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A B S T R A C T   

The introduction or renewal of information systems conventionally begins with data modelling. In the domain of 
land administration, like others, the process is challenging: complex laws and regulations, lengthy process de-
scriptions, shared organisational responsibilities, differing information encodings and formats, and seeking 
compliance with the LADM ISO 19152 standard, must be considered. Between 2016 and 2018, The Netherlands’ 
Cadastre, Land Registry and Mapping Agency – in short, Kadaster – successfully undertook the renewal of the 
information system supporting its deeds registration. The previous system dated back to the 1980s. In-house data 
modelling specialists led the program, the most extensive undertaken in decades. Inspired by action-research 
principles, the process and resultant lessons are documented using a case study approach. It is shown that 
beyond Model Driven Architectures, other model-driven methodologies, such as Domain-Driven Design, are 
entirely useful in the land administration domain. A domain is usually more extensive than a few objects, and to 
make it more manageable, DDD divides a domain into subdomains. The DDD term ‘problem domain’ is used to 
define a functional area within a context such as an organisation or department. The terms domain in DDD and 
LADM have common characteristics as considering contexts such as a land registry and a cadastre. Evans (2003) 
and Vernon (2013) articulate how DDD is a set of design practices, techniques and fundamental principles, terms, 
and implications to facilitate the development of software projects within complex domains, used to guide 
software developers and domain experts to share and represent models of knowledge from the domain. In DDD, 
the ubiquitous language is also essential in intersecting the jargons between domain experts and IT experts. The 
LADM provides a formal language for describing similarities and differences for describing the many aspects of 
the land administration domain. The approach demands greater participation from domain experts: they lead 
modelling of the current state and its evolution: the events. The Annex N of ISO 19152 describes that LADM 
covers both event-based and state-based modelling via LA_Source and VersionedObject. The application of Event- 
Based Modelling and Event Sourcing is still relatively novel to the LA domain. Event Sourcing ensures that all 
current state changes are stored as a sequence of events, enabling querying and state reconstruction. The new 
information system is considered futureproof, delivering improvements for deed registration times, monitoring, 
traceability/auditing, history management and interoperability. Further research suggestions include undertaken 
Domain-Driven Design in other contexts, particularly those implementing LADM.   

1. Introduction 

There are many issues to consider when introducing or renewing a 
land information system to support land administration activities and 
processes. Whilst much focus is often placed on information or data 

model design, also demanding consideration are laws and regulations, 
processes descriptions, responsibilities shared between multiple orga-
nisations, and the exchange of information in many different formats 
and encodings (Oukes et al., 2019). 

Another more recent design consideration is the desired level of 
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system interoperability. The Land Administration Domain Model 
(LADM), ISO standard 19152 (ISO, 2012), contributes to this. Although 
LADM is not intended to replace existing systems, it requires attention 
when integrating this standard into the design process, design tools and 
competences. 

To date, LADM has been implemented at the country level via the 
development of local profiles. Interestingly, these have mostly been 
developed by academia, or with industry supportive, as demonstrations 
or for compliance checking of existing data models (c.f. Kalogianni et al., 
2019; Janečka et al., 2018; Vučić et al., 2013; Janečka and Souček, 
2017; Bydlosz, 2016; Radulović and Sladić, 2017). That is, the agency 
responsible for the national land administration has not always been 
engaged. Kalogianni et al. (2019), for example, shows many countries 
are developing a local profile. Among those involved in technical 
implementation, there seems to be unfamiliarity and adaptability to 
Domain-Driven Design (DDD), Event-Based Modelling, Event Sourcing, 
and an ubiquitous language. Instead, the aim is to provide a formal 
language for describing land information systems so that their similar-
ities and differences can be better understood (ISO, 2012). Overall, this 
suggests that despite the growing discourse and shared language relating 
to land information system design and implementation globally, there 
remain relatively few robust case descriptions detailing production level 
practical implementations. 

In the context of the Netherlands, since the early 2000s, the country 
has been a leader in supporting the development of the LADM as an 
international standard, developing approaches for implementation, and 
supporting country-level profile development in other country contexts. 
In this regard, it is interesting to study the country’s recent 2016–2018 
redevelopment of its land information system that supports its deeds 
registration system. The agency with the mandate for delivering land 
registration in the Netherlands, and consequently the supportive infor-
mation systems, is The Netherlands’ Cadastre, Land Registry and Map-
ping Agency (hereon in ‘Kadaster’). Kadaster performs its public tasks in 
service of society. 

To meet society’s demands, like other government agencies, 
Kadaster recognises the need to undergo a form of digital transformation 
(c.f. Hess et al., 2016). Specifically, it recognises the need to renew its 
legacy information systems, first developed in the 1980s, to meet cur-
rent and future societal demands better. On this, an increasing number 
of complex legal facts were needing to be registered in the obsolete land 
information system (known internally as AKR/HYP), with increasing 
difficulty. The old system, developed using Cobol, was technically, 
economically, and management-wise, at the end its of life cycle (+30 
years). At the same time, Kadaster recognised the need to improve both 
the information system and the underlying business processes. 

