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ABSTRACT

In land administration, spatial data manegement plays the important role of defining physical characteristics of
land parcels in an accurate and discernible manner. A complementary part of spatial data infrastructure (SDI)
is an effective information infrastructure that serves as the backbone of the land administration system. The
paper provides a framework that supports adoption of spatial data modelling based on Land Administration
Domain Model (LADM) for Turkish Land Administration System (TLAS). For this purpose, a spatial and
non-spatial data model based on LADM is designed concerning the single space units subject to condominium
in Turkey. The proposed data model is more comprehensive, capable of organising a wider range of spatial
data, and should facilitate wider exchange of land information. The model is unique because it can support a
very wide range of spatial units. Furthermore, the model was developed to help establish a national spatial
data infrastructure LADM-based. To conclude, the developed model is a standardised model that could be
used for local and international exchange of spatial and non-spatial data concerning land administration
matters.

Keywords: Spatial data infrastructure, spatial data modelling, LADM, Turkish Land Administration System.

1. INTRODUCTION

Information models will enable efficient production, maintenance and use of suites of
interoperable, standards based foundation spatial data [1,2] further explained that land
administration (LA) is presently moving towards information management stage using
information system especially to revolutionise collection, management, presentation and use of
spatial information. LA includes both spatial-based information, e.g. on land parcels, and
administrative-based information (non-spatial), e.g. ownership rights [3,4]. Moreover, LA has
crucial relationships with other key registers in the SDI, some of which are spatial data, e.g.
buildings or topography while others include non-spatial data, such as names of persons or
campanies, addresses.

SDI is a “collection of technologies, policies and institutional arrangements to facilitate the
availability of and access to spatial data.” This includes cadaster, land administration and land
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planning application s. Typical components of an SDI have also remained unchanged: (i) a
repository of land and spatial data; (ii) a network; (iii) a geographic information system (GIS) for
data handling and viewing [5]. The increase demand in land used and land activities all over the
world had made the land administration and management became complicated. The increase in
complexity of land required that LADM concept in land administration has an improved capacity
to manage the existing 2D/3D [6].

The LADM makes easier to understanding the significance of data modelling in the domain of
land, land administration and land management. The aim of LADM is to provide an extensible
basis for the sustainable development and refinement of effective LA systems. The LADM is also
a common language, which can support in development of tools for data exchange in and
environment of SDI [7]. Based on this, the LADM could be used to document common aspects
of land administration systems all over the world and contribute to sharing experiences and
promoting good spatial data modeling practices [8]. Therefore, this study is a preliminary analysis
of the necessities and requirements needed for implementation of spatial and non-spatial data
modelling based on (LADM) land administration domain model. The data model developed based
on LADM was used to store and manage both the spatial data and non-spatial data related to
condominiums.

This study aims at presenting the concepts of LADM for the Turkish land administration
country profile to harmonize spatial and non-spatial data for land registration in Turkey. Current
studies mainly suggest new registration models and measurement systems for the representation
and management of 3D cadastral data. Our study identifies the existing data structure, database
and functionality gaps that are required to be resolved for the implementation of a spatial and
non-spatial data management system in Turkey. This paper is structured as follows: Introduction
(including spatial and non-spatial modelling in land administration) in section 1; an overview on
Turkish Land Land Administration System (TLAS) (including cadastre and land registry) in
section 2; Spatial and Non-Spatial Data Modelling in LADM Perspective in section 3; Case Study
(including design spatial and non-spatial data model based on LADM for Condominium) in
section 4; and finally in section 5 Discussions and conclusions.

2. TURKISH LAND ADMINISTRATION SYSTEM (TLAS)
2.1. Cadastral System in Turkey

The goal of existing cadastre system in Turkey is: “indicating the borders of immovable
properties on the land and map, depending on the cadastral and topographic cadastral map of the
country by country coordinate system, and determining their legal status; thereby establishing the
deed registry as assumed by Turkish Civil Law No. 4721, and building the infrastructure of
spatial information system”.

