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SUMMARY

At Faculty ITC, we have noticed that it can be challenging for students to fully understand the
Land Administration Domain Model (LADM). Given the complexity of the subject, this can be
expected. Good teaching aids that materialise the concepts and diagrams prescribed in the
standard are needed. Part of the problem is that the modelling language, that is, the Unified
Modelling Language, UML, is not so easy to understand. Whoever wants to understand LADM
must also understand UML.

We developed a new approach. Offered datasets modelled according to the LADM standard
open up the possibility of teaching from the concrete level (end product) and not from the
abstraction level in UML. This means starting from a cadastral map with visually linked rights
and entitled parties. Then the translation of this data into database tables is the next level of
understanding. What do these tables look like for the data shown on the map? Finally, the link
between database tables and UML diagrams is presented to the students.

A virtually accessible LADM implementation that starts with the concrete and ends with the
abstract is better understood by students than the UML model of the LADM. This is a good
support in the learning process.

Different scenarios can be derived from a single dataset, demonstrating multiple levels of
complexity and model variations that accommodate different local land tenure arrangements.
The presentation in this session will consist of an introduction showing the different steps (i.e.
maps, tables, UML models). Afterwards, a live demonstration will show the didactic
possibilities that such a dataset, and the associated tools, can offer.

All introduced tools will be published under an open, permissible license to invite all actors in
the community to use them.
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1. INTRODUCTION

The Land Administration Domain Model (LADM) offers a comprehensive functionality that
supports the documentation of the relationships between people and land in a land
administration (1ISO/TC211, 2012; Lemmen et al., 2015). Within the professional land
administration world, the model is known and used in the development of land administration
systems. Kalogianni et al. (2021) present forty country profiles and ten national
implementations of the LADM. With the Social Tenure Domain Model (STDM) (Lemmen,
2010), there are many more. Quite a lot ten years after the introduction of the standard.

There is a user community that meets regularly and exchanges experiences during LADM
Workshops, see for example Kara, et al. (2022) and the TU Delft wiki at the end of this paper.
The tenth workshop was recently held in Dubrovnik, Croatia. A solid scientific foundation for
the LADM is established in many scientific publications, see the wiki. Software suppliers are
building applications. All this demonstrates that the functionality offered by the model is useful.

At Faculty ITC, University of Twente, The Netherlands, we have extensive experience in
teaching land information modelling with the LADM. Through this experience we have
observed that fully understanding the LADM can be challenging for students and novices.
Given the complexity of the subject, this can be expected. Good teaching aids that materialise
the concepts and diagrams prescribed in the standard are needed. Part of the problem is that the
modelling language, that is the 'Unified Modelling Language', is not so easy to understand.
Whoever wants to understand LADM must also understand UML. This is needed to see,
analyse, interpret, apply and thus understand the wealth of functionality the LADM offers.

We developed a new approach. Offered datasets modelled according to the LADM standard
open up the possibility of teaching from the concrete level (end product) and not from the
abstraction level (UML). This means starting from a cadastral map with visually linked rights
and entitled parties. Then the translation of this data into database tables is the next level of
understanding. What do these tables look like for the data shown on the map? Finally, the link
between database tables and UML diagrams is presented to the students. This approach is
presented here.

The different levels of abstraction that can be addressed allow the student to attain several levels
of learning when considering the revised Bloom's Taxonomy proposed by Anderson et al.
(2001). Depending on the learning outcomes, the types of knowledge that can be explored
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include factual knowledge, conceptual knowledge, and procedural knowledge used within
learning levels ranging from understanding to evaluation — covering five of the six levels of
learning.

Along with the didactic approach, we made an effort to ensure the datasets have a low entry
barrier regarding financial costs and software availability. All the datasets are distributed using
open specifications, and the exercises assume the use of QGIS and PostgreSQL/Postgis. These
are well known open software projects that are available, maintained, reliable and safe -
attributes of software sustainability as defined by Venters et al. (2014). The sustainability
element is vital to ensure that the educational materials we now present will remain relevant
and usable in the foreseeable future. On top of open specifications, the datasets and
accompanying resources are published under a permissive Creative Commons Attribution-Non
Commercial 4.0 International License.

