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ABSTRACT

Spatial data in a Land Administration (LA) establish a fundamental geospatial data theme (see UN GGIM, 2018)
and the integrated geospatial information framework for any Spatial Data Infrastructure (SDI). Domain-specific
standards, an integral component of the SDI, play an essential role to represent the semantics of domains, specify
links between distributed registries and databases, and stimulate the development and implementation for Land
Administration Systems (LAS). As an international descriptive standard providing an abstract conceptual schema,
the ISO 19152:2012 Land Administration Domain Model (LADM) has been used and is being used as a reference
for the implementation of LAS. Various approaches have been used for the LADM implementation that includes
elaborating (via a country profile) and realizing a technical model suitable for the implementation (van Oos-
terom and Lemmen, 2015).

LADM focuses on a specific function of LA that is interested in Rights, Responsibilities and Restrictions (RRR)
affecting land, and the geometrical components thereof. The land value function of LA is considered outside the
scope in the first edition. Recently, for extending the flexible and modular basis of the LADM, a valuation in-
formation model is developed for the specification of valuation information maintained by public authorities. It
identifies the links between property valuation and the other LA registries and databases (e.g., cadastre, land
registry, building and dwelling registries) that may enable interoperability across systems. The conceptual
schema of the model provides a common basis to direct the development of local and national valuation data-
bases and information technology products and services, following an approach similar to the LADM imple-
mentation. The proposed LADM Valuation Information Model is on the agenda of the development of the second
edition of LADM within ISO/TC211.

The operability of the newly proposed conceptual model needs to be evaluated through technical imple-
mentation. This paper describes the development of a prototype for the implementation of the LADM Valuation
Information Model and assesses its operability through a case study for Turkey. The primary aim of the paper is
to test the capabilities of the LADM Valuation Information Model using the required and produced data in
recurrent valuation processes, but not to build a specific information management system for Turkey. As the
implementation of a LADM compliant prototype initially requires the development of a country profile at con-
ceptual level, methodologies applied for LADM profile development are examined and then a Turkish LADM
Valuation Information Model country profile is proposed using the Conceptual Schema Languages (CSL) of the
Unified Modelling Language (UML) and INTERLIS. INTERLIS is a formal language as well as a set of software
tools that support LADM implementations. Subsequently, approaches and tools used in the LADM imple-
mentation are investigated and utilized for the automated transformations from the country profile to several
technical models. In this context, the article presents the experiences gained during the implementations.
Moreover, strategies for implementing and managing property valuation information more efficiently (e.g. bi-
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temporal aspects of valuation information management) are also studied and applied to the implementation. The
generated technical models are then populated with sample datasets related to recurrent property valuation
including the geometries of valuation units, as well as valuation information covering several years. The
developed prototype is then tested through a number of queries to assess whether the LADM Valuation Infor-
mation Model fulfils information management needs of recurrent valuations. The main contribution of this paper
is to provide a holistic approach on how to develop an LADM conformant prototype for managing property

valuation information.

1. Introduction

Property valuation is a process of forming an opinion of value of
immovable property in exchange under certain assumptions (Wyatt,
2013, p. 49). It is performed by public and private sector actors for
several LA processes, such as property taxation, compensation on
expropriation, land readjustment, land consolidation, insurance assess-
ment, real estate financing, and property transactions. Guiding refer-
ences of the United Nations (UN) explicitly indicate that land
management and therefore property valuation are the important do-
mains in support to achievement of the Sustainable Development Goals
(SDGs). The Voluntary Guidelines on the Responsible Governance of
Tenure (VGGT) prepared by the Committee on World Food Security
(CFS), and Food and Agriculture Organization of the United Nations
(FAO) (2012) remarks that appropriate systems are required for fair and
timely valuation of tenure rights in order to promote broader social,
economic, environmental and sustainable development objectives (cf.
Clause 18). Furthermore, the New Urban Agenda, which was adopted at
the UN Conference on Housing and Sustainable Urban Development
(Habitat III) as a guideline for sustainable development of urban areas,
states that relevant stakeholders are supported in developing and using
basic land inventory information, such as cadastral, valuation, and land
and housing price records needed to assess changes in values (cf. Clause
104) (UN, 2016, p. 14). Additionally, it also points out that the use of
geospatial information systems for sharing and exchanging information
including standardization and dissemination of timely and reliable data
are promoted (cf. Clause 156, 157, and 159) (UN, 2016, pp. 20-21).

Uniform and accurate valuation of property units require correct,
complete, and up-to-date property data (International Association of
Assessing Officers (IAAO, 2013). The fundamental element underpin-
ning immovable property valuation are public registries, which
accommodate regular data maintenance and updating of property
characteristics, ownership details and transaction information (Tang
et al.,, 2011, p. 5). Traditional cadastral systems generally provide
two-dimensional (2D) boundaries of property units and legal informa-
tion over them, whereas today’s valuation practices also require
three-dimensional (3D) spatial units (e.g. building units) together with
the detailed physical, locational and environmental characteristics
(Isikdag et al., 2014, 2015; Atazadeh et al., 2017). It is also noted that
the basic registration unit of cadastral systems (e.g. cadastral parcel)
may also differ from the basic valuation units (e.g. building, condo-
minium unit) (Cagdas et al., 2016). These situations reveal a need for the
development of valuation registries by relevant authorities to store legal,
spatial, physical and environmental characteristics of property units, in
conjunction with the transaction prices and sales statistics, on the pur-
pose of a more accurate and reliable property valuation practice (Cagdas
et al., 2016; Kara et al., 2020).

A valuation registry is considered as one of the core registries in land
administration. Since land administration is the process recording and
disseminating information about the ownership, value and use of land
and its associated resources (UNECE, 1996, p. 14), it is anticipated from
an efficient land administration infrastructure to link valuation regis-
tries with the other distributed public registries such as cadastre, land
registry, address, and building and dwelling registries (Cagdas et al.,
2016). Standardization is supportive and helpful in the design, devel-
opment, and further linking of land administration systems. In this

context, domain-specific standardization is needed to capture the se-
mantics of the land administration domain on top of the agreed foun-
dation of basic standards (Lemmen et al., 2015). There are numerous
international, domain-specific standards, which are somehow related
with property valuation domain, such as procedural valuation standards
(e.g. TEGoVA (2016), IVSC (2017), IAAO (2017, 2018)) and property
measurement standards (e.g. 1SO, 9836:, 2017; RICS Property Mea-
surement, 2018; International Property Measurement Standards (IPMS,
2014, 2016). Despite the existence of these standards, there is no in-
ternational standard or information model defining the semantics of
process of valuation, and semantic relationships of valuation registries
with other public inventories or registries (Cagdas et al., 2016; Kara
et al., 2018b).

The ISO, 19152:, 2012 Land Administration Domain Model (LADM)
focuses on the tenure function of LA (see Enemark, 2005). The LADM
includes Rights, Restrictions, and Responsibilities (RRRs) affecting land
and the geometrical components thereof (Lemmen et al., 2015), but
considers out of scope the specifications of valuation registries or in-
ventories. It defines external links to other public inventories including
property valuation, taxation, physical building and land use but does not
specify the semantics of them. Nevertheless, its generic and modular
structure provides a flexible framework for the extensions, specifications
and further country-specific information models.

A valuation information model has recently been developed for the
specification of valuation information maintained by public authorities
(Cagdas et al., 2016; Kara et al., 2018b, 2020). The rights to be valued
are the fundamental and indispensable information for property valua-
tion (International Association of Assessing Officers (IAAO, 2014). The
LADM and the OGC’s Land and Infrastructure Conceptual Model Stan-
dard (OGC LandInfra, 2016) are the only standards that elaborate legal
concepts over immovable properties. As the LADM is a standard for LA
domain that includes property valuation processes as an important
component, and enables the extensions for the refinement of
country-specific situations, LADM has been taken as the basis for the
development of the valuation information model (Cagdas et al., 2016;
Kara et al., 2017, 2018b). The valuation information model is designed
to facilitate all stages of administrative property valuation, namely
identification of properties, assessment of properties through single or
mass appraisal procedures, recording transaction prices, generation and
representation of sales statistics, and dealing with appeals. It is supposed
that LADM Valuation Information Model (LADM_VM) will provide
public bodies a common basis for the development of local and/or na-
tional information models and databases, enabling the integration of
valuation databases with land administration databases, and can act as a
guide for the private sector (Open Geospatial Consortium (OGC, 2019).

