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Introduction H

The real estate valuation process involves an impartial assessment of the various bl sl
elements that influence the potential value of a property, which include not only rights,
restrictions, responsibilities (RRRs), condition of real estate, spatial planning status and
constraints but also environmental, geographical, locational and socio-cultural

information.

If a country has an effective National Spatial Data Infrastructure (NSDI) with 3D support,
it can be used to link different data themes, such as buildings, cadastre, land use,
addresses, etc., that are required in valuation processes.

The main objective of this study is to extend the NSDI of Turkiye with ISO/DIS 19152-4
Valuation information and value affecting factors to cover all the characteristics
required in the real estate management applications (e.g., investment companies'
software) and 3D real estate valuation, and to implement the model for calculating the
parametric value scores of 3D buildings and condominium units.

Using 3D Geographic Information Systems (GIS) allows for in-depth analysis in evaluating
property characteristics and values through advanced geographic analysis such as

visibility.
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Methodology Step-1 - H

Model (LADM) Part 4: Valuation information and

THE FIG FOUNDATION
NSDI (TUCBS) data themes
Step-2
Pu r ose 5 Designing LADM-Part 4 and NSDI compatible
p real estate valuation data models
To extend the NSDI of Tiirkiye with ISO/DIS
19152-4 Valuation information and value
affecting factors to cover all the Step- 3
characteristics required in the smart city
----------- [ ] Determining the study area, obtaining 2D/3D

applications and 3D real estate valuation,
and to implement the model for

calculating the parametric value scores of

3D buildings and condominium units

datasets and defining 2D/3D factors afecting
the real estate value through literature reviews
and expert opinions

Step-4

Conducting questionnaires with appraisers and
academicians working in the public and private
sectors and calculating the factor weights with
Multi-Criteria Decision Analysis (MCDA) methods

Step-5

Performing GIS analysis and Producing GIS-based
parametric value scores for 3D buildings and
condominium units
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Designing Real Estate Valuation Information Model H

THE FIG FOUNDATION

In this study, a comprehensive conceptual data model has been developed, which is
specifically designed for open data management in the field of Real Estate Management.

An initial analysis of requirements was conducted, followed by an assessment of the resultant
data components for compatibility with Turkish national Geographic Data Infrastructure
(TUCBS).

The proposed model enables the inclusion of land and real property data in the TUCBS, which
also encompasses other land-related data themes such as buildings, land use, topography,
addresses, and administrative units. The model has been developed as a sub-scheme of the
LADM_VM standard for real estate management.
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Desighing Real Estate Valuation Information Model H

Overview of the Application Schema in Comparison with LADM_VM THE FIG FOUNDATION

TY_SalesStatistics

VersionedObject < «FeatureType»
VersionedObject wleatureTypen TY_Satislstatistikleri

«featureType» Valuation Information::
VM_SalesStatistic

Valuation Information::

VM_Valuation .
et ] T Topdegne . . .
= B — Since the designed TY model was built on the
VM_MassAppraisal ™ f

LADM_VM, it maintained its relationship with

VersionedObject
«leatureType»

«FeatureType»

. - Valuation Information:: Q (YZ0=g=teneEnE ey h L A D M C M d l
VersionedObjedt - — | VM_ValuationUnitGroup «FealureType» t e Ore O e °
«FeatureType» TY_DegerlemeBirimi i
Valuation Information:: [~
VM_ValuationUnit [ VersionedObject TY_Valuationunt
«leatureType» - .
Valuaton nformation: < _dFeatueTypes ISO 19152-4 LADM_VM standard is extended
VM_CondominiumUnit TY_BagimsizBolum —_—
| | develop the TY data model
. ‘ ) [ to develop the ata moade
< «FeatureType»
«featureType» I } TY Parsel
Valuation Information:: \ N
VM_SpatialUnit VersionedObject
«feature Type» ‘
Valuation Information:: \E”d'”g
VM_Building . «FeatureType»
~ TY_Bina

The relation between TY and LADM_VM Models
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Desighing Real Estate Valuation Information Model

TY_Parcel

class TY Core Model /

ey

TK_ParselDeger
VM_Valuation

TY_MassValuation
«FeatureType»

TY_TopluDegerleme

VM_MassAppraisal

analizTuru: topluDegerlemeAnalizYontemi [0.1]

«FeatureType»
_Tasi

deger: Currency

degerlemeAmaci: CharacterString [0.

degerlemeRaporiD: Oid [0..1]
degerlemeTarihi: DateTime

]

matematikModel CharacterString [0..1]
tahminDegeri- Currency [0_.1]

-+

topluDegerlemePerformansi: DogrulukOlcuteri [0..1]

