith the overall global
thinking about land, has brought an increased satidin that we need to use the
framework of a continuum of land rights. This comtim of land rights has been
widely adopted at the global level. However, theplination of adopting the
continuum of rights meant that new tools would hdeebe designed, as the
conventional land administration and land recorstesys could not accommodate the
range of social tenures being discussed. Without toels the social tenure form of
thinking cannot be implemented. By 2005 the diseuswithin the land community
meant that the LADM underpinning conventional aggttes had to be re-thought
taking also into account the social tenures, hetiee development of STDM.
However, we are not there yet. STDM has to daten hemed to interrogate our
conventional systems, learn lessons and develapvatiive approaches, but until we
have a robust software modelled on the STDM, whiefivers the approaches,
concepts, framework and values outlined abovefrésr as well as within a business
environment, we will not have filled the technigalp.

This means and implies that most People to Laladioaships can be supported in
recordation/registration using STDM as a specititiseof the LADM.

It should be noted that with the STDM we do notérthe aim to represent 100%
of all possible cases for all countries. It is likéhat additional attributes, operators,
associations, and perhaps even new classes, adechéer a specific country or
region. Further it should be noted that it is polesto use a subset of the STDM
classes for a specific implementation within a #peescope; there are many options,
both at the class level and the attribute level.

A complete overview of who is living where, undehich tenure conditions and
for which areas requires generic standardised appes that can be easily extended
and adapted to local approaches. New and innovapipeoaches are needed in data
acquisition and maintenance (community based mapparticipatory approaches,
women’s access to land), with different levels ebetric accuracy. Policy, legal,
organisational, human capacity building (formal ammh-formal training) all need to
be considered in the design of such an unconveaitgystem.

There is a need for a specialisation which candsal in an informal environment.
This is to avoid confusion and prejudice on implatagon of the LADM in informal
and customary areas (even if it would be technjigadissible}®®. The fact has to be
accepted, that more social tenure relationshipstetkian statutory land rights,
especially at the political and higher administratievels. This is best expressed by
inclusion in a land policy. The relevant land adgescand involved private

%8 This means LADM for LASs in areas with formal larights; STDM(with its own terminology) in areas
with informal and customary land rights.
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practitioners need to be willing to adapt their waf working to allow for dealing
with the concepts of STDM as compared to the ‘catie@al land administration’
approach, including recognition of a range of rigahd mechanisms to gather the
data of these rights on a community based partiwipapproach.
It is well known by the author that getting the renhnical (institutional) issues right
is far more complex than the technical issuesjibthis thesis the focus is on the data
model. This will be in support to software devele€sIS and DBMS). Professionals
and scientists with different backgrounds and gigswés co-operated in the
development of this model.
The STDM is a concept which makes it possiblertagothe social element into
land administration thinking by (Augustinus and Leen, 2011):
— acknowledging other non formal tenure arrangements;
— opening options for innovative and incremental apphes to improve tenure
security;
— bridging the gap between informal systems and fbrsyatems that emphasise
titles;
— unpacking existing social tenures;
— giving a snap-shot of the People to Land relatigmahany given time;
— informing the land administration authorities abdlé actual situation on the
ground; this can be extended with all kind of htites which can be associated
with people

¥
P wﬁi‘ﬂi

-+
ar
=5
<
.g\. o g

55
-
i F
5 ¥
3 : 3
i TE | it
7:11-543_3;1\ i

T

i 3

Social é-’-
Tenure e ? st iy
Relation- e e

Sh:lp‘ i Mi:k i R

Spatial
g Unit

TR g, ot

e L L R

Wotinernss mema el

Figure 54 The STDM ‘logo’, based on the CCDM logo,
designed by Axel Smits.

In conclusion, the flexibility of STDM (see Figug for the STDM ‘logo’) is in
the recognition that parties, spatial units andaddenure relationships may appear in
many ways, depending on local tradition, cultured ameligion and behaviour.
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Recordation in STDM is not only based on formalistgtion of formal land rights,
but can also be based on observations in reaéisylting in recordation of informal
land use rights. There may be many recordation®any places and also different
registrations. Exchange of data is possible novabse of standardisation.

In case of using open source software the sumg@m open source community is
needed. Commercial software combined with open csowoftware is very well
possible; this is one of the further advantagethefstandard and one of the reasons
for the development of LADM.

The STDM is a conceptual schema like the LADMnéeded the schema can be
changed; e.g. new codes in code lists. New atgthshould be easy to implement
using MDA and the same is valid for new classes. Seapter 5.
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5 Implementations: First Results

When the LADM is finalised as an International $tar it can be used as a basis for
the design of LASs. Modelling facilitates approgeiaystem development (and re-
engineering) and, in addition, it forms the basisdommunication between different

systems in different (parts of) organisations. Tudse of the LADM in practice means

that now, finally, application design can be based1S and database technology. Of
course there is no difference if open source, coriae GIS and/or database

management platforms are used for this purpose.n\ising standards, information

can be exchanged in heterogeneous (commercial pad source) and distributed

environments.

There is international attention to the LADM/STDdévelopments, (see research
question 4), see Section 5.1 for an overview inidgidcountry profiles. Special
attention will be given to Cyprus, where implemeiotais considerd, see Section 5.2.
The same for Honduras, see Section 5.3. In HondME»& has been used to generate
the database. In Section 5.4 attention is paitied.ADM developments in Portugal.
Other model use is being conducted e.g. in relabche INSPIRE Data Specification
on Cadastral Parcéf§ see Section 5.5 and to the the Land Parcel fitsiion
System, see Section 5.6. FABSolutions for Open Land Administration (SOLA)
(via Free and Libre Open Source Software, FLOSS) BADM will be briefly
discussed in Section 5.7. The chapter ends wiikauskion in Section 5.8.

5.1 Examples of Standard-LADM

LADM may be not complete for a particular countiggal adaptions and extensions
are possible. It should be expandable and it islyikhat additional attributes,
operators, associations, and perhaps new clasgebewneeded for a specific region
or country. Furthermore it may be so that spedfitibutes or even classes are not
needed in a region or country. Country profiles ¢enused for customising the
LADM to meet specific needs. An example is givenehieelow in Figure 55 (this is
the country profile of the Netherlands, see AnneinlBhe DIS 19152; ISO (2011c).
There are further country profiles in Annex D of0§2011c) (Version C of the
LADM in this thesis) from Portugal (see Hespanhalet2006 and Hespanha et al,
2009, see Section 5.4); Queensland, Australia;fedia (see also Ary Sucaya, 2009
and Guspriadi, 2011); Japan and Hungary (see afo ét al, 2004). Profiles for
Korea and Cyprus (see for Cyprus Elia et al, 204i®, paper in press is discussed in
Section 5.2) are also available and may be includethe final version of the
standard.

19 The idea is that the LADM will be fully integraténl this specification after its acceptance.
160 Food and Agricultural Organization of the Unitedtins.
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LA_Party
NL_Party

+ name: CharacterString [0]
+ role: LA_PartyRoleType [0]
:LA_Party

+ extPID: Oid [0..1]
+ name: CharacterString [0..1]

+ piD: Oid

+ role: LA_PartyRoleType [0..5]

+ type: LA_PartyType
:VersionedObject
beginLifespanVersion: DateTime
endLifespanVersion: DateTime [0..1]
quality: DQ_Element [0..*]

+
+
+
+ source: Cl_ResponsbleParty [0..]

0.* 0.1 1>

Iderived

LADM
0.

LA_AdministrativeSource
NL_AdminSourceDocument

+ claim: Currency [0..1]

“LA_AdministrativeSource
:

+ purchasePrice: Currency [0..1]
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LA_LegalSpaceUtilityNetwork

NL_Network

“LA_LegalSpaceUtilityNetwork

+ extPhysicalNetworkD: Oid [0..1]

+ status LA_UtilityNetworkStatusType [0..1]
+ type: LA_UtilityNetworkType [0..1]
“NL_SpatialUnit

dimension: LA_DimensionType [0]
landConsolidationinterest [0..5]
purchasePrice: Currency [0..1]
volume: LA_VolumeValue [0]
“LA_SpatialUnit

area: LA_AreaValue [0.]
dimension: LA_DimensionType [0..1]
extAddressiD: Oid [0..)]

label: CharacterString [0..1]
referencePoint: GM_Point [0..1]
sulD: Oid

+
+
+
+
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volume: LA_VolumeValue [0..%]
“:VersionedObject
beginLifespanVersion: DateTime
endLifespanVersion: DateTime [0..1]
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:
+
+
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+ text: MultiMediaType
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+ type: LA_AdministrativeSourceType
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iD: Oid

share: Rational [0..1]
shareCheck: Boolean [0..1]
timeSpec: 1SO8601_Type [0..1]

FRrr——

_RRR
description: CharacterString [0..1]

LA_Restriction
NL_Restriction

LA_Restriction

Fr—

dimension: LA_DimensionType [0]
landConsolidationinterest [0..5]
purchasePrice: Curency [0..1]
volume: LA_VolumeValue [0]
“:LA_SpatialUnit

area: LA_AreaValue [0.]
dimension: LA_DimensionType [0..1]
extAddressiD: Oid [0..4]

label
referencePoint: GM_Point [0..1]

sulD: Oid

surfaceRelation: LA_SurfaceRelationType [0..1]
volume: LA_VolumeValue [0..%]
“:VersionedObject

beginLifespanVersion: DateTime
endLifespanVersion: DateTime [0..1]

