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SUMMARY

After two LADM workshops (Delft, March 2017 and Zagreb, April 2018) and three ISO
TC211 meetingswhere aso LADM revision meetinggook place(Copenhagen, May 2018,
Wuhan, November 2018 and Mariboyng& 2D19) there is comsisus growing towards the
new scopef the standat. This new scopes described in this paper, and it is no exaggeration
to state that there is a rather spectacular extensioBditionG | scope. Below a first
impression

Some of thexsting parts of the current versiafi LADM are being refined. The goal is that
these refinementwill add more semantics to LADM, but are also backwards compatible. A
good exampl®f suchimprovementsare the Refined Survey Modelq part of the Surveyin

and Representation Subpackage) andennigid representations of the various CodeList and
the values thghold (adding more structure and using sematic technologies to define meaning
of values).

The scope of LADM is extended with valuation and fiscgberspective. This concerns a
conceptualdata model in a LADM Valuation Package that can be used to construct
information systems for immovable property valuation and taxation and offer a data exchange
option.

Spatial planning/zoningyith legal implicatiors is a further extension of the scopéis new

LADM package implies integration of spatial planning and land administration environments
and thusre-use of zones from spatial planniagrestrictions to land rights is pobi Both
extensions have impacin the definition of land administratiorarld administration is the
process of determining, recording and disseminating information about relationships between
people and land informal, customary and formal use and propeights - and about value
anduse of land.

What is morethe Global Land Indicator Itative (GLII), seeks to derive a list of globally
comparable harmonized land indicators, using existing monitoring mechanisms, and data
collection methods as a fouatibn. Hence, he LADM is extenéd with attributes allowing
monitoring based on those indicators.
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Moreower, a foundation for a Land Administration Performance Index is included in Edition
Il T which is possible linked to existing global frameworksnitiatives.

Legal space and legabjects have their own geometries which are in many cases not (or not
comgetely) equal to physical space and physical objects. Legal space can be linked now to
physical objects in Edition Il by identifiers or reuse ofdescriptions of spac&he userf

indoor spaces create a relationship with the space depending ondhs tiye building and

the function of the space. Applying LADM allows assigning rights, restrictions, and
responsibilities to indoor spaces, whidldicates the accessible spacesfich type of user.

The LADM standard is apublished applicable to Mamé Cadastres with special attention

for the transition zone from land to sea and Marine Spatial Planning (MSP). A normative
reference to IHO S12IMarine Limits and Boundaries) bas®n the LADM principles is
included inthe revised version a0 19152.

In addition to the extersion of the various parts of the conceptual model of LADM as
described above, there are other extensiortie scope. These can be characterized as steps
towards implementations. In addition to the conceptual model, the intention is that LADM
Edition 1l will also include the corresponding technical models (CityGML, InfraGML, RDF,
INTERLIS, BIM/IFC, GeoJSON).Further, there will not only be attention for the
information, but also for the Land Administration processes. Finally, Edition Il will also
include a mthodology of how the develop a country profile.

The new scope is also paired with proposals of hoveatize this new standards content in
Edition 1l. In this paperwe will shortly highlight these solutions. More details can be found at
the 1ISO 1952 Waking Draft (WD 1), which has been prepared for the ISO TC211 meeting
in Maribor, June 2019. Not foldlaelements in the new scope is there a proposahdav to
realize this, and there is still a lot of work ahead. Also, the current proposals,stare ju
proposals, andhey have to go through the 1ISO consensus process, before becoming part of
the new standd. For sure, there will be changes ahead.
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1. INTRODUCTION

The LandAdministration Domain Model (LADM) is a knowledge domain specific standard
capturing the semantics did Land Administration domain. It provides a shared ontology,
defining a common terminology for landrainistration. The LADM covers basic information
related to components of land administration: including water and elements above and below
the earth's gface as well as people. These components concern: party related data; data on
rights, restrictions rad responsibilities (RRRs) and the basic admirtisgaunits where the
RRRs apply; data on spatial units and on surveying and topology/geometry. LAIBDM als
includes the Social Tenure Domain Model (STDM).

The status as International Standard was obtaoreldADM (first Edition) in December 2012
(ISO, 2013. ISO standards, which are being applied, are subject to periodic revision,
typically in a 6 to 16yea cyde.

A UN-GGIM Meeting of the Expert Group on Land Administration and Management was
held on 1415 March 2017, in Delft, The Netherlands, and tremntonclusion was that the
revision of LADM was indeed needed in order to provide better tools tooirapenure
security and better land and property rights farsdke also UMGGIM (2019) and Section. 2
That Section also preserdgsecent OGC White Pa&p in Land Administration (OGC, 2019

this paper is about operationalisation of LADM and otherdstads.

During the UN-GGIM Workshop in Delft it was noted that land administration (LA) is a
rather comfex domain, and thus the revision will involve mastgkeholders, namely: ISO,
FIG, OGC, UNHabitat, UNGGIM, World bank, GLTN (Global Land Tool NetwgtkHO,
RICS, etc..

ISO/TC211organizeda votingfrom 15 October 2017 to 5 March 2018 on the systemati

review of 1ISO 19152:2012, Geographic informatierLand Administration Domain Model
(LADM). The results were publi 4Bé&(@0,R018)22 Ma
and confirmed the wish for the revision by the majority of the ISO/TC2dieRbers.

In order to prepare the LADM revision, two FIADM Workshops were organized: one in
Delft, the Netherlands, 167 March 2017 and the other one in Z&gr€rodia, 1113 April
2018, with experts involved in the development of the initial version of LADM a
representatives of all the mentioned stakehsl@gtp://isoladm.org.
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The International Federation of Survey@dFdG) submited a New Working Item Proposal
(NWIP) to ISO on the development afie LADM Edition 1l in April 2018. This New
Working Item FPoposal includs the following scheduled main LADM extensions:

1. Extended scope of conceptual modehis includes: vlation information, SDG LA
indicators, Performance Index, linking legal objects with physical ondspinmodels,
support of marine spaces, spatial pliag/zoning with legal implications, support of other
legal spaces: mining, archaeology, utilities;

2. Improvemat of the current conceptual moddlhis includes: formal semantics/ontology
for the LADM Code lists; more explicit 3D+time profiles; an extendeshv&y and legal
models;

3. Encodings/technical models towards LADM implementatidhis includes: further
integration with BIM/IFC, GML, CityGML, LandXML, Landinfra, IndoorGML,
RDF/linked data, GeoJSON, and

4. Process model®r survey procedures, map updatitrgnsaction$ including blockchain.

This paper will further report on the initial stage of the smn pocess where FIG
Commissions 7@Cadastre and Land Managenter@ Gpatial Planning and Developnt§
and 9dvaluation and the Management of Realdis} as well adSO/TC211 IHO and OGC
cooperate.