Therefore, acknowledging - (i) the lack of detailed case descriptions 
on contemporary land information system development at production 
level; and (ii) recognising Kadaster’s recent information system renewal. 
This paper presents findings from the Netherlands context to further 
enrich the global discourse on LADM implementation using Domain 
Driven Design (DDD). Specifically, the paper seeks to introduce the DDD 
approach utilised by Kadaster and ascertain lessons for future land in-
formation systems based on the LADM. To this end, Section 2 provides 
background and context on Kadaster and the need to update the infor-
mation systems supporting its deed registration system, alongside a 
background on current systems development concepts and approaches. 
Section 3 describes the case study methodology applied in the research 
and the DDD approach as it was explicitly used in the context of 
Kadaster. Section 4 describes the results of the development methodol-
ogy, as experienced in Kadaster. The section concludes by detailing key 
lessons and points of attention. Section 5 examines the potential impli-
cations of DDD for the land administration sector generally, areas for 
future research, and future developments for the LADM. 

2. Background 

2.1. Background to Netherlands systems renewal 

The Netherlands uses an ‘improved’ deeds registration system (a 
semi-positive system) (Vos and Roes, 2020) to enable land registration 
nationally (c.f. Henssen, 2010). A deed system is seen as a negative 
system (Zevenbergen, 2002). Whilst a title registration system, a posi-
tive system (Zevenbergen, 2002), used variously in other country con-
texts, provides absolute proof of ownership, backed by a state agency or 
authority, a deed system does not. This means the transfer of parcels 
between parties is recorded in a notarial deed drawn up by the notary. 
This deed is recorded by Kadaster, and the recording acts as mere evi-
dence that a transaction has taken place, not absolute legal certainty. To 
enable the system, each land parcel is given a unique Identifier issued by 
Kadaster, and this must be included in the deed. The deed is then pre-
sented to Kadaster and registered in the public register. As mentioned, 
Apart from the names of the rightsholders (parties), the rights, re-
sponsibilities and restrictions associated with spatial units and the 
spatial units themselves, the transaction details are recorded to 
demonstrate that the transaction took place. The transacting parties 
receive a note from Kadaster that the deed has been registered. 

In the Netherlands, the cooperation between the notarial profession 
and the registrar, residing in Kadaster, is substantial in terms of robust 
processes and transparency. This is reflected in the high levels of trust 
afforded the information in the registry by citizens, banks and the courts. 
That said, the land register does not provide absolute proof of owner-
ship. However, with its accurate and trusted administration, the system 
objectively provides an acceptable level of legal certainty in daily 
practice: the entire real estate sector in the Netherlands is familiar with 
the system and uses it. By checking the register in terms of chains of 
transactions over a specific parcel, the owner can be determined with a 
very high degree of certainty (Zevenbergen, 2002; Vos and Roes, 2020), 
the so-called semi-positive system of land registration. 

Information systems to support the deeds system were introduced as 
a complete system in the 1980s (eventually known as AKR/HYP), using 
development methodologies, technologies, and languages available at 
that time. By the 2010s, it was determined that Kadaster would intro-
duce a new way of registering land by the automatic processing of 
documents based on business rules, supported by an appropriate land 
information system. 

Driving the redevelopment, Vos and Roes (2020) argued that in the 
old information system (i.e. AKR/HYP), mutations were immediately 
registered, immediately applied, ready to query and were subsequently 
validated. For auditing and later reference, the system linked the actual 
deed ID in the transaction. A record was simply deleted from the 
registration system in case a right in rem had ended. On this, historical 
tracing is obviously essential, and therefore a daily summary of trans-
actions was compiled as part of the old system processes. This allowed 
historical investigations, if and when they were required. However, Vos 
and Roes (2020) mentioned that these summaries did not contain all the 
required information: manual research had to be executed by searching 
many deeds, a very intensive and time-consuming activity. According to 
Vos and Roes (2020), another downside of the old system was that a 
recording error in the system could only be corrected with an extra 
technical transaction performed, in the same way as a regular legal 
transaction. In cases of mistakes, the only option was to execute a cor-
recting technical transaction as a deed, creating extensive overhead. It 
was envisaged that a new registry system could help solve these issues. It 
was deemed that any new system design would be oriented towards 
making transaction processes efficient via automation of business rules 
to verify the transactions against the registry. 

The replacement or renewal of a legacy information system is not a 
new undertaking in itself. Indeed, other country contexts have had such 
experiences in the contemporary era. However, the application of con-
cepts and tools relating to DDD to the land administration domain, 
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specifically the further improvement of a deeds registration approach, is 
considered novel. Before examining the Dutch experience with DDD, a 
brief contextual background on this approach’s emergence is provided. 

2.2. Background on Domain Driven Design 

DDD emerges from the suit of systems development approaches that 
rely upon an interaction between modelling activities, domain expertise, 
platform independence, and systems architecture. These approaches are 
not new to the land administration discipline. For example, according to 
Van Oosterom et al. (2013), the LADM is based on a Model Driven Ar-
chitecture (MDA). MDA is a software design approach for the develop-
ment of software systems. It was launched by the Object Management 
Group (OMG) in 2001 (OMG, 2001). Zaragoza et al. (2016) describe 
how MDA helps to transform one Platform Independent Model (PIM) 
into several Platform Specific Models (PSMs), each for a platform or 
technology in which the final system will be deployed. Automatic code 
generation is preferable to implement the system for those platforms 
from the corresponding PSMs. According to the Cephas Consulting Corp 
(2006), tooling is an essential element in an MDA environment. Janečka 
et al. (2018) illustrate how developers have tried to make their tools 
more interoperable by using common standards such as the Unified 
Modelling Language (UML). Meanwhile, Kahani et al. (2018) show 60 
transformation tools for Model Driven Development (MDD) and Model 
Driven Engineering (MDE) is a well-known tool in land administration 
model transformation. Interestingly, INTERLIS (Germann et al., 2015) is 
not on the list. INTERLIS is a Swiss standard (Swiss Confederation, 2007) 
and is a Data Exchange Mechanism for Land-Information-Systems 
(INTERLIS, 2006), which support the MDA principles (OMG, 2014). 

