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A LADM-based temporal cadastral information
system for modelling of easement rights —
A case study of Turkey

Z. A. Polat’, M. Alkan™%, P. ]. M. van Oosterom? and C. H. J. Lemmen>

Type people to land relations are dynamic and, as a consequence, the nature of land title and
cadastral data is of a dynamic nature. Land title and cadastral data are core components for a
lot of property applications (e.g. taxation, valuation, mortgage). Those applications require up to
date, complete and reliable data — including temporal data as in use in application forms and
transactions. In this paper, the modelling of Rights, Restrictions and Responsibilities (RRR) is
discussed with a focus on the modelling of easement rights in a case study in Turkey. Functional
requirements with respect to the characteristics of easement rights are investigated based upon
interviews with professional experts in the public and private sector. Then a prototype model
was built based on a simple implementation of the Land Administration Domain Model (LADM)
RRR classes and by conforming to the national cadastral data management standards related to
land registration systems. This new proposed model includes temporal cadastral attributes
related to easements. This is materialised in the ‘Administrative Package’ and illustrated in the
Turkey LADM country profile. We show that the LADM can be used to describe for the time
dimension of cadastral information in Turkey, but that there are semantic differences, similarities
and mismatches of classes and attributes between the LADM and the cadastral information
system in Turkey. Proposed LADM-based model for the time dimension of cadastral information
will be of immense advantage to land administrators, the governments and land users in Turkey.

Keywords: Temporal LTC data, ISO 19152 LADM, Easement rights, Land registry, Cadastre, Turkey Country profile

registration with regard to the dynamics of land regis-
tration system: (1) initial land registration, (2) transfer of
land rights (the whole land parcel) and (3) parcel
mutation/splitting due to partial transfer of land rights.

Introduction

Cadastral data are essential in managing land resources.
For this reason, land registration and cadastre together

play an important role in a society (Liang 2008). Land
data are dynamic (Leksono et al. 2011). Data are continu-
ously changing because of changes in people to land
relationships as a consequence of the increasing complexity
and flexibility of modern land use (Kalantari ez al. 2008,
Doner et al. 2011). Economic activities such as area devel-
opment and settlement needs cause changes in the shape of
parcels, changes in the ownership and changes in the use of
parcels (Ning 2006). Changing related to real property (e.g.
land parcels) effects changing in land registration data
where it could be categorised into two types: spatial chan-
ging (geometric data) and attribute changing (juridical
data) of a land parcel (Zevenbergen 2002, Zhang and
Tuladhar 2006, Liang, 2008, Leksono et al. 2011). Zeven-
bergen (2002) explains three main things of land
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Land information systems should be able to store, man-
age and represent information of a land registration,
including its changes either spatially or textually. Spatial
information with its temporal changing is required not
only because of land registration function itself but also
to enable the sustainability of land administration function
(Wang et al. 2015). This temporal changing is also used to
examine the history of land parcels and the development of
areas as well for land dispute resolution (Sucaya 2009).

As stated by Leksono ez al. (2011), a data model for
land registration which is able to manage data at the
same time in terms of its geometry, its attribute and its
time in databases is required to streamline the function
of the land information system. For this reason, it is
expected that the spatial temporal elements of land regis-
tration can be managed thoroughly.

Land title and cadastral data have a great variety of
users, legal authorities, various state organisations, pri-
vate sector companies, local governments, owners and
many others need this data (Comert and Alkan 2004).
This need is not only for updated but also for ‘historic
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data’ which mean the data concerning the past trans-
actions providing the history of ownership of real estates.
Traditional land title and cadastre systems enable tem-
poral analyses. Nevertheless, in most of the cases perform-
ing an analysis may be a tedious, time consuming, and
error-prone task (Comert and Alkan 2004, Alkan 2005).
Therefore, needed is a Temporal Geographic Information
Systems for land title and cadastral data. As stated by
Doner and Biyik (2013), Inan and Yomralioglu (2011),
Ozcelik and Nisanci (2015), Land Administration
Domain Model (LADM) could be used to the model
land registration process in Turkey by involving party,
Rights, Responsibilities, and Restrictions (RRR), land
parcel, and also its spatial representation. By adding
dimension of time, its start date and end date, for every
type of data which requires investigation of its history,
the type of data for a certain time could be acquired
(van Oosterom and Lemmen 2001).