The rest d the paperis structured as follows: firstas a remindera background and
motivation for LADM is given in Section 2. Them overview of the cuent developments in

relation to the LADM stadiard is given in Sectior8, then the requirements for the
development of Editiohl are presented in Secti@h followed by an overview of some initial
proposals for the main new functionalities in SecboBased orSections3 and 4 the draft of

the newscope isincludedin Section6. An overview of proposed actions @esentedn
Section?. It should be stressed that these are proposals and initial developments of the second
Edition of the model. The conclasis areprovided in Sectiom.

2. LADM MOTIVAT ION AND BACKGROU ND

In December 2015 a special issue of LandeUPolicy was dedicated to the Land
Administration Domain ModelseeLand Use Policy, Vol 8, December2015, pages 527
689 The motivation andbackgroundor LADM was included in (Va®osteromet al., 2015)
in that special issue:

dhere is a need for domain speciBtandardisation to capture the semantics of the land
administrésion domain on top of the agreed foundation of basic standardgeometry,
temporal aspés, metadata, and also s#rvationsand measurements from the field. This is
required for communid¢on between professionals, for system design, system development
and system implementation purposes and for purposes ofegelenge and data quality
managerant. LADM enabls Geogaphical Information Systems (GIS) and database
providers and/or open source communities to develop prododtgpplications. And in turn
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this will enable land registry anthdastral organisations to use these componersvelop,
implement and maintaisystems in an even more efficient way. LADMovides a shared
ontology, defining a terminology for land adnstmation. It provides a flexible conceptual
schema with three bagmackages: parties, rights (and restricticesgdonsibilities) and spal
units. LADM supports the development of application softwareland administration, and
facilitates data exchange with and frainstributed land administration systems. An important
aspect inthe development of coherent (Spdtiinformation InfrastructureS{ll is that the
various standardised domain models are reusingahe model patterns as solutions for the
same situations. The stiard supports data quality management in land administrafss.

of standards contribute® the avoidance of inconsistees between data maintained in
different organisations, because daplication can be avoided as much as possible. It should
be notechere that implementing a standardised data model can be siygpiorthe detection

of existing inconsistencies.

The standardcowvers basic informationelated components of land administration ugichg
those over land, in watdnelow the surface, and above the ground.

The standard is an abstract, conceptual model with threageskelated to: parties (people
and aganisations); basic administrative units, rights, responsibiliteas] restriction
(ownership rights); spatial units (parcels, and the legal space of buildings and utility
networks) with a sub package for surveying, and representation (geometry alodjytppo
(Lemmen et al, 2015)

3. OVERVIEW OF DEVELOPMENTS

LADM and also STDM, the Social Tenure Domain Modelare currently under
implementation in several countries, see FIG (2017) and FIG (2018a).

LADM is applicable in relation to the implementation refevant parts of the New Urban
Agenda (UN, 2017), FAOs Volurma Guidelines on the Responsible Governance of Tenure
of Land Fisheries and Forests in the Context of National Food Security (FAO, 2012) and the
Continuum of Land Rights as from UNabitat (UN-Habitat, 2008, Teo and Lemmen, 2013).
This fit, of caurse, very well into the context of implementation of the Sustainable
Developments Goals.

The FitFor-Purpose approach in Land Administration (FIG/World Bank, 2014;- UN
Habitat/GLTN/Kadaster, 2016) kaden developed in reaction to the challenges set ley th
overall Global Agenda for Sustainable Development. Thd-éiiPurpse approach argues
for costeffective, timeefficient, transparent, scalable and participatory land administration,
including Paricipatay Surveying, Volunteered Land Administration gdbwdsourcing. The
principle of the Fifor-Purpose approach is ththe spatial, legal and institutional frameworks
for Land Administration are in balance in such a way that tenure security catabesleed

and maintained in a timely and affordable wajways aiming at facilitating the local,
regional or national needs.
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The introduction of the Fitor-Purpose Land Administration can be considered as a new way
of thinking in achieving faster, ceperand more appropriate land administration systems fo
the world. In order to assure an easy and adaptable interoperdayaéy with other
stakeholders, the FRor-Purpose Guiding PrinciplesJN Habitat/GLTN/Kadaster (2016)
recommend that the dataodd chosen for the FEFor-Purpose Land Administratiogystem
should be based on (ISO 19152:2012) LADM and the derived STDM.

The main developments with regard to LADQ&N be summarized as follows:

1. As a result of the voting (ending on 5 Mar2gB18) o the gstematic review of ISO
19152:2012 it becae clear that the majority of the 1ISO/TC21imi@mbers expressed
their wish for the revisionAlso, a number of suggestions to be included in the revision
were given. Some quotes from the documeBO/TC 21 N 4812 (ISO, 2018):
inconsistencies with otheeferenced standards that need to be fixed, address other global
issues such as cadastre for oceans, issues as identified at TU Delft
(http://isdadm.on/StandartMaintenance) should be consideredrdader collaboration
with IHO, OGC, and FIG, integration of land use aadd cover information within the
LADM should be considered, growing need for providing land administration in 3D
(below, on andabovethe surfae of the Earth) on land as well assata, mechanism to
exchange LADM informati on ( futore devetbpnrent @GC06 s
RRR, etc..

2. The New Working Item Proposal (NWIP), as submitted30 April 2018by FIG to the
ISO Techntal Committee on Geographic Information (ISO TC 211)rgvides an
overview of needs and requirements discussed by internatispeft® In this moment
this New Working Item Proposal has not yet been accepted by ISO TCr2a%on is in
the publication o ADM Edition Il as a multipart standard, see belowemi® of Section
2.