Cadastre system in Turkey includes cadastral mapping with land registry [9,10] and cadastre
in Turkey is executed as two-dimensional and parcel-based [11]. Currently, the cadastre works in
Turkey are executed by General Directorate of Land Registry and Cadastre in accordance with the
Cadastre Law No. 3402 and Law on Change in Cadastre Law No. 5304. Title deed registries in
Turkey are recorded by the title deeds registry office and the maps by directorate of cadastre.
Two-dimensional graphic representations of many rights and limitations are available.

98% of two-dimensioned cadastre of Turkey has been completed [12]. Varied measurement
methods (e.g. photogrammetric, orthogonal, tacheometric, graphic) and different coordinate
systems and scales were used during these works [11]. As the result of cadastral works started in
the beginning of 1900s, 9% of cadastral information was produced in graphic (not coordinate
dependent), 14% in local coordinate system, 53% in ED50 coordinate system and 24% in ITRF
coordinate system (Figure 1) [12]. Today, cadastral map sheets produced in different systems
have been digitized and transformed into the country coordinate system. Digital mapping couldn't
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be completed due to such different techniques and coordinate systems for cadastral structure used
in time. Also available legal regulations don't give opportunity for the renewal of cadastre.

mED50 mIRTF mLOCAL m=mGRAPHIC
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Figure 1. Distribution of cadastral data prepared in different coordinate systems [13].
2.2. Land registry-land book in Turkey

Turkish land registry system is consist of main and auxillary registers. Main registers are (1)
land registry (in Turkish: Tapu kiitiigii), (2) condominium registry (in Turkish: Kat miilkiyeti
kiitligii), (3) transaction registry (in Turkish: Yevmiye defteri), (4) legal documents (in Turkish:
Resmi belgeler). Real property records are kept page based in land book. There are two pages for
each real property in the land book (Figure 2) and all the information about the real property
(land parcel, individual and permanent rights) is recorded individual page of the land book.
Condominiums related to spatial units are recorded in condominium registery which are a special
part of land books. Transaction registry keeps transaction related detailed information by
recording time (eg. hour and minute) that the transaction took placing. Legal documents about
real property are authenticated contracts, plans, court decisions etc. related to the land title
transactions.

Auxilary registers comprise of (1) ownership registries (in Turkish: Mal sahipleri sicili), (2)
deposals registry (in Turkish: Aziller sicili), (3) corrections registry (in Turkish: Diizeltmeler
sicili), (4) public goods registry (in Turkish: Kamu orta mallar). Owner registry shows all
recorded the real property which belong to an owner. It is recorded based on owners names so
that the see the previously and currently owned estates of an owner. Deposals registry records
deposed legal representatives. Correction registry provides information about of reason of
correction that made in land books. Public goods registry records village or municipality name
and area of the land (eg. prairie, pasture, lea) which is allocated to the public.
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Figure 2. Registry pages of land book [14].

3. SPATIAL AND NON-SPATIAL DATA MODELLING IN LADM PERSPECTIVE
3.1. Brief Review of 1SO 19152 Land Administration Domain Model (LADM)

The Land Administration Domain Model (LADM) received ISO official approval as an
official International Standard on 1st November 2012, as 1SO 19152:2012 [15]. LADM among
other features, defines terminology for LA, based on different national and international land
administration systems. The terminology allows a shared description of different formal or
informal practices and procedures in different jurisdictions.

LADM will serve two goals, mainly [16] :

1. Provide a basis for the sustainable and effective development of LA systems;
2. Enable involved parties, both within one country and between different countries, to
communicate, based on the shared vocabulary (that is, an ontology).

At the same time, LADM defines a reference model, covering basic information-related
components of LA. Basic components relate to the following [16] :

1. Parties (eg. organizations and people ).

2. Basic administrative units, responsibilities, rights and restrictions related to ownership
rights;

3. Spatial units (eg. parcels, utility networks, legal space of buildings)

4. Spatial sources subpackage (surveying).

5. Spatial representations subpackage (geometry and topology).

The Party Package consists of two subclasses. A Party can be a person, whether natural or
juridical (i.e., a legal entity), or a group of persons identified in a transaction of rights relative to a
BAUnit. A Party may be part of a Group Party and a Group Party may be a Party [17].