Supporting MDA activities is the domain modelling itself (Evans, 
2003). There are numerous resources enabling domain modelling: 
Domain-Driven Design provides one example. Evans (2003) and Vernon 
(2013) articulate how DDD is a set of design practices, techniques and 
fundamental principles, terms, and implications to facilitate the devel-
opment of software projects within complex domains, used to guide 
software developers and domain experts to share and represent models 
of knowledge from the domain. Domain-Driven Design has three core 
principles: 1. Focus on the core domain and domain logic; 2. Base 
complex designs on models of the domain; and 3. Continuously collab-
orate with domain experts. 

DDD is primarily about defining and modelling the wish or problem 
in a domain such as LA and not about the solution itself; this follows 
later. The DDD term ‘problem domain’ is used to define a functional area 
within a context such as an organisation or department. A domain is 
usually more extensive than a few objects, and to make it more 
manageable, DDD divides a domain into subdomains, a so-called 
collection of Bounded Contexts (Fig. 2). 

‘Bounded Contexts’ are where a boundary is created for each of the 
concepts, with its properties and operations, and has a special meaning. 
This must be done without reference to the solution itself. That is, there 
should be independence of technology and software architecture. 
Bounded Contexts can be expressed in a context map. Subsequently, the 
subdomains can be modelled in more detail using the Domain-Driven 
Design rules. This is expressed generally in Fig. 1. Translate this figure 
into a specific example of the subdomains of Kadaster without being 
complete in Fig. 2. 

The developed domain model acts as a ‘Ubiquitous Language’ 
(Evans, 2003) to help the communication between software developers, 
architects and domain experts. The Ubiquitous Language is cultivated 
through the intersection of jargons between domain experts and IT ex-
perts. Actual system behaviours are described as a collection of com-
mands and events. The intention is described as a collection of entities 
and secured in schemas and code. 

Evans (2003) proposes to express domain models in UML class dia-
grams that leverage UML Classes and represents a domain object, which 
in DDD is synonymous with the domain concept. Rademacher et al. 

(2018) describes a methodology on how to transform a DDD domain 
model. According to Rademacher, modelling DDD in UML is not formal 
today: model validation and transformation is not possible yet. The skills 
and experience of the developer, architect and domain expert are 
needed. 

For actual software development, also a well-known pattern is 
Model-Driven Engineering (MDE). DDD has many aspects in common 
with MDE (Evans, 2003). Both use models to represent the domain. As 
described in the MDE framework, DDD applies the same techniques in 
practice, such as modelling the domain (structure, rules, dynamics, etc.) 
and using a domain-specific language (DSL). The latter facilitates the 
communication between domain experts, architects and developers. 
Furthermore, MDE complements DDD with model transformation, as 
described with MDA, and code generation to create the Information 
system. Having provided a brief overview of the Dutch context and 
explanation fo the DDD approach, the methods for assessing DDD 
application in the context of Kadaster is now provided. 

3. Materials and methods 

3.1. Method for conducting research 

Action-research principles and case study methods inspired the work 
underpinning this paper. The research activities were context-bound and 

Fig. 1. Example business domain in DDD including subdomains and bounded 
context after interpretation (Vernon, 2013). 

Fig. 2. Example of DDD domains of Kadaster.  
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participative (Koshy et al., 2010; Kemmis et al., 2013) and undertaken 
by practitioners seeking to improve practice via a change process. 
Likewise, with regards to the case study approach, the work can be 
understood as an empirical study examining a contemporary phenom-
enon within its real context (Yin, 2014). This combined research para-
digm and approach was considered appropriate for the work: it enabled 
sketching an overall picture of a phenomenon in its context and later, if 
needed, enabled generalising to similar cases or lessons. 

Alongside Kadaster’s development process, data collection for the 
research case study analysis involved several methods: (i) observations 
of development processes, (ii) interviews with key-stakeholders; (iii) 
questionnaires with other stakeholders and (iv) participation within the 
development team and undertaking consultations - the latter data 
collection techniques drawing inspiration from action-research 
methods. In terms of the actual data collection instruments and ap-
proaches, each sought to shed light in some way on the following 
questions: Why did Kadaster choose DDD to replace the existing deed 
system? How did Kadaster manage to renew the land administration 
with DDD? What lessons can be learned for future implementations of 
land administrations based on LADM? (see Annex A for more details on 
questions). The case questions and analysis were all couched in para-
graph four. 

3.2. Method for systems development 

As explained, for the actual systems development work, DDD was 
finally the primary approach applied. The result did not commence from 
a blank canvas. A pre-existing knowledge of systems requirements was 
captured and fed into the process. Also, the pre-existing logical Infor-
mation Model Kadaster (IMKAD) (IMKAD, 2019), the information model 
of land administration in the Netherlands, acted as a basis. IMKAD 
models all real estate’s descriptive and geometric data in the 
Netherlands and the rights and rightsholders. IMKAD is the information 
model of the Key Register of Cadastre (BRK). This Key Register consists 
of the cadastral registration of properties and the rights that have been 
established, and the cadastral map. This map shows the cadastral par-
cels, including the parcel numbers and the state’s boundaries, provinces 
and municipalities. 

IMKAD is a national standard for geo-information in the Netherlands. 
IMKAD (IMKAD, 2019) is LADM (ISO, 2012) compliant (Leenders et al., 
2014).2 Fig. 3 show the domain model in UML. 

