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Abstract 
 
It is a high demand of land in the society today, especially in urbanized areas. Values of land are 
increasing, and the cities get more complex constructions and relations between ownership. 
Since the 1st of January 2004 it is possible to form real properties that are limited both horizontally 
and vertically. This is called three-dimensional real properties a property spaces and is defined in the 
Swedish Land Code and the Real Property Act. The purpose is to separate land and buildings with 
different functions on different levels to achieve a more efficient use of land.  
 
The aim in this thesis is to investigate current legislation and recommendations for presentation of 
3D real properties and their rights, restrictions and responsibilities (RRRs) and how these are 
presented in cadastral dossiers today. Further, the thesis addresses the question of how a 3D cadastral 
model should be visualized, which level of detail should be implemented in the model and which input 
data is required. The thesis has been conducted by studying literature, documents and laws, creating a 
3D model and by study and evaluate cadastral dossiers for 3D property formation.    
 
The current legislation for property formation declares that if a property boundary cannot be marked 
in the ground, it should be presented by “enough accuracy” in maps and drawings. As a complement 
to this there are also a textual description of the vertical and horizontal extent of the property. The 
results of the study show that the intelligibility of the 3D extension in cadastral dossiers for 3D 
property formation can be improved. One way to improve this is to use standardized 3D models 
which can make it easier to interpret the relations between real property boundaries, RRRs, the 
construction and other features of interest. But to create a 3D model that presents the accurate 
cadastral relationships can be very time consuming and requires a lot of data. To solve this, a concept 
for standardized 3D models in three levels of detail is proposed. The concept covers a general, 
schematic and detailed model. The models require different types and amount of data and need 
different amount of work to create. A general visualization concept for these models are also 
proposed.        
 
A conclusion that can be drawn, is that standards and requirements for presentation of the extent of 
3D real properties and RRRs is are missing today. It is hard to interpret the legal situation in current 
cadastral dossiers for 3D property formation, if this could be presented in a better way it could lead 
to more efficient processes and better understanding by both professionals and laymen. Another 
conclusion is that how 3D real properties and RRRs are formed varies a lot, from simple volumes to 
more complex situation related to construction details. This makes it hard to create one type of 3D 
cadastral model that covers all types of 3D real property situations.  
 
 
 
Keywords: 3D real property, RRR, 3D cadaster, cadastral dossier, standardization 
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Sammanfattning 
 
Efterfrågan på mark är hög i samhället idag, speciellt i urbaniserade områden. Som en följd av att 
värdet på mark stiger skapas allt mer komplexa byggnader, konstruktioner och ägandeförhållanden i 
städerna. Sedan den 1a januari 2004 är det möjligt att bilda 3D-fastigheter i Sverige, dessa har både en 
horisontal och vertikal avgränsning. Definitionen av vad en 3D-fastighet är och hur den bildas är 
beskrivit i Jordabalken och Fastighetsbildningslagen. Syftet med att införa möjligheten för 3D 
fastighetsbildning var att separera mark och byggnader med olika funktioner för att effektivisera 
markanvändningen.       
 
Målet med det här arbetet är att undersöka gällande lagstiftning och rekommendationer för 
redovisning av 3D-fastigheter och deras rättigheter, skyldigheter och ansvar samt hur dessa är 
redovisade i dagens förrättningsakter. Vidare så undersöks det hur en fastighetsmodell i 3D skulle 
kunna visualiseras, vilken detaljeringsnivå modellen bör ha samt vilka data som krävs för att skapa 
modellen. För att svara på frågeställningarna har en litteraturstudie genomförts där tidigare studier, 
lagar, rekommendationer och dokument har studerats. Det har också genomförts en analys och 
utvärdering av ett antal existerande förrättningsakter som behandlare 3D fastighetsbildning. Utöver 
detta har en fastighetsmodell i 3D skapats.  
 
Den gällande lagstiftningen för fastighetsbildning slår fast att om en fastighetsgräns inte kan markeras 
på marken så måste den presenteras med tillräcklignoggrannhet i kartor och ritningar i en 
förrättningsakt. Detta underlag kompletteras också med en text som beskriver horisontell och vertikal 
utbredning verbalt. Resultatet av studien visar att det finns mycket förbättringspotential för 
redovisning av 3D fastighetsbildning i förrättningsakter. Ett sätt att förbättra detta är genom att 
använda standardiserade 3D modeller vilket kan göra det lättare att tolka förhållanden mellan 
fastighetsgränser, rättigheter, byggnader och andra anläggningar som kan vara av intresse. Men att 
skapa en 3D modell som redovisar det exakta rättsliga förhållandena kan vara väldigt tidskrävande och 
sätter höga krav på tillgängliga data. För att lösa detta har ett koncept för 3D fastighetsmodeller i tre 
olika detaljeringsnivåer tagits fram. Konceptet innefattar en generell, en schematisk och en detaljerad 
modell. Modellerna kräver olika mycket data och arbetstid för att skapa. Ett generellt 
visualiseringskoncept är också förslaget som för modellerna.   
 
Slutsatserna som kom fram under arbetets gång är att tydliga standarder och kravställningar för hur 
utbredning av 3D-fastigheter och rättigheter redovisas saknas idag. Det är svårt att tolka de rättsliga 
förhållandena i förrättningsakter för 3D fastighetsbildning. Bättre och mer entydiga redovisningar av 
fastighetsinformation i 3D skulle kunna leda till mer effektiva processer och bättre förståelse från både 
fackmän och lekmän. En annan slutsats är att hur fastighetsförrättningar för 3D fastigheter och dess 
rättigheter är utformade idag varierar mycket; allt från simpla volymer till mer komplexa situationer i 
relation till konstruktionsdetaljer. Detta gör det svårt att skapa en typ av 3D-fastighetsmodell som 
fungerar bra för alla typer av 3D fastighetsbildningar.  
 
Nyckelord: 3D-fastighet, 3D registerkarta, förrättningsakt, standardisering 
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1 Introduction 

The urbanization in the world is growing. Today more than one half of the world’s population and 
more than 85 percent of the Swedes are living in urban areas. These trends are changing the landscape 
of human settlement, with significant implications for living conditions, the environment and 
development in different parts of the urban structures (UN, 2018). When more people are moving 
into the cities, the demand of land increases. This results in increased real property values and the 
need for complex multi-level constructions.  
 
A traditional two-dimensional (2D) real property includes the land within a specified area, and 
everything above and below the earth's surface. To ensure more efficient land use, the possibility of 
forming three-dimensional (3D) real property units was introduced in Sweden in 2004. The Swedish 
definition of 3D real properties is that they are limited both horizontally and vertically (SFS, 1970:944). 
 
Real property registration in 3D is not an isolated Swedish phenomenon, it appears in many other 
countries, but the definition may look a bit different in other countries. The main reason for registering 
properties in 3D is given by several factors: A high demand of land, especially in urbanized areas, 
increased property values and complexity of multilevel constructions. By separate different functions 
to different owners on different levels, land can be used and managed more efficient (Stoter and van 
Oosterom 2006). 
 
Formation of real properties in Sweden are regulated by the Property Formation Act. When a cadastral 
procedure is conducted all information is saved in a cadastral dossier. Documents included in the 
dossier are maps that describes the extent, textual descriptions, cadastral records, daybook pages and 
other appendices of relevance. The cadastral dossiers are stored in an analogue format and is the legal 
document that defines and ensure the legal relationships for the specific area (Lantmäteriet 2019).  
 
When a new property is formed it is always registered in the Real Property Register, the official register 
in Sweden for ownership and division of land, the Swedish cadaster. The Cadastral Index map is a 
part of the real property register (Lantmäteriet, 2019d), it is here all properties and rights, restrictions 
and responsibilities (RRRs) are stored.  
 
When 3D real properties are formed the extent of the property is described by cadastral maps, a 
technical or relational drawing and a textual description of the property rights in the cadastral dossiers. 
When the 3D real property is registered in the Cadastral Index Map it is only presented as a 2D 
footprint of the maximal horizontal extension. 
 
  

https://paperpile.com/c/AJzxCJ/vqtR
https://paperpile.com/c/AJzxCJ/vqtR
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When legal relationships in 3D are presented in 2D cadastral maps they get difficult to interpret and 
misunderstandings can occur. Some of the limitations of registration in a 2D cadastral maps are 
(Zardiny and Hakimpour 2015) (figure 1): 
 

- Representation of multilevel ownership for a 3D property 
- Representation of interference in the land rights due to complex constructions 
- Representation of rights for underground buildings and infrastructure. 
- Representation of different areas of usage within a building 

1.2 Project purpose 

The purpose of this project is to apply principles and knowledge in legislation about 3D property 
rights, cadasters, and 3D visualization and implement the findings when visualizing a digital 3D 
cadastral model. The thesis aims to synthesize academic publications, existing jurisdictions and 
concepts from other countries to make a useful and descriptive model of current RRRs. The thesis 
also aims to produce recommendations with requirements of the input data in the model.  

1.1 Objective 

The objective of this thesis is to answer the following research questions: 
 

1) What is the current legislation and recommendations for representation of 3D real properties 

and RRRs?  

2) How is three-dimensional extension of real properties and RRRs presented in cadastral 

dossiers and systems today?  

3) What is required as input data in a digital 3D cadastral model? 

4) What is a suitable level of detail for a 3D cadastral model? 

5) What is a suitable visualization concept for a 3D cadastral model?  

  

Figure 1Cadastral situations in 3D and on 2D cadastral maps (Zardiny and Hakimpour 2015) 

https://paperpile.com/c/AJzxCJ/By0z
https://paperpile.com/c/AJzxCJ/By0z
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1.2 Delimitations 

This thesis has been performed within a limited time frame of a semester, 20 weeks of studies. The 
area of 3D cadasters and 3D visualization has been investigated. Even though a cadaster involves a 
system with a platform, database etc., this research will be limited to only present model with a 
proposed visualization concept. The empirical findings in the study are based on literature review, 
document studies. The thesis works with an academic perspective of 3D cadaster and real properties 
and uses an academic approach to create visualization concept of a cadastral 3D-model based on data 
from a real case with 3D properties. The study mainly analyses 3D property registration according to 
Swedish jurisdictions, but also looking at some foreign cases.  There are several studies performed 
where registration of 3D-properties with existing BIM-models are analyzed, this study only looks at 
the perspective when there is no existing BIM-model.  