+topluDegerleme

0.7

45t

<>EW

dbgHierarchy

+eleman
0.*

degerlemeYontemi: DegerlemeYaklasimlari TY_Salesstatistics VM_SalesStatistic
degerTuru: TasinmazDegerTuru [0.1] reani
islemFiyatBilgisi: TY_lslemFiyati v Satislstat‘{gtikleri
itrazDurumu: firazDurumu [0_.1] = TY_ValuationUnitGroup +dbg
tyDegerlemelD: Oid + alimSatmYogunlugu: Decimal " p
+ analizTarihi: DateTime [0..1] Vi W auaiogbie Ry
_ + anaTasinmazlpotekliSatis: Decimal istatistik «FeatureTypen
+ anaTasinmazSatis: Decimal +dbg TY_DegerlemeBirimGrubu
TK_Parsel degerBirim o.-|+ bagimsizBolumipotekiiSatis: Decimal 0.5 15|+ degeremeGruplsmi CharaderSting [0.1]
VIM_SpatialUnit dbHiyerarsi + bagmsizBolumSats. Decimal + grupTuru: DegerlemeBirimiTuru [0..]
+ fiyatEndeksi Decimal [0.1] + tDegerBiimGruplD: Oid
«FeaureTypen +db10.* g q*biFm + fiyatEndeksiTanhi: DateTime [0..1]
TY_Parsel VM_ValuaiionUhit + géBa;\OE\agﬂiF\ygt CurrTF[;;y1[]U, 1] butun | 0.¢
adalciKonum: AdalciKonum +birimistatistik| * tpantiyalEndexst Uecimal [
FeatureT)
guncelKullanimTipi: CharacterString [0..*] TY ‘;)ez;aerll:my:);i:imi o oel” tabanFiyattndeksTarii: DateTime 0.1
kaks: Decimal [0.1] = + tySaisiD: Oid
mulkiyetDurumu: MulkiyetDurumu Fenarsel Lap|* alyapiTesisatOzelikler TesisatTipi [0.7] |+parca
onCepheninBakigiYolGenisligi. Decimal + bagliOlunanBelediye: BelediyeTipi [0.1] [~
onCepheUzunlugu: Decimal : -*|+ mahalleTuru: MahalleTuru [0.1]
parselAlani: Decimal + turu: DegerlemeBirimiTuru [1..7] +butun
planlananKullanimTipi: CharacterString [0.] + tyDegerBinmID: Oid 0.*
taks: Decimal [0..1] -
yParselD: Od +butun | 0. dbBb
yapiNizami: YapiNizami
yolaBakanCepheSayis: Integer [1.] 0.1
zeminDurumu: CharacterString [0.7] parce
zeminEgimi: Decimal sparca | 01 TY_CondominiumUnit BinaBagimsizBolum
- TY_Building - VM_CondominiumUnit
el | - Q VM_B .g’.ﬂa «FeatureTypen
L. -outiding] TY_BagimsizBolum
« 2
-?;{;in‘;pe + arsaPayi: Decimal [0..1]
Jhuilding] + bagimsizBolumBrutAlani: Decimal [0.."]
+ alan:Area [0.7] + bagimsizBolumNetAlani: Decimal [0.*]
0"+ bagimsizBolumSayist Integer [0..1] +butun +parcal + - bagimsizBolumTuru: CharacterString [0.]
+ binaDonatUnsurlari: BinaDonati [0..7] + bulunduguKat Integer [0.1]
+ binaEnerjiPerformanst: BinaEnerjiPerformans [0.7] +  bulunduguKatTipi: KatTipi [0..1]
+ binaTesisat: BinaTesisatlari [0.*] + eklent: Boolean [0..1]
s d\sCepheMalerygh DisCepheMalzemeTipi [0.] + kullanimTuru: BagimsizBolumKullanimTuru [0 1]
+ hacim: Volume [0.7] + mulkiyetDurumu: MulkiyetDurumu [0_1]
+ isitmakaynagi: IsitmaSistemYakit<aynagi [0.."] + tyBbolumiD: Oid
+ isitmaSistemi IstmaSistemTipi [0_7]
+ kullanimTuru: BinaKullanimTipi [0.."]
+ ftyBinalD: Oid
+ yapimKaltesi: CharacterString [0..1]
+ yapimMalzemesi YapiMalzemesiTuru [0.7] =
s Detailed core model of TY
+ zeminAliKatSayisi Integer [0..1]
+ zeminUstuKatSayisi: Integer [0.1]

Land
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The TY data model is associated with the
data themes include Address, Land Use,
Public Administration Zones and Protection
Zones of TUCBS, and extends the data
themes Building and Cadastre

TY_Valuation class serves as the fundamental
class in the TY data model, similar to the

VM _Valuation in the LADM_VM model, for
representing valuation information.



class TY Core Model /

Desighing Real Estate Valuation Information Model IHI

E VW Hasshoprael THE FIG FOUNDATION

«FeatureType»
TY_TopluDegerleme

TY_Valuation TK_ParselDeger
VM_Valuation

T«F.EEMETYPE” L1 analizTuru: topluDegerlemeAnalizYontemi [0..1] plubegerleme
- = matematikModel CharacterString [0..1]

deger: Currency tahminDegeri: Currency [0..1]

degerlemeAmaci: CharacterString [0.*] topluDegerlemePerformansi: DogrulukOlcutleri [0..1]

degerlemeRaporiD: Oid [0..1]
degerlemeTarihi: DateTime
degerlemeYontemi: DegerlemeYaklasimlari
degerTuru: TasinmazDegerTuru [0.1]
islemFiyatBilgisi: TY_lslemFiyati

Y Salesstatistics VM_SalesStatistic
«FeatureType»

itirazDurumu: lirazDurumu [0_.1] T Satishstate kR TY_ValuationUnitGroup +dbg

tyDegerlemelD: Oid

TY_MassValuation contains the attributes

T+ + F + + + + +

tabanFiyatEndeksi: Decimal [0.1]

- - - -
+ dmam¥ogiigs D it mathematical model, statistical analysis method
: + analizTarihi: DateTime [0..1] Vi aliaeuRiy ] 1
+deger | 0% geger + anaTasinmazlpotekliSatis: Decimal istatistik «FeatureTypen +set
+istatistik| + anaTasinmazSatis: Decimal +dbg TY_DegerlemeBirimGrubu =" ‘ f - a - I
deger8irim |+ bagimsizBolumipotekliSats: Decimal PR 2 dbgHierarch
- P ; [ domtonsni e 1] [ perrormance Indicators and predicted value
VM_Spatialthi dbiyerarsi * ?agg\ﬁm;\zﬁo\.u[;ﬂsms‘[)oejlma\ + grupTuru: DegerlemeBirimiTuru [0. 7] eleman
o + fiyatEndekst Decimal [0.1] + tyDegerBinmGruplD: Oid 0.° =
ypen + fiyatEndeksiTarihi: DateTime [0..1]
TY_Parsel + mZ2BasiOrtalamaFiyat Currency [0.1] thutun | 0.+ pre IC a ue .
+
=
=