The administrative package (see Fig. 3) concerns the abstract class LA RRR (with its three
concrete subclasses LA_Right, LA_Restriction and LA_Responsibility), and class LA_BAUnit
(BasicAdministrative Unit). LA_BAUnit (basic administrative unit) allows the association of 0-N
spatial units to Party against which a unique and homogeneous RRR is associated.

The Spatial Unit Package illustrates the physical entities of a land administration system. The
package interests the classesLA SpatialUnit, LA SpatialUnitGroup, LA Level, LA
LegalSpaceNetwork, LA LegalSpace-BuildingUnit and LA RequiredRelationshipSpatialUnit [18]
(Figure 3).
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The Surveying and Spatial Representation Package describes the spatial representation of a
land administration system and the survey techniques used (Figure 3).

Pﬂﬂyi: LA_PW @ Spatial Unit::

Party:: Legal Body | - Hé M Q
Spatial Unit:: Spatial Unit:: (LA_Parcel)
e e it m
, S—
| Spatial Unit:: I I Spatial Unit:: |
L AL

Basic Classes of LADM
LA_SpatialUnit

LA _BAUnit

e

Figure 3. Basic classes of LADM [19].

The land administration has a key role in the establishment of a spatial/geographical data
infrastructure. This importance of the land administration allowed a world-class LADM to be
developed, spatial data standards to be developed [20] and basic classes and sub-classes to be
determined [21] (Figure 3). UML class diagrams are used for the design of LADM data model.
The model was divided to packets (components) during the design phase by grouping objects with
different properties.

The basic data structure of LADM was developed in order to meet the demands of many
different land administration systems (LAS) throughout the world. Thus the model allows
representing spatial objects independently from geometry, and managing ownership, limitations
and responsibilities in terms of data management holistically within the LAS [22]. Especially the
rights called Rights, Restrictions, Responsibility (RRR) concerning land use, and modeling the
relationship between the land and person are important. In this context, ISO 19152 standards were
used for the LADM. The LADM's structure has characteristics that are applicable and integratable
in many areas concerning the establishment of a spatial data infrastructure (SDI) for cadastre
applications [23].

Moreover, SDI plays a key role in integrating many applications concerning ownership with
LADM: Thus, LADM is very important to integrate the data from different LASs [21]. Thus,
LADM allows data types and contents to be defined under standards in the context of the SDI that
is generally created for land administration. The purposes of developing standards for AITM are
4-fold; (1) Creating an international common data sharing network within the model, (2)
supporting software development for spatial land management and modeling under the Land
Administration, (3) ensuring the modification and transformation of cadastral data under the LAS,
(4) ensuring and maintaining data quality under the LAS [24, 25].
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3.2. Spatial Data Modelling in LADM

The LA_SpatialUnit class was defined to represent spatial data during the design of LADM
(Figure 4) . The most important property of this class is that it can represent 2 dimensional (2D), 3
dimensional (3D), and objects between the two (2.5D, liminal). This property is controlled
through the dimension attribute. The data type of this attribute is LA-DimensionType and is
defined in the LADM (Figure 5).

class Spatial Unit Package/

SpatialU::LA_RequiredRelations hipSpatialUnit

]

J:LA_SpatialUnitGroup SpatialU::LA_SpatialUnit SpatialU::LA_Level
SpatialU::LA_LegalSpaceNetwork SpatialU:LA_LegalSpaceBuildingUnit

Figure 4. Classes of Spatial Unit Package [26].

Another important contribution of LADM to spatial data management is the LA_Level class
that allows the management and visualization of the relationships between spatial data
(topological, geometric, visual) (Figure 5). Thanks to this class, spatial units in different types (for
example parcels, buildings, infrastructure facilities) and spatial units with different data structures
(for example, text, point, unstructuredLine, polygon, topological) can be related in the same layer
(level) and managed and visualized together.