3. I1SO Stage 0 projedstarted in May2018 during the 48 Plenary Meeting Week of TC
211 Copenhagen, Denmarlk\ potentialy broacer scope, including fiscal/valuation
extension modulemore explicit ssmantics of code list values, furtherodelling of the
LADM's rights, restrictions, responsibilities (RRRs),thar modelling of LADM's survey
and spatial representation, functionality for monitoring SDG Indicators (aggregated values
at dfferent levels), 3D/4D Cadastre, inclusion of spatiplanning/zoning with legal
implications, functionality in LADM in suppordf Marine Cadastre (esp. coastal zones),
more explicit relations with Building Information Modelling (BIM), new types of legal
spacesmining, achaeologyandutilities are issues ddttention and to be considered

4. There was a call for participants forettStage O project on ISO 19152 LADM in
September 2018hen, during the 4t Plenary Meeting Week of TC 21ih November
13th, 2018 in Wuhan, Chna a first meetingwas held regardirg the approach and
contents of the LADM Edition JIfollowed bya second meting on Juneth, 2019 in
Maribor, Slovenia, during the #8Plenary Meeting Week of TC 211.

5. Collaboration with partners see Sectin 1 of ths paper, is crucial and mandatory idgr
the revision.
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6. A White Paper on Land Administration prepared by thenBm Working Group Land
Administration of the Open Geospatial Consortium (Q@@L9 was discussed during the
World Bank Cmferences o Land andPoverty on March 19, 2018 and on Mrch 229,
2017. A cooperation between OGC and I#expected to contrilie to effective
implementation and developmenihe White Paper highlights the operationalisation of
LADM.

7. Over the pasyears,the Expert Graip on Laml Administration and Manageme of the
United Nations Committee of Experts on Global Geospatial InfoomaManagement
UN-GGIM developed d&ramework for Effective Land Administration FELA (UN-GGIM,
2019) This is a refeence for develping, refoming, renewing, strengthening or modieing
land administration and management systefremmd data are in theoce of any land
administration and management systdihe document calls for recognition of land tenure,
land use, lad value, and lach developrent data- including elements relatingp gender,
conflict, and disasteras fundamental geospatial data themikin any jurisdiction- and that
those data be integrated with other fundamental thefirtes.document refers to tHeand
Administraion Doman Model as a standard for land admirason.

8. Besides the official English and French version, alsonéormd Spanish translation of
LADM is available. This was introducedt the LADM Workshop in Delff the
Netherlands (2017Action is needd, asSparsh-speakingcountries are very inteseedin
adopting and implementing LADM

9. An INTERLIS based applicatiors under implementation in Canbia and neighbouing
countries are interested following this approachthis was pointed out during @exial
LAD M workshop in Quito, Ecuador in Decesn2018.

10.In addition to the above mention translations, there are fu(traft) translations into
Russian, Chinese, Korean, and Czech of LADM.

11.LADM Edition Il should maximiz backwards compatibility.

12.Standads Coundi of Canada (SCC) propod& ADM Edition Il as a multipart standard
with the extensible base defined in Parintl @ revision of the current ISO 19152 as Part
2. Land valuation and land use planning would be &oidit parts.
After the discussiomn in Marilor the following structure for the rtirpart option (as
multiple coherent packages with every part in sepastdadard) was suggested and
agreed by the participants in that meeting:

- Part 1- Land AdministratiorFundamentals

- Part 2- Land Tenue or LandRegistration or Land Interest
- Part 3- Marine Space or Marine Gdeegulation

- Part 4- Land Valuation

- Part 5- Spatial Planning

- Part 6- Implementations

13.RMIT University, Australia,states that the conceptual imtien of LADM v1 was to
provide adata modeableto function asa core of any&and administration system (LAS)
worldwide In reality, it is perhaps unlikgthatthe countries withan existing anda well-
functioning LAS will implement a changeover to LADNHence, the practical value
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proposition of LADM is more likely to lie in provid ng athesdelf f 6 model
managing land tenure information for thosguntries forwhich structured digital land
information systems are either missing or under devedopnAAs a descriptive standartl, i
is valudle as it is amenable to adaptatiom @&xtension by adoptingrjadictions and able

to suit a range of tenurerrangements. This is further supported by the LADM
specializationthe STDM. This is indeed the reasowhy there is no interference thi
nationd laws that may have any legal img@igons as written in the scope of the standard.
LADM is also a CEN(Europea Committee for Standardizatipstandard Such standard
has legal impact in Europe. Fdnd reason, the clause as mentioned is deduOn the
other handit can be observed thfliISPIRE Cadastral Parcels is based on LADM. More
interoperability effortgalso in countries with wefunctioning LAS) are expected to be
LADM based. See also thefforts from the OGC Domain Working Group dmand
Administrationi a meeting of this Groufs heldin Leuven, Belgium inJune 2019. And
alsa http://www.opengeospatial.org/projects/grsfiagndadmin

4. REQUIREMENTS FOR LADM EDITION I

The first Edition of LADM should be upwds compatible with future editions. Future
editions may have an extendezbge. LADM improvements and extensions are neédasl
well as LADM workflow/process modegl This section is based on the New Workitegn
Propsal as submitted by FIG to ISO TC 2%&e also Lemmen et al. (2018).

4.1 Extension of Conceptual Scope

A proposako extend the scope of LADM with a valuation perspective is presented ( ¢ aj d a K
eta., 2016, ¢tajdak et al ., 2data model that ¢ouldsbe psedotg o s a |
constuct information systems for immovable property valuation. The model igrees
especiallyfor recurrently levied property taxation, but it cdeoabe used for other purposes

of valuation (e.g. transaction, compemsat on expropriation, land readjustmerand
consolidation, insurance assessment). The proposal provides a ndrasi® for governments

to direct the development of local and natiodalabases, as well as for the private sector to
develop information tdmology products.

The Global Land Inidgators Initiative, (see UN Habitat/GLTN, 2017; UN ECOSOC and
African Union 2016), seeks to derive a list of globally comparable harmonized land
indicators, using existing monitoring mechanisms and data collectionodseths a
foundation. Internationallygaeed standards will be key component alongside agreed global
concepts ancevidencebased approaches. There is a need for a foundation of a Land
Administration Performance Indéxwhich is a possible link to existindajpal frameworks or
initiatives.

Legal space and legal objects have their own geometry which is in many cages not
completely) aligned with the physical space and physicatotddj Legal space should be
linked with physical objects by IDs or byre-using of descriptions of space. BIFAC and
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CityGML offer options in this respect. In general, for linkingomhation (over the web),
RDF may be the preferred solution. The usdrthe indoor spaces create a relationship with
the space depending onetllype of the building and the funaticof the spaces. Applying
LADM allows assigning RRRs to indoor spaces, Wit turn indicate the accessible spaces
for each type of user. An IndbcGML-LADM model is one example of linking physical and
legal objects oato another.