+ adalciKonum: AdalciKonum
+ guncelularimTipi CharacterSting [0.7] - g;ﬂ#:;vep;:;m tabanF iyatEndeksTarhi: DateTime [0..1]
+ kaks: Decimal [0.1] — R 0
+  mulkiyetDurumu: MulkiyetDurumu " atyapiTesisatOzelikleri: TesisatTipi [0.7]
+ onCepheninBakfgiYolGenisligi: Decimal bagiiOlunanBelediye: BelediyeTipi [0.1] |
+ onCepheUzunlugu: Decimal mahalleTuru: MahalleTuru [0..1] - - -
! P S L TY_ ValuationUnit class refers to the basic
+ planiananKullanimTipi: CharacterString [0.."] tyDegerBirmiD: Oid A —
+ taks: Decimal [0.1] - - -
+ tyParselD: Oid +butun dbBb
+ eplaom Vphzan transaction/record units that are subject to
+ yolaBakanCepheSayis: Integer [1.] mmac”-
+ zeminDurumu: CharacterString [0 - - - -
: valuation. The value unit can be parcel, building
" TV, Iding " = "
ol Q i «FeatureTypen !
VM_Building TY_BagimsizBolum - - -
| r condominium unit
TY Bina + arsaPayi: Decimal [0.1] O .
Jhuilding] = + bagimsizBolumBrutAlani: Decimal [0.."]
+ alan: Area[0.] + bagimsizBolumNetAlani: Decimal [0.]
0"+ bagimsizBolumSayist Integer [0..1] +butun +parcal + - bagimsizBolumTuru: CharacterString [0.]

+ binaDonatUnsurlari: BinaDonati [0..7] + bulunduguKat Integer [0.1]

+ binaEnerjiPerformanst: BinaEnerjiPerformans [0.7] + bulunduguKatTipi: KatTipi [0..1]

+ binaTesisat: BinaTesisatlari [0.*] + eklent: Boolean [0..1]

+ disCepheMateryaii. DisCepheMalzemeTipi [0..7] + kullanimTuru: BagimsizBolumKullanimTuru [0..1]

+ hacim: Volume [0."] + mulkiyetDurumu: MulkiyetDurumu [0_1]

+ isitmakaynagi: IsitmaSistemYakit<aynagi [0.."] + tyBbolumiD: Oid

+ isitmaSistemi IstmaSistemTipi [0_7]

+ kullanimTuru: BinaKullanimTipi [0.."]

+ ftyBinalD: Oid

+ yapimKaltesi: CharacterString [0..1]

+ yapimMalzemesi YapiMalzemesiTuru [0.7]

; e Detailed core model of TY

+ zeminUstuKatSayisi: Integer [0.1]
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Desighing Real Estate Valuation Information Model

class TY Core Model /

TY_Parcel TK_Parsel
VM_SpatialUnit

«FeatureType»
TY_Parsel

adalciKonum: AdalciKonum
guncelKullanimTipi: CharacterString [0..]
kaks: Decimal [0.1]

mulkiyetDurumu: MulkiyetDurumu "
onCepheninBakfigiYolGenisligi: Decimal
onCephelzunlugu: Decimal

parselAlani: Decimal

planlananKullanimTipi: CharacterString [0.]
taks: Decimal [0..1]

tyParsellD: Oid

yapiNizami: YapiNizami
yolaBakanCepheSayis: Integer [1.]
zeminDurumu: CharacterString [0.7]

ey

TY_Valuation TK_ParselDeger
VM_Valuation

TY_MassValuation

«FeatureType»
TY_TopluDegerleme

VM_MassAppraisal

«FeatureType»
_Tasi

deger: Currency

degerlemeAmaci: CharacterString [0.*]
degerlemeRaporiD: Oid [0..1]
degerlemeTarihi: DateTime
degerlemeYontemi: DegerlemeYaklasimlari
degerTuru: TasinmazDegerTuru [0.1]
islemFiyatBilgisi: TY_lslemFiyati
itirazDurumu: lirazDurumu [0_.1]
tyDegerlemelD: Oid

T+ + F + + + + +

- T
+deger | 0% geger

degerBirim
¢ o

dbHiyerarsi

bl0.* o qBirm
VM_ValuationUhit
«FeatureType»

+istatistik|

+birim +istatistik|

tahminDegeri- Currency [0_.1]

-+

analizTuru: topluDegerlemeAnalizYontemi [0.1]
matematikModel: CharacterSting [0..1] 0.*

topluDegerlemePerformansi: DogrulukOlcuteri [0..1]

+topluDegerleme

lesStatistics VM_SalesStatistic

«FeatureType»
TY_Satislstatistikleri

+ alimSatmYogunlugu: Decimal
+ analizTarihi: DateTime [0..1]

+ analasinmazSatis: Decimal

TY_ValuationUnitGroup +dbg

+ anaTasinmazlpotekliSatis: Decimal | istatistik
+dbg

VM_ValuationUnit Group

+ bagimsizBolumlpotekliSats: Decimal 0
+ bagimsizBolumSats: Decimal

+ fiyatEndeksi Decimal [0.1]

+ fiyatEndeksiTarihi: DateTime [0..1]

+ mZ2BasiOrtalamaFiyat Currency [0.1]
+ tabanFiyatEndeksi: Decimal [0.1]

TY_DegerlemeBirimi 0.1 0.*

atyapiTesisatOzellikler: TesisafTipi [0.7] ~ |+parca

+ tabanFiyatEndeksTarihi: DateTime [0..1]
+ tySaisD: Oid

«FeatureType» +set
TY_DegerlemeBirimGrubu K0 i
.|+ degerlemeGruplsmi: CharacterSming [0..1] |¢&Hierarchy
+ grupTuru: DegerlemeBirimiTuru [0..] “eleman
+ tyDegerBinmGruplD: Oid 0.*
+butun 0.*

zeminEgimi: Decimal

+parsel | 1.

arsel an|
+ bagliOlunanBelediye: BelediyeTipi [0.1] [~
: -*|+ mahalleTuru: MahalleTuru [0.1]
+ turu: DegerlemeBirimiTuru [1.."] +hutun
+ tyDegerBirmID: Oid 0.*
+butun | 0. dbBb
0.1
+parca
TY_CondominiumUnit BinaBagimsizBolum
VM_CondominiumUnit
«FeatureTypen
TY_BagimsizBolum
«FeatureType»
TY Bina + arsaPayi: Decimal [0..1]