1.3 Disposition 

This thesis is structured in the following manner: The first chapter is an introduction to the subject 
and research question. It describes the need of 3D representation of 3D real properties and RRRs. 
The scope and objectives of the thesis is defined in this part. In the second chapter related work that 
has been conducted within the field is summarized. The third chapter investigates 3D real property 
rights and cadasters, mostly from a Swedish perspective. Visualization concepts is presented in the 
fourth chapter. Standards and initiatives are presented in the fifth chapter. The methodology, results 
and analysis and conclusions are presented in the sixth, seventh and eight chapter. 
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2 Related work 

This chapter presents previous work that been carried out within the study area. Three studies are 
presented, two of them are about transition from 2D to 3D cadastral information while the third is 
about visualization of 3d cadastral models.   
 
Conversion of 2D Analogue Cadastral Boundary Plans into 3D Digital Information, Karolina 
LARSSON, Jesper PAASCH and Jenny PAULSSON, 2018 
 
In the paper from 2018 written by Larsson et.al. (2018) conversion from 2D cadastral dossiers to 3D 
digital information within the context of a Swedish case are discussed. The work has been performed 
as an effect of findings from projects within the Smart Built Environment initiative (SBE, 2018). The 
authors mean that the use of 3D property formation creates a need for registration and visualization  
of the property units and information in 3D. 3D information is often used within the property 
formation process today, but when the properties are registered in 2D in the cadastral dossiers, a lot 
of information disappears in this process. Further, the Swedish digital index map is also in 2D, a lot 
of registered boundaries of properties and other RRRs has poor accuracy due to conversions of old 
analogue material. (Larsson, Paasch, and Paulsson 2018) 
 
In the case study a 3D model was made by polygons from 2D planar cadastral index map combined 
with information from cadastral dossiers. The case study showed that there are some major advantages 
using 3D models as a part of the cadastral dossiers and cadaster. One of the major advantages is that 
information can be reused, 2D drawings does not have to be transformed to new 3D models as in the 
case. Reliable information in a 3D register index map can provide a clearer picture of land use within 
an area. This requires that new information is entered correct and that older information is interpreted 
to new standards. Accuracy of new objects and representation of different accuracy levels also must 
be determined to achieve good visualization in the system. Further, it was found in the case study that 
the description of where a boundary is located might need to be revised. In the reallotment in the case 
study either the verbal description or the drawings were detailed enough to make a 3D model with 
enough precision. The authors establish that in order to make cadastral decisions based on 3D digital 
information it needs to be determined regulations about original data, storage and access to it is also 
important that the system can ensure quality and accuracy of the data. It must also be investigated 
whether digital models can be the base for cadastral decisions in the same way as paper documents. 
 
The visualization is presented as a tricky part by the authors. 3D property units and legal RRRs often, 
but not always has the same outline as a construction detail e.g. a wall. When making a cadastral model 
from existing BIM models, it is important to state the precision which the boundary should follow. If 
the property boundary is exactly specified with a specific by an existing model, the risk of disagreement 
with the actual building increases 
 
The authors underline that it is not cost effective to register 3D property boundaries after the property 
formation process is finished and if a 3D cadaster is to be developed, they recommends that 3D 
registration in a 3D cadastral index map is done in connection with the property formation process. 
Until then, store CAD-files that are used in 3D property formation processes and find solutions for a 
cost-effective digitalization of existing 3D RRRs. 
 
 

https://paperpile.com/c/AJzxCJ/rU9L
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Transition from 2D to 3D real property cadaster: The case of the Slovenian cadaster, Drobež 
et. al. 2017 
 
In this paper (Drobež et al. 2017) the authors investigate the transition from 2D to 3D real property 
cadaster with a case in Slovenia. The authors describe land administration systems (LAS) as a tool to 
protect public and private interests concerning land, and the land cadaster is an important part of it. 
They also establish that several international studies worldwide show that 2D registration of real 
properties no longer meets the demands of modern society, and that there is a need for 3D registration. 
The needs are highest in urban areas and other areas with intensive human intervention into space.   
 
The Slovenian LAS consists of two parts 

(1) The Land cadaster where the spatial position, extension and physical characteristics of land 
are recorded. 

(2) Building cadaster where the spatial position, extension and physical characteristics of buildings 
are recorded. 

 
When this dual system was introduced, registration of land RRRs gave publicity and legal protection 
to holders of those rights. To register complex 3D real property rights, the land parcel and building 
footprints must be registered in the land cadaster and the building and building units must be 
registered in the building cadaster. 3D real property units must be related to a building and cannot be 
registered in other constructions.  
 
The authors present the idea to combine the Land cadaster and the Building cadaster with additional 
data to make it possible to create a Real property cadaster with 3D graphical representation (figure 2).  
In a case study performed three different cadastral situations were investigated. The aim was to show 
the current cadastral registration in Slovenia and to identify spatial data requirements for 
implementation of a graphical 3D representation of each case. The case study proved that 3D graphical 
representation of cadastral objects is possible by gathering additional data and modifying the existing 
cadastral procedures.  

 
Figure 2 Combining Land cadaster and Building cadaster in Slovenia (Drobež et al. 2017) 

 
 

https://paperpile.com/c/AJzxCJ/WnMu
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Current data requirements in the land cadastral system are the coordinates of land parcel boundary 
points and building footprints in the national geodetic reference coordinate system (with height 
attributes) with topologically settled polygons in vector format. The building cadaster requires data 
for spatial extension of the building in the national reference coordinate system (building footprint 
and characteristic height), use size of the building (net floor and floor area), floor plans and apartment 
plans in raster format. The fact that the current cadastral registration of buildings is limited to land 
parcels and strata plan drawings with apartment units in raster format means that cadastral 
representation in 3D is not possible. Other data that were missing to make a good 3D representation 
were information for the external facade (if different from the building footprint) and characteristics 
of roof points of ridges and eaves 
 
The authors concluded that the minimum data required for a real property cadaster in 3D can be 
provided by the current cadastral procedures. The changes that must be done is to implement 
regulations to prepare data in an appropriate form.  
 
3D visualization of cadaster: Assessing the suitability of visual variables and enhancement 
techniques in the 3D model of condominium property units, Chen Wang 2015 
 
In a PhD study by Wang (2015) challenges about 3D visualization of 3D cadasters are investigated. 
By using visual variables and enhancement techniques the author wants to find a suitable visualization 
for a 3D cadastral model to support decision making, secondly perceptual visual variables in 3D 
compared to 2D visualization are investigated.  
 
In the study, 3D models were created with visible variables as size, shape, brightness, saturation, hue, 
orientation, texture and transparency since these are the most common and used in research about 
cartographic visualization. Three enhancement techniques, including labeling, 3D explosion and 
highlighting where tested as well. The modeled area was a representation of property units in 
condominiums. The models were evaluated by cadastral users by comparison with the corresponding 
2D visualization.  
 
The study results in a description of how well the visual variables and enhancement techniques as 
suited for 3D visualization of condominium property units.  Some of the outcomes for the visual 
variables where that brightness, color, hue and saturation is good for categorizing and help users 
distinguish different parts. For the enhancement techniques, it was found that if highlighting is used 
to enhance the visualization of spatial relationships in a 3D cadaster, relationships in all three 
dimensions should be highlighted rather than project and visualize it on a 2D surface.   
 
The visual variables used in this study are described deeper in chapter 4 
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3 3D real property rights and cadasters 

This chapter will describe the concept of 3D real property registration and cadaster. The focus is from 
a Swedish perspective with Swedish legislation, but more general and international cases will also be 
addressed.  

3.1 3D real property rights  

Because of the high demand of land as a sequence of the increased urbanization, land must be used 
in a more efficient way. This can be achieved by creating more complex structures of ownership 
between different owners and stakeholders. Registering of 3D real properties can be used as a tool to 
solve this. By register land and constructions as different properties for different functions advantages 
for financing and maintenance appears and land use can be more efficient (Stoter et.al 2006).  
 
Different types of 3D real property rights can be found all over the world, but generally a 3D real 
property can be defined as an area that is legally delimited in three dimensions. The legislation can 
differ a lot between different countries and depends on the legal system in the specific country. By 
looking at the characteristics and  concepts in each country a general categorization of 3D real property 
rights has been done by Paulsson (2007), these are presented in table 1 below.  
 
Table 1 Forms of 3D property rights (Paulsson 2007) 

(1) Independent 3D real property 

(a) Airspace parcel 

(b) 3D construction property 

(2) Condominium 

(a) Condominium ownership 

(b) Condominium user right 

(c) Condominium leasehold 

(3) Indirect ownership 

(a) Tenant-ownership 

(b) Limited company 

(c) Housing cooperative 

(4) Granted Rights 

(a) Leasehold 

(b) Servitude 

(c) Other Rights 

 
The most common form of property is the independent 3D real property and the condominium. An 
independent 3D real property is a volume of space that is subdivided and separated from the rest of 
the property while the condominium is ownership of an apartment. Condominiums is very common 
in many European countries (Paulsson 2007).  

https://paperpile.com/c/AJzxCJ/Zw6A
https://paperpile.com/c/AJzxCJ/Zw6A
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3.2 3D real property rights in Sweden  

Before 3D real property registration was possible in Sweden solutions with easements was used instead 
for cases where different functions were operating on different levels at the same land parcel. The 
metro in Stockholm that was built during the 1950s is an example of a function underground where 
easements was used to regulate the rights and access (SLL, 2017). A more modern example where 3D 
real property registration has been used is Citybanan, the commuter train tunnel under Stockholm city 
that was completed in 2017 (SLL, 2017). Other examples where 3D real property registration can be 
useful is when different functions are in the same building. In apartment buildings where commercial 
functions are in street level, it can be a good idea to register the different functions as two properties. 
Otherwise, if the commercial spaces are owned by the co-operative housing associations, they also 
must administrate the rental and maintenance of the spaces. This can cause financial problems for the 
association and they may not have the right competence the handle it properly (Boverket, 2004). 
 
Theoretically, a traditional property consists of the land within a defined area and the ground below 
the earth's surface and all the air up in space. Since 2004 it is possible to form 3D properties in Sweden 
and since 2009 it is possible to form condominiums. A 3D real property is not just defined by vertical 
boundaries, also by horizontal boundaries. The Swedish Land Code 1st chapter 1§ defines three 
different types of 3D real properties: 
 

- 3D property unit: a property that is limited both horizontally and vertically.  
- 3D property space: A space that is a part of a traditional property that is limited both 

horizontally and vertically.  
- Condominium: A 3D property unit that only are intended for housing.  