This paper starts from a cadastral map with visually linked rights and entitled parties in section
2. Then individual cases are shown in so-called "instance level diagrams™ section 3. The
translation of this data follows this into database tables — the next level of understanding —
introduced in section 4.. Then a virtual accessible environment is introduced in section 5 and
the development of exercises in section 6. Finally, local land tenure arrangements (in a
customary area) are presented in section 7. There is a short conclusion in section 8.

2. PEOPLE TO LAND RELATIONSHIPS AND THE CADASTRAL MAP

In teaching land administration at the ITC, we try to establish methodologies for documenting
formal people land relations as well as informal ones, such as areas with traditional customary
tenure or slum settlements. People to land relationships are complex, as are people to people
and land to land relationships. See Figure 1.

People and their
Interrelationships Common understanding Land
(Reality) (Conceptual) (Reality)
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-

Figure 1. People-land relationships and the cadastral map as representation of reality
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People to people relationship can be about natural and non-natural parties (or persons), about
families, about polygamic relationships. People can be included in a land administration or in a
connected population register. For the people to land relations, the continuum of land rights
should be applicable (UN-Habitat, 2008). For representation of the boundaries, besides the
traditional fixed and general boundaries, also fuzzy and dynamic boundaries must be possible
to be included in the land administration. The same goes for overlapping spatial units and
overlapping tenure systems. Disputes must be depictable.

The students at ITC are educated in UML of course. During the Covid period, we suddenly
realised that in addition to our slides with many LADM UML models, we were frequently using
the white board in the class room to illustrate people to land relationships. The students always
diligently copied this. However for the remote classes there was no comparable replacement
for the white board and marker. At the beginning of the Covid lockdowns, in the absence of
functional white board, we found ourselves unable to effectively communicate and demonstrate
the different LADM concepts to our students. It never occurred to us that the reason being that
we could no longer make use of representations of the cadastral reality (and its corresponding
database tables) on the whiteboard interchangeably with the LADM and its UML diagrams
projected on a screen. See Figure 2 for a whiteboard example case.
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On our LADM lecture slides we showed UML class diagrams with several types of associations
(relations between classes) and multiplicities included. Multiplicities indicate the number of
instances of one class linked to instances of another class. For example, a party (right holder)
will have one or more land rights. Those slides with class diagrams were further combined with
slides with the LADM attributes — with formal definitions to explain their semantics. Colleagues
at Kadaster Netherlands had said softly that the LADM is nice and important — but that
presentations became boring as soon as the UML diagrams appeared. For the connoisseurs, that
was where the fun started, but the others dropped out. Even when they were aware that LADM
is about the essence of Land Administration the land data. Problem is that they simply did not
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Figure 2. Use of the whiteboard to show people to land relations
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understand how to read the UML diagrams. We did not pay enough attention to these kinds of
critique.

The solution is as simple as it is effective: all those endless numbers of drawings on the
whiteboard of cadastral maps showing people to land relations had to be included in the slides.
And in the videos explaining the slides. That makes the introduction of LADM applicable in
remote learning and in Massive Open Online Courses (MOOCS) if required. Please notice that
this type of learning also happens within projects and consultancies. We have worked out the
visualisation of the formal legal situation using a of total 15 parties, 17 rights, 13 basic
administrative units and 22 spatial units. Something similar was done for a customary area, see
further on in this paper.

Figure 3 shows the starting point: the cadastral map. The map shows Tomas and Elisabeth
having a right of ownership on spatial units WR02, WR03 and WRO04 in the village of Water
River.

N

WR12 WR14I

WR13

Figure 3. Elisabeth and Thomas have a right of ownership on the spatial units WR02, WR08 and WR10 in Water River

Figure 4 shows a 3D map of property units "owned" by Monique. She holds an apartment —
with a parking space and laundry room.

Apartment @

& Parking Lot %

Property \-
Laundry Room %

Figure 4. Monique owns an apartment with parking lot and laundry room.
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The visualisations presented in the material are based on a single dataset prepared specifically
for this purpose. The dataset consists of a map created in a GIS, with data about people-to-land
relations realising different scenarios. Figure 5 shows the map of the "case study" area.