The public authorities require appropriate systems for effectively
and efficiently managing input and output data in valuation processes
and thus carrying out fair and timely valuations. Developing a new in-
formation management system by each of the authorities is a time-
consuming process and may cause lack of harmony and interopera-
bility between the systems. The objectives of this paper are to present a
holistic approach on how to develop a LADM_VM based prototype (a
land administration system — LAS) for managing property valuation
information, and to assess the operability of the prototype and therefore
LADM_VM with its application to the Turkey case.

This research is based on the methodology as illustrated in Fig. 1,
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where each of the colors indicates a separate section in the paper. As the
implementation of an LADM compliant prototype initially requires the
development of a country profile at conceptual level, the methodologies
applied in relevant studies are examined with the focus to the Concep-
tual Schema Languages (CSL) of Unified Modelling Language (UML) and
to INTERLIS. Subsequently, the approaches and tools (e.g. tools of
INTERLIS, ShapeChange) that can be used to derive technical models
from LADM country profiles are also investigated in Section 2. A brief
overview of the LADM Valuation Information Model is given in Section
3. The current state of recurrent property valuation in Turkey, especially
conducted for the purpose of taxation, is analyzed, and the Turkish
LADM Valuation Information Model Country Profile is designed ac-
cording to the analysis results in Section 4. Section 5 firstly focuses on
converting the country profile to the database schema of PostgreSQL/
PostGIS, using different tools. In this stage, strategies for implementing
and managing property valuation information more efficiently (e.g.
temporal data management, implementing generalization relationship)
are also studied and applied to the implementations. After that, the
profile is also converted into several data exchange formats (i.e. GML,
RDF, GeoJSON), in line with the results of the technical models/
encodings working group of the seventh Land Administration Domain
Model Workshop (FIG, 2018). The generated technical models are then
populated with sample datasets related to recurrent property valuation,
namely 3D geometries of valuation units (i.e. building) as well as
valuation information covering several years in Fatih District, Istanbul,
Turkey. Following the technical implementation, a number of queries
are performed and visualized to assess whether it fulfills the information
management needs of valuation processes in Section 6. Moreover, an
assessment and discussion on the implementation is presented in the
same section. The last section concludes the paper and suggests future
research directions.

2. Literature review

As an international standard, the LADM may stimulate and accel-
erate the implementation of land administration systems (Lemmen et al.,
2015). Implementation of the LADM enables Geographical Information
Systems (GIS) and Database Management Systems (DBMS) providers
and/or open source communities to develop and maintain products and
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applications for land administration in a more efficient, effective and
sustainable way (Lemmen et al., 2015; Van Oosterom and Lemmen,
2015; Open Geospatial Consortium (OGC, 2019). The LADM is already
utilized in various applications and implementations.

The LADM implementation includes elaboration to a country profile
(e.g. UML application schema), realization of this profile with a physical
(technical) model suitable for implementation: a database schema (Data
Definition Language —-DDL- schema of an intended database), a data
exchange format (GML, GeoJSON, RDF) and a user interface for edit and
dissemination (Lemmen et al., 2015; van Oosterom et al., 2019).

The LADM specifies a conceptual schema. To develop a LADM-
compliant prototype, an application schema is required. An applica-
tion schema defines the possible content and structure of the data with a
Conceptual Schema Language (CSL) that is utilised as the basis for
implementing application-schema-specific data structures for local
storage of data (ISO19118, 2011). Country profiles can be used for
customizing the LADM with adding user-defined classes, characteristics
and associations to meet regional or country-specific needs and situa-
tions (International Organization for Standardization (ISO, 2012). The
LADM Edition-I does not provide a strict methodology for creation of a
country profile, however, it is indicated that a generic methodology for
the development of country profiles will be available in the LADM
Edition II (Lemmen et al., 2019). On the other hand, the steps that can be
followed to develop a country profile are proposed by several studies
(Kalantari et al., 2015; Bydtosz, 2015; Jenni et al., 2017; Janecka et al.,
2018; Govedarica et al., 2018; Kalantari and Kalogianni, 2018; Kalo-
gianni et al., 2019). These steps may be distilled as follows: (a) definition
of purpose and scope of the country profile, (b) analysis of the re-
quirements and the current land information systems, (c) creation of a
conceptual model, (d) evaluation and test the proposed model.

Before designing a country profile, its purpose function should be
explicitly determined. According to the aim and scope of the profile to be
developed, an investigation can be carried out ranging from the
organisational and institutional structure to the legislative framework
and the regulations related the domain of LA in the relevant jurisdiction
(Kalantari et al., 2015; Jenni et al., 2017; Kalantari and Kalogianni,
2018; Kalogianni et al., 2019). Moreover, current LASs should be
analyzed in detail as their data models and concepts should be consid-
ered in designing a LADM profile (Kalantari et al., 2015; Kalogianni

[Populating. querying and visualizingHssessment and discussiorﬂ

Conclusion and future
works

Fig. 1. The overview of the research methodology.
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et al., 2019). Following the requirement analyses, a conceptual model-
ling process can start with mapping the concepts and elements of the
existing LAS model(s) with LADM (Janecka et al., 2018; Kalantari and
Kalogianni, 2018; Kalogianni et al., 2019; Janecka and Soucek, 2017). A
number of proposals that can guide conceptual modelling: (a) use LADM
classes or inherit from LADM classes using a prefix denoting the country,
(b) create new classes only when concepts do not fit to the LADM or the
concepts are not captured by LADM, (c) add new characteristics to
classes and add new values to existing code lists, if needed, (d) adjust
multiplicities and cardinalities according to national legislations, and (e)
define relevant constraints, if needed (Kalantari et al., 2015; Kalogianni
et al., 2019; Janecka and Soucek, 2017; Paasch et al., 2015). Several
workshops can be held in analyses and modelling stages as done in Jenni
et al. (2017) to ensure the involvement and approval of all relevant
stakeholders in the design of a country profile.

A proposed country profile should be tested with real-world use
cases. One way is to create UML instance-level diagrams as done in
Annex C of the LADM (International Organization for Standardization
(ISO, 2012). To make a solid and comprehensive implementation, a
country profile can be designed and developed with a physical (tech-
nical) model. As with the LADM, the LADM Valuation Information
Model and derived country profiles are based on the Model Driven Ar-
chitecture (MDA), therefore the conceptual schemas of them that are
expressed in a CSL can be utilised to derive a technical model auto-
matically (Lemmen et al., 2015). One of the options is to derive a
database schema (e.g. in PostgreSQL/PostGIS or Oracle) based on a CSL
in which a country profile is modelled. The main advantage of database
implementation is to detect inconsistencies in the conceptual model and
duplicated characteristics as well as missing or incorrectly defined as-
sociations between classes. Several studies utilised UML application
schema as CSL for deriving a database schema from a LADM country
profile (Hespanha et al., 2008; van Bennekom-Minnema, 2008; Hespa-
nha, 2012; Andrade et al., 2013; Budisusanto et al., 2013; Zulkifli et al.,
2014; Kuria et al., 2016; Rajabifard et al., 2018; Alattas et al., 2018; Kara
etal., 2018¢; Yan et al., 2019; Zulkifli et al., 2019). They utilised various
tools including certainly a UML tool (e.g. Enterprise Architect, Visual
Paradigm, Dia), which was employed to design a LADM country profile
as Platform Independent Model (PIM) and then transforming it into a
Platform-Specific Model (PSM). This transformation is based on MDA
transformation rules, resulting in a Data Definition Language (DDL)
schema, which can be used to set up a Structured Query Language (SQL)
database (Hespanha et al., 2008). Besides the UML tools, ShapeChange,
an open-source Java tool that takes UML application schemas con-
structed according to the ISO 19109 standard and derives implementa-
tion representations (Interactive Instruments, 2019), can also be used to
transform UML application schemas to SQL DDL schema of an intended
database. On the other hand, some researchers state that automated
implementations have limitations and manual fine-tuning is required in
the output. For instance, it is reported that some of the 3D geometry
types cannot be automatically transformed into SQL DDL schema
(Alattas et al., 2018). Additionally, transforming code lists to SQL DLL
expressions is not possible (Psomadaki et al., 2016).

