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LADM Implementations

|m'm Spatial Unit

that complies to LADM standard (ISO 19152:2012)
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Aditya et al., 2019

Spatial Elements in Malaysian LADM

Corresponding Entities in LADM-Compliant 3D Database
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LADM adopted & published as national

v Czech technical standard by the Czech
Office for Standards

ISO languages (English and French)

standard

LADM translation




Land Administration

process of recording and
disseminating information
about:

e ownership [RRRs]

* value

* [planned] use of land
and associated resources

UN-ECE, 1996

Titles,

Efficient Land Market

Land Tenure
Mortgages & Easements

Secure legal rights

Economic, Social &
Environmental

E-Government

Effective Land Use Management

Land Development

Land Use

Land Value

Construction planning and Permits

Assessment of land value Policies and Spatial planning

Collection of property tax Control of land use Regulation and Implementation

Land Information Infrastructures

Built and Natural Environment
Data Sets

Enemark et al., 2006



LADM Revision — Multipart

Again, international standard
shortly after a PPC meeting?

Part 1

Part 2

Part 3

Part 4

Part5

Part &

2020
Iaa Fab Mar A Bay |...I|.. iy S Do u.-Il.'m. i Pl Bad A Bayp las
Generic conceptual model
NWIP WD

Land registration

Marine georegulation

Valuation information

Spatial plan information

Implementation aspects

2021

2022
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It should be noted that 3D representations are relevant for all parts



LADM Part 3 Marine Georegulation and
IHO S-121 (International Hydrographic Office)

Maritime zones




LADM Part 4 Valuation information, relevance of 3D

* 3D RRRs (legal) and 3D physical objects

* 3D view analysis (lake, ocean, golf and
mountain view)

* 3D noise analysis (e.g. airport and
neighborhood noise)

* 3D hazard analysis
* 3D crime analysis

* 3D insolation analysis (sunlight and
daylight analyse)

Viewshed polygons for two levels:
yellow=visible from top, red=one level lower

* 3D distance to points of interest (central
business district, metro station, busy
road, beach, waste, school, ...)



Screenshot from The Netherlands 3D valuation
dlssemmatlon prototype

https://nlvaluation.landadmin.or
Select Vahiation Yea =

“Q #9% 0

P.J. Oudstraat 82-10

2020 ~
Select Valuation Unit and Groups
Street Name P.J. Oudstraat
Post code 3354VB
Floor number 10
Mean area (m?) 925
Value (mean) 195000 euro
Value (per m?) 2108 euro
Annual increase in value 11%

Floor v

B Show Common Places in
Building

* Supporting different aggregation levels (unit, floor, building,...)
* Multiple years can be selected



https://nlvaluation.landadmin.org/

Spatial planning information as part of complete
land administration

RRR governed by Spatial
Planning Regulation and
Policy

RRR governed by Land
Administration Regulation
and Policy

Spatial planning regulates total height of Spatial planning regulates ratio of
a building on a parcel the land use over an area



LADM Part 5 Implementation - 3D spatial plans

http://pakhuis.tudelft.nl:8080/edu/cesium74/pupm/ (Agung Indrajit)
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http://pakhuis.tudelft.nl:8080/edu/cesium74/pupm/

First 3D cadastral registration of multi-level ownerships
rights in the Netherlands, March 2016:

Delft railway station = 6 owners
Volumes per owners defined in 3D pdf deed
(approach not used in other cases)




New in LADM part 2:
Design sources and Refined Survey Model

«featureType»
Generic Conceptual Model::
LA_Source

AN

integratedSource

«featureType»
Administrative::
LA_AdministrativeSource 0..* 0.*

«FeatureType»
Surveying and Representation::
LA_SpatialSource

RN

«FeatureType» «FeatureType»

Surveying and Representation::
LA_SurveySource

12

Surveying and Representation::
LA_DesignSource




Design sources for apartments: BIM IFC

* Open data format for BIM

* Most used data model in AEC sector

* NL: BIM mandatory for buildings > €10M
* Rijksvastgoeddienst, BIM Loket

* No legal space in IFC

* SO 16739-1:2018

P
ISO
h=v-g

1ISO 16739-1:2018

Industry Foundation Classes (IFC) for data sharing in the construction and facility
management industries — Part 1: Data schema



