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SUMMARY

This paper describes the use of 3D real property formation at a major construction site in
Stockholm, Sweden, project Slussen.

Real property formation with complex 3D volumes and numerous real properties and
associated rights, restrictions and responsibilities (RRRs) has to be shown with the real
properties and RRRs in relation to each other. The present legal solutions and documentation
thereof are based on analogue documentation (digitalised to pdf) and cannot be attached as
e.g. dwg files. Architects and other professionals do not normally have access to the 3D real
property boundaries in their 3D building models from the beginning of a project and the exact
locations of boundaries are agreed upon during the formation process to achieve as usable
solutions as possible.

The aim of this paper is to describe the 3D property formation process when involving
complex solutions securing RRRs to solve legal and planning challenges on different levels of
detail. The paper focuses on the cadastral real property formation procedures using 3D
property formation for constructions above and underground, as well as how they are
registered in the national real property register. The paper illustrates a complex 3D property
solution and adds to the understanding of the challenges of registration and visualisation of
Swedish 3D real property in Stockholm, focusing on legal as well as technical experiences.

This research is a document study based on an analysis of the property formation and
planning documentation and processes of a cadastral procedure conducted in the Slussen
project, as well as associated documentation from other agencies, and by interviewing key
persons involved in the project. The paper illustrates the need for a national cadastral index
map in three dimensions to be used in the formal real property formation procedures, to
achieve a comprehensible and correct representation and visualisation of 3D real properties
and RRRs in Sweden.

The results can be used as input in coming property formations of a similar kind, as well as a
component for the development of a national three-dimensional cadastral index map.
Furthermore, the results can be an input to capacity building for the future use of 3D models
as part of the formal cadastral property formation procedure.
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1. INTRODUCTION

Three-dimensional (3D) property rights have been successfully used for a long time in a
number of countries, see e.g. Oosterom et al. (2018), but in Sweden, the formation of 3D real
property is a rather new possibility. It was introduced in the legislation in 2004, followed by
legislation allowing apartment ownership in 2009 (SFS 1970:944).

1.1 Background

A demand for the formation of 3D properties had existed before its introduction in Sweden for
quite some time, to create the possibility of dividing the ownership of space or buildings
above or below ground. Among the needs for 3D property that were expressed in the
investigations preceding the legislation (Proposition 2002/03:116) were mentioned separating
the ownership in large complex projects with a need for extensive funding, e.g. for
infrastructure purposes.

The formation of 3D property has so far not been as high as was expected when introducing
the legislation, but the use of it seems to be increasing. This also creates a larger need for
finding sustainable solutions for three-dimensional registration and visualisation of 3D
property units and connected rights, restrictions and responsibilities (RRRs). This can in
particular be the case for more complex projects. This paper describes the use of 3D real
property formation at a major construction site in Stockholm, Sweden. Project Slussen is an
initiative to demolish the old existing lock in the historic waterway through the city, which is
connected today to an ineffective traffic solution in central Stockholm, and replace it with a
modern boat lock and a new traffic solution. The Slussen lock has since centuries formed an
important waterway through the Swedish capital regulating the boat traffic and water level
between the Baltic Sea and Lake Mailaren. This construction project also includes the
formation of 3D real property as well as RRRs. Stockholm municipality is responsible for real
property formation within their boundaries, a municipal responsibility that is allowed in
currently 40 Swedish municipalities, whereas property formation is the responsibility of
Lantmaiteriet, the Swedish Mapping, Cadastral and Land Registration Authority, in the
remaining parts of Sweden.

Real property formation with complex 3D volumes and numerous real properties and
associated RRRs are shown with the real properties and RRRs in relation to each other. The
present legal solutions and documentation thereof are based on analogue documentation
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(digitalised to pdf) and cannot be attached as e.g. dwg files. Architects and other professionals
do not normally have access to the 3D real property boundaries in their 3D building models
from the beginning of a project and the exact location of boundaries are agreed upon during
the formation process to achieve as usable solutions as possible.

1.2 Problem description

According to Swedish legislation and recommendations, cadastral boundaries for 3D property
units shall be described in relation to the physical construction surrounding the property unit
and the 3D volume shall enclose a building or other construction. The legislation is based on
the procedure that in normal cases, first a legal 2D-property is created, thereafter building
permission is obtained and finally the 3D property is created. This procedure is however not
possible to use when a detailed plan vertically separates public space and development
district. In such cases, it is required to separate the procedures for public space and
development districts before being able to obtain a building permit.