A normative referencéo IHO S121 (Marine Limits and Boundaries) based on the LADM
principles neds to be included in ISO 19152 as wehlis will be one part of the LIBM
Edition II.

Spatial planning/zoning with legal implications is arestissue to consider. fprinciple, this
is a matter of coding zones in code tables (based on the local sg)alibis implies further
integration of spatial planning andnd admirstration environments. Rase of zones from
spatial planning into restitions to land rights should be pddsi.

Other legal spaces are related to mining, archaecogl utilities (2D or 3D) should be
addressed as well.

4.2 Further Improvements to be Induded in LADM II

For the domain of land administration, the localizatiesue extends from language names to
the various organizations and institutions dealing with interests in land.

Paasch et al. (2015) an8tubkjeer et al. (2018)propose cod lists & a mean of
internationalization by which the classes of the LADM may rblted to a particular
jurisdiction. The issue of code lists has been addressed by the OGC as well, nareatysin t
of the 17050r1 Code List Manifesto document (Scarponckti1l7).Code lists need to be
semantically enriched, structured (SKOS) and veesil. Metadata and tenure atlases are
relevant in this context. Tenure atlases provide an overview on tenugensyand the level of
recognition. This may include areas witihéand narkets and nature preservation etc.

There is a model for representatiof legal space allowing the repretion of volumes that
are not completely closed (as needed accordingtiiglation in several countries).

More functionality is requed for a complete partition of space: more explicit 3D+time
profiles. In additon to the current LADM LA VersionedOdjt, a bitemporal model is
considered, supporting systematically both veadld and systems times.

An extended survey model and legabdel isneeded. This implies adjustments from field
observations to the spat@dtabase and the generation of quadibels.

The Social Tenure Domain Modedld tcec tphe®pocreadt
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4.3 Technical models (encodings) to bimcluded in LADM I

Encodings models concern the further detailed technicalifga¢ion of LADM and are
based on esting standards: BIM/IFC, GML, CityGML, LandXML, InfraGML, IndoorGML,
RDF/linked data, GeoJSON.

BIM is very important in order to estigh a link between BIM and land administration in
relation to spatial planningnd lifecycles of constructions/ builays.

Open data is about Coding of Rights, Right holders, Spatial UngsTygic. (see Informative
Annex J of LADM (ISO, 2012) W3C).

4.4 Workflo ws and Process Models

Cadastral map updating includes adjustments aadsformations of field observations
(collected at different moments in time and with different survey instrismentuse of
imagery from different sources) to the spatialabbase. Maagement of areas is needied
there may be more than one area to be tamed for the same spatial uinithe legal area
and the accurate area as calculated in the cadastral GISmempétion of tolerances to
manage the differences should bexible aml purpose related. Results of subdivisions of
spatial units may need tee shared with other systems. Thislugies results of readjustments
and land consolidation.

Blockchain technalgy in transaction processes could be very well applicabledosadbns
in land administration.

Conversion of social tenure to legal temus a process that may require difiet levels
(layers) with related attributes. The same is valid for geaengtrality improvements of the
cadastral map.

A new class @presentig processes may be defined: a specialization of the class representing
sourced thereby creating a conneatidetween the classes of workflow management module
and LADM classes.

Proesses can be organized on the basis of use of electronitusggniaicase of applications
and information requests with public and privatgskand encryption/decryption methods.

Provision of information to data collectors for initial data collectienn@mintenance is a
specific but very important process (taskmagementogistics).

New approaches in Land Administration include Volurgdetand Administration and
Crowdsourang. It is possible that right holders and communities collect and mathiiin
own data with a certain level of professional suppartgiaality insurance etc. Participatory
surveying is possible with GNSS technology
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Conversion from social tenure tegal tenure may require professional suppditit it is easy

to make thigrocess complex and complex to make it easy. The publicdtiparie® r el at ed
rights and spatial units is also possible via global sern(m®snay be Google, Virtual Earth

and (pen Street Map and many others).

There will be a need for considerablyra integration across the various national data and
information systera and platforms in order to leverage the most effective data and analysi
for evidencebased policy formulatio and decisionmaking Imagebased acquisition of
cadastral boundaries needccess to huge image librariescluding hstorical imageryi to
suwpport largescale implementations.

5. PROPOSED NEW FUNCTIONALITY IN LAD M EDITION I

In this section a numbef initial considerations related to definitions and proposals for new
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LA_LegalSpaceUtilityNetw ork LA St e
ILA_RequiredRelationshipSpatialUni
1
I LA_Level V
LA_SpatialUnit Basic classes overview

LA_PartyMember | _ _

LA_AdministrativeSource I—I LA_RequiredRelationshipBAUnit
L 1 [ ]
LA_Party 4

N\ LA_Point
-

LA_BAUnit

LA | yFace

LA_Responsibility

LA_Restriction

L

LA_Mortgage

LA_Right
[ ]

Figure 17 The Land Administration Domain Model Edition |

5.1 Definition of Land

Stardards Council of Canadproposedo replace orefine theconcept of "land'during the

revision This was discussed during the TC211eltileg in Maribor.Specifically,in clause 1

of 1ISO 19152:2012, the first sentenceads: This International Standard:. defines a

reference Land Administration Domain Model (LADM) covering basic informaétated

components of land administration (including those over water and land, and elements above
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and below the surface ofthedart €é* Thi s basiondbl ghethtebet hat
as fhépatlewever, to avoid confusion with NASH/
decided to use the term fAlandd in the above

The current definition ofand is A t h eof thelEarth,ahe matermbenedt, the air above

and all things fixed to the soilo0o. According
be taken into account. It may be good to consider this in order to introduce the '3D partition of
(legal) paced ter m.

The new propsed defni t i on f or the term Al and adminis
(pendi ng di land adnmistration i3 thei psocessfof determining, recording and
disseminating information about relationships between peopldaamt- including informal,

customay and formal uses and property rightand information about value and use of

l and. 0 We could further di scuo§seetbeindinaoot ude i
related to SDG 1.4ttps://sustainabledevelopmauk.github.io/t4-2/

5.2 Valuation Information Model

Property valuation systems require information related to property units together with
immovable property rights, therefore, it is iorfant to ensure thahé unitsand the rights
should have been unambiguously identified. This is supported by the land administration
systems including cadastre and land registry. 1ISO 19152:2012 LADM is a descriptive
conceptual model that provides a refaze for land adminisdtion sytens (FAO, 2017. The

value component of land administration is considered out of scope in the first version of
LADM, which actually provides a solid and flexible base for property valuation. A group of
researchers has red¢lsn developed the Valuen Informaion Model by extending the
ExtValuation class of LADMThe purpose of the LADM Valuation Information Model is to
specify the semantics of valuation registries maintained by public authorities and specify its
relations wih other land adminisition registries and database#. provides a conceptual
schema for the data concerning valuation units that are objects of valuation (e.g. cadastral
parcel, building and condominium), input and output data used and produced thiragigh

or mass appraisaroceses,parties involved in the valuation practices, transaction prices and
sales statistics (Cagdas et al., 2016).