Proposed Solution

* Add User Defined Property Sets for IfcSpaces

* |[fcSpace one out
of 800 IFC entities

® INFO

@ Space.4.8: Room[133]

Identification Location Quantities Profile Relations Spbace Boundaries S|

Hyperlinks Pset_AirSideSysteminformation Pset_Cadastrallnformation Pset_ProductR
Property Value
complexnumber 8897 A
indexnumber 15
municipality Delft

?‘ . . .

parcelnumber == MSc GIMA thesis Jennifer Oldfield, 2016
section A

e Private MSc Geomatics thesis Roeland Meulmeester, 2019
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 Collect real world examples of BIM/IFC models

» Define guidelines for valid BIM/IFC for 3D Land Administration:
1. Legal Spaces: ifcSpace present

Relation to the LAS: unique identifier per apartment

Geometries: valid polyhedral spaces, closed

Spatial Relations: no overlaps, no gaps

Levels of Georeferencing: LoGeoref 10 (postal address), 20 (WGS84),
30 / 40 (Cartesian CRS), 50 (any CRS specified by EPSG)
according to Clemen and Hendrik (2019)

 MSc GIMA thesis of Marjan Broekhuizen, 2021
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What about underground legal spaces (tunnels/utilities)?

e Several cases, not many IFC
 Most cases in other format (first convert to IFC)

* Heinenoordtunnel was direct in IFC (RWS was exception)
* 3D Web-dissemination of the legal space via Cesium JS

e MSc Geomatics thesis Rohit Ramlakhan, 2022

parameters
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Rights Ownership
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Dutch Notaries initiated BIM Legal

 Launched in 2021 aiming at potential buyers
* Very positive responses, including an legal innovation award

« |7 QB8 https://bpd2.ogdb.nl/bpd/project/9531/landgoed-hoevestaijn B % % @ L @ @ g =

A

Kadaster continues

B3 COMPLEX

® Alle verdiepingen

E 4-Dak

3 - Derde verdieping
E 2 - Tweede verdieping
E 1 - Eerste verdieping

E ( - Begane grond

9 Hoofdingang (trap en lift)
9 Ingang 1 bergingen

9 Ingang 2 bergingen

@ Disclaimer B Geef feedback Aot
g Ik vind dit.. @ Help

- ﬂﬂﬂ@
https://bpd2.ogdb. nI/bpd/pr0|ect/9531/Iandgoed hoevesteijn



https://bpd2.ogdb.nl/bpd/project/9531/landgoed-hoevesteijn

3D Land Administration questionnaire

* Review and update of current 3D Land Administration (Cadastre) developments

* All relevant issues incorporated, different sections in questionnaire

Keep track of development worldwide

Assist researchers etc. with snapshot of past, current situation, and future plans

4t questionnaire can be compared to the earlier editions, every 4 years
e Submission via off-line word doc by email or google form (new)

* All completed questionnaires on-line at http://www.gdmc.nl/3DCadastres/participants/

- How to better compare the progress of the various countries?


http://www.gdmc.nl/3DCadastres/participants/

Questionnaire design

1. General/applicable 3D real-world situations

2. Infrastructure/utility networks

3. Construction/building units

4. X/Y Coordinates

5. Z Coordinates/height representation
As similar as possible to the first one /heig P

: 6. Temporal Issues

— enable to track changes over time _ o o

7. Rights, Restrictions and Responsibilities
Understanding data distribution 8. DCDB (The Cadastral Database)
Numerical analysis - benchmark 9. Plans of Survey (including field sketches)
Expected vs. realised development 10.Dissemination of 3D Cadastral information
- 2026 and 2022 in the last case 11.Statistical information

12.Reflection
13.Contact details



37 states completed the 4th Questionnaire of 3D Land
Administration: current status of 2022 and expectations for 2026
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Received responses

Country (- 5tate)
Argentina
Australia

ALS - Queensland
AUS - Victona
AUS - NSW

ALS - Western
Australia

Austria

Bahrain

Brazil

Canada - Québec

China
Costa Rica
Croatia
Cyprus
Czech Republic
Denmark
Finland
France
Germany
Greece
Hungary
lceland
India
Indonesia
Israel
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2022