The result is that the separation between public space and development districts has to be
made before acquiring the building permit and constructing the building. In order to secure
that it is possible to obtain a building permit on the property and thereby ensure its suitability,
normally a parallel process with building permit and property formation is created in such
cases. The parallel process is needed for both the cadastral surveyor and the building permit
official to be able to co-operate in understanding and interpreting the situation, since the
decisions are co-dependent.

The cadastral surveyor in these property formation processes needs to interpret the applicable
regulations in the detailed plan to make sure, for example, that the border between public
space and development districts complies with the regulations. This applies both horizontally
and vertically when 3D property units are created. The detailed plan regulations include a
scope of interpretation, but should to a high degree show a clear picture of boundaries
between different permitted uses.

A challenge for the cadastral surveyor is to assure that it is clearly described where the
boundaries of the 3D property unit is located as well as the extent of other RRRs, though
without using a 3D model as part of the cadastral decision, since this at the moment only can
consist of 2D documents. This creates challenges to visualise without being able to use for
example a 3D model of the 3D property unit. Also, when recording the result of the property
formation into the real property register, it can, as of today, only be displayed in a 2D map
and with limited information about height spread, since there is not a 3D cadastral index map
available.

1.3 Aim

The aim of this paper is to describe the 3D property formation process when involving
complex solutions securing RRRs to solve legal and planning challenges on different levels of
detail. The paper focuses on the cadastral real property formation procedures using 3D
property formation for constructions above and underground, as well as how they are
registered in the national real property register. The paper illustrates a complex 3D property
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solution and adds to the understanding of the challenges of registration and visualisation of
Swedish 3D real property, focussing on legal as well as technical experiences.

1.4 Method

This paper is based on the study of project documents from the cadastral dossier from creation
of the property unit subject for the case study (cadastral map, descriptive texts of the cadastral
decision as well as describing pictures from 3D models etc.), including material from
construction companies submitted to Stockholm municipality as part of the Slussen project. In
addition to this, interviews were made with experts and others involved in the property
formation and creation of associated RRRs, as well as the visualisation thereof. The project
was conducted with the responsible cadastral surveyor in charge of the property formation and
the GIS expert responsible for the digital models and drawings used in the formation process.
The research investigated how different legal documents and technical documentation for the
property formation were created, how new cadastral boundaries were formed and how this
was illustrated in an optimal way in 3D drawings/models.

The process for 3D real property formation described in this paper is general for Sweden, but
the presented project is of a particularly complex nature and thus involves parts and aspects
that are not always relevant in all cases of 3D property formation.

1.5 Previous research

National and international research has focused on more theoretical issues and (manual)
digitization of geographic information, but has not addressed to a large extent how increased
automation and use of 3D models etc. in decision-making can contribute to streamlining the
community building process. In international research over the past two decades, there has
been a focus on the implementation of conceptual technical solutions as part of the
development of registration and visualisation of 3D properties. Technical solutions
investigated in the international research primarily consist of conceptual models for the
visualisation of 3D properties developed specifically for implementation in an intended legal
domain. A lack of practical examples of implementation was already described several years
ago in connection with a lack of focus on the legal aspects within the research area e.g. (Ho et
al. (2013). This is consistent with bibliographic analyses of publications in the research area,
published in 2013 and 2021 (Paulsson and Paasch, 2013; Paasch and Paulsson, 2021).

2. SWEDISH 3D PROPERTY RIGHTS

The Swedish traditional 2D property unit is delimited horizontally with x and y coordinates.
In theory, it contains a volume extending upwards into the sky and down to the centre of the
earth, but in practice limited by how much the property owner can use upwards and
downwards from the ground level. In densely built areas where there are different activities
competing for the same space within the volume, different actors can gain access through
different kinds of rights, or through 3D property formation where the ownership of these
different activities can be separated. A three—dimensional property is formed in the same way
as a traditional 2D property and is regulated by the same rules, although additional rules for
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this type of property have been included in the existing real property legislation. See Larsson
et al. (2018; 2020) and Seipel et al. (2020) for an introduction to the Swedish 3D real property
formation process.

The 3D property is delimited both horizontally and vertically. The property is intended to
accommodate a building or other facility, or part thereof. Unlike many other jurisdictions (see
e.g. Paulsson, 2007), Swedish legislation has not included regulation on the location or
visualisation of the cadastral boundaries in relation to the physical building construction that
has to surround the 3D property unit and make its boundaries visual. It is stipulated that the
boundaries shall follow the construction, but according to the cadastral recommendations, a
small volume of air can be included in the property unit in order to include e.g. protruding
construction details, although no additional space is allowed for future building rights.
Despite the requirement for the property boundary following a construction, it is possible to
form a 3D property for a future construction with the condition that it will be developed
within a fixed amount of time set in the property formation decision.