VersionedObject
VersionedObject «invarants D /e ed
«FeatureType» f structure = text than |- - - - - «Feature Typex»
Party:LA_Party geometryrtopology is SpatialU:LA_Lovel
optional} TR
- D: ExtParty (0.1 :
ety L&P.mnvvyl” 1 T + name: CharacterString (0..1]
+ role: LA _PartyRoleType [0.."] SRR + type: LA_LevelContentType [0..1]
+ name: CharacterString [0..1] «FeatureTypex» + structure: LA_StructureType [0..1]
Admin::LA_RRR + registerType: LA_RegisterType
+pany | 0.1 =
+mr| + description: CharacterString [0..1] +level | 0.1
+ share: Rational [0..1]
0.%+ shareCheck Boolean [0..1] Riilns
+ timeSpec: ExtTime «FeatureType» «invariants \
- AdminzLA_BAUnit {if dimension = 3D than
s [ Staunit Srocture in L Level
[ o5 ety s s 19:11 can be toplogical,
- | - i olygon, unstructured or
VersionedObject 0.~ | oa :onm w s
«FeatureTypes | ____ I: D
Admin:LA_RequiredRolations hipBAUNit g < :
+ relationship: 1SO19125_Type (0..1] e e e e e | 0s -
0.* "
N o VersionedObject|
Topology relationship «FeatureType» = ’
1SO19125_Type as defined o SpatialUz:LA_SpatialUnit ot i
5019128 Spatialu:: + address ExtAddress(0..']
LA_RequiredRolationshipSpatiatunit | — — — + area: LA_AreaValue [0..]
o -]+ dimension: LA_DimensonType [0..1
+element + relationship: 1SO19125_Type [0..1] + label: CharacterString [0..1]
1. + referencePoint: GM_Point [0..1]
e + =lD: Oid
s Object] +ect +element |+ volume: LA_VolumeValue (0.."]
k08 «FeatureType» == T
SpatialU::LA_SpatialUnitGroup

+ susiD: Oid ?
+ hierachyLevel: Integer
+ label: CharacterString [0..1] «FeatureTypex
+ name: CharacterString [0..1) SpatialU:LA_LogalSpacoNotwork AieetumTypas
+ referencePoint: GM_Point (0..1]
ink 0
7 ~ - LA_BuildingUnitType (0..1)
type: LA_NetworkType [0..1] LA_I
status: LA_NetworkStatusType [0..1] SRRuildingUniiD: Oid [0..1)

belowSurface: LA_NetworkevelType [0..1]

B

getGeometry() - GM_Geometry

Figure 5. Spatial representation of spatial units [3].

1086



Design Spatial and Non-Spatial Data Modelling ... / SigmaJEng & Nat Sci 36 (4), 1081-1095, 2018

The abstract LA_SpatialUnit class that represents spatial units in the LADM design has four
different sub-classes with different properties. These sub-classes are LA_Parcel that represents
cadastral parcels, LA_Building that represents the construction areas of buildings (2D and 3D),
LA_BuildingUnit that represents independent units and LA_Network that represents linear
infrastructure facilities (Figure 6). Since these four classes contain all the properties of the
LA_SpatialUnit basic class (defined with their attributes), they are modeled as the sub-classes of
this class. The unique (non-shared) attributes of these classes (that are not included in the
Al_SpatialUnit class) are defined separately in each class. LA_Building and LA_SpatialUnit
classes represent closely related buildings and spatial units, and the special relationship they
represent is shown in the model by a connected relationship (Figure 6). This relationship means
that independent units cannot be spatially defined without the building.

«Feml'e'ryp:»- <<FeatureType>>
Spatial Unit;LA_SpatialUnit Spatial Unit:LA_Building
LA 4

+ extAddressD: Oid [0. + buildingUnitiD: Oid [0.."]