INTERLIS, another CSL that is based on MDA and can be used for
developing a LADM country profile, is a Swiss standard (SN 612030)
(Germann et al., 2018; INTERLIS, 2016). It is being used to precisely
define data models and has some advantages over other modelling
languages (e.g. UML), for example, easy to read text files, rigid computer
processable syntax, tools to generate a database schema and data ex-
change format, and built-in geometric data types (Germann et al., 2015).
INTERLIS provides a set of tools that can be used in different stages of
implementation, ranging from conceptual modelling to technical
implementation. The INTERLIS UML editor is used to create and visu-
alize INTERLIS data models (*.ili) similar to UML class diagram, while
the INTERLIS Compiler (ili2c) checks the syntactic correctness of a
newly created INTERLIS data model. Moreover, several INTERLIS tools
enable the automatic translation of the INTERLIS data models to several
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database schemas (e.g. ili2ora for Oracle, ili2pg for PostGIS). These tools
also enable importing and exporting INTERLIS data into and from da-
tabases (Kalogianni et al., 2017; Germann et al., 2015). Some of the
I1SO191xx base models and the LADM Edition I were already expressed
in CSL of INTERLIS (Kalogianni et al., 2017; Germann et al., 2015).
Furthermore, several LADM country profiles have been designed and
implemented with INTERLIS tools (Jenni et al., 2017; Kalogianni et al.,
2017; Kara et al., 2018d). It is worth noting that INTERLIS 3.0 is a work
in progress and it will have full 3D support including solid geometries
(Germann et al., 2018).

An alternative to the database implementation is to develop a data
exchange format (e.g. GML, GeoJSON, RDF). Effective exchange of
structured data between systems can be supported using this imple-
mentation approach. A suitable data exchange format can be selected
according to the requirements of an application. For example, due to its
acceptance as standard by various organizations and having been sup-
ported by many software products, GML can be selected. Moreover,
GeoJSON can be chosen for displaying vectors in web applications as it is
based on JavaScript object notation, and RDF can be chosen to develop
linked data applications. Several tools have automated the conversion
from conceptual model to data exchange formats. The ShapeChange has
been used to convert UML conceptual models to GML application
schemas by various studies (Gozdz et al., 2014; Eriksson et al., 2018;
Kutzner et al., 2020), including creating GML application schemas of
INSPIRE themes (INSPIRE, 2020). It can also be employed to create RDF
and JSON based encodings, for example, van den Brink et al. (2014)
extended ShapeChange to enable conversion UML and GML to
RDF/XML. Some other tools also enable creating a data exchange format
from a conceptual model. For instance, the INTERLIS Compiler can also
be used to create GML application schemas from conceptual models
based on INTERLIS CSL, while GML and RDF encodings of a UML con-
ceptual schema can be derived using the software Enterprise Architect
(EA) (Sparx Systems, 2020). It is worth indicating at this point that it is
possible to convert from a source dataset to a target dataset in different
exchange formats. The transformation of a data exchange model to
another can be performed with the help of some GDAL libraries (GDA-
L/OGR, 2020) and Extract, Transform, Load (ETL) tools, such as the
open-source Humboldt Alignment Editor (HALE) (Wetransform, 2020)
and the Feature Manipulating Engine (FME, 2020). Lastly, it should be
noted that encodings / technical models are proposed to be available in
the LADM Edition 1II to facilitate the LADM implementations (Lemmen
et al., 2019).

3. The LADM valuation information model

This section gives brief overview of the LADM_VM. The readers are
referred to (Cagdas et al., 2016; Kara et al., 2018b, 2020) for detailed
information about the creation methodology.

The LADM_VM aims to specify the characteristics and semantics of
valuation registries maintained by public authorities and to reveal the
interrelations between valuation registries and other land administra-
tion registries, such as cadastre, building and dwelling register, etc. The
LADM_VM is a conceptual schema. Its implementation enables the
recording of data concerning objects of valuation (i.e. valuation units),
parties involved in the valuation practices, input and output data used
and produced through single or mass appraisal processes, transaction
prices and sales statistics (Cagdas et al., 2016; Kara et al.,, 2018b).
Developing an information model on valuation and assessment of
immovable properties for recurrent taxation is the initial purpose,
however, it has capabilities to represent other purposes of valuations (e.
g. sporadic valuations), as well.

The LADM_VM is proposed as a package in the second edition of
LADM that is under development. The classes of it receive a prefix VM,
short for ‘Valuation Module’. The main classes (featureTypes) of the
model are shown in Fig. 2. The spatial part of the LADM Valuation In-
formation Model includes the classes VM_ValuationUnit, VM_SpatialUnit,
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Fig. 2. The main classes of LADM Valuation Information Model.

VM_Building, VM_CondominiumUnit, VM_ValuationUnitGroup. Those
classes represent objects of valuation and their characteristics that were
already introduced in Kara et al. (2020), therefore they are not discussed
here in detail. The VM_ValuationUnit class represents the basic recording
units in valuation registries, such as land and improvements (e.g. only
building, land and improvements together as condominium property).
The VM SpatialUnit class represents land as a subject of valuation, for
instance, a cadastral parcel. The VM _Building and VM_CondominiumUnit
classes represent the physical characteristics of buildings, building parts
and condominium units that are required in a valuation process, while
the VM _ValuationUnitGroup class is proposed for grouping or zoning
valuation units (e.g. administrative, economic, function). As these
classes have relationships with the spatial representation package of
LADM, the valuation units can be represented in either 2D or 3D (Cagdas
et al., 2016; Kara et al., 2018b).

The VM_Valuation class, as a counterpart of the ExtValuation external
class of LADM, specifies output data produced within a valuation pro-
cess, such as date of valuation, type of value, valuation approach,
assessed value, and status of possible appeals to valuation. As each
approach in valuation (i.e. sales comparison, cost and income methods)
has its own characteristics, different classes are proposed for elaborating
them. For example, while VM_SalesComparisonApproach includes com-
parable valuation units’ identifiers, the VM_CostApproach covers cost
type (e.g. replacement or reproduction cost), chronological and effective
age of improvements, and the VM_IncomeApproach contains income (e.g.
gross, effective, net), operating expenses, capitalization rates, and gross
rent multipliers characteristics (Cagdas et al., 2016; Kara et al., 2018b).

The LADM_VM also enables the representation of mass appraisal-
related information through the class VM _MassAppraisal, which is a
specialization class of the VM_Valuation class. It describes mathematical
models and mass appraisal analysis types (e.g., cluster, multiple
regression, time series), and the sample size of the analysis. It also has a
performance indicator characteristics, detailed in the class VM_Mas-
sAppraisalPerformance, which specifies the date of performance analysis,
sample size, appraisal level, measures for appraisal level (e.g., mean),
the measure of appraisal uniformity (e.g. coefficient of dispersion), and

appraisal uniformity (Cagdas et al., 2016; Kara et al., 2018b).

Valuation processes are benefiting from property transaction infor-
mation recorded in a land registry or a database, which is created and
updated regularly by information provided from contracts or declara-
tions submitted by the parties (e.g. buyer and/or seller) involved in
transactions. The class VM_TransactionPrice characterizes the informa-
tion related to transactions, including the date of contract or declaration,
the transaction price, and the type of transaction (e.g., sale, heritage,
forced sale, and rent prices) (Cagdas et al., 2016; Kara et al., 2018b).