Figure 5. Map of hypothetical region comprising the LADM learning and teaching dataset.

The area includes an urban settlement called Waterriver surrounded by a rural area consisting
of two distinct communities, Grassybasin and Grassywoods, each with its own social
governance structures. As we will see later on, our dataset allows us to present a wide variety
of land information modelling scenarios.

3. INSTANCE LEVEL DIAGRAMS AND DATABASE TABLES

In group discussions, we discuss how Tomas, Elisabeth and Monique's situations can be
depicted with the LADM. In the LADM the administrative/legal data, the 'registry’, and the
spatial data, the 'cadastre’, are represented in one integrated model. A good way to introduce
the structure of this model is to start with concrete depictions of how the records relate. Taking
the case of Monique, Figure 6 presents a reader friendly schematic showing which objects are
involved and how they relate to each other. This directly translates to the more UML-like
instance diagram in Figure 10.

Spatial
Unit

wris-18
°
ﬂ %’ 'Ba.SIC .
€«——————  Administrative ;. Spatial ay
Unit 13 —> Unit
& WRls 22 U

Monique: Party Record of Szan'l'ta‘

“Ownership Right104” WR18-4

Figure 6. Monique has a single ownership right to three property units in the apartment complex — the apartment (WR18-4),
the parking lot (WR18-5) and the laundry room (WR18-6) . These are grouped into Basic Administrative Unit 12.
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Going back to Tomas and Elisabeth, the question is whether each has an individual right? See
the rights 02 and 03 in the "instance level diagram™ Figure 7. These diagrams present static snap
shots of instances (not classes) in the LADM. It shows exactly what points to what.

Tomas P02 Ownership Right02 WRO02
WRO08
Elisabeth P03 Ownership Right03 WR10

Figure 7. Thomas and Elisabeth each have a ownership right of the spatial units WR02, WR03 and WR10

Or do they have a share (e.g. 1/2 each) in a single right? See the shares in the right 02 visualised
in Figure 8.

¥% Ownership
Tomas P02 Right02 WRO02
WRO08

. % Ownership
Elisabeth PO3 Right02 WR10

Figure 8. Thomas have a share in one ownership right in spatial units WR02, WR03 and WR10

Or is it more convenient to group the three spatial units into one basic administrative unit (i.e.
property unit), as illustrated in Figure 9. Here Tomas and Elisabeth have a share in one
ownership right related to a Basic Administrative Unit 2 (BAU02). BAUO2 is composed of
three spatial units WR02, WR03 and WR10.

% Ownership
Tomas P02 Right02 WRO02
BAUO2 WRO08

. % Ownership
Elisabeth P03 Right02 WR10

Figure 9. Thomas and Elisabeth have a share in one ownership right related to a basic administrative unit 2 (BAU02).
BAUO02 is composed of three spatial units WR02, WR03 and WR10

The case from Monique is presented below in Figure 10, also in the form of an instance level
diagram. As said, she owns the spatial units WR18-4, WR18-18 and WR18-28.
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WR18-4

Ownership

Monique P14 Right104

BAU13 WR18-18

WR18-28

Figure 10. Monique owns basic administrative unit 13, consisting of the spatial units WR18-4, WR18-18 and WR18-28.

The LADM functionality for basic administrative units may look overdone. This functionality
was particularly useful for taxation cadastres - when sending tax assessments, overviews per
right holder, per municipality (which often sends the assessments) of the values of all parcels
are useful. It is also useful in situations where a set of spatial units composes a property.

With all the instance level diagrams for all cases together the database tables for the parties,
RRRs, basic administrative units and spatial units can be visualised.

4. DATABASE TABLES AND UML DIAGRAMS

By showing how entities in the instance diagrams are stored inisde database tables, we can
begin to relate groups of instances (E.g. the parties Tomas, Elisabeth, and Monique) with the
classes to which they belong in a UML class diagrams. See Figure 11, from left to right party,
RRR, BAUnit and Spatial Unit.

