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SUMMARY

A roadmap (consisting of six stages) to adopt tA®M in the cadastral information system
has been provided in Kalantari et al (2015). Réfgrto this six-stage roadmap for LADM
implementation, the paper focuses mainly on thgestaData Organization, i.e. how different
data entities are linked to each other. The LADMdgarded as a conceptual model that
enforces certain relationships between the enti@esprinciple, there are three main ways in
which the LADM based country profile can be develdp

(1) to use LADM classes, attributes, code lists anatieiships between classes “as is”,

(2) to show an inherited structure between the LADM toredexisting cadastral model, or

(3) to show a mapping of elements between LADM ancettisting cadastral model.

The last two approaches will be probably used iantges with well-functioning cadastral
information system. In this way the LADM based cwymprofiles have also been created for
Croatia (V«i¢ et al, 2015), Czech Republic (Jake and Sotek, 2017), Poland (Bydtosz,
2015), and Serbia (Radul@vet al, 2017). Basically, the profiles for thesarfdcuropean
countries have been proposed in academia. It m#aatsan initial activity for creation of the
LADM based country profile didn't come from the Bodr agency responsible for the
cadastre (e.g. national mapping agency), but froad@mia. This activity could be seen as an
irreplaceable role of the academia, to demonsthegaisefulness of the 3D cadastre and be a
partner for government organizations. The paperloegp the issues met during the
preparation of the LADM based country profiles floese four countries when the “need” for
LADM based country profile came from academia. Tescription of ways in which these
issues were solved could help to those who areggtnpropose their new LADM based
country profiles.
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1. INTRODUCTION

The ISO 19152 Land Administration Domain Model (LMD is regarded as a conceptual
model that enforces certain relationships betwéenentities. On principle, there are three
main ways in which the LADM based country profilancbe developed: (1) use LADM
classes, attributes, code lists and relationshigpeden classes “as is”, (2) show an inherited
structure between the LADM and the existing cadhstrodel, or (3) show a mapping of
elements between LADM and the existing cadastratlehorhe last two approaches were
used for the creation of the LADM based countryfifgs for example in Croatia (\4ic et al,
2015), Czech Republic (Jatk@a and Sotek, 2017), Poland (Bydtosz, 2015), and Serbia
(Radulovt et al, 2017). In all these mentioned countries dheastre is currently based on
registration of 2D parcels. However, LADM allows fegistration of 3D parcels and recently
several prototypes of 3D LADM based country prafileave also even been developed, for
example: Russian Federation (Elizarova et al, 20P®)and (Gédz and Pachelski, 2014),
Malaysia (Zulkifli et al, 2014; Zulkifli et al, 2@, Israel (Felus et al, 2014), Greece
(Kalogianni et al, 2016), Trinidad and Tobago (@htCharles and Edwards, 2014) or
Turkey (Alkan and Polat, 2016).

The issues met during the creation of the prewjouséntioned four country profiles were

mainly as follows:

— The documentation of the existing cadastral datdehhds documentation of the existing
cadastral data model available (known) to publicacademia? Such documentation is
needed in order to include all the LADM classesilattes, relationships and code lists
where possible.

— The evaluation of the proposed LADM based countgfile. Should anybody from the
national mapping agency be involved in the procdsthe creation of the profile? The
participation of expert(s) who work daily in thelfi of cadastre could help especially in
situations when the deep knowledge of the cadasitets processes and the cadaster data
model is necessary.

— In which way the LADM based profile for your countivas created? On principle, there
are three main ways in which the LADM based couptgfile can be developed: (1) use
LADM classes, attributes, code lists and relatigmsivetween classes “as is”, (2) show an
inherited structure between the LADM and the emgstcadastre model, or (3) show a
mapping of elements between LADM and the existiadastre model.

— Differences in practice and national regulationsoi8d LADM country profile include
national legislation or common practice, or shatitbmbine both?

— Another issue appears here as well. Usually, nas possible to include all cadastral
classes defined in cadastral model in the pro$itesome selection must be done. Apart
from obvious choice like “cadastral parcel” or &las representing party or parties, the
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selection of many classes seems arbitrary. Thetiqueis who should be responsible for
this and how it should be done.

Furthermore, an intention of the paper is to staareexperience how the proposed country

profiles were further promoted and potentially usediven countries with similar history and

geographical location. The activity should not sadpthe moment when the LADM based

country profile is defined. To describe the furtbeomotion and usage of the country profile

the following questions were answered:

— How has the country profile been promoted to thdidm responsible for the cadastral
system development (e.g. national mapping agency)?

