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Abstract: Land administration (LA) is concerned with processes. Simply put, LA cannot be under-
stood, built, or improved unless the processes associated with it are understood. When it comes
to the processes involved in LA, two general processes can be identified, namely registration and
dissemination. Nowadays, processes are implemented electronically; however, paper-based thinking
is still present, and the performance of processes is impeded by siloed data management. These
issues could be addressed through the employment of standards such as the Land Administration
Domain Model. Processes are not yet part of the standard, but their inclusion in future extensions
is planned. Moreover, a literature analysis indicated that there is no standardized methodology or
model available for describing LA processes. Consequently, we modeled one part of land administra-
tion processes, namely data dissemination, by developing a methodology and model to describe it.
The methodology was developed with the goal of providing guidelines for other researchers when
modeling use cases of data dissemination processes by enabling comparisons of models, searching
for best practices, and developing standardized process models. Additionally, the methodology was
tested on a conceptual use case to prove its viability. Furthermore, a model based on conceptual mod-
eling and an activity-centric process modeling approach was developed and linked to existing classes
of the Land Administration Domain Model. The organizational and technological challenges which
might arise when improving data dissemination processes are discussed, and possible outcomes of
the developed methodology and model are provided.

Keywords: land administration; processes; modeling; service-oriented architecture; conceptual
modeling; business process reengineering; LADM; dissemination

1. Introduction

Land administration (LA) relates people to land and informs us on the ‘how’, the
‘what’, the ‘who’, the ‘when’, and the ‘where’ of land tenure, land use, land value, and
land development [1]. In general, LA concerns processes, not institutions. An examination
of the processes used by a jurisdiction area for tenure, use, valuation, and development,
not for its institutions and agencies, reveals its administrative approach. Simply put, LA
cannot be understood, built, or improved unless its processes are understood [2].

It is well known that land administration systems (LASs) have diversified services
and functions to manage their land interests. These diversified services and functions
have their own views and interpretations of their importance, use, and application. They
have unique vocabularies and are quite autonomous. The autonomy of each respective
service and function has led to the use of different procedures and business processes
which are usually defined by regulations affecting their fields of work [3,4], ultimately
leading to siloed management of LAS functions [5]. These issues could be overcome via the
development and employment of standards such as the ISO 19152 Land Administration
Domain Model (LADM).

Additionally, LASs are increasingly being tested against the emerging vision of a
more unified model that is not only appropriate for developed economies but is also
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capable of providing a direction for transitional economies [6]. This vision is supported
by globalization drives and technological advancements, i.e., disruptive technologies. A
disruptive technology is a specific technology that can fundamentally change not only
established technologies but also rules and business models, thereby leading to changes in
society overall [7].

The LADM, as one of the most dominant standards in the domain of LA, provides
the semantics of the domain as well as a shared ontology, and defines the terminology.
Furthermore, it is capable of supporting the progressive improvement of LA and could
potentially be used to support organizational integration, for example, between the often-
disparate land registries and cadastral agencies. Consequently, it could also help to reconcile
superfluous governmental databases and reduce the large amount of data redundancy
that currently exists [8–11]. Currently, the LADM is under revision and is expected to be
extended with LA functions such as land value and spatial planning, and other extensions
with processes [12,13]. Processes represent the dynamic component of LASs and until
recently were country-specific [14]. Changing or innovating the business process model is
assumed to be a major undertaking that can quickly become more complex than innovating
an isolated product or process. Despite the recognized importance of business process model
innovation, the research base in this field is thin, as most researchers have focused solely on
the importance of business process innovation itself rather than the operationalization of their
findings by explaining systematically how to innovate the models [15]. The same statement
could be applied to the domain of LA, because if there is no understanding of how processes
are performed, it can be extremely difficult to figure out how they can be improved.

Two general processes are associated with LA, namely registration and dissemination.
Registration includes the initial data acquisition, i.e., the registration of new data or the
registration of changes, typically by documents, to existing data. Dissemination is the
provision of requested data to the users [16,17]. Data dissemination processes have been de-
scribed as simple processes that become complicated due to heterogeneous IT environments
and the diversity of the involved organizations, clients, and users as well as the variety
of other processes available [18]. The management of LA processes is not a recent topic.
It was identified long ago that technology rarely poses a major obstacle to any effort to
build or sustain effective land administration infrastructure (LAI). However, one of the core
challenges tends to be related to management issues. One of the management technologies,
recognized as appropriate for LA processes, is business process reengineering (BPR), which
is distinguished from other management technologies by its radical nature [19]. BPR uses a
holistic view of an enterprise (in this case, LASs) in which processes constitute the main
instrument for organizing its operations. According to this view, reengineering is based
on the understanding that the products and services associated with an enterprise are
provided through processes and that redesign can provide the road to success [20].

However, to the knowledge of the current authors, research concerning reengineering
LA data dissemination processes through explicit process modeling has not been conducted
by other LA researchers or professionals. Moreover, a literature analysis conducted during
our research showed that, despite the scarcity of literature concerning LA processes, previ-
ous studies have been oriented toward registration processes than dissemination processes.