Classes in the Valuation Information Model Packageeive a prefix VM, short for
AVal uati on Mo thsds of.the Valuationnrdornian Model Package are: (1)
VM_ValuationUnit, (2) VM_ValuationUnitGroup, (3) VM_SpatialUnit, (4) VM_Building,
(5) VM_CondominiumUnit, (6) VM_Valuation, (7) VM_MassAppraisal (8)
VM_TransactionPrice, (9) VM_SalesStatistic, 406) VM _ValuationSource, see drire2.

Valuation Units,as instances of VM_ValuationUnit, are the basic recording units of the
valuation registries, and are realized by an aggregation relationship of VM_ValuationUnit
onto itself, see Figure 2. The objedtvaluation may be (a) onlyita (e.g. cadastral parcel),

(b) only improvements (e.g. buildings), (c) land and improvements together as land property,
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https://sustainabledevelopment-uk.github.io/1-4-2/

(d) land and improvements together as condominium property (McCluskey, 1999; Bird and
Slack, 2002; Almy2014).

Valuation Units may begrouped in valuation unit groups,as instances of class
VM_ValuationUnitGroup, and realized by an aggregation relationship  of
VM_ValuationUnitGroup onto itself, see Figure 2. A valuation unit group may be a grouping
of other valuation unit groups. Valuain wnits may be grouped according to zones (e.g.
administrative divisions, market zones) that have similar environmental and economic
characteristics, or functions of valuation units (e.g., commercial, residential, agebuhat

have similarcharactestics.

4’ Valuation::VM_Valuation b’ Valuation::VM_MassApprais}aI

Valuation:VM_SalesStatisti Valuation::
VM_ValuationUnitGrou

|

Valuation::\VM_TransactionPrjce

&1 1|

Valuation::VM_ValuationUn|t VaIuation::VM_Condominium’Jnit

Valuation::VM_SpatialUnit Valuation::VM_Building

Valuation::
VM_ValuationSource

Figure 20 Classes of Valuation Package

Class VM _SpatialUnitmayrepresent cadastral parcels, as well aspaubels that are subjects
to valuation activities. VM_SpatialUnit is a specialization class of &gatidUnit.

Building represents plsjcd spaces of buildings, building parts, other constructions, and their
characteristics in valuation activities. A building may be considered as complementary part of
parcels (VM_SpatialUnit), but may be valued sefgyafrom the parcels on which theyea
located. This class coincides with the physical space of a building. A condominium building
contains condominium units established according to condominium schemes. This class is
adopted from the OGCs LandInfra stamdl (GGC, 2016). A condominium buildg mnsists

of (i) condominium units (e.g. apartments, shops); (ii) accessory parts assigned for exclusive
use (e.g. garages, storage areas); (iii) and joint facilities covering parcel, structural
components (e.g. fouatlons roofs), accession areas (eegtance halls, spaces), and other
remaining areas of the building (e.g. staircases, heating rooms) (Kara et al., 2018).
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Condominium unitsas instances of class VM_CondominiumUnit. A condominium unit is
designated forthe eclusive use of the individuatondominium owner and shares a
condominium building.

ClassVM_Valuation,as a counterpart of the ExtValuation external class of LADM, specifies
output data produced within valuation processes, especially data fortprageassessment.

It concerns datef valuation, value type, valuation approach, and assessed value of valuation
units.

ClassVM_Valuationhas a class as specializatidlass appraisal as instances of class
VM_MassAppraisal. Mass valuation ispeoces of valuing a group of valuation usiusing
standardized procedures at a given date. Class VM_MassAppraisal describes mathematical
models, mass appraisal analysis types (e.g., multiple regression analysis), and the sample size
of the analysis.

Transacton pricesas instances of class VM _ansationPrice. Class VM_TransactionPrice
characterizes the information content of transaction contractor declarations, including the date
of contract or declaration, transaction price, date and type of transactigrsé.gheritage,

forced sale, ancentprices).

VM_SalesStatisticwith sales statistics as instances. It represents sales statistics produced
through the analysis of transaction prices. VM_TransactionPrice and VM_SalesStatistic serve
valuation activies fa different requirements, e.@stmating property values for property
taxation, expropriations, and monitoring price trends.

Valuation sources instances of VM_ValuationSource class. In principle, property valuation
is documented a valuation soer@asinstances from class LA_ValuatiSairce

5.3 Spatial Planning Information Model

It is common for countries to manage land tenure in a separate mechanism than spatial
planning (Enemark 2004). International Federation of Surveyors (FIG) considgas giaas

as closely related to castee (FIG 1995). Extension of the standard is needed to develop an
effective way to link land tenure and spatial planning information. Standardization and
harmonization of spatial planning information have been perinmeEurogans countries
through initatives from each country, or vi&uropwide projects such as INSPIRE and
multinational project, such as Plan4All (INSPIRE 2014, Murgante 2011, and Cerba 2010).

The standardization of spatial planning informatiiothese initatives mostly covers nitiple

layers spatial themes (e.g., land cover, land use, utilities, and government services, production
and industrial facilities, agricultural and aquaculture facilities, regulation zones and reporting
unit, and natual risk zones Based on these ealistandardiztion efforts, the Spatial
Planning Information Package is now being developed. The classes in this Package get a
prefix SP as from Spatial Planning.
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The spatial planning information package consists of six main claSBe$lanningBlock,
SP_PRannngUnit, SP_PlanningGroup, SP_RequiredRelationshipPlanningBlacid SP_
RequiredRelationshipPlanningUnit. This packageisesLA_SpatialUnit to accommodate
subparcel division of RRRs from land administration and spatenirg processesAuthors
re-useexisting LA classes as much as possible to maximize the irttegraf spatial planning
information into LADM (Fig 9). SP_PlanningBlock contains spatial plan resulted from spatial
planning processes. SP_PlanningGroup class aocolates aggregation @rhierarchy d
spatial planning from all levels of spatial planningmely: national plan, provincial plan, and
city/municipality plan. In reality, SP_PlanningBlock is represented by a spatial plan map
while SP_PlanningUnit is refeng to a zoning map (B 9. Instance of the
SP_PlanningGroup class is introduced to auoedate the hierarchy in spatial planning,
which manifests in (a) regionalide (e.g., European Union), (b) Countwyide (.g.,
Indonesia), (c) Island, (d) State aroRince, (e) Municipaty or City, and (f) Urban or Rural.