 
A 3D property boundary does not have to be defined according to some specific horizontal or vertical 
plane. The demarcation can have any shape in space as long it is a closed volume. It is not possible to 
register a 3D property where everything above a horizontal plane belongs to one property unit and 
everything below the plane belongs to another property unit (Lantmäteriet 2019a). 
 
The aim of the introducing the possibility to register 3D properties in the Property Formation Act 
was to provide better conditions for land usage where different levels within a property better can be 
used by different functions (Prop. 2002/03:116). 
  
In the Property Formation Act (1970:988) 3rd chapter 1§ the terms for land parceling of 3D properties 
are described. A 3D property or a 3D property space can only be formed if it is the most suitable 
solution to satisfy the purpose with the building or construction. Further, the paragraph declares that 
a 3D property only can be formed during some specified conditions:  

1. The 3D property must intend to accommodate a building or other construction, or be a part 
thereof, 

2. The 3D property is assured the rights needed for it to be used in appropriate manner, 
3. It is clarified that the arrangement a) is motivated with respect to the facility’s construction 

and intended usage, and b) is intended to lead to a more efficient management of the facility 
or to secure the financing or construction of the facility, and 

4. If the 3D property is intended for housing (Condominium) it must contain of at least three 
apartments.  

 

https://paperpile.com/c/AJzxCJ/0rwJ
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Land parceling of a facility that has not been built yet is only permitted if it is needed to finance the 
construction or it is necessary during the construction phase. It can also be permitted if the 3D 
property is assumed to be used according to its purpose soon (SFS, 1970:988). 
 
Cadastral dossiers 
Cadastral procedures are documented in cadastral dossiers. This document normally consists of a 
cadastral plan, technical description, juridical description, cadastral records, diary notes and 
appendices. A cadastral dossier is a legally binding document for boundaries and other property rights. 
Presentation of 3D property rights in cadastral dossiers was discussed in the proposition (Prop. 
2002/03:116) connected to the legalization of 3D real property rights in Sweden. It was established in 
the investigations that constructional drawings are enough accurate to serve as a cadastral plan. This 
decision was criticized by other instances who meant that property boundaries should be reliable and 
clearly marked in the cadastral plans. The government decided that any juridical adjustments for 
presentation of 3D-properties was not necessary, so the law is the same for presentation of 2D- and 
3D-properties (Prop. 2002/03:116). 
 
3D property units are registered in the cadastral index map by the 2D footprint represented by 
horizontal coordinates. The height extension can be described by vertical coordinates, textual 
descriptions and the number of floor levels the 3D real property is located on (van Oosterom, 2018). 
When many 3D properties are overlapping, the 2D footprints in the cadastral index map are also 
overlapping, to clarify this the register designations should, as far as possible, be placed according to 
internal relationship from top to bottom (figure 3)(Lantmäteriet 2018). 
 

 

 
Figure 3 Example of 3D real properties with the same horizontal extent but different vertical extent (FBL Handbook) 

  

https://paperpile.com/c/AJzxCJ/rihZ
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Property formation, demarcation 
Property formation is when amendments are performed, property units and boundaries are modified. 
FBL 4th chapter 27 § mentions that a property boundary that is established in connection with a 
property formation should be demarcated and marked within a required extent. According to the FBL 
manual (Lantmäteriet 2019) the demarcation is not mandatory but required when it is needed. 
Normally, the demarcation should be performed before decision about land parceling.  Further, there 
is described in FBL fourth chapter. 27, 28 § that if the demarcation not can be performed due to the 
constitution/nature of the property, the boundaries should be presented with enough accuracy in a 
map or other cadastral document. In a proposition by the government (Prop. 2002/03:116) in 
connection with the initiation of 3D land parceling in Sweden principles regarding to boundaries and 
how to set them in 3D land parceling was discussed. The conclusions were that if it is not possible to 
mark out the boundary, they must be described in a cadastral map or document. It was also decided 
that legalization about how boundaries for 3D land parceling should be decided not was necessary. It 
is up to the Surveyor authorities to decide that for each case.  
 
In the FBL manual (Lantmäteriet 2019a) it is described that 3D-property boundary points should not 
be defined by coordinates (x, y, z) in cadastral documents. An exception to this can be for 3D spaces 
underground. Further, it is described in the manual that descriptions of boundary point by coordinates 
can in some cases be suitable, for example for traffic facilities. If a facility is divided into many different 
parts, it can be a good idea to describe the position of a 3D property space in relationship to adjacent 
traditional of three-dimensional real properties. 
 
The boundary of a 3D property space should always be clearly described in relation to the construction 
in the cadastral documents. When forming a 3D real property, it is particularly important to interpret 
the Base level for cadastral surveying.     
 
The base level requirements by the National Land survey of Sweden (Lantmäteriet 2019b) are defined 
as:  

● The result of a cadastral procedure should be unambiguous. It should not be possible to 
interpret in different ways. A new boundary should fulfill the existing quality requirements. 

● Concerned stakeholders should at the point of decision understand the impact of the property 
formation order, i.e. where the new boundary is according to existing accuracy requirements 
in the area.   

● Cadastral procedures should always fulfill requirements for property formation orders and 
property definitions regarding demarcation, ensure coordinates and documentation. 

● The result of a cadastral procedure should always be possible to reconstruct or marked on the 
ground. 

 
Normally, many different cadastral maps and descriptions are needed to describe the relationships of 
properties. It can be necessary to present the amendment of property units both by horizontal and 
vertical cross sections. Presentation of an overview of the property unit division together with a more 
detailed description can be a good idea (Lantmäteriet 2019a). The need to describe 3D property 
formation with 2D material can be described in three level of detail (Table 2)   
 
 
  

https://paperpile.com/c/AJzxCJ/0rwJ
https://paperpile.com/c/AJzxCJ/W8hv
https://paperpile.com/c/AJzxCJ/W8hv+0rwJ
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Table 2 Level of detail 3D real property information in cadastral dossiers 

Level of detail Content Source/Quality 

General Horizontal projection of 3D property 
spaces and RRRs in relationship to 
the building and the existing division 
of property units 
 
The building presented from the side 
illustrated showing 3D property 
spaces 

Section from cadastral index map 
and Municipal base map. 
 
Drawings/Photos 

Schematic Plans combined with vertical and 
horizontal cross sections presenting 
property boundaries and RRRs in 
relationship to the building  

Simplified schematic drawings for 
plane and section (architectural 
drawing)  

Detailed More detailed presentation of 
property boundaries and RRRs in 
relation to construction details 

Constructional drawings 
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Recommendations for presentation of 3D property formations 
The municipal cadastral authorities (KLM) in Göteborg, Malmö and Stockholm have written a 
document with recommendations for how to present 3D property boundaries in drawings and a 
specification for data in 3D models used for 3D property formation. The goal is to use a 3D model 
for the property formation and then create standardized drawings from the model that is necessary to 
describe the property space and can be used in the cadastral dossiers.  
 
The recommendations are that both existing and new property boundaries (for both 2D and 3D 
properties) together with the property unit designation should be presented in the drawings. For cases 
where the extension of a 3D boundary is changed, the new and existing boundary should be 
distinguished by color.  Height information should as far as possible be presented in the drawings.  
Other rights are proposed so be distinguished by shape and color. The visualization differs for 
easements, joint facilities and utility easements and if they are existing or new. Both property 
boundaries and other rights can be presented by lines and polygons. For situations where 3D property 
spaces and RRRs overlapping within an area, the legal relationships can be hard to interpret, then it 
can be better to use filled or hatched polygons.  
 
The recommendations declare that it can be an advantage to clarify the drawings with a 3D model. 
This makes it easier to see the relationships of the 3D property spaces, RRRs and the construction. A 
simple model that presents boundaries joists and the outer walls of the construction can be enough, 
but sometimes a more detailed model is needed. 
 
 

 
Figure 4 Example of 3D model representing floors, 3D property boundaries and the outer walls 

If a 3D model is created in connection to the 3D property formation process, this can be stored and 
used by the authority in the future (figure 4). The model can be used as a ground for future allotments 
within the specific area. It is important to remember that the 3D model only represents the specific 
moment when the 3D property was formed and is not updated continuously for changes within the 
area as the cadastral index map.  
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The recommendations suggest that the base in the 3D model should consist of existing 2D boundaries 
extruded to at least 10 meters below ground level and 10 meter above the construction height. The 
modelled constructions should only have details that is of relevance to the 3D properties. The aim is 
to use an as clean model as possible to make it easy to interpret and to not consume too much storage 
space. The visualization of boundaries and RRRs in the model should be aligned with the 
recommendations for 2D drawings as much as possible. It is the applicant that is responsible to 
produce the 3D property model. The specified requirements for the 3D model are presented in table 
3. 
 

Table 3 Requirements for 3D model, Recommendations KLM Stockholm, Göteborg, Malmö 

Coordinate System SWEREF 99, RH 2000 
Use the projection zone for the specified area. E.g. SWEREF99 18 00 in 
Stockholm 

File format dwg/dxf 

Content - Building floors and walls 
- Volumes of real properties (2D and 3D) 
- Property boundaries in 3D 
- Construction details that is important for the property 

formation 

Unit meter 

Accuracy dm or higher 

Type of lines and naming The lines should be visualized as recommended lines in 2D 
drawings as far as possible 
 
Name each layer according to the content. One layer for every type 
of detail. 
 
On layer for each real property or RRR 
 
Example: 

- Building floor 
- Walls 
- Property 1 volume 
- Property 1 boundaries 
- Easement 1 volume 
- Easement 2 boundaries.  
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3.3 Cadasters 

Cadaster is a vital concept within land registration used by professionals worldwide, it is mostly used 
by people who are involved in land administration. Cadastral registration is an ongoing work of 
officially mapping and systemically registering the areas, boundaries, ownership, rights and value of all 
kind of land and property (Yomralioglu and McLaughlin 2017).  The general aim with a cadastral map 
is to present  complete and comprehensive spatial information for registering land RRRs and real 
properties (Steudler et al. 1997). The concept of cadasters is a part of the broader framework of land 
administration. By generalizing the concept of land administration internationally there are four basic 
legal principles that can be recognized (Henssen 1995): 
 

- The booking principle. It implies that a change in land rights of a property is not legally 
effectuated until the change is registered in the land register. 

