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Abstract

The main purpose of this study was to identify the topics and research trends of international
cadastral research using LDA. To achieve this goal, I reviewed the literature on LDA and
international cadastral study and formulated four research questions that are topics of cadastral
researchers, distribution of topics, the most influential topics and changes of topics over time. To
answer these research questions, I analyzed 370 papers published in the FIG Peer Review Journal
between January 1, 2008, and October 31, 2017, using LDA. As a result of the analysis, I confirmed
that there are twelve major topics in international cadastral research. And the most influential
topic of these topics was identified as topic 2(cadastral information systems), and topic 5(land
development and land administration) was also confirmed as playing an important role in the
overall document. These two topics have been the most popular topics whose trendlines have
been very active over the past decade and will play a leading role in future cadastral research.

Keywords: Topics, Trends, LDA, International Cadastral Research, Cadastral Information Systems,
Land Development, Land Administration

1. Introduction farms, make clothes using raw materials from

plants grown on the ground, and build homes on

We cannot live without land. In other words, plots of land. The land has always played a key
humans have to solve all the food, clothing and role in supporting human life throughout history.
shelter problems on land. We eat food grown on The land was not used densely in the agricultural
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age. In this era, the concepts of land boundaries
were less evident than now, so farmers often
encroached on their neighbors’ land without
knowing it. However, the boundaries between
neighboring parcels became clearer as industrial
society began to emerge. In this age, the land was
used more densely than agricultural age, so land
prices skyrocketed, and land boundary disputes
frequently occurred in neighboring areas. Cadastral
research in this period was mainly focused on
solving boundary disputes and managing land
information efficiently. As the IT revolution spread
around the globe in the 2000s, many researchers
concentrated on the technological aspects of
cadastre. Notably, cadastral information systems
have attracted many scholars’ attention. Besides,
many researchers have tried to suggest ways to
solve various problems that have arisen in the land
development processes. Also, while some scholars
have studied the legal aspect of cadastre, other
researchers have focused on cadastral education.
As the three-dimensional use of land became
more and more common, scholars showed a keen
interest in 3D cadastre research(Kim et al., 2006;
Paulsson et al., 2011).

The topics of cadastral research have been
continuously changed to meet the demands of the
times. However, there were not many scholars who
studied the topics of cadastral research and trends
intensively. Only a few researchers have used
mere descriptive analysis or content analysis to
identify topics and research trends in the field of
cadastral research(Karpik et al., 2016). Recently,
big data analysis techniques have been rapidly
developed. Thanks to these new analytical techniques,
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researchers can analyze data at speeds that were
unimaginable in the past. Especially, LDA allows
researchers to detect topics and analyze trends in
large documents(Blei et al., 2003). For this reason,
scholars from diverse fields today use LDA to
identify research topics and trends in their
areas(Griffiths et al., 2004). LDA can also be a great
help in detecting research topics in cadastral
research and identifying research trends. In
particular, it is possible to obtain per-word topic
allocations, per-document topic proportions, and
per-corpus topic distributions in cadastral studies
using LDA. In this study, I try to identify the topics
and trends of international cadastral research
using LDA.

2. Literature Review

2.1. LDA

2.1.1. LDA Process

LDA is a generative probability model of a
corpus(Blei et al., 2003). LDA assumes that a word
has a meaning in relation to other words. People
tend to use similar terms when talking about the
same topic, so similar terms tend to co-occur in
documents on the same topic. LDA explains
per-word topic assignment, per-document topic
proportions, and per-corpus topic distributions
using the probabilities of word co-occurrences.
LDA can estimate the topics of new documents
without updating the current model. LDA is an
algorithm that finds hidden variables based on
observed variables(Hoffman et al., 2010). In general,

the hidden variables model has a structured
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distribution in which observed data interacts with
random variables(Lafferty, 2006). We can find the
interaction between these observed variables and
the hidden topic structure in the probabilistic

generation process related to LDA.
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Figure 6. LDA Process
Source: Blei, 2003

Figure 1 shows the LDA process as a graphical
model(Mcauliffe et al., 2008). Boxes are plates that
represent replicates. The outer box represents
documents and the inner box describes the
repeated selection of topics and words within a
single document(Blei et al, 2003). The hidden
topic structure in a corpus is displayed as hidden
random variables. In this figure, nodes represent
random variables, while edges represent dependence
between random variables, respectively(Zhu, 2014).
Shaded nodes also represent observed random
variables and unshaded nodes represent hidden
random variables(Blei et al, 2003). Proportions
parameter is denoted as «v and topic parameter is

represented as 7. Topics are represented as (3,

and topic proportions per document is denoted as

6 ,. Topic assignments per word is indicated by
Z, ., and observed word is represented as W, ,

in this model(Chang et al., 2009). As can be seen in

this figure, LDA wvariables consist of three

levels(Mcauliffe et al, 2008). Its first level is
corpus-level, where parameter o and parameter 7
are assumed to be sampled once during the

process of corpus generation and 6, is a document -

level variable that is sampled once for each

document. Finally, Z, , and W, , are word-level

variables, which are sampled once for each word
in each document(Blei et al., 2009).