= + bagimsizBolumBrutAlani: Decimal [0.."]
alan: Area [0.7] + bagimsizBolumNetAlani: Decimal [0.]
bagimsizBolumSayisi: Integer [0_1] utun +parcal + - bagimsizBolumTuru: CharacterString [0.]
binaDonatUnsurlari: BinaDonati [0..7] + bulunduguKat Integer [0.1]
binaEnerjiPerformansi: BinaEnerjiPerformans [0.7] +  bulunduguKatTipi: KatTipi [0..1]
binaTesisat: BinaTesisatari [0.] + eklent: Boolean [0..1]
disCepheMateryali: DisCepheMalzemeTipi [0.7] + kullanimTuru: BagimsizBolumKullanimTuru [0._1]
hacim: Volume [0..] + mulkiyetDurumu: MulkiyetDurumu [0_1]
isitmaKaynagi: lstmaSistemYakitkaynagi [0.."] + tyBbolumiD: Oid

isitmaSistemi IsitmaSistemTipi [0_7]
kullanimTuru: BinaKullanimTipi [0.7]

tyBinalD: Oid

yapimKalitesi: CharacterString [0..1]
yapimMalzemesi: YapiMalzemesiTuru [0.]
yapimTarihi: DateTime [0.1]
zeminAtiKatSayisi Integer [0..1]
zeminUstuKatSayisi: Integer [0

Detailed core model of TY

THE FIG FOUNDATION

TY_Building represents the buildings subject to

appraisal.

TY_Building is defined as a subclass of TUCBS

Building



class TY Core Model /

Desighing Real Estate Valuation Information Model Ill

n_Masm.umnﬁ VM_MassAppraisal THE FIG FOUNDATION
TY_Valuation TK,Parse“De‘_qa «FeatureType»
VM_Valuation TY_TopluDegerleme

T«F_eatureType» |1 + analizTuru: topluDegeremeAnalizYontemi [0..1] +topluDegerieme

= ) + matematikModel: CharacterString [0..1] 0.*
+ deger: Currency + tahminDegeri: Currency [0..1]
+ degerlemeAmaci: CharacterSting [0.] + topluDegerlemePerformansi: DogrulukOlcutleri [0..1]
+ degerlemeRaporiD: Oid [0..1]
+ degerlemeTarihi: DateTime .
+ degerlemeYontemi: DegerlemeYaklasimlari lesStatistics VM_SalesStatistic
+ degerTuru: TasinmazDegerTuru [0. 1] s . . . . . . . L3
+ islemFiyatBilgisi: TY_lslemFiyat " e - TY ‘ : d ’ ' ' ’ ' ’U t d d l t th t
+  tirazDurumu: tirazDurumu [0..1] TY_Satisictanstiken TY_ValuationUnitGroup +dbg —_ On O Inlu nl I S a n I n IVI u a u n I a
+ tyDegerlemelD: Oid + alimSatmYogunlugu: Decimal

VM_ValuationUnit Group

e ! T becd | s e is subject to the valuation process and is

TY_DegerlemeBirimGrubu ‘

+istatistik| + anaTasinmazSatis: Decimal +dbg
V_parcel TK Parsel deger8irim 0| gag\mswzgo}umlspcgek\[\?ans. [‘)ec\ma\ 0" 1.7+ degerlemeGruplsmi CharacterSiing [0 1] |2osHierarehy . . -
VM_SpatialUnit dbHiyerarsi + DAgIMSIZSONTRES S + grupTuru: DegerlemeBirimiTuru [0.] t d t f l t t
[j L _ \ + Sk Doomal | b categorised as a € OT valuation unit.

«FeatureType» +db10.* g q+birim + fiyatEndeksiTarhi: DateTime [0..1]
TY_Parsel VM_ValuationUnit + m2BasiOrtalamaFiyat Currency [0.1] butan | 0.*
+ adalciKonum: AdalciKonum B birimaistatisik| + tabanFiyatEndeksi: Decimal [0..1]
FeatureT)
+ guncelKullanimTipi: CharacterString [0.."] Ty ‘;)e:;aerll:my:;i:imi o i tabanF\yan_ndeksTamh\ DateTime [0..1]
+ kaks: Decimal [0.1] i + tySaiisiD: Oid
+  mulkiyetDurumu: MulkiyetDurumu Frparsel Lap|* alyapiTesisatOzelikler TesisatTipi [0.7] |+parca . .
+ onCepheninBakigiYolGenisligi: Decimal + bagiiOlunanBelediye: BelediyeTipi [0.1] B
+ onCepheUzunlugu Decimal ‘ -*|+ mahalleTuru: MahalleTuru [0.1] ¢ I S C a S S e I n e S a S a S u C a S S O
+ parselAlani: Decimal + turu: DegerlemeBirimiTuru [1.] +butun
+ planlananKullanimTipi: CharacterString [0..”] + tyDegerBinmID: Oid 0.~ . . . . .
L BT uilding - Condominium Uni
+ tyParselD: Oid +hutun | 0.
+ yapiNizami: YapiNizami
+ yolaBakanCepheSayis: Integer [1.]
+ zeminDurumu: CharacterString [0.7] - _—
+ zeminEgimi: Decimal +parca | 0.1 Vﬁrrgﬂzg:m_sgﬂnbﬂ;:
. TY_Building 5 I_CondominiumUni
o) Q VM.B .g’.ﬂa «FeatureTypen
el TY_BagimsizBolum
«FeatureType»
TY Bina arsaPayi: Decimal [0..1]
+huilding —— — bagimsizBolumBrutAlani: Decimal [0.7]
+ alan: Area [0.

bagimsizBolumNetAlani: Decimal [0..*]
bagimsizBolumTuru: CharacterString [0..]
bulunduguKat Integer [0.1]

bulunduguKatTipi: KatTipi [0..1]

eklent: Boolean [0..1]

kullanimTuru: BagimsizBolumKullanimTuru [0 1]
mulkiyetDurumu: MulkiyetDurumu [0_1]
tyBbolumiD: Oid

-1+ bagimsizBolumSayis Integer [0..1] +butun
+ binaDonatUnsurlari: BinaDonati [0..7]

+ binaEnerjiPerformanst: BinaEnerjiPerformans [0.7]
+ binaTesisat: BinaTesisatlari [0.*]

+ disCepheMateryali: DisCepheMalzemeTipi [0.]
+ hacim: Volume [0.7]

+ isitmakaynagi: IsitmaSistemYakit<aynagi [0.."]