Necessary rights needed for the proper use of the 3D property unit must be legally secured in
the property formation. Ownership apartments (condominium) is a special form of 3D
property intended for a single dwelling and has additional regulations for its formation, such
as that it can only be formed in new buildings or in existing buildings which have contained
no residential housing for the past eight years.

The process to form a 3D property unit starts with an application to the cadastral authority
who will check the application if it meets the requirements in the legislation, planning
regulations, building permission, etc. As mentioned, the legislation does not define the
location of the property boundaries for the 3D property units, which means that this will be
discussed between the cadastral surveyor and the applicant and decided which is the most
suitable solution for the location. The location of the boundaries and their relation to adjacent
property units will be described in writing, in addition to shown on maps and drawings. Also
other boundaries for RRRs, e.g. easements and joint facilities, are described in the same way.
The cadastral documents that are submitted to the authority or created in the property
formation process are mostly in paper format or frozen digital images. Examples of such
documents are previous property formation decisions, planning regulations and building
permissions. CAD drawings containing the 3D real property boundaries may also be used in
the process, created and provided by the developer/entrepreneur. Such drawings will however
not be archived in the national real property register, although they may be archived for future
use by the cadastral authority where no standardised solutions exist but are done differently
depending on authority.

Real property formation with complex 3D volumes and numerous real properties and
associated RRRs has to be shown with the real properties and RRRs in relation to each other.
The present legal solutions and documentation thereof are based on analogue documentation
(digitalised to pdf) and cannot be attached as e.g. dwg files. Architects and other professionals
do not normally have access to the 3D real property boundaries in their 3D building models
from the beginning of a project and the exact locations of boundaries are agreed upon during
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the formation process to achieve as usable solutions as possible. The same type of documents
and cadastral procedures are used for all types of 3D property formation, although the case
presented in this paper is more complex than most other cases of 3D property formation and
thus includes more complications and aspects to consider.

The study presented in this paper is a continuation of and an addition to previous research in
this field that has been carried out by, among others, the authors of this paper. Research in
Sweden within 3D properties has been going on for more than two decades, but many
research results have not yet been implemented in legislation or included in development
projects by authorities and other actors. However, research has been conducted in several sub-
areas relating to 3D real estate objects, such as comparative studies of ownership of 3D real
property in selected national legislations, e.g. Paulsson (2007) and Cagdas et al. (2020) and
the use of 3D property formation in the construction of bridges and other infrastructure
facilities (Karabin et al., 2020), as well as analyses of trends in the 3D property research field
(Paulsson and Paasch, 2013; Paasch and Paulsson, 2021). In recent years, 3D models have
been the focus of some research, e.g. regarding the use of BIM in connection with 3D
property formation and management of property information as well as the use of 3D city
models for digital register maps (Sun et al., 2021; Sun et al., 2023). An ongoing project in the
City of Stockholm works with visualisation of existing 3D spaces in the municipality.

In addition, several research projects have been conducted within the Smart Built
Environment, e.g. around BIM as information support for 3D real property formation (Andreé
et al., 2018),. Examples of this are which information is only available in analog form today
and which information must be digitised, possibly retrieved from other sources to be used in
administrative proceedings, and that guidelines must be drawn up for archiving geodata and
property information produced in connection with the handling of the proceedings; BIM data
for accounting of 3D real estate formation, as well as issues linked to infrastructure
data/projects; overview information such as small-scale geodata and overview plans, as well
as perceived legal barriers to a digital community building process have also been
investigated. See e.g. (Andreé, et al (2019; 2020). Other relevant projects deal with Swedish
3D property boundaries (Larsson et al., 2020), visualisation of 3D property boundaries (Seipel
et al., 2020).
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|

Boundary between two sub-areas (part of the same
property unit on both sides of the line, that is only
illustrated for map and registry purposes)

Figure 1. Illustration of representation of 2D in relation to 3D property in the real property register and cadastral
dossiers

3. CASE STUDY

For all 3D property formation there is a need for reliable and correct presentation of the
property boundaries and property rights in the property formation decisions as well as in the
cadastral index map and the real property registry. The Slussen area in Stockholm, that is used
for this case study, is more complex in many ways than the average 3D property formation in
Sweden, however the findings and experiences can be used for all cases of 3D property
formation.