This paper investigates temporal aspects of the LADM
(ISO 2012) associated to RRR situations within Turkish
cadastral registration system. For this purpose, easements
which are registered in the Turkish land registry system
have been analysed in terms of temporal aspect and have
been designed a conceptual model under the legal-admin-
istrative components (RRR) of the standard LADM.

This paper is structured as follows: the cadastral system
in Turkey (including cadastral system structure and
cadastral activities) is introduced in second section; the
temporal aspect of cadastre in third section; a brief review
of the LADM and its temporal aspects (including descrip-
tion of relevant concepts and land administration models)
is given in fourth section; then the modelling of easement
rights in LADM is developed in fifth section and finally in
sixth section discussion and conclusions is provided.

The cadastral system in Turkey

The Cadastre system in Turkey concerns both cadaster
and land registry (Alkan 2005, Doner and Biyik 2007,
Alkan and Comert 2010, Doner and Biyik 2013). The
basic unit is a 2-dimensioned parcel (Aydin 2008).
While land registry and cadastral work is done under
the control of General Directorate of Land Registry and
Cadastre (GDLRC) (Alkan 2005, Doner and Biyik
2007, Aydin 2008), rights of property are under state
guarantee (Cay et al. 2009). Cadastral works in Turkey
started in Ottoman Empire period in 1912 but were left
unfinished due to the war and were started again with
Law No 658 in 1925 after the foundation of Turkish
Republic (Doner and Biyik 2007, Ayazli et al. 2008,
Aydin, 2008, Cay et al., 2009). Cadastral works made
until 1950 were mostly limited to urban areas (Doner
and Biyik 2007). After Second World War, there was a
need for determining and registering agricultural areas
and cadastral works covered all urban and rural areas
(Alkan 2005, Kucukmehmetoglu and Geymen 2016).
Works in this period were according to Land Registry
Law No 5602 (Ayazli et al. 2008, Aydin 2008). This law
was re-issued as Land Registry Law No 766 after the
changes in 1964 and 1966. Cadastral works in rural and
urban areas until 1987 were made under these two laws
(Doner and Biyik 2007, Ayazli et al. 2008, Aydin 2008).
Today all these cadastral works and regulations are
made according to the provisions of Cadastral Law No
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3402 coming into force in 1987 (Demir et al. 2003,
Alkan 2005, Doner and Biyik 2007).

98% of two-dimensioned cadastre of Turkey has been
completed (GDLRC 2015). Different measurement tech-
niques, e.g. photogrammetric, orthogonal, tacheometric,
graphic, and different coordinate systems and map scales
were used during these works (Aydin, 2008). As the result
of cadastral works started in the beginning of 1900s, 9%
of cadastral information was produced in graphic — not
related to a coordinate system, 14% in local coordinate
system, 53% in EDS50 coordinate system and 24% in
ITRF coordinate system (Fig. 1) (GDLRC 2015). Con-
version from analogue to digital of the cadastral maps
could not be completed due to such different techniques
and coordinate systems for cadastre used in time. Also
available legal regulations do not give opportunity for
the renewal of cadastre. When technical and legal
deficiencies in cadastral system are considered, the need
for passing to a multi-targeted cadastral model for a sus-
tainable cadastral system occurred (Aydin 2008). Some
studies in Turkey have been made in order to ensure the
modern cadastral system in the direction with LADM.
Doner (2010) examines the support of 3D cadastre by
the LADM in his doctoral thesis titled ‘“Three Dimen-
sional Approach for Turkish Cadastral System’. Inan
and Yomralioglu (2011) examined the LADM in their
work and proposed spatial modelling for the land admin-
istration in Turkey. Cete and Inan (2013) touched on the
importance of the cadastre of Turkey by taking the
LADM in their work. Aydinoglu and Inan (2014) have
developed a land registry and cadastral-based data
model and have associated them with the Land Registry
Cadastre Information System (TAKBIS in Turkish) and
the Turkish National Geographic Information System
(TUCBS in Turkish) projects.