To further explain the DDD process in more detail, it is necessary to 
define two architectural patterns are introduced: Command Query Re-
sponsibility Segregation (CQRS) and (ES). These were applied to 
Kadaster’s information system development work. Here, CQRS is 
explained through an example transaction in combination with ES. A 
key concept is ‘events’ – these being the result of transactions. The 
pattern of events is known as ES, and this is subsequently described. 

In former days, the transfer of a right on a parcel from party A to 
party B used paper-based instruments. In the Netherlands, there would 
be books at the local office where each piece of land was registered. A 
human-based interpretation of the deed was processed. Against the 
eligible book, the appropriate page was selected. The transfer of 
ownership, using the ‘strike through’ of the parcel related to the former 
owner and writing-down the parcel associated with the new owner, took 
place. The paper registration was replaced when computer systems were 
introduced with a database as structured storage. However, the same 
processes were implemented, albeit digitally, as ‘the paper’ based. The 
data model was as optimal as possible (normalised) to represent the 
‘current’ state only: storage and computing capacity were expensive. 

However, the approach meant that not all transaction intelligence his-
tories were tracked. In contemporary times, more data than ever is 
processed and stored, made possible with the help of the relatively cheap 
compute capacity and storage. 

A deed expresses for something to be done: Stopford (2018) and 
Vernon (2013) describe it as a ‘command’ that requests a system state 
change. Once a deed is accepted, it triggers a process at the Land 
Administration Office, previously completed by the human or hybrid 
digital approach – and in information system terms; this requires 
modelling. The first step is to check the deed compliance. And whether 
the notary did their job well in respect to the law and regulations. Next, 
one of the transacting parties, Party A, is checked as to whether they are 
the owner of the land and can sell it to someone else. If not, the land 
cannot be sold. Once the deed is validated and accepted, the current 
state can be edited by ‘strike through’ the parcel relation to the current 
owner and writing down the parcel relation to the new owner. A stack of 
‘Events’ can be built by adding an ID for each accepted ‘command’ and a 
time-stamp of acceptance. These ‘Events’, facts and notifications, should 
happen automatically upon registration and expect no action and no 
response (Stopford, 2018). 

Events are expressed in the past tense. Whilst the ‘command’ is a 
deed saying ‘transfer ownership’, the ‘event’ expresses what has been 
accepted and changed in the registration, i.e. ‘ownership transferred 
from Person A to Person B′. The view on who is the current owner of the 
parcel comes from the stack of events. These are queries taken from a 
repository of the events, itself a result of the commands. Queries enable 
investigation of the repository without changing the registration state 
(Stopford, 2018; Vernon, 2013). 

Fig. 4 provides a graphical representation of the entire process – and 
this is the outcome from the architectural patterns ‘CQRS’ process and is 
considered fit-for-multi-user collaborative applications (Dahan, 2009). 
According to Dahan (2009), the characteristics of CQRS are for creating 
more straightforward and more scalable constructs. By understanding 
the users intent and the process in the head of those users, it is possible to 
model the user interface. A maintainable system with CQRS requires 
understanding the business requirements in detail (Dahan, 2009). 
Zevenbergen et al. (2007) describe the dynamic aspects of modelling 
concerning domain models and use cases. It is essential to model the 
commands from the user interface, the user interface itself, the events 
from the process(es) and the domain model. In his case study, Fig. 5 
shows a translation of the model into a component as designed by 
Kadaster. 

Taking the concept of ‘events’ further, it is essential to note that 
things happen all the time – sometimes simultaneously, sometimes in 
parallel, and also sequentially. Computer systems are similar to our 
physical world in the way that things happen all the time, i.e. Event- 
Driven patterns. Therefore, the information system needs a data model 
that describes all the changes in the registration. This is called Event 
Sourcing (ES) and is in line with Annex N of the LADM (ISO, 2012) on 
event-based modelling. 

To unpack this concept, continuing with the abovementioned 
transaction example, a change in the registration occurs after the 
transaction is verified and valid. This produces an explicit immutable 
audit trail of how and why the registration has been changed at a specific 
point in time. In this case study, Kadaster modelling experts showing 
they designed an event such as EventAanleiding (EventReason) with an 
event identification object CompositeId as shown in Fig. 6. The history 
on a specific parcel, owner, or right is in this way also open: a query of 
the chain of events in the Event Store. 

An Event Store is, in practice, a file on a file system in which each line 
represents an event. Other systems can access the events by (i) sub-
scription (i.e. every new event on a specific characteristic will be sent to 
the subscriber, which triggers a process), or (ii) by creating an info-store 
such as a database. In addition, all statistical or trend analysis and time 
travel are also possible. This can be done independently from the core 
system: the information is copied from the Event Store with no impact 

2 Additionally, the Netherlands is a member state of the Europe Union: the 
European standard for the exchange of parcel information is INSPIRE (2014), 
and it supports parcel information according to LADM (ISO, 2012). IMKAD also 
complies to INSPIRE as well. 
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Fig. 3. Domain model in a UML model of the deed registration system of Kadaster (IMKAD, 2019) using the LADM package colours. (For interpretation of the 
references to colour in this figure legend, the reader is referred to the web version of this article.) 

Fig. 4. Visual representation commands, queries and events after (Vernon, 2013).  
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on the core processes. Fig. 7 provides a simple overview. 
With respect to a relational database theory and practice, the record 

involved is updated in the database after validation of the state change. 
Without additional measures, the previous state is not available 
anymore, and also, who made the change and when the change took 
place is unknown. This is in line with LADM (ISO, 2012) state modelling 
– in Annex N of the standard. With versioned objects in a state-based 
system, an event-based modelling approach can be designed where an 
instance of LA_Source represents the events. 