3.1 Background of the area

The Slussen area in Stockholm is named after its historically main function, a water lock
(“sluss” in Swedish) between lake Mailaren and the Baltic Sea, and Slussen translates thus to
“the Water Lock”. The infrastructure surrounding the water lock has been rebuilt and
modernised several times since the first known water lock was completed in 1642. From older
maps we can determine that the strait between the islands of Gamla Stan (Old Town) and
Sédermalm, two parts of Stockholm city, has been used as a passage for longer than that. The
water lock has since 1642 been rebuilt once every century (years 1755, 1850 and 1935), due
to wear and tear as well as changes in water levels and other natural changes. This has also
impacted the area around the water lock.
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Figure 2. History of water locks in the Slussen area https://stockholmskallan.stockholm.se/

The Slussen water lock was last rebuilt in the 1930s, almost a hundred years ago. The
construction was mainly made out of concrete, and after several decades the constructions
started to deteriorate, and another reconstruction was thus needed. The new water lock,
currently under construction, is called Victoriaslussen (Water Lock of Victoria), named after
the current Crown Princess Victoria of Sweden.

3.2 Current development in the Slussen area

A new detailed development plan was produced for the Slussen area prior to the ongoing
reconstruction and became legally binding in December 2011. However, the planning process
for a new water lock facility began decades earlier with an idea competition arranged in the
early 1990s. Around the turn of the millennium, the work resumed and in 2004, an
architectural competition was announced where a winner was also named.

The detailed development plan makes possible for a full reconstruction and new locations and
stretches of infrastructure, as well as new structures for development districts and connected
building rights. There are many different types of infrastructure located in the area; two
subway lines intersect, as well as a third line about to be built, there is a large bus station and
a local train line end station, ferry lines and also cars, bikes and pedestrians, both locals and
tourists. The area consists of a variety of branches of activity, such as housing, offices, hotels,
restaurants and commercial areas.
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https://stockholmskallan.stockholm.se/
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Figure 3. Vision picture of the Slussen area when cleted hts://vaxer.stockholprolk/sfssen/

The detailed development plan is a 2D plan describing a lot of regulations in 3D, i.e. public
spaces on top of building rights for stores underground. Within the property formation and
building permit processes there is a need to interpret where the boundary between public and
private areas is located within the detailed development plan, both horizontally and vertically.
The full reconstruction of the water lock Slussen as well as connecting infrastructure and a lot
of the new buildings are estimated to be finished in 2027.

|\ s

Figure 4. Extract from ussen area (P2005-08976). Source: Bygg- och
plantjansten, City of Stockholm https://etjanst.stockholm.se/Byggochplantjansten/gallande-planer/sok-via-karta
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The changes in the buildings and facilities in the Slussen area also have influenced the
necessary and suitable division of the real properties and associated RRRs, both in 2D and
3D. The first larger cadastral procedure in the project was carried out during 2021-2022 and
constituted a very complex 3D property formation combining a number of different interests.
The main property unit subject for re-formation, called “Sodre Torn 17, is located next to as
well as under and above public spaces (street, plaza, quay, etc.), subway facilities and
thoroughfare car tunnel (another 3D property unit that was created at the same time). The
property unit “Sodre Torn 1” will at a later stage be connected to another 3D property unit for
shopping facilities that will be created. A multitude of RRRs are needed to ensure the
suitability of these 3D properties.

3.3 Property formation in the Slussen area

The property formation is, as described above, part of the implementation of the
reconstruction of this part of central Stockholm. Involved parties in the process, such as
developers and the municipality (who owns the current property units), have produced 3D
models for the facilities as part of their work that in detail show planned buildings,
infrastructure, positions of pipes etc. However, these 3D models do not include planned or
desired 3D boundary lines. In Sweden, as of current conditions, 3D models cannot be used as
part of the real property decision. The property formation dossier consists either of paper
documents or of pdf-files (not 3D pdf). That is why the content of the cadastral plans
produced as a basis for the cadastral work has been extracted from the 3D digital models and
used in 2D drawings, in addition to creating 3D cadastral volumes showing the approximate
location and extent of 3D real property volumes, which are later used in 2D form (pictures of
3D-volumes from different directions). Architects and construction companies do not have
boundary lines in their 3D-models from the beginning, and the actual location of the
boundaries are decided upon during the cadastral formation process to create suitable real
properties and associated RRRs.

AR TS - T et AR iy ki =
VAR LA TR R T T =
Figure 5. Cadastral index map of the Slussen area before the transformation of property unit Sédre Torn 1.