Participants
Diego Alfonso Erba, Ramiro Alberdi

Ali Aien, Behnam Atazadeh, Ben Cowie, Murray Dolling, Mohsen
Kalantari, Sudarshan Karki, Davood Shojaei, Rod Thompson, Adrian
White

Rainer Feucht, Gerhard Muggenhuber, Gerhard Mavratil
Meera] Dixit, Ammar Rashid Kashram, Eleni Tziortzioti

Andréa Flavia Tendrio Carneiro, Suzana Daniela Rocha Santos e Silva

Francois Brochu, Louis-André Desbiens, Guillaume Devost, Marc
Gervais, Pierre Giguere, Alain Gregoire, Christian Lord, Jacynthe
Pouliot, Francis Roy

Renzhong Guo, Zhang Ming, Shen Ying

Andres Hernandez Bolafios

Miodrag Roic, Nikola Vucic

Elikkos Elia, Andreas Hadjiraftis

Karel Janecka

Lars Bodum, Jesper Paasch, Esben Munk Sarensen
Jani Hokkanen, Ao Kokkonen, Markku Markkula, Tarja Myllymaki
Claire Galpin, Hervé Halbout

Markus Seifert

Efi Dimopoulou, Eftychia Kalogianni, Panagiotis Lolonis
Gyula lvan

Katrin Hdlm Haulksddttir

Tarun Ghawana, Pradeep Khandelwal

Trias Aditya, S. Subaryono

Yerach Doytsher, Joseph Forrai, Kseniya Khasanshina, Gili Kirschner,

LY |

[taly

Kazakhstan
Kenya
Macedonia
Malaysia
Maontenegro
Mepal

The MNetherlands

MNew Zealand
Migeria
Morway
Paland

Portugal

Russian Federation

Serbia

Singapore

Slovenia

South Kaorea

Spain

Sweden
Switzerland
Trinidad and Tobago
Turkey

United Kingdom
England and Wales
Scotland
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Diego Mavarra, Bruno Razza, Enrico Rispoli, Fausto Savoldi
Matalya Khairudinova

David Siriba

Gjorgji Gjorgjiev, Vanco Gjorgjiev

Teng Chee Hua, Alias Abdul Rahman

Aleksandra Radulovic

Babu Ram Acharya, Susheel Dangol, Tanka Prasad Dahal

Rohan Bennett, Benedict van Dam, Eric Hagemans, Chrit Lemmen,
Hendrik Ploeger, Martijn Rijsdijk, Martin Salzmann, Jantien Stoter, Eva-
Maria Unger, Jaques Vos

Trent Gulliver

Thomas Dabiri

Lars Elsrud, Olav Jenssen, Lars Lobben, Tor Valstad
Jaroslaw Bydlosz, Marcin Karabin

José Paulo Elvas Duarte de Almeida, Jodo Paulo Fonseca Hespanha de

Oliveira, Mateus Magarotto

Sergey Sapelnikov, Natalia Vandysheva
link to Pilot 30 Cadastre in Russia

Rajica Mihajlovic, Aleksandra Radulovic, Menad Visnjevac
Wu Defu, Victor Khoo, Kean Huat Soon

Anka Lisec, Jermne] Tekavec

Youngho Lee

Amalia Velasco

Magdalena Andersson, Peter Ekback, Jesper Paasch, Jenny Paulsson
Helena Astrdm Boss, Robert Balanche, Laurent Miggeler

Charisse Griffith-Charles

Mustafa Aslan, Cemal Biyik, Fatih Déner

Alan Howie, Marguerite le Riche, Gareth Robson, Carsten Rénsdorf
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Compare received responses to previous editions

Number of

Countries/ Jurisdictions that participated countries that
participated

2010 2014 2018 2022

Argentina, Queensland and Victoria from Australia, Quebec from Canada, Shenzhen
provincial city from China, Croatia, Cyprus, Finland, Greece, Israel, Kenya, Malaysia,
Poland, South Korea, Spain, Sweden, Switzerland, The Netherlands, Trinidad and Tobago,
Turkey