CharacterString [0..1]
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o+

“LA_Source Asthere isa 1-o-1 between |_ === quality: DQ_Element [0..]
/derived | | " 2cceptance: DateTime [0..1] NL_BAUnit and NL_SpatialUnit these two| | /derived source: Cl_ResponsibleParty [0..7]
LADM + extArchivelD: Oid [0..1] classes can be repalced by a single class | | | apm
+ lifeSpanStamp: DateTime [0..1] for ease of implementation
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+ oD: Oid 1 ’E‘:S,‘;EU
+ submission: DateTime [0..1] TA_BAunit
NL_BAUnit
1.x *
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+ type: LA_BAUNitType NL_SpatialUnit
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0. 0. Jderived VersionedObject Iderived + landConsolidationinterest [0..5]
TA RRR " + beginLifespanVersion: DateTime LADM + purchasePrice: Curency [0..1]
AL RRR - + endl DateTime [0..1] + volume: LA_VolumeValue [0]
— 1.x 1|+ quality: DQ_Element [0..5] LA_SpatialUnit
+ description: CharacterString [0] + source: Cl_ResponsibleParty [0.] area: LA_Areavalue [0.]

dimension: LA_DimensionType [0..1]
extAddressiD: Oid [0..1]

label: CharacterString [0..1]

referencePoint: GM_Point [0..1]

sulD: Oid

surfaceRelation: LA_SurfaceRelationType [0..1]
volume: LA_VolumeValue [0..*]

VersionedObject

beginLifespanVersion: DateTime
endLifespanVersion: DateTime [0..1]
quality: DQ_Element [0.4]

source: CI_ResponsibleParty [0..7]

NL_BuildingUnit

+ parntyRequired: Boolean [0..1]
“versionedObject /derived | 4+ type: LA_RestrictionType
+ beginLifespanVersion: DateTime Laom | o
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LADM + share: Rational [0..1]
+ shareCheck Boolean [0..1]
LA_Right + timeSpec: 1SO8601_Type [0..1]
NL_RealRight ::VersionedObject
+ beginLifespanVersion: DateTime
+ typePurchased: CodeList + endLifespanVersion: DateTime [0..1]
* typeSold: Codelist + quality: DQ_Element [0..*]
LA_Right + source: Cl_ResponsibleParty [0..%]
+ type: LA_RightType
“NL_RRR Iderived
+ description: CharacterString [0]
LA_RRR
+ description: CharacterString [0..1] LA_Mortgage
+ 1b: oid NL_Mortgage
+ share: Rational [0..1] -
+ shareCheck Boolean [0..1] + description: CharacterString [0..1]
+ timeSpec: 1SO8601_Type [0..1] LA_Mortgage
:VersionedObject Jderived |+ amount Currency [0..1]
+ beginLifespanVersion: DateTime LADM + interestRate: Float [0..1]
+ endLifespanverson: DateTime [0..1] + ranking: Integer [0..1]
+ quality: DQ_Element [0..] 1 «|+ type: LA_MortgageType [0..1]
+ source: Cl_ResponsibleParty [0..*] VersionedObject
+ beginLifespanVersion: DateTime
+ endLifespanVersion: DateTime [0..1]
+ quality: DQ_Element [0..5]
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“:VersionedObject

T+t

dimension: LA_DimensionType [0]
landConsolidationinterest [0..5]
purchasePrice: Currency [0..1]
volume: LA_VolumeValue [0]

area: LA_AreaValue [0..]
dimension: LA_DimensionType [0..1]
extAddressiD: Oid [0..4]

label: CharacterString [0..1]
GM_Point [0..1]

surfaceRelation: LA_SurfaceRelationType [0..1]
volume: LA_VolumeValue [0..*]

beginLifespanVersion: DateTime
endLifespanVersion: DateTime [0..1]
quality: DQ_Element [0..]

source: CI_ResponsibleParty [0..%]
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+ 1D: Oid
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+ shareCheck Boolean [0..1]

+ timeSpec: 1SO8601_Type [0..1]

Figure 55 Country profile of the Netherlands (pxefiL for classes).

Ingvarsson (2005) investigated in what way the CCaM open source software
can benefit the development of cadastral regisimaith Iceland. He suggested not to




Implementations: First Results 153

make the CCDM universal, but to focus the develamtnoé the CCDM (compare the
LADM Version A of this thesis) on homogenous cudtluareas, like within the
European Union. In the LADM Version C the approawh country profiles is
integrated: the idea is that the country profileidt not include different structures or
solutions, where the LADM has standard provisiofisis is, among other places,
expressed in the normative Annex A, the Abstrast Beiite, of the standard.

The Netherlands’ country profile is depicted imulie 55. This profile has been
designed by Van Osch and Lemmen from the Nethesldatlaster based on their
experience.

In Indonesia the management of customary langissterred to local government
(Ary Sucaya, 2009). That means to more than 400ictis To prevent a variety of
LASs, standardisation is needed. Hence the LADM wselscted. While most user
requirements for Indonesia are present in the LABbdMe extensions are needed, for
example for dispute information. See Figure 56. &se Guspriadi (2011).
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Figure 56 The Indonesian LADM country profile, watispute information (within
dashed lines, prefix ID for classes); prepared Iy Bucaya and colleagues
(Ary Sucaya, 2009).
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Ary Sucaya (2009) in his MSc thesis concludes thatvide range of user
requirements is accomodated by the LADM. Modifioatand adoption of code lists
is indeed needed to adapt the LADM to localitiesmprehensive studies on localities
will contribute to the enrichment of land data, ewring vulnerable groups and in
line with the decentralisation spirit of the landnanistration in Indonesia. Sucaya
sees the standardisation as a condition for dead&sattion of BPN, the National Land
Agency. Further he concludes that the adoptiomefltADM is technically possible.
The existing data model of Indonesia can be transfd to the LADM. The
introduction of shares in RRRs is seen as a bigmdge. Versioned object may be
very supportive, e.g. in relation to the many laigputes in Indonesia. Quality labels
can be used to manage the improvement of the gudligeometric data. Customary
lands and gender access can be integrated. Téé®isas a big advantage. Also state
land can be included, e.g. to support environmeptatection. There may be
reduction in IT costs. Sacuya (2009) sees his vasrla validation of the LADM. It
would be good if similar validations would be awasile from other countries. He
developed a prototype for validation pruposes,Samiya (2009).

Guspriadi (2011) in his MSc thesis sees the STpdr@ach as a possibility to
accommodate customary rights in one level combimitd formal rights in another.
Using social tenure relationships is very represt@ré. Assimilation is possible
between customary and formal tenure environmerdspaogressive approaches can
de developed in two ways: from customary to foraradl from formal to customary.
Guspriadi (2011) sees his work as a STDM validatinrthis MSc thesis he describes
how to develop an assimilation approach that caormmodate customary tenure
(ulayat land in a minangkabaucommunity) within the Indonesian LAS. This
approach concerns a process whereby the Natiomal Bgency will recognise the
customs and attitudes of the prevailing cultured emstoms and related customary
tenure concepts and principles through an intedradel. The STDM has been used
as a standard to develop this model. The modelbbas validated by doing some
demonstrations. Some demonstrations verify thantbdel is valid to accommodate
customary land tenure within the national LAS. Atptype has been built to simulate
the provison of rights for building and cultivatisee Guspriadi (2011).

An example of a real case of customary tenuradésemted in the instance level
here below in Figure 57. This is based on inputsnfrArko-Adjei; see also Arko-
Adjei (2006) and Arko-Adjei (2011).

There has been an STDM field test in Ethiopia @& and 2009 (Lemmen and
Zevenbergen, 2010), in co-operation- with the Wd@&hk and UN-HABITAT. The
field tests were done with the use of high resolutsatellite images. The data
collection was performed together with the lanchrigpolders/claimants and local
officials. The understanding of the images was higtis contributed to making the
process a participatory process. See further Sedtib.
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«featureType»
«featureType» «featureType» KingdomBAU : «featureType»
King :LA_Party KingsRight :LA_Right LA BAUnit Ghana :LA_SpatialUnit
piD=1 type = landDecisions ulD=1 area = 238500000000
«featureType» «featureType» Q
ParamountChief : «featureType» RegionBAU : «featureType»
LA Party ParamountsRight :LA_Right LA _BAUnit M  Ashanti :LA_SpatialUnit
pID =123 type = paramLandDecisions ulD =34 area = 24389000000
«featureType» «featureType» ?
VillageChief : «featureType» VillageBAU : «featureType»
LA Party VillageRight :LA_Right LA BAUnit Kwabre :LA_SpatialUnit
pID = 999888 type = allocateResidentialLand ulD = 256576 area = 700000000
«featureType» «featureType» «featureType»
FamilyFather : «featureType» FamiliyBAU : FamilyNkrumahSuU :
LA _Party FamilyRight :LA_Right LA_BAUnit LA_SpatialUnit
pID = 56432787 type = allocateFarmLand ulD = 8765075 area = 300000

«featureType»
HouseholdLeader :

LA_Party

«featureType»

y

Usefruct :LA_Right
type = usefruct

«featureType»
FamilyBAU :

LA_BAUnit

ulD = 54625322

«featureType»
HouseholdJohnSU :
LA_SpatialUnit

area = 2500

Figure 57 Customary tenure in Ghana, based on dions with Arko-Adjei see
ISO (2011b), (DIS), Annex C, Instance Level cdsigsire C.37.

