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Abstract

The recent rapid development of information technology has brought about increased use of digital geographic information and GIS
systems in all aspects of human activity, both locally and globally. This also refers to effective land administration in accordance with the
sustainable development principles. Easy access to up-to-date and reliable information on real estate, actual and potential possibilities of
its development is the basis for taking decisions related to optimal space use. The cadastre is an institution with several hundred years of
tradition, providing information on real estate, originating from the need for taxes on held real estate to be collected by states. Because of
its high practical importance, the real estate cadastre is continually corrected and changed. The directions of these changes and the
creation of new visions and models result from legal and administrative conditions, society’s need to access to information used in the
expanding process of natural resource management as well as from the dynamic development of spatial information technology.

The aim of this publication is to present the developmental directions of the Polish real estate cadastre with special regard to the need for
building a multidimensional (3D, 4D) cadastre and an analysis of factors affecting the dynamics of changes in the functioning of the
cadastral system.
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1. Introduction

Land is the basis of economic activities and serves as a resource which requires careful management and takes into account
the welfare of future generations. The information infrastructure which supports the management process focuses on three
elements: land ownership, value and use. Proper registration of plots of land with regard to these elements ensures safety of
ownership, the appropriate management of both space and land and efficient tax calculation.

Information about land and its users is provided by an institution whose history goes back several hundred years, which
was shaped under different historical, cultural, political and legal conditions, which originated due to the need to collect
rent: the cadastre. The term “cadastre” means basically the same in each country: a register; however, the administrative
solutions applied in various countries result in certain differences. Initially, cadastres were flawed because the data used in
them were not too accurate. This resulted from various factors, for example, from a lack of precision of measurement
techniques as well as the legal and organisational solutions which were far from perfect. There are no two identical cadastral
systems, because a cadastre is a part of the social infrastructure in a country, each system has evolved and has its own
characteristics. However, the basic idea of a cadastre remains unchanged, because it always answers three basic questions:
where is the real estate property, what are its features in terms of its boundaries, area, type and quality and — in some cases —
what is its value.

2. Historical aspects of the Polish real estate property cadastre

Each well-organised state has a land information system which contains a physical and legal description of plots of land,
usually called a cadastre. The need to organise such an institution arose several centuries ago, mainly from the need to
collect taxes by the state. The essence of the cadastre is best conveyed by the following quote from the Napoleonic Code:
“Cadastre as such may be regarded as the real Constitution of the Empire, that is, the actual guarantee of property and
assurance of the obligations of each person, because once established with a confirmation of the lawful taxation, it
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eliminates any fears about the possibility of arbitrary decisions taken by public authorities, which has always been an
important issue and which has been the surest method of enforcing serfdom”.

The real estate property cadastre in Poland, whose official name is “the land and building register”, follows the pattern
and experience of the cadastral systems applied in the neighbouring countries. The system evolved as a result of historical
conditions and changes in the Polish political, legal and administrative systems.

After the partitions of Poland, the fiscal systems of the occupying states were implemented in the territory of Poland.
After the war, there were two consistent and complete post-partition cadastral systems. The technical and descriptive
documentation of the former Prussian cadastre, which covered 40% of the country, was implemented in the western and
northern parts of the country, whereas the survey used under the former Austrian occupation, covering 14% of the country
area, was used in the south of the country [1]. The land occupied by Russia was not covered by a uniform cadastral system
similar to either the Prussian or Austrian systems. Such areas relied on different documents in the form of maps on different
scales as well as consolidation and division registers.

After World War II, the new borders of Poland were established. The changed territory of the country, migrations of the
population within settlement campaigns, reclaiming recovered territories and the transformations of the rural areas
following agricultural reform — all rendered the land use data obsolete. This hindered the process of solving agricultural
policy and economic problems, planning agricultural production and establishing fair amounts of services to the state.