Argentina, Queensland, New South Wales, Western Australia and Victoria from Australia,
Austria, Bahrain, Brazil, Quebec from Canada, Shenzhen provincial city from China,
Croatia, Cyprus, Czech Republic, Denmark, Finland, Greece, Iceland, Indonesia, Indonesia,
Israel, Kenya, Malaysia, Montenegro, Nepal, New Zealand, Poland, Portugal, Scotland,
Serbia, Singapore, Slovenia, South Korea, Spain, Sweden, Switzerland, The Netherland,
Trinidad and Tobago, Turkey

NO Germany, Hungary, Delhi State from India, and Delta State from Nigeria NGA 4

<
<
<
<

19

37

<
<
<

Vv Hong Kong, Iceland, Montenegro, Philippines, new countries 4



Existence of legislation for the description of 3D parcels (2022)

Question 1.9. v

s there legislation (law and/or
regulations) for 3D
descriptions of parcels?

m No ®mYes = QOther(partly, indirectlymetc.) = No answer



LADM and 3D

4 countries answered that 1ISO19152:2012 LADM is used as the formal

model for the 3D parcels: China (Shenzhen), Finland, Malaysia and
Scotland

35% of the total countries that participated, declared that their cadastral
database is (partially) based on LADM



Typcical responses

General/appllcable 3p real-world situations

This part of the questionnaire refers to the applicable 3D real-world situations t© be

registered by 3D parcels. It also addressed the types of 3D geometries. which are considered
to be valid 3D represemations for these parcels.

Netherlands 2014
We intend 10 demand

5 Z Coordinates/height repre

cadastre on @ 2D parcel.
However the right
registered might refer 1© described by 2 working
a construction or space group with two

on several 2D parcels. professors of civil law.
Yes. Itis allowed. but not
demanded 10 record a 3D
drawing in the land
registers. such a 3D
drawing 1s linked to the

51. Are the 7 coordinates of 3D
harcels relative 10 local ground?
52 AreZ coordinates reduced t0 @
standard datum (absolute)'.’ 1f so.
what is the spatial reference system
forthe Z coordinate?
53.In principle possible ©© store
both relative and absolute Z
coordinate?
54 Isthe earth

represematives of of
Royal Dutch
Association of Notaries

surface (height)
DCDB or

exit of rivers and of
Dunes civil poundaries
can change without the
recording of a deed. In
that case the cadastre
boundary follows the
legal poundary- The
Cadastre parcel pumber
is changed

An apartment right
consists among elseof a
right tousea specific

1.3.1sit allowed to have 3D parcels
ot related t©© physical constructs of
O P «ubsurface




QQQre 1
peated 4 times per country

2 General/appllcable 3D real-world situations

This part of the questionnaire refers to the applicable 3D real-world sitv tions to be regi
parcels. It also addressed the types of 3D geomem'es. which are considered t© e valid 3D
representations for these parcels.

units | Rights referring to the use of | We intend t0 require the
a limited space will be recording of 3D drawings

registeted in the cadastré on
a 2D parcel. However. the
registered right might 1€

a construction or space on
several 2D parcels.

in the land register
spec

5.Z Coordinates/height representation

ific cases. These cases

1. Arethe Z coordinates
a ive 10 jocal &
52 AreZ coordinates reduced t0 @
standard datum (absolute)’.’ 1f so. what
is the spatial reference system forthe Z
coordinate’.’

53.In principle possible ©© store bo
oordinate?

Yes. It is allowed but not
required t©© record a 3D

drawing the land register.

represematives of the
Association

12. Are 2D and/or 3D ambulato

poundaries penn'med?

without the T
deed. In that case. the
cadastral poundary follows

cadastral parcel pumber is
ged

ent right consists
among else of an exclusive
right to use 2 specific part of
a real estate. This part could

We intend 10 require the
recording of 3D drawings
in the land yegister in
specific cases: These cases

134 Isit allowed to have 3D parcels
(spatial units) not related t0 physical
constructs of objects? (e.g airspace.
subsurface volumes)




30 !Lnnd. ‘ .
Admimstrntion
, GENERAL/APPUCABLE 3D REAL-WORLD SITUATIONS

This part of the questionnaire refers to the app\icab\e 3D real-world situations t© be registered by
3D parcels. It also addressed the types of 3D geometries, which are considered 0 be valid 3D
representations for these parcels.