Another example is from Canada (Egesborg, 200@xeH0,000 claims from
Indian lands were reconciled and registered. Thekwas been completed in March
2010. When we look at the basic classes of the us&l here, then it shows clearly

its similarity with the LADM. See Figure 58.
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Figure 58 The Canadian LAS for registering Indiands, Egesborg (2009).

Since 2008 a new LAS has been developed in Senemaimissioned by the EU
(Herbst and Wagner, 2009). The domain model wasivatkr from 1SO/
TC 211 (2008a).

Some changes to this domain model were made &r ¢odfit the requirements in
Senegal and to increase simplicity in order toilfulie task of developing the
application within the limited time frame. The RRIRss (Rights, Restrictions and
Responsibilities) was reduced to ‘Tenure RelatioBgime other parts of the model
were not implemented and some were simplified aftgsrussions with the client.

Herbst and Wagner (2009) conclude that “the devetoy of a domain model and
data model is a long term process which is ofteradntradiction to development
projects which are planned as short or medium terojects. The development of
LASs in developing countries or countries in tréinsiis no less complex than in the
developed world. Often the unclear legal situation the missing, poor or
contradictory data available make the developmdna &.AS very complex and
difficult (often more so than in developed courg)ie

A system has been developed based on the STDMepgnsee Figure 59.
PostgreSQL/PostGIS was chosen as the DBMS. Togefliethe PostGIS extension
it proved to be well featured and flexible enougin the implementation of the
requirements defined in the domain model. The aias w0 maintain validation,
versions and history of objects as well as othdrab®ur exclusively within the
database. Validated objects are treated differeanity in order to validate an object,
certain requirements must be met. Herbst and Wad@ke09) report that the
validation was carried out mainly through triggendtions which ensure integrity of
the database during insert, update and delete guoes
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Figure 59 Part of the Class Diagram for the LAS&lepment in Senegal based on
LADM/STDM (Herbst and Wagner, 2009).

A topology as defined in ISO could not be impleteenthroughout the database
as this would require the development of a spataghbase extension for PostGIS,
which was beyond the scope of their activitiesha project (Herbst and Wagner
(2009). However, the topology constraints definethe domain model can be met by
implementing verification routines in the datab&seindividual spatial objects. One
of the conclusions of the paper of Herbst and Wagsie“The development of a
domain model and data model is a long term proedsish is often in contradiction
to development projects which are planned as sbomnedium term projects. The
development of LASs in developing countries or t@mmin transition is no less
complex than in the developed worldt"is one of the goals of the LADM to give
support here. The work of Herbst and Wagner (26®%n implementation effort of
LADM.

5.2 Cyprus

In this section the enhancement of the data mofléheo Cyprus Land Information
System (CLIS), with the adoption of the Land Admtration Domain Model
(LADM) is examined. The CLIS was established in 99@ithin the Department of
Lands and Surveys (DLS) to support the operatiath®{Cyprus cadastral system and
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has met the majority of its initial set goals.dthiowever now broadly accepted that
the CLIS should be improved and upgraded. A new daidel should be introduced
to facilitate the manipulation and provision of alato internal and external
users/customers in a more effective way. See: Ebaenbergen, Lemmen and Van
Oosterom (2012). The contents of this section a@seth on the paper ‘The Land
Administration Domain Model (LADM) as the referenemdel for the Cyprus Land
Information System (CLIS)’, article in Press, SunReview.

The need to enhance the CLIS coincides with ttreduiction of the LADM (Elia
et al, 2012). The adoption of LADM is a great ogpoity for the DLS to introduce
an ISO standard model, based on the Model Drivashifecture (MDA) and to gain
all the benefits derived from such a movement. Skanefits include the
improvement of the effectiveness and the efficienfythe current system and the
expansion of the services provided by CLIS to theaber Land Administration
System and to the Cyprus community. The new funality includes better
structuring of the rights, responsibilities and ttiedons (and related source
documents); better fitting in the information irdteucture, both national (e.g.
valuation, taxation, building, address and persgistrations) and international (e.qg.
INSPIRE cadastral parcels) and future capabilitesrepresenting 3D spatial units
(e.g. legal spaces related to apartment or utilftastructure).

In the Cyprus Land Information System (CLIS), diita related to properties,
ownerships and owners (legal bodies), attachmeardsvaluation data are stored in
the Property Database. The Property Database igrarmf the contents of Land
Register pages, and contains all the necessarymafmn required to issue a legal
Title Certificate of ownership, and reflects infation on potential impediments. The
property identification or the owner identificatiae the main entry point to the
Property Database. Data stored in the Propertydaatacan either be provisionally
registered or fully registered. Fully registeredadmake up the bulk of the property
database (DLS, 1996).

The ownershiprelation is used to record the owners of all prope recorded in
the system. Ownership is recorded as fractiomapife than one owner is recorded for
a property. The sum of the fractions for each prigpghould be the equivalent of 1/1
(which means 100%) at any point in time, i.e. nacfion must be unrelated/non-
existing.

Various restrictions (charges) may be recordecraigg properties, ownership
and/or legal bodies. These are given the commoreriAgreements see Figure 60.
The existing categories of such contractual arrareges include property or personal
easements, interests, restrictions, mortgagesramstof sale, encumbrances and
prohibitions. An example is when someone has boaghapartment which is still
under construction. The apartment, because it @emuronstruction, can not be
registered in the DLS. For this reason, and torgethe purchase, the contract of sale
is recorded at the DLS as a restriction on the gigjfot). With this restriction, the
developer can not sell the lot or the apartmeneumdnstruction to somebody else,
without approval of the purchaser. After the cortipleof the building, the apartment
and its owner are registered and the title cediéicis given. The contract of sale
restriction is cancelled.

The primary purpose of thelebal body within the CLIS is to serve as an
identification of owners of immovable property, kaiso as an identification of other
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legal bodies used in the system as lawyers, mogggmgemployees, etc. The Legal
Body is divided into two main groups: Persons andaBisations. This division is
selected because the characteristics of each gnaugifferent. These two groups are
further subdivided into persong, “foreigners and other perschs”companiey
“cooperativesand “other organisations

The Property (see Figure 60) is the central entity in the CL4S,it contains an
identification of all immovable properties in CygruThe Property Identification is
used to record the ownership or lease of a propanty also can be used as a
recording of the persons liable to pay property fBixe ‘Property’ entity does not
hold much information in itself, but can be cons@kas an umbrella for a more
detailed description of the property. The informatthat must always be recorded for
a registered property can be summarised as: owipeeghleast one subproperty, e.g.
parcelor unit, the parcel on which the property is lecht

Parcel

Legal Body

Ownership I
| Property

Agreement

Figure 60 Cyprus Land Information System (CLIS)dastities
(Elia et al, 2011)

LADM LA _SpatialUnit
LA Party |
LA _RRR
‘ LA_BAUnit
Parcel
Legal Body

Ownership
| Property

Agreement g

Figure 61 “Migration” of CLIS entities to LADM claes (Elia et al, 2011).

The current CLIS application does not handle &ffily the legal documents,
which are circulated and stored in paper form. Ta@ministrative sourceclass of
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LADM, also resolves this problem and indicates wey of handling the legal paper
documents, required for the operation of the Cyjarsd Administration System.

An enhancement of the existing CLIS model to conwith the LADM, requires the
“migration” of CLIS entities to LADM classes. A detail exantioa of these
entities/classes indicated that there is a dimdation between them, and the proposed
migration is shown in Figure 61, see Elia (2010).

CY_Legal Body> LA _Party

The ‘legal body” entity should be converted thA_ Party’ class. The LA_Party
could host all types of legal bodies stored in ClHgure 62 shows the content of the
Party class and associations to other basic clasgbe proposed CLIS data model,
based on the LADM. Examples of party types inclodtural persons contained in the
external class of the Civil Registry, and non-naftysersons, such as companies
contained in the external class of the Companiegisig. The role of a party is
activated in the data update and maintenance @oces

Companies
Registry

+ partylD: Cid
+ extiddressiC: Qid [0..%]
———- + name: CharacterString [0..1]
+ registrationCate: DateTime
+ termination Date: Date Time
+ Reqgilo: CharacterString [0..1]

YersionedOhject
zfeatureTypes haunit&=Party
LA_Party TG
SLA_Party VersionedOiyect
+ extPID: Qid [0.1] : party +r afeatureTypes
+ name: CharacterString [0..1] AdministrativesL A RRR
+ pl D Oicd b1 o =
+ role: LA_PatyRoleType [0.%] v - N
+typer LA_PartyType HIT (1
0..*
Civil VersionedObiect
Party:lLA_PartyType Redgistry ersioned Ohfec
1 sfestureTypes
FRELT Pof e i

» FEEPEEEn T Administrative::LA_BAlUnit

+ nonklatural Person 1

+ hallnit Extemnal:ExtHaturalPerson 0.