MIIE_ D |Type | share [N bauiD [N suD _|area |geom | .|

Carlos Right01 Ownership  1/1 BAUO1 WRO01

P02 Tomas — Right02 Ownership 1/2 BAUO2 WR02
P03 Elisabeth — Right02 Ownership 1/2 BAUO3 WRO03
P04 Municipality Right03 Ownership  1/1 BAUO04 WR04
P05 Anna Right04 Ownership  9/10 WRO05
P06 Cooperation Right04 Ownership  1/10 WRO06
WRO07

. . BAU13 WRO08
: : : WRO09
P14 Monique WR10

\Right104 Ownership  1/1

WR18-4
WR18-18
WR18-28

Figure 11. The database tables can be derived from the instance level diagrams. Here rows corresponding to the examples in
Section 3 above are highlighted with the colors of the instances involved.
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Figure 12 below illustrates how to read the displayed class in UML. The attributes in the Party
class are listed below each other in the UML class diagram. But in the database tables they are
columns that are next to each other. For many colleagues without a design background in ICT
this is an eye-opener. Now the whole LADM class diagram is understood a lot better - so is our
experience. And also the link between the UML class diagram and the database tables.

VersionedObject

«featureType»
Party:LA_Party

extPID Qid [0.1]
name: Ct ng [0.1]
plD: Oid <
role: LA_PartyRoleType [0.7]
type: LA_ParyType <

FoEE

Figure 12. The attibutes in UML are database colums

And the whole LADM class diagram is understood a lot better — in this "step by step approach”,
from package (see for example the LADM Party package in Figure 13) to the complete LADM.
So is our experience.

VersionedObject
«featureType» baunitA®Party
Party:LA_Party
0.+
+ extPID Gid[0..1]
+ name: CharacterString [0..1]
+ piD Oid VersionedObject
+ role: LA_ParyRoleType [0.7] |+party +11T]
+ type: LA _PartyType «featureTypes»
0.1 0.* Administrative:LA_RRR
VersionedObject +parties | 2. - 1.7
«featureTypen |
Party:LA_PartyMember [ 0.7
+ chare: Rational [0.1] 1 VersionedObjact
VersionsdObfact
«featureType»
«featureT ype» +baunit]  Administrative::LA_BAUnit
Party::LA_GroupParty
+ grouplD: Oid 0
+ type: LA_GroupPartyType 0.7
Vi dObject
constraints ersione k38
{sum(LA_PartyMember.share)=1 per group} «featureTypen E
Spatial Unit::LA_SpatialUnit
«codelists scodelicts «codelisty
Party:LA_PartyType Party::LA_GroupPartyType Party::.LA_PartyRoleType

Figure 13. From Class to package, the from package to the complete LADM class diagram (I1SO, 2012)

We are aware that this approach is a "bottom-up” approach. But it works.
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5. VIRTUALLY ACCESSIBLE LADM

A virtually accessible LADM environment has been created. See the link at the end of this
paper. In this environment the datasets take two forms: geopackages (.gpkg) containing spatial
and non spatial layers and, as an alternative, a PostgreSQL database dump file that can be
deployed to a PostgreSQL database server with PostGIS extension enabled. In both cases, a
QGIS project with pre-loaded and pre-styled datasets serves as the frontend (Figure 14).

The project is organised around two main groups of datasets — one documenting a formal,
national dataset and another group containing the tables referring to the customary lands, see
section 7.

Within each group, information on land, rights and parties can be seen along with a subgroup
for history registration, where records of all the edits that the user performs over the dataset are
stored. Different scenarios can be derived from a single dataset from this initial setting,
demonstrating multiple levels of complexity and model variations that accommodate different
local land tenure arrangements.

®
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CUSTOMARY_DATABASE &
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Figure 14. Datasets loaded into QGIS

In its simplest form, the user can pan the map and explore the attribute tables. The exploration
can also be performed via a web map application. However, the virtual environment is prepared
to support data views that are used to show more complex relationships between the datasets.
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These take the form of new tables and layers, as the case of Basic Administrative Units BAU
(Figure 15), an often confusing concept to understand.