The growing recognition and influence of the LADM have been revealed by multiple
country profiles that have been developed based on the standard for various jurisdictions
across the world. Notably, such profiles require us to think about the future of LA, especially
in context of its new and innovative products and services, its integration with other
domains, and its overall benefits to society [21]. In addition to the development of a
country profile, [22] identified that the next step in developing LADM-compliant LASs
is the development of process modeling, which includes use cases, process models, and
conceptual models of services; however, [23] stated that there is currently no standardized
methodology or model for modeling LA processes within the context of the LADM.

Therefore, this research aims to develop a methodology and model for LA data
dissemination processes that could be included in future extensions of the LADM and thus



Land 2023, 12, 711 3 of 19

enable researchers to develop or further extend the developed LADM country profiles with
dynamic components, such as LA data dissemination processes. The novelty of this research
is twofold. The first novelty lies in the development of a methodology for modeling LA data
dissemination processes by following the principles of business process management (BPM),
BPR, and the LADM. The purpose of this methodology is to provide guidelines for other
LA researchers when modeling different use cases of LA data dissemination processes in
different jurisdiction areas. Additionally, the lack of internationally accepted methodologies
for evaluating and comparing LASs was recognized by [24]. Hence, by following the
same modeling methodology, it might be possible to compare the use cases of LA data
dissemination processes from different jurisdiction areas and develop standardized models
as well as identify the most suitable practices. The second novelty of this research concerns
the development of a model for describing LA data dissemination processes and their
elements within the context of the LADM. The model was developed with the conceptual
modeling technique and activity-centric process modeling approach. Additionally, the
developed model was linked to the existing model of the LADM and may be considered a
proposed extension of the LADM with LA data dissemination processes.

The methodology used in the conducted research is presented in Section 2, where we
describe the literature search procedure, literary insights, and the research methodology.
The analysis and results are presented in Section 3, where we depict the development
of the methodology for modeling LA data dissemination processes, the proof of concept
regarding the developed methodology in a conceptual use case, and the development of the
conceptual model for LA data dissemination processes and its relationship with the LADM.
In Section 4, a discussion of the developed methodology and model, possible challenges
that may arise when improving data dissemination processes, and the possible outcomes
of the proposed methodology and model in the domain of LA are presented. Section 5
summarizes the entirety of the research and provides future work directions.

2. Materials and Methods

When analyzing a process, it is worth bearing in mind that even a good process
can be improved. Regardless of how many improvements a process has undergone, it
will suffer from several issues. There are always errors, misunderstandings, incidents,
unnecessary steps, and other areas of waste when a process is performed on a day-to-day
basis. BPR as a concept is the start of process redesign methods and even that of BPM as a
discipline [25–27].

The research workflow that resulted in the writing of this paper is presented in Figure 1.
The research began by inspecting relevant bibliographic databases such as the Web of

Science [28] and Scopus [29]. Additionally, the literature search included domain-relevant
conferences such as those organized by the FIG [30], e.g., LADM workshops. Conference
papers/proceedings are deemed to be an essential part of the research area’s published
literature according to [31,32], and the scientific value of the FIG conferences and LADM
workshops was recognized by [33]. The literature search included two parallel searches,
namely a search for sources concerning LA processes and the LADM as well as a search for
sources concerning process management and architecture, i.e., process modeling. Search
strings included combinations of keywords such as ‘land administration system’, ‘pro-
cesses’, ‘data dissemination’, ‘modeling’, ‘LADM’, ‘service-oriented architecture’, and
‘UML’. The literature search results included sources from multiple domains such as LA,
business administration (BA), and computer science (CS). To gain information regarding
process modeling in general, books concerning process modeling were identified before
analyzing more specific sources documented in articles and conference proceedings. These
included references such as [20,34] whose authors are amongst the most cited members of
the process modeling community. Notably, sources relating to the domain of process mod-
eling are more oriented toward BA and CS. Additionally, it was pointed out that BA experts
tend to consider IT as an aspect of process management for which CS experts will take care,
while CS experts might consider process goals and organizational regulations to be terms
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that do not deserve much thought but require an appropriate level of abstraction [34]. In
the domain of LA, both views are important, as in most cases, the main stakeholders work-
ing toward new approaches include academic institutions, governmental or LA/geodetic
authorities, and industries, as identified in [21] during an analysis of developed LADM
country profiles.
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Since the modeling of LA processes is expected to be included in the second edition of
the LADM, an overview of papers that are thematically relevant to the second edition was
presented by [35], including 20 articles on LADM developments and innovations, when
then served as the input for the second edition. Moreover, a very helpful bibliometric
analysis was conducted by [33], in which papers related to the LADM published in the
period of 2012 to 2020 were analyzed. However, after reading through the analysis results, it
became evident that few papers were thematically related to the topic of process modeling,
especially regarding data dissemination. This issue has been recognized in other sources
as well, e.g., [36–39]. Besides sources directly related to the LADM and LA processes,
some sources concern LA processes in general and date before the development of the
LADM. Moreover, a literature survey of publications from 2001 to 2015 indicated that
these sources had an impact on development of the LADM and were mainly focused on
technical and real property registration issues [40]. In addition to sources mostly focused on
registration processes, some of the papers slightly touched on the dissemination processes
but did not address them thoroughly. In [14], data-integrity constraints that have to be
considered for the execution of LA transactions were explored. The authors developed a
system architecture for LA transactions, namely legal and survey transactions, based on
domain-specific language (DSL). Although the focus of the research is how to implement
DSL in LA, their architecture includes data dissemination, but only at the level of an
endpoint that can be accessed by different clients or applications to check or collect data
required for transactions. The authors also recognized that sources concerning process
modeling in LA do not have defined meta-models, grammar, or test cases. Furthermore,
in [41], the possibility of developing information infrastructure with the use of the LADM
was investigated. This research focused on the data structure and the identification of
key registers to define a linkage system between disparate databases. Some of the issues
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recognized by [41] could be addressed via the modeling of data dissemination processes,
as it could identify and address the issue of redundancy in both data inputs/outputs and
user activities. The findings of [37] suggest that user groups are increasingly expecting LA
information to be easily accessible and up-to-date as well as compatible with data from
other sources. Even though these findings concern LA data dissemination processes, the
authors emphasize the need for data standardization and legislation changes to satisfy
the changes in the use of information. Arguably, user needs could also be addressed with
improved data dissemination processes.