- The consent principle. It implies that the entitled person registered in the land register must give 
his consent for a change of the inscription.  

- The principle of publicity. It implies that the land register must be open for public inspection, and 
that the published facts must be considered as more or less correct 

- The principle of specialty. Implies that persons and properties registered in the land register must 
be unambiguously identified 

 
Even though the general concept of a cadastral system is the same worldwide, the structure differs 
between different countries. Based on the legal history in a country, there is two different main systems 
of land registration; the deed and the title registration systems (Henssen 1995). The deed registration 
system is based in that the deed is registered and proofs that a specific transaction took place. In the 
title registration system, it is not the transfer of rights that is registered, it is the rights itself, the title 
that is registered. So, it is the right, the name of the rightful claimant and the object with its rights and 
restrictions that is registered.  Shortly, one could say that deed registration is concerned with 
registration of the legal fact itself while title registration is the consequence of that legal fact (Henssen 
1995). The general concept of cadaster is described in figure 5. 
  

https://paperpile.com/c/AJzxCJ/gs2z
https://paperpile.com/c/AJzxCJ/DVl4
https://paperpile.com/c/AJzxCJ/F0TI
https://paperpile.com/c/AJzxCJ/F0TI
https://paperpile.com/c/AJzxCJ/F0TI
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Figure 5 General concept of cadasters (Henssen 1999) 

 

3.4 The Swedish Cadaster 

The Swedish Real Property Register consists of five parts with property information. These are a 
general section, the land register section, address section, building section and a section for tax 
assessment data. 
 
The general section is the official register in Sweden for real properties and joint property units 
(Lantmäteriet, 2019e) and consists of two parts, the textual part and the cadastral index map. The 
textual part has information about property unit designations, coordinates of extent, creation date, 
area, easements, joint facilities, plans etc. The land register section consists of information about 
ownership and rights for the rea property as registered ownership, site leaseholds, notes and former 
owners. The address section has the location addresses for the real properties. The building section is 
connected to many other parts of the register, but it keeps information about the building use as 
industries, housing etc. In the section for tax assessment data information about tax assessment and 
valuation of land and buildings are gathered from the National Tax Board every year (Julstad, 2018). 
 
The purpose of the cadastral index map is to give a graphic presentation of information that is stored 
in the real property register. The map can be presented with different combinations of information 
from the register. Additional information that not is stored in the real property register that can help 
the user to interpret the map can also be used.  
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It is declared in the Real Property Register Ordinance which information that should be presented in 
the map. These includes real property boundaries and their designations, easements, joint facilities, 
utility easements, plans etc. Boundaries for counties, municipalities and parishes must also be 
presented in the cadastral index map (SFS 2000:308). 
 
The property designation for a 3D real property space and condominiums must be marked in the 
cadastral index map by writing the designation number within backslashes, \3:30\. If the technical 
solutions in a system of a municipal, another symbol that seems suitable can be used instead. 
Condominiums should always be presented as polygons in the cadastral index map and one should 
always strive for presenting 3D real properties as polygons, for exceptions when the extent is not 
presented in the decision material, the 3D real properties can be presented by points in the map. 
 
Condominiums and 3D real properties can be distinguished from traditional properties in the cadastral 
index map by specific boundary lines and marking of the designation, see figure 6 (Lantmäteriet. 2018). 

 
Figure 6 visualization of 3D real property in the cadastral index map  

3.5 3D cadastral systems 

Traditionally, cadasters in countries around the world are registering 2D real properties as the base for 
their land administration systems even though jurisdictions with 3D characteristics are implied in law. 
It is discussed if the cadastral systems today is enough comprehensive to support the legal system, if 
the graphical representation of RRRs could be upgraded to a higher level the cadaster could be 
developed and improve the functionality, especially for registering of complex relationships between 
3D ownership and rights.  
 
A vital component of any cadastral system is the visualization. The system should provide an 
unambiguous clarity about properties and RRRs (Lemmens 2010, FIG 3d_CAD). For complex 
constructions and multilevel ownership, a 3D cadastral system offers better visualization support than 
a traditional 2D cadaster. A 3D cadastral system brings some good opportunities for land 
administration. The understanding of 3D spatial relationships and general 3D situations is improved 
by adding information in the third dimension to the user. By providing a more realistic view of the 
reality, misinterpretations can be reduced.  (FIG_3D (Paasch et al. 2016; Rajabifard et al. 2014; Stoter 
2004; Stoter and van Oosterom 2006). Further, there are also several challenges by working in a 3D 
cadastral system. The user may need some experience of working with 3D visualization concepts to 
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carry out cadaster related work properly. Well known standards for traditional 2D mapping may not 
work out well in 3D visualization. In 3D visualization the occlusion can be a problem when the user 
can’t see what's behind an object (Wang 2015). These problems can be solved by let the user pre-
select some 3D real properties for further exploration by using different levels of transparency within 
the object and distinguish the selected object from others. Another solution is to allow the user to 
move objects temporarily to further exploration. When the 3D cadaster is loaded with a lot of different 
objects it can improve the interpretation of the model, but also complicates the visualization. More 
features and complexity results in a challenging cognitive load  
  

4 Geovisualization in 3D 

A fundamental part for all types of digital 3D data are the geometric representation, how an object is 
described or modelled. The most common presentation of traditional 2D data is raster or vector 
format, in the same way there are different alternatives for presentation of 3D data. Different types 
of 3D visualization use different types of ways to conceptualize the object, which also makes up to 
different types of data structures. In this chapter different types of three-dimensional representation 
of urban structures will be investigated.   

4.1 Theory and concepts 

The main aim of visualization of geographic data in both 2D and 3D is to make a comprehensive 
representation of the real world and display it for a user, this subject is known as geovisualization 
(Dykes, MacEachren, and -J. Kraak 2005). To perform a proper geovisualization on a screen there are 
some challenging obstacles to work with. Geographic data has coordinates connected to a specific 
coordinate reference system which refers to an origin at the earth surface. These coordinates have to 
be translated to screen coordinates which refer to an origin in the top left of the screen. Even though 
it is 3D data it is in most of the times presented on an 2D screen, so to present it the data has to be 
transformed into a 2D representation Dykes et.al (Dykes, MacEachren, and -J. Kraak 2005), 296-297) 
describes the general visualization pipeline to clarify the term “3D”. The components in the 
visualization process are described below: 
 

1) Data management - managing and giving access to raw data 
2) Data assembly - composite, aggregate, associate, filter and processing of raw data. Producing 

assembled data for visualization.   
3) Visual mapping - produce a visual representation of the 3D object by convert and transform 

the assembled data to 3D graphics. 
4) Rendering- synthesizing of one or more 2D images of views of the 3D object. 
5) Display - Displaying the object in an output media such as a 2D screen.  

 
  

https://paperpile.com/c/AJzxCJ/hRrg
https://paperpile.com/c/AJzxCJ/iyGl
https://paperpile.com/c/AJzxCJ/iyGl
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Visual variables and visualization tasks for 3D cadastral models 
Pouliot et al. (2014) has identified six visualization tasks that is important for an 3D model of a 
condominium building:  

1. The user should be possible to see the limits of the 3D lots 
2. It should be possible to locate a specific 3D lot inside a building 
3. It should be possible to distinguish the boundaries of the 3D lots and the associated building 
4. It should be possible to distinguish private and common parts of the condo 
5. The user should be able to interpret the spatial relationships between the building and the 3D 

parcel 
6. The user should be able to interpret the spatial relationships between a 3D lot and its 

surrounding lots.  
 
In a study, Pouliot et al (2014) evaluated these tasks by using different visual variables.  
Visual variables are tools that can be used to transmit information of data. Different types of visual 
variables may vary from one author to another but the concept was first presented by Bertin (Griffin 
1987; Bertin and Berg 2011). Since then it has been widely accepted within the domain of cartography 
and information visualization. Visual variables can also be a useful tool for 3D modeling. Bertins visual 
variables are:  
 

- Position changes in the x, y location 
- Size change in length, area or repetition 
- Shape different shapes, constant size 
- Value changes from light to dark 
- Color changes in hue at a given value 
- Orientation changes in alignment 
- Texture variation in “grain” 

 
Size and shape may not be the best visual variables for 3D modeling. Each object should have the 
correct size in relations to the surrounding. It is possible to change size of the boundary (width), but 
by changing the width of the boundaries the surface within a defined area may appear different than 
the original geometry. Changes in the shape of 3D surface is neither a good solution nor should stay 
untouched to keep the original geometry information. Different shapes can be used in symbols to 
distinguish different categories, but with too many symbols the they may appears as a distracting 
moment for the user (Wang 2015).   
 
Color is a common visualization variable to present non-spatial information as status or value of an 
object. One should be careful about the choice of colors; some colors lead to specific associations for 
many peoples. Color can be used as a tool to visualize categories of classes of data to identify different 
types of objects, but also to visualize continuous variations of a specific variable with tonality. For 
visualization of property information, color can be used to identify different types of property features 
and specified characteristics or highlight marked objects (Pouliot et al. 2014). The hue of a color is 
identified as the preferred as a visual solution compared to value and texture. The saturation of a color 
seems also to be a good variable for achieve good visualization. Value can be described by a scale and 
visualized by changing a color from light to dark. Value can be a good tool when many objects within 
a range of values are visualized, but when it only is a few objects it can be harder to distinguish the 
values. Value combined with environment settings for 3D visualization as lighting, and shading may 
affect the perception of the value (Wang 2015). 
 

https://paperpile.com/c/AJzxCJ/gdvg+Ry4r
https://paperpile.com/c/AJzxCJ/gdvg+Ry4r
https://paperpile.com/c/AJzxCJ/hRrg
https://paperpile.com/c/AJzxCJ/8Axc
https://paperpile.com/c/AJzxCJ/hRrg
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As the user can see a 3D object from different perspectives, change in orientation may not be suitable 
for a 3D model. It can be hard to determine whether the perceived orientation differences means 
different orientation direction in the 3D model or just an illusion created by the perspective view 
(Wang 2015).  
 
Texture has been found to be a good variable to differ categories from each other. By using similar 
textures that exists in the real world, the user can identify objects and interpret the model more easily 
(Wang 2015). 
 