The current land register was largely developed in the years 1955-1975 based on the decree of 2 February 1955 on the
land and building register [2]. The decree provided for uniformity and exclusiveness of the register records, their foundation
on the soil quality classification maintained in a uniform manner for the entire country and it imparted the status of public
law to the surveys contained in the register. According to the decree, the taxes and services, purchase and obligatory supply
of food products, economic planning, entries in perpetual registers and satisfying economic needs could be based on the data
on lands and buildings contained in the unified registers. Such data were obtained by direct measurement in the field and the
existing land surveys, for example, the data from the Prussian and Austrian cadastres and post-consolidation maps. The
ownership of a plot of land was treated marginally during the process of creating the register, revealing the holder in the
documents and establishing property boundaries according to the actual holding, rather than according to the legal status.
Since 1 July 1989, the principles of maintaining a land and building register have been regulated by the Geodetic and
Cartographic Act of 17 May 1989 (Journal of Laws 2010, No. 193, item 1287) and the executive regulations thereto:
initially, the Regulation of the Ministers of Spatial Management and Construction and of Agriculture and Food Management
on the land and building register of 17 December 1996 (Journal of Laws No. 158, item 813), and, subsequently, the
Regulation of the Minister of Regional Development and Construction on the land and building register of 29 March 2001
(Journal of Laws No. 38, item 454).

According to Art.2.8 of the said act, the land and building register (the real estate property cadastre) is “a unified set of
information about land, buildings and apartments/business establishments, their owners and other individuals or legal
entities — holders of such land, buildings and apartments/business establishments”. The 2001 regulation significantly
expanded the scope of information contained in the previously-used land and buildings register and it became the basic legal
tool in creating a modern resource of information about land, buildings and apartments/business establishments, as well as
their owners and holders. This provided the basis for transformation of the existing register into the real estate property
cadastre. The act made several significant changes relative to earlier regulations, which made it necessary to modernise
individual elements of the register and created an obligation to record descriptive and geometrical data for buildings as well
as descriptive data regarding apartments/building establishments.

Apart from the changed legal regulations, the real estate cadastre was affected by the political system transformations
after 1989, which restored the due importance of the property rights. This resulted in implementing the constitutional
protection of property rights as a fundamental feature of the political system. The transformation from a centrally-controlled
to a free market economy entailed a range of changes in the social, economic and political situation of the country. A free
market economy requires that all decisions regarding real estate management, both administrative and economic, should
take into account the fundamental factors, such as the value and property rights which make up a modern real estate
cadastre.

3. Trends in real estate property cadastre development

The trends in changes and development of the real cadastre arise not only from new legal, economic and administrative
regulations, but also from society’s need for access to spatial information to solve the emerging problems of globalisation,
sustainable development, crisis management and environmental protection.

The first cadastral systems were closely connected with the first national fiscal systems and arose from the need to unify
various tax systems. Identifying the owners of real estate and recording the rights as well as burdens and easements
established on a real estate property was the aim of implementing the legal regulations which applied to real estate property.
The land surveys performed for the cadastres helped to identify a real estate property clearly and to define its features,
purpose and method of use. Therefore, different models of cadastre have developed:

— fiscal cadastre — focused on securing tax revenue due to the ownership of a real estate property, using current data from
the real estate cadastre to determine the amount of tax due;
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— legal cadastre — focused on securing trades in real estate, which contains entries associated with a real estate, limited
with the rights in property and those encumbering the real estate property with debts and burdens;
— physical cadastre — focused on real estate property planning and management, which contains information characterising

a plot, buildings, apartments/business establishments and data on owners and holders.

However, none of the cadastres could operate in its pure form, consistent with its name. The fiscal cadastre uses survey
and legal data, the legal cadastre uses survey data and the survey cadastre uses legal data. These systems, which currently
operate separately, make up a cadastral system, which should be understood as a set of data contained in these subsystems
and the procedures associated with processing and exchanging data and making them available [3].

Currently the development of real estate property cadastre and creating its new visions and models arises from the needs
of the society regarding access to information used in an expanding process of natural resource management and from
dynamic development of spatial information technology.

Concepts have appeared for multi-task cadastres, a proposed “Cadastre 2014” and “sustainable land administration”.
These visions have radically changed the perception of the cadastre and its potential [4].

A contemporary cadastre is a system which is referred to as a multi-task or multi-function one. This arises from the
nature of cadastral data, their universality and usability in various areas of economic and social life, to satisfy the needs of
an increasing group of users. According to the Geodetic and Cartographic Act, register records provide the basis for spatial
planning, land management, guaranteeing property rights, tax charges, generating statistical data and monitoring the real
estate property market. These functions demonstrate how the cadastre has been a multi-task instrument since its creation.
Being a separate, autonomous system, a cadastre provides individual and collective users with primary (reference)
information about: the location of a real estate property, its method of use, value, technical data and legal status. Another
aspect of using cadastral data involves applying the appropriate GIS tools and conducting various spatial analyses based on
cadastral information, generation of graphic studies and preparing statistical sheets.