One of the most important results shown by the literature analysis was that, currently,
there is no standardized methodology or model to describe LA processes [22]. However,
an LA process modeling approach was suggested by [42] and partially employed in [38].
These sources indicate that there is a need for the development of a methodology and model
to describe LA data dissemination processes. Therefore, the authors decided to follow a
well-known BPM technique, namely BPR, to develop the methodology for modeling LA
data dissemination processes. The first step of any BPM methodology starts with process
identification and in this phase the process problems are posed [20]. The identified process
is data dissemination, and the so-called ‘problems’ are that data dissemination processes
are implemented electronically with paper-based thinking and that products and services
are affected by siloed management [5,39,43–46]. Moreover, in [34], it was identified that
enterprises are facing the challenge of integrating different heterogeneous software systems.
This heterogeneous landscape has grown over the years, if not decades. Identifying and
addressing these issues may be possible via process modeling.

Following the development of a methodology for modeling LA data dissemination
processes, a proof of concept was developed and demonstrated through a conceptual use
case which included LA functions, providing the key land features, namely land tenure,
land use, and land value. In this case it was assumed that the key land features were
provided via separate services and processes affected by the aforementioned issues. This
is referred to as the current state of the data dissemination processes. From the analyzed
current state of the examined use case, the authors investigated how to improve it. This
perspective refers to the improvement of data dissemination processes and includes a
single service for the dissemination of the key land features. There are several architectures
that could be utilized in the improved state of the examined use case, such as enterprise
resource planning systems (ERPs) and service-oriented architecture (SOA). ERPs allow the
integration of process functions through a uniform software platform and database [47].
On the other hand, a more flexible approach is possible through an SOA, which relies on
a combination of several service applications to form a new service-oriented application.
SOA is a well-known approach that enables enterprises to increase their agility, efficiency,
utilization of existing resources, and flexibility, ultimately leading to a sustainable digital
infrastructure [48]. The application of SOA to address issues affecting LA processes was
utilized by [22] as well.

Finally, from the analyzed process models a model for describing LA data dissemina-
tion processes was developed. To develop such a model a technique known as conceptual
modeling was utilized. Conceptual modeling is a useful method that is employed for
the development of a holistic understanding of a problem situation and, thus, supports
communication and learning between involved stakeholders [49–51]. The model was also
linked to the existing model provided by the LADM and might assist other researchers
when describing use cases from certain jurisdiction areas.

There are many techniques available for specifying processes in a formal and abstract
way. One of the best-known techniques is Petri nets [52], which have been proven to
be useful for representing simple processes, whereas complex processes might require
advanced modeling mechanisms such as workflow nets [53]. However, workflow nets
are not able to cover organizational aspects and data representations. Therefore, in this
research, UML was used for modeling processes. UML has been recognized to cover four
views of process modeling identified by [54], namely functional, behavioral, informational,
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and organizational views. Hence, it can focus on all aspects of these processes [55]. The
models depicting current and improved process models of data dissemination processes
were formalized by means of UML activity diagrams, while the model used for describing
processes was developed using a UML class diagram. UML is widely adopted as a modeling
tool within the domain of LA and was employed for the development of the LADM and
other domain-relevant sources, e.g., [14,38,56,57]. Further details on process modeling with
UML can be found in [55].

3. Analysis and Results

Innovations in geospatial data and information should enable professionals from other
disciplines to easily integrate LA data into their disciplinary context. To do so, established
processes from such disciplines should be identified. Simply put, use cases for LA data
must be defined before the development of integrated systems and processes. The outcome
of process identification, besides the identification of potential improvements, is that new
or updated process architectures are formed, providing a view of the overall state of the
processes in an organization and the relationships among them. Processes are ubiquitous,
and even though processes are present in daily life, they are, at the same time, intangible
because of their dynamic nature [58]. Therefore, it is necessary to develop a methodology
that covers the identification, analysis, and improvement of process use cases.