The model also proposes the class VM_SalesStatistic, to represent sales
statistics produced through the analysis of transaction prices for moni-
toring price trends. Such an analysis can be based on spatial (e.g. con-
dominiums in a municipality) or thematic clusters (e.g. condominiums
used for residential purposes). The class VM SalesStatistic has charac-
teristics that indicate calculated average transaction prices per square
meter of valuation units, price index value, base price index value and
their exact dates (Cagdas et al., 2016; Kara et al., 2018b).

In principle, property valuation is documented with a source. The
class VM_ValuationSource is proposed to record the type of valuation
sources (e.g. valuation report, sale contract, rental contract, declara-
tion). This class inherits from the class LA Source, which includes
acceptance and life span stamp characteristics, representing real-world
time (valid time) of the source. The LADM_VM also includes several
temporal characteristics related to real-world time, for example, the date
of valuation characteristic in the class VM_Valuation represents the exact
legal time of valuation. Additionally, the date of mass appraisal analysis,
transaction price and price index are some of the other real-world time
characteristics, distributed over the different classes of the model.
Exceptionally, the VM_ValuationSource is the only class that does not
inherit from the VersionedObject class of LADM, similar to the class
LA Source. The superclass VersionedObject specifies the begin life span
and end life span characteristics, which are used when objects are
recorded, changed and removed from a land registry or a database
(system or transaction time) (International Organization for Standardi-
zation (ISO, 2012). Therefore, it can be stated that the LADM potentially
invites bi-temporal support (Thompson and van Oosterom, 2019). In
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addition to that, in the Working Draft (WD) of LADM Edition II, Part 1:
Fundamentals, there is a new proposal for a standard bi-temporal sup-
port for all classes inherited from VersionedObject except LA Source
(Thompson and van Oosterom, 2019). All the classes of the LADM_VM
are also designed as a subclass of VersionedObject (except VM_Valua-
tionSource), in line with the core LADM design approach, for efficient
management of temporal and dynamic aspects of valuation information
in a database.

Person or organization that plays a role in LA are represented within
the class LA Party. The roles of parties are specified with a code list,
LA PartyRoleType. To represent parties related to property valuation in
the LADM_VM, the modelling approach proposed by Paasch et al. (2015)
is followed, namely if the concept is captured by an LADM code list; use
that existing code list to add new values. Therefore, the LA PartyR-
oleType code list is extended with valuation-related roles (e.g. certified
valuer), specified in the Property Valuation Thesaurus (Cagdas et al.,
2017). The LADM_VM only covers the roles of parties involved in val-
uations, although it is proposed to include some extra information on
parties related to valuation (e.g. identifier for valuers, rating for valuers)
(Kobasa et al., 2018).

The LADM_VM is firstly represented in CSL of the UML class diagram
(Cagdas et al., 2016; Kara et al., 2018b, 2020). Due to some advantages
of INTERLIS over UML, the INTERLIS language is also applied to the
LADM_VM. Fig. 3 shows a fragment from UML and INTERLIS repre-
sentations of the LADM_VM. In order to derive an INTERLIS description
of the LADM_VM, the INTERLIS files of the data models (e.g. ISO 19152,
ISO 19107, and ISO 19111) to be used as basis are initially imported into
the INTERLIS UML editor. After that, all the classes, characteristics and
relationships of LADM_VM are manually described and then converted
to the computer processable INTERLIS data modelling language (Kara
etal., 2018d). As the INTERLIS UML editor only supports importing XMI
Rational Rose format (Kalogianni et al., 2017), this is achieved manually
instead of importing the UML class diagram definitions of the LADM_VM
to the INTERLIS UML editor. The details related to the INTERLIS
description of LADM_VM are given in Kara et al. (2018d).

4. Property valuation in Turkey

In Turkey, public and private sector actors have responsibilities in
carrying out the property valuation. Valuation data are required for
various LA practices, including property taxation (e.g. periodic and
sporadic), expropriation, and property transactions. The legislations
related to public practices (e.g. recurrent property taxation, expropria-
tion) specify particular rules and principles for the determination of
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values of properties (e.g. tax value, expropriation value). This paper only
investigates the administrative (public) valuations related to recurrent
property (real estate) taxation. Using the outputs of this investigation
given in Section 4.1, the Turkish LADM Valuation Information Model
Country Profile is proposed in Section 4.2.

4.1. The recurrent property valuation in Turkey

The main principles concerning the valuations related to recurrent
property taxes are regulated in the Tax Procedure Law (Vergi Usul
Kanunu) No. 213, dated 1961 and the Property Tax Law (Emlak Vergisi
Kanunu) No. 1319, dated 1970. The rules regarding assessment pro-
cedures of immovable properties are detailed in the Tax Assessment
Statute (Emlak Vergine Matrah Olacak Vergi Degerlerinin Takdirine
iliskin Tiiziik) No. 7/3995, dated 1972.

Fundamentally, there are two types of recurrent taxes on immovable
properties: ‘unimproved’ property tax (i.e. land tax) and improved
property tax (i.e. building tax). The subject of ‘unimproved’ property tax
is the land parcels in rural and urban areas, while the subject of
improved property tax covers land parcel and improvements together as
a property (e.g. building or condominium). The improvements mean all
permanent buildings erected on land and water, namely both ‘legal
buildings’ that have an occupancy permit which legally documents that
the building is suitable for occupancy and’ illegal buildings’ that cover
structures that were not constructed in compliance with relevant legis-
lation (Cagdas, 2013).

The unimproved and improved property taxes are levied according
to the ‘tax value’ of the properties. The Tax Assessment Statute states
that the tax value is the market value of immovable properties that are
subject to the property tax. However, in practice, tax value is generally
lower than the market value. The tax value of the urban and rural land
parcels are assessed on basis of a unit value of a parcel that is determined
by local valuation commissions every four years, for each street in urban
areas and each district in rural areas. The ‘land parcel unit value per
square meter’ is publicly shared via the website of the central e-gov-
ernment and/or of the relevant municipality. The building tax values are
generally assessed with a cost approach based on the ‘reproduction cost
of building per square meter’ that is determined by the Ministry of
Treasury and Finance and the Ministry of Environment and Urbaniza-
tion. The reproduction cost refers to the estimated cost to construct a
replica of a building using same materials at current prices. These tax
values are updated between the reassessment periods by the half of
revaluation rate, which indicates an annual changing rate in the
Wholesale Price Indices calculated and published by the Ministry of

UML Class Diagram

INTERLIS Diagram

INTERLIS Description

Wh_Valuation

CLASS VM Valuation EXTENDS

VersionedObject

«featureType»
Valuation:VM_Valuation

statusOfappeal

ValuationApproach
purpose0ffaluation

assessedvalue

LADM_V1.VersionedObject =
vID: MANDATORY 0Oid;
dateOfValuation: XMLDate;
valueType: VM ValueType;
assessedValue: Currency;

+ vID: Oid
+ dateOfValuation: DateTime valueType statusOfAppeal: VM AppealStatus;
+ valueType: VM_ValueType [0..1] dateOfaluation purposeOfValuation: CharacterString;
+ assessedValue: Currency YD valuationApproach: VM ValuationApproach;
+ statusOfAppeal: VM_AppealStatus [0..1] . -
+ purposeOfValuation: CharacterString [0..1] END \/MJ/aluatlon;
+ valuationApproach: VM_ValuationApproach [0..1] +yalue |0.*

wvalus | 0. CLASS VM_ValuationUnit EXTENDS

JueUnit valueUnit LADM V1.VersionedObject =
valuetnt vuID: MANDATORY 0id;
+unit | 0.1 +unit 0.1 type: LIST {1..*} OF

VersionedObject

«featureType»
Valuation::\VM_ValuationUnit

Wh_ValuationUnit

+ o+ o+ o+

vulD: Oid

type: VM_ValuationUnitType [1..*]
neighborhoodType: VM_NeighborhoodType [0..1]
utilityServices: CharacterString [0..*]

valuationUnitlD
neighborhoodType
valuationUnitType
utilityServices

VM _ValuationUnitType;
neighborhoodType: VM NeighborhoodType;
utilityServices: MANDATORY 0id;

END VM_ ValuationUnit;

ASSOCIATION valueUnit =
unit -- {0..1} VM ValuationUnit;
value -- {0..*} VM Valuation;
END valueUnit;

Fig. 3. A fragment of the different representations of the LADM Valuation Information Model.
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Treasury and Finance.