The multi-functionality of a cadastre can be considered in different aspects. Firstly, as the ability of a cadastre to satisfy
its users’ need for information, regarding:

— detailed location (flat coordinates X, Y, but also a descriptive identifier in accordance with the TERYT register),
— sizes and shapes of the objects in the register,
— Dbasic natural and technical features,
— method of use,
— legal status.
Secondly, expanding the areas of use of cadastral data, for example in:
— spatial and economic planning,
— introducing and maintaining spatial order,
— managing problem areas,
— granting building permits,
— calculating damages in connection with the construction of linear technical infrastructure,
— acquisition of land for investment projects for anti-flood facilities,
— natural disaster risk management,
— foundations of proper crisis management,
— development of entrepreneurship,
— conducting spatial analyses and scientific studies.

The issues associated with the real estate property cadastre can now be seen in an international perspective. The
directions of the cadastral systems were largely affected by the cadastre model entitled “Cadastre 2014, a vision of the
future cadastral system”, developed in 1994-1998 by the working committee of the Commission of the International
Federation of Geodesists. The study affected the cadastral reforms in all countries. The following definition of cadastre was
provided in the study: “cadastre is a valid system of information about land, based on plots of land, which contains a register
of rights of property to land; it usually contains a geometrical description of plots of land in connection with other registers
which describe the nature of such rights, such as the value of a plot and its changes. It can be established for fiscal purposes
(such as valuation and objective taxation); for legal purposes (transfer of ownership); as an auxiliary measure in spatial
management (for planning and other administrative purposes); it also helps to make development a continuous process and
to protect the environment.”

There are six statements which set forth the directions which should be followed in the development of future cadastral
systems. They apply to such issues as [5]:

— taking into account the rights, obligations and restrictions within the cadastral system,

— the disappearance of a border between maps and registers,

— the cadastral system evolving from its presentation on maps towards developing a model of cadastral information,
— the disappearance of a cadastre on paper,

— the trend towards privatising the cadastre,

— efforts to make cadastre self-finance.

The “Cadastre 2014” vision has significantly affected the development of modern cadastral systems. As 2014
approaches, the following conditions face changes:
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— legal — the community legislation act regarding infrastructure for spatial information — directive no. 2007/2/EC
“Infrastructure for Spatial Information in Europe” — INSPIRE,

technological — the development of spatial information technology, GIS tools,

— environmental — globalisation, climate changes, sustainable development,

the need arises for developing new principles for future cadastral systems.

4. New challenges

A real estate property cadastre is a database which is essential for all processes associated with space; therefore, including
“the third dimension” in the cadastre is currently very important for the development of the cadastre in many countries. The
concept of a 3D cadastre is associated with the dimensions of our reality. Using and developing the space “above” and
“below” the ground arises from the need to develop urbanised space or the linear investments and the infrastructure facilities
created “above” the ground.

Work is under way in Poland to create a 3D cadastre, based on the solutions adopted in other countries. To understand
the concept of 3D cadastre properly, one should start with an analysis of the concept of a real estate property and its
boundaries. According to the definition provided in Art. 46 of the Civil Code, a real estate property is a separate piece of
land which is an object of property rights [6]. A real estate property is usually thought of as a plot of land on the surface of
the Earth, including any buildings or other structures bound permanently to the ground. In fact, a plot extends above and
below the earth’s surface. This is also mentioned in Art. 143 of the Civil Code, which reads: “within the limits set forth by
the socioeconomic purpose of the land, the ownership of the land extends to the space above and below its surface”.
Therefore, the boundaries of a real estate property delimit an area of space within which the owner, with the exclusion of
other individuals, can exercise their rights; in particular, they can collect benefits, earn income and dispose of things within
those boundaries. Hence, the boundaries of a plot are not, in fact, lines defined by boundary points, but vertical planes.

A real estate property can be considered in a physical and legal sense. A land real estate property is entered in a cadastre
by a digital description of boundaries with flat coordinates X, Y (physical element). Horizontal boundaries define a real
estate property as an area with assigned rights (legal element) in a two-dimensional system X, Y.

However, a land property is a three-dimensional structure, so it has its horizontal and vertical boundaries. Therefore, one
should seek to answer whether a land property is a two-dimensional plane and the property rights extend to the space
“above” and “below” the plane, or maybe it is a solid, and the boundaries of the property rights are defined by the
boundaries of the solid [7].