And the direction of edges in this figure means
dependence. That is, the topic proportions per
document depend on proportions parameter, the
topic assignment per word depends on the topic
proportions per document, and observed word
depends on the topic assignments per word. Also,
the topics are affected by topic parameter, and
observed word is affected by the topics. As can be
seen above, the observed word is affected by all
the nodes in this figure. In other words, this is a
kind of dependent variable that is affected by all
the variables in the model. In this model, we know
only proportions parameter, topic parameter, and
the observed word. We need to infer hidden
variables such as topic distributions per corpus,
the topic proportions per document, and the topic
assignments per word with these known variables.
This process is called LDA inference and collapsed
Gibbs sampling is often used for this. LDA is a
kind of a mixed membership model. This method
differs significantly from the existing mixed
membership models, which restrict a single topic
to a single document. In other words, this model
assumes that unlike the existing model, a

document can have more than one topic.
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2.1.2. Literature Review
Even before topic modeling was used,
researchers had used a variety of methods to
analyze papers from journals. However, existing
analytical methods have not been very helpful in
finding research topics and research trends in
academic fields. To overcome the drawbacks of
these existing methods, researchers tried to use
LDA. Many scholars analyzed the abstracts of
articles to discover research topics and research
trends in their fields. For example, Griffiths et
al.(2004) investigated the abstracts of papers in
the Proceedings of the National Academy of
Science(PNAS) from 1991 to 2001 using LDA. In
particular, they compared the results of the
analysis using LDA with those of the analysis
using existing methods. The results reveal that
their approach is very useful in identifying
scientific topics. Blei et al. (2006) conducted topic
detection on papers from Science from 1880 to
2000. They used LDA-based dynamic topic
modeling to identify trends in research topics.
Their model has proven useful in analyzing large
unstructured data. LDA was also used to identify
relationships between topics in medical research.
In particular, Wu et al.(2012) utilized LDA to
identify gene-drug relationships in biomedical
research. To do this, they extracted and analyzed
abstracts from MEDLINE. The results of their
research show that the methods they used are
more effective in identifying relationships among
topics in the medical field than other methods.
Gatti et al.(2015) analyzed the abstracts of papers
published since the early 1950s in the field of

operation research and management science. They
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extracted abstracts of 80,757 papers from 37
related journals and analyzed them using LDA.
Their study results reveal that generality and
speciality exists at the same time in each journal.
Das et al.(2016) analyzed the papers published at
the largest Transportation Research Board (TRB)
Annual Meetings in the world using LDA. They
used LDA to detect interesting research topics and
research trends in transportation research. Sun et
al.(2017) attempted to find out trends and topics of
research in transportation using LDA. They tried
to classify the topics of 17,163 papers in 22
transportation-related journals, published between
1990 and 2015, using LDA. The findings of their
study show that there are 50 sub-topics in
transportation research. Their findings also reveal
that LDA is very useful in identifying the topics

and trends in transportation research.

2.2. Identifying Topics and Trends in Cadastral
Research

2.2.1. Topics in International Cadastral
Research

There are various topics in international cadastral
research. Recently, scholars have become increasingly
interested in studying the technical aspects of
cadastre(Paulsson et al., 2011). They have focused
on cadastral information systems, geographic
information systems, and land information systems.
In fact, these topic are also frequently covered in
the FIG Peer Review Journal. In addition, utilization
of GPS is an important sub-topic in the technical
aspects of cadastral research. Some scholars have

tested the accuracy of the RTK service and
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examined the possibility of applying it to cadastral
surveying(Bisnath et al, 2013; Gucevi¢ et al,
2014). On the other hand, other researchers have
focused on improving the cadastral infrastructure
of RTK GPS(Rizos, 2007; Janssen et al., 2011).

