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Abstract: Land administration is an essential part of public administration. Geographic Information
Science (GIScience) deals with the concepts, principles, and models of geographic information.
Land administration has always adopted new technological and scientific developments and thus it is
reasonable to check, which results from GIScience can be used to improve land administration systems.
This editorial paper introduces the key research areas for land administration. After that, 12 original
papers are presented, which provide a general picture of recent trends in land administration research.
This Special Issue shows that land administration as a scientific field is still evolving and adopting to
the changing societal needs.
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1. Introduction

Land administration is one of several linked concepts related to the use of land [1]. It is an
essential part of public administration in many countries. It serves as an administrative basis for land
markets [2] and provides the basis for sustainable development [3], but it is also a valuable concept
to protect land rights in developing countries [4]. Some of the currently existing systems developed
over centuries. The Austrian land administration system, for example, was initiated in 1817 and was
based on experiences from an older system in the province of Milano created in 1718 [5]. Throughout
the centuries, new scientific developments including measurement and information technology were
adopted to improve the system. A scientific branch highly relevant for land administration systems
is Geographic Information Science (GIScience). The term was first defined in 1992 by Goodchild [6]
and over 15 years later he presented a review of the major achievements and failures [7]. Nowadays,
research topics in GIScience range from still hot topics like spatial analysis, multi-criteria analysis,
or visualization to the application of novel technologies like extended reality and deep learning.

2. Land Administration

Land is a resource that cannot be produced. Thus the use of this resource needs to be
managed. Land administration systems provide information on land to enable good management.
The information stored in land administration systems varies between countries but typically includes
identifiers for non-overlapping pieces of land, rights, restrictions, and responsibilities on these pieces
of land and other information like use or value. Land administration is typically connected to land use
planning, land market, and landscape protection since all these tasks depend on information about the
current status.

In many jurisdictions, the technical and legal documentation is separated, i.e., there is a cadastre
as a technical description of pieces of land and a land register dealing with rights, restrictions,
and responsibilities. This may result from the historical development, the different legal background
between the parts (public vs. private law), or from a country’s approach to split powers between
different administrative bodies to balance power. However, there are also countries where both parts
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of land administration reside in the the same body. There is also no worldwide consent, which ministry
should be responsible for land administration. Examples can be found where the ministry of economy,
the ministry of law, or the ministry of interior are responsible. It would even be historically legit that
the ministry of defence is responsible since maps in the 18th and 19th century were required for and
created by the military and the creation of cadastral maps is based on the same principles.

Land administration combines many different tasks since it combines determination of
geometrical properties with documentation of rights, quality assurance, and a constantly changing
reality. As a result, the field requires interaction between numerous scientific fields, from surveyors to
lawyers, from computer scientists to mathematicians. In addition, land administration data is used
in many procedures like market value assessment for land parcels, architectural design, or spatial
planning. This adds experts in economy and design to the mix of professionals working in the context
of land administration.

Data collection is still a challenge for land administration. Developed countries with working
land administration systems have procedures in place to keep the data up-to-date. This is already a
challenge that often relies on good cooperation between all stakeholders. However, the challenges
increase dramatically if the system is not yet implemented. Initial data collection may take decades.
The use or demarcation of land will not remain stable for such a time, though. Thus, the already
existing data needs to be updated while data for new areas a re collected. The approached developed
in the 19th century are still used but novel concepts to speed up the initial survey and simplify the
update management are necessary.

3. Geographic Information Science

The scientific field nowadays known as GIScience started in the late 1960s, when the endeavour
to create maps and perform spatial analysis with computers was started in the Harvard Laboratory for
Computer Graphics and Spatial Analysis [8] (p. 1). In general, GIScience aims at a better understanding
and modelling of spatial and spatiotemporal phenomena to enable applying this knowledge in
manifold situations. The field is cross-disciplinary and brings together experts from cartography,
computer science, geodesy, geography, law, linguistics, mathematics, philosophy, or psychology, just to
name a few. Two examples from the past 20 years show the development of the field.

In the early 2000s, positioning technology became simple enough to enable laypeople to use it
and provide geographical coordinates with a precision in the range of metres. In parallel, the Internet
transformed from a set of static pages to an interactive medium that allowed the creation of content
with little or no computer science skills. This led to geographical data sets created purely by laypeople.
This concept is called Volunteered Geographic Information (VGI) [9] and one of the most prominent
representative is Open Street Map. VGI enables experts from domains other than GIScience to collect
data and improvements in the user interfaces of the tools made it possible for them to analyse the data
themselves.

Another concept recently gaining attention is machine learning. Tedious tasks like manual
classification of remotely sensed data are one obvious case where machine learning has been
successfully applied [10]. In combination with semantic information, it may be able to produce
even more than simple classifications [11]. However, there is still much work to do since currently the
goal is mainly prediction whereas explanation of spatial phenomena would be required [12].

Not all novel technologies can solve all problems in a complex system like land administration.
The discussion on the blockchain technology provides a good example: It can help dealing with
problems of corruption, lack of trust, insecure data, or vulnerability to cyberattacks. However,
other problems like inaccurate records, informal titles, or a lack of institutional capacity cannot
be solved with this technology alone [13]. Nevertheless, various approaches from GIScience drive the
development of new applications and the papers published in this Special Issue show some examples
of this for land administration.
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4. Impact of GIScience on Land Administration as Presented in This Special Issue

The papers in the special issue reflect three different research directions in land administration
influenced by research in GIScience. The first group of papers deals with the basics of land
administration, the data, their quality and capture. The second group of papers investigates questions
related to the development of land administrations systems related to 3D cadastre. The third and final
group is related to various applications. In the following sections, I briefly summarize these papers to
reflect these trends.