With the effect of technological developments, some
projects and works were developed in order to develop
to a modern, computerised cadastre in Turkey. A digital
environment increases the level of cadastral service and
brings a platform for improvement of data quality
(Doner and Biyik 2007). The aim of the projects and
works and related 2014 Cadastre principles (Kaufmann
and Steudler 1998) are summarised in Table 1. Projects
were partially successful, a three-dimensional cadastre
after completing two dimensioned cadastre in the whole

5 millions
%9
8 millions
% 14
= [TRF
= ED50
LOCAL
GRAPHIC
30 millions
%53

1 Per cent of cadastral data prepared in different coordinate
systems (URL 1)



Table 1 The relationship between each project and Six Statements on Cadastre 2014 and their realisation percentages

The Six Statements on Cadastre 2014

1- Cadastre 2014 will show 2- The separation  3- The Cadastral 5- Cadastre 2014 will be
the complete legal situation between ‘maps’ and mapping will be 4- ‘Paper and highly privatized! Public and 6- Cadastre 2014
of land, including public ‘registers’ will be dead! Long live  pencil - cadastre’  private sector are working will be cost

Name of activity/project Start/end date rights and restrictions abolished! modelling! will have gone! closely together! recovering!
Land Registry and Cadastre 2005-2013 Related Related - Related - -
Information System (TAKBIS)
Spatial Property 2011-continues - Related - Related - -
System (MEGSIS)
Land Registry Archive ) 2005-2009 - Related Related - - -
Information System (TARBIS)
Land Registry and Cadastre 2008-continues Related - - - Related -
Modernization Project (TKMP)
Map Data Bank (HBB) 2004-2008 - - Related Related - Related
Turkey’s National Geographic 2006-2011 Related - Related - - -
Information System (TUCBS)
Project
licenced mapping and 2005-continues - - - - Related -
cadastre offices
Tax and fees - - - - - Related
Applied percentages of Statements on Cadastre 2014 60-80 100 60-80 80-100 100 100

(in Turkey)
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country is not yet achieved in technical terms. The other
reason is insufficient regulations in legal terms to pass
to multi-aimed cadastre.

Temporal aspects of Cadastre

Owing to the relations between human beings and land
(e.g. residence, economic and nutrition) changes in the
use, physical form and ownership information of land
take place (Ning 2006). These changes cause changes in
the land registry where data are examined under two cat-
egories; spatial changes (physical data) and feature
changes (legal data) (Zevenbergen 2002). Every change
occurring has a time component and this time information
is needed to be able to register these changes. Information
on (1) first register of land, (2) transfer of land rights and
(3) geometric changes of the land are mostly recorded in
traditional land registry systems (Zevenbergen 2002, Lek-
sono et al. 2011). Today changes in land use in rural and
urban areas require evidence that all physical and legal
conditions above and under the land are met and, with
that, acquirement of these information for the past (time
record) by land information systems. Spatio-temporal
data are required not only in land registry, but also for sus-
tainable land management (Leksono ef al. 2011). Further
this time change in spatial information is used in the inves-
tigation of property rights for the land parcel’s past and for
solving land disputes (Sucaya 2009). In this regard, time
information is crucial in decision making (Siejka et al.
2014). Langran (1992), Salzman et al. (1998), van Oos-
terom et al. (2006) and Siejka et al. (2014) summarised
six main constituents of time as below:
» Surveying (inventory description) — case of cadastre
and land registry.
Analysis (explanation, estimate, planning) — very
important function, especially in case of cadastral
data use for spatial planning or land consolidation,
as well as in analyses of trends of real estate price
changes.
Updating (replacing outdated information with new
information) — this is the basic function of cadastre
and real property registers. The owner can receive up-
to-date cadastral data for his own purposes at any time.
Quality control (monitor and evaluate new data, con-
sistent with old data) — in case of cadastre and land
registry this can be of importance in many cases, e.g.
in case of cadastral map renovation,
Planning (determination of appropriate order of data
registration) — there are many examples of inconsisten-
cies between real property registers and cadastral reg-
isters, due to different procedures of data entry and
update.
Display (generate maps or tables of a temporal pro-
cess) — this could be a land consolidation process in
case of cadastre and land registry.
Temporal dimension cadastre has different types. There
are three distinct ‘types’ of time in cadastral databases
van Qosterom et al. (2006):

1- Database time:

o history of cadastral database updates — e.g. for the
supply of updates to users of copies of cadastral
data who are maintaining their own databases).