+ isitmaSistemi IstmaSistemTipi [0_7]

+ kullanimTuru: BinaKullanimTipi [0.."]

+ ftyBinalD: Oid

+ yapimKaltesi: CharacterString [0..1]

+ yapimMalzemesi YapiMalzemesiTuru [0.7]

; e Detailed core model of TY

+ zeminUstuKatSayisi: Integer [0.1]

+
+
+
+
+
+
+
+
+
+
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Designing Real Estate Valu

class TY_Valuation DataTypes&Codelists /

Valuation Approaches T

DegerlemeYaklasimlari

Cost Method «DataType»

MaliyetYontemi

Income Method «DataType»

GelirYontemi

+ emsalYontemi EmsalYontemi [0.1]
+ gelirYontemi: GelirYontemi [0..1]
+ maliyetYontemi- MaliyetYontemi [0 1]

«DataType»
EmsalYontemi

Sales Comparison
Method

fiziklselDuzenleme: Currency [0..1]
karsilastrrilabiirDegerBinmiKimligi- Oid [0.7]
konumsalDuzenleme: Currency [0..1]
zamansalDuzenleme: Gurrency [0 1]

+ o+ o+t

Transaction

Value T
\iwg «CodeList»

T «GodelListr
Tasi DegerTum e IslemTuru
+ diger + ackPiyasaSatisi
+ kullanimDegeri + allelciTransfer
+ makulDeger + bagis
+ piyasaDegeri + cebriSatis
+ tahminDegeri + diger
+ takdirDegeri + mahkemeKarari
+ vergiDegeri + miras
+ yilikKiraDegeri + takas
Cost Type | «GodelList»
MaliyetTuru
+ degisimMaliyet
+ uretmMaliyet

A. Machine Learning and Artificial
Intelligence Methods
A.1. Multiple Regression Analysis
A.2. Support Vector Machines
A3 GEM
A4, LightGBM
A.5. XGBoost
A.6. NGBoost
A.7. Random Forest
A8 Rotation Forest
A.9. Canonical Correlation Forest
A 10. Decision Trees
A.11. Hedonic Regression Analysis
A 12. Artificial neural networks
A.13. Deep Learning
B. Statistical Methods for Position
Corrections
B.1. Positional Regression
B2 Positional Interpolation
B.3. Geographically Weighted
Regression
B.4. Clustering Analysis
C. Time Series Analysis
C.1. ARIMA Model
D. Criterion Analysis Methods
D.1. Fuzzy Logic
D.2. MCDA
D.3. Nominal Valuation

R I

efektiffas: Integer [0..1]
fizikselEskime: Currency [0_1]
fonksiyonelEskime: Currency [0..1]
hariciEskime: Currency [0 1]
kronolojikYas: Integer [0..1]
m2BasiMaliyetFiyati: Currency [0 1]
maliyetFiyatkaynagi CharacterString [0. 1]
maliyetFiyatTarihi: DateTime [0..1]
maliyetTuru: MaliyetTuru [0 1]
toplamEskime: Currency [0..1]
toplamMaliyet Currency [0.1]

amortismanF aktoru: Decimal [0.1]
boslukOrani- Decimal [01]
brutGelirCarpani: Decimal [0.1]
brutPotansiyelGelir: Currency [0.1]
efektiBrutGelir: Currency [0..1]
indiimQrani: Decimal [0 1]
isletmMasrai: Currency [0..1]
netGelir- Currency [0.1]
sermayelendirmeQrani: Decimal [0.1]
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TY_TransactionPrice

Mass Valuation

Methods | «CodeListr

«DataType»
TY_lslemFiyati

TopluDegerlemeAnalizYontemi
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adaptveEstmationProcedure
bulanikMantik
cografiAgiriikiRegresyon
cokluRegresyonAnalizi
COKV

dennOgrenme
destekVektorMakineleri

diger

GBM
hedonikRegresyonAnalizi
kanonikKorelasyenOrmani
kararAgaclari
konumsalEnterpolasyon
konumsalRegresyon
kumelemeAnalizi

LightGBM
locationalValueResponseSurfaceAnalysis
NGBoost

nominalDegerleme
rastgeleOrman
rotasyonOrman

XGBoost

yapaySinirAglari
zamanSerisiARIMAmodelAnalizi

+ alimSatimislemTuru: IslemTuru [0..1]

+ islemFiyati Currency [0.1]

+ islemGerceklestrmeTanhi DateTime [0..1]
+ tylslemiD: Oid

«DataType»
DogrulukOleutleri

+ AA Decimal [0.1]

+ analizTarhi DateTime [0 1]
+ COD: Decimal [0..1]

+ CorC: Decimal [0 1]

+ COV: Decimal [0..1]

+ korelasyon: Decimal [0.1]
+ MAE: Decimal [0..1]

+ MAPE: Decimal [0..1]

+ MeanRatio: Decimal [0_1]
+ MedianRatio: Decimal [0..1]
+ modelEgitmOrani- Decimal [0_1]
+ modelTestOrani Decimal [0 1]

+ MSE: Decimal [0.1]

+ omeklemBuyuklugu: Integer [0_1]
+ PRD: Decimal [0..1]

+ R2 Decimal [0.1]

+ RMSE: Decimal [0..1]

+ tahminDuzeyr Decimal [0 1]

+ tahminDuzgunlugu: Decimal [0..1]