() bau— Features Total: 14,..  — [m| X

=] & aTEPD ©o»

id party_id right_ type =
1 [BAU-1 P01 Ownership BA-1 BAU-3
2 BAU-2 P02 Ownership
3 |BAU-3 P03 Ownership sAu"E
4 [BAU-4 P04 Ownership .

i a a
5 BAU-5 P06 Ownership L FEAL13
BAU-4| L]
6 |BAU-6 P07 Mortgage g oA BAU-12
7 BAU-7 P8 Ownership
8 (BAU-8 P09 Ownership
9 BAU-9 P10 Ownership
BAU-14
10/BAU-10 P11 Lease BAU-6
11 BAU-11 P12 Leasehold s
12 BAU-12 Pi3 Ownership
13 BAU-13 P4 Ownership =
4 »
~ Show All Features ..

Figure 15. Example of a data view (Basic Administrative Unit)

Of course, the actual implementation logic is also available, and as such, the SQL statement
behind every view is also made available (Figure 16).

() Create a Virtual Layer x

Layer name |bau hd

v Embedded layers

Local name Provider Encoding Source
Add Import Remove
Query

1 select cast (row_number() over() as string) as id,
2
3

as starting Date,

st_union eometry) as geometry
6from rrr as r join spatial unit as s on r.spatial unit = s.sunit_id
7Tgroup by r.party id
Unique identifier column
v Geometry
* Autodetect
No geometry

Geometry column |geometry
Type Point
CRS

Test Close Add Help

Figure 16. SQL View

This is a high level of detail that might not suit all courses, but it is essential to provide it as an
extra possibility. The exploration of advanced implementation queries is similarly applied in
the case of history registration.
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Upon conducting any kind of transaction, the previous state of the dataset is kept in a designated
table. The trigger functions behind such automatisation are also available for those interested
in going deep into implementation issues.

Finally, the user has the possibility of executing transactions that alter the state of the database
- examples of such exercises are provided in the next chapter. From the point of view of the
virtual environment, such transactions can be done either using the Graphical Interface or purely
through SQL statements, thus enabling factual, conceptual and procedural knowledge if that is
the instructor's objective.

6. DEVELOPING EXERCISES WITH THE DATASET

Implementing the dataset in an actual database allows us to create exercises to form part of the
learning material. Exercises can be developed objectively at several levels of the Bloom
taxonomy of learning (Anderson et al., 2001). As a proof of concept, we present three levels of
complexity of exercises developed using the implementation setup and dataset. The first two
levels are illustrated with simple examples.

The most basic exercise addresses the base (knowledge) and second (comprehension) tiers of
the Bloom cognitive model. The student is asked to draw the UML instance diagrams for a
given scenario and to identify the UML class of each object in the diagram. For example:

1. Consider the following situation: "Monique has ownership rights to a plot".
a. Draw a UML instance diagram depicting this situation in the LADM model.
b. Indicate for each object in your diagram, which UML class it belongs to.
c. For each object, attribute data must be collected to comply with the LADM standard —
please list the attribute names for each object.
d. For each association, indicate the association's name if it is explicitly given in the
LADM standard.

This exercise assesses how the student has assimilated the core LADM classes and the idea that
a class represents a group of objects of the same kind such as a party. It also shows that the
student can use the core LADM classes to describe a specific scenario. The solution to problem
1.a. would look exactly like the bottom row of boxes in Figure 18 (a) or (b), except the class of
each object would be included in the diagram or as a separate descriptive text. It should be noted
that from this initial problem, questions related with other knowledge areas such as model
representation in relational database tables, basic SQL query syntax or and spatial
representations may be derived.

A student who answers all basic problems such as problem 1 correctly would be ready to tackle
more challenging problems involving the application of the knowledge to several different
scenarios not directly presented in the examples. This is where the concept of country profile
becomes a useful teaching tool as it provides real-world land administration models. Consider
the problem presented below:
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2. Given the initial scenario shown in Figure 17, where Monique owns an apartment, laundry
room, and parking space in an apartment complex (as depicted in Figure 4),

a. redraw the instance diagram where a single entity, Galaxy Properties, buys out the
entire property. In the new scenario Galaxy Properties now owns both the land and
all the structures on the residential complex.

b. Write the SQL queries required to update the data to reflect the new scenario.