— Has any feedback from representatives of natiorgipimg agency already been received?

— Has the LADM based country profile already beenliadpn the production environment
in your country or is going to be applied in thentuiture, e.g. in the next five years?

To answer the possessed questions the use of tadiessand literature review was
considered. The four national case studies (Cro&mech Republic, Poland and Serbia)
describing the creation of LADM based country desfiwere explored in detail and also
other related works are referenced. These fouomalticase studies were selected due to the
similar history and geographical location of givesuntries. The important fact is that the
authors of the selected four LADM based countryfif@® were personally involved in this
research and contributed with their experienceeBam the shared common experietiee
conclusions regarding the development of LADM basedntry profiles and their further
application are given.

2. CREATION OF LADM BASED COUNTRY PROFILES

2.1 Croatia

— Is documentation of the existing cadastral data ehaalvailable (known) to public or
academia?
The documentation of the (physical) cadastral datalel is not publicly available. The
data of cadastre are provided in the Joint InfolmmatSystem of Land Registry and
Cadastre (JIS) which combine both land register addastre data. The JIS is a unique
system which will replace the current different atstses, cadastral data models and
associated applications in the cadastral officeshef State Geodetic Administration, as
well as the land register databases and applicatiothe offices of the municipal courts.
The State Geodetic Administration of the RepubfiCooatia implemented the JIS in all
cadastral offices in Croatia by November 2016 V¢wet al 2017). The LADM based
documentation of the (physical) cadastral data risdeublicly available through several
scientific papers (Mi¢ et al 2013) and one PhD thesis {w2015).

— Should anybody from the national mapping agencysiirilar institution responsible for
the cadastral system development) be involvedeiptbcess of the creation of the profile?
Several scientists from the State Geodetic Adnratistn was involved in the process of
the creation of the Croatian LADM profile.
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— In which way (according to the three possible wayantioned in the methodology) the
LADM based profile for your country was created?
At the conceptual level, for most of the classegtviare included in the Croatian LADM
based country profile it was possible to show thereritance from appropriate LADM
classes. Furthermore, the Croatian country profigtains some new classes (e.qg.
HR_OldCadastralSurvefpr cadastral municipality in which the survey waade between
the 1950 and the 2000 and is recorded in the aaddstt isn't recorded in the land book).

— Should LADM country profile include national legi8bn or common practice, or should
it combine both?
Croatian LADM profile has implemented currently idaregulations for the cadastral
procedures; Law on State Survey and Real Propeatya§ire (Official Gazette 2007),
Ordinance on subdivision and other geodetic rep@@ficial Gazette 2007a), Land
Cadastre Ordinance (Official Gazette 2007b).

Table 1. Compatibility overview between LADM and Cioatian Land Administration System

Classes that can be directly applied to the Classes that need to be changed to be suitable toe
Croatian land admistration system Croatian land management system
PartyMember Party
RRR GroupParty
Right BaUnit
Restrictior AdministrativeSourc
Responsibility SpatialUnit
Mortgage Level
SpatialUnitGrou LegalSpaceUTtilityNetwor
LegalSpaceBuildingUr
RequiredRelationshipSpatialUnit
HR_OldCadastralSurvey
TOTAL: 7 TOTAL: 10

— Usually, it is not possible to include all cadasteéasses defined in cadastral model in the
profile, so some selection must be done. Apart fsbmious choice like “cadastral parcel”
or classes representing party or parties, the d@acf many classes seems arbitrary. The
guestion is who should be responsible for this laomt it should be done?

Seven LADM classes specified in Table 1 (see abare) directly applicable to the

Croatian land management system, while ten classed to be adapted accordingly. Nine
of these ten classes originate from LADM, and oew rtlass HR_OldCadastralSurvey
was designed to describe particular situationshef @roatian land management system.
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The scientific and professional circles, which wishapply LADM in their work/practice
are responsible for this issue.

Surveying and representation package for the RapablCroatia is fully compatible with
LADM.