The Tax Assessment Statute determines different approaches and
data requirements for the assessment of three taxation objects, which are
the improved property, unimproved property located in urban areas,
and unimproved property located in rural areas. For example, tax values
for improved properties should be determined via the sales comparison
approach, if sufficient amount of sales data is available, otherwise the
cost approach or the income approach is used. Although the Tax
Assessment Statute specifies the methods and required property char-
acteristics to be observed separately for each of the mentioned ap-
proaches (see Kara et al., 2018a), most of the determined characteristics
are not used in practice. In other words, although the statute is in force,
the tax values of properties are determined according to the official
statements of the Property Tax Law issued by the Revenue Administra-
tion of the Ministry of Finance (Kara et al., 2018a; Revenue Adminis-
tration, 2019).

The official statements regarding the Property Tax Law are published
every year, covering the information on how the tax values of unim-
proved and improved properties have to be calculated. The character-
istics used to determine tax values of improved properties, and
unimproved properties located in urban and rural areas, specified by the
official statements are presented in Table 1. The more complete
coverage of property types are represented in Kara et al. (2018a).

Briefly, tax values of improved and unimproved properties are
currently calculated with equations 2.1 and 2.2 according to the Prop-
erty Tax Law and the official statements issued by the Ministry of
Treasury and Finance. In the Egs. (2.1) and (2.2), Vigp. pro. and Vinimp. pro
represent tax value of improved and unimproved properties; Ajmpr

Table 1
Required characteristics for valuation of improved and unimproved properties
according to the official statements of the Property Tax Law.

Improved property

characteristics

Reproduction cost of building
per square meter

Definitions and value types

This is determined by the Ministry of Finance and

the Ministry of Environment and Urbanization

every year based on building construction type,

use and construction quality type.

Building (condominium) use The type of building usage defined in Turkish
type Property Tax Law (e.g. residential, office, other

specific building).

The type of construction defined in the Tax

Assessment Statute (e.g. steel framework, concrete

framework, stone, stone frame, timber, shanty,

sundried or mud brick).

Construction class of buildings defined in the Tax

Assessment Statute (i.e. luxury, first class, second

class, third class, simple construction).

The total floor area of building/condominium unit

(dwelling) including outer walls.

The loss of value due to age, physical

deterioration. It is calculated by a scheme given in

the Tax Assessment Statute.

Existence of the elevator.

Existence of the heating and/or air conditioning.

Building construction type

Building quality type

Gross floor area

Physical obsolescence

Elevator
Heating/air conditioning

Unimproved urban property characteristics in urban area
Land parcel area Area of land parcel.
Parcel unit value per square This is determined local valuation commissions
meter every four years and these values are updated
between the assessment periods by the half of the
revaluation rate.

Unimproved urban property characteristics in rural area

Land parcel area Area of land parcel.

Parcel unit value per square This is determined local valuation commissions
meter every four years and these values are updated

between the assessment periods by the half of the

revaluation rate.

Type of rural parcel defined in the Tax Assessment

Statute (i.e. barren land, bottomland, and

wetland).

Rural parcel type
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denotes for the gross floor area of building or condominium unit; Aparce
represents parcel area or, if there is a co-ownership share, the parcel area
per co-ownership share; Vpg,; stands for the unit value per square meter
of parcels; Cynpr represents the reproduction cost of building per square
meter; o, e, h stand for physical obsolescence of improvements, avail-
ability of elevator and heating/air conditioning in improvements,
respectively. Co-ownership shares have to be taken into account when
calculating tax value of a condominium unit. More specifically, when
calculating tax value of a condominium unit, the tax value of a building
calculated with the Eq. (2.1) has to be multiplied with co-ownership
share of that condominium unit.

Vimp. pro. — [(Aimpr X Cimpr) X (1 - 0) X (1 + (6 + h)} + (Aparrel
X Vearcer) (2.1)
Vinimp. pro = Aparcet X Vparcel (2.2)

4.2. Turkish LADM valuation information model country profile

The Turkish country profile is specified in compliance with the
official statements of Property Tax Law and other related regulations,
outlined in the previous subsection, and the development steps of a
country profile, mentioned in Section 2. It is expressed in CSL of both
UML and INTERLIS. As the UML is the most preferred CSL, when
developing a LADM country profile, the UML-based profile is described
more detailed than the INTERLIS profile.

Fig. 4 shows the classes of the country profile for the valuations
regarding recurrent property taxation. The turquoise, green and grey
colored UML classes present the Turkish country profile, LADM_VM, and
core LADM, respectively. The proposed country profile is a combination
of LADM_VM and the core LADM Edition L. It represents recurrent
property valuations related to annual taxation, and covers the associa-
tions between the valuation information and the cadastral system, which
provides information for valuation process, for example, owners of
properties, land parcel areas, gross floor areas and share in common
places (i.e. share of joint facilities or co-ownership share) for a condo-
minium. Considering the aim and scope of the profile, some classes of
LADM and LADM_VM (e.g. LA LegalSpaceUtilityNetwork, VM_SalesSta-
tistic) are not included in the proposed profile.

The Turkish LADM _VM Country Profile reveals the valuations con-
ducted for annually levied recurrent taxes (i.e. unimproved and
improved property tax). Moreover, it covers spatial aspects and physical
characteristics of valuation units (e.g. parcel, building), valuation-unit
groups, parties involved in valuation practices, and information on
recurrent taxes in Turkey. It also includes relevant values for the code
lists that detail administrative valuations in relation to property tax
assessments in Turkey.

In the profile, ‘TR’ prefix is added to the all covered classes of both
LADM and LADM_VM (e.g. TR LA SpatialUnit, TR VM_Valuation) to
avoid possible confusions with the classes of the original models.

Table 1 shows the required characteristics for the valuations. Some of
the characteristics have already been included in the LADM_VM. The
parcel area and floor area of a condominium unit are specified in the
classes LA_SpatialUnit and VM_CondominiumUnit, respectively. More-
over, the physical obsolescence and the reproduction cost of building
characteristics required for the valuation of buildings are included in the
class VM _CostApproach. Nevertheless, the model still needs to be
extended with new characteristics for a complete representation of the
recurrent valuations. Therefore, TR_VM_Valuation, TR_VM_MassAppraisal
TR_VM_ValuationUnit, TR_VM_ValuationUnitGroup, TR_VM Parcel,
TR_VM Building and TR_VM_CondominiumUnit are inherited from the
relevant classes of the LADM_VM. The inherited classes are then
extended with the characteristics, given in Table 1. No new (feature)
classes are created for the profile, as the LADM_VM classes (concepts)
conforms to the valuations conducted in Turkey; however, a few new
code lists are created.
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«featureType»

VersionedObject

«featureType»

%

VM_MassAppraisal

VersionedObject

g VersionedObject «featureType»

Administrative::LA_RRR

—

VersionedObject
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—
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VM_SalesStatistic
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Valuation::
VM_TransactionPrice
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Fig. 4. The main classes of Turkish Country Profile (turquoise, TR_ prefix) and its basic relations with LADM Valuation Information Model (green, VM_prefix) and
core LADM classes (grey, LA_ prefix) (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).

Fig. 5 represents the main classes of Turkish LADM _VM Country
Profile, its characteristics and the associations with the core LADM
classes, while Fig. 6 shows the code lists of the country profile.