+ republicOfCyprus

+ partylD: Cid 0.
Z + extiddressiD: Oid [0..%] : z

3 222 pro_\fl_d?-; + name: CharacterString [0..1] feet #fers.lonedo.q:?c?
i MR + surname: CharacterString [0..1] ks -l:I’E YRes =

+ moneyProvider + middlsMame: Characterstring[0. 1] Spatial Unit::LA_SpatialUnit E>:|
+ moneyDeptor + hithDate: Date Time 1
i :93399 + deathDate: DateTime

:I;?:Se?ﬂosredSuwe o + fathertlame: CharacterString[0..1]

¥ + |Dno; CharacterString [0..1]
+ employes : ExternalzExtAddress
+ acquisitionduthority
Extemnal::ExtHonNaturalPerson + geographicaldrea: CharacterString [0.1]

+ street: CharacterString [0.1]

+ houseno; Characterstring [0..1]
+ flatMo: CharacterString [0..1]

+ adress(D: Oid

Figure 62 Content of the Party class in the progb€&1S data model, based on

the LADM (Elia, 2011).
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CY_OwnershipPLA_RRR, CY_Agreemet A RRR, CY_Property» LA_BAUnit

In CLIS, the ‘bwnership right is handled as a separate entity, while otlights,
restrictions and responsibilities are recorded amgréemerit (contractual
arrangements) entities. Thewnershif entity could constitute a type of. A_Right
class and along with the “agreements” it shouldrligrated into LA _RRR classes, as
a result of an upgrade of the CLIS and a restrugjuof its data model. All
“agreements”, registered in the CLIS, could be types ofA"Right§ or
“LA_Restrictions”. The “administrative source” ckasf LADM is expected to solve
the problem of handling the huge amount of legalgpalocuments, required for the
operation of the Cyprus Land Administration SystéPaper documents should be
converted in electronic forms for easy accessinttarisg and archiving. The
“property entity should be converted to “LA_BAUnIt”" clasBi¢ure 63).

ersione dObject
efeaturaTypes 0.
Party::L A Party —
+part 0.1
0. party
0.~ LA_RRR VerslonedObject
efeatureTypes «feature Ty pes
+r Administrative:: CY_RRR Spatial Unit:LA_Spatiallnit <>4—,
+ desription: CharacterString [0..1]
+ 1D Oid 0.~ .
+ share: Rational [0..1] o 0.
+ shareCheck: Boolean [0..1] ]
+timeSpec: SOBB01_Type [0.1] [ 1 LA et
sfeature Types
A | *+baunit Administrative::CY_BAUnit
? e O + narne: CharacterString [0..1]
+type: LA_BAUNitType
«featuraTypes + ulD: OiD
Administrative:: CY_Resy ibility

— Constraints

+type: LA_ResponsibilityType sum(RRR.share)=1per type if
RRR.shareCheck}

{no overlap RRR.timeSpec per summed

sfeature Ty pes type}
Administrative:: CY_Right Tt 0
+type: LA_RightT:
ype AT 1..* |+source 0.7 |+source
0.” LA_AdministrativeSource
«feature Ty pes
Administrative::CY_Restriction sfeature Types
Administrative:: CY_Administrative Source

+ partyRequired: Boolean [0..1]

+type: LA_RestrictionType + availability Status: LA AvailabilityStatusType

+text: MultimediaType [0..1]
+type: LA_AdministrativeSourceType

Figure 63 Content of administrative classes andeaisdions to other basic classes
(Prefix CY in classnames) (Elia et al, 2011).

Each jurisdiction has a different ‘land tenure tegs, reflecting the social
relationships regarding RRRs as regards land ih dhea. The variety of rights is
quite large within most jurisdictions and the examtaning of similar rights may
differ considerably between jurisdictions (ISO/T@22008b). In the existing CLIS, a
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big number of RRRs is registered or recorded, itrgat multi-purpose cadastre. The
recording of RRRs however is, in some cases, “unstred”. A major advantage in
adopting the LADM is the classification and struotg of RRRs. The RRRs should
be classified and separated in various categaesthe code lists in Figure 64.

ecodelists ecodelists
Administrative::CY_RightType Administrative:: CY_RestrictionType
+ ownership + martgage
+ disputedOwnership + contractOfSale
+ illegalPossession + registrationOfJud gment
+ adverseFossession +writOfSale
+ passage + interimCrder
+ channeldcess + courtAdministrationdp paintment
+ storeyErect + bankrupt
+ exclusivellse
+ usufruct
+ regidence
+use ecodelists
+ channeldccessForParty Administrative:: CY_ResponsibilityType
+ custody
: :g;’f;?se + propertyTaxDue

+ dlsFeesDue

e
industLease + leaseFeesDue

+ farmlLease
+touristLeasze

+ rninelease

+ forestlease «codelists

+ sportsLease Administrative::

+ communallease CY_AdministrativeSourceType

+ utilityLease

+ specialdgreemlease
+ otherLease + RRER document
+ contractOfSale
+ contractOfLease

Figure 64 Code lists of the Cyprus proposed adrratise package
(Elia et al, 2011)

The rights are classified to: (i) rights relatedbtvnership, which include the right
of ownership, disputed ownership; illegal possessamd adverse possession. (ii)
easements and other rights attached to parcel Utiey are real rights, meaning that
the rights remain valid even when the ownershiphefunit is transferred from one
party to another and include the passage right;lla@nel access, the storey erect and
the exclusive use right; (iii) easements and otfgrts attached to partiePersonal
easements are rights which as long as they ard, thit consent of the beneficiary
party is required for the transferring of the ovaigp right and for other property
related transactions. These rights include usufrtesidence right, income, use,
channel access for party. The custody is alsohd atjached to a party; finally (iv) the
lease right, which, according to the purpose thesdeis conducted to can be
agriculture, industrial, farming, tourism, mininigrest, sports, communal, utility, or
special agreement lease.
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The restrictions are classified to: (i) restricBoattached to parcel units, as
encumbrances. An encumbrance is a direct resmig¢tibarge) upon an immovable
property. It may be a voluntary charge (e.g. maggaontract of sale) or a result of
court order (e.g. registration of judgment, writ sdle (contract)); (ii) restrictions
attached to parties (prohibitions) which constitaeindirect restriction (charge) upon
immovable property, resulting to the forbiddingeyention or interdiction of any
person (party) from transferring or mortgaging ail any of his/her immovable
property under the provisions of any law in forag the time being. The basic
restrictions attached to parties, in the Cyprusd.Administration System, include the
interim order, the court administration appointmant the bankrupt. In the Cyprus
Land Administration System there are various resjilities of parties related to
spatial units. These responsibilities (obligatidasdo something) are enforced by
different legislations, by the government, locakhawities or other organisations.
Examples of responsibilities enforced by DLS inelutie responsibility of property
owners to pay the annual immovable property taxianthse of leases of state land
the tenant has a responsibility to pay the anrersl r

CY_Parcel> LA_SpatialUnit

The ‘parcel’ entity should be converted td_A_SpatialUnit. LADM supports the
increasing use of 3D representations of spatialsumiithout putting an additional
burden on the existing 2D representations (ISO/TIC2D08b). CLIS supports only
2D representations. There is, however, an incrgasiterest on 3D representations,
see (Van Oosterom et al, 2011) and DLS could censiabving to a 3D Cadastre;
this will be supported by the LADM country profile.

VersionedObject
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o+ SpatialUnit:
o+ LA | egalSpaceBuildingUnit
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+area: LA_Areavalue [0.7]
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-+ sulD: Qid o 0.1 | +1D: 0id
+ surfaceRelation: LA SutfaceRelationType [0..1] + name: CharacterString [0..1]
+ regidterType: L& RegisterType
Fpart [T + structure: LA_structure Type [0..1]
:—eLemem +type: LA LevelContentType [0..1]
+whale| 0.7
VersionedObject
+set «feature Ty pes
0.1 Spatial Unit:LA_SpatialUnitGroup

+ hirerachylLevel: Integer

+ label: CharacterString [0..1]

+ name: CharacterString [0..1]

+ refe rencePoint: GM_Paint [0..1]
+ suglD: Qid
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Figure 65 The spatial unit class and its associatio LA BAUnit in the proposed
CLIS data model, based on the LADM (Elia et al, 201

Figure 65 illustrates the spatial unit class inpheposed CLIS data model, based
on the LADM. For the time being, a 2D representatid spatial units is used, which
could be extended to 3D in the future. The LA SpmitGroup can be used to
define the level in the hierarchy of administratstbdivisions as well as for planning
zoning. Cyprus is divided in districts, quarters darparcel blocks. The
LA_LegalSpace-BuildingUnit can be used for the dinigs registration.

It can be concluded that the work of Elias in Qp(in close co-operation with
the co authors in Elia et al, 2011) is a real impatation effort for LADM.

5.3 Honduras

The European Commission, by means of its AgencyofirAid, within the

framework of the program URB-AL fif* has granted financial aid for the project

Integral Land Management in Puerto Barrios, Guatania Omoa, Puerto Cortés and

Tela in Honduras (Lemmen and Oukes, 2011).

Part of the project is the design and implememtatif a municipal infrastructure
for the management of geographic information in {f@ur) municipalities. The
municipal infrastructure based on a system to ksgded under the name SIGIT
(Sistema de Informacion Gestion Integral de Tigrhas to be able to:

— maintain permanently the cadastral data;

— have permanent interchange of data between thecipahicadastral registration
and the national registration, Sistema Unificado Kegistros (SURE) in
Honduras;

— have permanent interchange of data between thecipahicadastral registration
and the municipal information systems for taxesntan permanently the land
use data;

— have permanent interchange of data between thecipahisystem for land use
planning and the national system for land use phapnRegistro Nacional de
Normativas de Ordenamiento Territorial (RENOT) ioriduras;

— have permanent interchange of data between thecipahisystem for land use
planning and the municipal systems for buildingnpiés, public services and other
relevant systems and publish information onlinetloa internet relevant for the
Integral Land Management process at local level.