The class SP_PlanningBlock has an optional association class:
SP_RequiredRelationshipPlanningBlock while the SP_PlanningUnit class has an optional
association class: SP_RequiredRelationshipPlakmitg (SeeFigure3). The required
relationships classes facilitate declarationegplicit spatial relationships or criteria, such as
geometric quality (accuracy and precision) afjemetryof the spatial information classes
declaration or topology relatinship between planmg blocks andand parcel declaration.

‘

VersionedObject VersionedObject
«featureType» «featureType»
Party::LA_Party Administrative::LA_RRR

W +source +plBlock ‘ l

LA _Source () . ot VersionedObject
" plBlocksource ™ «FeatureType»
«featureType» :
= e SP_PlanningBlock
Surveying and Representation:: +source

LA_SpatialSource

0.* plUnitSource
VersionedObject +bfs
«featureTypen 0..* plus

Surveying and Representation:LA_BoundaryFaceString | +bfs

VersionedObject

«featureType»
Administrative::LA_BAUnit

0-- minus

=]
"
o

+plunit ¥ |+plunit  +plunit | 0..*

See AnnexB fora for polygon-based (2D) or
more detailed polyhedron-based(3D) { Versionedaf:y‘ect‘

description of spatial units: nominus and
boundary face strings atleast one plus, for
and boundaryfaces. topology-based spatial

| units:at least one plus or

minus +plunit | 0..* 0..* | +plUnit i‘\

+bf !

«FeatureTypen
SP_PlanningUnit

=]
=]

VersionedObject minus

«FeatureType»
SP_RequiredRelationshipPlanningUnit

«featureType» 0.*

Surveying and Representation::LA_BoundaryFace +bf plus

0.*

Figure 30 Classes of Spial Planning Information Package and its spatial representation
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Both SP_PlanningBlock and SP_PlanningUnit classes reuse LA BoundaryFace and
LA_BoundaryFaceString genetry to representestoral policies integration through spatial
planning processes (FB). An instance of the class LA_BoundaryFaceString accommodates
a boundary face string of spatial planning area. LA_BoundaryFaceString is also associated
with class |A_Point.

A document relatedl to the geometry of spatial planning is portrayed via class
LA_SpatialSource. In the case of a location by text, a boundary face string would not be
defined by points. In case of a boundary face associated with a 3D planitinig cem be
descriled on me or nore spatial sources; s€gure4.

To accommodate multidimensional spatial planning, an instance of class LA_BoundaryFace

is a boundary face and VersionedObject accommodate 4D (3D+time) repregeftati
SP_PlanningUni

«FeatureType» _ VersionedObject LA_Source
SP_RequiredRelationshipPlanningBlock FrmyrTTE «featureType»
SP_PlanningBlock Administrative::LA_AdministrativeSource

VersionedObject E
VersionedObject VersionedObject
«FeatureType» ;-
SP_PlanningGroup wFeatureTypen ; ed u[; \';pe»
SP_PlanningUnit arty:LA_Party

] «featureType»

‘ VersionedObject] Administrative::LA_BAUnit

«featureType»
Spatial Unit:zLA_Level

‘ VersionedObject

«FeatureType»
SP_RequiredRelationshipPl

«featureType»
Administrative::LA_RRR

ﬁﬂ |

«featureType» ‘ «featureType»

«featureType»
Administrative::LA_Right Administrative:: Administrative::

LA _Restriction LA_Responsibility

Figure 48 Classes bSpatial Planning Information Package and its correlation with LA_RRR

The Spatial Planning Package accommodates RRRs derived from spatial planning into LA
AdministrativeSource and LA_RRR. Administrativepactsof this packag are basic classes

of SP_Panninglhit and SP_RinningBlock (seéigure4). LA_AdministrativeSource
facilitates thefoundationfor rights, restrictionsand responsibilities derived from thepatial
planning process. Class SP_RequireldRorshipPlanningUit allows for creating insteces

of relationshps between SP_PlanningUnits. The RequiredRelationships classes are similar to
the BAUnit class, which can be legal, temporal, or of a spatial n&uorestanceof the class
SP_PlanningUih registers a zoningunit which maycontain RRRs derived from spatal
planning processes. These classesbasedn an administrativesource; an instance of class
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SP_AdministrativeSource (see Figure 4). There is a unique combination between an instance
of LA_Party, an instane of a subclass of LA RRRnd aninstance ofSP_PlanningUnit to
preserve the particularity of RRRs for each SP_PlanningUnit. Both SP_PlanningUnit and
SP_AdministrativeSource are related to LA_RRR representing the integration oRRe R
derived from spaal planning and land admstratian.

5.4 Refined Survey Model

LADM refers to Observations and Measurement Standard (ISO, 2011) which is essentially a
survey model, though a very generic and with limited capabilities one. Thetefdaa)itate

a comprehesive spatial descriptip which ircorporaes the diverse elements of the survey
component, specifically: different data acquisition and processing techniques, spatial data
formats, types of survey documents and the actions wihictbe aplied to a spatlaunit, a
Refined SurveyModel (RSM is required. The purpose of this model is to improve work
flows of land management organizations where they exist and to propose a systematic,
structured approach to linking spatial sources wheircounterpart spatiainits which in turn
contributes & a transparent and accessible survey data (Soffers, 2017).

VersionedObject

«featureType»
Party::LA_Party

+ extPID: 0id [0.1]

+ fingerPrint: MultiMediaType [0..1]
+conveyancer | + gender: GenderType [0..1] +surveyor
+ name: CharacterString [0..1]

1.* | + photo: MultiMediaType [0..%]

+ pID:0id

.