2.2 Czech Republic

— Is documentation of the existing cadastral data ehcalvailable (known) to public or
academia?
The documentation of the (physical) cadastral datalel is not publicly available. The
data of cadastre are provided, among others, iastead exchange format (NVF). This is
an ASCII file containing alphanumerical and graphidata. The exchange format was
designed to enhance the transfer of data betweemfiormation system of cadastre of real
estates and other data processing systems. The sN¥&¢umentation describes the
structure of the format. The documentation of N¥¢Fpublicly available but one can get
only the rough idea about the physical cadastra aedel from it.
From the physical cadastral data model would be thessible to get the conceptual
cadastral data model by using the reverse engimgeéianéka and Sotek, 2017). As the
LADM specifies a conceptual model it is importaothave the conceptual cadastral data
model to enable creation of the LADM based couptnfile.

— Should anybody from the national mapping agencysiirilar institution responsible for
the cadastral system development) be involvedeiptbcess of the creation of the profile?
The person from the Czech Office for Surveying, blag and Cadastre (COSMC) in
Prague patrticipated in development of the Czech MARased country profile. The Czech
Office for Surveying, Mapping and Cadastre is atomomous supreme body of the state
administration of surveying, mapping and cadastté Czech Republic.

As the (physical) cadastral data model is not abéel to the public, the participation of
this person having the deep knowledge of the physadastral data model in the process
of the creation of the profile was practically nesary for several reasons. At the
beginning of the work, he described all the dataliables and relationships among them.
Also the mandatory attributes (mostly containing talues from corresponding code
lists), their multiplicity and constraints were éoq@d. This served as a base for developing
a conceptual cadastral data model.

— In which way (according to the three possible wayantioned in the methodology) the
LADM based profile for your country was created?
At the conceptual level, for most of the classesctvtare included in the Czech LADM
based country profile it was possible to show thefreritance from appropriate LADM
classes. Furthermore, the Czech country profiletatns some new classes (e.g.
CZ_RightOfBuilding).

175
Karel Jan&ka, Jarostaw Bydlosz, Aleksandra RadutpuWikola Vwi¢, Dubravka Sladi and Miro
Govedarica
Lessons learned from the Creation of the LADM baSedntry Profiles

7" International FIG Workshop on the Land AdminisoatDomain Model
11-13 April 2018, Zagreb, Croatia



LADM package LADM class cl? Dependencies
- VersionedObject 1
LA_Source 1 0Oid, (as a minimum one of the specializations must be
implemented [LA_AdministrativeSource or
LA_SpatialSource]), LA_AvailabilityStatusType
Party Package Exist only if Administrative Package is implemented
LA Party 1 VersionedObject, Oid, LA_PartyType
LA_GroupParty 2 Oid, LA_Party, LA_GroupPartyType
LA_PartyMember 2 VersionedObject, LA_Party, LA_GroupParty
Administrative Exist only if Party Package is implemented
Package
LA RRR 1 VersionedObject, Oid, LA_Party, LA_BAUnit, LA_Right
(as a minimum, this specialization shall be
implemented), LA_AdministrativeSource
LA_Right 1 LA_RRR, LA_RightType
LA_Restriction 2 LA_RRR, LA_RestrictionType
LA_Responsibility 3 LA_RRR, LA_ResponsibilityType
LA_BAUnit 1 VersionedObject, Oid, LA_RRR, LA_BAUnIitType
LA_Mortgage 2 LA_Restriction
LA_AdministrativeSource 1 LA_Source, LA_Party, LA_AdministrativeSourceType,
LA _AvailabilityStatusType
LA_RequiredRelationshipBAUnit 3 VersionedObject, LA_BAUnNit
Spatial Unit
Package
LA_SpatialUnit 1 VersionedObject, Oid
LA_SpatialUnitGroup 2 VersionedObject, Oid, LA_SpatialUnit
LA_L egalSpaceBuildingUnit 3 ' LA_SpatialUnit
LA_LegalSpaceUltilityNetwork 3 LA_SpatialUnit
LA Level 2 VersionedObject, Oid
LA_RequiredRelationshipSpatialU 3 VersionedObject, LA_SpatialUnit
nit
Surveying and
Representation
Subpackage
LA_Point 2 VersionedObject, Oid, LA_SpatialSource,
LA_PointType, LA_InterpolationType
LA_SpatialSource 2 LA_Source, LA_Point, LA_Party,
LA_SpatialSourceType
LA_BoundaryFaceString 2 VersionedObject, Oid, LA_Point (if using geometry)
LA_BoundaryFace 3 VersionedObject, Oid, LA_Point (if using geometry)