3.1. Methodology for Modeling Land Administration Data Dissemination Processes

A discussion about ‘process modeling’ requires the identification of processes of
interest, the determination of the level of detail, and the identification of relationships
between the processes, if there are any [59]. Moreover, when the modeling of LA processes
as part of the second edition of the LADM was announced by [13], it was recognized that
the process models needed to be developed, at least at a conceptual level, to allow the
understanding and comparison of the processes in different jurisdiction areas. Additionally,
from the understanding and comparison the intention was to identify the most suitable
practices and develop standardized process workflows.

As already mentioned in the methodology and materials section, the first step of any
BPM methodology is process identification, and the following steps vary depending on
the overall goals of the methodology. In [20], BPM is described as a continuous cycle
consisting of five phases that follow process identification, namely process discovery,
analysis, redesign, implementation, and monitoring. Arguably, the BPM lifecycle takes
a rather technical view, because it addresses technologies used in BPM and relates them
to each other. In contrast to the BPM lifecycle, a broader and more project-oriented view
was proposed by [34]. This methodology includes steps such as strategy and organization,
survey, design, platform selection, implementation and testing, deployment, and operation
and controlling. Notably, both of the methodologies are iterative and incremental. Another
general methodology for process modeling was proposed by [42] and is of a hierarchical
nature, consisting of four levels/steps, namely, the identification of all actors/elements,
the identification of process phases, the identification of basic activities, and the building
of a model. Additionally, this methodology was partially employed by [38], whereas
the authors used the first three levels of the methodology for the two most common use
cases of LA data dissemination processes in Croatia. The methodology was extended
with additional steps such as the identification of services, use cases, and tools such as
the ‘five W’ questions to determine process elements. Furthermore, it was identified that
the fourth step, namely the building of a model, requires more insight in terms of process
management and architecture concepts.

Arguably, the methodologies provided by [20,34] are more focused on either achieving
specific technical tasks or improving the overall organization, while the methodology
proposed by [42] is too general to provide a comprehensive overview of what has to
be carried out to model the LA data dissemination processes. Therefore, in conjunction
with the goals of modeling processes as an extension of the LADM and by following the
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principles of BPM methodologies, we propose a methodology that has been adapted to fit
the LA data dissemination processes shown in Figure 2.

The methodology proposed for modeling LA data dissemination processes consists of
the following five steps:

1. Identification of a use case: In this step a specific use case for which LA data need to
be disseminated is identified. This could be for a specific project, policy, or decision-
making process. Use cases may be defined by the LAS or by specific requirements
determined by users such as ‘I want to build a house on this parcel’.

2. Formalization of the current state of the processes: In this step the current processes
used for disseminating LA data are formalized. This includes documenting current
procedures, roles, and responsibilities, as well as identifying any existing systems or
tools used in the process. Additionally, in this phase, modelers should be aware of
available datasets, documents, services, and policies.

3. Process breakdown: In this step, the formalized current state of the process is broken
down into smaller, more manageable elements. This step allows for a more detailed
analysis of the process as well as the identification of elements that can be optimized,
such as crucial steps.

4. Process optimization: In this step, the process breakdown in step 3 is used to identify
opportunities for improvement and optimization. This includes the identification
of approaches to enhance process workflows, automate certain activities, and/or
eliminate redundant steps.

5. Formalization of the improved state of the processes: Finally, in this step the optimized
processes in step 4 are formalized and a strategy for implementation can be developed.
This might include the definition of new procedures, roles, and responsibilities as well
as the identification of new systems or technologies that might be involved.
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It should be noted that this research did not deal with process implementation and
monitoring, which would require a real-world use case; however, the proposed method-
ology can be extended with additional steps to make it more robust, such as stakeholder
participation, impact analysis, testing, implementation, and, finally, monitoring of the
processes. Some of the additional steps might differ depending on the specific demands
and requirements of the LAS and involved stakeholders.

The next section deals with the proof of concept for the developed methodology.

3.2. Proof of Concept

One of the key takeaways and recommendations of the FIG is to make authoritative
datasets easily available and accessible [5]. Authoritative datasets are usually provided
by public authorities that have their own services, while data from one authority might
be required to gain data from another authority. The analysis of the differences and
similarities among data dissemination practices and the provided official excerpts of four
jurisdiction areas using different LAS types indicates the need for further standardization
and improvements in both services and excerpts. The analysis resulted in a proposal
to develop a unified excerpt containing land information from different LA functions
regarding certain types of property [39]. However, to achieve this level of integrity and
interoperability it is necessary to capture the current state of the processes and to analyze
how to improve them.

Following the proposed methodology, in case modelers do not possess a high level of
competence in process modeling, it might be useful to adopt process modeling guidelines
when formalizing the current and improved state of LA data dissemination processes, for
example, the Seven Process Modeling Guidelines (7PMG) developed by [60], as shown
in Table 1.

Table 1. Overview of the 7PMG. Source: [60].

Guideline No. Description

G1 Use as few elements in the model as possible

G2 Minimize the routing paths per element

G3 Use one start and one end event

G4 Model as structured as possible

G5 Avoid OR routing elements

G6 Use verb-object activity labels

G7 Decompose a model with more than 50 elements

Additional guidelines can be found in [61]; however, a high level of competence in the
domain of process modeling is required to use them.