 

 

  

https://paperpile.com/c/AJzxCJ/hRrg
https://paperpile.com/c/AJzxCJ/hRrg
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5 Initiatives in Sweden, Standardization 

This chapter presents current initiatives and standardization projects within digitalization and smart 
cities. They are all directly or indirectly associated with work for 3D cadasters. 

5.1 Digitalt Först, DIGG, SBE 

Digital Först (Digital First) was a program for modernization of digital solutions within the public 
sector in Sweden. The program lasted from 2015-2018 with the aim to strengthen governance and 
coordination within the area and create a simpler, more open and efficient administration. The 
principles of Digitalt Först is that if it is possible and of relevance to use digital services, it should be 
the first choice for interaction with private persons and businesses (Regeringskansliet 2019). As a part 
of this program the new government authority DIGG (Myndigheten för digital förvaltning) started 
on September 1, 2018, with the goal to accelerate digitalization of the public sector, DIGG will act as 
a catalyst and provide opportunities to make this happen.  
 
Within the program of Digitalt Först, the National Land survey of Sweden (Lantmäteriet) got a task 
to investigate the conditions for one coordinated digital process for planning and building in Sweden. 
January 1st, 2018, they presented their results where they established that the fragmented and in some 
parts analogue information supply are the main obstacles to succeed in this (Klintborg and Drewniak 
2018). The investigation highlights the need national coordinated supply of fundamental information 
for the process for planning and building. To break down the vision, four main goals was set 
 

1. The information is solid, national accessible and in a digital format. 
2. The process is digital and supported by existing national solutions.  
3. The dialogue is digital and are based on that all participants interacts in the same information 

platform 
4. Existing possibilities for automatization and implementation of this for basic cases.    

 
Parallel with Digitalt Först, Smart built Environment (SBE) is an initiative coordinated by the Swedish 
Centre for Innovation and Quality in the Built Environment. It is a strategic innovation program to 
make up for a solid information flow applicated within BIM, geographic information/GIS and 
industrial processes that will be beneficial for companies, users and the society. The program started 
1st of January 2016, it has a long-term horizon on 12 years. There are many standardization projects 
within SBE, some of them focuses on 3D data for land administration (SBE 2018). 

5.2 Standards  

LADM, Land Administration Domain Model (ISO 19152:2012) is an international standard that also 
are that is adopted by the Swedish standards institute (SIS). LADM defines a scheme for the 
administrative and surveyal aspects of the cadaster and data that regulates RRRs for actors relative to 
the geography. The scheme has five packages: persons, real properties, rights, surveying and geometry, 
these describes hove to present areas in 2D and 3D together (SIS 2019). The aim with LADM is to 
facilitate exchange of data and avoid inconsistency of data from different organizations(Lemmen, van 
Oosterom, and Bennett 2015).       
 
 
 

https://paperpile.com/c/AJzxCJ/hXMg+dKc0
https://paperpile.com/c/AJzxCJ/hXMg+dKc0
https://paperpile.com/c/AJzxCJ/vIcS
https://paperpile.com/c/AJzxCJ/n3FY
https://paperpile.com/c/AJzxCJ/RX2w
https://paperpile.com/c/AJzxCJ/RX2w
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CityGML is and open ISO standard for storage and exchange of virtual 3D city models. It is an 
extension of the Geography Markup Language that is the international standard for spatial data 
exchange. The aim of CityGML is to reach an common definition of basic entities, attributes and 
relations of 3D city models (Open Geospatial Consortium 2012). By using standardized data in a 
model, the same data can be used in different application fields which is cost-effective and entails 
good maintenance. Within the CityGML standard all city 3D objects are modelled as surfaces and may 
also be supplemented with texture and colors to make them to look good and easy to interpret. Each 
different 3D object is categorized and grouped into different thematic extension modules. The 
modules are presented in table 4. Except of the extension modules it is a 
 
Table 4 CityGML Modules 

 
 
Level of detail (LOD) is a well-known concept within computer science, it is common within game 
developing. If a geometric data object is to complex, the computer graphic cannot handle it and the 
rendering process will be slow. The solution to this is to simplify the 3D representation of the object 
by simplifying the geometry. The aim with LOD is to reduce the rendering process by generating 
simpler versions of a complex model, but not reduce the visual quality too much (Luebke 2003).  
 
 
 

https://paperpile.com/c/AJzxCJ/Im17
https://paperpile.com/c/AJzxCJ/Pyo3
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LOD is an important concept for 3D-visualization of the built environment. LOD can be helpful for 
generalization, modelling and rendering of 3D object within the built environment. But there are some 
main differences between LOD within computer science and the built environment. Compared to 
computer science, LOD for city information models (CIM) not only describes the amount of data, 
details and visual attributes, it also defines the complexity of constructions and other objects that can 
be presented in a model (Biljecki et al. 2014).  
 
There are different definitions of LOD for different standards, one of them is CityGML, a standard 
for 3D city models.  

 
CityGML supports five levels of LOD, from 0-4. The most basic level, LOD0 is a 2,5D DTM where 
a aerial image or map may be draped. LOD1 contains of building blocks extruded to the building 
heights. Compared LOD1 that has flat roofs, LOD2 has differentiated roof structures and thematically 
differentiated surfaces. A LOD2 model can also represent vegetation.  High detailed architectural 
models are of type LOD3. These models can visualize detailed structures of roof and facade, doors 
and windows. LOD3 also allows detailed vegetation and transportation objects. A LOD4 model has 
the same components as the LOD3 model on the outside but is complemented with interior structures 
for 3D objects as rooms, interior doors, stairs and furniture. All types of LODs can be draped with 
high resolution texture on the structures.(OGC, 2012). Figure 7 describes LOD 0-4.  

 
 

 
Figure 7 The five Levels of Detail for CityGML (OGC, 2012) 

 
 
 
 

https://paperpile.com/c/AJzxCJ/G5zB
https://paperpile.com/c/AJzxCJ/Im17
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6 Methodology  

This chapter describes the methodology that been used to conduct this thesis. First the overall research 
design is described and motivated. The choice of method for each part is described followed by a 
description of how the model was created 

6.1 Research design 

The thesis has been carried out used a qualitative abductive approach, the results has come up with 
an iterative process between literature studies, empirical findings from cadastral dossiers and building 
of a 3d cadastral model (Hallin 2015)). Qualitative research means that attributes and non-numerical 
data are observed to gain findings about how and why a certain phenomenon may occur. This study 
aims for studying certain capacities, thus can the thesis be carried out with a structure of qualitative 
research. The research is divided into three phases: planning, data gathering and analysis. A research 
question is structured in the planning phase which defines what to find out about who.  In the second 
part data is gathered by literature study and observations. In the last part de data and findings are 
analyzed to come to a conclusion.  

6.2 Theory 

To establish a solid knowledge base of previous studies and findings within the area, a literature review 
was done. The literature review has three main parts: legislation regarding 3D real property formation, 
cadasters and 3D visualization.  Since the thesis is concerned with 3D real properties and how to 
visualize them properly these three subjects seem adequate. The literature review was carried out by 
searching for the relevant articles within the respective fields, a bias was given to works with more 
citations. Google Scholar and webpages for authorities and organization has been used to gather 
information.  
 
Except of existing work current legislation was studied. A deeper study of Swedish laws regarding 3D 
property formation was carried out. The Swedish Land Code (JB) and the Property Formation Act 
(FBL) is the laws that mainly concerns 3D property formation. These laws together with a preposition 
about establishing of 3D property formation (prop 2002/03:166) has been studied to gain knowledge 
about existing land law and administration.  

6.3 Study of cadastral dossiers 

To gain knowledge of how 3D property formation works today existing cadastral dossiers regarding 
3D property formation was studied. Nine different cadastral dossiers where subdivisions and 
reallotments had been made where studied. The dossiers from years 2008-2018 were provided by the 
municipal cadastral authorities (KLM) of the city of Stockholm and the municipality of Uppsala. The 
selection was done by KLM with the requirement that the cases in the dossiers should be of different 
character, from simple spaces to more complex constructions.  The aim with the study of the cadastral 
dossiers was to investigate how the extent of 3D real properties and RRRs is described and presented 
in cadastral dossiers today. Another purpose of the study was to gather information that is needed to 
create a 3D cadastral model. 
 
The evaluation of the cadastral dossiers can be found in Appendix 1.  

https://paperpile.com/c/AJzxCJ/rhaE
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6.4 Data gathering 

The data that has been used to produce the 3D model is downloaded from the online service GET, 
Geodata Extraction Tool (SLU 2019).  
 
Laser data from the National Land Survey of Sweden was used to make the terrain model. The laser 
data is a point cloud where each point is classified as ground, water, bridge or unclassified. The data 
is a LAS-file and was delivered in sets that covers 2,5 x 2,5 km. The coordinate system is 
SWEREF99TM and RH2000. The density of the points is >0.5 points/m2. The accuracy level is 0,05 
m vertically and 0,25 m horizontally.  
 
The terrain model was styled by draping an orthophoto on the surface. The photo covered an area of 
2’5 x 2’5 km with a resolution of 0,25 m. The coordinate system was SWEREF99 TM and RH 2000. 
It was delivered in Tagged Image File Format (TIFF). 
 
Data from the Geographical Sweden Data (GSD) real property map by the National Land Survey in 
vector format was used in the model. Polygons for buildings, 3D properties and easements and 
polylines for traditional properties was used. The data was delivered as shapefiles in coordinate system 
SWEREF99 TM and RH2000.  
 
To make LOD1 buildings, building footprints were gathered from the base map in the municipality 
of Uppsala. The base map is open and free to use under the CC-BY license (Uppsala, 2018). 
Information for base height and mean roof height is saved as attributes connected to the features. The 
data was delivered as a DWG-file in coordinate system SWEREF99 1800 and RH2000. 
 
Information about horizontal extent of 3D properties, RRRs was gathered manually from maps, 
drawings and textual description in cadastral dossiers. The data was compiled in a csv-file. 

6.5 Choice of software 

One of the software used to create one of the 3D models was ArcGIS 10.6.1 with the 3D analyst 
extension. ArcGIS is a set of programs developed by Esri that handles spatial data. It is possible to 
produce maps and perform powerful analyses in the programs. The 3D analyst extension lets the user 
work with process, analyze and visualize 3D data.  
 