2 Cl = Conformance level.

Figure 1. The classes for conformance Level 2 areighlighted in red rectangles, for Level 3 in blue

rectangles Jane’ka and Socek, 201§

Govedarica
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— Should LADM country profile include national legibn or common practice, or should
it combine both?
The new Civil Code (Act No. 89/2012 Coll.) was eeacwithin the Czech Republic in
2014. This new Civil Code encompasses numerousigiomg from other acts that were
recently repealed, e.g., the Flat Ownership A&,Abt on Association of Person, etc. It re-
introduces the former Czech legal terminology, Whwas gradually abandoned by the
Civil Codes of 1950 and 1964. The Property Law congmt regulates the tenure,
possession, ownership and co-ownership, encumbrdieceand heirship of real estate
property. Concordant with the adoption of the nemilCode, a new Cadastral Act (Law
Number 256/2013 Coll., the “New Cadastral Act”) wasacted as a basic legal
cornerstone of the cadastre of real estate of #eelCRepublic. The Czech country profile
reflects the national legislation, especially tlegvrCivil Code and new Cadastral Act.

— Usually, it is not possible to include all cadasteéasses defined in cadastral model in the
profile, so some selection must be done. Apart fsbaious choice like “cadastral parcel”
or classes representing party or parties, the g@acf many classes seems arbitrary. The
question is who should be responsible for this laow it should be done?

The table “A.1 The LADM conformance requirementblé¢d published in ISO 19152
(ISO, 2012) can help to answer the question whadastral classes should be included in
the national country profile. At the first stagetbé proposal of the LADM based country
profile one can check if all classes required fmnformance (with LADM) at Level 1 are
available in the national cadastral data model. T&eel 1 includes also the four main
LADM classes (LA_Party, LA_RRR, LA BAUnit and LA_&palUnit). It is also
necessary to check all the dependencies for evBBM. class as required by 1ISO 19152.
The same can be then done also for Level 2 and Beve

The country profile for the Czech Republic conta@mé of the necessary classes for
conformance at Level 2 (medium level) and meetsoélthe required dependencies as
mentioned in Figure 1 above. Furthermore, it atstt@&ins some classes from Level 3.

2.3 Poland

Even before the ISO 19152 was published, some woakgd on the Land Administration
Domain Model had been made in Poland. The effodetscribe main relationships within the
land register in Poland applying 1SO 19152 drafisien was presented in (Bydtosz, 2010).
The relationships between Land Administration Damdiodel and model of Polish cadastre
(both in draft versions) were investigated in (Bys#, 2012a), (Bydtosz, 2012b) and (Bydtosz
et al, 2012).

The first overall attempt to look at the Polish @sttlal model (Regulation, 2013) in the light

of the 1SO 19152 standard, when both of them hadecmto power, was made in (Bydtosz,

2013). The similarities and differences of both eiledvere presented there. The former are
application of UML notation and logic in construati of the Polish cadastral model. The
latter are different scopes of both models. Potiabdastral model concerns only cadastral
objects like land parcels, buildings, premises f(@pants) and their owners or tenants,
whereas Land Administration Domain Model scope udek land register and utilities, as

well.
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The first research after publishing 1SO 19152, wheADM was taken into account is
described in (Siejka et al, 2014). The simple medkdscribing real property register (land
register), land and building cadastre, utility adtructure and 3D+time cadastre were
presented there. We can notice that the LADM pbipby rather than LADM itself are
applied in this research.

The works concerning ISO 19152 were generally coteue for creating LADM based
profiles of Polish spatial infrastructure composerithe researches were conducted in two
directions. The first one concerns works perforrmadofficial model of Polish cadastre for
building LADM based Polish cadastral profile (Bystkp 2015). This research started from the
Polish cadastral model where the attributes indieci from LADM was investigated and
then classes names were proposed to include iprtige of Polish cadastre. Corresponding
LADM classes were included in the profile if iddigd. Then the main classes and
relationships between them were identified in thalisR cadastral model. After some
simplifications the final model of Polish cadastras built (Bydtosz, 2015). The advantage of
this work is strict liaison with official Polish dastral model. The disadvantage is that in the
present state the model itself concerns only ceglast land register and register of utilizes
are not included.

The second directions of works differs from thestfione. The LADM country profile for
Poland is built applying Land Administration Mod@hckages (Party Package, Administrative
Package, Spatial Package) as well as externalesla&ddz and Van Oosterom, 2015).
Generally, classes of official Polish cadastral slodre connected applying inheritance
relationships with LADM classes, there. This moidealso developed to present 3D-LADM
country profile (Gédz and Pachelski, 2014) and CityGML-LADM Applicatiddomain
Extension for cadastral purposes ¢@det al, 2014).