Primary tenure
3D parcels are initially
created through excision
from a base 20 parcel.
Subdivision ofa2D parcel to
createa 3D parcel results
alsoina 20 ‘remainder’ of
balance parcel.

1.1. Areall 3p parcels (3D spatial
units in LADM terminology)
constrained to be within on€

surface 2D parcel?

No change expected

3D parcels may also be used
to define secondary interests
(i.e., sub-lease Of easement).
Secondary interests are
always constrained to the
extent of the primary
tenure, whether they
defined by either 2D, oF 3D
harcels.

Both 20 and 3D ambulatory
poundaries are permitted.
For example, the ambulatory
boundary feature originating
froma standard format (20)
lot. mav be used as the basis

5.2. Are height value

sy

depth values:

1.2. Are 20 and/ or 3D ambu\ator\(2

poundaries permitted? No chang® expected

5. REPRESENTATiON oFf 3" D|MENS|0N: HEI

This section refers to the representation and registration of the third dimension.

5.1. Are the height values of 3D
parcels relative to local ground?

s reduced to @
standard datum (abso\ute)? \f so,
what is the spatial reference
stem for this 3rd ordinate?

53.In principie, isit possib\e to store
both relative and absolute height/
?

5.4.\sthe earth surface (e\evation)
explicitly stored (in the DCDB or
other accessible register)?

5.5. What is the source of height
values for the 2D surface parcel?

Registration: extent
yolumetric parcels may be
defined with combination of
polar dimensions and
rectangu\ar co-ordinates;
and levels on the Australian
Height Datum- Approximate
ground |evels are sometimes
shown.

Where SO, it is Australian
Height Datum (AHD 71)

No change expected

Registration: possible in | No chan
princip\e but does not occur
in practice.
Not in the DCDB. There are
other staté datasets for

topographica\ data.

Future spatial cadastres
will better facilitate
presentation of (DCDB)
land poundaries relative 10
terrain and other state
datasets.

None, bearings and | No change expected
horizontal distance 3t

average local terrain hight




Analysis

* Not always easy to compare the countriles over
time and to eachother

* Reason the text 1s nice proza, but hard to assess

* Questions we would like to answer with our
analysis
* Are countries makling progress?
* How do countrilies compare to eachother?

* In which 3D aspect is a country strong/mature (and is
improvement needed) ?



Approach

*Citeria for 3D (in line with questionnaire
sections) are the basis for scoring

* Before scoring a rubric has been developed for all
the 3D citeria

* F'or every country, for all the completed
questionares:

* We translated the text 1n the responses to a score

* Results are visually presented, analysed and



Rubric

Scoring

Description

SECTION 1 - GENERAL/ APPLICABLE 3D REAL-WORLD SITUATIONS

0

3D spatial units are not recognised

[

3D spatial units recognised, but not as part of Cadastre/ LAS (with different
legal system from 2D)

Legislation existing for 3D spatial units

Strata units and common property are recognised

o | Oy [

Fully general 3D volumes are treated as first-class cadastral objects

Full LADM based support of 3D volumes.

SECTION 5. - REPRESENTATION OF 3rd DIMENSION: HEIGHT (OR DEPTH)

0

No ground surface model or definition of 2D parcel elevations exists

2D parcels are defined in relation to local ground level, but not quantified

Jurisdictional height datum exists and is referenced

Ground surface elevation model exists but not is referenced by DCDB

Z-values are assigned on cadastral corners

(w o L [ o O SN )

Ground surface elevation model is carried within the DCDB (or is strongly
connected)

10

Digital twin of the jurisdiction exists, including ground surface elevations




What happened in ....
The Netherlands

1 General
10 Dissemination 2 Metworks
2b Connection 3 Building units
W 2022
Ca Survey 4 Coordinates 2018
2014
£ DCDB 5 Height m 2010

7 RRR A REAL World hist

6c DB History &b Title Legality

* Assuming progress score polygon are stacked,
latest on the bottom

* This coloring shows when certaln progress was

-



What happened in ....