The SIGIT can be supportive to a situation whereiizens in a municipalitpaythe
land tax and where land-possesstam beconverted to legal land ownership. This
will be based on an up-to-date and complete ddtinsa transparent environment.
The concept of SIGIT is depicted in Figure 66.

181 URB-AL Il
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Citizen

Figure 66 System concept of SIGIT (design by Koers)

SIGIT operates as a one-stop shop at the munisidal Jan Koers, Christiaan
Lemmen, and Rodimiro Espinal designed the SIGITsedaupon international
standards to manage the cadastre (LADM), in a rogkr and business process
oriented way with history and transaction suppad with a 100% web user interface
with internationalal support and open source teldgy programmed. The
technologies used are shown in Figure 67.

Technologies Used &«

l/‘
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i y -

¢ JBoss Application Server 5.1
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Figure 67 Technolgies used for the SIGIT desigsi¢aeby Espinal).

L4
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LADM implementation was mapped using the Hibern@BM mostly with
standard JPA annotations: Entity-Relationship-Sehgenerated by Hibernate. The
“Hibernate Spatial” extension was used to suppabngetry fields. Fields are
represented by Java Topology Suite class objetass€s with the HND __ prefix are
used to represent information regarding Honduras.

Only generalisation associations are done fromLtAerefix classes to HND-
prefix classes. During a transaction, data are ezbpio a Shadow. All the
modifications are done there. When a transactiaoisplete, data are copied back to
the LADM schema. Figure 68 shows the interfacepfoperty right mutation.

SIGIT - Sistema de Gestion Integral de Tierras Su Municipalidad Guia de usuarlo Soparte

autenticado como: rodyceCierre de sesidn

Edicion de Parcelas Derechos actuales
Inicio i . x

lnicie Editar Derecho habiente Tipo de derecho % de derecho
Visualizador —— & B

Acerca de < F1  Rodimiro Cerato Gravamen 3

TOTAL 34

[ Modificar |

Nuevos derechos
Derecho habiente Tipo de derecho % de derecho Borrar
Juan Jose Transferencia [+] [33 = Borrar

Transferencia
Jose Luis Gravamen CER P

TOTAL

a

¥ Searegacio
Fusién
Cambio de datos

0m
I | |
IS 41722, 174549508638

[ Siguiente> | [ Cancelar

Poweres d by Seam 2.2.2.Final and RichFaces.

espariol [-] [ Change Language |
S Conversation: id = 65, temporary - Ajaxdjsf Log (Ctrt+Shift+D)

Figure 68 Interface for property right mutation &gn by Espinal).

It can be concluded that this is a real implemtagdfort based on LADM and
MDA. See research question 2. In practice it becelear that the LADM conceptual
schema was insufficient; an application schemaJfifL) is needed to generate the
database.

5.4 Portugal

In their paper Hespanha et al (2006) developedbggcboriented, conceptual model
for the Land Administration Domain adapted to therttguese Cadastre and the
Portuguese Real Estate Register. After a briefrigggm of the present Cadastral and
Land Registration situation in Portugal, UML (Ueidi Modeling Language) literate
modeling is used to describe the top level clabgegsing a structured mix of UML

Class Diagrams and natural text. Important contidims in this paper are the
evaluation of the CCDM by applying it to Portugalturns out that a limited number
of the classes of the domain model (at that tinlecstlled Core Cadastral Domain

model) are currently not needed (but some of thaghttbe used in the future) and
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that other classes need to be added specificallyhfo situation in Portugal. This is

anticipated use of the domin model and in caselainpatterns occurs in several

countries, the new version of the domain model khdae adapted accordingly.

Activity Diagrams were used to model dynamic bebaxdoncerning a number of

chosen Cadastral Update tasks.

In Lemmen et al (2010b) it is stated that the nilode of the LA domain, has
evolved significantly during the transition to thew millennium, and this is reflected
in the information technology frameworks from theeydous specifications (IGP,
1996), to the latest specifications, which are Ubtised and 1SO compliant (IGP,
2009).

One important change from the older to the curspecifications, is the focus on
just two of the three forms of property: (1) prizawnership and (2) local community
ownership, omitting thus public domain ownershigsdA specialised classes from
LA_SpatialUnit, namely class LA LegalSpaceBuildingt) will not be acquired
anymore, given the new specifications. The finalieis the absence of a strict view
of a planar partition, once there will be gaps aber country territory. Furthermore,
consideration of transitional areas, which areentty of an informal legal status, as
the Deferred Cadastre or the Urban Areas of lll€gahesis (AUGI, in Portuguese),
will form areas that could overlap private ownepsparcels.

The proposal is therefore to consider the PolyBased Spatial Profile from the
LADM (see Figure 69) as the geometry representafionthe specific Portuguese
spatial units. Within this profile, individual pajpns are assembled by one or more
GM_Multicurve geometry types. For implementatiorrgmses, definitions contained
in the Simple Features specifications (OGC, 200@k)be considered, because they
are largely adopted in current spatial DBMSs.

In this way, the constraints to be taken carerefthe ones, that each instance of
the LA BoundaryFaceString forms a Linear Ring ahdt tthe boundary between
adjacent polygons (which will be duplicated) do aaate sliver polygons.
Considering the LA_LevelContentType code types ugethe LA_Level class, one
could group the Portuguese specialisations of theSpatialUnit into two levels.

1. Base Levelcomprising Real Property and Baldios (Customaand) parcels,
which fundamentally do not overlap, but will havapg or even holes within
them. The code type will be ‘primaryRight’, onceistdetermined by the basic
ownership right as a maximum real right;

2. EmptyAreas Levethus called in the Portuguese specifications.yTt@mprise
both AUGI areas, which can overlap other spatiatsuon the Base Level or the
Deferred Cadastre areas, which, in spite of beingteftially) private Real
Property, do not have a full legal status due momber of reasons.

The boundary face strings and points (respectiiebyn class LA _Boundary-
FaceString and class LA_Point) are successivelyvelgrfrom a spatial source,
although the surveying subpackage is presentlyralfi<em the specifications.
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Figure 69 2D Polygon base spatial profile (ISO/TC22011c).
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5.5 INSPIRE

For cross-border access of geo-data, a Europeaadaiat profile, based on 1SO
standards, is under development using rules of @mphtation defined by the
Infrastructure for Spatial Information in the Euegm Community, INSPIRE
(INSPIRE, 2007). For actual data exchange, the IRERmMplementing rules will
further define harmonised data specifications aretwork services. This is
complemented with data access policies and mongaaind reporting on the use of
INSPIRE. Cadastral parcels’is one of the harmonised data sets (INSPIRE, 2009)
Cadastral parcels in INSPIRE should serve the pmarpof generic information
locators for environmental applications, i.e. sharg and linking other spatial
information.

The INSPIRE Directive requires to take existingnstards into account (article 7
of the Directive). Once adopted, the ISO 19152ddah should be taken into account
if there are requirements and consensus to extextd Bpecification for Cadastral
Parcels. In the case of the LADM, there was an dppidy as both the INSPIRE
Cadastral Parcels (CP) and the LADM where undeeldgwent at the same time.
Through joint work, between the INSPIRE Thematic oy Group CP and the
LADM Project Team, this has been achieved. Thisumt consistency between
INSPIRE and LADM, and resulted in a matching of agpts and compatible
definitions of common concepts. It must be rememtbehat there are differences in
scope and targeted application areas; e.g. INSIRHREStrong focus on environmental
users, while LADM has a multi-purpose character asmdsupporting both data
producers and data users in these various applicareas. Also, LADM has
harmonisation solutions for rights and owners ofsgiatial units, which are currently
also outside the scope of INSPIRE CP. However utjindntensive co-operation, it is
now made possible that a European country may beplant both with INSPIRE
and with LADM. Further, it is made possible throuthie use of LADM to extend
INSPIRE specifications in future, if there are riegments and consensus to do so.

In order to 'prove’ the compatibility, Figure 78Bavs the LADM based version of
INSPIRE Cadastral Parcels, explicitly indicatingshthe INSPIRE development fits
within the LADM and that there are no inconsistesciln selecting relevant classes
from LADM, using inheritance, adding attributes agahstraints it has been possible
to express of the INSPIRE Cadastral Parcels ddtaa@gsistent with LADM. In
INSPIRE context, four classes are relevant:

— LA_SpatialUnit (with LA_Parcel as alias) as basis €adastralParcel,
— LA_BAUnit as basis for BasicPropertyUnit;

- LA _BoundaryFaceString as basis for CadastralBoyndar

- LA_SpatialUnitGroup as basis for CadastralZoning.

The LADM attributes inherited by INSPIRE can havenare specific data type or
cardinality in INSPIRE (compared to LADM). This hlasen included in the diagram.
This implies that an optional LADM attribute [0.,Zhight not occur in INSPIRE as
the cardinality can be set to 0; e.g. nationalVauihis also implies that an optional
LADM attribute [0..1], might be an obligatory atitite in INSPIRE; e.g. label.