The strong point of models presented in the prevmaragraph is taking into account not only
classes from cadastral model but the classes feod (and mortgage) register as well as
register of utility networks. Applying LADM packageand inheritance from LADM classes
results in strong ties between them. The weak pa#eims to be rather poor projection of
Polish official cadastral model into presented ieofMoreover, at this stage, the profile
described in (G&lz and Van Oosterom, 2015) seems too complicated wberpared with
country profiles included in ISO 19152.

2.4 Serbia

— Is documentation of the existing cadastral data ehcavailable (known) to public or
academia?
The documentation of the cadastral data modeltipublicly available. In the information
system of the real estate cadastre, alphanumeaddata about rights) are separated from
graphic (spatial) data. GIS and CAD tools are uedthe transformation of analogue
cadastral maps into digital vector format. The alpimeric parts of the information
system for real properties in Serbia were implee@nh a DOS application, based on
FoxDbf tables for a significant part of Serbiarritery, while a small part of data is stored
in a Microsoft Access database. Data models inethhe® applications differ from each
other, with an evident absence of relationshipghia FoxDbf database. It is a non-
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relational data model. DBF tables contain both gmeésand history data and the
combination of six columns tells in which statehis certain row of data in the table. This
method of keeping track of changes in cadastre makaintenance of data and
establishing relations among data very difficulack cadastral office collects its data
which are stored in DBF files. The data dictionfmythe FoxDbf tables is available in the
word document, which we got from the mapping agency

From the physical cadastral data model and dateodary reverse engineering was used
to transform the physical model to a logical modéien the conceptual modeling was
performed to capture concepts in the cadastral dowéh the aim of developing a
standardized domain model. The developed concepiodkl was later transformed into
new physical model and relational database scheasagenerated from it. A tool for data
migration from DBF files to database schema wasld@ed as described in Sladit al
(2017).

— Should anybody from the national mapping agencysiirilar institution responsible for
the cadastral system development) be involvedeiptbcess of the creation of the profile?
Since the cadastral data model in Serbia is natadla to the public it was necessary to
work with a persons who know the domain and theteg data model itself. During the
development of the Serbian profile, we had a suppbthe employees of the Republic
Geodetic Authority. Existing documentation, a wsatabase and data dictionaries, as well
as a description of the existing model, code bstd dependencies between the tables were
delivered. After completion of profile it was presed to the employees of the Republic
Geodetic Authority. Several comments were receied later taken into account within
the data model.

— In which way (according to the three possible wayentioned in the methodology) the
LADM based profile for your country was created?
Existing data model encountered with big changesesit was created by the concept of
the real estate folio, a legacy analogue docuntett ¢onsists of four sheets. The “A”
sheet contains data about one or more parcels‘B’hsheet contains data about parties
which have rights over parcels from the A sheete TW” sheet contains data about
buildings and parts of buildings, such as apartmant business offices, which are located
in parcels listed in the A sheet, together withadabout their rights. The “G” sheet
contains data about restrictions on real propedifined in the A and V sheets. Since
these sheets are not actual concepts of any caedastrfirst step in creating a new domain
model was the formation of a conceptual model efréal estate cadastre for Serbia. Next
step wago analyse the possibilities of fitting the resulticgnceptual model in LADM on
the low level. Final step was development of congpfgerbian profile with all classes and
attributes and testing the conformity to the LADM medium and high level. This step
was done by displaying the inheritance betweenseksand adding new classes
(RS_PartOfParcel, RS_Easement, RS_Notice).

— Should LADM country profile include national legisbn or common practice, or should
it combine both?
As mentioned, existing data model in Serbia is tame concept of real estate folio in
which one folio consists of more real propertiethvit rights and restrictions. This is how
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the Law on State Survey and Cadastre and the Ragst of Rights on Real Estates

Cadastre (1992) defined the real estate folio. Hewethe current Law on State Survey
and Cadastre (2009) defines a real estate folaatsabout a single real property together
with its rights and restrictions. This is big dié@ce since it affects the way of forming

implementation schema particularly and maintairtimg real system itself. On conceptual

level this was done by changing the multiplicity @ass that represents real property from
1.*to 1.