Adapted from Larsson (2021)
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Figure 6. Top left: Requested new RRRs for Sodre Torn 1 merged to the cadastral index map for reference, as
part of the property formation process. Top right: vision picture of the area around S6dre Torn 1. Bottom left:

Orthophoto of the Slussen area before the transformation of property unit Sédre Torn 1. Bottom right:

Regulations in the detailed plan of the area. Adapted from Larsson (2021)

Hand drawn sketch from 2018

Pl §
Kadiamiri 5, — L &

Architect drawing from 2021

Compilation of hand drawn sketch from 2018 together with the cadastral index map (left)

as well as the applicable planning regulations from the detailed plan (right).
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Figure 7. Material used during the property formation process. Adapted from Larsson (2021)
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To be able to visualise the overview distribution of and relationships between different 3D
property units, a simplified 3D model was created. The detailed CAD plan drawings of
different levels were used as reference, then each floor/layer was elevated up to the next
available level of plan drawing. From this, volumes of each 3D property unit was created, and
the separate property units were given different colours. These volumes simply gave a rough
estimate of the spread of each floor, without showing any details. The volumes created were
combined with a BIM model of the planned building that was provided by the property owner
and property developer. In the 3D model created it was possible to show or hide any property
unit in order to view the desired spread or relationship. The viewing point could be shifted to
the desired position to be able to distinguish details. Screenshots of the 3D model were used
as part of the property formation decisions of Sédre Torn 1. In addition a 3D pdf was
provided by the property developer. The 3D pdf had more detail than the 3D model created
from CAD plan drawings, but still only shows an estimate of the spread, not the exact
boundaries.

Screenshot of 3D-pdf of November 2021

3D model of October 2021

View from north — Volume view of future 3D property units Sédre Torn 1 and Sédermalm 7:90
Red area — 2D sub-unit of Sédre Torn 1

Purple volumes — 3D sub-units of Sddre Torn 1

Green volumes — 3D-utrymmen Sédermalm 7:90

Grey areas — spread of development districts underground in the detailed plan

Grey volumes — planned buildings within Sédre Torn 1 from BIM model

Figure 8. Left: Early versions of 3D volumes created within the property formation process and combined with
BIM model of planned buildings acquired from the property owner and developer, to use for understanding and
interpretation of suggested property boundaries etc. Right: Screenshot of 3D pdf, later used as part of the
property formation decisions. Adapted from Larsson (2021)
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Volym-vyer fran norr (ungefarlig rlktnmg) BE48
OBS! £] korrekt Kige mm, skissen visor oversikthigt hur 3D-utrymmena

Farhdller ugr#wmnn‘m

Volymerna utgdr Frds planritning K resp: o dr sedan férldngda upp till nasta plan.

Figure 9. Extract from property formation dossier. Example of visualisation of 3D models of 3D property unit
Sodre Torn 1. From the property formation dossier of Sédre Torn 1, 0180K-2021-12004. City of Stockholm

Schematiska 3D-vyer - hela omradet BE37
OBS! Ej korrekt redovisning avseende fastighetsgrénsers och réttigheters exakta ldge,
skissen visar oversiktligt hur 3D-utrymmen och rdttigheter mm férhdller sig till varandra.

2021-12004-421

Figure 10. Extract from property formation dossier. Example of screenshots from a 3D pdf showing 3D property
unit S6dre Torn 1 as well as surrounding property units in a schematic manner. From the property formation
dossier of Sodre Torn 1, 0180K-2021-12004. City of Stockholm
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Figure 11. Extract from property formation dossier. Example of screenshots from a 3D model delivered by the
property owner and property developer, showing 3D property unit Sédre Torn 1 as well as surrounding property
units and RRRs in a schematic manner. From the property formation dossier of Sodre Torn 1, 0180K-2021-
12004. City of Stockholm.

The property formation dossier of 3D property unit Sodre Torn 1 consists of, among other
documents, four cadastral maps, 26 pages of verbal description of the property formation, 100
pages of drawings, over 30 pages of compilation of planning provisions and nine pages of
protocol including a summary of the property formation as well as the property formation
decisions. These documents need to be read and interpreted together to be able to determine
the exact location of a certain boundary line or other detail regarding the concerned RRRs.

Schematisk skiss gransdragning i sidled &t vaster och Oster BE36
for Sédermalm 7:90

Grdns i sidled (tvdrsgdende, at dster)
Big yto.