Assaociation of Ownership _
Owners P13 Right057 AR RAREE
WR18-4

' e BTN
Monique P14 Right104 BAU13 WR18-18

WR18-28

Figure 17. Scenario presented for exercise question 2

This kind of question assesses the ability of the students to apply what they have learned about
the LADM to a new scenario. That includes upstream information related to BAU14 not being
affected by the changes. The student must understand the way multiplicities are used in UML
and be able to crosscheck the validity of their answer with respect to the LADM.

Figure 18 shows the two possible solutions for problem 2.a. Both answers are admissible within
LADM but either might or might not conform to a particular country profile. Problem 2.b.
assumes that the student has already developed or has been provided with the corresponding
database schema.

The third and most advanced level of exercises would address the 5th level competences in
Bloom's hierarchy which involve the capacity to synthesise the learned knowledge and create
new ideas or structures from it. An example of such a competence is when a student can model
a previously unknown tenure arrangements in a way that captures their semantics as well as
possible.

The section below demonstrates how local land tenure arrangements that do not follow the
statutory tenure system can be modelled within the LADM. This, of course, is an advanced
topic that is best dealt with after students have mastered the basics of LADM modelling.
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Galaxy Ownership _
Properties P16 Right106 BAU12 WR18

#

WR18-4
p— | sauss |
BAU13 WR18-18
Right107
WR18-28

(a)
Galaxy QOwnership _
Properties P16 Right106 BAU12 WR18

WR18-4

WR18-18

WR18-28

(b)

Figure 18. Possible answers for exercise 2. (a) transfer of ownership rights by shifting only the reference to the right and
therefore anything that follows-on, (b) the ownership rights are transferred by moving each spatial under a Basic
Administrative Unit over

7. LOCAL LAND TENURE ARRANGEMENTS

Modelling non-statutory land tenure arrangements requires assessing which elements of the
domain can and cannot be modelled statically in UML. In cases where land rights are fluid
(having degrees of existence) or dynamic (applying conditionally subject to other some other
factors), such rights might have to be modelled using other UML constructs such as the Activity
or State machine diagrams, especially as presented in Seidl et al. (2012), pp 85-106. Chipofya
etal. (2020) also present an alternative modelling approach using semantic web languages, Web
Ontology Language OWL/DL and Semantic Web Rule Language (SWRL). Their so called
Local Domain Models are implemented in the customary land tenure documentation tool called
SmartSkeMa (Chipofya, 2021) which provides a mechanism to translate between locally
defined land concepts and LADM terms, i.e. classes.

This section presents possible modelling options for a customary land tenure domain using the
Water River database. The two communities on the outskirts of Water River both follow a
customary land governance regime. Under a newly enacted Community and Customary Lands
Act, communities can opt for registration of community land to protect the land they depend on
from dispossession by outside actors by applying for a community land title over the entirety
of the land over which the community has traditionally exercised use or other rights. This
affords communities and their member's security of tenure.
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For community or customary lands registration, the claimants must first be registered as a legal
entity or group of legal entities. In addition, it is necessary to document individual members of
the community at any material moment. Using the LADM several options are possible:
registration can involve composite parties with defined (all members identified separately) or
non-defined membership (representative(s) is(are) identified but not all members). In the latter
case individual members can be documented either in a local register or as beneficiaries of the
officially registered entity.

The registration of the two communities, Grassybasin and Grassywoods, is shown in Figure 19.
In Figure 19 (a) Grassybasin is registered with all 82 community members registered as part of
the group party with ownership rights on the Grassybasin territory. Grassywoods is registered
with only 9 representatives registered as part of the group party with ownership rights on the
Grassywoods territory (Figure 19 (b)). In both cases the group party represents the interests of
119 members of the community — i.e. the community as a whole.