« tentative updates — when the database is updated, but
the update is not made public to everyone until it is
‘signed oft”.
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2- Legal event time:
« date and time of signing transactions related to owner-
ship and other real rights
e date and time of acceptance of an application
3- Variation of the right with time:
e limitation of tenure — e.g. 99-year lease
« future rights — will take effect in ...
e periodic tenure — e.g. timeshare apartment, seasonal
grazing right
« ‘Slow and Imperceptible’ — property boundary defined
by river or sea
Changes related to ownership can occur on rights that
they vary with time, and pre-registration of time-varying
rights can be required. According to van Oosterom et al.
(2006), the types 1 and 2 are more of a recording nature
(both real world and system times) and use time stamps
in the past. Type 3 is a bit different and may also describe
time in the future.

Brief review of ISO 19152 LADM and its
temporal aspects

Since traditional land registry systems are unsatisfactory
in meeting all land requirements, the need for a sustain-
able land management model occurred in order to man-
age, present and archive land-related information and
documents (Leksono ez al. 2011).

Although scientific studies are made in support to stan-
dardisation in the land administration field, they were
limited in many aspects, e.g. extensiveness, scope and con-
tent, due to the uncommon characteristics of Land
Administration Systems (LAS) worldwide (Inan and
Yomralioglu 2011). In order to provide standardisation
for the main common characteristics of LASs, spatial
data modelling studies were brought up by van Oosterom
and Lemmen (2002) in 2002 for the first time. These
studies, called Core Cadastral Domain Model in the
beginning stage, are managed in cooperation with Inter-
national Federation of Surveyors (FIG) and called
LADM in the latter stage. Later, the model was given a
standard number after being accepted under the name
ISO 19152 LADM by ISO in 2012 (Paasch et al. 2015)

LADM has capability to provide an abstract description
and conceptual schema (Lemmen et al. 2015, van Oos-
terom and Lemmen 2015) concerning land administration
components such as parties (person and organization),
basic administrative units and RRR in case of ownership,
spatial unit (e.g. parcels, buildings, and networks), spatial
source (measurement) and spatial representation (geome-
try and topology). LADM also gives terminology (Lem-
men et al. 2015, Paasch et al. 2015) for land
administration based on either national or international
system that is developed as simple as possible for practical
purposes (Leksono et al. 2011, Kalantari et al. 2015).

The LADM is based on four (sub) packages classes
(Fig. 2). The basic packages of LADM are described below.

The party package

The definition of “party’ implies that a party may be a natu-
ral person, or a group of natural persons, or a non-natural
person (Lemmen et al. 2010, Elia et al. 2013). The main
class of the Party Package is the basic class LA_Party
(with party as an instance). LA_Party has a specialization:
LA_GroupParty (with group party as an instance).
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2 LADM core model representation and involved packages Ghawana et al. (2010)

Between LA Party and LA_GroupParty there is an
optional association class: LA_PartyMember (with party
member as an instance) (ISO, 2012, Tjia and Coetzee
2012, Elia et al. 2013i Lemmen et al. 2015). Parties are per-
sons, or groups of persons, or juridical persons, that com-
pose an identifiable single (legal) entity. A juridical
person may be a company, a municipality, the state, a
farmer cooperation, or a church community.

The administrative package

LA_RRR and LA_BAUnit are the core classes of the
main Administrative Packages. LA_RRR has three
classes as specialisations (LA_Right, LA_Restriction,
and LA_Responsibility) (Kalantari et al. 2015, Lemmen
et al. 2015). LA_Right; a right is an entitlement to own;
it is an action or activities that a system participant
may use associated resources (Zulkifli er al. 2013,
Babalola et al. 2015). A right in any case can be formal
or informal use right; it may be overlapping, or may be

in disagreement. LA_Restriction; The example of restric-
tion may be disallowing building within 200 meters of a
fuel station; or giving specific meters in which a building
can be erected along the major roads. Restrictions,
usually, remain valid when the right to the land is trans-
ferred or mortgaged. LA_Responsibility, it is a formal
or informal obligation to do something for example
(Babalola et al. 2015). The responsibility to clean a
ditch, to remove a snow-free pavement, to keep save the
survey beacon in around owns land parcel, to maintain
a monument (Lemmen 2012, Lemmen et al. 2015).