Education is also a field of great interest to
cadastral researchers in recent years. Today,
cadastral systems and technologies are changing
very rapidly day by day. For this reason, there is
always a big demand for education in the cadastral
field. Cadastral education is carried out in various
forms not only in universities with cadastral
departments but also in cadastral organizations.
Such education is being actively carried out not
only offline but also online. Using this social
atmosphere, many researchers have tried to
propose effective cadastral education models. In
particular, Manzano-Agugliaro et al.(2016) compared
the effectiveness of offline education and online
education. Their findings show that the latter is
more effective than the former. They proposed a
new cadastral education model based on their
research results.

In addition, researchers have focused on land
administration systems. The land administration
system takes different forms in different countries.
In general, the land administration system of a
country reflects its historical background. For this
reason, scholars have attempted to study the land
administration system of the country in which
they live or to compare the land administration
systems of various countries.

In particular, Steudler et al.(2004) suggested a
basic framework for measuring and comparing the

performance of land administration systems, and

Silva et al.(2006) studied institutional barriers to
implementing a land administration system in a
developing country. Land governance and stakeholders
are also areas of great interest to researchers in
recent years. Especially, as the land use patterns of
today become increasingly complex and diverse,
many stakeholders have appeared in the land use
process. A new form of land governance is needed
to minimize conflicts among stakeholders and
rationally implement land policies(Franco, 2010).
In particular, Deininger et al.(2012) presented a
framework for assessing land governance to
identify good practices in the land sector.
Recently, many researchers have focused on
natural disasters and sustainable cadastre. Today,
there are huge natural disasters like earthquakes,
hurricanes, and typhoons all over the world. When
such a natural disaster occurs, existing cadastral
information becomes almost meaningless. Thus,
many scholars have tried to study sustainable
cadastre to prepare for these disasters in advance.
Enemark(2009)  studied land

infrastructures for the prevention and management

administration

of natural disasters. He confirmed that a
sustainable land administration system plays a
vital role in preventing natural disasters. 3D
cadastre is a field on which researchers are focusing
their attention. Researchers are interested in
registering and managing underground space
rights and air rights. In particular, Stoter et
al.(2013) presented a new model for three-

dimensional rights registration in the Netherlands.

2.2.2. Review of Related Literature

A few scholars have tried the topic identification

Journal of Cadastre & Land InformatiX Vol48 No.1 (2018) 19
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in the field of cadastral research. They attempted
to detect research topics by analyzing the papers
presented at conferences by using a simple
method. For example, Paulson et al.(2011) studied
the topic distribution of 3D cadastre research.
They collected 105 papers on 3D cadastre
published over the past ten years and analyzed it
intensively. The results of their study show that
there are four sub-topics in the 3D cadastre
research: research on legal aspects, research on
technical issues, research on registration, and
research on the organization. Their findings reveal
that among the sub-topics of 3D cadastre
research, research on registration is the most
important. However, the methods they used have
limitations in that they can not identify topics
accurately because they only use content analysis
or descriptive analysis.

Oosterom(2013) categorized the topics of the
papers presented at the second and third cadastre
workshops and presented the direction of research
in the future. The results of the research show that
the topics that will lead 3D cadastre research in
the future will be standardization, the implementation
of full 3D cadastre, legal framework, the creation
of 3D spatial unit, and the visualization of 3D
cadastre. However, the study also has some
limitations in the method of analysis. In other
words, his paper only used a descriptive method in
analyzing the papers on 3D cadastre presented at
the workshops. Such a simple analysis alone will
not be able to identify the topics of cadastre
research accurately.

Karpik et al.(2016) attempted to analyze the

research and actual trends of geospatial science
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using papers presented at the academic conferences
of FIG(International Federation of Surveyors),
ICA(
[PRS(International Society for Photogrammetry

International Cartographic  Association),

and Remote Sensing). Based on the results of the
analysis, they found the most important topic in
the academic activities of each institution. Their
findings show that cadastre is the most essential
topic in the academic activities of FIG, and
generalization of spatial data is the most
influential topic at ICA academic conferences. In
ISPR's academic activities, scholars have shown
the greatest interest in remote sensing. Their
study can be highly appreciated in that they
analyzed the papers published in the academic
activities of the three cadastre-related institutions
and detect topics and compare the results among
the institutions. However, this study also has
limitations in that it used the simple analysis

method such as descriptive analysis.

2.2.3. LDA and Identifying Topics in
Cadastral Research

There are also multiple topics in the field of
cadastral research. Topics are rapidly changing as
the research environment changes. The existing
studies mainly used simple descriptive analysis or
content analysis to detect research topics and
research trends in the field of cadastre. However,
it is difficult to precisely detect various topics in
the entire cadastral research with such simple
analysis techniques. In recent years, a vast number
of academic papers have been published in the

field of cadastral research. To process such large
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amounts of data efficiently, researchers should use
big data analysis methods such as LDA. Using LDA
allows researchers to detect the topics in the
corpus efficiently. With LDA, not only can we
identify topics that exist throughout the corpus,
but we can also detect topics that exist in each

document in the corpus.