Greece
1 General
10 Dissemination 2 Networks

Bb Connection 3 Building units
w2022
Ca Survey 4 Coordinates 2018
2014
B DCDB 5 Height 2010

7 RRR 64 REAL World hist

6C DB History &b Title Legality

* Nice gradual growth over 4 time-spans

e Sections 1 (General) and 2 (legal spaces

i~~~ 1~ N AN AN Y a~n =T A~ T ~Nt.7



What happened in ....
Spain

1 General

10 Dissemination 2 Metworks

b Connection 3 Building units

W 2022
03 Survey 4 Coordinates 2018
2014
B DCDB 5 Height 2010
7 RRR 6A REAL World hist
6C DB History Gb Title Legality

* Nice gradual growth over 4 time-spans

* Sections 6b (Title Legality) and 9a (Survey)

AN AN O R H R T ~N+.7



All together, average of the juristrictions

1 General

8
7
]
5

10 Dissemination 2 Networks

Sb Connection 3 Bulding units

Qa Survey 4 Coordinates
B DCDB 5 Height
7 RRR 6A REAL World hist

&c DB History &b Title Legality

W2022
2018
2014

m 2010

* Nice gradual growth over 4 time-spans

* 3D legal spaces of building units scores

~A~F+rrA~N 1~ T ~Nv.7~ —~ +

highest,



Scoring, the year 2022, work in progress....

1
2 |Argentina 2022
3 |QLD 2022
4 INSW 2022
3 |Greece 2022
6 |The Netherlands 2022
7 |South Korea 2022
B |Turkiye 00
§ |China 2022
10|Spain 2022
11 Malaysia 00
12 |Kenya 2022

13
14 Total 2022
15 |average 2022
* Blven
ecvern

2 3Building 4

1General Networks units  Coordinates

4 4 7
§ 4 §
§ 4 8
0 2 7
2 2 7
0 2 9
b 5 7
8 5 7
4 4 7
4 4 7

32 28 39
4 3 1,375

wilith rubric,

ambigous

L B == R == T e T b B

10
10

10
10

i

5 Height
8

—=
= ka2

i == B = B == B B == R == L T

39
4,875

BAREAL ~ 6bTitle
World hist  Legality
4 3
4 10
10 10
10 3
b 0
0 10
0 10
b
8 2
38 4
475 325

the scoring is still hard,

6cDB
History

(== == R = e e L. =]

10

39
4,875

TRRR

(== 5 T = R = o T = R == [ =Y

§DCDB

(== IR N e R = S L™ 5 N 4 o R O o [y S B (N |

4
52

9aSurvey Connection emination

{ oo I == o T (S N e R R — L= TR == B = ']

32

% 10 Diss-
7 5
3 5
3 ]
3 4
3 5
3 4
5 4
10
5 5
37 4
4,625 5,23

D parcels  sgkm
Dparcels  million  million

0 184 2R
377.000 2,4 1,7
100.000 43 0,81

0 4 0132

2 5 0,041

0 45

23.000.000 387 0,784

200.000.000 331 0,506

223377002 19044 5543

27922125,25 23,805 0,742875 33,88125

* May be we should consider ’'self-scoring’

pop  Manhattan

million dist avg
74 B 49
507 nos%
31 8 6
104 & 50
175 6 508
55 0 3@
38 0 50
f 5150
g8 55T
f B 90
f T
271,05 520 42,0693

63,25 5,283654

Oor



Visually presenting some aggregated results

& (0
7,00
6,00
5,00
4,00
3,00
2,00
1,00
0,00

20010 awv

=i -Argentina

i, Thie Netherlands == South Korea

— A

2014 av

== 0lD

—==5pain

2018 av

Greece

. TLIF KiyE

2022 av

* Most countries make very slow progress,

to their responses

'l -

according



Conclusion

Scope of LADM is getting wider to cover all Land Administration functions
(tenure, valuation, plan information)

LADM share is quite significant (and in 4 countries even including 3D)
Design sources (BIM/IFC) are being used more and more:

More systematic analysis of all questionnaires (2022, 2018, 2014, 2010)
for may countries was conducted based on a rubric

Quite often the responded texts were not easy to interpret and score
Feedback of countries on their scores (given by us) is appreciated



Thanks for listening!
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