The spatial unit package

A spatial unit is a single area or multiple areas of land and
water or volume single or multiple of space with the main
core class LA_SpatialUnit (Lemmen 2012). In other
words, a spatial unit can be a parcel, grouped into two
forms of sub-spatial units or sub-parcels; this is the group-
ing of spatial units into parts (Babalola et al. 2015). The

Survey Review 2018



Polat et al.

class VersionedObject, its subclasses, Oid and Rational
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T~ LADM Classes:VersionedObject
| Survey:LA_Point + beginLifespanVerson: DateTime m‘-
[+ endLitespanVerson: DateTime [0 1) k<Z - Spatialunit - ]
+ quality. DQ_Element [0 ") -
+ wurce: C1_ResponabdleParty [0 %) \
Admin:LA_BAUnit
Admin::LA_Mortgage Admin:LA_RRR mn::wwm-ummpawm{
LADM Classes::Oid LADM Classes::Rational
+ localld CharacterStning + denominator it
+ namepace ChaaderSinng 4 numerator !

3 The representation of spatial temporal elements using LADM Leksono et al. (2011); Babalola et al. (2015).

spatial unit group in the case is any number of spatial
units (an entity) a municipality is an example of the
spatial unit group.

The surveying and spatial representation sub-
package

Surveying and spatial unit represent sub-package used for
the identification and representation of the spatial units
(Babalola et al. 2015, Lemmen et al. 2015). Spatial units
are structured in such a way to support the creation
basic administrative units. The spatial unit package has
one sub-package of surveying and spatial representation
with classes as LA_Point, LA_BoundaryFaceString,

OO Omw O

and LA_SpatialSource. Surveying involves the identifi-
cation, analysis and the acquisition of point location of
boundaries of spatial units (Siriba and Mwenda 2013).
The historical data in the database is managed and
maintained in LADM by the introduction of the Class
VersionedObject (Fig. 3) (Lemmen 2012). This modelling
is performed by defining the validity of time for all class
except LA_SourceDocument. This special class plays
important role in forming spatial temporal database (Lek-
sono et al. 2011). The inserted and superseded data are
given a time stamp. At any historical time, the contents
of the database can be represented as they were (Babalola
et al. 2015). The generic data type Oid is introduced to
provide support for object identifiers in LADM. In
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Table 2 Main characteristics of easement rights

Type of Authenticated
easement Scope of easement Cost of easement Duration of easement contract
Right Qf' « Property to property « Easement right can be established with money* orfree  « Easement right can be established as Necessary
superficies right of charge. temporary* or permanent**. The duration of the easement is
» Person to property *If the easement value is paid, the parties determine determined by the parties
right this value. * Less than 30 years
**30 years and more
Right of usufruct « Person to property - Easement right can be established with money* or « Easement right can be established as Necessary
right free of charge. temporary* or permanent**. The duration of the easement is
* If the easement value is paid, the parties determine determined by the parties
this value. * |ess than 30 years
** 30 years and more
Right of passage « Property to property « Easement right can be established with money* orfree  « Easement right can be established as Necessary
right of charge. temporary* or permanent**. The duration of the easement is
« Person to property * If the easement value is paid, the parties determine determined by the parties
right this value. * Less than 30 years
** 30 years and more
Right of water « Property to propert « Easement right can be established with money* or free e Easement right can be established as Necessary
right of charge. temporary* or permanent**. The duration of the easement is
» Person to property * If the easement value is paid, the parties determine determined by the parties
right this value. * Less than 30 years
** 30 years and more
Rig.zt of « Person to property « Easement right can be established with money* orfree  « Easement right can be established as Necessary
residence

right

of charge.
* If the easement value is paid, the parties determine
this value.

temporary* or permanent**. The duration of the easement is
determined by the parties

* Less than 30 years

** 30 years and more
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_——Real property owner
BIR TARAFTAN sat oglu,
DIGER TARAFT a fehmet kiz1,

- Right owner
IAsagidaki hususlarda anlasnuslardir.
Address of real property

Bu resmi senedin arka sayfasinin "(')fof/siitunlarmda her tiirlii nitelikleri yazili.
Kastamonu ili Kurtulus Mahallesi 150 ada“f5 parsel sayili 500 m’ miktarli bahgeli kargir
evin tamamu Esat oglu fbrahim ILGIN adma kayitli olup. bu kez. Mehmet kizi Ummii
ILGIN’dan nal\teu ve pesin olarak almus 0]dll°l bin yiiz elli) liraya karsilik
kendisi ve ai irlikte oturmak sarty niid etle d?m Kanunun 748. Maddesi
lgeregine tamidigim ve bu hakk ilini 1stedlouu *Vithmet ki Ummi
ILGIN da 1$bu a_hakkinmi aynen kabul ettigini v §el\11de tapu siciline tescilini
fistedigini beyandan T>om T axaﬂm devamla, ta}mmazt maTm oecnut> zamana ait emlak
lvergisinin odemnesm(fen 111u5te1e'f\en ve miiteselsilen sorumlu olduklarmmmn, 492 sayili
[Harclar Kanununa gore taraflarca bildirilen bu degerin emlak vergisi degerine yeniden
legerleme orami uygulanmak suretiyle bulunacak degerden diisiik olmadigini, aksi halde
radaki farkin Vergi Usul Kanununa goére taraflardan kusur cezasi ve gecikme faizi ile
irlikte cezali olarak tahsil edilecegi hususunun Tapu Sicil Miidiirii tarafindan kendilerine