— Usually, it is not possible to include all cadasteéasses defined in cadastral model in the

profile, so some selection must be done. Apart fsbwious choice like “cadastral parcel”
or classes representing party or parties, the d@acf many classes seems arbitrary. The
guestion is who should be responsible for this laomt it should be done?
The abstract test suite, defined in Annex A of tB® 19152 standard, specifies the
requirements that the development of the countofilprhas to meet in order to conform to
this standard. All LADM classes were tested andrésellt is shown in the table 2. Table 2
shows the mapping of the Serbian conceptual mdd&dl)M classes, and the resulting
Serbian country profile classes. The level of comfance to LADM is also shown. The
Serbian country profile conforms to all classesifritie low and medium level, and to four
of the six classes from the high level of conforgen

Table 2. LADM conformance and mapping table for theSerbian country profile (Radulovi¢, 2017)

Serbian . . Conformanc
Conceptual LADM Class Serbian Profile Class
Data Model e Level
Cast LA_Source RS_Sourc 1
Party package
Parties LA_Party RS_Party 1
- LA_GroupParty RS_GroupParty 2
- LA_PartyMembe RS_PartyMemb 2
Administrative Package
- LA_RRR RS_RRR 1
Rights LA_Right RS_Right 1
Restriction: LA_Restrictior RS_Restrictio 2
Restriction LA_Restrictior RS_Notice 2
Restrictions LA_Restriction RS_Easement 2
- LA_Responsibility - -
sea'EStatEFc LA_BAUnit RS_BAUnit 1
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Serbian

Conceptual LADM Class Serbian Profile Class Conformanc
Data Model e Level
Restriction LA_Mortgage RS_Mortgag 2
Case LA_AdministrativeSource RS_AdministrativeSeurc 1
- LA_RequredRelationshipBAUnit RS_RequredRelatigpBAUnit 3
Spatial Unit Package
RealEstat LA_SpatialUni RS_Spatialun 1
Parcel LA_SpatialUnit RS_Parcel 1
PartOfParcel LA_SpatialUnit RS_PartOfParcel 1
Building LA_SpatialUni RS_Building 1
Cadagtra . LA_SpatialUnitGroup RS_SpatialUnitGroup 2
Municipality
gartOfBuildir LA_LegalSpaceBuildingUnit RS_PartOfBuilding 3
Pipeline LA_LegalSpaceUtilityNetwor RS_LegalSpaceUtilityNetwo 3
- LA Level RS _Level 2
_ !;A_RequredReIationshipSpatiaIUn !?S_RequredReIationshipSpatiaIl N,

i i
Surveying and Representations Subpackage
- LA_Point RS_Poin 2
Cast LA_SpatialSourc RS_SpatialSourt 2
- LA_BoundaryFaceString RS_BoundaryFaceString 2

LA_BoundaryFace

3. DISSEMINATION AND NEXT USAGE OF LADM BASED COUNTRY
PROFILES

3.1 Croatia

— How has the country profile been promoted to thdidm responsible for the cadastral

system development (e.g. national mapping agency)?

The country profile (and the idea of the 3D Cadgsis promoted mostly at international
scientific conferences and in international sci@ngournals and also at few national

conferences.
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— Has any feedback from representatives of nationalppimg agency already been
received? Are benefits of adopting the LADM bagefilps taken into account?
The author of Croatian national profile (Nikola &/¢) works for Croatian Office for
Surveying, Mapping and Cadastre (State GeodeticiAidtration) and in general promote
LADM country profile as important fact in land admstration. There are some benefits of
adopting LADM - standardization, better evidenagd Aarmonization at EU level.

— Has the LADM based country profile already beenligppin the production environment
in your country or is going to be applied in theanéuture, e.g. in the next five years?
The Croatian LADM based country profile enablecctonpare the current cadastral data
model with LADM. The profile could be potentiallyxtended to support the
implementation of future 3D cadastre in practicd anstate evidence. The World Bank
insists on data models based on the LADM in the@ana&tion of the new loan (2018-2021)
for improving cadastre and land registry (ILAS pa). The Integrated Land
Administration System Project (ILAS Project) in tiramework of the Organized Land
national program is a follow-up to successfully gdeted Real Property Registration and
Cadastre Project (RPRC Project) which was impleatenby the State Geodetic
Administration (SGA) and Ministry of Justice. Thgiu the RPRC Project, the two
institutions together with their cadastral officasd land registry offices, successfully
completed the first phase of the land administrateform. Above mentioned loan is the
third phase of the land administration reform.