The proof of concept was tested on a conceptual use case in which an LAS user had
identified a property of interest and was required to collect data on the land tenure, land use,
and land value. It was assumed that the land data were managed separately and provided
by multiple services. The next subsections depict the current and improved process models
related to the examined use case as well as the results of the process breakdown.

3.2.1. Current State of the Examined Use Case

The current state of the conceptual use case is assumed to include LA functions
operated by multiple authorities, namely the land tenure authority, land use authority,
and land value authority. Each of the authorities provides its respective service in which
data dissemination processes are deployed. The current state of the examined use case is
depicted by means of the activity diagram shown in Figure 3. Involved actors/stakeholders
are represented by vertical partitions, activities/actions are represented by round-edged
rectangles within each respective partition, and data (objects) are represented by rectangles.
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The examined use case comprises three subprocesses that utilize the same activities
but differ in terms of data input and output. The process workflow is as follows: the LAS
user is required to access a service and identify a property of interest. Upon identifying a
property of interest, a request for data can be formed and submitted. A submitted request
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is received by the authority and validated. In the case of a valid request, the request is
executed, and the requested data are received by the user. On the other hand, if a request
is invalid, the user is allowed to correct it and submit it again. This workflow is used
three times in the formalized process model to gain data concerning the land tenure, use,
and value.

Breaking down the process into its elements, such as actor, activity, and input and
output data, resulted in a total of 34 identified process elements (as shown in Table 2).
Notably, in a real-world use case additional elements could be determined, such as the
timeframe for the execution of certain activities such as the validation and/or execution of
submitted requests.

Table 2. Elements identified in the current process model. Source: Own compilation.

Process Element Identified Element Count Total

Actor

LAS user 1

4
Land tenure authority 1

Land use authority 1

Land value authority 1

Activity

Accessing service 3

24

Identifying property 3

Requesting data 3

Receiving request 3

Validating request 3

Declining request 3

Executing request 3

Receiving data 3

Input data

Request for land tenure data 1

3Request for land use data 1

Request for land value data 1

Output data

Land tenure data 1

3Land use data 1

Land value data 1

Total elements 34

The major flaws of the examined use case are the lack of data integration, the inter-
operability, and the redundancy. As can be seen from the number of identified activities
presented in Table 2, the user must repeat each activity three times to collect the required
LA data for a given property of interest. Furthermore, redundancy occurs in the formalized
process due to the multiple access points, property identification, and request submission.
One of the possible issues associated with modeling real-world use cases occurs in the
case of non-automated activities, e.g., the manual validation of submitted requests and
request execution by officers of the corresponding authority. In this case, the timeframe
for execution of the process might be a major obstacle in LA data dissemination processes,
because the fulfillment of requests heavily depends on the authority’s staff capabilities.

The examined use case could be optimized using SOA, because this would allow the
automation of certain activities, enable data integration and interoperability, and, finally,
eliminate redundant process elements.
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3.2.2. Improved State of the Examined Use Case

The optimized version of the previously analyzed process workflow could be solved
by developing a single LAS service in which LA functions share their services, i.e., vi-
sualization and access to stored data. In this case, a new actor emerges in the process,
namely the LAS service, which is responsible for compiling LA function services into
one service, as well as enacting LA data dissemination processes. The improved process
model based on the SOA is depicted by an activity diagram as well, as shown in Figure 4.
Involved actors/stakeholders are represented by vertical partitions, activities/actions are
represented by round-edged rectangles within each respective partition, and data (objects)
are represented by rectangles, the same as in the previous model of the current state of the
examined use case.
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In this process model the LAS user accesses LA function services via a single access
point to identify a property of interest and examine the available data. Upon identifying
a property of interest and becoming aware of the available data, a request can be formed
and submitted. Once a request has been submitted, it is received by the LAS service and
validated. If a request is invalid, the user is allowed to correct the request. On the other
hand, if the request is valid, the service completes the request and delivers the requested
data to the user. In Figure 4, additional activities that may not directly relate to the process
of requesting and disseminating data are shown. These activities refer to the compilation
of LA services as well as land tenure, land use, and land value authorities that provide
and share services. These activities are included in the process model with the goal of
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providing a clearer overview of the tasks and responsibilities of the authorities and LAS
service. LA function authorities manage their services independently and share them with
a central service. In this case, the LAS service can access different services and types of data.
In addition to accessing services, it is also responsible for executing requests, which may
include performing a spatial analysis or querying from multiple databases to accomplish a
request. Finally, the requested data are disseminated to LAS users.

Breaking down the process into its elements, such as actors, activities, and input and
output data, resulted in a total of 23 identified process elements (as shown in Table 3).
Notably, in the case of a real-world use case implemented by the SOA, the timeframe for
executing the entire process could be instantaneous.

Table 3. Identified elements of the improved process. Source: Own compilation.