3. Research Questions

The main purpose of this study is to identify the
topics and trends of international cadastral
research using LDA. To lay the foundations for
achieving this research objective, I conducted a
literature review of LDA and international
cadastral research. Based on these literature
review results, I presented the following research
questions.

Research Question 1: what are the topics that

cadastral researchers are interested in?

In today's global cadastral research field, various
topics are being studied. To understand the
characteristics of a discipline properly, we need to
know precisely what scholars in that area are
mainly interested in. The field of global cadastral
research is not much different from this. To detect
topics of interest, we first need to identify
per-corpus topic distributions and per-document
topic proportions. Then we can use per-word
topic assignments to identify specific topics for
each word. Using this method, we can easily see
what topics cadastral researchers are interested in.

Research Question 2: what are the topic proportions
per corpus?

This research question relates to the distribution

of topics throughout the corpus. In other words,
researchers can use per-corpus topic distributions
to determine which of these topics are influential.
There are famous research topics in any discipline.
In general, scholars are interested in these popular
research topics and are studying them to keep up
with others. We can often find this phenomenon in
the field of cadastre research.

Research Question 3: what are the dominant

cadastral research topics of each year?

Academic research is strongly influenced by our
environmental changes. Cadastral studies that are
closely related to our lives are affected more by
environmental changes. The topics of cadastral
research are also changing every year. We should
use the per-document topic proportions to identify
the research topics that are changing each year.

Research Question 4: how do cadastral research

topics change over time?

To understand the direction of development of a
research field, we need to grasp topics that are
currently popular, but what is more important is to
detect the trends of changes in the research topics.
Favorite topics in the field of cadastral research
are also changing every year. Once we understand
these trends, we will be able to predict the future

direction of the field of cadastral research.

4. Methodology

[ visited the FIG website from November 1, 2017,
to November 10, 2017, to collect papers on
international cadastral research. I identified a total
of 370 articles in the FIG Peer Review Journal

using the resources tab on the FIG website. These
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Table 1. Per-word topic assignments

Topic 1 Topic 2 Topic 3 Topic 4 Topic 5 Topic 6
professional data energy investment land nigeria
employers system marine module development market
membership paper area clearly new study
bodies information landuse cadastral using networks
built study rail cadastre administration protection
australia model israel domain rights active
employees based test office building loads
body spatial conversion datasets systems classification
education used measurement board construction reduced
students property forest times however independence
Topic 7 Topic 8 Topic 9 Topic 10 Topic 11 Topic 12
using oil surveying flood geospatial estate
marine spill laser deformation housing real
area change sdi disaster government government
malaysia efficient users farm without owners
valuation geoid learning consolidation cost market
surface sustainable traffic realtime digital national
geospatial datum heritage housing squatter economy
urban levels baseline tax act delay
underground assessment terrestrial correct credit due
monitoring sea university buildings performance informal

papers were published between January 1, 2008,
and October 31, 2017, and included various
cadastral research topics. I downloaded the
abstracts of these articles and stored them in txt
file format on a yearly basis. Through this process,
I created a total of 10 documents. And I integrated
ten documents into one corpus using R.

In this study, I analyzed the corpus using the
following methods. First, I pre- processed the
corpus using R. In other words, [ transformed all
words into lowercase letters and removed
unnecessary symbols or punctuation.

Second, I created a document-term-matrix and
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changed the row names of this matrix to filenames.
Third, I conducted LDA analysis using R
topicmodels package to detect research topics and
research trends in international cadastral research.
I set the parameters for Gibbs sampling as follows.
[ set the burnin to 4000, the iteration to 1500, the
thin to 500, and the nstart to 5 for an efficient
topic identification.

Finally, [ set the number of topics to 12, then use
the topicmodels package to obtain per-corpus
topic distributions, per-document topic proportions,

and per-word topic assignments.
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5. Results

5.1. Topics of Cadastral Researchers

Research Question 1 was about what topics
cadastral researchers are most interested in. To
answer this research question, I used LDA to
obtain per-word topic assignments. Table 1 shows
per-word topic assignments. As can be seen in
this table, I set the number of topics to 12 based on
the literature review results.

Topic 1 seems to be a topic closely related to
professional bodies and education. In other words,
the words assigned to this topic are mainly related
to cadastre-related professional organizations and
cadastral education. As can be seen in Table 1, the
ten most probable words in this topic are
professional, employers, membership, bodies, built,
australia, employees, body, education, and students.