A final aspect worthy of mention is ‘separation of concern’ in in-
formation processing and information publishing. In general, relational 
databases should be tuned to support transactions and other business 
processes, such as publishing and analytics. Usually, the separation of 
transactional and analytical database environments are realised (Man-
nino, 2012; Bennett et al., 2019). Additional measures are needed to 
keep the processing database, the publication database in sync and the 

transactions history. The concept of event sourcing has some advantages 
that must be specifically designed and configured in a relational 
database. 

To support ‘separation of concern’, all changed records are stored in 
the Event Store. Events are immutable, and the Event Store is append- 
only. All the Events stored forms establish the history too. Even the 
corrections by employees and the registrar are noticed as events and 
cannot be removed from the Event Store. There is never direct access 
from the client to any Event Store. Only authorised services have 
registered access. Concerning LADM (ISO, 2012), the standard supports 
both state and event-based modelling. For publishing and analytics, 
there are Info Stores created from the Event Store. The Info stores can be 
customised for the purpose of the process or customer needs, such as 
partial data or only actual data. The Info Stores can be created and 
synchronised at any time by a synchronisation stream, and only 
authorised services have registered access. 

With the overarching research methodology and the parallel systems 
development methodology (i.e. DDD) now explained and justified, re-
sults of those applied methods are provided in the subsequent section. 

4. Case results and discussion 

With the renewal of the land information system supporting deed 
registration in the Netherlands, the goal of Kadaster was to introduce a 
new way of registration with an embedded ES philosophy. Therefore, 
the focus would be on transactions, reflecting this core aspect of deeds 
systems, and on automated business rules to verify the transactions 
against the registration. 

The scope of the new deed registration information system, KOERS, 
the ‘Cadastral Objects and Rights Registration System’, required that the 
old system’s functionality (registration of legal facts) was also reflected 
in the new system. For many years, business experts worked on a clear 
and more legal based list of transactions that might be executed on the 
registration to update it. This evolved list was taken as a base for the new 
system, including the draft version of IMKAD (2019). 

With DDD, the notion of movement of the data in the model was a 
clear concept closely related to the concept of these legal facts that could 
happen in the registration. Therefore, during development, Kadaster 
explored and experimented with the legal fact, the aggregate boundaries 
and the events to understand the domain, to model actions (commands) 
in the form of legal facts and implications of these into events changing 
the state of the model. Additionally, functionality such as automated 
processing of deeds, correct parcel support (with provisional and 
administrative limits) needed to be included to meet the requirements 
for basic registrations. This also necessarily included capturing history, 
referral via identifying characteristics, and facilitating feedback and 
signalling ‘in research’. 

The choice for DDD only followed after initial work was completed 
with ES. The most important function which the new system had to 
support was the audit trail and history model, which ES enabled. The 
choice for CQRS and DDD followed more or less naturally from the 
perspective of software developers. DDD places concepts as CQRS and 
ES in a certain context. ‘Separation of concern and responsibility’ sup-
port the non-functional need for decoupling: every bounded context has 
to function on its own. In the meantime, sharing information is essential 
too: loose coupling is a better approach. The next sections describe how 
Kadaster managed the modelling of the new deed registration infor-
mation system and which tooling was applied. 

4.1. Modelling process 

After using ES, Kadaster needed to find a way to model the new 
system using a DDD approach - and MDA was applied. The Model-Driven 
Architecture (MDA) approach is a sequential design process. DDD is a 
design approach in an agile concept and fits the state of the art of a 
cloud-based approach and microservices. This is novel to land 

Fig. 5. Implementation model of components: commands, queries and events.  

Fig. 6. Example of attributes of an event designed by Kadaster.  

P. Oukes et al.                                                                                                                                                                                                                                   



Land Use Policy 104 (2021) 105379

7

administration design and implementation. As Vos and Roes (2020) 
stated, modelling specialists needed to identify new modelling tech-
niques for CQRS. This required separating ‘Commands’ from ‘Queries’. 
What is an order (command) to change the registry state, and what is 
this order’s intention? Or, what are ‘simply’ just questions (query) that 
need to be answered? According to Vos and Roes (2020), this 
Event-Driven approach is a paradigm shift in the registration, which 
equally applies to the case of Kadaster. In short, the Event-Driven 
approach provides concepts to align business experts with software 
developers. Instead of complex models and business rules with only 
business jargon, developers are promoted to understand these models 
and rules. Thus, business experts understand the developers’ exact and 
straightforward way of thinking, clearing and optimising the business 
models and rules. 

The first step in the modelling process involved translating the 
logical data model IMKAD (IMKAD, 2019) into a DDD domain model. 
IMKAD (2019) was in the draft version available during development. 
According to the IT experts, the potential conflicts and impacts of 
translating DDD into the IMKAD were uncertain. The modelling of the 
events was absent in the IMKAD model and are in IMKAD (2019) with 
more detail but still on a high level. IMKAD models all classes with re-
lationships; however, there is an explicit focus on aggregate and context 
boundaries with DDD. DDD primarily builds from a domain model 
divided into several subdomains (bounding contexts) and aggregate 
roots. The ‘art’ is to identify an appropriate grouping. Based on the 
IMKAD domain model Kadaster identified the following aggregate roots: 
(Cadastral) Object, Subject, Deed (Source Document), Location and 
Processing Case. The new KOERS information system supporting the 
processing of the deeds contains the Processing Case aggregate in its 
bounded context, and the (Cadastral) Object, including all rights in rem 
in the registration bounded context. It also contained references to 
external bounded contexts for Subjects, Deeds and Location. These 

contexts were separated for several reasons, one of them being the pri-
vacy regulations of the EU. 