Process Element Identified Element Count Total

Actor

LAS user 1

5

LAS service 1

Land tenure authority 1

Land use authority 1

Land value authority 1

Activity

Providing service 3

16

Sharing service 3

Collecting service 1

Accessing service 1

Identifying property 1

Viewing available data 1

Requesting data 1

Receiving request 1

Validating request 1

Declining request 1

Executing request 1

Receiving data 1

Input data Request for data 1 1

Output data Requested data 1 1

Total elements 23

Even though there are more actors involved in the improved process model, the dif-
ference in the activities that they perform is significant. The difference in the identified
process elements between the current and improved process models refers to 11 elements.
However, if actors and activities (which do not directly relate to the process) were omitted,
the difference would be even greater. The core activities associated with the process, such
as accessing services, identifying property, requesting, validating, executing, and receiving,
were reduced threefold. The same result was found for input and output data associated with
the process. One data request may result in the collection of data from multiple LA functions.

The remaining question aims to identify factors other than organizational issues that
might have caused the siloed management of LA data and processes. The answer might
be the lack of domain-oriented standards. This is where the LADM might step in and
provide directions for data integration and interoperability, as well as for the development
of standardized LA data dissemination processes. However, the existing LADM must be
extended by developing a model for describing LA data dissemination processes.
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3.3. Model for Describing Land Administration Data Dissemination Processes

There are many definitions of the processes, but what emerges from those variations
is as follows: the activities associated with a business process are performed by actors
playing certain roles, consuming resources, and producing other resources. Activities are
triggered by events and, in some cases, produce their own events [59]. Currently, there
are two major process modeling paradigms, namely activity-centric and artifact-centric
process models [62]. An activity-centric process model consists of activities, connectors as
control flows describing the execution sequences of these activities, and optional data flow
connectors (which regard data as the input or output of the activities) [63]. On the other
hand, artifacts represent process-relevant objects that are created, evolved, and are typi-
cally archived as they undergo a process [64]. Therefore, artifact-centric process modeling
regards data objects and their lifecycles as first-class modeling constructs. In [36], an exten-
sion of the LADM with the class LA_Process was proposed, which was associated with
LA_SpatialSource and LA_AdministrativeSource, as the authors considered the sources to
be triggers for executing processes. Notably, their work was more focused toward registra-
tion processes. A model of this type may correspond to an artifact-centric process modeling
approach, even though the authors did not state which process modeling approach was
utilized. In this research, an activity-centric approach was utilized to develop a model for
LA data dissemination processes as an extension of the LADM. Following the definition
of the processes, a model describing the processes and elements was developed. The
developed model can be described by means of the class diagram shown in Figure 5. New
classes in the diagram have the prefix ‘LA_’ to fit with the existing classes of the LADM
and include LA_Process, LA_Activity, LA_Event, and two classes from the first edition of
the LADM, namely LA_Party and LA_Source. Processes and subprocesses (LA_Process)
are composed of activities (LA_Activity) performed by actors/stakeholders (LA_Party).
Activities may be triggered by events (LA_Event), or in turn, generate events of their own
while consuming or producing resources (LA_Source).
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Furthermore, to complete the model, attributes for the classes LA_Process, LA_Activity,
and LA_Event must be defined. Attributes and their descriptions are shown in Table 4. Ad-
ditionally, classes might share some common attributes, such as the ID, name, description,
start/end date, and status.
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Table 4. Generic attributes of the classes LA_Process, LA_Activity, and LA_Event. Source: Own compilation.

Class Attribute Description

LA_Process

Process ID A unique identifier of the process.

Name The name of the process, i.e., use case.

Description A brief or detailed description of the process.

Participants Involved actors, e.g., citizens, banks, LA authorities.

Affected data Resources utilized in the process. Can relate to more than one register depending
on the use case.

Start date The date on which the process was initiated.

End date The date on which the process was completed or canceled.

Status The current status of the process, e.g., in progress, completed, canceled.

Activities A list of activities required to fulfill the process. Here, activities can be listed in the
order in which they are performed.

Events A list of events that occur during the process.

LA_Activity

Activity ID A unique identifier of the activity.

Name The name of the activity, e.g., searching, viewing, etc.

Description A brief description of the activity.

Responsible party The person or organization performing the activity.

Inputs The resources, information, and other inputs required to perform the activity.

Outputs Results, products, or outcomes of the activity.

Events A list of events that may be generated as a result of the activity.

Start date The date on which the activity was initiated.

End date The date on which the activity was completed or canceled.

Status The current status of the activity, e.g., in progress, completed, canceled.

Constraints Any limitations or restrictions that affect the performance of the activity.

Predecessor activity An activity that needs to be performed prior to the current activity, e.g., accessing
the service to search for data.

Successor activity An activity that follows the current activity, e.g., it is required to search for data to
form the request for it.

LA_Event

Event ID A unique identifier of the event.

Name The name of the event, e.g., validation of request.

Description A brief description of the event.

Date The date on which the event occurred.

Type The type of event, e.g., error, notification.

Data Data associated with the event, e.g., error message or notification details.

Source The source of the event (activity), e.g., a request submission triggers a
validation event.