4.1. Land Administration Basics

Land administration has a number of basic prerequisites. The first is a solid geographical reference.
Geographical data can only be combined with data from other sources if the reference frames are either
identical or a transformation between the reference frames is possible. Bielecka et al. [14] address a
problem connected to the realization of the reference frame with control points. Differences in the
spatial distribution can serve as reference for network maintenance.

A traditional problem of land administration closely related with the reference frame is the
improvement of measurement technology. Novel equipment with better results reveal distortions
caused by the limited measurement quality. Satellite positioning is a current example since it was the
first technology that enabled distance measurement over hundreds of kilometers. When applying it to
previously measured reference frames, distortions become evident and contradictions between old
and new data need to be solved. Ceh et al. [15] show the application of membrane adjustment for the
Slovenian cadastral maps. They achieved a positional improvement from 2-5 m to below 1 m.

Once the reference frame is fixed, a land administration system needs data. Most developed
countries started to do this in the 19th century. This process required 45 years for the Austro-Hungarian
monarchy or 15,000 km? per year. Assuming the same rate, the data colleciton for a country like
Ethiopia would require 73 years. VGI may be an alternative to the traditional methods of cadastral
data collection, if it produces reliable and accurate results. Reliability is addressed by Potsiou et al. [16]
for Romania and Greece. They compared the positional accuracy of data collected by VGI with respect
to data collected by experts. The results showed positional accuracy of 0.4 m for urban areas and
1.0 m for rural areas. This satisfies the requirements of the Greece cadastre. Data collection using a
VGI approach needs to fulfil security criteria if data concerning land rights and their delineation are
collected. Mourafetis and Potsiou [17] present a system architecture and IT services implemented for
this purpose using both, a web page and a mobile application. The services raised the percentage of
digital data submissions from below 1% to approx. 33%.

Xu et al. [18] show, how land administration administration in China can be modeled using the
Land Administration Domain Model (LADM) [19]. The paper contributes to a national standard for
land administration under the Chinese national conditions and in accordance with the international
standard. The authors show, how the different elements of the Chinese land administration fit into the
standard and identify some aspects that require further attention. One of them is the problem of the
third dimension, which is the focus of the papers in the next section.

4.2. Land Administration in 3D

Increased demand for land leads to densely used space in urban areas. This requires vertical
stacking of services, e.g., transportation and parking below ground, pedestrian bridges and even
buildings above ground-level infrastructure. The rights required to govern these situations cannot
be represented in the traditional, two-dimensional land administration systems. Thus, in the early
2000s, the term of 3D cadastre was coined [20]. Vi$njevac et al. [21] present a database model to store
3D cadastral data in a NoSQL database. and visualize it with JavaScript. They argue, that mainly
used relational database management systems do not natively support 3D topology. They show
code for querying, updating, and visualizing data. The concept of NoSQL includes shortcomings in
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terms of consistency, which the authors expect to address when implementing a 3D cadastre using a
NoSQL database. The current implementation is a prototype only and requires further development.
Visualization of 3D cadastral data is also addressed by Aditya et al. [22]. They rely on a more traditional
database management system and use it to integrate 2D and 3D cadastral data with their corresponding
legal data.

4.3. Application Using Land Administration Data

One of the original applications of land administration was the land tax assessment. Closely
related to this is the determination of land value. Cellmer et al. [23] apply hierarchical spatial
autoregressive models to assess the land value in urbanized areas and compare the results with
the classical linear model. They show that hierarchical models outperform models not taking into
account spatial hierarchy. Cellmer et al. [24] show, how to model the impact of a specific feature,
in this case an airport, on the land value. They apply a classic multiple regression model, a spatial
autoregressive model, and a geographically weighted regression model. They prove, that the excessive
noise caused by the airport and the legal land use restrictions associated the airport have a negative
effect on the price levels.

Greenhalgh et al. [25] take the step from land value to land market analysis. The show how GIS
can be used to analyse the distribution, stock and value of commercial and industrial property and
how to visualize the results. The study identified agglomerations for retail and office in the city centre,
but also significant clusters of commercial floorspace on the peri-urban fringe. It was thus possible
with the GIS-based approach to distinguish between different type and sizes of property, allowing for
a more detailed analysis and other approaches.

The geographical frame provided by the land administration data can also be used to manage
network data. Radulovi¢ et al. [26] show, how data on utility networks can be modelled based on the
LADM. Since the utility lines are either above or below the ground, some aspects of 3D cadastres are
relevant here as well. The authors show, how the utility network in Serbia is currently modelled and
how it could be included in the LADM. Ogryzek et al. [27] discuss visualization of utility networks as
an example. They demonstrate the possibility of developing maps showing both, the utility network
and the land rights registered by the utility company. The SWOT analysis shows the usefulness of
the solution for many entities like real estate market services. The major threat is the current lack
of statutory obligation to maintain such a database. Thus, there is no guarantee that the data will
be updated.

5. Conclusions

Research on land administration will never end. Land administration is reflecting the needs of the
society and changing needs will require adaptations of the cadastre. This needs to be done in a way
that current applications (like the support of the land tax assessment or the documentation of land
rights) are not negatively influenced. Already in the past, land administration systems have applied
results from GIScience. Without such a connection, digital management of land administration data
would be impossible. The papers in this Special Issue have shown, that the knowledge transform
is ongoing. This allows the assumption, that future developments in GIScience will also have an
impact on land administration. The examples of land value assessment and land market analysis show,
that the term "land administration" may not be explicitly used in some applications but it still needs to
provide a reliable spatial reference to combine the various aspects of land. I am expecting more novel
ideas and innovative solutions in the next decades.
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