Topic 2 looks like a topic related to information
systems. The words assigned to this topic are
closely related to cadastral information systems
and data model. As shown in Table 1, the terms
that play a vital role in this topic are found to be
data, system, paper, information, study, model,
based, spatial, used, property.

Topic 3 looks like a topic very closely related to
energy and marine area landuse. In other words,
this topic has been identified as a topic closely
related to alternative energy development and
land use and management in the sea and coastal
areas.

The most influential terms in this topic turn out
to be energy, marine, area, landuse, and so on.

Topic 4 relates not only to cadastral investment

but also to a cadastral database. In this topic,
investment, cadastral, and cadastre are closely
associated with cadastral investment, and
modules, datasets, and domains are closely
related to cadastral databases.

Topic 5 deals with land development and land
administration. This topic is one of the most
influential topics in the whole corpus. In this topic,
land, development, building, and construction are
closely related to land development, and administration,
right, and system are terms related to land
administration.

Topic 6 is a topic related to Nigerian land
market research. The terms contained in this topic
are closely related to those that classify and study
the Nigerian land market. The words that play a
key role in this topic are identified as nigeria,
market, study, protection, active, loads, classification.

Topic 7 relates not only to marine area valuation
but also to urban underground monitoring. In
other words, this topic is a subject that is closely
related to marine cadastre and 3D cadastre, on
which many scholars have been focusing recently.
In this topic, marine, area, and valuation are
closely related to marine cadastre, and urban,
underground and monitoring are closely associated
with 3D cadastre.

Topic 8 is deeply related to disasters and
sustainable cadastre. Today, disasters such as
earthquakes, floods and hurricanes are occurring
all over the world. The role of cadastre in the
process of recovering from these disasters is
absolute. This topic is related to the role of
cadastre in the process of restoring oil spill and its

damage. In this topic, oil, spill, change are words
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related to disaster, and efficient, geoid, sustainable,
datum, level are terms related to sustainable
cadastre.

Topic 9 is a topic related to surveying and
cadastral education. It is not too much to
emphasize the importance of education at times
when the environment surrounding the cadastre
field is rapidly changing as it is today. The words
that play key roles in this topic turn out to be
surveying, laser, sdi, users, learning, university,
and so on.

Topic 10 is a topic related to natural disasters
and land management. When natural disasters
such as floods occur, farmlands are flooded and
houses are destroyed. Accurate land management
is needed to restore these flooded farmlands and
rebuild houses. Topic 10 addresses the role of land
management in the process of recovering damages
In this topic, flood,

deformation, and disaster are terms related to

from natural disasters.

natural disasters, and farm, consolidation, realtime,
housing, correct, building are words related to
land management.

Topic 11 is not only about the government's
housing policy, but also about geospatial data.
Housing, government, and squatter are words
related to government housing policy, and geospatial,
digital, and performance are terms related to
geospatial data.

Finally, Topic 12 deals with real estate market
and national economy. In this topic, estate, real,
owners, and market are terms related to the real
estate market, and government, national, and
economy are identified as words closely related to

the national economy.
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5.2. Distribution of Topics

Research Question 2 is about how topics are
distributed throughout the corpus. Figure 2 shows
the proportion of each subject in the corpus. As
can be seen in Figure 2, topic 2 was the biggest
contributor to the overall corpus. This topic occupies
more than one-third of the whole corpus, so it has
been identified as the hottest topic of all topics.
Based on these results, it can be seen that the
researchers are focusing the most attention on
researching the cadastral information system.
Topic 5 is the second most important topic in the
whole corpus. This topic is a topic that occupies
28% of the whole corps and relates to land
development and land administration. Today, land
development projects are being actively carried
out in any country. There are many side effects in
the land development process. It is the duty of the
land administration experts to overcome these
side effects in a wise manner and to suggest a new
development direction. On the other hand, all other
topics, including topic 1, occupy less than 5% of
the entire corpus, and [ can see that these are

topics that do not play a big role in the whole corpus.

Topicio Topicl1 Topicl2
s 2%
opice *% 4%

Topicd
4%

=Topicl =Topic2 « Topic3 - Topic4 = Topics = Topice

= Topic7 = TopicB s Topicd = Topicl0 = Topicll = Topicl2

Figure 7. Per-corpus topic proportions
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5.3. Influential Topics

Research Question 3 was about which topic was
the most influential in each document. To answer
these research questions, I used LDA to obtain
per-document topic proportions. Table 2 shows
the per-document topic proportions.