According to the modelling experts and developers, grouping should 
be carefully chosen, ensuring delineation consistency. For example, the 
IMKAD model was considered not to have been entirely converted for 
the registration component: only those entities and attributes required 
for deed validation and event creation were incorporated. 

To create models for CQRS and ES from data models was difficult 
because the logical data model, IMKAD, tried to solve all functionality 
for registration and provision/publication in one single model. In 
retrospect, as Bittner and Spence (2003) described, it was essential to 
develop the Use Case model and Use Case specifications, from which the 
commands could be derived and the business rules and validation rules. 
In summary, this is an example of vertical interoperability (i.e. trans-
lation of a business activity to a process level). 

4.2. Modelling tools 

Generally, automatic code generation is preferable to implement the 
system to the corresponding Platform Specific Models – and as dis-
cussed, in theory, the software can be generated. However, in more 
traditional software development specifications and business models, 
automation is often not possible as it produces suboptimal code. This 
was certainly the experience in Kadaster: the logical model IMKAD had 
to be converted manually, almost one on one, into Domain Model Java 
classes, distinguishing between Entities and Value Objects (immutable 
data types) according to the DDD approach. According to the ques-
tionnaire IT developers say, it was easy to manually convert the classes 
that implement entities and data types: relatively speaking, the model 
was not large. Moreover, commands and events were not modelled in 
the logical model IMKAD: an automatically generated implementation 
would be incomplete. Additionally, at the beginning of the system’s 

Fig. 7. Simple overview of CQRS/ES services implementation inspired by Stopford (2018).  
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development, it was not clear what the final implementation would look 
like: according to the modelling experts of Kadaster, the final view was 
discovered along the way. 

4.3. Implementation 

Once the new information system supporting deed registration was 
deemed mature enough to start using, the system went into a semi- 
production environment. According to the IT experts, the idea was 
that the actual production was in the old system. However, every 
transaction request for change would be mirrored in the new system. In 
this way, there was an understanding of the theoretical and designed 
system before full production, and checks between the new and old 
system were possible. According to the It experts, the adjacent systems, 
which exchange information, also improved the new system. 

The parallel system approach was enabled for a whole year. Once 
proved the new system’s quality was equivalent to the old system and 
the functional scope and improvements realised, the next step involved 
going live. This operation was a ‘big bang’ process completed over one 
weekend. The old system was stopped, and transactions underway were 
finished. The state of the old system was migrated into the new system as 
events in the Event Store. After a check on the state of both systems 
being identical, the new system was started, and all (updated) adjacent 
systems pointed to the new system. After a test run, the IT experts 
checking that the system processes were functioning with expected 
outcomes once again, the system was live. In principle, there was no way 
back to the old system. After 1 day of production with the new system, 
there was a point of no return. 

Even after a year of parallel operation, in practice, many issues arose. 
The business and IT employees worked together to resolve the problems 
within a limited time as possible. Examples of issues were known un-
supported and legal rights that are rare being presented earlier in the 
system’s lifecycle as expected, such as stacking more than three rights in 
rem on a plot or changes in the law or justified wishes of users sometimes 
required functional adaptations. By applying DevOps, Agile and 
Continuous Delivery techniques, these ‘new’ types of deeds were real-
ised by the developers and business together. The system was extended 
with this functionality within a few days. Another issue was the slow 
performance of the building of information stores (stored views). The 
reason was the amount of data had to be filtered out of the Event Store. 
In the dry run, the Event Store was not as large as the real production 

Event Store, after transforming transactions from the old system into the 
events for the new system. 

4.4. Integration 

Linking with other government key registers (e.g. persons (BRP), 
business (NHR)) and systems can be done in two ways: (i) with an info- 
store, and (ii) with a subscription to events through a web service. The 
info-store is modelled explicitly according to the customer’s information 
(events) needs and made accessible by a web service. The info-store is 
created at the startup of the service and filled with events from the Event 
Store of a certain topic. New events are added over time. With an event 
subscription, a customer can subscribe to the flow of events and process 
and apply them internally at their own discretion (Fig. 8). The imple-
mentation model of service components in the combination of event and 
info stores is shown in Fig. 9. 

A point of attention are events in which encodings are used to ex-
change information. A context map describes which data is exchanged 
and which encodings are applied between bounded contexts for all re-
lationships in the domain model. Kadaster has mainly used Represen-
tational state transfer (REST) web services, with encoding (Geo) JSON 
(JavaScript Object Notation), GML (Geography Markup Language) and 
XML (Extensible Markup Language). For the external systems, the 
encoding was mainly XML which comply with the logical model IMKAD. 
In the opposite direction, when data from an adjacent system is received, 
it must be delivered following the policies of IMKAD. This is so that it fits 
with the model of the system. In DDD, a so-called anti-corruption layer 
will have to be designed for each link to check and transform the data 
and encoding when needed. According to Evans (2003), an 
anti-corruption layer is a way of linking two Bounded Contexts. When 
there is another system to interact with, there is no complete under-
standing of the model used, and there is no control over that system. The 
anti-corruption layer is a separate layer that can reduce the friction 
between two systems when there is a need for functional integration (i.e. 
when a legacy system is involved). This is an example of DDD helping to 
support horizontal interoperability between systems. 