The LA_Process class can additionally be defined by attributes such as participants,
affected data, activities, and events. Attributes of this class can be derived from the
overall description of a process and a formalized workflow, and in the case of the activities
attribute, the activities can be listed in the order in which they are performed. Furthermore,
the LA_Activity class can be defined by attributes such as the responsible party, inputs,
outputs, events, constraints, predecessor activity, and successor activity. Even though
some of the attributes might seem similar to the attributes of the LA_Process class, such
as the participants and responsible party or the affected data and inputs/outputs, the
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goal is to define the activities more precisely. In the case of participants, for example, the
goal is to clarify which responsibilities belong to each of the involved participants listed
in the attributes of the LA_Process class. In the case of affected data, furthermore, this
process defines more precisely how the data were utilized during the process; for instance,
a property of interest may be identified using inputs such as the property ID, address, use,
or value, and the output is the request for a certificate. Finally, the LA_Event class can be
defined by attributes such as the date, type, data, and source. These attributes refer solely
to events and might depend on the environment in which processes occur.

The aforementioned attributes (Table 4) are common examples, and specific attributes
may vary depending on the specific context and the LAS in which the process is performed.

4. Discussion

Digital technologies and techniques can contribute to LASs in many ways, such as
by raising productivity, intensifying access, allowing for the utilization of big data, and
increasing the availability of public services [65]. Digital transformation and acceleration
are major focus areas for LA globally, regionally, and at the country level. Future data
dissemination approaches may include the utilization of online e-services, e-signatures,
application programming interfaces, and data visualization tools, such as 3D/4D animation
as well as virtual and augmented reality backed by feature extraction tools such as artificial
intelligence [46]. However, prior to utilizing new technologies, it is necessary to identify
the existing issues, such as the use of paper-based thinking in the electronic environment,
heterogeneous services, and siloed data management. These issues can result in inconsistent
and incomplete data, limited access to information, increased costs and complexity, limited
or non-existent opportunities for integration and interoperability, and a lack of flexibility
and adaptability. By formalizing the current process models, these issues can be detected
and properly addressed using improved process models.

In this research, the authors proposed a methodology and model for describing LA
data dissemination processes based on the BPM, BPR, and LADM principles. The research
is based on literary insights from the domains of process modeling (which include BA and
CS) and LA and is intended to contribute to the future standardization of LA data dissemi-
nation processes as part of future extensions of the LADM. One of the major challenges
associated with modeling the processes is the first step, namely the identification of a use
case. There are many use cases that utilize LA data, and these can vary in terms of their
complexity. In this research, a conceptual use case was examined in which it was assumed
that LA data dissemination processes are enacted through paper-based thinking and that
the data services are affected by siloed data management. These issues may affect most
use cases of the LA data dissemination processes. Some literary sources have dealt with
more complex use cases of LA data dissemination processes, such as resolving cadastral
data inconsistencies [66,67], the determination of hazard compensations [68], housing pro-
duction and building permits [69,70], and the detection of illegal land development [71,72].
Despite the scientific value of these sources, they do not capture how their use cases fulfill
the current LASs or determine how to analyze and improve them by developing process
models. Therefore, by modeling these use cases with the developed methodology, it might
be possible to optimize them by identifying current obstacles and solutions to address them.
Additionally, by following the same methodology, similar use cases from different jurisdic-
tion areas could be compared with the goals of determining the most suitable practices and
developing standardized process models.

Generally, process improvement involves two complementary facets: technological
and organizational changes [20]. As a way to address the issues associated with technolog-
ical changes, the authors proposed a solution to integrate siloed LA services into one by
utilizing SOA. Arguably, there may be technological solutions other than the SOA, such as
ERPs, microservices, monolithic architecture, event-driven architecture, and cloud comput-
ing; therefore, the principles of SOA are only utilized as an example of how to optimize and
redesign the current state of LA data dissemination processes. The choice of solution may
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depend on the specific requirements of the LAS as well as the financial capabilities and
expertise of the stakeholders involved. In the case of integrated services, technologies such
as artificial intelligence could be deployed as a search mechanism, which would provide
users with the required data. Searching may involve asking questions instead of searching
by attributes, which is currently the case. An example of such a search may appear as
follows: ‘I need to find a parcel with an area of 500 m2 where I can build a house and is
valued at not more than $100,000 in New York, NY, USA’. In this case artificial intelligence
could be used to analyze data from multiple services and provide answers to users with
the option of additional filtering, and the results would always refer to authoritative data
from LA functions. Evaluating and choosing an appropriate technology and technique is a
challenge that is yet to be addressed, especially because research into the modeling and
improvement of LA data dissemination processes is lacking.

Organizational changes are inevitable when implementing new technological solutions.
In this study, the authors proposed the integration of multiple services into one service,
colloquially named the LAS service. This approach may lead potential readers to think
about whether it is necessary to establish a new public organization or engage the private
sector as a service provider that would be responsible for compiling LA function services
and enacting data dissemination processes. This may be one of the greatest challenges when
integrating services and redesigning existing processes. One of the possible solutions may
include giving this responsibility to a cadastral authority, since cadastral data are in many
cases considered to be central data of any LAS [73]. In LASs, however, where cadastral
data do not exist, another solution might have to be determined. This may ultimately lead
to the development of virtual offices in which staff members who were manually enacting
data dissemination processes in offices would have the responsibility of monitoring them
and addressing any errors that might emerge.