The types of valuation unit, namely unimproved (parcel) and
improved (building or condominium) property, are represented in
TR_VM_ValuationUnit, which has associations with the parcel, building,
condominium unit and basic administrative unit classes. As the ‘parcel
unit value per square meter’ is determined considering the parcel use
type, the class TR_VM_Parcel includes the parcel type characteristic. The
construction type and quality type are included in the class
TR_VM Building since the ‘reproduction cost of building per square
meter’ is specified according to those characteristics of the building.
Furthermore, the building area, date of construction, elevator and
heating/air conditioning characteristics are included in the class
TR VM _Building as they are required when calculating tax values of
improved properties (see Eq. (2.1)). The legal status of the building is
also added to the profile in order to distinguish legal buildings from
illegal buildings. On the other hand, the use type (e.g. residential, office,
retail) and accessory part type (e.g. coal cellar, garage) are included as
informative characteristics in the class TR_VM_CondominiumUnit. As
share in common places and condominium floor area are variables that
may be used in calculating tax values, the class TR VM_CondominiumUnit
also contains these characteristics. It is noted that the condominium
floor area can be derived from and related to the definition of total floor
area (gross floor area) in ISO, 9836:, 2017. The building (condominium)
area size and area type characteristics are represented in the
TR_VM_AreaValue. The geometric representation of parcels and build-
ings is addressed by the classes TR LA _SpatialUnit, TR_LA_LegalSpace-
BuildingUnit, and their associated geometry classes. The class
TR_VM_ValuationUnitGroup is required in the profile as the ‘land parcel
unit value per square meter’ and is determined per street or district. The

class TR_VM_ValuationUnitGroup represents the valuation group types (e.
g. street in urban or district in rural) and their geometries through an
association with the class TR LA _SpatialUnit.

The class TR_VM_Valuation covers the valuation-related information.
In the profile, the initial value for valuation and the value type is
specified as taxation and tax value, respectively. The assessment value,
date of valuation and the valuation identifier are also included in the
class TR_VM_Valuation. The country profile covers both tax values of
unimproved and improved properties. The tax value of an improved
property (see Eq. (2.1)) is simply the sum of values of parcel value and
building (or condominium). Since the cost approach is used when
calculating the building part of the tax value of improved properties,
details regarding this approach are specified in the TR_VM_CostType (see
Fig. 5), in conjunction with the approach characteristic of TR VM_Val-
uation. The reproduction cost of building per square meter, date of cost
price, estimated value by cost approach, and total obsolescence of
building are the characteristics included in the TR VM CostType. Valu-
ation of parcel can be considered as a type of mass appraisal, however, it
is noted that no mathematical model and performance analysis is con-
ducted when determining tax values of parcels. Nevertheless,
TR VM _MassAppraisal class is created to represent parcel value related
characteristics, for example, valuation unit group-based value, date of
group-based value, date of revaluation, date of revaluation rate and
revaluation rate characteristics.

When the initial design is completed, the multiplicity of associations
are adjusted, considering the national regulations (see Fig. 5). After that,
the code list and their values are specified. A new code list is created, if
there is no a suitable code list to add value in the LADM_VM (i.e.
TR _BuildingQualityType, TR_ParcelUseType and TR_LegalStatusType). The
rest of the code lists in the country profile, which can be seen Fig. 6, is
designed as an extension of the code lists of LADM_VM. UML code lists
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Fig. 5. The main classes of the Turkish LADM Valuation Information Model Country Profile.

Fig. 6. The code lists of Turkish LADM Valuation Information Model Country Profile.
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are just lists of values without any (hierarchical) structure. To present
simple relations between code list values, a hierarchical numbering
approach is used in the Turkish country profile as seen in TR _ParcelU-
seType in Fig. 6. Alternatively, a note can be added to the relevant code
list to show hierarchical relations. It is worth noting that the knowledge
organization systems (e.g. taxonomy, thesauri and ontologies) sup-
ported by the semantic technologies (e.g. SKOS, RDF, OWL) can provide
more comprehensive structures for the specification of semantic re-
lations between code list values (Lemmen et al., 2015; Paasch et al.,
2015; Stubkjeer et al., 2018).

The temporal aspects of valuation are also considered when devel-
oping the Turkish Country Profile. As VM_ValuationSource, a subclass of
LA Source, is not a part of this country profile, real-world time-related
issues are modelled at characteristics level. More specifically, five
different real-world times are described in the country profile, namely
date of revaluation, date of valuation group-based value, date of valu-
ation, date of revaluation rate and date of cost price determination. It
can be stated that the country profile provides bi-temporal support since
it also includes the system (database) time characteristics. As all the
classes of the country profile somehow inherit from VersionedObject,
they all include begin and end life span characteristics (note that the
inherited characteristics are not displayed in Fig. 5).

Once the UML description of the country profile is completed, it is
also expressed in CSL of INTERLIS, following a similar development
approach to LADM_VM as described in Section 3. Firstly, the INTERLIS
descriptions of the data models of the ISO standards (see Fig. 7) that are
indispensable for developing the Turkish Country Profile were imported
to the INTERLIS/UML-editor. The classes, characteristics and code lists
required for the profile were then manually specified in the editor. After
that, INTERLIS description of the profile, the INTERLIS (*.ili) file, was
exported (Kara et al., 2018d). This INTERLIS file was then used to
implement the country profile as presented in the next section. The
INTERLIS description (*.ili files) of the LADM _VM and its Turkish
Country Profile are presented in Kara et al. (2018d) in detail.

The next section investigates different approaches and tools for the
automated conversion from the conceptual country profile to a number
of technical models, together with the implementation decision taken
and experience gained during the processes.

5. Technical implementation

An application schema (i.e. Turkish LADM_VM country profile) can
be realized with various technical (physical) models using different
tools, approaches and strategies. In this study, the UML application
schema of the country profile is created with Enterprise Architect (EA),
which also provides an opportunity to create DLL schema for various
relational databases (e.g. PostgreSQL, Oracle, SQL Server, SQLite,
Firebird and MySQL). An application schema prepared according to the
ISO 19109 — Rules for Application Schema cannot be directly converted
into an intended database schema with this software (version 12).
Specifically, EA Database Model representation of the intended database

LADM Valuation
Information Model
TR Country Profile

LADM Valuation Information Model

1ISO 19152 Land Administration Domain Model (LADM)

ISO_Base, ISO 19107_V1, ISO 19111, ISO 19115, ISO 19156

Fig. 7. The INTERLIS models used to describe the LADM Valuation Model and
Turkish Country Profile.
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schema has to be created for an automatic conversion (Sparx Systems,
2016). In this case, the MDA transformation rules should be specified
individually by the user. In other words, corresponding data types and
associations defined in the country profile have to be mapped manually
with the EA Database Model. For example, the generalization associa-
tion is not included in the EA Database Model; therefore, a decision
should be taken when implementing it. There are a few options to
implement the generalization and the remarkable ones for this study are
the following: (i) only implement subclass(s) and inherit all character-
istics of the superclass to it, (ii) implement both subclass(s) and super-
class, and associate them with a foreign key (a foreign key for each
subclass(s) or optional foreign key(s) for superclass). The association
between the classes TR_VM_Valuation and TR _VM_MassAppraisal is an
example of a generalization in the country profile. As the mentioned
classes of the country profile represent separate concepts for the recur-
rent valuation, the second option is selected in the implementation. It is
noted that this choice may change depending on the purpose of the
application. On the other hand, since the implementation aims to cover
the temporal aspect of recurrent valuation, the system (transaction) time
characteristics (e.g. begin and end life span version) that are inherited
from the class VersionedObject by all classes of the country profile are
included in the EA Database Model, together with the valid time char-
acteristics (e.g. date of valuation). Another issue is the code list imple-
mentation. For each code list a unique identifier, and begin and end life
span characteristics are manually specified in the EA Database Model in
order to manage the temporal aspects of values in code lists effectively.
After creating the EA Database Model for PostgreSQL/PostGIS, this was
used to derive the SQL DLL schema, automatically. All associations and
data types including geometry types were properly converted to the
PostgreSQL/PostGIS schema using this tool.