4.5. Interoperability 

DDD contributed to interoperability. This was assessed regarding the 
CEN/ISO standard 11354-1:2011 (ISO, 2011). The relationship between 

Fig. 8. How to use events to publish by an Info Store or trigger other systems by the continuous stream of events.  
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Business, Process, Service and Data was fully managed by the DDD 
design process, mainly through the common language developed be-
tween domain experts, architects and developers. As described by Oukes 
et al. (2019), the barriers, including the incompatibility between entities 
within the enterprise, obstructing the exchange of information and other 
entities, were covered by the domain model approach. As described by 
Chen (2009), Typical Barriers, including different semantics and syn-
taxes used in other process modelling languages, incompatible process 
execution engines and platforms, were all found to be mitigated by 
CQRS and ES. Further, the concept of decoupling and subscription to 
events, and the use of Event Stores, created a secure supply of the needed 
information of the adjacent systems. 

4.6. History 

On documenting history, the advantage of ES is that the imple-
mentation of the required two-dimensional history was considered 
easier than alternative strategies, such as Bitemporal Modelling (which 
was the historical approach used in Kadaster). In LADM (ISO, 2012), a 
standard Class is a Versioned Object, introduced to manage and main-
tain historical data in the database. History requires that inserted and 
superseded data are given a time-stamp. In this way, the contents of the 
database can be reconstructed, as they were at any historical moment. 
DDD, in combination with CQRS and ES, enabled the capture and 
management of this history. In an event-based modelling approach, the 
event is represented by an instance of LA_Source. Each change is shown 
as an event and is therefore included in the Event Store with a 
time-stamp of creating the event. In this way, the history of changes 
around an object can be retrieved from a chain of events in the Event 
Store. After all, the change will result in an event, and a new state as the 
LADM standard expects. 

4.7. Audit trail 

An audit trail is an administrative undertaking through which one 
can find out, within an organisation, how and by whom a mutation or 
transaction has come about. An audit trail can be used to check whether 
a transaction has been authorised or if there has been a fraud, for 
example. As a key societal register, it is important to have a land 
registration system that can be trusted, meets the highest security re-
quirements, and can be guaranteed by the registrar. ES enables robust 
audit trail capture in the new system: events (i.e. state changes) are a 
core element of the system. They are stored, immutably, in the order, 
they were created. The resulting event log provides a comprehensive 

audit of precisely what the system did, by whom and when, as in the 
versioned object with CI_ResponsabilityParty of LADM. In cases of cor-
ruption, it should be possible to re-derive the system’s former state by 
rewinding the event log and replaying the events in order. Also, 
administrative additions can be covered too. These are new events 
generated on behalf of the registrar to support corrections, for example. 

4.8. Events driven 

The disconnect between processing (commands) and publishing 
(events), enabled by CQRS and ES, improves the communication be-
tween different services. The experience was that info-stores contain 
much historical data too, and not all of that is always necessary. When 
building the Event Store, this “unnecessary” data takes much time to 
compile. Therefore, it is important to understand which data consumes 
demand. Failure to properly model business events is often the biggest 
problem in a decomposition process using CQRS and ES. Modelling the 
right events is an iterative process. Once clear which data is needed, the 
info-store can be created from the Event Store. In a CQRS/ES environ-
ment, there is no longer just one “the” database. Sometimes for, i.e. 
analytics, an ad-hoc query on an info-store is complicated if not all at-
tributes are included. In this case, an additional relational database can 
be created from the Event Store for analytics. The registration system’s 
advantage is that it does not degrade the performance because of 
running the analytics scripts. At any rate, this generally aligns with 
contemporary approaches to the separation of transactional and 
analytical database environments (Mannino, 2012; Bennett et al., 2019). 

5. Experiences and lessons 

Post-2018 implementation, after a year of continuous operation, 
several lessons were evident. First, fundamental to the DDD methodol-
ogy is defining, sharing, and discussing the domain model, including 
subdomains and bounded contexts, and connect the domain experts, 
analysts, and architects. A combination of top-down and bottom-up 
expertise was found to work well here. This fits with the agile working 
concept of Kadaster: an infinity loop of design, develop, test and 
improvement. Creating the common (and ubiquitous) language is part of 
this, so every team member knows and understands the domain. Com-
mands, Aggregates and Events are explored and are respected by the 
business analysts (top) and the developers (bottom). Both the business 
experts and developers applied the ES way of thinking promoted within 
DDD. This is on one hand a form of implementation of the system, but, 
on the other hand, it is a way of expressing business model evolution and 

Fig. 9. The implementation model of services and (event and info stores) of Kadaster.  
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therefore business rules - clearly and concisely for the business experts 
and developers. During development, this became even more clear 
because business experts could verify the team’s automated tests very 
quickly and confirm the new system behaved as functionally intended, 
including the flexibility of implementing new laws and regulations. 

Second, it is important to connect events to process events in the 
domain during the design process, aligned with the actions performed. 
Most of the time, this interaction is not included in the logical model. 
Events should be seen more as functional building blocks. According to 
domain and modelling experts, the knowledge about using them should 
be shared in the project team. In a logical information model, usually, no 
user-interface is modelled, yet it is an entry point for a process with 
interaction. Therefore, a point of attention is to create models for UI and 
commands from the process that use the UI. 

Third, concerning system maintenance, this is considered a positive 
experience for Kadaster. 

Undertaking development in-house may account for some of this 
positive result. After all, the team is both administrator and developer, 
meaning bottlenecks and issues are more quickly reported and resolved. 
The experience is that the system has become more mature, if not 
complex (as opposed to more complicated), in that the events and, more 
specific, the creation of info stores contributes to this. Some research has 
to be done to simplify this. 