Ovre gréns
Réd linje
Grdns i sidled (ldngsgdende, at norr)
Lila linje \

Grdins i sidled (ldngsgdende, dt séder)
Gul linje

\ Nedre gréns

Gron linje

Text frén fastighetsréttsliga
beskrivningen (BEI):

“Griins for det tredimensionella
ubrymmet qugrinsas i sidled i vister
och dster vertikalt (lodritt) mellan
fuce oclt fidre grats et mellan Gréins i sidled (tvdrsgdende, Gt véister)
grinser i norr och soder, BI4 yta

2021-12004-42]

Figure 12. Extract from property formation dossier. Schematic drawing describing boundaries of 3D property
unit Sédermalm 7:90 at the entrances of a road tunnel. From the property formation dossier of S6dre Torn 1,
0180K-2021-12004. City of Stockholm
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Figure 13. Extract from property formation dossier. Drawings describing boundaries of 2D and 3D property
units. From the property formation dossier of Sodre Torn 1, 0180K-2021-12004. City of Stockholm
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Figure 14. Extract from property formation dossier. Left: Verbal description of actions in the property formation
decision. Right: One page of the protocol summarising the applicants claims for desired design of the property
formation. From the property formation dossier of Sédre Torn 1, 0180K-2021-12004. City of Stockholm
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Figure 15. Extract from property formation dossier. Drawings describing boundaries of 2D and 3D property
units as well as other RRRs. From the property formation dossier of Sédre Torn 1, 0180K-2021-12004. City of
Stockholm
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Figure 16. Extract from property formation dossier. Cadastral map no 3 (KA3), showing, among other things,
the four 3D property sub-areas of Sodre Torn 1. Dossier 0180K-2021-12004. City of Stockholm
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Figure 17. Extract from property formation dossier. Text describing boundaries and the same boundary
represented in drawings. Both text and drawings are part of the property formation decision. From the property
formation dossier of Sédre Torn 1, 0180K-2021-12004. City of Stockholm

Since the area where Sodre Torn 1 is located is still a construction site, it is not possible to
visit and make sure that the boundaries are located in such a manner that it creates suitable
property units, for example regarding their placement in reference to actual building parts
such as walls and floors. Therefore, the cadastral surveyor has to rely on drawings and
pictures from 3D models and other relevant data when determining that the 3D property unit
created is deemed suitable for its purpose.
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Figure 18. Picture on the right shows what the buildings within the property unit S6dre Torn 1 are planned to
look like when completed in 2025. Picture on the left shows the actual view of the same area in 2021 when the
property unit S6dre Torn 1 was about to be created. Adapted from Larsson (2021)

Karolina Larsson, Jesper M. Paasch, Jenny Paulsson
3D property formation in complex infrastructure- and building projects - Exemplified by the Slussen project in

Stockholm

211

11th International FIG Land Administration Domain Model / 3D Land Administration Workshop
11-13 October 2023, Givle, Sweden



The 3D volumes of existing 3D property units cannot be distinguished in the digital index
map, since it only displays objects in 2D. What can be deducted from the map is the maximal
spread of each 3D volume. There can be several sub-areas, in 2D and/or 3D, belonging to the
same real property unit.

PROPERTY UNIT Sédre Torn 1
SUB-AREAS 1(2D areq)
2-5 (3D spaces)
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Figure 19. The property unit Sédre Torn 1 consists of five sub-units (marked with turquoise), one in 2D and four
in 3D. The sub-unit in 2D is partly hollowed by two other 3D property units. 3D property lines are marked by
black dashed lines with filled dots on. Some of the existing joint facilities are marked in green in the left picture
and grey in the ones on right. Picture on left extracted from the cadastral index map of Lantmiteriet, GeoVy.
Pictures on right extracted from cadastral index map of City of Stockholm.

Screenshot of 3D pdf used in
the property formation process
of Sédre Torn |.

Photograph of a physical model of the Slussen area,
showing the planned layout after full reconstruction.

Pictures above from Stockholm vaxer — Slussen
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Figure 20. Illustrations of the planned layout of the Slussen area once completed. Adapted from Larsson (2021)
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4. ANALYSIS AND DISCUSSION

Sweden has a secure legal process for forming 3D real property boundaries. However, the
Slussen project has shown that current methods to register and describe 3D real property in
the national real property register is not sufficient in complex building- and infrastructure
constructions containing a multitude of RRRs on different levels and extensions, which
hinders an effective property formation process. One experience is that it is not possible to be
as detailed in the planning phase as in the property formation phase, but the data must be
detailed enough so that property formation can be made according to plan. Especially the
boundaries between public spaces and the building sites should be clearly visible.

3D digital models of the constructions, such as BIM models, are often used as input in the
property formation process. These models are however not stored digitally in the national real
property register but reduced to 2D pdf-files making the interpretation of details difficult,
especially when a property has to be altered or a new adjacent 3D property has to be formed.
It is possible to store models locally at municipality level, but this may give rise to difficulties
when e.g. a property has to be formed on the other side of a municipal boundary.

Another issue to be solved is the copyright of the digital building models being used in the
property formation process, e.g. by having contractual agreements for further use of the
digital information therein, often being owned by the construction companies.

It can be noted that if a 3D model could legally have been a part of the property formation
decision for the property unit Sodre Torn 1, the boundaries and other RRRs would probably
have been easier to describe and visualise.