The horizontal boundaries delimit only one area where property rights have their impact and it is not a problem to define
the boundaries in the field, in a two-dimensional system, when the appropriate measurement techniques are applied.
However, defining the spatial boundaries of a property is not so easy. Vertical boundaries of the space where property rights
can be exercised — pursuant to Art. 143 of the Civil Code — arise from the socioeconomic purpose of the rights, which means
that the owner of a land property can make use of the space above and below the land surface insofar as it is necessary to
exercise their rights.

A 3D cadastre should provide for not only a possibility of registration of geometrical data regarding three-dimensional
object in the register, but also of the rights with the temporal-spatial nature granted on a thing belonging to someone else.
The duration of the right is a determinant of the permanence of an isolated register object and it defines the fourth
dimension of a cadastre (4D) [8]. Therefore, a 4D cadastre is characterised by both spatial aspects and a temporal aspect.

3D geovisualization is one of the trends of GIS development which enables effective and impressive analysis and
representation of the surrounding space [9]. It is therefore appropriate to require that the modern real estate cadastre
supported by GIS technology is able to record the objects of the system not only in 2D, but also in 3D (points with known x,
y, z coordinates), defining how high above and how deep under the land surface the right of property reaches.

The development of a concept for the database architecture, which is the key component of a multi-dimensional cadastral
system, was preceded by the determination of its two main potential functions, i.e. the registration function and the
analytical function. It should be added that the concept for the architecture of a multi-dimensional cadastral system in this
study is a development of previous 2D solutions. Therefore, potential registration operations of a multi-dimensional
database are the registration of legal status at different levels of real estate properties (on land and above and under its
surface). Potential analytical functions include 3D spatial analyses of cadastral objects (among others, 3D modelling of
buildings).

The value of each database is determined, among others, by its application for the accomplishment of different aims and
the quality of the data it offers and not the IT tools used for its construction. Therefore, developing the concept of a multi-
dimensional cadastral database, each user should be provided, among others, with:

— a location on a numerical map of 2D and 3D objects with determined legal status with attributes,

— adaptation of the descriptive base to the contents of the geometrical base,

— the possibility of combining data originating from different sources,

— protection of legal data while ensuring continuous updating of information about the spatial layout.

Figure 1 presents the schematic diagram of a multi-dimensional cadastral database which takes into account the scope of
data and the sources of their acquisition important in the creation of the multi-dimensional cadastre, the structure of data
layers and an analysis and reporting of the entered data.
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Fig. 1. Schematic diagram of a multi-dimensional cadastral database

The need to introduce 3D and 4D cadastres arises mainly from the need to use the space above and below the surface of a
real estate property, especially for investment. Implementation of a multi-dimensional cadastre requires financial outlays,
but it also necessitates changes in legal regulations and defining the concept of a spatial plot as the basic cadastral object
and three-dimensional property rights. Such solutions will make it possible to register in a cadastre and to establish the legal
status of buildings structures made above a property (bridges, flyovers, overhead roads) and under it (tunnels, underground
railways, underground parking lots) by an investor other than the owner or a perpetual usufructuary. The addition of a
temporal aspect will allow the changeability of spatial objects to be analysed in time and be forecast [10].

5. Summary

A practical use of a real estate property cadastre in different and expanding areas is the reason for countries making efforts
to improve their systems of land management. This has been made possible by the development of information technologies
in recent years, resulting in an increase in the use of digital geographical information and GIS systems in all aspects of
human activities, both on a local and global scale. This also affects effective administration of land in accordance with the
principles of multifunctional and sustainable development. Implementation of the right policy in different areas depends on
the quality of information and the participation of society in its “creation” and use. Good quality spatial information is
needed to understand the complexity of increasingly intensive human activities in the European Union, also taking into
account its negative impact on the environment.

A new approach is needed to properly monitor the changes as well as data management and their transfer on different
levels. The “value” of a system should be viewed from the perspective of a user, for whom important factors will include
the quality, topicality of data, their accuracy, easiness to obtain and the possibility of integration. This will allow raw data to
be used to create information to produce knowledge on the subject and form the basis for a decision, rather than the amount
of such data itself. A property cadastre is a foundation which will meet the challenges of the future. Up-to-date and reliable
cadastral data, integrated with information from other sources, will provide the basis for quick investments and appropriate
spatial management.
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