Fourth, after the success of applying DDD to redesign the deeds 
registry information system, some new systems have been (re)designed 
according to the concept. The experiences of the initial DDD project 
could be stylised. If an organisation opts for DDD with details in CQRS/ 
ES, it is also good practice to fully apply microservices, an emerging 
trend in IT and the cloud. The agile approach’s advantage in continuous 
Delivery and DevOps is to start small and expand and improve over time. 
It means there is a working system from the beginning, which is 
important for the stakeholder to look and feel the system ‘to be’. 

Fifth, interestingly, the entire registration system was realised with 
open-source software such as Linux, PostgreSQL, Angular, Scala, Axon 
Server, Java including Bean Validation and VAVR, SpringBoot and 
Kubernetes as a framework for microservices. Of course, this requires 
having the in-house expertise to use and maintain the system developed 
from these tools. 

6. Conclusions and future directions 

Moving from system concept to implementation is not a straight 
forward pathway. This case study of DDD, applied in Kadaster, shows 
the possibilities of the approach used to the land administration domain 
more generally. It shows it is possible to approach the development of 
land registration differently. The lessons help to overcome the 
complexity of implementation by introducing a more technical approach 
only on the subject of concern with business involvement without te be 
technical. By choosing subdomains and concentrating on interopera-
bility concerns to the subdomains, the implementation scope is smaller 
and less complex. On business and process levels, there is a problem to 
solve issues between these subdomains. 

The development strategy for the new system focused on under-
standing transactions as events, more closely reflecting the deeds 
registration approach to record the chain of transactions over a parcel 
(Zevenbergen, 2002; Vos and Roes, 2020). The Event-Driven mindset 
offers the opportunity to move beyond state-focused systems, enabling 
better land registry traceability, functionality and system interopera-
bility. It provides the opportunity to undertake a scaled production-level 
of LADM implementations. The event-driven approach seems particu-
larly well aligned with deeds registration systems, but there is an 
obvious utility in title-based systems. 

On a more technical level, the Kadaster case confirms that data ex-
change is made easier with standard formats such as XML, JSON, and 
GML. Moreover, through Events Sourcing, the interoperability and 
operationalisation improve by loosely coupled systems, with their own 

models, software and platforms. The Land Administration Domain 
Model is a descriptive standard (ISO, 2012). There are many imple-
mentations of LADM described, but there is still a need for examples of 
encodings and exchange formats that fit. In the development of LADM II, 
there is a chapter foreseen which will cover this. The lessons of Kadaster 
can contribute to this. 

In terms of the development process itself, Kadaster started exper-
imenting with ES and soon moved from a developer perspective to the 
DDD methodology. DDD comes with its own set of design practices, 
techniques and fundamental principles, and terms that facilitate soft-
ware projects finding a common language for complex domains. DDD 
impacts when an existing base model exists, mainly the designing of 
behaviour process and events. DDD guides modelling specialists, soft-
ware developers and domain experts to share and represent ideas and 
constructs with models. The design process of DDD provides a solution 
for interoperability, as LADM proposed because the entire environment 
of the system is considered. DDD fully appreciates the concern (Chen, 
2009) of interoperability between Business, Process, Service and Data, 
and this seems to have been largely confirmed in the Kadaster case. It 
was easier to start small and modular with a single part, a bounding box 
of the domain model, expand the modelling via iterations, and code over 
time. However, it is essential to recognise that a prerequisite for DDDs 
application is to have good knowledge and human skills in both the IT 
and business parts of an organisation (if they are separate). 

Positives aside, there were risks of DDD becoming overly compli-
cated – and the potential failure in the modelling business, often an issue 
using CQRS and ES, was recognised. It is also important to note that 
contemporary data modelling tools do not fully support DDD, CQRS and 
ES. While Evans (2003) proposes to express domain models in UML class 
diagrams, the Kadaster case demonstrated that it is not a trivial issue: 
DDD syntax is not UML aligned yet. Whilst Rademacher et al. (2018) 
does describe a methodology for how to map DDD model patterns to 
UML 2.5 metamodel equivalents, and it is clear that more research is 
needed for modelling DDD in UML. On conversion from models to code, 
Zaragoza et al. (2016) and Rademacher et al. (2018) both state that 
translating remains complicated: it needs human skills and existing 
models are inadequate for capturing behaviours. Another important 
obstacle is sharing and exchanging data: Kadaster opted for XML and 
JSON encoding standards. However, uniform acceptance of these stan-
dards is not assured. 

Taking the abovementioned challenges into account, it is suggested 
that further research be undertaken to determine the extent to which 
DDD can be further supporting in implementing LADM at national 
levels. Many DDD-related questions require examination, including: (i) 
What are the optimal subdomains and aggregate roots? (ii) Are the 
subdomains the LADM packages, or is it more subtle? (iii) Where can the 
cut be made if the responsibilities are shared over multiple parties/or-
ganisations? Here, one suggestion could be to develop a modelling 
methodology example in the upcoming LADM revision, illustrating 
LADM implementation using DDD. This could also introduce encoding 
examples, showing which encodings fit best between LADM packages. 
Research is needed on how DDD can support both a deed system and title 
system with LADM as a base model. 
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Janečka, K., Bydłosz, J., Radulović, A., Vučić, N., Sladić, D., Miro, 2018. Lessons learned 
from the Creation of the LADM based Country Profiles. In: 7th International FIG 
Workshop on the Land Administration Domain Model, Zagreb, Croatia, 11–13 April 
2018. 

Kahani, N., Bagherzadeh, M., Cordy, J.R., Dingel, J., Varró, D., 2018. Survey and 
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