+ signature: MultiMediaType [0..1]
+ type: LA_PartyType

1.*

«FeatureType»
Administrative::LA_AdministrativeParty

«FeatureTypex»
LA_SurveyParty

+ role: LA_AdministrativePartyRoleType + role: LA_SurveyPartyRole
conveyancerSource conveyancerSource

+source | 0.* +source 0.*

«featureTypen
integratedSource LA_SpatialSource

0‘,"'-—-—-—’1:

LA_Source

«featureType»

LA_Source
istrative::LA_Ad iveSource

measurements: OM_Observation [0..*]
procedure: OM_Process [0..1]

type: LA_SpatialSourceType

platform: LA_ PlatformType [0..1]

surveyMethod: LA_SurveyMethodType [0..1]
media: LA_MediaType

automationLevel: LA_AutomationLevelType [0.1]
surveyPurpose: LA_SurveyPurposeType [0..%]

+ text: MultiMediaType [0..1]
+ type: LA_AdministrativeSourceType

R

Figure 50 Extended LA_SpatialSource Class

In order to form a Refined Survey Model, an extended LA_SpatialSource class is sliggeste
(Figure 5) including sewal new attributes andorrespondig Code Lists. In addition, a new
optional associationclass was created to link LA Party and LA _SpatialSource/
LA_AdministrativeSource. The purpose of these association classes is to derttetaet

roles of a survegxecutor and adminigttive partyies that are not directly portrayed by the

fi r o | ribdte irathetLA Party class.
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Furthermore, a new concept of an #Alntegrate:
association betweehe Administrative and th&patial source classeDifferentsouce types

are represented via assignment of multipc i t vy, where #fA00 represe
Administrative or Spati al sour ce, wher eas f

containsboth types of information.

Figure 6 representhe completeRefined Survey Model, which includes both 2D and 3D

cases. In the interest of explicitly represent the relation between LA SpatialSource and
LA_SpatialUnit- that exists in the reaborld scenao hower e r h a s n &ted irbtkee n  d e g
model in Elition 1-anassod ati on c¢cl ass fALA_SurveyRelationo

VersionedObject

conveyancerSource +Conveyancer

afeatureTypes

Party::LA_Party
+surveyor 1.7
«FeatureType»
LA _J inistrativeParty
T conveyancerSource
«FeatureTypen wFeatureTypes
LA_SurveyParty LA_SurveyRelation relationSu suHierarchy
4source | O.F +source| 0.% \
0.* o= 1
1 4sul0.*
LA_Source . LA_Source I
integratedSource \ VersionedObiect
afeatureTypes +source «featureTypes \ ersanec Ubect
o c o +source \
Administrative:: o= LA_: ce \ afeatureTypen
LA_administrativeSource ssource 0. suSource 0.* Spatial Unit::LA_SpatialUnit +5U o.*
o 1 .. 0.*
+source | 0.7 ”
+5u [ 0% 450 [ 0% 0.1
bfsSource
2D minus plus
+bfs 0.*
_ VersionedObject | 105 )
pointSource minus
afeatureType» +bfs
bfSource LA_BoundaryFaceString plus
o.®
+bfs 0.*
pointBfs
02"
{ordered
+point | ! +point referencePoint
Object
; - 0.1
+point wfeatureTypes +point . +hf
LA_Point pointaf VersionedObject | 10
. 0.3.% 0.* sfeatureType»
{ordered] +bf LA_BoundaryFace
n

Figure 68 Refined Survey Model

5.5 3D Spatial Profiles

At the current edition of LADM, the Spatial Unit Package and the Spatial Refagseand
Survey subpackagesllow a number opossible represéstions of spatial units in 2D, 3D or
mi xed di mension (integrated 2D and 3D), rat
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Aitopology basedo | evel e n c o d izatign,of spatiabunitsd i n g

recorced in cadastral anther land admiistration organizations systenisor 2D spatial units

five spatial representations are supported, while there is also one spatial profile for 3D
units (Annex E 1ISO 19152, 2012).

The initial classification of 3D gatial units was vided by Thompsn & al. (2015) and
forms the starting point for further i

spatial

nvest |

nAbove |/ Bel ow a Dempdarh sopatHeailg hua meiot(s)l& @i P ol
Valued Stepped Skco , AVRluetd s i epped ndGdcoenal a3D Parcel
categories have been used in discussing approaches to representing and storing spatial unit

information.

The defined spatial u hampssenét alg 2016 agedistbbedosv in( F 1 G,

an orde of growing comjexity (Kalogianni et al., 2018) and presented in Figure 7:

I. 2D spatial unit:completely defined by the 2D location of points along its boundary..

II. 3D spatial unit defined by a set of boundj face, which are themselvetefined by a
set d 3D points and minterpretation. The following subcategories are defined:

- Semiopen spatial unitdefined by a 2D shape with one horizontal surface (upper or

lowersurface) e. g o fihe depdt h of émeters

- Polygonal slice spatial unitdefined by 2D shae with horizonthbounded surfaces
(upper and lower surface), it is the most common form of closed 3D spatial unit.
For both categories, the following subcategories (depending on the nature of the surface

definition) are defined:

1 Above/lelow an elevationthe surface is&fined by a horizontal flat plane at

a height above/below a datum.

I Above/below a surface parallel to the local ground surface, and a defined

distance above/below it.
- Singlevalued stepped sgpial unit: defined by only harontal and vertial
boundaries, bunon selftoverlapping in z.

- Multi-valued stepped spatial unidefined by a set of boundary faces, all of which

are all either horizontal or vertical, without a restriction of the voluméeiog
single valued in z. Thiallows volumeswi h fic avrmesod arn fitthue
- General 3D spatial unitt he #Ffmddtochcat egory of spa

wal |
ti al |

one of the above categories. It is defined in part by boundaries other thamtadriz
and vertical and thus dtis definition atleast one boundgarshould be defined by one
northorizontal, or nosvertical face. This category may result to a further

categorization as the following boundaries lie in this categormagifold,
planar/cuved boundaries, open/closed wohe, single/multi volume. It shou be

considered whether the swchtegories that will be created would be mutual
exclusive, or would they be independent aspects and generate multiple categories

form their possible combinains.

- Building/construction fomat spatial unit legally defined lp the extents of an

existing or planned structure that contains/will contain the unit. In the case that some
jurisdictions decide not to record the geometry at this category, then it cabe
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spat i al uni bawetdb d eHilefierihe esttlbkahdo describe the
geometry, this category behaves like other 3D spatial units (usually polygon slice).
The decision to record or not the geometry is purely local and could be agplied
anytype of spatial unit.
- Any of these 3D Spial Units can gie rise to a Balance spatial unitt can be of
any complexity as above but represents the remainder of a 2D spatial unit (i.e.
prism) when all the 3D spatial units defined within it havenbegci®d. The
remainder (inneBD region) couldoe of any compleky, but there are two variants
of what this construct means:
I The volume may be a primary interest excised from the 2D spatial unit (to
avoid overlap);
The volume may define a secondary et (eg. lease, where overlap
allowed), theefore leaving théas spatial unit as a standard 2D spatial unit.