ildirildigini karsilikli ifade ve beyan ettiler.............

5 Instance of authenticated contract related to right of residence

principle, the updating, retrieving and management of the
database is based on correct source documents, which
cannot be changed (Babalola et al. 2015).

The modelling of easement rights in
LADM perspective

Land registry and easement rights in Turkey

Legal restrictions related to real properties in Turkey are
defined by ‘Land registry data’ under the control of
‘Land Registry Directorates’ and ‘Cadastral data’ under
the control of ‘Cadastral Directorates’. Land Registry
data is information such as the owner of a real property,
share in the ownership and whether it is mortgaged or
not. Cadastral data concern the geographic position;
this is the representation of the boundaries of a real prop-
erty in a certain coordinate system (Alkan 2005, Alkan
and Comert 2010).

Land registry is the registry kept by the government
and is under the responsibility of the government accord-
ing to the real clarity system to publish the real rights on
the real properties. Linking different real rights at the
same or different times to a real property on behalf of
same or different rightholders would be possible with
the help of land registry again. A usufruct right in favour
of person A, a mortgage in favour of person B and a right
of passage in favour of person C can be established on a
single real property. One right of mortgage can be estab-
lished for persons D, E and F on a single real property
at the same time. Ranking of different mortgages estab-
lished on the same real property and at the same time is
possible. As a rule, a real right over a real property should
be ranked above the one established later. This is securely
provided by the land registry.

In Turkey, all transactions subject to registry on the
immovable are recorded on the title deed. There are two
pages for each immovable property in the title deed. All
the information about the immovable property is written
on these deed pages. When this information is recorded,
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the registry of the property is done. A sample page of
title deed is indicated in Fig. 4.

Article 779 of the Turkish Civil Code defines the right
of easement. According to the article, an easement is
charge imposed upon a real property (serving real prop-
erty), in favour of another real property (dominant real
property). As stated by Doner and Biyik (2007) this
charge forces the owner of the serving real property to
avoid using some benefits of the property right or forces
the owner of dominant real property to use the serving
real property in a specific way. The right of easement
can be transferred, that is, when the parcel is sold, rights
and restrictions of a related easement are taken over by
the next parcel owner.

‘According to the Civil Code Land Registry Law, real
rights originate from registration and take their ranking
and dates according to the registry (Civil Code Article
No 930).” Easement can be registered definitely or indefi-
nitely. Main easement rights registered in the land registry
are right of residence, usufruct right, right of water and
superficies. These easement rights may be regulated at
the discretion of the parties as free of charge or price.
At the same time, the duration of the easement right
can be determined by the parties as temporary or perma-
nent. Main characteristics of these rights are summarized
in Table 2. Easement Rights in Turkey can be established
by land registry office, notary, or court, but registration of
the right of easement is obligatory to the title deed.

Formal deed should be issued in the directorate of land
registry in order to establish some easements (e.g. right of
residence). All details for the use of right (e.g. names of
the parties, duration and cost of right) are clearly stated
in this deed. An example of a legal deed issued for right
of residence in Turkey is available in Fig. 5.