- [ | - - | - | [ | | |
class TY_Building/CondominiumUnit DataTypes&Codelists /
- SutaingFciis <Datypes

Building Equipment
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Cooling System Type

BinaEnerjiPerformans

¥
¥
¥
¥
¥
¥
¥
.
.
.

aydinlatmaEnerjiPerformansi: EnerjiPerformansSinifi [0..1]
enerjiTukeimPerformansi: EnerjiPerformansSinif
havalandirmaEnerjiPerformansi: EnerjiPerbmansSinif [0..1]
ikiimlendirilenAlan: Decimal [0..7]

isitmaEnerjiPerformansi: EnerjiPerformansSinifi [0..1]
isiYaliimiVarligi: Boolean [0..1]
seraGaziEmisyonPerformansi: EnerjiPerformansSinif [0..1]
sihhiSicakSuEnerjiPerformansi: EnerjiPerformansSinii [0 1]
sogutmaEnerjiPerformansi: EnerjiPerformansSinifi [0_1]
yenilenebilirfEnerjiOrani Decimal [0.%] A

«DataType»
BinaDonati

ot o+ o+ o+

asansorMevcudiyei Boolean [0.1]
cocukOyunAlaniMevcudiyeti Boolean [0.1]
havuzMevcudiyet Boolean [0 1]
otoparkMevcudiyeti: Boolean [0.1]
sitelcindeOlma: Boolean [0.1]
sporTesisMevcudiyeti Boolean [0.1]

BinaTesisatlari
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artma: Boolean [0.1]

atikSu: AtkSuTipi

aydinlatmaSistemi: AydinlatmaSistemTipi [0."]
bazlstasyonu: Boolean [0 1]
dogalgazBaglantisi: Boolean [0..1]
elekirikBaglantisi: Boolean [0..1]
fiberinternetAltyapisi- Boolean [0..1]
haberlesmeBaglantisi: Boolean [0 1]
havalandirmaSistemi: HavalandirmaSistemTipi [0..1]
hidrafor: Boclean [0..1]

icmeSuyuBaglantisi: Boolean [0..1]
isitmaKaynag. IsimaSistemYakitKaynagi [0.."]
isitmaSistemi: lsitmaSistemTipi [0..7]
jenerator- Boolean [0.1]
kanalizasyonBaglantisi- Boolean [0_1]
paratoner- Boolean [0.1]

pisSuBaglantisi- Boolean [0.1]
sicakSuTemini SicakSuTeminTipi [0. %]
sicakSuYakit SicakSuYakitTipi [0.%]
sogutmaSistemi SogutmaSistemTipi [0 "]
suDeposu: Boolean [0 1]
yagmurSuyuHasadiDeposu: Boolean [0 1]
yanginTesisaii- Boolean [0_1]

«Codelisty
SogutmaSistemTipi Facade Heating System
+ mahalAyrik Material Type | ¢ CodelListy FuelSowrce | GodelListy
+ mahalCokluAynk DisCepheMalzemeTipi IsitmaSistemYakitKaynagi
+ mahalDegiskenSogutucuAkiskanDebiliVrf + ahsa g a—
+ mahalKompaktklemdirici + bemnp + bi Oryal
+ merkeziAbsorpsiyonluSogutma + bitkiKaplama . d\ye?
+ merkeziGazTahrikiDogrudanYanmaliAbsorpsiyonluSogutma - P . dc?ga\gaz
" meerSusoqumalkontonser - e
g + IsiYaltimliSiva + gazYagi
+ kompozit + gunes
Building Use Building + metal + katYakit
Type «CodeList» MaterialTyee | Godelisty + puc + komur
BinaKullanimTipi YapiMalzemesiTuru + seramik + Ipg
+ isyer + ahsep + sivaliBoya + odun
= (e s e + sivasizBoya + ruzgar
+ mesken + betonarmeBlokYapi + swasizlugla o Ewe
e + fas + tezek
Lighting + demirDonatliTuglaDuvar ﬂ N
System Type «Codel ist + kargirnsaat Erergy Hot Water
AydinlatmaSistemTipi + KerpicBlok Performance Class |«CodeList» Fuel Type | yCodelisty
+ kerpicDuvar EnerjiPerformansSinifi SicakSuYakitTipi
+ acikReflektorArmatur_B + mobilEv A q
+ ciplakArmatur_A + molozTasYapi i B i dge;‘ -
+ endirektArmatur_F + pismisBlokTugla - . e\egllma
+ ip2laveliArmatur_D + precastDuvarPaneli I —
+ kapaliReflektorArmatur_C + resmiOlmayaninssaat * : < ken‘(‘krt
+ tozKorunumlulpbxArmatur_E + tasKargirBlok i £ i \pag b
k
[ N o + G + fermal
Heating «CodelList»
System Type \sitmaSistemTipi Hot Water _
IsitmaSistemTipi sumly Tvpe | ¢Codelists Twask-water «Codel ist . I§| :
+ binalciKalorifer SicakSuTeminTipi " AtikSuTipi System Type |“C°d9L'SD’
+ diger HavalandirmaSistemTipi
+ dg alGazSobasi + diger e
Y + gunesKollektoru + kanalizasyon + beslemeVeEgzozHavalandima
+ gunesEnerisi o Pl + egzozHavalandirma
+ karma
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Data type classes and
code lists associated
with TY Valuation



Desighing Real Estate Valuation Information Model

class TY_3D /

TY_ValuationUnit3D ‘

+parca

TY_Building

[T-pusans |

Bina
VM_Building

dbHiyerarsi
+db2 0.1 +db10..* +butun|0..*
TY_ValuationUnit 5 y
= VM_ValuationUnit
«FeatureType»

TY_DegerlemeBirimi

+butun

altyapiTesisatOzelikleri: TesisatTipi [0..7]

TY_CondominiumUnit ‘

BinaBagimsizBolum

+parca

VM_CoendominiumUnit

«FeatureType»
TY_BagimsizBolum

bagliOlunanBelediye: BelediyeTipi [0 1] 0.*
mahalleTuru: MahalleTuru [0..1]
turu: DegerlemeBirimiTuru [1..7]
tyDegerBinmID: Oid