To create the other 3D model SketchUp Pro 2019 was used, it is a software by Trimble Inc for 3D 
modeling. SketchUp is not marketed as one of the most powerful 3D modelling applications at the 
market, instead it aims to be easy to use and easy to learn. SketchUp Pro can manage the most file 
formats for 3D modeling as DAE, KMZ and 3DS, but files can also be imported and exported in 
classic CAD-formats as DWG and DXF.  
  
Another software that was used is FME (Feature Manipulation Engine), it is a product by Safe 
Software for conversion and data manipulation. The software can manage many different types of file 
formats and is very powerful to use for big datasets.  
 
  



25 

 

6.6 Creating the 3D models 

Two models were created. The first one was created in ArcGIS based on data from a real case 
modelled as a general model. The second one was a fictive case to show how a building with 3D real 
properties could be visualized as a schematic model.  
 
3D modelling in ArcGIS 

 
To define the ground in the 3D model a digital elevation model (DEM) was created by LiDAR data 
(LAS). It was chosen to make the DEM as triangular irregular network (TIN), a TIN is a vector-based 
terrain model constructed by triangulating a set of vertices. The vertices are connected by a series of 
edges to form a network of triangles.   
 
The points in the LiDAR dataset were classified as ground, water, bridges and unclassified. The ground 
points were extruded from the dataset so they could be used to create the DEM. Since the LiDAR 
data was delivered covering a 2.5 x 2.5 km square, the data were clipped to cover the area of interest. 
When the LiDAR data were processed a TIN was created by the conversion toolset LAS to TIN in 
ArcScene in the 3D Analyst Extension. Finally, an orthophoto was draped on the TIN surface to 
visualize the surroundings.  
 
To make LOD1 of buildings, their footprints and the attribute for average height were used. First, the 
DWG-file was transformed to SHP. The file was added to the project in ArcScene where the TIN was 
created. In the properties for the building footprint the base height was defined as the height in the 
DEM where the building footprint where placed. The footprints were extruded from the DEM surface 
to the building height (attribute information).  
 
By using FME, the vertical extent was added to the footprints from the csv-file. The 3D real properties 
and easements volumes were created by extruding the footprint from the minimum height to the 
maximum height. The basic concept of the practical work is described in the workflow below (Figure 
8): 
 
Schematic model created in Sketchup 
A fictive building was created in SketchUp to make a concept of how a more detailed 3D situation 

could be visualized. Colors, patterns and transparency was added to the model to visualize legal 

relationships.  
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Figure 8 Illustration of proposed workflow 
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7 Results & Analysis 

This chapter presents the results that have emerged in the thesis. The results for each objective are 
presented and analyzed in different sections.   

7.1 Results and discussion addressed by each objective 

7.1.1 What is the current legislation and recommendations for representation of 3D real properties 
and RRRs?  

 
The possibility to form three dimensional real properties was introduced in Sweden 2004 because of 
high demand of land due to increased urbanization. Thanks to flexible current legislation, the process 
was smooth without any big changes in the existing laws. The legal framework that is implemented 
today is almost the same for formation of traditional and 3D real properties.  
 
The definition of what a 3D real property is can be found in the Swedish Land Code and the legal 
framework of how to form 3D real properties presented in the Real Property Formation Act. To help 
and guide the officials with property formation, the National Land Survey of Sweden has published a 
handbook (FBL Handbook) to interpret and implement the Real Property Formation Act within the 
property formation process. The handbook describes what information that should be presented in 
cadastral documents and how it can be suitable to draw the boundaries for 3Dreal property formation. 
 
But the recommendations in the FBL Handbook are not as clear as one could wish. As an example, it 
is described in one section that the boundaries of a 3D real property should not be defined by 
coordinates (x, y, z), but the text also mentions that 3D property spaces below the earth's surface most 
often should be suitable to present by coordinates and that different types of 3D property spaces 
above the earth’s surface can be defined by coordinates. This kind of description makes it hard to 
know when it is suitable or not to define a 3D property space by coordinates. It would be better if it 
was described by actual cases when it is suitable to define 3D property spaces by coordinates or not.  
 
To make an adequate presentation of three-dimensional property spaces in a two-dimensional 
cadastral index map is difficult. When many properties and rights are overlapping in space it is almost 
impossible to achieve an informative and adequate representation of the cadastral situation. It is 
common that some rights not are presented in the cadastral index maps due to difficulties to interpret 
the current situation occurs.  
 
The recommendations by the National Land Survey of Sweden is to present 3D real property spaces 
by a special boundary type, and the area should be marked by a hatched polygon in the cadastral maps, 
the property unit designation should be marked within backslashes. It happens that the hatching is 
not prioritized to achieve a more suitable presentation.  
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7.1.2  How is three-dimensional extension presented in cadastral dossiers and systems today? 

 
An evaluation of how 3D extension of 3D properties and RRRs are described today was done by 
studying the existing cadastral dossiers. The evaluation for each cadastral dossier can be found in 
Appendix 1. Since the actual extension and level of detail for 3D real properties varies a lot, the 
presentation of those varies as well. Generally, the horizontal extent is presented in a traditional 2D 
map, often as an extraction from the cadastral index map. Then it is a textual description for horizontal 
and vertical extent of the 3D property space, this text refers to more detailed drawings to clarify the 
relationships of construction, 3D property spaces and RRRs. 
 
The simplest cases are when a specified area is extruded to a specified height. Examples of this is 
Glavsfjorden 6) and Kvarngärdet 30:3 (Appendix 1). These cases are often easy to interpret, and it 
does not require many technical drawings. The horizontal extent presented in a cadastral map 
combined with a cross section of the vertical extent is often enough to get a good view of the situation. 
 
For more complex cases a lot of information in maps, texts and drawings is required and it is often 
harder to interpret the current relationships between 3D real properties, RRRs and constructions. If 
many 3D property spaces are overlapping and are laced into each other the horizontal extent is hard 
to interpret. In the cadastral map in dossier for Ekfatet 3 and 4 (Appendix 1) they have tried to clarify 
this by giving different colors to the different 3D property spaces, this may clarify the horizontal extent 
a little bit, but is still hard to interpret. A 3D real property can have any shape as long it is a closed 
volume. This makes it possible to form very complex property spaces. The extent of these are 
described by text and drawings in the cadastral dossiers. General drawings present cross sections to 
visualize vertical extent from different views. More detailed drawings are often used to describe exactly 
where the boundary is in relation to concrete slab, beams, floor and other construction details.   
 
A general finding is that the drawings that are used in the cadastral dossiers are very detailed. It is 
often technical construction drawings where the property and RRR information is added. Sometimes 
it would be better to use more clean drawings where only the information of interest is presented. 
This would make the drawing and cadastral situation easier to interpret. An example of this is Svea 
Artilleri 25 and 28 (Appendix 1) where a joint facility for heating and water (pipes) are presented. The 
drawing where the pipes are described also includes detailed descriptions of garage for cycles. T type 
of information is not of interest in this case and should may not be presented so detailed.  
 
Often, there are many new easements connected to a 3D real property formation. The type and 
purpose of the easement differs. It can be constructional easements to ensure the right do attachments 
to the underlying building, piling under a building or to use underlying walls for applied load. These 
types of easements require very detailed drawings and descriptions. An example of this is the cadastral 
dossier for the forming of Molekylen 1 (Appendix 1) where the boundary of a 3D real property and 
two easements are described in relation to a column. Other types of easements can be to ensure access 
for maintenance, waste management and evacuation. These does not need the same type of detailed 
description, sometimes the exact horizontal and vertical extent is not described at all.   
 
Height information is always presented with decimeter resolution and the references system is defined. 
In two cases the extent of the property space is defined by boundary points with coordinates. For the 
first case with Glavsfjorden 6 (Appendix 1) the 3D property space is a tunnel and is therefore a type 
of property space that is recommended to be defined by boundary points according to FBL 
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Handbook. For the second case Kvarngärdet 30:3 (Appendix 1), it is three property spaces that are 
overhanging parts of a building and an underground garage where every corner is defined by 
coordinates (x, y, z). For this type of 3D property spaces, it is recommended to not define the volume 
by coordinates according to FBL handbook, but in this case, it is no clear reason to not define space 
by boundary points.  

7.1.3 Standards for 3D cadastral models 

 
The study shows that there is a need for a standardized concept for presentation of 3D real properties 
in cadastral dossiers. Based on these findings a standardized concept for 3D cadastral models is 
proposed. The concept is a result of three of the objectives in this thesis:  
 

- What is a suitable level of detail for a 3D cadastral model? 

- What is required as input data in a digital 3D cadastral model? 

- What is a suitable visualization concept for a 3D cadastral model?  

The findings for each objective are discussed and then the proposed standardized concept is 
presented. The input data and requirements is summarized in Table 5.  
 
Level of Detail 
By studying the cadastral dossiers, it was found that the complexity of 3D real property situations 
differs a lot. Some of them are quite simple and has the same horizontal and vertical extent for the 
whole figure, while others have an advanced shape with complex structures of rights. The data 
requirements and time it takes to model these 3d cadastral situations also differs a lot. The LOD is 
not a concept that is used for 3D cadastral models, but it is an interesting concept and findings from 
it can be adapted to cadastral models.  
 
A cadastral model in LOD0 is nothing more than a DEM draped with a cadastral map. It does not 
make the model much easier to interpret than a regular 2D cadastral map and is therefore not suitable 
as a 3D cadastral model.  
 
A cadastral model in LOD1 has more information than the LOD0 model but is still quite general. 
Buildings are presented as blocks with flat roof structures. Objects with footprints greater than 6 x 6 
meters are presented as generalized blocks. A cadastral model in LOD1 only presents a general 
concept of the legal relationships and cannot be used for deeper analysis or decisions. The advantages 
of the LOD1 representation is that it is easy to model, the only data that is needed to create the model 
is a DEM, building blocks and polygons representing the maximal horizontal extension of existing 
RRRs. By extruding the polygons to their maximum height and combine them with building blocks 
and a DEM, a cadastral model can be created quite easy and without any specific data requirements.  
 