ShapeChange is another tool that can be used to automatically derive
SQL DDL schema for PostgreSQL/PostGIS as well as other databases (e.g.
Oracle, SQLServer, SQLite). One of the advantages of this tool is the
ability to derive several technical models from ISO 19109 compliant
(and platform-independent) UML application schemas. It can directly
access EA UML conceptual models to perform this conversion (Interac-
tive Instruments, 2019). ShapeChange provides an XML-based configu-
ration file (e.g. MDA transformation rules) that can be used to specify the
correspondence of each element (classes, data types and association)
defined in a conceptual model, instead of defining them manually. In
this tool, a number of flattening rules are provided that can be used to
implement the generalization association with different options indi-
cated above. As for converting the country profile to the database
schema, the standard SQL map entries for PostgreSQL/PostGIS were
employed within the configuration file. ShapeChange also provides an
opportunity to create an EA database model representation of the
schema, together with the database schema (Interactive Instruments,
2019). Similar to EA implementation, a database schema suitable the
needs was obtained with this tool.

The INTERLIS tools also provide opportunities to automatically
convert INTERLIS data models into several database schemas (e.g.
PostgreSQL/PostGIS, Oracle, SQLServer, Geopackage). To derive the
database schema from the Turkish Country Profile expressed in CSL of
INTERLIS, the structural correctness of it is firstly checked with the
INTERLIS Compiler (version 4.7.3). The INTERLIS loader for Post-
greSQL/PostGIS (i.e. ili2pg version 3.11.1), which has an automated way
to deploy mappings from ISO 19109 compliant conceptual models to
database schemas, is then employed. Initially, an empty database
schema was created in PostgreSQL/PostGIS and then a connection be-
tween the database and the loader tool was established. After that, all
the required INTERLIS data models (see Fig. 7) were imported to the
database one by one, starting from the higher-level models. The loader
tool does not provide alternatives for implementing the generalization
association and the only option is to create all classes with inherited
characteristics automatically. On the other hand, the direct trans-
formation from ISO 19109 compliant conceptual models to database
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schemas without an extra step, namely without running a SQL DDL
script, may be considered as an advantage of the INTERLIS loader tool.

Instead of automatically realizing the country profile with a database
schema, a data exchange format can also be derived. A GML encoding is
one of the most preferred implementations of geographical data models.
In this study, the first tool used to create a GML representation of the
country profile is EA software. It should be noted that each class in the
country profile was elaborately populated with appropriate tagged
values (e.g. namespaces) in order to obtain a proper GML output (Sparx
Systems, 2020). The INTERLIS compiler, which has the ability to convert
INTERLIS models into a GML schema, was also used to derive the GML
schema. The last tool used to derive a GML schema is ShapeChange.
Similar to the database schema derivation, it uses EA conceptual model
of the country profile and configuration file to make this conversion.
This tool is also used to derive GeoJSON representation of the country
profile. It was only managed to derive separate JSON files for each class
in the profile without any characteristics. Lastly, the UML country pro-
file was automatically converted to a RDF schema with ShapeChange,
based on the conversion rules documented in OWS-8 Encoding Rules
(Hobona and Brackin, 2011), which was also utilised by van den Brink
et al. (2014) to derive RDF/OWL vocabularies. EA also provides the
opportunity to convert UML models into RDF but it is not utilized for this
purpose within the study.

In the next section, the technical models that were derived in this
section are populated with sample dataset and then the populated
database is queried in order to assess its operability.

6. Assessment and discussion

One way to evaluate a newly created technical model is to examine it
with queries. In order to make an assessment of the operability of
Turkish LADM_VM Country Profile, a sample dataset was loaded into the
technical models. The PostgreSQL/PostGIS database schema was
initially populated with a dataset obtained from the General Directorate
of Land Registry and Cadastre (GDLRC) and a dataset derived from a
base map. The obtained dataset from GDLRC is collected in the context
of the valuation modernization project supported by the World Bank for
performing the mass appraisal pilot applications in selected municipal-
ities and preparing the guidelines related to the mass valuation pro-
cesses (World Bank, 2020). One of the pilot application areas is the Fatih
District, istanbul. Since there is not enough data recorded in the regis-
tries to perform a mass valuation, data about randomly selected con-
dominium units in Fatih, were collected within the scope of the
modernization project (Yildiz et al., 2015). For the present investigation,
a small part of the project area was selected as study area, see Fig. 8. The

The selected study area, Fatih District, Istanbul.
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study area is an old settlement and all its properties are improved
properties, namely condominium property (land and improvements as a
whole). It covers 59 streets with 4293 parcels and 2040 buildings. The
dataset derived from a photogrammetric base map includes
building-related characteristics, such as the number of floors and foot-
print area as well as municipal data such as address, building age and
construction materials. The other dataset includes characteristics of
condominium units, such as gross floor area and co-ownership shares.
However, the data about condominium units are not available for the
entire study area. More specifically, the gross floor area and
co-ownership shares characteristics are only available for 1351 condo-
minium units located in 125 different buildings in the study area. Fig. 8
shows parcels (light green) and building (green and red) footprints in the
study area, visualized with QGIS. The colors of building footprints
represent data availability on condominium unit level, specifically no
characteristics of condominium units are available for the green ones.
For the 1351 condominium units in the study area, the tax values were
calculated using the Eq. (2.1) (see Section 4), for the last seven years,
namely between 2014 and 2020. Moreover, for all the improved prop-
erties (i.e. parcel and building as a whole) in the study area, tax values
for the last seven years were calculated using the same equation.

In order to convert the datasets into the database, the ETL tool FME
was utilized. A connection between FME workspace and the database
was initially established. Then its user interface was used to create a
mapping from the source datasets to the database schema. After setting
up the mappings, all tables were populated with the relevant datasets.
This conversion can be also done with other ETL tools. HALE software,
for example, was also used for loading the dataset into the database
schema and the same result was achieved. The ETL tools can also be
utilised to populate data exchange schemas (e.g. GML and GeoJSON)
using the features read and write. Both FME and HALE can read and
write in GML and GeoJSON formats. In this study, the structured data in
the database was utilized as source data and mapping was established
between the source data and the generated technical schemas of GML
and GeoJSON. It is also possible to convert the populated database into
an intended data exchange format using the ETL tools. In the previous
section, the country profile was also converted to the RDF schema.
However, the RDF schema could not be populated with the datasets as
the ETL tools utilized in this study do not provide read and write features
for RDF.

Table 2 presents a snippet of the GML (XML) and GeoJSON (JSON)
encoding for the class TR_VM_Valuation. The snippet includes informa-
tion on the 2014 tax value of the condominium unit with the identifier,
22597697. It should be emphasized that the valid time (i.e. data of
valuation) and transaction (system) time (i.e. begin and end life span
version) characteristics indicate the bi-temporal functionality of the
technical models. The end life span characteristic was set to last second
of 2014, indicating that the tax value of 2014 for the condominium unit
cannot be updated after that date.

In order to assess the operability of the implementation of the
Turkish LADM_VM Country Profile, SQL queries were performed to the
populated database. It should be noted that the height of each storey of
the buildings is assumed to be 3 m. Using this assumption and the
number of floors above ground level, the building footprints were
extruded and recorded into the database to visualize the query results
with the buildings in 3D using CesiumJS.

In the first query, it was aimed to assess the associations between the
classes TR VM ValuationUnit, TR_VM_ Building, TR_VM_ValuationU-
nitGroup and TR_VM_ SpatialUnit. Buildings that have similar footprint
area (between 180 and 200 square meters), date of construction
(1970-1980) and number of floors (5-storey) were selected in each
streets. Fig. 9 shows the selected 20 buildings with identifiers on them in
20 streets.