The most popular topic in 2008 was topic 1. In
addition, topic 2 and topic 5 were found to be more
influential than other topics. The topic that was
the most influential in 2009 was topic 2. Topic 4
and topic 5 also turned out to be hot topics. This
topic distribution pattern shows a big difference
when compared with that of 2008. In 2010,
researchers were most interested in cadastral
information systems(topic 2).

Topic 5 and Topic 9 have also been identified as
important topics in the overall document. This
topic distribution pattern shows considerable
similarity when compared with that of 2009.

The hottest topic of 2011 was also identified as

Table 2. Per-document topic proportions

topic 2. On the other hand, the most influential
topic in the entire document in 2012 was topic b.
Also, topic 2 and topic 12 turned out to be
important topics in the whole document. What is
unique here, however, is the fact that topic 12 has
entered the top spot for the first time.

The topic that was hottest in the entire
document in 2013 turned out to be topic 6. As
shown in table 2, the proportion of topic 6 in other
years was not so high. Therefore, it is quite
unusual that topic 6 occupies the largest portion of
the whole document. Also, topic 2 and topic 5 were
identified as hot topics in the entire document in
2013. The most influential topic in the whole
document in 2014 was topic 2.

This topic occupies more than 40% of the entire
document, making it the most influential topic in
the entire document. The topic that was hottest in
2015 was topic 5. Also, topic 2 and topic 3 were
found to be important topics in the overall

document. What is noteworthy here is that topic 3

year Topicl Topic2 Topic3 Topic4 Topic5 Topic6 Topic7 Topic8 Topic9 Topicl0 | Topicll | Topicl2
2008 | 0437769 | 0343539 | 0.001652 | 0.010070 | 0.184001 | 0.003417 | 0.001652 | 0.005590 | 0.003010 | 0.002195 | 0.004368 | 0.002738
2009 | 0.017815 | 0393619 | 0.007402 | 0.268351 | 0.262226 | 0.004952 | 0.008321 | 0.005564 | 0.008627 | 0.004339 | 0.008933 | 0.009851
2010 | 0.025236 | 0413940 | 0.002102 | 0.026695 | 0.259709 | 0.006270 | 0.004082 | 0.008146 | 0.230113 | 0.006999 | 0.009396 | 0.007312
2011 0.003019 | 0.356837 | 0.007282 | 0.005577 | 0.322286 | 0.004937 | 0.009200 | 0.263463 | 0.004511 | 0.005364 | 0.013889 | 0.004084
2012 0.017263 | 0.284663 | 0.004459 | 0.008071 | 0.351964 | 0.018905 | 0.005608 | 0.004952 | 0.002325 | 0.018740 | 0.012995 | 0.270053
2013 0.005720 | 0.259129 | 0.00525 | 0.003840 | 0.325419 | 0.337643 | 0.013713 | 0.004780 | 0.009481 | 0.013713 | 0.011832 | 0.009481
2014 0.006534 | 0429313 | 0.02412 | 0.022775 | 0.148047 | 0.012637 | 0.303524 | 0.016879 | 0.008293 | 0.012431 | 0.010672 | 0.004775
2015 0.006542 | 0.322453 | 0.259901 | 0.009691 | 0.340715 | 0.006752 | 0.010740 | 0.004023 | 0.010740 | 0.010320 | 0.002554 | 0.015568
2016 | 0.006218 | 0.266077 | 0.010268 | 0.008562 | 0.376714 | 0.007497 | 0.005578 | 0.007283 | 0.003446 | 0.296134 | 0.008562 | 0.003659
2017 | 0.013947 | 0374401 | 0.008384 | 0.013251 | 0.205416 | 0.020901 | 0.003747 | 0.006993 | 0.008615 | 0.008384 | 0.317609 | 0.018351
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occupies a large portion of the total document. In
2016, the largest topic in the whole document was
topic b. Topic 2 and topic 10 also turned out to be
hot topics in the entire document. The topic that
was hottest in 2017 was topic 2, and topic 5 and
topic 11 were identified as topics that play an
important role in the overall document. What is
interesting here is that topic 11 has emerged as a
hot topic. Watching the trends of topic 11 will be

very interesting for cadastral researchers.