Further, INSPIRE specific attributes are addedhe different classes. Figure 70
looks a bit more complicated as the normal INSPIBE UML class diagram,
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because it is showing the different LADM parentsskes and the refinement of the

different attribute types (but the resulting modehe same).
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Figure 70 The INSPIRE Cadastral Parcel model detifrem the LADM via

inheritance (ISO, 2011c).
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5.6 Land Parcel Identification System (LPIS)

One of the aspects of the Common Agricultural Bo{iCAP) of the European Union
is to focus on the management of subsidies toahadrs. For this purpose, member
states have established Integrated Administratioth @ontrol Systems, including
Land Parcel Identification Systems (LPISs) as thatial component. The LPIS as a
concept was developed already in 1992, when thel riee identification of the
agricultural parcels to support IACS emerged. At time, the data model was purely
alphanumerical without any geospatial referencewas in the Council Reg. No 1593
(2000)°? that the spatial LPIS based on a GIS was promdtae. years have been
given to the member states to establish LPIS iitalignd geo-referenced format.
Thus, the first year of operational GIS-based LR 2005. Although the regulatory
requirements were unique across the sector, thicylar implementations were a
subject of the member states. In fact, during tbeetbpment stages of different
LPISs in different member states, the use of Laddniistration (LA) or Cadastre
data, as well as large-scale topography data, werthe agenda for a considerable
while (UNECE, 2004).
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Figure 71 Integration of LADM and LPIS.

In Figure 71 a data model is designed, that imghescollaboration or integration
of LADM and LPIS. The standardisation initiative the area of LPIS (Sagris and
Devos, 2008; CCM, 2009) by the Joint Research @e@iRC) of the European

62 COUNCIL REGULATION (EC) No 1593/2000 of 17 July @® amending Regulation (EEC) No
3508/92 establishing an integrated administratimh@ntrol system for certain Community aid schemes
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Commission is used in this example in order to esent potentials for
integration/collaboration between LADM and LPISeSdso Inan et al, (2008).

5.7 FAO Solutions for the Open Land Administration

The FAO Solutions for the Open Land Administrati@®OLA)**® project will
promote affordable IT-systems that enable improv@me transparency and equity
of governance. Started in June 2010, SOLA is eetlygar trust fund project funded
by the Government of Finland. Through the developmasd re-use of open source
software, it aims to make computerised LASs moferdéble and more sustainable
in developing countries. Three countries (SamoapaNeind Ghana) have been
identified for pilot implementation of the softwafEhe LADM is being used as input
for SOLA development§”.

In the statement of requirements (FAO, 2011a)ritloa learned that the geospatial
components used and/or implemented by the systédrsupiport applicable OGC and
ISO TC2115 standards as well as applicable INSPIRHG6¢elines, e.g. WFS, GML,
LADM, etc.

The SOLA database is implemented in a PostgreS@IO(RR011d) database and
is a relational database implementation of an @ddnversion of the LADM DIS. It
has been necessary to extend DIS 19152 becaus$e afperational needs of land
administration agencies to incorporate case manageand other features into any
system that supports the processing of client seréquests (for land information,
registration and cadastre change requests andsptlaeid the maintaining and
updating rights and restrictions, ownership andpprty boundaries. The FLOSS
SOLA software supports this range of land admiat&in business processes and the
FLOSS SOLA database is an integral part. It shdalchoted here that it was never
the intention to include process or case managemtmthe LADM, see principle 2
in Section 1.4. The FLOSS SOLA Data Dictionary (FAZD11d) gives some nice
examples of the flexibility of LADM, see for exameplthe values of the
‘administrativeSourceType’: ‘proclamation’, ‘countder’, ‘agreement’,
‘contractForSale’, ‘will’, ‘powerOfAttorney’, ‘stadardDocument’, ‘waiver’ and
‘idVerification’ are not included in LADM but coulde very easily integrated in
FLOSS SOLA from FAO.

The structure of the SOLA Database is based ordéta storage requirements
implied by the Land Administration Domain Model hadtigh extensions and
adjustments have been included to support theibtmoequirements of SOLA (FAO,
2011b). The database contains multiple schemas thithdata in each schema
managed and maintained by a primary SOLA EJB. To&t@&S Database provides
support for storage and manipulation of spatiahdatse cases are documented in
FAO, 20l1le. User documentation for software developt is available (FAO,
2011c).

See further FAO and FIG (2010), FAO, 2011a, FAOI2)IFAO 2011c, FAO
2011d and FAO 2011e for a comprehensive description

183 http://flossola.org/
164 see www.flossola.org
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5.8 Discussion

Real efforts for implementation are ongoing in GyyrHonduras and Senegal. There
is attention to the LADM within the European Unifam implementation in LPIS and
INSPIRE (cadastral parcels). Furthermore attenimaid to the development in
other countries; e.g Indonesia (where the LADM nfeey very supportive in the
decentralisation of BPN) and Portugal. All this @going even before the
development of LADM within ISO has been finalisedlaesulting in an International
Standard (IS). This is a good indication for thgamt need for and support to the
standard.

The MDA has been applied in Honduras. From thensais observed that role
names are not included everywhere in the schemés iEhbecause the LADM
concerns a conceptual schema, navigability is demsd to be integrated in the
implementation.
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6 Conclusions and Recommendations

This chapter provides conclusions and presentsntia results from this research in
Section 6.1 and an overview of possible future worgection 6.2.

6.1 Conclusions

The research objective is:

“To design a Land Administration Domain Model (LARMt should be possible to
use this model as a basis for LAS development. &udbADM has to be accepted
and it should be adaptable to local situationshdss to be usable to organise LA data
within a SDI. The design is based on the patteriPebple to Land’ relationships.”

The Land Administration Domain Model (LADM) has dre designed and
published as a Draft International Standard (DI)the International Organization
for Standardization (ISO, 2011c), as ISO 19152.

In Figure 72 an overview of all the diagrams of BI& is depicted. The DIS has
been developed on the basis of a set of user mgaints derived from existing
literature (see Chapter 2), from experience fromcfise, both personal and from
experts from many different countries and earlighligations on LADM (see for an
overview Section 1.6), including earlier versiongblished within 1ISO (1SO, 2008a,
ISO, 2008b, ISO, 2009). These requirements areepted in Section 3.1, 3.3 and 3.5.
The overview of requirements in Section 3.5 is \d&ti from the comments and
observations provided by a group of internationxglests involved in the development
of the 1ISO 19152 standard on LADM.

The requirements presented in Section 3.1 have bseth as basis for the design
of LADM Version A, see Section 3.2. The next, exed, set of requirements as
given in Section 3.3, has been used as input Bdé#sign of LADM Version B. This
version is introduced in Section 3.4. Version B hasen the basis for a new Working
Item Proposal submitted (by FIG) to ISO. FurtherDM developments took place
under the 1SO umbrella; the author is edftdin co-operation with co-editors Harry
Uitermark and Peter van Oosterom.

The Draft International Standard (Dt%) in this thesis known as LADM Version
C (see Section 3.6), covers basic information eelato components of land
administration (land administration includes weadad elements above and below the
earth’s surface). Those components concern: paldyed data; data on RRRs and the
basic administrative units where RRRs apply to;adah spatial units and on
surveying and topology/geometry. The data sethasd components are represented

185 The Editorial Committee has been drafting the [BI152 Land Administration Domain Model. The
ISO 19152 DIS is presented in this thesis as LAD&#sibn C..

166 | egal implications that interfere with (nation#dnd administration laws are outside the scopehef t
LADM.
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in UML packages and class diagrams in this thedisdata in a land administration
are supposed to be documented in (authentic) sodooements. Those source
documents are the basis for building up a trustetiraliable land administration, as
basis for transactions and for the establishmentn@# land rights in a land
administration.
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Figure 72 The LADM as Draft International Standafidure designed by Harry
Uitermark based on ISO/TC211 (2011c).

Rights may include real and personal, rights a$ agindigenous, customary and
informal rights. All types of restrictions and resibilities can be represented.
Overlapping claims to land may be included.

A set of research questions has been formulategention 1.4; the conclusions in

relation to those questions are as follows.

1. What is this common pattern of ‘People to Landatieinships?
The common denominator or thpattern that can be observed in land
administration systems is with a packagepafty/person/organisatiomata and
RRR/legal/administrativelata, spatial unit (parcel)/immovable objedata. This
can be derived from the existing work on Land Adstiation Domain
Modelling, see Chapter 2. During the LADM desigs,expressed in Chapter 3, it
became more and more clear that the Triple ‘Subje®ight — Object’ (as
introduced in Section 2.2 and further in Chapteisdipsufficient to cover a group
of existing LASs which is not ‘parcel or spatialitubased’ but ‘property based’.
In those LASs all spatial units ‘belonging’ to te&me basic property unit are seen
as one single object. This implies the core clasxty, RRR and SpatialUnit
have to be extended with one more class BAUnitsiBa&dministrative Unit’.
The design steps are introduced in Chapter 3 efttig@sis; cumulating in Section
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3.6 where the BAUNit is introduced as a core claghe 1SO 19152 LADM Draft
International Standard. Conclusion: the commonepattan be represented in four
core classes: Party, RRR, BAUnit and SpatialUnit.

2. How can the model be used as a basis for LAS dpuedat?

The innovation is in the availability of the LADMs a basis for structuring and
organising of representations of people to landteel information in databases in
a generic way. Structuring and organising data b®yn interaction with data in
other databases. Databases can be implementedliistributed environment in
different organisations with different responsii® in Land Administration. The
MDA approach can support in generating databasensab. Exchange formats
(XML) between organisations — in case of a distaéou environment for
implementation — are not illustrated in this thesis

See the approach for software development in H@sdas presented in Section
5.3. An application schema is needed for softwanetbpment, but this can only
be developed after the local demands are prediseiywn. The application schema
can be built on the generic conceptual schema efLthDM (this is the UML
Model from Version C of the LADM, see Section 3.8pmbined with local
needs. This is also demonstrated in FAO FLOSS SCHA0, 2011d)®". Annex

A of ISO 19152 provides a abstract test suite teckhif a model is LADM
compliant.