Member_1:
LA Party GBO1A
Grassybasin -
Community: %:“’:\fr;gf BAU-RO1
LA GroupParty g
Member 2: GBO1B
LA_Party
[
°
®
Member_ 82:
LA Party
(a)
Elder 1: LA Party
GWO03A
Grassywoods .
¢ == - Community: C:;":fr;gg’ BAU-R03
° LA_GroupParty g
GWO03B
Elder 9: LA Party

©)

Figure 19. Registration of communities. (a) Grassybasin is registered with all 82 community members registered as part of
the group party, (b) Grassywoods is registered with only 9 representatives registered as part of the group party

Figure 20 shows that the Grassywoods community, having been registered under the undefined
membership model, maintains a community register updated in real time as land rights and
members change.
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Local community
members register

Elder_1: LA Party Member_1: LA Party
Role: community representative Role: community member
Grassywoods
: —_—— L:o(r;nmun;tv: Member_2: LA_Party
. B Role: community member

Elder_9: LA Party
Role: community representative

Member_119: LA Party
Role: community member

Figure 20. Instance diagram illustrating the separation of the official registration and the local register of members.

Additional complexity concerning these formal land rights can be introduced. For example, the
river which forms the boundary between the two communities' lands is owned by the state as
are all major natural water bodies in the country. However, the two communities have long
since exercised non-exclusive rights of use on the river and its banks. These are modelled as
usufructuary rights. Other usufructuary rights at the formal level included in our current
examples include use rights in the forest area which is designated as a protected forest with part
of it owned by the local municipality and the other part owned by the Grassywoods community.

In addition to rights, responsibilities can also be modelled for the customary land using LADM.
For example, the Grassywoods community has maintenance responsibility on the protected

forests area recorded as Spatial Unit WGO03B. These usufructuary rights and maintenance
responsibilities are all shown in Figure 21.

Ownership
Right-R02
\?\;s::iys Usufructuary
. Right-R04
community

ElEEsy Usufructuary
Right-R05

District
Municipality

District
Municipality

Grassy

BAU-ROZ WG02 ‘ Ownership : Basin .
\ communi
\

Basin
community

District
Municipality

Ownership
Right-R06

BAU-RO4 WG04

(;f::isnv Usufructuary / ’
) Right-R07 /
community /,

Ownership
Right-R13

Grassy
Woods
Communi

BAU-R03B H WG03B ‘

Maintenance
Responsibility-R14

Figure 21. Visualising usufructuary land rights and responsibilities in the customary areas of Grassybasin and Grassywoods.
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All is well when considering the formal registration of rights on customary territories. However,
state authorities might be interested in observing the exercise of land rights within the
customary system to ensure the protection of basic rights and/or livelihoods of all members of
the community or other parties with land rights claims over the community lands. As a first
example we consider the case of a rental (or short lease) defined within the customary system.
The terms of such rental are defined within the customary norms and traditions of the
communities of Grassybasin and Grassywoods. Our example, depicted in Figure 22, presents
the case where a plot of land in Grassybasin originally allocated to a local resident, Mwalimu,
Is rented out to an outsider, Mnandi. The rental right is modelled in the normal way. However,
there is an associated right that arises from the rental arrangement: the right to access the
resources of the forest WGO04. In Figure 22 this is modelled as a constraint on the rental right
and usufructuary right — that is, the right is modelled as a personal right.

Mwalimu: Usufructuary
Party Right-R15
”l Rental -R16A BAU-R06 WGO07
) “ <<dependency>>
| Usufructuary Right-
"l R168 lives as long as
) Rental-R16A
Mnandi: Usufructuary
party Right-R168 BAU-R04 WG04

Figure 22. Modeling of personal right: access rights on forest resources deriving from rights of use on a farming plot within
the community.

Mwalimu: Usufructuary
Party Right-R15 BAU-RO4 Weo4
<<constraint>>
Usufructuary Usufructuary Right-R16B lives
Right-R16B T 7 7| aslong as both BAU-R04 and
BAU-RO6 exist
Start-date
Mnandi: Rental —R16A BAU-RO06 WG07
party
I

<<constraint>>
BAU-RO6 plays the role
of party in relation to
Usufructuary Right-
R16B

Figure 23. Modeling of property right: access rights on forest resources are permanently granted to BAU-R06 (a basic
administrative unit taking on the role of a party) for as long as the farming plot exists with that designation. Users of the plot
under BAU-R06 derive their right to access the forest resources from their rights on the plot.

