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SUMMARY

The Land Administration ecosystem compriséagencies who store and manage
authoritative data. Authoritative data is fundamental to a range of formal and informal
processes and intagency functions. Unfortunately, for the majority of jurisdictions, the
products, services and processes of thgeacies are not digitally integrated. This often
results in the duplication of capabilities and inefficient vagency processes.

An efficient and effective Land Administration ecosystem will store these relationships once,
with the authoritative agency, and share the results throughout the ecosystem using common
identifiers and linked data. This is referred to asaeeonly principle The expectation is

that the capabilities of agencies will evolve and become increasingly integrated. Such change
requiresdigital transformation

Government digital service transformation is abdbée'reimagining and reinvention of the
way public services are conceived, designed, operated and mdmagading the
"rethinking of the very plumbing of governmieiithere is an expectation that transactions
will become machine readable leadingetdirely digital automated redime registration

As a standard, the revised LADM should be foundational to such transformations. The

revision of the LADM extends the scope of the 2012 standard towards addressing the needs of
the broader Land Administration ecosystem. The LADM revision has the poterd@ainhore

than provide semantic interoperability between jurisdictions, it can support the delivery of
Government as a Platforor Service Within this context LADM is a standard that supports

the redefinition and commaoditisation of common behaviour tlivee well understood

processes that are exposed as services using Application Programming Interfaces (APIs).

This paper describes a conceptual logic of machine and human readable transactions for Land
Administration that are framed within the LADM. Core Land Registration processes have

been defined that cover the alienation of parfles?, land {oL), and rights AoR). We also

discuss the relationship between transactions and dispute processes. This plargen

terms of the foundational concepts, implementation patterns and generic business logic. This
is essential to achieve the digital reforms envisaged by UNECE, FAO, and FIG.

Thanks are due to Keith ClifforBell, Duncan Moss and Vladimir Evtimov for their feedback
which substantially impneed this paper.
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1. Introd uction

The revision of the Land Administration Domain Model (LADNMQ TC/211, 201 is
significantly changing the scope of the standard: the focus is shifting from the architectural
requirements of thagencyto the architectural requirements of #systemAt the same

time LADM is recognised as pivotal to the next phase of digital transformation where policy
makers expect increased operational and process alignment between agencies in the
ecosystem. This paper describes the conceptual background testheseand then discusses

how the LADM can support the digital transformation of the Land Administration ecosystem.

To support digital transformation, LADM should provide clarity in terms of foundational
concepts, implementation patterns and generic busslogs. We argue that LADM should
frame operational patterns that commoditise processes which in turn encourage others to
collaborate, interact, and innovate. To illustrate this we propose commoditised core Land
Registration processes framed by LADM ptines that detail the alienation of parties, land,

and rights. We believe these approaches are essential to achieve the digital reforms envisaged

by UNECE, FAO, and FIGUNECE, 2021 FAQ et al., 202).

2. Land Administration

Land Administrations the process of determining, recording and disseminating information
about the ownership, value and use of land when implementing land management policies
(FIG, 1999 Enemark et al., 2021Land Administration reflects the activities of different
authoritative agencies that collectively create an ecosy§tematdal (2002, %) refers to this

as: 'the group of institutions governing the control of land and distribution of land resources
and the benefits accruing from lahd his tends to include the following types of Land and
Property functions\Williamson et al., 2010, @.19):

1 Land and Property Titling (Land Registrynanaging the registration and subsequent

transactions (transfer and granting of rights from one party to another), and

maintenance of the land register (in some jurisdictions the cadastral map may be

managed by different agency).

Development (Planning Departmentegulating land and property development.

Use and conservation (Departments of Heritage, Conservation, Environment,

Fisheries, Forestry, and Agricultureyegulating the use and conservation of land.

1  Finance and valuationvaluing property and framing how revenue is generated from
land and property through sales, leasing, and taxation.

1 Disputes and conflict resolutieriand tribunals and other adjudicating agencies to
resolve conflicts concerning the ownership and use of land.

= =4

Land and property are characterised by the interplay of complex real right relationships
formalised through these different land administration stakeholders. Collectively these
agencies provide the mechanism through which tenure is formalisedredescribes the
ways in which parties caswnand have othaightsin immovable propertyHAO, 2023.