3.2 Czech Republic

— How has the country profile been promoted to thdidm responsible for the cadastral
system development (e.g. national mapping agency)?
The country profile (and the idea of the 3D Cadgss promoted mainly in two ways: (1)
presentations at national conferences with padi@p of representatives of COSMC and
(2) on the basis of the interviews with represeveatof COSMC.

— Has any feedback from representatives of nationalpping agency already been
received? Are benefits of adopting the LADM bagedilps taken into account?
The official representative of the Czech Office ®urveying, Mapping and Cadastre
referred during her speech at the conference XXitilernational Poland-Czech-Slovak
geodetic days (18. — 20. 5. 2017, Warsaw, Polandhe article by Jarka and Soéek
(2017) describing the creation of the Czech LADMéxh country profile. It is important
that the research results from academia are tak&n account and cited by official
representatives of COSMC. The benefits of adoptivegLADM based profile were also
mentioned in this speech, especially the fact tRddM based profile can incorporate the
support for registration of 3D spatial units ansbaknables international cooperation.

— Has the LADM based country profile already beenligppin the production environment
in your country or is going to be applied in theanéuture, e.qg. in the next five years?
The Czech LADM based country profile enabled to pare the current cadastral data
model with LADM. The profile could be potentiallxtended to support the registration of
3D spatial units in the future, and it could alsove as the basis for an extension of the
current data model of the cadastre in a standatdizg .
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3.3 Poland

As one can notice there has been quite a lot of MAlased researches in Poland. As it is
mentioned before they were conducted independeggiyerally in two directions, with

differing approach. We can acknowledge that theaehes were generally conducted in
academia. Although, one of researchers used to worRolish geodetic administration

(GUGIK), the researches on LADM were generally madd@ependently as a scientific

activity, not as a government work. The Polish Cattem for Standardisation (PKN)

performed usual activities concerning ISO 19152céatance and publishing). Presently,
there is some interest concerning Land AdminisiraiDomain Model and it seems quite
possible that the Technical Committee 297 (Geogdcapifiormation) of the Polish Committee

for Standardisation is going to participate in fetuworks concerning ISO 19152
development.

3.4 Serbia

— How has the country profile been promoted to thdidm responsible for the cadastral
system development (e.g. national mapping agency)?
The country profile has been presented to the eyapkin national mapping agency who
were involved in the cadastral system development maintenance and with who we
collaborated during the development of data model.

— Has any feedback from representatives of nationalppimg agency already been
received? Are benefits of adopting the LADM bagefilps taken into account?
The board of Republic Geodetic Agency agreed on dbeceptual model, and only
remarks were on the implementation level. Howeiteseems that the adoption of LADM
is not their priority, and the Strategy only mengat as “international trend in geodesy”.
The mapping agency is mostly focused to develogw oadastral information system
(especially the part containing legal data, usuadferred to as land register), since the 30
years old legacy system is no longer capable tpores to increasing users and market
demand and to integrate to e-Government environrfamtelopment of e-Government
services and digital society is considered as dnieeogovernment priorities in general). In
a new law on cadastre that is planned for 2018reatgr use of electronic services is
foreseen, but the current system is not fully ofi@nal to support it.
LADM benefits were taken into account and LADM baigwofiles can produce benefits
for the land administration systems (improvementslata and process models). LADM
also provides support for three-dimensional (30gresentations and 3D registration of
rights, so the creation of a country profile forri8a is a starting point toward a 3D
cadastre. Given the existence of buildings withrlaygping of rights and restrictions in 3D,
considering expanding the spatial profile with 3&metries is necessary.

— Has the LADM based country profile already beenligppin the production environment
in your country or is going to be applied in theanéuture, e.qg. in the next five years?

The development of the new cadastral informaticstesy in Serbia based on a new data
model is planned by the national mapping agendiipagh the timeframe and weather it
will be based on LADM country profile is not knowHowever, since the development
and implementation of the new data model is necgsaad already planned by the
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mapping agency, the cost to apply the LADM basednty profile in the production
environment will not cause significant additionabts.

4. DISCUSSION AND CONCLUSION

4.1 Creation of the LADM based country profiles

To fully understand the international standard li8© 19152 LADM requires not only the
technical knowledge (e.g. principles of data madgliUML notation, etc.) but also deep
knowledge of the domain of cadastre. Thereforeamteonsisting of members from various
sectors (academia, government, industry) could weny well. As the data model of the
cadastre is not always available to public (inclademia), the experience of professionals
who utilize the cadastre on a day-to-day basigeessary, as it helps to better understand not
only the data model itself, but also the relateatpsses (e.g. data from external sources).