Model design based on ISO 19152
LADM
In this research, modelling easement rights based on

Annex 1 of LADM in terms of temporal cadastre situ-
ations in Turkey was evaluated. For testing the designed
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Table 3 The main classes of Turkish temporal cadastral data model classes of Turkey’s country profile and related ISO 19152 LADM classes

Turkish model original rights name Name in the Turkey’s profile Corresponding LADM class Stereotype Attribute
TK_irtifakHaklar TR_Easement LA_Right «featureType»

TK_Kisitliliklar TR_Restrictions TR_Restrictions «featureType»

TK_Sorumluklar TR_Responsibilities TR_Responsibilities «featureType»

TK_UstHakki TR_RightOfSuperficies - «codelList» LA_EasementRightType
TK_YararlanmaHakki TR_RightOfUsufruct - «codeList» LA_EasementRightType
TK_GegitHakki TR_RightOfPassage - «codeList» LA_EasementRightType
TK_KaynakHakki TR_RightOfWater - «codeList» LA_EasementRightType
TK_OturmaHakki TR_RightOfResidence - «codeList» LA_EasementRightType
TK_ResmiBelgeler TR_AdministrativeSourceType - «codelList» TR_AdministrativeSourceType
TK_HakkinilgiliOlduguTasinmazTipi TR_TypeOfRealPropertyRelatedToRights - «enumeration» LA_EasementRightType
TK_irtifakHakkininSuresi TR_DurationOfEasement - «enumeration» LA_EasementRightType
TK_irtifakHakkininBedeli TR_CostOfEasement - «enumeration» LA_EasementRightType

NURERUI]
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VersionedObject

<<FeatureType>> JeRcreaclee VersionedObject
Party::LA_Party SRR <<FeatureType>>
i Administrative::LA_RRR o . "
0.1 0..% 1 * 1 Administrative::LA_BAUnit

A LADM-based temporal cadastral information system for modelling of easement rights

+ extPID: 0id [0..1]
+ name: CharacterString [0..1]
+ plD: Oid

+ description: CharacterString [0..1]

+ shareCheck: Boolean [0..1]

+party +rrr + share: Rational [0..1] +rrr +baunit

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

<<FeatureType>>
Easement::TR_Right

+type: TR_EasementRightType CharacterString [0..1]
+ duration: TR_OfEasementRight: CharacterString [0..1]

+ role: LA_PartyRoleType [0..*] N N +ulD: Oid
+ type: LA_PartType + timeSpec: 1S014825AnnD_Type [0..1]
T 0
0% +element1..* +set0.1
<<FeatureType>> |
Administrative::LA_Right <<FeatureType>> ) )
Administrative::LA_Restriction VersionedObject
+type: LA_RightType <<FeatureType>>
- + partyRequired: Boolean [0..1] Spatial Unit::LA_SpatialUnit
+type: LA_RestrictionType
+ extAddressID: Oid [0..*]
+area: LA_AreaValue [0..¥]
_ <<FeatureType>> <<FeatureType>> +dimension: LA_DimensionType [0..1]
Administrative::LA_Responsibilty Special Classes::LA_Source + label:CharacterString [0..1]
— + referencePoint: GM_Point [0..1]
+type: LA_ResponsibilityType + acceptance: DateT im e [0..1] +sulD: Oid
+ availabilityStatus: LA_AvailabilityStatusType +volume: LA_VolumeValue [0..*]

+ extArchivelD: ExtArchive [0..1]

+ lifeSpanStamp: DateTime [0..1] <<enumeration>>

+ recordation: DateTime [0 ..1] TR_CostOfEasement
+sID: Oid -
+ source: CI_ResponsibleParty [0 ..*] + AtNoCost

+ submission: DateTime [0..1] + Cost.

+scope: TR_ScopeOfEasementRight:CharacterString [0..1]

+ charge:TR_ChargeValue: CharacterString [0..1] 4
+ typeOfRealPropertyRelatedToRights: CharacterString [0..1] <<enumeration>>
+recordedDate:DateTime <<FeatureType>> TR_DurationOfEasement
Administrative::-TR_AdministrativeSource <<FeatureType>>
Surveying and Representation:: + permanent
<<CodeList>> + type: TR_AdministrativeSourceType TR_SpatialSource +temporary
Administrative::TR_EasementType + text: MultiMediaType [0..1]
+type: TR_SpatialSourceTyp e
o i <<enumeration>>
+ ResidenceRight +measurements: OM_Observation [0 ..*] )
+ PassageRight + procedure: OM_Process [0 ..1] TR_TypeOfRealPropertyRelatedToRights
+ WaterRight T
+ SuperficiesRight <<CodeList>> <<CodelList>> + field
+ Usufruct Administrative::-TR_AdministrativeSourceType Administrative::TR_SpatialSourceType bl
+ AnotherEasementRights N + parcel ¢
+authenticatedContract +alterationDeclaration + water