The tax values of the improved properties were calculated using the
Eq. (2.1) (see Section 4) for the last 7 years and recorded into the
database. Using the obtained result from the first query, the time series
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Table 2

A snippet of GML (XML) and GeoJSON (JSON) for the class TR_VM_Valuation.
<?xml version="1.0" encoding="UTF-8"?2> {
<gml:FeatureCollection "type" : "FeatureCollection",
xmlns:ladm _vm="http://isoladm.org/gml/ladm_vm"> "geometry" : null,
<gml:featureMember> "name" : "LADMVM.TR_VM_VALUATION",
<ladm_vm:LADMVM.TR_VM_VALUATION gml:id="idec853c2f- "features" : [
cl6e-4dac-a40c-4el6b30bc52c">
<ladm_vm:VID>val289</ladm_vm:VID> "type" : "Feature",
<ladm_vm:VUID>22597697</ladm_vm:VUID> "properties" : {
<ladm_vm:ASSESSEDVALUE>66842.7006</ladm_vm:ASSESSEDVA "viD" : "val289",
LUE> "vVuIiD" "22597697",
<ladm_vm:DATEOFVALUATION>20140101000000</1ladm_vm:DATE "ASSESSEDVALUE" : 66842.7006,
OFVALUATION> "DATEOFVALUATION" : "20140101000000",
<ladm_vm:VALUETYPE>taxValue</ladm vm:VALUETYPE> "VALUETYPE" : "taxValue",
<ladm vm:BEGINLIFESPANVERSION>201401151052 17</ladm_vm "BEGINLIFESPANVERSION"
:BEGINLIFESPANVERSION> "20140115105217",
<ladm vm:ENDLIFESPANVERSION>20141231235959</ladm_vm:E "ENDLIFESPANVERSION" :
NDLIFESPANVERSION> "20141231235959"
</ladm vm:LADMVALTR.TR_VALUATION> }
</gml:featureMember> }

Fig. 9. The buildings that have similar characteristics in the study area.
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of tax values of the selected improved properties were calculated for 7
years, see Fig. 10. It can be stated that the difference in tax values of the
selected improved properties are mostly originated from the parcel area
and the street-level parcel values as the buildings share almost the same
characteristics.

Fig. 11 shows the buildings colored according to the 2020 tax values
of improved properties. The calculated tax values vary between 134,000
and 48,988,000 TRY, and 99 % of the tax values are between 200,000
and 16,000,000 TRY. The last query conducted is based on the 1351
condominium units recorded in the database, aiming to select the
building that includes the highest valued condominium property in
2020. In Fig. 11, the building marked with a green circle contains the
condominium unit with the highest tax value in the study area.

As indicated in Section 4, the street-level parcel unit values are only
reassessed once every four years (e.g. 2014, 2018), and the determined
values are updated by the half of the revaluation rate between the
assessment periods. The database implementation includes the street-
based parcel unit values (TR_VM_ValuationUnitGroup and TR _VM_Mas-
sAppraisal) for the last 7 years, those are used to calculate the rate of
increase in tax values of parcel unit values from 2014 to 2018 for 59
streets. The results are rather interesting since 51 of 59 streets in the
study share the same increase rate of 1,69. This may be considered as
normal, as the Fatih District is an old settlement. On the other hand, it
can be indicated that the local valuation commission mostly applies the
highest rate allowed by the regulations in most streets. This may imply
that the recurrent property valuation system needs to be modernized.

As for deriving technical models automatically, it may be indicated
that ShapeChange has superiorities over utilised other tools. It provides
well documented, XML-based and UML application schema independent
configuration files for conversion to a wide variety of technical models.
Moreover, it provides various options for different implementation
strategies. For example, a relation (associative) table can be created for
representing many-to-many multiplicity. Furthermore, it covers all op-
tions for the implementation of generalization association. These makes
the tool more compatible for deriving technical models using different
approaches.

7. Conclusion and future work

Property valuation is related to several processes in LA, and effective
and efficient information management systems is required for fair,
equitable, timely and sustainable valuations. The use of an appropriate
system for managing and analyzing property valuation information
should lead to improvements in the levels of performance and service
provided by relevant authorities, particularly with regard to the accu-
racy and speed with which valuations can be undertaken (cf. United
Nations Economic Commission for Europe (UNECE, 1996).

Land Use Policy 104 (2021) 105307

In this paper, the LADM_VM, which provides a common basis to
develop a holistic management system for property valuation informa-
tion, is firstly introduced. The LADM_VM can be implemented for several
purposes, namely recording input and output data in valuation processes
carried out for different purposes, assessing changes in transaction pri-
ces and values, and sharing and exchanging valuation information. In
order to prove that a LAS developed based on LADM_VM works effec-
tively for managing property valuation information maintained by
public authorities, an approach is described that covers the conceptual
modelling of recurrent valuations in Turkey and the implementation of
this conceptual model (i.e. country profile) with several technical
models, and populating and querying the database.

The use of existing standards and a shared terminology minimizes
the interoperability problem between systems and organizations and
increases the quality of communication between users. As the ISO 19152
LADM provides a solid base for extension with property valuation pro-
cesses, the LADM was used as the basis for developing LADM_VM.
Similar to LADM, the implementation of LADM_VM requires a country
profile. In this study, the methodologies for developing a country profile
were therefore investigated and the obtained results applied to a Turkish
LADM_VM Country Profile about the recurrent property valuations
conducted by local authorities. To develop the country profile, the
regulations related to recurrent valuations were examined, and the
required characteristics were determined. The LADM_VM was extended
with a few new characteristics (e.g. street-level parcel value) and code
lists (e.g. building quality type) to cover all country-specific situations.
No new concept (e.g. feature class) was added to the LADM_VM to
develop the country profile, therefore it could be stated that the
LADM_VM proposal is almost complete for representing recurrent val-
uations in Turkey. On the other hand, it should be indicated that an
updated or a second country profile might be needed in future, as there
is an ongoing modernization project for the application of mass
appraisal in Turkey.

The country profile was expressed in both CSL of UML and INTERLIS
as they provide different advantages in technical implementation. As
UML is a long accepted language and used in several applications, the
tools that are used to convert a UML conceptual model into a technical
model are steadier and more user-friendly. On the other hand, INTERLIS
tools form an integrated environment covering the whole implementa-
tion process that can be considered as the main advantage of INTERLIS.
According to the requirements of an application, a different technical
implementation approach may be preferred. This study examined ap-
proaches for implementing the generalization association and adopted
one of the approaches suitable to the application needs. Furthermore,
different technical models (PostgreSQL/PostGIS, GML, GeoJSON) were
derived from the country profile. These implementations can be utilized
by different applications, for example, a JSON implementation of the
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Fig. 11. The buildings colored according to 2020 tax values of improved properties.
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profile can be directly consumed by web-based applications, while GML
can be used in data exchange between property valuation related
organizations.

In this study, a real database implementation was used to assess the
operability of the technical implementation of the country profile based
on a series of queries. The overall assessment of the database imple-
mentation performance is satisfactory and encouraging. Considering the
assessment, it can be concluded that both the LADM_VM as well as its
Turkish Country Profile can be considered feasible in terms of managing
and querying property valuation-related information. On the other
hand, different aspects of LADM_VM should be further tested in future
implementations. For example, the mass valuation part of the model
should be evaluated with a comprehensive and detailed dataset
including mass appraisal performance indicators. The coverage of the
model is not limited to valuations, also transaction prices and sales
statistics can be represented with it. A future implementation of the
LADM_VM can include sales statistics using time series of transaction
prices. The bi-temporal aspect of property valuation processes is also
introduced in this paper and it is demonstrated that the concept of bi-
temporal data management is critical for the management of property
valuation information. This requires further investigations on the
applicability of a tri-temporal modelling approach to LADM_VM. Addi-
tionally, the advantages of implementing and/or integrating LADM_VM
with different models (e.g. CityGML, LandInfra/InfraGML, BIM) should
be further researched. Lastly, the possibilities of creating a 3D visuali-
zation and dissemination prototype in condominium unit level for the
valuation information represented in LADM_VM should be examined, in
the context of more transparent and trusted property valuation system.
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