Anthony BECK and Lu XU
Developing a logic of machine readatded and property transactions with the LADM standard

€


bookmark://iso_tc211_iso_2012/
bookmark://unece_scenario_2021/
bookmark://fao_digital_2022/
bookmark://fig_bathurst_1999/
bookmark://enemark_fit-for-purpose_2021/
bookmark://sevatdal_land_2002/
bookmark://williamson_land_2010/
bookmark://fao_voluntary_2022/

Through legislation and registration legal protections are providai (& McLaughlin,
1999, p.26). Security of tenureeflects the jurisdictions ability to protect and enforce these
legitimately held rightsKAO, 2002, p18).

Each agency is different in its statutory focus, and requires a mix of professionals, including
surveyors, engineers, lawyers, valuers, economists, planners, and developers. In addition,
each agency has a mandate and powers to deliver that mandateltlissrnolding

authoritative dataHIG, 2022, p139).

2.1 Authoritative data and Digital Transformation

Authoritative data is officially recognised data than can be certified and is provided by an
authoritative source: the implication being that data #owgate, credible, accurate, assured,
well-governed and trusted. Authoritative data is fundamentatdoge of formal and

informal processes and intagency functions. Authoritative data should have primacy and,

as described blyIG (2022, p139), should ideally be easily available and accessible. An

efficient and effective Land Administration ecosystem will use authoritative datecas a
referenceand share it as a resource throughout the ecosystem to support integrated
transactions and other operational processes (ideally as linked data using common identifiers).
This is referred to as tlenceonly principle(UNECE, 2021, pl11).

Unfortunately, for the majority of jurisdictions, the products, services and processes of these
agencies are not digitally integratedNECE, 2021, p11). This is generally because the
ecosystem has never beerarehitected to capitalise on digital systems: rather agencies have
evolved independently with integrations based on traditional approdgtwes( et al., 2014,
pp.102-103). This often results in the duplication of capabilities and inefficient-intra
ecosystem processes. In other words: many current Land Administration ecosystems are
represented by agencies operating predominantly within digital silos. This makes for an
inefficient digital ecosystem.

UNECE (2021, pp3-4) discuss the impact of 11 different megatrends on the Land

Administration domain. It was recognised by a team of domain experiSigiei

Transformations the key megatrend in the sharedium term. As described Brown et al.

(2014, p.14)government digital transformation is abothé' reimagining and reinvention of

the way public services are conceived, designed, operated and managddng the

"rethinking of the very plumbing of governmeiithis requires profound transformation

which completely rethinks and reframes the ecosystem (as opposed to simply making paper
based processes digital: a point well madé&ley (2022)andKr i Zanovi ¢ )& Roi ¢ (

The policy expectation is that the capabilities of agencies will evolve and become
increasingly integrated. The need for such reform and associated digital transformation has
been underlined by the covid pandenié@Q et al., 202p. Brown et al. (2014, 02)

recommend that governments tak&eart approach to evolution with the aimfaiding "the

most efficient and effective ways of delivering kaghlity, timely and relevant services to
citizens and businesseSuchdigital transformationwill include theonceonly principleto

avoid redundancy, data duplication and inconsistency. There is also an expectation by
UNECE (2021, p13)that transactions will beconeatirely digitat
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Principle 20: The land administration system offers-tia¢ registration of

transactions, largely subject to automatic digital checks only. Transaction
documents are standardized for machine reading. Only complex cases are checked
manually by the land axinistration authority.

Machine readable applications and automation both require reasoning frameworks (likely to
be based on formal logic), which currently do not exist. It is within this context that we wish
to consider the role of the LADM.

3. The Land Administration Domain Model revision

LADM is a conceptual model which supports the modelling of social relations with land
articulated through rights. There are three principal concepts within LADMbattie (the
who) that has aights relationship(thewha( with aplot of land(thewherg. As a standard,
LADM dominates the domain and supports nuanced representations eRRfrey.and
relationships.

The first edition of the LADMISO TC/211, 201Pwas published in 2012: it focussed
principally on the needs of the Land Registration commubaiynfnen et al., 2023, 9).

Land Registrations the process of recording rights in land either in the form of registration of
deeds or the registration of title to lakd®, 1999 Enemark et al., 2091When articulating

title, rights are described that eitherbEnefit the owneras they are rights held directly by the
owner or indirectly via the property; or @ncumberthe owneras they are rights held by
specified thirdparties. Encumbering rights introducduty on the property owner which

within LADM are referred to as either:

1  Arrestriction "formal or informal obligation on thiand ownerto refrain from
something, or

1 A responsibility "formal or informal obligation on thiEand ownerto allow or do
something

Modelling restrictionsandresponsibilitiedn this manner frames encumbrances in terms of

their impact on dand ownerrather than the benefit that thght holderhas over landwned

by someone else. The distinction is subtle but important, and something we will return to later
in this paper.