By implementing LOD2 in the cadastral model the visual appearance of complex relationships of 
rights would be improved. Since LOD2 visualizes more structures of facade and roof, more detailed 
cadastral situations can be modelled. But more details require more specific data of the construction, 
real property space and other rights. Since 3D properties often does not have the same horizontal and 
vertical extent for the whole space these must be modeled from information in the cadastral dossiers 
or existing drawings. If data of the extent only can be found in analog cadastral dossiers, and not in 
digital format it can be time consuming to gather data to make the models. 
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3D models in LOD3 and 4 are architectural models of high accuracy and features presented as real-
world objects. The difference between LOD3 and 4 is that LOD4 also represents the interior 
situations. Interior situations and detailed facades are in many cases necessary to present 3D property 
spaces in a 3D model. Many 3D real properties require construction model that can visualize the 
interior to present the boundaries properly. But for some cases, an architectural model will not be 
enough, and a constructional model is needed instead. A LOD that including construction models is 
not defined in the CityGML standard so other standards are maybe more suitable for this.   
 
Visualization concept for 3D cadastral model 
To identify how a good visualization for a 3D cadastral model looks like it is important to identify the 
aim of the model. How should it be used and what do the user want to see. By studying literature and 
documentation some core visualization tasks were identified. The visualization tasks can be strongly 
connected to functional tasks, but in this thesis the visualization is in focus. The main tasks for a 
cadastral 3D model are: 
 

- The user needs to see boundaries/volumes of real properties (2D and 3D) and RRRs that is 
important for the area.  

- The user should be able to identify different 3D real properties and RRRs  
 
The Figure 9 below is a model of the 3D real property and easements for an apartment house in 
Uppsala, Kvarngärdet 30:3 (Appendix 1). In this model a LOD1 building is used to clarify the 
relationship between construction, real properties and easements. Pink is the color used for real 
properties (both 3D and 2D) and yellow is used for easements. Transparency has been used for both 
the easement and the 3D real property; it is very important for the easement that covers the 3D real 
properties. In this case the three 3D real property spaces are a part of the same property, so it is 
intuitive to use the same color for the property spaces. Visualization of a general model is presented 
in Figure 9.  
 

 
Figure 9 General Model 
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When many 3D property spaces that do not belongs to the same 3D real property are presented in 
the same model together with other rights, the user must be able to differ between the 3D real 
properties and the rights. The features must be categorized in two dimensions; a) what is a 3D real 
property space and what is an RRR, b) which is 3D real property space a and b. To do this both 
patterns and colors are combined. In this model (Figure 10), which is a fictive case, the 3D real 
properties are visualized by hatched volumes in different colors and the easements are visualized by 
clean (no pattern) yellow volumes. The white part of the building is not included in any 3D real 
property.  

  
Figure 10 Schematic model 

 
Proposed standardized concept for 3D cadastral models 

In the FBL Handbook, three levels of detail for how to describe 3D property information in maps are 
described. The three levels are general, schematic and detailed. Based on the findings in this study, 
these levels have been interpreted and translated to suit 3D cadastral models. The concept is 
summarized in Table 5. 
 
General level 
A general model presenting the maximal or a generalized extent of the 3D real property in horizontal 
and vertical direction. The model should have the same information as presented in the digital index 
map. The model is created in relation the existing properties, the construction the 3D real property is 
intended to include and other facilities that can be of importance. RRRs as easements, joint facilities 
and utility easements is also presented in this model. 
 
The base of the model can be data from the base map or cadastral index map combined with a DEM, 
information that have attributes with height can be extruded to 3D. Two-dimensional information is 
draped on the ground. If some necessary data is missing surveying of actual relationships can be 
required. The model should be presented in SWEREF99 with the projection zone for the area of 
interest.  
 
The pros with a general model are that it is quite easy to create and interpret and the data requirements 
is not so high. A disadvantage can be that if a 3D real property is presented by their maximal extent 
in all directions the shape may be misleading since a 3D real property space in any existing shape as 
long it is a closed volume.  
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Schematic level 
A schematic model presents details as in architectural drawing. Floors, walls and internal relationships 
of buildings are presented, but no further information about construction details. The 3D property 
space is presented by a simplified boundary. The boundary describes the actual extent of the 3D 
property space except of construction details. To create the schematic model the architectural drawing 
or as-built documents is required as input data. The schematic model presents a relatively detailed 
description of the reality but in the same time it does not require too much detailed information. The 
schematic level presents a detailed view of the situation, but it still does not require deep knowledge 
to interpret.  
 
Detailed level 
To present complex situations for 3D real property boundaries a detailed model must be created. In 
this model boundaries are presented relative to details in the building/construction. This type of model 
is created with construction drawings as general input. The model is a type of building information 
model mostly created for professionals. The detailed require a lot of data and time to create.  
 
Table 5 Requirements for the general, schematic and detailed level 

 
 

  

 General Schematic Detailed 

Presentation of 
extent for 3D real 
properties and RRRs  

The maximal or a generalized 
extent of the 3D real property 
space is presented. If the 
volume is very complex and a 
generalized is better  

Extent in relation to walls 
and floors is presented. 

Extent according to 
construction details is 
presented 

Buildings and 
constructions in the 
model  

Simple 3D blocks representing 
the buildings  

Architectural models where 
the interior (walls and 
floor) is presented 

Detailed construction 
models  

Accuracy Meter Decimeter Centimeter 

Input data Building footprints + height 
Existing real property 
boundaries and RRRs 
Digital elevation model 

Architectural drawings 
Existing real property 
boundaries and RRRs 
Digital elevation model 

Construction drawings 
Existing real property 
boundaries and RRRs 
Digital elevation model 

Reference system SWEREF99 (projection zone for the specified area), RH2000 

Visualization Categorize property spaces by colors and patterns 
Use transparency to show internal relationships.  
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8 Conclusions 

 
Usage of 3D cadastral models as a base in cadastral dossiers to describe the extent of 3D real properties 

and RRRs can make it easier to interpret the situation for both professionals and non-professionals. 

It is a lot of work to get 3D models fully integrated in the process for building a planning, but by start 

using them in cadastral models is a step forward. 

 

How 3D real properties and RRRs are formed varies a lot, from simple volumes to more complex 

situation related to construction details. This makes it hard to create one type of 3D cadastral model 

that covers all types of 3D real property situations.  

 
Depending of the purpose of the model and the nature of the 3D real property the need of details and 
accuracy in the 3D cadastral model varies. A concept where the proposed levels of detail general, 
schematic and detailed are used is proposed. The benefits with this concept are that the data requirements 
and visualization complexity is customized to different types of real property formations. Different 
types of 3D cadastral models can be used for different phases within the real property formation 
process.  
 
The most economical solution right now may be to use a schematic model as the model used in 

cadastral dossiers and store it in digital format for further use. The schematic model could give an 

enough detailed presentation of 3D real properties and RRRs for the most cases. Technical drawings 

of important construction details can be used as a complement for the schematic model when it is 

needed.  

 

The visualization of the model must be done so different 3D real property spaces and RRRs can be 

identified and differed from each other. This must be done by using different colors and textures or 

patterns.  
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8.1 Future studies 

It is a lot of work to do within the area of 3D cadasters. This thesis has only been focusing on 3D 
models that are used separately for each property formation process. In a perfect world, the 3D 
cadastral models should be stored and presented in a virtual city model. A platform with a cadastral 
model that is open and easy to interact which could lead to more efficient processes and better 
understanding for non-professionals. But to develop this kind of complete 3D cadaster a lot of 
research is needed. Technical research as databases, file formats, standards and how a platform for 
this kind of model could look like are some important topics. Other topics that can be of interest to 
investigate further is a how the work for maintenance and updates of the model should be and who 
that is responsible for what.  
 
Further studies for different visualization concepts can be done by creating models of different level 
of detail and visualization and evaluate them compared to cadastral dossiers of the same areas. The 
models can be evaluated by cadastral surveyors and nonprofessionals.   
 
During the work some general findings that not directly are connected to the objectives but they are 
important for the general concept of 3D cadastral models. Today it is the applicant that is responsible 
to provide drawings and material so the property boundaries can be presented, who should be 
responsible to create a 3D cadastral model? Is it fair that the applicant should be responsible, or should 
it be the cadastral surveyor or someone else?  
 
Cadastral dossiers are created so show the legal relationship the moment when a real property is 
formed. The documents are not updated for changes int the surrounding. Should it be like this for 
cadastral models as well or should the models be updated continuously? 
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Appendix 1 
Evaluation of how the extent of real properties and RRRs are presented in the cadastral dossiers. 
 

Glavsfjorden 6 - 0180K-2019-08484 
 

The case is a subdivision from Årsta 1:1 to Glavsfjorden 6, the subdivision does not include the 3D 
property space. Because of the subdivision, the 3D property space in Årsta 1:1 will hollow 
Glavsfjorden 6. The type of the 3D property space is a tunnel and includes a part of the safety zone. 
 
Description of extent 
The horizontal extent is presented in a map with coordinates that defines the boundary points. 
Additionally, the extent is described by words in relation to existing objects and by additional drawings. 
The vertical extent is defined from -15,0m (RH2000) +8,5m (RH2000) and is further described by 
words in relation to existing objects and by additional drawings. 
 

 
Extension horizontally and vertically. Map and drawing from cadastral dossier  
 

A new easement (0180K-2016-08484.1) for the safety zone for the tunnel was registered in connection 
to the subdivision. The easement encumbers Glavsfjorden 6 to advance for Årsta 1:1. The horizontal 
extent is described by additional map and drawings (horizontal the hatched area and vertical the yellow 
area, in the figures above). The vertical extent is defined in text +8,5m (RH2000) and +15,5m 
(RH2000) 
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Molekylen 1 – 0180K-2016-08880 
 

The case is a subdivision from Vasastaden 1:15 and reallotment regarding the subdivided parcel and 
Vasastaden 1:16, 1:123 and 1:124. The subdivision forms the 3D parcel Molekylen 1 and new 
easements regarding the residual property unit and the lot. The reallotment modifies and forms new 
easements regarding the lot and Vasastaden 1:16, 1:123, 1:124. The three-dimensional space Molekylen 
1 will hollow Vasastaden 1:16. The type of the property space is a construction.  
 
Description of extent 
The horizontal extent is described in text that refers to drawings. It is a detailed description that 
describes relationships between joists, facades etc. on decimeter level. The horizontal extent differs 
on different levels and is not described by coordinates. The text refers to drawings that describes the 
horizontal extension further. The vertical extent is defined between +11,2 to +55,0 (RH2000). But 
the extent is not the same for the whole construction. The extension is described detailed in text with 
additional drawings and defines which building components than are included in the 3D parcel unit 
and not.  
 