+area; LA_AreaValue : [(;] +type:LA_BuildingUnitType [0..1)

+dimension: LA_DimensionType [0..1] + partof

<<FeatureType>> ———>{ +label:CharacterString [0..1)
Spatial Unit:LA_Parcel + referencePoint: GM_Point [0..1]

+sulD: Oid
+ parcellD: Oid [0..1] +volume: LA_VolumeValue [0..]
+ parcelType:CharacterString [0..1]
+ area:Areavalue [0.%]
+ sectionNumber. Characterstring [0..1)
+ blockNunmber: CharacterString [0.. 1] + element
+ parcelNumber: CharacterString [0..1
+ address: CharacterString [0..1]

<<Feature
Spatial Unit:LA_BuildingUnit
+ hirerachyLevel: Integer
<<FealureType>> +label Characterstring [0.1]
Spatial Unit::LA_Network + name:CharacterString [0..1)
+ referencePoint: GM_Point [0..1]
+ parcellD: 0id [0..1] +sugID: Oid

Figure 6. Sub classes of LA_SpatialUnit class.
3.3. Non-Spatial Data Modelling in LADM

Persons who are involved in all operations concerning registered spatial units, information
concerning the Right-Restriction-Responsibility activities and liens of the spatial unit subject to
registration, and all administrative activities are defined as non-spatial data. LA_Party, LA_RRR
and LA_BAUnit classes are defined in the LADM to represente these data. LA_Party class is
defined to represent persons who are involved in land administration in LADM. As can be
surmised from the data type of the Party Identity attribute of this class (External Party), it is
expected to provide the private and legal entity data from external data sources. Private persons,
legal entities and groups having no legal entity but consisting of members can be represented with
the LA_GroupPartyType attribute (for example family, tribe and communities) (Figure 7).
Farmer, notary, surveyer, creditor, etc. persons who are involved in land administration are
represented with the attribute LA_GroupPartyRoleType.
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class LADM_Party /s
VersionedObject| 0--1 baunitAsParty
«featureType»
Party::LA_Pa
— ':np "”;V" +party +a) VersionedObject
+ e 2 al K
«featureType»
+ npame: CharacterString [0..1] | 0..1 0.~ N
+ pID: Oid Admin::.LA_RRR
+ role: LA_PartyRoleType [0..%] descriplion: CharacterSting [0..1]
+ ftype: LA_ParyType share: Rational [0..1]

4+

shareCheck Boolean [0..1]

tparties | 2.7 timeSpec: 1SO14825AnnD_Type
VersionedObject, +r | 1.0 0.1
afeature Typen VersionedObject
Party:LA_PartyMember «featureTypex»
+ share: Rational [0..1] et oA BAUNR
. o.- 1|+ name: CharacterSting [0..1]
group - — + type: LA_BAUNItType
VersionedObject *baunit |+ uID: Oid
«feature Typex»
B constraints
Party:LA_GroupParty {sum(RRR share)=1 per type if RRR shareCheck}
+ grouplD: Oid
+ type: LA_GroupPartyType
«codeList»
constraints Party::LA_PartyRoleType
{sum(LA_PartyMember.share)=1 per group}
+ conveyor
+ notary
+ writer
«enumeralion» «codelig» + surveyor
Party::LA_PartyType Party: + cedifiedSurveyor
LA_GroupPartyType ji bank
k + moneyProvider
+ naturalPerson + tribe + employee
+ nonNaluralPerson + association + farmer
+ baunit + family + citizen
+ group + baunitGroup + datcAdminigtrator

Figure 7. LADM Party package classes [26].

The LA_RRR abstract basic class is defined to represent rights (ownership), restrictions and
responsibilities concerning the objects registered in the LADM. (Figure 8). This class has three
important attributes [27,28]. The first one represents the share (share attribute) ratio for the rights,
restrictions and responsibilities. The data type of this attribute (Rational) allows the dividend and
denominator values that are traditionally recorded to be saved (Figure 8). The second attribute is
the time period (timeSpec) attribute that is designed to record the validity periods of rights
(ownership), limitations and responsibilities (Figure 8). This attribute allows timeshare
applications and allows an important flexibility for managing future time-limited land use rights.
The third attribute is the share check (sharecheck) attribute that emphasizes that the total of share
ratios on the immovable must be 1 (Figure 8). LA_Right, LA_Restriction and LA_Responsibility
classes are sub-clases of the LA_RRR class. In addition to the attributes they inherit from the
basic abstract class, these classes can represent the right (ownership), rectrection and
responsibility types with the type attribute they each have (Figure 8).