The revision of the LADM extends the scope of the 2012 standard towards addressing the
needs of the broader Land Administration ecosystesm(nen et al., 2093Given the range

of agencies, parties, and activities associated with the ecosystem this is a significant change in
scope. This is further reinforced by the expected benefits that will accrue be improved
ecosystem integration delivered via digital transfation. The LADM revision has the
potential to do more than provide semantic interoperability between jurisdictions; it can
support the delivery dbovernment as a Platfor@®@’ R e i | ) oy Govetnfhentas a
Service(Brown et al., 201 As a standard, the revised LADM should be foundational to
such transformations. Open standards support tdefreition and commoditisation of
common behaviour to deliver well understood processes that are exposed as s&iges (
et al., 2014, ppl02-103).
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4. Key components in the Land Administration ecosystem

Key to the functioning of the ecosystem is the Land Register which describes land and
associated property rights which are created, modifiezktinguished as part of the
conveyancing process. Parties can ‘own’ |l and
is known as a cadastral unit. Land and Property can be segmented into different juridically
defined forms (e.g. leasehold, stratafsim real estate complexes etc.). We will describe
these forms of Land and Propertypssnary interestsPrimary interestcan be owned by

parties and traded in land markedsibordinate interesire other rights which can provide
benefits to thirgpatties but after their initial grant are not intrinsically tradeable (such as
easements). The Land Register describes these primary and subordinate rights using Party
Right-Land relationships. The owner of a primary right tends to have powers to alienate a
legally defined set of subsidiapyimary andsubordinatenterests to specified thixdarties.

The Land Register also describes these transactions and their outcomes usiRigRarty

Land relationships.

madule T

Jurisdictional legal framework

by
Tha hodder enfarge the:
el T

Figure 1. The modular arrangement of rights relationships describing conventional incidents
(framing the conveyancing process) and reserved inciflenised under a CBY licence
from Ant Beck)

However, as described IRAO (2022, p6): "All parties should recognize that no tenure

right, including private ownership, is absolute. All tenure rights are limited by the rights of
others and by the measures taken by States necessary for public ptirposésghts of

others predominantly refers to rights granted to specified thiadies by property owners

through the conveyancing process. We call rights managed through the conveyancing process
conventional incidentsThe 'measures taken by States necessary for public putpesess

to rights that are reserved by the jurisdiction and managed by formal agencies empowered
through public law. We call such rightsserved incident&hich we see as a combination of
reserved propertgndreserved rightsKitsakis et al. (2022, 8) refers toreserved incidents
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as Public Law Restrictions (PLRs). The relationship betweenentional incidentand
reserved incidentss summarised ifrigure 1

From the point of view of the property owneserved incidentsncumberconventional

propertyby restricting the rights thgroperty owneis permitted to enjoy. These reserved
incidents can be described using Pd&tght-Land relationships. The authoritative agencies

can grant permits to property owners that allow them to undertake what would otherwise be
restricted activities (normally fa time limited period). Theoretically, the issuing of a permit

to a property owner involves the use of data and concepts held by the Land Register and the
relevant authoritative agency (Ségure 3. These permits can be described using Party
Right-Land relationships.

Figure 2. Conceptual representation of permit creation using Business Process Modelling
Notation (BPMN). Note the agency relationships described in the process.

As described irigure landFigure 3 each jurisdictiorcreates a set of primary and

subordinate rights which are recognised by the state and legally formalised. Clearly there are
rights which have social relevance which are not formally recognised (e.g. customary, and
indigenous rights). Such exttagal righs may become formalised over time. However, this
paper concerns itself with legally formalised rights which are representesnerus clausus

the closed list of basic land and property rights recognised by the jurisdiction. Rights within
numerus claususepresent both theundleand thesticksin thebundle of rightsnodel

(Merrill & Smith, 201% Smith, 2012Baron, 2013 Key is that as numerus clausus changes

to reflect evolving social need, so the nature and the number of sticks change. The actual
relationship between tHaundleand thesticksis determined whetitle is articulated.
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Figure 3. The rights bullseyelescribing real rights in land and their relationships to absolute
dominium(re-used under a CBY licence from Ant Beck)

The property law that definesimerus clausuaill also describe thpowersassociated with
each rightPowersdefine how any right can be granted, licenced, alienated, discharged, or
varied (sedeck (2022)¥or a detailed description of rights, powers and other Hohfeldian
incidents).