5. CONCLUSIONS

This paper illustrates the need for a national cadastral index map in three dimensions to be
used in the formal real property formation procedures, to achieve a comprehensible and
correct representation and visualisation of 3D real properties and RRRs in Sweden.

The results can be used as input in coming property formations of a similar kind, as well as a
component for the development of a national three-dimensional cadastral index map.
Furthermore, the results can be an input to capacity building for the future use of 3D models
as part of the formal cadastral property formation procedure.

It is recommended to investigate the possibilities to change the legislation so that a 3D model
can be part of a 3D property formation decision in order to make it easier to describe and
visualise 3D property boundaries. Such future solutions would have to include the legal
aspects of strategies for archiving property formation dossiers in this form. It is also
recommended to investigate whether a national 3D digital cadastral index map is
economically and practically feasible to create on a national basis in the future.

213

Karolina Larsson, Jesper M. Paasch, Jenny Paulsson
3D property formation in complex infrastructure- and building projects - Exemplified by the Slussen project in
Stockholm

11th International FIG Land Administration Domain Model / 3D Land Administration Workshop
11-13 October 2023, Givle, Sweden



REFERENCES

Andrée, M., Larsson, K., Paasch, J.M., Paulsson, J., Seipel, S. (2020). Smarta plan-, bygg-
och forvaltningsprocesser over hela livscykeln. Visualisering av 3D -fastigheter. Rapport U2-
2016-08:4. Smart Built Environment. IQ Samhillsbyggarna. Stockholm.

Andrée, M., Darell, F.N., Larsson, K., Malm. L., Norrsell, J, Paasch, J., Paulsson, J., Seipel,
S., Tullberg, O., Wallberg, A. (2018). Slutrapport for projektet Smart planering fér byggande,
Delprojekt 3 - BIM som informationsstdd for 3D fastighetsbildning. Smart Built
Environment. Stockholm. Report n0 2016-02003.

Cagdas, V., Paasch, J.M., Paulsson, J., Ploeger, H., Kara, A. (2020). Co-ownership shares in
condominium - A comparative analysis for selected civil law jurisdictions. Land Use Policy.
95.

Ho, S., Rajabifard, A., Stoter, J. and Kalantari M. (2013). Legal Barriers to 3D Cadastre
Implementation: What is the Issue? Land Use Policy. Volume 35, November 2013, pp. 379-
387.

Karabin, M., Kitsakis, D., Koeva, M., Navratil, G., Paasch, J.M., Paulsson, J., Vuéi¢, N.,
JaneCka, K., Lisec, A. (2020). Layer approach to ownership in 3D cadastre in case of
underground construction. Land Use Policy. Volume 98. 2023.

Larsson, K, (2021). Slussen - fastighetsrittsliga utmaningar. Kommunala Lantméteridagarna
2021.

Larsson, K., Paasch, J.M., Paulsson, J. (2018). Conversion of 2D analogue cadastral boundary
plans into 3D digital information - problems and challenges illustrated by a Swedish case.
Proceedings of 6th International FIG 3D Cadastre Workshop, 2-4 October 2018, Delft, The
Netherlands. (pp. 75-92).

Larsson, K., Paasch, J.M., Paulsson, J. (2020). Representation of 3D cadastral boundaries -
From analogue to digital. Land Use Policy. 98.

Oosterom, P. van (ed) (2018). Best Practices Legal Cadastres - Extended version, chapter 5,
pp. 183-240. International Federation of Surveyors (FIG), Copenhagen, Denmark.

Paasch, J.M., Paulsson, J. (2021). 3D property research from a legal perspective revisited.
LAND Special issue 3D cadaster. 2021.

Paulsson, J. (2007). 3D Property Rights - An Analysis of Key Factors Based on International
Experience. Report 4:99 from the Section of Real Estate Planning and Land Law, Royal
Institute of Technology. Stockholm.

214

Karolina Larsson, Jesper M. Paasch, Jenny Paulsson
3D property formation in complex infrastructure- and building projects - Exemplified by the Slussen project in
Stockholm

11th International FIG Land Administration Domain Model / 3D Land Administration Workshop
11-13 October 2023, Givle, Sweden


https://sverigesstadsbyggare.se/wp-content/uploads/2021/12/slussen-fastighetsrattsliga-utmaningar.pdf

Paulsson, J. and Paasch, J. M. (2013). 3D Property Research from a Legal Perspective. In
Computers, Environment and Urban Systems, special issue 3D Cadastres II. Volume 40, July
2013 (pp. 7-13).