3. Is the design usable within a Spatial Data biftacture?

This concerns firstly the data exchange betwegardsations involved in land
administration, packages have been introduced inDMA for a proper
representation of tasks and responsibilities. SdlgobADM can be a basis for
combining data from different LASs; e.g. LASs witlatasets on formal and
informal People to Land relationships. The Dratetnational Standard includes
informative example cases with People to Land imahips demonstrating the
flexibility of the draft standard in its Annex Ch& LADM opens options now to
bridge gaps between cultures wh@eople to Land relationshipsre concerned,
definitively not only in support of globalisatiobut also with a strong attention to
bring support in the protection of land rights (iencertainty) for all. Thirdly, for
implementation in SDI the links to external classesother registrations, as
presented in Subsection 3.6.6, are important, IseeFéigure 73. The integration of
LADM in SDI, and also in key registers, is discubée Section 3.8.

4. s the design accepted and supported by LAegsidnals and governments?
There is support from professions, e.g. within FRBG submitted the NWIP to
ISO, LADM is ‘FIG Proof’), ISO/TC211 (an editoridommittee with experts
from about ten countries prepared the ISO 1952),-HABITAT (the
development and implementation of STDM), EU (atmnto LADM in relation
to LPIS, INSPIRE), FAO (LADM as basis for FLOSS/S&Land countries

167 Quote from this documentThe SOLA database is implemented in a Postgresd@ibase and is a

relational database implementation of an extendedsion of the Land Administration Data Model
(LADM) which is currently a Draft International Stdard (DIS 19152). It has been necessary to extend
DIS 19152 because of the operational needs of laddhinistration agencies to incorporate case
management and other features into any systenstiptorts the processing of client service requgsts
land information, registration and cadastre changquests and others) and the maintaining and updati
of the record of rights and restrictions, ownershim property boundaries’
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(Cyprus, Portugal and Honduras, see Chapter 5.eBghCanada, Indonesia,
Montenegro, Uganda, Senegal and South Korea) agtiagd or interested.

5. Is the design adaptable to local situations?
The draft standard can be extended and adapteddbsituations; in this way all
People to Land relationships may be representei$. ddn be supportive in the
development of software applications built on datsb technology. LADM
describes the data contents of land administratiogeneral. Implementation of
the LADM can be performed in a flexible way; tharslard can be extended and
adapted to local situations. See example casesdtiod 5.1 with country
profiles, spatial profile, example of customaryuenrepresentation; Section 5.2
with LADM as a case at Cyprus; Section 5.3 witraaecin Honduras; Section 5.4
with a case in Portugal. The integration with tNGSPIRE Cadastral Parcel Model
(INSPIRE, 2009) is documented in Section 5.5 artth WPIS in Section 5.6. 3D
Cadastres are covered in such a way that thesdessdynintegrate with existing
2D registrations. External links to other databaseag addresses, can be included,
see Section 3.6.6. A very nice example of an extérahd adapted version of the
LADM is in FAO/FLOSSOLA, see Section 5.7.

6. Is the design implementable and applicable in Blifessituation?
Applications in real life situations can be comtdd from: firstly the prototype
based on STDM (see Section 4.1, 4.2 and 4.3) focgssing of field work data
for validation purposes. Secondly the case fromr@yjin Section 5.2, thirdly the
case from Honduras in Section 5.3 and fourthlydase from Portugal in Section
5.4. For the use in the context of FLOSS SOLA, FA€e Section 5.7. And more
to follow.

In general it can be concluded that standardisatoa comprehensive, extensive,
formal process with continuous peer reviews anthii@ns based on experience of
earlier implementations. For LADM this (creativeppaoach resulted in finding
common denominators in land administration. FIGnsitied the LADM as a NWIP
to ISO/TC 211 in 2008. A main effort was in findiagreement between experts from
different countries and in provision of balancedaatons to comments and
observations made by experts. The standard hasdesggned in such a way that it
can easily be changed depending on local demarsks.obithe standard is far away
from ‘dogmatic implementations’ with fixed rulesn ¢the contrary the approach is as
flexible as possible. It is a common language fér énabling understanding each
other. ISO has a standard update cycle for revésidrstandards.

188 Section 5.1 includes model validations from Seh@darbst and Wagner, 2009) and by two students at
ITC during their MSc research (Guspriadi, 2011) gy Sucaya, 2011).
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Figure 73 LADM and External classes, figure desthhg Harry Uitermark based
on ISO/TC211c, 2011.

The objective of this research has been achiebhedigsearch questions have been
answered. Validation has been performed. The fa&t many experts have been
involved in the LADM development — with a lot of parience in developments and
implementations of LASs — is a solid basis. Theireptance is very promising. Also
developments in Cyprus and other countries and WO FLOSS SOLA are
promising. Further implementation is ongoing; delte STDM at UN-HABITAT.
More testing is required. Data exchange requirethéun attention in LADM (XML
encoding).

6.2 Future Work

With the official status of the LADM as an Interivatal Standard approaching, the
question arises: what’s next? The answer is ofsgraore implementation and use of
the model in practiceAlready several country profiles have been desigrmati other
model usage is being conducted; e.g. in the Saisitior Open Land Administration
(SOLA) project and the development of the Sociatdre Domain Model as an Open
Source software by UN-HABITAT. Those developments gromising and underline
the need for a model as LADM. In the past, theneeH@een more publications on the
anticipated developments of Land Administratiors Kaufmann and Steudler (1998),
Van der Molen (2003) and more recently Bennett ¢€2@10); Lemmens (2010a) and
Lemmens (2010b).
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The expected further requirements to LADM for thextndecade have been
discussed in Uitermark et al (2010). Those requims concern: formalisation of
current constraints, standardisation of processesy RRRs, mature information
infrastructures to serve society; 3D, 4D that gace and time integrated in Land
Administration; applications of augmented realitgpatial design applications;
semantic web technologies; monitoring applicaticars user dominance (this is a
dynamic process model with acquisition/updatingipgration by actors and
community driven cadastral mapping — crowdsourcihg)DM is a requirement here
from a modelling perspective. Below these are etziied.

Formalisation of current constraints in LADNNow the standard is documented for
large parts in English where the constraints aracemed. Object Constraint
Language (OCL) should be used here. More constrahbuld be added where
appropriate; this means refinement of semantics.

Inclusion of processesAfter the standardisation of the information moddso
process models may be considered to standardigeinSeelation to this OSCAR
(2009).

At leased guidelines can be developed for procedwoekflows based on best
practise/experience as in Zevenbergen et al (2007).

New RRRs and mature information infrastructutasgeneral it can be expected that
many types of public restrictions need to be inetlith Land Administration — as far
as not yet there (Kaufmann and Steudler, 1998 ailliakson et al, 2010). This
includes planning zones under design or under imefgation. The same holds for
taxation zones or benefiting areas, for fair paymersy the real beneficiaries, or
limitations in land use because of environmentaiditions related to restrictions in
land use. In other zones land use may be allowethttmsify. Permits may be
required in specific zones.

LASs need the flexibility to easily introduce a geanof new registrations. A
characteristic of all these new registrations &t theople, spatial objects or spatial
phenomena (and the relationships between thesdnai@rtant. Spatial phenomena
can be existing, registered, situations or situetionder design or development.
Emerging examples of this are: registration of gabmater quota (note that this has
clearly a 3D and temporal character) (Ghawana ,e2@10), carbon credit quota
registration (as a tool to assist in taking meastwecope with global climate change)
or rights of all kinds of natural resources (sushraning). But also the physical plans
and the associated rights, restrictions and redpititiss they bring along, will belong
to this category of ‘new’ registrations in LASsstead of unrelated registrations, in
the next decade society will benefit from a harrsedisystem of registrations of all
these spatial and temporal objects and the involvigihts, restrictions and
responsibilities. This can be combined with polygiand points from risk maps, areas
effected by disasters, polygons representing asithsa lot of sunshine (solar panels
require space) or wind (wind mills with restrictomround), areas defined in 112
centres, etc. Other attributes (e.g. energy lafeelduildings, hazardous substances,
anti-fire protection in buildings - via externalilding class) can also be introduced in
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an easy way in an LADM based environment in conmtimnawith mature information
infrastructures. New RRRs are in support to theémentation of LADM/STDM.

The information society, which is currently in itsfancy stage, will be more
mature by the year 2025; with as a result seveedll @stablishedlomain standards
enabling meaningful information exchange, but adoa national or local level,
between different domains or disciplines. The LADM one of the very first
examples here. The information infrastructure vgtovide the environment for
integrated and ‘seamless’ access to all these epuBimilar proposals can be found
in Bennet et al (2010).

Information infrastructures will provide the envimoent in which data sources can
be maintained in a consistent manner. Domains helesl with other domains, which
require that updates take care of consistency reitited registrations. For LASSs, as
cornerstone of the information infrastructure, théeks with other registrations are
numerous, for example, persons, companies, addredsaldings, rights, or
topography. Besides 7*24 hours access over the omkfwthis requires certain
mechanisms to be in operation, like every registnatnust maintain history (in order
to avoid ‘dangling’ references from outside, notasevof certain changes), update
alert or notification systems must be established drder to inform related
registrations about changes, which may also needupgiate in the related
registrations) and providing adequate solutionspierformance and robustness, for
example, via replicated, proxy servers.