5. Implications of the ecosystem: rights, duties and rights duality

Property as a concept depends on the idea that others are to be excluded from the thing which
is owned Merrill & Smith, 2011, p24; Penner, 2020, 74). This exclusivity ign rem that

is, it is good against the worldand must beespected by dllor virtually all, of the subjects

of the legal systenin remexclusivity is an inherent social attribute of property. Where

property is conventionally defined, such as being bounded by a hedge or fence, we intuitively
know we are subject toertaindutiesof noninterference not to enter it, use it, or take it.

This dutyapplies to everyone and does not require a formalised contract with the owner.
Hence, there is no need to enumerate the duty owing parties for the rights to have affect
(Merrill & Smith, 2001, p359 Merrill & Smith, 2011, p9).

Conventional propertyreserved propertandreserved rightall havein remcharacteristics.
While property rights arggood against the worlgfrom a practical point of vieweserved
rights are good against the set of property owndgnith, 2012, p1706. This is the
relationship between an owner and the stslter(ill & Smith, 2011, p12). This means that,
for example, duilding restrictionis a duty orproperty ownersvhich correlates with eght
to buildwhich is controlled by alanning departmer(the state). In order to build anything
that is restricted property ownemust get germitor licencefrom theplanning department
(seeFigure 2. Thebuilding restrictionis defined by a geographical extent and affects ALL
property within the geographical boundary. Tie@nning departmerdoes not need to know
the details of any specifmwning partyfor the restriction to have affed¢h remduties have
legal affect even though the duty owing partiesusrgpecified

Anthony BECK and Lu XU
Developing a logic of machine readatded and property transactions with the LADM standard


https://commons.wikimedia.org/wiki/File:Generic_Land_Administration_Rights_Summary.svg
bookmark://beck_developing_2022/
bookmark://merrill_making_2011/
bookmark://penner_property_2020/
bookmark://merrill_what_2001/
bookmark://merrill_making_2011/
bookmark://smith_property_2012/
bookmark://merrill_making_2011/
bookmark://Permit_CreateApplication/

By contrast a property owner can vary their exclusivity by conferring rights spetified
third-parties(seeFigure landFigure 3. This is well described byénner, 2020, 7.6):

Property is like a gate, not a wall, because the owner may open the gate, selectively
allowing particular persons to enter, while at the same time leaving everyone else
who is outside in the same position as before.

This provides enforceable rights to s$yecific thirdpartieswhich introduce corresponding
duties on theroperty owneand allfuture property ownerg/hile the right is enforceable).
This relationship between rights and duties encapsulates the conagptotiualityas
described byVilliamson et al. (2010, p@8-89):

A right is not a relationship between an owner and land.

It is a relationship between an owner and others in relation to land, backed up by the
state in the case of legal rights.

This duality of owners and others is also present in restrictions and responsibilities
affecting landowners and users.

Each restriction/responsibility involves a duality that imposes obligations on owners
in relation to the land for the benefit of others.

An administrative framework is robust and successful when it takes this duality into
account and also identifies the appropriate managing or implementing authority.

The implication ofrights dualityis that a registered right that is legitimately held (and has
corresponding tenure security) imposeahity (either arestrictionor responsibility on the
property owner. This is discussed in detaiBmck (2022)n terms of Hohfeldian incidents.
The duality represents two relationships:

1. Theprimaryor subordinateinterest held by a thirgarty and
2. The correspondingositiveor negativeduty owed by the affected property owner.

The duality of rights and duties provides a finely nuanced mechanism to define relationships
between parties framed through land and property. When viewed in this mammerus
claususdoes not represent a continuum of rights, rather it represents a formalised socio
economic relationship between right holders, duty owers and property owners. These
relationships can be summarised as follows:

1  Conventional incidents:
a. Primary rights which have an remeffect which isgood against the world
b. Primary and Subordinate rights expressly granted in the conveyancing process
to specified thirdpartieswhich introduce corresponding duties on pineperty
owner(and allfuture property ownerg/hile the right is enforceable).
1 Reserved incidents:
a. Primary rights which have an remeffect which isgood against the world
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b. Primary and Subordinate rights managed by an authoritative agency which
have arin remeffect on aset of propertyand can be enforced against the
unspecified set of respective property owners.

1 Permits, or other licences, can be granted to property owners that allow
them to undertake what would otherwise be restricted activities.

In this mannereserved incidentarerights controlled by authoritative agencies which create
dutiesin the form ofrestrictionsandresponsibilitieson any affectegroperty. This has

important ramifications when considering the whole Land Administration ecosystem. Rights
duality dictates that if a Land Register records a duty (astectionor responsibility then

within the Land Administration ecosystem there exists a specifiedghntgt or authoritative
agency which holds the corresponding ridgdd. we register the right (the benefit for the right
holder), the duty (the encumbering restriction or responsibility against the property), or both?