Paulsson, J., Paasch, J.M. (2023). Position paper. Legal aspects of 3D Land administration.
11th International FIG Land Administration Domain Model / 3D Land Administration
Workshop, 11-13 October 2023, Gavle, Sweden.

Proposition 2002/03:116. Tredimensionell fastighetsindelning. Proposition no 2002/03:116.
Swedish Government Bill.

Seipel, S., Andreé¢, M., Larsson, K., Paasch, J.M., Paulsson, J. (2020). Visualisation of 3D
Real Property Data and Method for Assessment of Visual Impact of Graphical Styles. Journal
of Geovisualization and Spatial Analysis. 4:1-17.

SFS (1970:944). Jordabalk [Land code]. (In Swedish). Svensk forfattningssamling (SFS)
1970:994. With later amendments.

Sun, J., Paasch, J.M., Paulsson, J., Tarandi, V., Harrie, L. (2021). Towards Design and
Development of a BIM-based 3D Property Formation Process. Proceedings 7th International
FIG 3D Cadastre Workshop, 11-13 October 2021, New York, USA.

Sun, J., Paasch. J.M., Paulsson, J., Tarandi, V., Harrie, L. (2023). A BIM-based approach to
design and development of the 3D property formation process: a Swedish case. Land Use
Policy, 131 (2023) 106712.

BIOGRAPHICAL NOTES

Karolina Larsson is a cadastral surveyor working at the Cadastral Authority of the City of
Stockholm (Lantméterimyndigheten 1 Stockholms kommun), concentrating on 3D real
property units and property formation. She holds a MSc degree in Land Surveying,
concentration on Spatial Planning, from the KTH Royal Institute of Technology. She has
been, and is currently, participating in several projects looking at possibilities to transform to
a 3D cadastre as well as use of 3D models in cadastral procedures in the Swedish context

Jesper M. Paasch is professor in land management at the University of Gévle, Sweden /
professor in land management and cadastral systems at Aalborg university, Denmark and
coordinator of research in geographic information at Lantméteriet (the Swedish mapping,
cadastral and land registration authority). He holds a PhD degree in Real Estate Planning from
KTH Royal Institute of Technology, Stockholm, Sweden; a MSc degree in Surveying,
planning and land management, and a Master of Technology Management degree in
Geoinformatics, both from Aalborg University, Denmark. He is a Swedish delegate to FIG
Commission 3 and member of the FIG Joint Commission 3 and 7 Working Group on Land
Administration Domain Model/3D Land Administration (LADM/3D LA).

215

Karolina Larsson, Jesper M. Paasch, Jenny Paulsson
3D property formation in complex infrastructure- and building projects - Exemplified by the Slussen project in
Stockholm

11th International FIG Land Administration Domain Model / 3D Land Administration Workshop
11-13 October 2023, Givle, Sweden


https://www.springer.com/journal/41651
https://www.springer.com/journal/41651

Jenny Paulsson is professor in real estate planning and land law at the Department of Real
Estate and Construction Management of the KTH Royal Institute of Technology, Stockholm,
Sweden. She holds a PhD degree in Real Estate Planning and a MSc degree in Surveying,
both from the KTH Royal Institute of Technology. Her PhD thesis concerned 3D property
rights. She is a member of the FIG joint commission 3 and 7 Working group on Land
Administration Domain Model/3D Land Administration (LADM/3D LA).

CONTACTS

Karolina Larsson

City of Stockholm, Cadastral Authority (Lantméaterimyndigheten i Stockholms kommun)
Box 8314

SE-104 20 Stockholm

SWEDEN

Phone: + 46 (0)8508 27 156

E-mail: karolina.s.larsson@stockholm.se

Website: http://start.stockholm

Jesper M. Paasch

University of Gévle, SE-801 76 Givle; Lantmaéteriet (the Swedish mapping, cadastral and
land registration authority), SE-801 82 Gévle; Aalborg University, A. C. Meyers Vaenge 15,
DK-2450 Copenhagen

SWEDEN / DENMARK

Phone: +46(0)720154701

E-mail: jesper.paasch@hig.se

Website: www.hig.se

Jenny Paulsson

KTH Royal Institute of Technology,
Teknikringen 10B, SE-100 44 Stockholm
SWEDEN

Phone: +46 (0)87906661

E-mail: jenny.paulsson@abe.kth.se
Website: https://www .kth.se

216
Karolina Larsson, Jesper M. Paasch, Jenny Paulsson

3D property formation in complex infrastructure- and building projects - Exemplified by the Slussen project in
Stockholm

11th International FIG Land Administration Domain Model / 3D Land Administration Workshop
11-13 October 2023, Givle, Sweden