A BAUNniIt (used an abbreviation for basic administrative unit package) is an administrative
entity comprise of zero or more spatial units (eg. parcels) against which one or more rights,
responsibilities or restrictions are related, as contain in LA system. An example of a BAUnit is a
basis property unit with two spatial units (e.g. an apartment and a garage) with same RRRs and
parties attached (e.g. single owner) [29].
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Class LADM_Admin
LA_Source
«featureTypes
Admin:LA_AdministrativeSource
+ avallibilityStatus CharacterString «invariant»
+ purchasePrice: Cumency [0..1] {share must be specified. unless thisis
VersionedObject + text: MultiMediaType [0..1] meaningless for the specific type (indicated by
T + type: LA_AdminastrativeSourceType shareCheck=false: in this case constraint ‘sum
SieskuaTypas (RRR share) = 1 per type' can not be applied)}
Party:LA_Party Souce] 1T - :
+ extPID: ExtParty [0..1] o | '
+ name: CharacterString [0..1] | o 4 wnr
+ plD: Oid VersionedObject
+ role: LA_PartyRoleType [0.Ifpary o - T Sy
+ type: LA_PartyType Admin::LA_RRR

+ description: CharacterString [0..1] e SaURR VersionedObject

+ share: Rational [0..1] P = «featureType»
+ shareCheck Boolean [0..1] Admin:LA_BAUnit
+ timeSpec: I1SO14825AnnD_Type

+ name: CharacterString [0..1]
+ type: LA_BAUnitType
+ ulD: Oid

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

«featureType» «leatureType» «featureTypes
Admin:LA_Right Admin::LA_Restriction Admin:LA_Responsibility

+ type: LA_RightType + panyRequired: Boolean [0..1) + type: LA_ResponsbilityType|
+ type: LA_RestrictionType

Figure 8. LADM Administrative package classes [27]

4. CASE STUDY: DESIGN SPATIAL AND NON-SPATIAL DATA MODEL BASED ON
LADM FOR CONDOMINIUM

4.1. The Registration of Individual Parts of a Building is Subject to Condominium Law

This is a private property related to condominium, land share and the common areas in the
main real-estate. All operations concerning condominium are conducted according to the
condominium Law no 634. condominium and servitude are determined by showing the calculated
value of the location and size of each of the independent units of the main real property subject to
ownership, and the land share designated in the project subject to shared ownership principles
[30].

Condominium is registered to the condominium registry that is maintained according to the
Land Registry Regulations (Figure 9). Unless otherwise specified by law, general properties
concerning registration also apply to the registrations concerning the condominium registry.
Annotations, servitude rights and lien rights (if any) concerning the independent property are
registered in this registry. To register condominium, the single space plan of the immovable
(Figure 10), layout plan (Figure 11), architectural project and management plan must be
submitted.

Registration of separate parts (Common parts and private parts) of whole spatial unit
(Building) in the land book is not possible without partition of building, which in legal terms
means retention of real property as a single body. Section of the building creates ownership of a
separate part of building (apartment, office space, garage, etc.) that becomes associated with
proportionally shared part on the property.

Single space plan and layout plan on partition of real property (Figure 10) establishes size and
shape of common and separate parts of a single real property (apartment, office space, etc.) and
draws connections for reference purposes against the real property as a unit.
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4.2. Design Spatial and Non-Spatial Data Model Based on LADM