On the principle, for countries with the well-demeéd cadastral systems, the LADM based
country profile could be created in the way that alemonstrates an inherited structure
between LADM and the existing cadastral model. Tikisalso the case of all the four

elaborated countries. The LADM is regarded as @epiual data model that enforces certain
relationships between the entities. The first dtegreation of the LADM based country

profile is to describe the existing physical dataodel (tables, attributes, code lists,

relationships), the existing cadastral data strestare formulated in UML. The methods for
reverse engineering can then be used to get frenphigsical data model into the conceptual
data model to enable depicting the inheritance éetwthe existing classes and LADM

classes. In this way, i.e. considering the cureadastral data model, the created LADM
based profile has a strict liaison with officiabeatral model.

The created profile could then be extended fornie classes which have no equivalent in
LADM. These classes enable to capture all the rements coming from legislation of
particular country. This is also the case of elatet LADM based country profiles. Later on,
the LADM based country profile can be also extenfts/dLADM classes which have no
corresponding class in the existing cadastral daddel. For example, if the utilities are not
(but are going to be) registered in the cadastrdient LADM class
LA_LegalSpaceUtilityNetwork can be considered as #xtension of the created LADM
based profile. Another example, in case that lagmh will allow for registration of 3D
spatial units, the LADM class LA_BoundaryFace Wil most probably considered.

4.2 Dissemination of the profiles

The described LADM based country profiles were poted via scientific journals or
international conferences. Such activities are eded could be used as a type of guideline
for others conducting or planning a similar acyivieurthermore, the profiles were promoted
at the regional or national level. These dissenonadctivities are of the same importance as
it is also important to present the ideas of the czldastre and LADM to the government
bodies responsible for the cadastral system denwdap It is understandable that the official
representatives of these bodies are often sayatghire are still many issues to be solved in
the existing 2D cadastre, but the arguments for 3Be cadastre should be continually
presented. The creation of the LADM based countofilp could be one of the first steps on
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the way to establish the 3D cadastre as there tarebénefits of adopting LADM — a
standardization, support for registration of 3D tgpaunits and harmonization at
international/EU level.

The described profiles were compared with existoaglastral data models. It can be
concluded that LADM based profiles of the examinedntries contains the necessary classes
for conformance Level 2 (medium level accordindhte ISO 19152 LADM) and even some
classes for the Level 3.

Based on the defined LADM based country profilestew cadastral systems can potentially
be developed or further modified/extended in adaadized way. The World Bank insists on
data models based on LADM in the preparation ofrtbe loan (2018-2021) for improving
cadastre and land registry. In Croatia, the Intiegrd.and Administration System Project
(ILAS Project) in the framework of the Organizedndanational programme is a follow-up to
successfully completed Real Property Registratiod &adastre Project (RPRC Project)
which was implemented by the State Geodetic Adrtratisn (SGA) and Ministry of Justice.
Through the RPRC Project, the two institutions tbge with their cadastral offices and land
registry offices, successfully completed the fipfiase of the land administration reform.
Above mentioned loan is the third phase of the &shahinistration reform.

Even the LADM based profiles have not (yet) beerplemented in the production

environments, the situation might be different Ire tfuture. In the Czech Republic, the
Strategy for the BIM implementation was approvedts Czech government. From 2026 the
Czech Office for Surveying, Mapping and CadastreliBged to ensure the reusing of the
BIM data for 3D cadastre purposes. It can be eggethat this Strategy will enforce the
change in the existing cadastral data model towtrdsregistration of 3D spatial units. In

Poland, presently there is interest concerning LARBKD the Technical Committee 297
(Geographic Information) of the Polish Committee Standardisation is going to participate
in future works concerning ISO 19152 developmemtSérbia, the development of the new
cadastral information system based on a new datehi® planned by the national mapping
agency. Despite the fact that it is not known & tiew system will be based on LADM it is

important to have Serbian LADM country profile daeble and to argue that its

implementation in the production environment wilbpably not cause significant additional
costs. However, the further research dealing wiibM implementation should elaborate

more on the cost analysis, especially in case V@iespatial units are going to be included in
the profile and implemented in practice.
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