‘F

«FeatureType»

+ o+ o+ o+

TY_DegerlemeBirimi3B

+ geometr: GM_Object
+ kentFonksiyonQOzeliikleri: KentFonksiyonOzelikleri [0 *]
+ mahaliOzellikler: MahalliOzellikler [0.%]

e

+butun

38_dbBb

dbBb 0..1

o+ o+ o+ o o+ o+ o+ 4

arsaPayi: Decimal [0..1]
bagimsizBolumBrutAlani Decimal [0 "]
bagimsizBolumNetAlani: Decimal [0_7]
bagimsizBolumTuru: CharacterSting [0 7]
bulunduguKat Integer [0.1]

bulunduguKatTipi- KaiTipi [0.1]

eklenti: Boolean [0..1]

kullanimTuru BagimsizBolumKullanimTuru [0_1]
mulkiyetDurumu: MulkiyetDurumu [0..1]
fyBbolumiD: Oid

TY_CondominiumUnit3D ‘

«FeatureType»

TY_BagimsizBolum3B

+parca

0.1

FoE ok o+ o+ 4+ o+ o+ o+

bagimsizBolumGepheYonu: CepheYonu [0..1]
banyoSayisi: Integer [0..1]

+parca

0.1

+but

«FeatureType»
TY_Bina

alan: Area [0..7]

bagimsizBolumSayisi- Integer [0 1]
binaDonatiUnsurlari: BinaDonati [0_*)
binaEnerjiPerformansi: BinaEnerjiPerformans [0.%]
binaTesisati- BinaTesisatari [0_*]
disCepheMateryali: DisCepheMalzemeTipi [0..7]
hacim: Volume [0.."]

isitmaKaynagi’ IstmaSistemYakitkaynagi [0_]
isitmaSistemi: lstmaSistem Tipi [0..7]
kullanimTuru- BinaKullanimTipi [0_*]

tyBinalD: Od

yapimKalitesi: CharacterString [0..1]
yapimMalzemesi- YapiMalzemesiTuru [0_]
yapimTarihi- DateTime [0 1]

zeminAliKatSayisi: Integer [0..1]

tun
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reminUstuKatSayist Integer [0_1]

TY_Floor

«FeatureType»
TY_Kat

eklentr Boolean [0 1]
eklentiTuru: EklentiTuru [0_]
gunesPotansiyeli: GunesAlmaPotansiyeli

bagimsizBolumSayisi- Integer
katKullanimTipi: KatKullanimTipi

guruftuDurumu: Gurultu [0
hesaplananBrutAlan: Decimal
hesaplananNetAlan: Integer
manzaraDurumu: Manzara [0 *]
mutfakSayisi: Integer

odaSayist Integer [0 1]
tuvaletSayisi: Integer

katNumarasi: Integer
katTavanYuksekligi: Decimal
katTipi: KatTipi [0..1]
katZeminYuksekligi: Decimal

+ o+ o+ o+ o+ o+

3D profile of TY data model
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This profile also incorporates features
derived from geographical analyses using
2D and 3D datasets, and aligned with the
TUCBS and INSPIRE Building data
themes, CityGML, and

buildingSMART - ISO 16739-1: Industry
Foundation Classes (IFC) standards.

External factors, such as the view,
proximity to points of interest (POI),
noise, and insolation potential and so
on also included.



Case Study

Methodology

FlIlG
Examining the Land Administration Domain
Model (LADM) Part 4: Valuation information and

THE FIG FOUNDATION
NSDI (TUCBS) data themes

Step-2

== Designing LADM-Part 4 and NSDI compatible
real estate valuation data models

Purpose

To extend the NSDI of Tiirkiye with ISO/DIS
19152-4 Valuation information and value
affecting factors to cover all the Step- 3
characteristics required in the smart city
applications and 3D real estate valuation, Determining the study area, obtaining 2D/3D
and to implement the model for datasets and defining 2D/3D factors afecting
calculating the parametric value scores of the real estate value through literature reviews
3D buildings and condominium units and expert opinions

Step-4

Conducting questionnaires with appraisers and
academicians working in the public and private
sectors and calculating the factor weights with
Multi-Criteria Decision Analysis (MCDA) methods

Step-5

Performing GIS analysis and Producing GIS-based
parametric value scores for 3D buildings and

|.(I n d condominium units
Administration

3D 5




Case Study

Study Area and Datasets

1
S 3 ) == 2
3¢ " o8 o
7 S s Ay NN
TR P ’ i, &
? \ s T g = f"“
—~ \ 3 ~- N S ]
,,.;A . i “7 : } o VV"
° \ g v 1
A = o A $
LS ( J
L} ,;,,\. . L Y iy
e\ : ~ R
c,:&;‘f"-.,,;("" 7 = ! T
. ] > )
¥ pa ¥ o ’,/
1 v
'
¢ 50 ' 3<I>o 5})0 ' G FAO SGS
1
T
—
& ®
v
//\V —
Tk [
\ /\ S ST
\2 = 1&\
“ pa
___\) ///.-‘:‘ ek | — /\L\"ﬁ
- s <
e S
i,// -~ 4‘\ rf ’
\ / 5 // / S
G
\ -
\
\
‘\
\
Esri, HE!
2 Km

_ Land
“Administration

Within the scope of the “3D City Models and Cadastre
Project” initiated by the General Directorate of Land
Registry and Cadastre (GDLRC) of the Republic of Turkiye in
2020 (GDLRC, 2024), 3D building models were produced in
Amasya-Merkez district, the pilot project area.

Besides, data obtained from Turkish Statistical Institute,
Amasya Municipality (zoning plans), the Disaster and
Emergency Management Presidency, and Open Street
Map (OSM) is utilized to produce nominal value scores for
each residential unit in the study area.
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Case Study H
Defining 2D/3D Factors Affecting the Real Estate Value and Factor Weights

THE FIG FOUNDATION

¢ 2D/3D factors affecting real estate value are defined in five thematic categories, taking
into account international standards, literature reviews and existing 3D data model content.