5.4. Changes of Topics over Time

Research Question 4 was about how cadastral
research topics have changed over the years. To
answer this research question, I used the per-
document topic proportions of table 2 to create
trendlines for the topics. Figure 3 shows cadastral
research topic trends over time. As can be seen
from the table, the very hot topics among the 12
topics were topic 2 and topic 5. Topic 2 is a topic
related to cadastral information systems. This
topic has attracted the attention of cadastral
researchers over the past decade. As our society
enters the information society, researchers in the
field of cadastre have also become interested in
the utilization of information systems. Also, Topic
5 has been a hot topic that has attracted significant
interest from researchers over the last decade.
This topic is a topic related to land development
and land administration. As urbanization has
rapidly advanced worldwide, many scholars have
endeavored to create an efficient land management
model that can minimize the adverse effects of
land development. Thus, this topic attracted
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considerable attention from cadastral researchers
every year. However, as can be seen in Figure 3,
other topics did not draw the great interest of
scholars except for a particular year. So they can
be called cold topics. However, the fact that Topic
11 has emerged as a hot topic in 2017 is the point

that we will pay attention to in the future.

Proportions
=

9 2010

2011 2012 2013 2004 2015 2006 2017

Years

=—g=Topicl Topic2 Topic3 Topicd =—ge=Topics Topick

g TOPICT g TODICE s TOPICY g TOPIC]0 s TOPIC] | s Tiopic 12

Figure 8. Topic trends over time

6. Discussion

6.1. Topics of Cadastral Researchers

The results of LDA analysis show that there are
twelve topics in international cadastral research.
However, as LDA analysis found duplicated topics,
[ classified them into six categories: cadastral
information systems, land development and land
administration, cadastral education, land market,
disasters and sustainable cadastre, marine cadastre
and 3D cadastre. First, topic 1 and topic 9 were
found to belong to cadastral information systems
category. This category is closely related to the

study of technical aspects of cadastral research.
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The importance of research on the technical
aspects of cadastre has also been confirmed in
previous studies (Paulson et al.,, 2011). It was also
found that topic 5 and topic 10 belonged to the
land development and land administration
category. Topics in this category have played an
important role in cadastral research(Enemark,
2009). The area of cadastral education has also
attracted a great deal of attention from researchers
in recent years. As the environment surrounding
the cadastre changed drastically, the demand for
education increased. It has been confirmed that
topic 1 and topic 9 belong to this category. The
results of this study are consistent with the results
of previous studies (Manzano-Agugliaro et al.,
2016). Many scholars are also focusing on land
market. Topic 6 and topic 12 were found to belong
to land market category. And researchers are
concentrating on disasters and sustainable cadastre.
Disasters continue to occur every year worldwide.
Cadastre plays an important role in the process of
restoring disaster damages. It was found that topic
8 and topic 10 belonged to this category. Recently,
3D cadastre and marine cadastre are becoming
important topics. Especially, as the densification of
urban land use accelerated, the importance of 3D
cadastre increased. Topic 3 and topic 7 were found
to belong to this category. As we have seen so far,
most of the cadastre research topics derived from
the LDA analysis closely coincide with previous
research results. However, the legal aspect of the
cadastre that has been confirmed as an important
category in previous studies has not been
identified as an important research topic in this
study(Enemark, 2009).

6.2. Distribution of Topics

As our society enters the information society,
the demand for information systems in all fields
has increased sharply. The cadastral sector is no
exception. The primary purpose of cadastre is to
collect information related to a parcel of land and
manage it efficiently. To achieve the objective of
cadastre efficiently, governments around the
world have tried to build cadastral information
systems for a long time. Due to this realistic need
and the aspirations of scholars, informatization in
the cadastral field is accelerating. At the core of
this cadastral computerization are cadastral information
systems. The cadastral information systems are
efficient systems that collect accurate data on a
parcel of land and store and manage it. Due to this
historical background, scholars' interest in
cadastral information systems is higher than ever
before. And this field is expected to lead the
cadastral research in the future.

In the field of cadastral research, hot topics as
much as cadastral information systems are land
development and land administration. Today, as
urbanization has progressed rapidly around the
world, there are side effects caused by over-
exploitation. It is essential to collect accurate land
information and manage it efficiently to prevent
such adverse effects in the land development
process and to implement development projects
more efficiently. In other words, active land
management and administration are more important
than ever. Today, many scholars are concentrating
on the field of land development and land

administration against this backdrop. However,
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other topics accounted for less than 5% of the
whole corpus, confirming that they did not attract
the great interest of cadastre researchers. But,
topic 11, ie, government housing policy and
geospatial data, has emerged as a hot topic in 2017,
so it will be interesting to look at trends in this

area in the future.