The total extent is described by 20 detailed drawings and one basic map. It is also general 3D-drawing 
in the dossier. The text that describes the extent does not refer to the 3D-model, the model has part 
in different colors that probably defines different parts in the 3D-parcel and easements. The model 
does not have any legend or textual description, so it is hard to interpret the meaning of the colors.  

 
3D model 
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Several new easements were formed and some existing were modified. Example of easements in this 

case are construction details for load, foundation, retaining walls etc, but also for access and 

ventilation. The easements are described in text and by detailed drawings. See example of detailed 

drawing in the figure below 

 
Technical description of easements and 3D boundary 
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Svea Artilleri 25, 28 - 0180K-2016-18922 

 

The case is a subdivision from Svea Artilleri 25 and a facility procedure. The formed three-dimensional 

parcel Svea Artilleri 28 will hollow Svea Artilleri 25. The joint facilities are regarding sewage water, 

heating, water pipes and ventilation and is shared by Svea Artilleri 25 and 28.  

 

Description of extent 

The extent of the 3D parcel unit includes two floors (9th and part of 10th) in a building, the height is 

between 19,3m to 26,5m (RH2000). The horizontal extent is described in text. The vertical boundary 

is in the middle of the outer wall facing to Löjtnantsgatan and the courtyard. Boundaries within the 

building is in the middle of the inner walls. Doors and windows in the property boundary belongs to 

Svea Artilleri 28. Detailed descriptions of the property boundary are described in additional drawings. 

Vertically, the limitation of the parcel is described by relations to the concrete slab and framing of 

joists at floor 9 and 10, and additional height information.  

- Lower boundary to 3D real property: top of concrete slab floor 9, +19,3 m. 

- Lower boundary to 3D real property, between floor 9 and 10: top of concrete beams, +23,3  

- Upper boundary to 3D real property towards floor 11: bottom of concrete beams, +26,5 m 

- Upper boundary to 3D real property towards floor 10: bottom of beams, +23,0 m. 

 

Easements for pipes, waste disposal, access, evacuation etc. was formed. These are described in text 

and the horizontal extension presented in drawings.  
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Easement (Red), 3D boundary (Blue), joint facility (green) 

 
  

Pipes in a joint facility described in a drawing
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Ekfatet 3, 4 – 0180K-2017-17441 

 

The case is a subdivision from Ekfatet 3 to Ekfatet 4, a reallotment and a facility procedure. The 

subdivision includes a traditionally land parcel area and a 3D property space. One easement is canceled 

and a new one is formed. The reallotment does not change the fact that Ekfatet 3 hollow Ekfatet 2, 

Sjövik 5, Vinprovaren 1, Druvmusten 1, Vinpressen 1, Årsta 1:1 and årstadalsskolan 2-3. Ekfatet 4 

hollows Ekfatet 2, Sjövik 5, Vinprovaren 1, Årstadalsskolan 2 och årstadalsskolan 3. 

 

Ekfatet 3 is an underground garage with a safety zone. The garage has five sections, section 1 has two 

floors, section 2 and 3 has three floors (only two of them belongs to Ekfatet 3 after the subdivision), 

4 and 5 has four floors (three of them belongs to Ekfatet 3). Ekfatet 4 is a underground garage with 

safety zone.  

 

 
Maximal horizontal extent of Ekfatet 3, Ekfatet 4 and Druvmusten 3 

 

Description of extent for Ekfatet 3 

The main extent of Ekfatet 3 is described in a separate dossier. The reallotment resulted in some small 

changes of the extent. The changes are described generally in text and refers to detailed drawings. New 

easements for maintenance, access and evacuation are described generally in text and refers to detailed 

drawings. 
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Description of extent for Ekfatet 4 

The textual description underlines that the text should be read together with the additional drawings. 

It is also declared that the extension for the parcel in the drawings has a “relatively high accuracy” and 

should be used as guidance in cases where the textual description is not enough. 

 

General principles for the extent are described by the text. The horizontal extent is ten meter outside 

the external rock walls. The ten meters from wall to parcel boundary is the safety zone. The 

fundamental principle for walls that border to other parcels is that the boundary is in the middle of 

the wall. The vertical lower boundary is general in the middle of the framing of joists at +6,8 m 

(RH2000). The general upper extent is at +24,4 (RH2000).  

 

To further describe the extent some exceptions from the general principles are described.  The 

exceptions are, the descriptions are quite general and refers to drawings and other cadastral dossiers. 

New easements for maintenance, access and evacuation are described generally in text and refers to 

detailed drawings. 

 
Cross-section describing relationship between Ekfatet 3 and Ekfatet 4. 
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Väktaren 35, 36 – 0180K-2017-18950 

 

The case is a reallotment that regards Väktaren 35-36 and Kungsholmen 1:3 and 1:37. The subdivision 

results in that Väktaren 36 hollows Kungsholmen 1:3 at two places and that Väktaren 35 hollows 

Kungsholmen 1:37 at two places. The 3D-parcel units are both parts of buildings.  

 

Description of extent for Väktaren 35 

It is two different 3D parcel spaces. Space 1 is an overhanging part of the building from floor 4-8. 

The horizontal and vertical extent for part 1 is described by text and includes the overhanging part of 

the building from +24,2 m - +41,5m (RH2000). Space 2 is an overhanging part of the building from 

floor 4-9. The horizontal and vertical extent for part 2 is described by text and includes the 

overhanging part of the building from +24,2 m - +44,5m (RH2000). The text refers to drawings and 

general map for more detailed descriptions. 

 

Description of extent for Väktaren 36 

The 3D space is a bay window from floor 4-8. The horizontal and vertical extent for the 3D-space is 

described by text and includes the overhanging part of the building from +22,8m - +21,5m (RH2000).  

The text refers to drawings and general map for more detailed descriptions. 

 

  

 
Cadastral index describing Väktaren 35 and cross-section describing Väktaren 37  
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Kvarngärdet 30:3 – 0380-2013/108 

The case is a subdivision from Kvarngärdet 30:2 and a reallotment regarding Kvarngärdet 1:20. The 

reallotment results in that Kvarngärdet 1:20 and Kvarngärdet 30:2 will be hollowed by Kvarngärdet 

30:3. Kvarngärdet 30:3 has four sections and three of them (2-4) are 3D property spaces. The 3D 

property spaces are all parts of buildings. 

 

Description of extent 

The horizontal extent of section 2 is from +20,04m to +46,04m (RH 2000), for section 3 is the 

horizontal extent from +20,97 to +46,04m (RH2000). The horizontal and vertical extent is described 

by text and refers to maps. The upper vertical extent is limited in line with the rooftop for both section 

2 and 3 and the lower extent is described as “the 0,5m under the ground slab of the corbelled part and 

0,5m under the balcony” 

 

The vertical extent for section 4 is from -30,08m to +10,36m (RH2000). The horizontal and vertical 

extent is described by maps and text. The upper vertical is defined as “under ground level, 5 cm above 

the concrete top layer”. The lower limit is designed so it will be enough space to piles.  

 

The 3D area is defined by boundary points. X and Y coordinates combined with Z-min and Zm-max 

coordinates defines the 3dD property space.  

 

Easements 

To ensure access for maintenance of section 2 and 3 of the 3d property, an easement is formed. The 

horizontal extent is described by text and in a map, but there is no description of the vertical extent.  

 

 
Situation plan describing easements for Kvarngärdet 30:3  
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Kvarngärdet 35:4 – 0380-2016/302 

The case is a subdivision from Kvarngärdet 35:4 and a facility procedure. The subdivision results in 

that Kvarngärdet 35:7 hollows Kvarngärdet 35:4. The 3D property space is a part of a building. 

 

Description of extent 

The maximal vertical extent is from +3,9 to +32,0 m (RH2000). The 3D property space is described 

by text that refers to a cadastral map. The 3D space is defined by a a text describing a combination of 

several building parts, elevator shaft, stair wells, empty spaces of air etc. The vertical and horizontal 

extent is described in relation to framing of joists, bottom part of elevator shaft etc. and refers to 

drawings of cross sections, facade and plane.  

 

Easements 

Easements for evacuation, water pipes, sewage water, electricity, storage rooms etc. are formed. The 

description of each easements refers to a technical drawing.  

 

For the water and sewage pipes the extent is described schematically and by text. The text declares 

that it is the actual location of the pipes that is legally valid.   

 

 

 
Left: Vertical extent of Kvarngärdet 35:7, Right: property boundaries (3D an 2D) in relation to façade, piles and floor 
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Fålhagen 1:37, 69:1 – 0380-2009/156 

The case is a subdivision from Fålhagen 1:32 to Fålhagen 69:1 and Fålhagen 1:37 where Fålhagen 69:1 

is a 3D real property space and Fålhagen 1:37 is a 3D real property. They are both buildings and 

consists of a garage and a hotel.  

 

Extent of Fålhagen 1:37 

It is an underground garage in two places. The horizontal extent is defined by of the 3D property 

follow the outer contour of the garage and an emergency exit. The vertical extent is from -18,00m 

(RH 00) to +11.53. The extent is described in relation to piles and joists in the construction. The 

extent is also presented as a 3D model  

 

Easements 

Easements are formed to construct, maintain and renew pillars and stairwells  

 

 

 
Cadastral index map describing horizontal extent of Kvarngärdet 1:37 and 69:1 
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3D model describing Kvarngärdet 1:37 (lower part) and Kvarngärdet 69:1 (upper part) 

 
More detailed description of Kvarngärdet 69:1  
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Kungsängen 13:13 – 0380-2005/116 

Subdivision and reallotment regarding Kungsängen 13:9 etc. and a joint facility procedure. The 3D 

real property is a part of a building and is an underground garage. 

 

Extent 

Maximal extent in height from +2.20 - -18.05m. The extent is presented on a cadastral map and 

drawings. Kungsängen 13:13 hollows Kungsängen 13:9. The property boundary is described by text 

in relation to the outer parts of an old and a new building. The lower vertical extent is at 1 meter below 

the top of concrete slab. The upper vertical extent is described in relation to a frame of joists in the 

sealing. The property boundary is also defined by a number of boundary points.  

 

The reference system for the height is specified as the height system Uppsala municipality.  

 

Easement 

Easements for a road, culvert and construction is described in text but not in maps or drawings. 

 

 
Cadastral index map describing horizontal description of Kungsängen 13:13 
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