6 Schema of relationships between classes concerning parties and rights (easements) to properties of Turkish temporal cadas-

tral data model

model, the easements registered in the land registry were
examined. The main types of recorded easements can be
listed as follows (the Turkish terms are added in italic,
in brackets).

e Right of superficies (list hakk1 in Turkish)

 Right of usufruct (yararlanma hakki in Turkish)

 Right of passage (gegit hakk1 in Turkish)

 Right of water (kaynak hakki in Turkish)

« Right of residence (oturma hakki in Turkish)

The application schema of temporal cadastral data-
base is prepared using UML notation, according to
the ISO 19100 series standards methodology. The first
step was to chose the main classes of Turkish temporal
cadastral model, provide them with English names and
assign related LADM classes. The prefix “‘TR_’ was
added to the class name for application in the
country profile instead of original prefix ‘TK_’. The
main classes of Turkish temporal cadastral data model
applied in the country profile for Turkey are shown in
Table 3.

The second step is analysis of diagrams presenting the
Turkish temporal cadastral data model and identifying
the key connections among its classes. First, the connec-
tions between main classes of easements section of Turk-
ish temporal cadastral data model were identified. The
relationships between classes like LA_Party, LA_RRR,
LA_BAunit, LA_SpatialUnit, TR_Right, TR_Adminis-
rativeSource and TR_SpatialSource is presented in
Fig. 6. The code list and enumeration are designed and
associated to the class TR_Rights. Code lists for the
Administrative Package in the LADM include a code
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list for LA_RightType: the LA RightType code list
includes all the various easement right types, such as
right of superficies, right of usufruct, right of passage,
right of water, right of residence. The LA RightType enu-
meration list includes all the various easement right types
such as enumeration of TR_TypeOfRealPropertyRelated-
ToRights, enumeration of TR_DurationOfEasement and
enumeration of TR_CostOfEasement.

Discussion and conclusion

The incorporation of a specialised classification of RRRs
in the LADM is of value for more addition of data on
social tenure in international land administration (Van
Oosterom and Lemmen, 2015). As reported by Van Oos-
terom and Lemmen, 2015, Gozdz and van Oosterom
(2015), Babalola et al. (2015), Pouliot et al. (2012) the
LADM allows national and regional profiles to be
added to the standard, though such profiles are also rel-
evant within a country. These profiles are needed in
cases where detailed data of interests in land have to be
exchanged internationally. This requires maintenance of
code tables representing the different RRRs in use within
countries.

As stated in LADM, spatial temporal cadastral data-
bases are formed by defining the position of the bound-
aries of land parcels together with its creation date and
its removal date, the hierarchy of land parcels including
the attributes that attach on them which are presented
in cadastral maps, map plans and land books.
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Cadastral and land title data are used by many users
(e.g. legal authorities, Land Registry and Cadastre offices,
private sector, local governments, banks and owners) in
Turkey. This data need is not only for current but also
for historic data. In the traditional system, the temporal
analyses needed by all these users could not be performed
in a rapid and reliable way. The reason for this is that the
traditional land title and cadastre system is a manual
archiving system. To date, considerable work has been
done to carry out temporal analyses by the means of Geo-
graphical Information Systems (GIS). However the main
problem of not having a spatio-temporal data model
remains. That is, the solutions provided by these work
are all application-oriented. This and the fact that there
had been no work for this issue in Turkey has motivated
us to undertake a work on designing and developing a
Temporal Cadastral Information System which would
enable temporal analyses of cadastral and land title
data. To this end, after determining the need for temporal
analyses of cadastral and land title data, how temporal
analyses are performed in the traditional system has
also been examined.

This paper proposes a spatiotemporal cadastral data
model based on the LADM, ISO 19152, than described
in the current standard the LADM’s ‘right’, ‘restriction’
and ‘responsibility’ (RRR) class and associated code
lists. Most recorded easement rights in Turkish Land Reg-
istry Sistem have been selected for the implementation this
model. Owing to designed model, 1t was proven that all
easement cases could be represented very well in standard
LADM. Finally, a standard temporal cadastral infor-
mation model establishment plan using ISO 19152
(LADM) has been suggested for efficient connection
and integration between systems, information sharing,
and smooth provision to various fields as cadastral infor-
mation management. Proposed LADM-based model will
provide an advantage to land administrators, the govern-
ments and land users for the management of the time
dimension of cadastral information in Turkey.
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