+» To create parametric value scores for real estate valuation, it is necessary to calculate the
weight coefficients representing the importance level of the factors affecting the real estate

value. Multi-Criteria Decision Analysis (MCDA) method, specifically Best Worst Method (BWM), is
utilized to determine the weights of the criteria.

* The questionnaires were conducted directly with appraisers working in the public and private
sectors and academicians. Each of the questionnaires was analyzed using BWM. The weights
for the calculated each thematic categories and sub-categories.

30 Bl Fllc
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Case Study H

Defining 2D/3D Factors Affecting the Real Estate Value and Factor Weights ——

Population (0.058) (population density, women living in the neighbourhood
(%), men living in the neighbourhood (%), children (0-14 age) living in the
neighbourhood (%), young (15-24 age) living in the neighbourhood (%),
adults (25-65 age) living in the neighbourhood (%), old (65+ age) (%) living
Socio-demographic in the neighbourhood), Education Level (0.059) (illiterate people (%),
characteristics uneducated people who can read (%), primary school graduates (%),
(0.214) secondary school graduates (%), high school graduates (%), university
graduates (%)), Income Level (0.063) (Number of people with group A+, A,
B, C, D, size of income, income per capita), Spending (0.034) (food
expenditures, healthcare expenditures, transportation expenditures,
education expenditures, sheltering etc.)

Fll
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Case Study H
Defining 2D/3D Factors Affecting the Real Estate Value and Factor Weights

THE FIG FOUNDATION

Zoning Characteristics (0.065) (building coverage ratio, floor area ratio,
Planni parcel area, building order form (detached building, attached building),
anning : : . L.
. . permitted parcel usage type), Parcel Physical Characteristics (0.046)
characteristics :

(0.163) (number of facades facing the road, facade front length, front facade road

) width, location of parcel in building block, land slope, ground conditions),
Property Status (0.052) (condominium, condominium easement, timeshare)

Land
Administration

3D 5
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Case Study H

Defining 2D/3D Factors Affecting the Real Estate Value and Factor Weights £ Pt FOURDAOH

Education Facilities (0.041) (kindergarten, primary and secondary school,
high school, university), Healthcare Facilities (0.041) (local healthcare
facility, hospital, pharmacy, emergency health service station),
Transportation (0.063) (Rail System Stations, Airport, Sea Transport
Urban Functions  Stations, Road Transport Station, Proximity to Roads), Points of Interest
(0.216) (0.027) (bazar centre, shopping mall, district bazaar, market, cultural
facility, coast, green area, sport facility, restaurant), Public Services (0.020)
(administrative facility, courthouse, post office, bank, fire station, security
unit), Industrial Facilities (0.008), (petrol station, industrial facility,
treatment facility), Religious Facilities (0.016) (worship, cemetery)
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Case Study H

Defining 2D/3D Factors Affecting the Real Estate Value and Factor Weights TE S FOUNOARON

Building Physical Characteristics (0.127) (age of building, number of total

Buildi - : : : : L
ul |r3g : building floors, heating system, existence of heat insulation), Building
Characteristics : o : : .
(0.209) Installations (0.082) (within housing estate, existence of car parking,

existence of pool, existence of elevator, existence of children playground)

Condominium Unit  Condominium Unit Physical Characteristics (0.110) (landscape, direction,
Characteristics floor level), Condominium Unit Interior Characteristics (0.086) (floor area,
(0.196) number of rooms, room type, number of balcony, number of bathroom)
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Case Study H
Producing Parametric Value Scores
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Proximity to the coast i,‘!-' Proximity to the bus stops

';#_' Proximity to the primary and secondary schools

The calculation of the parametric value scores

~ i —— = was carried outin a hierarchical structure and a
S emss e process was followed from the neighbourhood
level to the condominium unit level.

Geographic data representing the 2D/3D factors
defined were analysed in the GIS environment to

produce parametric value scores in real estate
valuation.

Land

Examples of geographical analyses for producing 3 D d
<=7 Administration

parametric value scores




Case Study H

Producing Parametric Value Scores THE FIG FOUNDATION

Socio-Demographic Characteristics

Parametric value scores were
calculated for the five factor
groups with the

Where S is the parametric value
score; n is the number of factors

- S — _—_ included in the analysis. W; is the
Calculating parametric value scores for factor weight coefficient of factor i which
was calculated with the BWM, and
F; is the normalized analysis
results for factor i.

Land
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Case Study H
Producing Parametric Value Scores
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Total Parametric Value Scores for Condominium Units

The value of the parametric value
score S ranges between 0 and 100,
with a value closeto 0
representing a low value real
estate and 100 representing a high
value real estate for the valuation.

Finally, the scores calculated for
the five groups were combined and
parametric value scores were
calculated at the condominium
unit level.

https://www.youtube.com/watch?v=EIQLgAs16Dg



https://www.youtube.com/watch?v=ElQLgAs16Dg

Conclusion H

** In extending the NSDI, it is reasonable to consider the use of international .
standards and local factors that may alter the value of the property. As the ISO
19152 Land Administration Domain Model (LADM) is the only standard that
considers links between cadastral, building, land use and property valuation
registers, it makes sense to use the LADM when extending an NSDI.

s As a future work, it is planned to test the developed model with real data in
another case study area. Furthermore, the relationships between indices
generated in smart city applications (e.g., quality of life) and real estate values
need to be investigated, which is specified as future work.
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Thank you!

This paper is produced within the “Developing smart city applications using machine learning techniques in big
geographic data management with national geographical information systems: real estate management example”,
supported by Scientific and Technological Research Council of Turkiye (TUBITAK) 1001 project (Project Number:
122R021).

Abdullah Kara is supported by the FIG Foundation with the

FIG LADM Project — Finalization of ISO Standards of LADM. The author would like to
express his gratitude to the FIG Foundation for its support.
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