This section investigates the importance of LADM in spatial and non-spatial data modeling,
and a spatial and non-spatial data model is designed concerning the independent units subject to
condominium. UML diagram is a good presentation of shows the entities, attributes, and
relationship that have in a data management system. For this reason, the conceptual design was
based on the basic UML diagram. To establish condominium, a management plan that binds all
floor owners must be created. The LA_BAUnit:BuildingManagementPlan class was designed for
this management plan. This management plan is related to the
LA_BAUnit:BuildingManagementPlan class, BAUnit:CommonParts and BAUnit:CommonParts
classes since it regulates the rules concerning single spaca units and common areas (Figure 12).
Since the management plan concerns many single space units and common areas, these classes
are related in a one-to-many relationship (Figure 12). One of the documents required to establish
condominium is the single space unit plan. This plan contains the numbers for single space units,
their floors, heights, facades, facade lengths, coordinates of corners and locations (Figure 12). The
LegalSpaceBuildingUnit:SingleSpacePlan class is defined for single space unit plans. Since the
single space unit plan is related to the single space units, this class is related to the
LegalSpaceBuildingUnit:PrivateParts class (Figure 12). Another document required to establish
condominium is the layout plan. The layout plan is the scaled map that shows all units in the
construction area. This plan is also related to the BuildingLayoutPlan and
GroundParcelLayoutPlan classes because it is related to the building and the parcel that contains
the building.
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1092



Design Spatial and Non-Spatial Data Modelling ... / SigmaJEng & Nat Sci 36 (4), 1081-1095, 2018

5. DISCUSSIONS

3D cadastre and registration of real property in Turkey has been the subject of several studies.
Coruhlu et al. [32] examined the easement rights on the cultural heritage issues in terms of 3D
cadastre Simsek and Uzun [33] suggest 3D BIM model for value-based land share calculations.
Coruhlu et al., [34] determined the problems encountered in the registration of condominium and
suggested solutions. Coruhlu et al. [30] studied the establishment of horizontal and vertical
condominium in terms of 3D cadastre in their works. In this study, a spatial and non-spatial data
model LADM-based for real property is proposed. The Spatial Package presents the contents of a
package related to spatial units in Turkish cadastral system (see Fig. 12). Within the Surveying
and Representation Subpackage. There are three types of spatial objects: land parcels, buildings
and single spaces in Turkish cadastre. All types of LA_SpatialUnits (2D, 3D parcels, buildings, or
single spaces) share the same representation structure. A substantial necessity is that existing 2D
cadastral data, whether topologically structured, polygons, unstructured, or simply point or textual
descriptions should be easily included [3]. In addition to this, the LADM should also support the
increasing use of 3D representations of LA_SpatialUnit, without putting additional burden on the
simpler 2D representations.

According to [3] an important requirement is that there should be no mismatch between the
parts of the domain that are described in 2D and the parts of the domain that are described in 3D.
The proposed country profile based on the LADM provides a conceptual model for the spatial and
non-spatial data relevant cadastre and land administration agencies in Turkey.

6. CONCLUSION

The studies in the literature are mostly focused on the measurement and registration of real
property. This study has foreseen the use of a standard model for the management of spatial and
non-spatial data. This study has foreseen the use of a standard model for the management of
spatial and non-spatial data unlike them. The LADM is an international standard for the land
administration domain and provides standardized class names for spatial and non-spatial
(administrative) data. In other words, the LADM supports integrated spatial or non-spatial data
modelling and representation of 2D and 3D spatial units. This study introduce the range of choice
available in the LADM for representation of spatial units. Conformity of LADM for modeling
spatial and non-spatial situations in Turkish land administration system was evaluated. This study
proves the flexibility of LADM and the possibilities of using it for creating data modelling
between spatial data and non-spatial data. Exchange of spatil data between traditional land
administration systems in Turkey is possible now due to LADM standardisations. This designed
model shows that LADM is a compatible template for further spatial data model development to
meet country basic needs on land registry and cadastre.

We show that the LADM can be used to describe spatial and non-spatial data in Turkey, but
that there are semantic differences, similarities and mismatches of classes and attributes between
the LADM and the spatial data management system in Turkey. In conclusion, The LADM
provides a very generic representation model for spatial data, as it has to be practicable global
level, for kinds of spatial units (legal land parcels, legal spaces around buildings, legal spaces
around networks/utilities). Further multidimensional (eg. 2D, 3D, and mixed 2D/3D) visualization
and representation of spatial units are supported with different levels of accuracy: text-based,
point-based, unstructured (line)-based, polygon-based or topology-based.
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