This is a difficult question and, in part, the answer depends upon the maturity of the
ecosystem and the level of data, service and process integration between authoritative
agencies. Thenceonly principledemandsefficient recording: it does not matter whether it

is the right or the duty which is recorded. What matters is that other agencies have the ability
to infer the respective right or duty from the information which is exposed in the ecosystem.
However, if @ authoritative agency mandatedto reord a right or a duty, then they are the
responsible agency: no other agency should emulate this function as this would not be
authoritative.

Unfortunatelynot all ecosystems are mature and most do not rigorously deplopdgenly
principle. While such jurisdictions are being reformed it is importantrigats dualityis

embraced. The authoritative agency should also record any appropriate ancillary data which is
required so that the right or duty can be effectivelysed by other actors in the ecosystem. It

is only by understanding the operational requirementseoétiosystem at a holistic level can
theonceonly principlebe effectively implemented:his is not an easy task.

6. Implications of digital transformation: commoditisation of the ecosystem
architecture

Making legacy government processes and structures digital does not result in improved
functionality Brown et al., 2014, p.8-79). Such approaches simply fossilise past processes,
making it more difficult for organisations to transform and evolve. Digital transformation
aims to rethink and reframe service provision. The end result should be randireated,
consistent and costffective services driven by the needs of citizens and other consumers.
Ideally services are built on commoditised digital components that can be integrated across
the government estate. This is the philosophy which has delivered design aexpesemnce
patterns across the UK government central servisgsicing nearly 2,000 websites with just
one However, comparative data solutions are still maturing. The premise is that the
significant majority of basic functionality can be achieved by using or adapting components
which are already available. Novel or bespoke functionality should be createthimar

which integrates with these existing components. In doing so agencies need to consider
capabilities, business rules and components so that approprideilps®lutions can be used

to accelerate delivery, allowing development effort to be pisedtand focused on business
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specific needs. Such holistic communication frameworks are well descrilizd\by et al.

(2014, p96):

When we talk about architecture therefore we are speaking less of a thing (such as a
plan or document) than of a clearly defined, communicated and widely understood
set of underlying principles flowing through each of our differently evolving public
organkations like DNA. Just as biological DNA rewards some behaviours and
penalizes others within an ecosystem, so too will a set of common principles
expressed differently in different organizations, but operating in relation to the

whole.

How is this to be applied to the Land Administration domain (which is, after all, a subset of
the broader government ecosystem)? Each jurisdiction is unique in the way it determines the
social value of rights which are defined in property law. Propertyalaw describes the

powers that a right holder has to grant, licence, alienate, discharge, or vary a right. In
summary, the relationships between parties and rights may be unique to a jurisdiction, while
the abstract operations available through powechange rights are broadly generic across
jurisdictions. If the community agree with this statement, then the commodity components
reflect these abstract operations. Further research is required to identify these generic rules
and processes that can be ugedefine such change. This should be framed through the
1ISO19152 LADM primitives. Improved understanding and modelling of these processes will
improve operations within ecosystems and interoperability between jurisdictions. The
development of generic predures and operations could ultimately lead to improved
automation (as expected WECE (2021, p13)). In the next section we propose an

approach to commoditise core Land Register transactional operations using LADM
primitives.

6.1 Standardising and commoditising transactions within a Land Register

A holder of a primary incident hgwerswhich allows them to transform their paright-

land relationship by a mechanism cal&ignation While the specific nature of these
mechanisms depends on the type of tenure, legal tradition and social need expressed in a
jurisdiction, the broad nature of these mechanisms are, we believe, geA€ri€2002, p10)
describealienationas:

1  Arright to alienate all rights to the entire holding (e.g. through sale), or to a
portion of the holding (e.g. by subdividing it).

A right to alienate only a portion of the rights (e.g. through a lease).

A residuary right to the land, i.e., when partially alienated rights lapse (such as
when a lease expires), those rights revert to the person who alienated them.

T
T
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Figure 4. Transactions associated with Land and Property based on LADM cdneeptsi
under a CEBY licence from Ant Beck)(1) A Transfer of Party, (2) An Alienation of Right,
and (3) Variation of Land.