6.3. Influential Topics

The most influential topic in 2008 was topic 1.
However, topic 1 did not have much influence
except for 2008. This trend began to change in
2009. From this point on, the researchers became
interested in the cadastral information systems
(topic 2). In other words, scholars focused on how
to build cadastral information systems and how to
collect and manage geospatial data efficiently.
This trend continued for three years until the end
of 2011. But by 2012, this trend had begun to
change. From this point on, researchers began to
pay attention to the land development and land
administration(topic 5). This change in trends was
closely related to the large-scale urban development
projects that were conducted around the world at
the time. By the year 2013, topic 6 has become the
hot topic. However, topic 6 did not have much
influence except for 2013. By the year 2014, topic 2
was once again in the lead, but this lead did not
last long. By the year 2015, topic 5 was the most
influential topic in the whole document. This
trend continued until the end of 2016. However,
by the year 2017, topic 2 again took the lead in the
whole document. As can be seen above, over the
past decade, scholars have concentrated their
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efforts mainly on researching cadastral information
systems, land development and land administration.
The results of this analysis will be helpful for
predicting future trends in international cadastral

research.

6.4. Changes of Topics over Time

The topics that have played a key role in
international cadastral research over the past
decade are topic 2 and topic 5. These topics have
led research in the cadastral field each year. In
particular, topic 2(cadastral information systems)
has been identified as the most influential topic in
the last decade. This is closely related to the global
trend of informatization. Many researchers and
practitioners have been longing for a shift away
from traditional analog cadastre to a new
three-dimensional digital cadastre. Their dreams
came true thanks to the IT revolution. Globally,
researchers have made efforts to digitize cadastral
maps and build cadastral databases to overcome
analog cadastral disadvantages. In particular,
researchers have made great efforts to develop
rational models of cadastral information systems
and cadastral databases. The efforts of these
researchers and practitioners are well reflected in
Figure 3. Also, topic 5(land development and land
administration) was a hot topic that has led
international cadastral research for the past
decade. Recently, land development projects have
been being actively implemented all over the
world. Providing accurate land information in this
process was an important task of cadastral

practitioners. In the land development process,
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disputes often arise between the neighbors over
land boundaries. In other words, differences in
perceptions of boundaries are often responsible
for disputes between neighbors. In this context,
many researchers have tried to suggest a
reasonable land administration model that can
minimize land disputes. This trend is expected to

continue.

7. Conclusion

The primary purpose of this study was to
discover the topics and trends of international
cadastral research. To achieve these research
objectives, 1 analyzed the collected data using
LDA. As a result of the analysis, I have identified
twelve significant topics in international cadastral
research over the past decade. The most prominent
topic among these twelve topics was topic 2,
which accounted for more than one-third of the
corpus, and topic 5 was also identified as a very
hot topic. Other topics, on the other hand, occupy
less than 5% of the entire corpus, confirming that
they do not play important roles in the corpus as a
whole. Cadastral researchers have been working
intensively on specific areas over the past decade.
In other words, researchers focused their attention
on cadastral information systems, land development
and land administration. The researchers' interest
in these topics has continued for the past 10 years.
Thus, topic 2 and topic 5, whose trend lines moved
vigorously, turned out to be hot topics and other
topics, whose trend lines showed a stagnation,

were identified as cold topics.

This study can contribute to cadastral research
in several aspects. First, this study was the first
attempt to classify the topics of international
cadastral research using LDA analysis. That is, in
this study, I used LDA so that I could get a better
understanding of the research topics. Second, this
study was the first attempt to analyze the research
trends in international cadastral research scientifically.
Using the per-document topic proportions, I can
see how the key topics change by year, ie., by a
document. Finally, using LDA will help researchers
to grasp the topics and research trends of
domestic and international cadastral research in
the future. Despite its usefulness and applicability,
this study has the following limitations. First, this
study analyzed only the papers in the FIG Peer
Review Journal to identify the topics and trends of
international cadastral research. International
cadastral journals include not only the FIG Peer
Review Journal, but also journals published by ICA
and IPRS. Second, in this study, I used only LDA to
identify the topics and trends of cadastral research.
However, LDA cannot detect the relationship
between the terms in a topic. Finally, I only
discovered the topics and research trends of
international cadastral research.

To overcome these limitations, I will carry out
the following research. First, I will analyze not
only the papers published in the FIG Peer Review
Journal but also the journals published in ICA and
IPRS in future cadastral studies. Doing so will
allow researchers to identify international cadastral
research topics and trends more objectively.
Second, I will use social network analysis as well

as LDA to detect the relationships between the key

Journal of Cadastre & Land InformatiX Vol48 No.1 (2018) 29



oN

Ho

terms in a topic. Finally, I will compare and
analyze the topics and trends of cadastral research
using not only foreign materials but also domestic
cadastral research papers.
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