By regarding the model developed for LA data dissemination processes as an extension
of the LADM, the activity-centric approach is utilized. The choice of this approach should
not be made as definitively when modeling LA processes, as the artifact-centric approach
may prove to be more useful when modeling processes such as registration. Artifact-
centric process models focus on the data objects involved in the process, and in the case of
registration processes the main focus is on adding or updating data in the system; therefore,
an object lifecycle could be derived from process activities. However, this approach would
require more research to find its application in the domain of LA.

The methodology and model developed in this research could be used as a starting
point in research concerning LA data dissemination processes and LA processes in general.
Through these approaches, an analysis and comparison of the processes in different LASs
could be possible. The guidelines provided by the methodology, classes, and attributes of
the model may vary from one jurisdiction to another; however, these differences can be
determined and addressed efficiently if the same methodology and models are utilized.

5. Conclusions

Future LASs are expected to be fully electronic with efficient services and processes
that are digital by design. To achieve such expectations, research on process modeling
within the domain of LA is necessary.

Research into the literature concerning LA processes, the LADM, and process modeling
indicated that there is no methodology or model available to describe LA data dissemination
processes; therefore, the goal of this research was to develop a methodology and model
for LA data dissemination processes. The methodology developed for the modeling
of LA data dissemination processes is based on the BPM, BPR, and LADM principles
and consists of five steps. The proposed methodology can be expanded and fitted to
the requirements of various LASs, if necessary. Furthermore, since LA processes are
expected to be included in extensions of the LADM, a model based on the conceptual
modeling technique was proposed and linked to the existing LADM classes. Moreover,
the model was developed using an activity-centric approach and includes three new
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classes, i.e., LA_Process, LA_Activity, and LA_Event. The LA_Activity class was employed
as a connecting class between existing LADM classes, namely LA_Party and LA_Source.
Whereas LA_Party represents stakeholders who perform the activities involved in a process,
LA_Source represents resources that may be produced or utilized by process activities.

Finally, the proposed methodology and model could be utilized to describe real-world
use cases which would enable a comparison between the use cases of LA data dissemination
processes from various jurisdictions. By comparing the processes, it might be possible to
develop standardized process workflows as well as integrated and interoperable services.
Overall, the benefits of integrated LA services can be significant and contribute to many
aspects of LA, such as improvements in land governance, land markets and financing, land
use planning, and disaster responses, ultimately leading to the development of effective
and sustainable LASs. Furthermore, different technological solutions could be examined
to improve LA data dissemination processes during the phase of process optimization.
However, this might be a challenging task that should be addressed in future work.
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8. Mad̄er, M.; Matijević, H.; Roić, M. Analysis of Possibilities for Linking Land Registers and Other Official Registers in the Republic
of Croatia Based on LADM. Land Use Policy 2015, 49, 606–616. [CrossRef]

9. Open Geospatial Consortium. Open Geospatial Consortium OGC White Paper on Land Administration; Open Geospatial Consortium:
Rockville, MD, USA, 2018.

10. ISO 19152; Land Administration Domain Model (LADM)—International Standard ISO 19152. ISO: Geneva, Switzerland, 2012.
11. Gogolou, C.; Dimopoulou, E. Land Administration Standardization for the Integration of Cultural Heritage in Land Use Policies.

Land Use Policy 2015, 49, 617–625. [CrossRef]
12. Lemmen, C.; van Oosterom, P.; Kara, A.; Kalogianni, E.; Schnaidman, A.; Indrajit, A.; Alattas, A. The Scope of LADM Is Shaping

Up. In Proceedings of the 8th International FIG Workshop on the Land Administration Domain Model, Kuala Lumpur, Malaysia,
1–3 October 2019.

13. Lemmen, C.; van Oosterom, P.; Unger, E.-M.; de Zeeuw, K.; Kalantari, M. Exploring Options for Standardization of Processes and
Transactions in Land Administration. In Proceedings of the 7th International FIG Workshop on the Land Administration Domain
Model, Zagreb, Croatia, 12–13 April 2018.
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68. Vučić, N.; Mad̄er, M.; Pivac, D.; Roić, M.; Križanović, J. Determination of a Hazard Compensations Based on Land Administration

Data. ISPRS Int. J. Geo-Inf. 2020, 9, 71. [CrossRef]
69. Agunbiade, M.E.; Rajabifard, A.; Bennett, R. Land administration for housing production: An approach for assessment. Land Use

Policy 2014, 38, 366–377. [CrossRef]
70. Guler, D.; Yomralioglu, T. A reformative framework for processes from building permit issuing to property ownership in Turkey.

Land Use Policy 2021, 101, 105115. [CrossRef]
71. Jiménez Barrado, V. Evolution and Management of Illegal Settlements in Mid-Sized Towns. The Case of Sierra de Santa Bárbara

(Plasencia, Spain). Sustainability 2020, 12, 3438. [CrossRef]
72. Valdez, M.; Chen, C.-F.; Chiang, S.-H.; Chang, K.-T.; Lin, Y.-W.; Chen, Y.-F.; Chou, Y.-C. Illegal land use change assessment using

GIS and remote sensing to support sustainable land management strategies in Taiwan. Geocarto Int. 2019, 34, 133–148. [CrossRef]
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