To support transparency and interoperability such mechanisms should be grounded in the
standard LADM primitives of party, right and land. Alienation can occur through a party,
right, or land dimension (séegure 4andFigure 9. The ability to alienate all rights to the
entire holding (e.qg., through salds what we refer to asBransfer of Partytransaction:
alienation through thparty dimension. A ToP is the transfer of all or a proportion of the
ownership to specified thirgarties. The abilitytod | i enat e al | rights
holding (e.g., by subdividing ft)s what we refer to as\dariation of Landransaction:
alienation through thiand dimension. A VoL is a subdivision of a cadastral unit to create
two or more cadastral units or the consolidation of multiple cadastral ucitsai® a single
cadastral unit. The ability talienate only a portion of the rights, e.g., through a |8ase
what we refer to as allienation of Rightsransaction: alienation through thight

dimension. An AoR is where rights can be separated from the body of a property (and
subsequently transferred to thipdrties).
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Parties.

Parties

Figure 5. Howin personantransactions can change Party, Rights and Land relatior{siips
used under a GBY licence from Ant Beck)Similar thinking is seen in Figure 1 BEnnett
et al. (2021 and Figure 4.8 afevenbergen (2002)

6.1.1 Transfer of Party transactionsvhole, part and consolidation

A ToP transaction, séegure § is where amwning party (granter) transfers all, or a

proportion, of theiproperty to a thirdparty (grantee). Fractional ownership can also be
consolidated in this process. Sale, gift and inheritance afeRBcenarios where a

transaction transfers a right aaltlassociated powerfsom one set of parties to another. Only

a limited number of rights can be expressly transferred in this manner. Essentially rights
which can be expressly transferred are closely correlated with rights which have a functioning
market. These are defined the jurisdiction but generally include:

1  Freehold (and equivalent)

1  Horizontal and vertical subdivision representing flats and compounds as leasehold or
freehold (ancequivalent)

1 Long lease

1  Securities

Any beneficial rights associated with the propemiy ‘with the lantdand become benefits to

the grantee. Further rights can be transferred by the property owner when they have been

expressly separated using an AoR. This allows the granting of use and service rights between

third-parties (including neighbouring cadastralts) and the establishment of property within

a Real Estate Complex.

A cadastral unit(property) can act as a party and be granted rights overaatiastral units
using a ToP. The benefiting (right holdinggdastral unitis called thedominant cadastral
unit. The encumbered (duty owingadastral unitis called theservient cadastral uniRights
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duality is clearly expressed in the relationship between the dominant and servient cadastral
unit. When adominant cadastral unis transferred there is no need to expressly transfer any
of the beneficial rights to the new owner as theypaaedialand 'run with the land'

(Simpson, 1976, [®).

Fractional parts of the property can be transferred to-gartes. We have referred to this as
aToP part A ToP partresults in ownership fragmentation due to multiple parties having
shares in the same property. Each owning party has the power to independently transfer their
share without consent of the-owvners. This ability to independently transfer ownership is
themajor differentiator in the way that multiple parties can share ownership in the same
property (e.g. betweeswnership in commoandjoint ownership.

Fragmented ownership can be consolidated bgdHective transfeof the fragmented
ownership to a 'new party'. @ollective transfemeans that the fragmented ownership that is
split between multiple parties is consolidated through a single transactional event.

Deed

Deed of Disposition
TOP part
The granter registers the following spatio
[D; MEBCE T !;||I bundie ¢ hanges ta the Grantess. ]D. MBBCC
Principal Land Principal Land
- Land Right Grantee .
i i T -
| — Owmarship :
L ey 142
Ownership
Party
Part: 2
Granter Witness

Figure 6. Transfer of Party par& parent right in land has is partially transferred to one or
many parties with the original owner retaining a partused under a GBY licence from

Ant Beck)

6.1.2 Variation of Landiransactions subdivision and consolidation

A VoL is where:

1. an ownerspatially subdividesageneral cadastral unito create two or more smaller
general cadastral unitéseeFigure 7 or

2. an owner of multiplggeneral cadastral unitspatially consolidateshose cadastral
units to create a singtgeneral cadastral unitseeFigure §
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Deed

Deed of Disposition
VOL
I- 1D DDEEFF
The granter registars the following spatio Ownership
1D: AABBCC right bundie changes 1o the Grantees General Cadastral Unit
General Cadastral Unit Land Right Grantee General Cadastral Unit
- S e e e e e e e e e e "
Owrarshiy 110: AABBCC Ownershic : Gweriershi
_________________ 10: GGHHII
JLand C—
Part: Cookie curter
Granter  ‘Witness

Figure 7. Variation of Land subdivisieran owneispatially subdividesa general cadastral
unit to create two or more smallgeneral cadastral unit§e-used under a CBY licence
from Ant Beck)

The legislation and regulations provide details on how spatial representations are managed
and the responsibilities tdnd and cadastral surveyaré cadastral unit is subdivided (see
Figure 7 under the following conditions:

1  The owner(s) of the input cadastral unit is the owner of the subdivided cadastral units.
1 New geometry is created representing the subdivided parcels.
- The cadastral unit geometry is provided by land and cadastral surveyors (or
other recognised parties).