-

Volume of Lot 66 w
1570 x 10° m7 R 65

’i?ﬁr‘—ﬁ‘:ﬁ_‘g
v S
rEs

M,

DIAGRAM
1: 50 000

HOTE: : NOTE

&y
. contai P
a" |E4§ s contain, glwoen \Gb’f" The bounding surfaces of
5 and RL - 145-00 Lot B6 are verticgl

1HOMETNG

Figure 7 & Subcategories of spatial unit geomeies: A. Building Format spatial units; B.
Simple Slice; C.Single-valued stepped spatibunit; D. Multi -valued stepped sliceE. General 3D
spatial unit (Kalogianni et al., 2018)
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In the case where 3D spatial units are modelled by a 3D geometry collection (polyhedra),
within a 2D surfaceparcel, then the "Balance sgamit” is the unit which omes as a result

from prism- (minus) polyhedron. If the whole 3D domain is modelled as space partition using
a 3D topology structure, then the "Balance space unit" will be a prism on the outside, wi
holes or caves made by tBB geometries.

Based on tl categorisationfathe 3D spatialunits, the following 3D spatial profiles have
been developed and presented in Annex HSS/WD1 1915v2. It is noted that the

developed spatial profiles will besed by all the parts of the IDM Edition I, in case of a

multipart standat.

A Spatial préilef or fAsi mpl eo 3D spatial un-bpersspatid over i

uni ts i s devel oped, as presented i ntheFi gur €

Aupper _el ev ate loenvoa tainodn bi% peotile can balsotused to mad 2D

spatial units. An issue that was taken into consideration is that one of the bounded surfaces
may be the earth surface. For this reason, the earth surfabeehasn model | ed as
for external class and iglated to relative/height/depthypesof representations and/or to 3D
parcel dissemination.

The Simple_3D profile describes 3D parcels that are encoded as 2D parcels, restricted between two
horizontal, single-valued surfaces, which must not intersect or touch. Polygonal slice and semi-open
spatial units can be modelled within this.

It adds two attributes at the Simple3D_SpatialUnit class to define the values/heights of the upper
and lower surfaces that form the polygon.

New default values are used and associated constraints are imposed.

Simple3D_SpatialUnit

area: LA_AreaValue [0..*]
+ dimension: LA_DimensionType = 3D
+ extAddressld: ExtAddress (0..*]

Simple3D_Level

+ label: CharacterString [0..1] + |ID: Oid
+ lower_elevation: float [0..1] /derived LADM + name: CharacterString (0..1]
referencePoint: GM_Point [0..1] 0.* 0..1| + registerType: LA_RegisterType
sulD: Oid + structure: LA_StructureType = polygon
+

+ surfaceRelation: LA_SurfaceRelationType [0..1]
upper_elevation: float [0..1]

type: LA_LevelContentType [0..1]

constraints
{upper_elevation>lower_elevation}

0..*

0.1

«blueprint,featureType»
External::ExtEarthSurface

elevationType: ExtElevationType
representationType: ExtSurfRepresentationType
+ sourcedataType: ExtSourceDataType [0..*]
+ surfaceType: ExtSurfaceType

Figure80 Proposed spatial profile for #Asimpledo 3D
external blueprint class ExtEarthSurface (Kalogianni et al., 2A.8b)
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To cover tle case of a buildg/construction format spatial unit (mainly referring to polygonal
slice spatial units, but all categories are possible) a spatial profile has been developed,
preented in Figure 9.

To repreentthe reference to a bdihg format, an aciation with arexternal class is added.

It is noted that, this external class needs further, refined modelling and as a future step it
should be modelled considering approacbiemtegrating LADM with modks encoding the

fine detailof the units, ashe integration bLA DM with IFC classes; encoding information
through surveying plans (described with LandXML); building module of CityGML through
CityGML-LADM ADE, etc. (Kalogianmet al., 2019).

The General Boundary Spatial Unit profile describes 3D parcels that are legally defined by the
extents of an existing or planned structure that contains/will contain the unit. There are two ways to
describe and spatially represent the spatial unit: by referring to a building format or by defining its
actual shape by geometrical types.

New attributes and default values are used and associated constraints are imposed.

GeneralBoundary_SpatialUnit

+ area: LA_AreaValue [0..*]

+ dimension: LA_DimensionType = 3D

+ extAddressid: ExtAddress [0..*] SenenBodndary Level

+ label: CharacterString [0..1]
lower_elevation: float [0..1] /derived LADM

+ referencePoint: GM_Point [0..1] 0.* 0..1

+ sulD: Oid

+ surfaceRelation: LA_SurfaceRelationType [0..1]

+ upper_elevation: float [0..1]

+ IID: Oid
+ name: CharacterString [0..1]

+ registerType: LA_RegisterType
+ structure: LA_StructureType = polygon
+ type: LA_LevelContentType [0..1]

constraints
{upper_elevation>lower_elevation}

0.1

VersionedObject

«blueprint,featureType»
External::ExtPh |

Jnit

+ extAddressID: ExtAddress [0..1]

Figure 9 0 Proposed spatial profie for building/construction format spaial units (Kalogianni
et al., 2018b)

What is more, a spatial profile for the general spatial unit has been developed and it aims to
cover almost all 3D geometriobjects, however complex. IFthe general spatial itntwo
simplified sptial profilesareproposed, one in a topological model (Figure 10) and the other

in a polygonal encoding (Figure 11). Those profiles are kept as simple as possible and should
be futher explored in relation teed-world use cases.
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Figure 10 8 Spatal profile of a general spatial unit in a topological model (simplified)
(Kalogianni et al., 2019)

Figure 11 & Spatial profile of a general spatial unit in a polygonal encodig (simplified)
(Kalogianni et al., 2019)

Last but no least, a spatial pfile for balance spatial units has been developed. This type of
spati al units is modelled as the fremainder
can be explicitly storeds being the balance of spatiait when the sulunitsare excised, as

depicted in Figurel2. The remainder parcel is not an independent one, and thus its spatial
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