Research is recommended on those areas: develomheoimain standards on
buildings, addresses, buildings, topography, ete the LADM external classes in
Subsection 3.6.6. Consistency issues are impoitamelation to this. One more
important research area is in using MDAs — new si@rs’ of standards will be
available. This has impact on environments wherdieeaversions have been
introduced.

3D, 4D CadastresThe increasing complexity and flexibility of modeland use
requires that LASs will need an improved capaatyianage the third dimension. As
the world is by definition not static, there willeba need in relation to the
representation of the temporal (fourth) dimensieither integrated with the spatial
dimensions or as separate attribute(s). In the teng, an integrated 4D registration
of all objects will be the most effective solutifvian Oosterom et al, 2006; Déner et
al, 2010) in dense urban areas. RAleintegrated space/time paradigias a partition
of space and time without gaps and overlaps (inespad time), is a very generic and
solid basis. Initially, this approach may seam &ilieiand only to be applied for some
more complex objects such as construction worksuaitity networks. However, by
the year 2020, the technological challenges relatetD registrations will be solved,
and this will be the most effective base for regisig all objects.

Augmented reality. Augmented reality applications, precise positionirzgd
orientation: data must be accessible everywhefreisalg authentic sources, but also
for updating these sources by the community outsiBarthermore, mobile
applications can read the successors of bar cddielscards to identify people, and
digital fingerprints, or iris scans will be availahn the field. These types of attributes
are already included in the LADM. As with the dedymhent of crowd sourcing the



182 A Domain Model for Land Administration

development of augmented reality applications ddp@nthe availability of domain
standards to get generic functionality availablanmnopen environment.

Spatial designToday LA is mainly used in ‘registration’ mode: elpgations from
reality are represented in the LAS. But it may adisowell situated to be used in
‘design’ mode: objects created/designed in theesysare being implemented in
reality; e.g. as in land consolitation or re-alletmh This implies: participation in
decision making of the areas involved (using maxigtimg spatial data and creating
many new spatial data at the same time (design sréata creation)), participation in
the design of zones where land use functions arbetallocated (requirements,
wishes, agreements, complaints and acceptancetibgng) and involvement in the
implementation of the zoning plan (with new and penal restrictions and
responsibilities, permits and maintenance issulsthis with mechanisms to avoid
people losing land rights (also in customary amas areas where LA does not exist
at this moment) and where governments can applyiradl of restrictions. In relation
to carbon credits (see Van der Molen, 2009). LADM& tthe flexibility to bring
support in management of data for spatial desigrlelsigning new spatial units, the
future information infrastructure will be heavilged as the design requirements are
related to many other geo-information sources.Heurtesearch is needed to check if
the requirements from spatial design on the levelspatial units (e.g. land
consolidation and urban planning) are supportethey ADM.

Semantic Web Technologpifferences in (legal) concepts, terminology and
languages, which are used in the different LASdifferent countries, are today still
limiting the access and understanding of LA dataririnternational context (compare
the EULIS project; see Tiainen, 2004). Howeveralamncepts of different countries
will be formalised using semantic web technologynilr to all other kinds of
knowledge. These formalised semantics are usekitiniking between the concepts
and terminology from different countries, allowitige users to have access to all
information in an unambiguous and understandableneta The LADM structures,
legal/administrative data and spatial data via tguprofiles into a standardised
model. LADM is recommended to be used in reseancthis area. LADM could
function as an intermediate between different agisls.

Monitoring changes.Satellites can monitor changes in areas, which Haeen
identified as world heritage sites: forest and ratlakes, coast lines, glaciers and
polar zones. But also land use (e.g. agricultungl)laand phenomena as inundations
and draughts can be monitored. This information lsarinked to ‘RRR’ polygons
and other GlI layers for decision making in wated &od provision with attention to
flora and fauna. And for decision making on finahaompensations (subsidies by
governmental or other bodies, payment by insuragtee). This implies that both land
users and land owners should be known. Monitorarglluse can also be used in
detection of illegal occupations or in case of tagping claims; e.g. claims from
indigenous people and claims from new farmers onimgi companies. This is
possible by comparing land usage today with eadiellite images. All this is
supported by the LADM in a flexible way; piloting iecommended to test this.
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User dominanceThe currently established update procedures in lsddinistration
are expected to be simplified in the near futuré based on ubiquitous web access.
For example, to split and sell a part of a pareglires nowadays professionals, such
as notaries, surveyors and registrars, each pdrfgricertain subtasks. Based on
authenticated identification of persons and trusteference material (e.g. high
resolution and up-to-date geo-referenced imagsefler and buyer will together, via
web services, draw the new boundaries of the gatit of the parcel and complete the
transaction, including payment. Examples of reglineb services and protocols are
already given in (Brentjes et al, 2004); e.g. WF{Web Feature Service with
Transaction capabilities; OGC (2010a). The roletha LA authorities will be to
provide the required infrastructure, at least tiieplart and the links to other parts of
the Geo Information Infrastructure (Gll), and penfioquality control and validate
transactions: “are all steps performed correctly®re new types of roles for
responsible parties in relation to transactions &€dmas supported by the LADM.
Examples of crowd sourcing for Land Administratiare given in McLaren, 2011a
and McLaren, 2011b. In the proposals from McLarbe tise of Open Source
software using Open Standards as STDM based onL#i#M is highlighted.
McLaren refers to the Solutions for Open Land Adstmation (SOLA) from FAO
based on the LADM. He discusses Open toolkits fobife phone platforms. He talks
about LAS apps for non-literate users. This reguiferther research on how to
integrate crowd sourcing for administration with DM and Open toolkits.

On more relevant development here is OpenCadaspeNhis initiative by
Laarakker and De Vries (2011), is currently expigrthe possibilities and dilemmas
of participatory cadastral mappin@py asking for instance the following questions:
what will happen if people start uploading theindaclaims to the internet if the
formal statutory systems lag behind? What are theiak legal and technical
dilemmas? What are the economic implications? Opda§treMap is also
investigating the power of social media in relattorLand Administration. Dilemmas
with privacy need further attention in this conteatid also impact on open data
policies in general.

Co-operation with anthropologists and other digegs in further research is
required. Many organisations have attention to réwistration of land rights, and
there are networks, like the Indigenous Mappingwéek. The mission of the
Indigenous Mapping Network is to connect native pamities with the tools needed
to protect, preserve and enhance their way ofilifein the aboriginal territories. This
endeavor often requires an amalgamation of trawitio'mapping” practices and
modern mapping technologies. Another network isatberiginal network. According
to Chapin et al (2005), the mapping of indigenaursds to secure tenure, to manage
natural resources and to strengthen cultures,réec@nt phenomenon, that started in
Canada and Alaska in the 1960s (paper map based)naother regions during the
last decade and a half. They recognise that indigemapping has shown itself to be
a powerful tool and it has spread rapidly throughtie world. Their review covers
the genesis and evolution of indigenous mapping, different methodologies and
their objectives, the development of indigenouasats and guidebooks for mapping
indigenous lands and the often uneasy mix of ppdiory community approaches
with technology. A recent workshop in Quebec, Canad the Land Administration
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Domain Model, pointed out that this issue is stithst relevant in Canada (Egesborg,
2009).

Also slum mapping in relation to tenure is an isefinternational attention; see
for example the discussions at the latest WorldadrBorum®. Key findings towards
securing tenure, according to a research from Hercheyer (2009), include the
importance of various forms of mobilisation, thatempany enumeration, and of the
informal and formal knowledge generation, that itssiiom the enumeration process.
For a grassroots enumeration exercise to be sudategsassroots trust must be
sustained for ongoing verification and updatingtieé enumeration data and the
enumeration must link up effectively with the plamauthorities.

Given the problems, related to urbanisation, emwirent, access to land, access to
food and water of the world today, there is a reget a complete overview of who
is living where, under what tenure conditions amdvhich areas. Overlapping claims
to land need to be included, illegal acquisition amcupation of land too. A
continuous map of People to Land relationshipshéeded. Research efforts are
needed to find cheap, high tech solutions. LADM/$Tvith its continuum in
Parties, RRRs, SpatialUntis (and others, see tlie ¢ables) should be the core
standardised data model behind.

Research and development (apps, etc) in this afasser dominance can be
supported with the LADM as an open standard.

Further standardisation and LADM maintenand@ée ISO approach for development
of International Standards has been followed fog tbADM. All International
Standards are reviewed at least three years aftdication and every five years after
the first review by all the 1ISO member bodies. Ajanty of the P-members of the
TC/SC decides whether an International Standardildhbe confirmed, revised or
withdrawn. Results from research as recommended akove can be included in
review processes and may lead to extensions dfAldM functionalities.

Land Administration is the key in the informatianfrastructure and is related to
other registratiort€’. Within the LADM these other registrations are idaded in
external classessuch as parties, addresses, valuation, taxdaod, use, coverage,
physical utility networks, etc. Within the EU, soroéthese domains are treated in
INSPIRE, but certainly not all. Here lies an impart research and development task
for academia in co-operation with NGOs as FIG glodal scale and with 1SO.

189 http://www.unhabitat.org/categories.asp?catid=584.
10 |n INSPIRE the cadastral parcels are identifigtsfrving the purpose of ‘generic information lacat
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