1 The land and cadastral surveyors or Registrar should ensure boundary
relationships remain topologically intact and that no gaps or overlap
polygons are generated.

- Cadastral unit identifiers are allocated based on the agreed specification.

As described by evenbergen (2002, 66)it is common for a VoL subdivision to be

followed by a ToP transaction to represent a subdivision and subsequent transfer to a third
party via sale or gift. These two atomic transactions can be described within the same legal
instrument. The ordering ofish chained transactions is clearly important: if the transfer
happened before the subdivision then the subdivision would be rejected as the granter of the
subdivision would not have the legawerto grant the transaction.

Cadastral units are consolidated (5erure § under the following conditions:

1  The owners of the land to be consolidated MUST be the same (parties and proportion
held).
- This may require a reallocation of ownership shares in advance of the spatial
consolidation process. This is a separate transaction.
1 A new geometry is created representing the consolidated parcel.
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- A cadastral unit geometry is provided by land and cadastral surveyors (or other
recognised parties).

1 The land and cadastral surveyors or Registrar should ensure boundary
relationships remain topologically intact and that no gaps or overlap
polygons are generated.

- A cadastral unit identifier is allocated based on the agreed specification.

6.1.3 Alienation of Right transactions

Property ownership is conceptually a container for a bundle of other proprietary rights which
can be granted to thiplarties. Rights granted in this manner could be considered as the
equivalent ofsticksin thebundle of rightsnodel (se€&impson, 1976, [¥; Merrill & Smith,

2011, p.10; Baron, 201)). By alienatinguse and servicegights and granting them to

specified thirdparties, owners can develop nuanced governance and transformation strategies
over their property. Such an approach is necessary when registering relationships between
neighbouring properties (such as easemeettween neighbours or the complex rights

conditions within condominiums and compounds).

Deed
(change)

Deed of Disposition

VOL

Before After

ID: DDEEFF

11 I
Ownership

The granter registers the following spatio
right bundle changes to the Grantees, I0: JJKKLL

General Cadastral Unit

(a i General Cadastral Unit
General Cadastral Unit Laud Right Grantee

it I,_ _________________ ' .
Cwnership i P Oswmarship [ Ownership
i

Io:GgGHHI  fTTTTTEEEEEEEEEEEES

Granter Witness

Figure 8. Variation of Land consolidatiean owner of multiple (contiguous@gneral
cadastral unitspatially consolidateshose cadastral units to create a singeeral
cadastral unit(re-used under a CBY licence from Ant Beck)

An AoR transaction is where an owner or authoritative agency (granter) separates rights from
the body of groperty. These separated rights are then normally transferred to a specified
third-party. An AoR essentially creates a right for the grantee which introduces a correlative
duty (i.e. responsibility or restriction) on tbe/ner of the property. Once alienated these

rights have their own lifecycle and, subject to the powers associated with the alienated right,
can be transferred, varied or discharged.
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Deed

Before After
(change)
Deed of Disposition
AOR part
II:‘II_'I-.'\I .I\-
Principal Land Principal Land
10 AABBCC iy 10; AABBCC

Figure 9. Alienation of Right partservitude/easement: a parent cadastral unit is legally
subdivided to create a separated right. In this instances the right is a servitude/easement over
part of the extent of the cadastral Unitused under a GBY licence from Ant Beck)

An AoR can bavholeor part:

1 AoR: part (AoRp): seeFigure 9 where the spatial extent of the right ispatial part
of the spatial extent of the parent cadastral unit (at the time of the transaction).

1 AoR: whole (AoRw). seeFigure 10 where the spatial extent of the right@ncident
with the spatial extent of the parent cadastral unit (at the time of the transaction).

Deed
Befor After
SIOre (change) €
AOR whole
)

Figure 10. Alienation of Right wholesecurity: a parent cadastral unit is legally subdivided to
create a separated right. In this instances the right is a security over the whole extent of the
cadastral unifre-used under a CBY licence from Ant Beck)

Owners of property have a duty to allow the holder of each alienated right to enjoy their right.
Each rightholder has a legal claim over the property owner to ensure they enjoy their right.
The rights which can be alienated will be legally defined byuhsdiction (and represented

in numerus clausus) and may differ between different primary incidents.
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However, as well as subordinate rights (8egire 9andFigure 10 it is possible to alienate
primary incidents (property) in the form diild cadastral unitsChild cadastral unitsn their

most simple form can be used to frame leasehold|esage, and surface or sabrface strata
rights, but are also used to describe Real Estate Complexes: apartments or compounds with
positive obligations (including the right to charge mainterdres (se€igure 1J).

Submitted Housing Complex Application
Deed
Before (change) After
-

Flat C; AMBECC-03 | | Flat O AABBCC04
Flas E; AABBOC-05 | FlatF: AABBCC-D6

Flat G ARBEBCC-07 At M: AARRCC-08

General CU
ID: AABBCC

Parent CU
ID: AABBCC

Figure 11. Exemplar application to create a Real Estate Coifiplexed under a GBY
licence from Ant Beck)

There is an expectation that mastyld cadastral unitsill not exist in perpetuity and they

will be amalgamated back in to tharent cadastral unitThis is clearly true for time

sensitive primary incidents such as leasehold andesage but is also practically true for real
estate complexes. While real estate complexes could be granted using freehold, commonhold
or other forms of ownership rightsrfthe child units, the reality is that these units will go out

of use, get demolished and subsequentlyeneelopedBeck & Moss (2022discuss LADM

patterns to support the efficient modelling of flats and compounds throughout their lifecycle.

7. Conclusions

We have argued that policy initiatives and the LADM standard are both moving from the
architectural requirements of tagencyto the architectural requirements of gasystem

This represents a significant change in perspective. Ecosystem wide digital transformation has
the potential to disaggregate vertically oriented business functions into commaoditised
components which can be reassembled in a multitude of different wags sice ecosystem

to the benefit of consumer8rown et al., 2014, [@20). This can enable flexible and

responsible government services. The challenge is in how to frame and deliver such
transformation.

We have considered this from the point of view of developing well defined generic processes
grounded in legal, operational and standdrased concepts. Property law describes both
numerous claususnd the powers that a right holder has to grant, licence, alienate, discharge,
or vary a right. We argued that while the relationships between parties and rights may be
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unique to a jurisdiction, the abstract operations available through powers to change rights are
broadly generic between jurisdictions. To reflect this we proposed that generic transactions on
a Land Register can be framed through core LADM primitivesarssfer is a transaction in

the party dimension; a subdivision or consolidation is a transaction in the land dimension; and
a rights alienation or amalgamation is a transaction in the rights dimension. The 2012 revision
of ISO19152 does not consider trarigats in this manner. We recommend that further

research is undertaken to provide improved operational interoperability and introduce generic
commodity operations that support process interoperability. This includes explicitly

modelling powers, rights, opations, and relationships. We need to find ways in which we

can determine what services are common across the ecosystem, what are specifisé a sub
of the ecosystem and which are bespoke to specific agencies or dagmnains £t al., 2014,

pp.105114).

The change in focus from the agency to the ecosystem highlights the importance of rights
duality in delivering the@nceonly principle While it is clear that the mandated agency
should manage authoritative data, ioreeonly ecosystem this agency also has the burden of
ensuring thenceonly data is suitable for rase scenarios outside their mandated remit. Such
understanding requires transparent communication between stakeholders. It is only by
understanding the operational requirements of the ecosystem at a holistic levelaaethe
only principlebe effectively implemented. This requires significant social engineering.

UNECE principle 20(UNECE, 2021, p13) predicts machine readable automation of
transactions. It is likely that in order to deliver these aspirations afulst logic semantic
representation is required that supports automated reasoning and inferencing. This is likely to
be necessary to, amgst other things, infer rights and duties wheroiineeonly principleis
implemented. While the current hierarchical thesauri formalisations provide essential
structure (see, for example, thedastre and Land Administration Thesaurus (CaLAThe)

(St ubkj eer & ))thkere isa need t@pbovide fustder logic based ontologies to
support the domain aspirations.

LADM is pivotal to establishing and supporting these ecosystem wide principles. The LADM
revision should provide clarity in terms of the foundational concepts, implementation patterns
and generic business logic. While LADM was designed to provide intetoipr between
jurisdictions the revision should support interoperability between agencies within a
functioning ecosystem. This is essential to achieve the digital reforms envisaged by UNECE,
FAO, and FIG UNECE, 2021 FAO et al., 202). We hope that the approaches in this paper
can be refined and included within future versions of the LADM standard.
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