Alternative modelling in terms of the rights on the plot (akin to property rights) is shown in
Figure 23. It is important to note that the semantics of this diagram are subject to the
interpretation of the concepts within their local context. We can annotate the rights with
timestamps or other temporal constraints in both cases. We exemplify the implementation of
these structural constraints in the tables in Figure 24. In Figure 24 (b) Right-R16A is dependent
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on Right-R15 since the rental is possible only in agreement with the user who holds the Usufruct
on the parcels under BAU-RO06. Likewise, Right-R16B has a dependency on Right-R16A.

m LA_Right_Type | beginLifespan endLifespan

Right-R15  Usufructuary  2022-09-01
Right-R16A Rental 2022-rainy-season-start 2022-rainy-season-end
Right-R16B Usufructuary - -

(a)

primaryRight(FK) | dependentRight (FK)

Right-R15 Right-R16A
Right-R16A Right-R168B

(b)

Figure 24. Rights can be annotated with (a) temporal constraints and (b) dependencies can enforce temporal dependencies
between different rights.

The modelling strategies presented apply to formal rights but can also be applied to some non-
statutory rights as demonstrated for a customary use right above. This realisation tells us that a
country profile can be extended locally to accommodate different kinds of rights.

This brings us to the Modelling of the internal land relations within the customary areas. In this
paper we will demonstrate only one kind of customary resource-use right, namely, water access
rights.

In our scenario, tradition stipulates that members of the community cannot be excluded from
accessing a water resource constructed at the home of a community member, provided 1) the
use is for domestic subsistence purposes (i.e. drinking, cooking, sanitation), and 2) the user
contributes in maintenance activities on the water resource. One approach to modelling these
scenarios is illustrated Figure 25. In Figure 25 we see that Ramon has a domestic water use
right and a maintenance responsibility on the water resource owned by Sergey, but both Sergey
and Ramon have full water access rights on the Basic Administrative Unit BAU-R12 that holds
all the natural water resources on the community's lands.
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<=Note>>
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. Ramon from Grassy Basin
" ~
fractional not ful S Right-R62 has domestic water use
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water source BAU-R11

<<Note>>
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| Maintenance resource
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/

i’
!/
4
F

Water Access
Right-R64 BAU-R12 _ WG15

Figure 25. Water access scenario where water resources are modelled as Spatial Units.

Ramon: party

This example demonstrates some of the challenges students may face in modelling complex
land tenure relations. The instance diagram in Figure 25 gives the impression that the rights are
independent of any other factors within the model itself. However, as explained above, the
domestic Water Use Right-R62 is contingent on the Maintenance Responsibility R63. On the
other hand, other water uses not shown in the diagram are restricted for party Ramon on Basic
Administrative Unit BAU-R11. These rules cannot be captured in any static UML diagram as
they involve a change in the state of individual or composite objects (constituted by a set of
individual objects of the same or different classes). As alluded to at the onset, dynamic model
diagrams, including Activity and State Machine diagrams, as well constraint specification
languages such as the Object Constraint Language (OCL) can be used in such complex
scenarios.

8. CONCLUSIONS

LADM is flexible, high level model for implementation of information systems in the Land
Administration domain. But while it is versatile and powerful in this context, our experience
teaching how to apply LADM showed that learning it can be challenging for both novices and
non-technical land professionals.

The new approach we have developed seeks to introduce the fundamental concepts of LADM
by starting at a low level of abstraction. This approach provides greater flexibility to the didactic
approach, thus making it easier to suit different learning outcomes. However, it is crucial to
emphasise that although the level of technical detail that can be addressed is very high, the
ultimate goal is still to teach the concepts of LADM.

Another important takeaway from our experience is that the adaptations teaching had to take
during COVID times, especially regarding distance and hybrid education, kickstarted a
redevelopment of teaching materials and rethinking one's approach to teaching strategies. In
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that respect, having a set of educational materials that are distributed as a file-based system, a
server-client architecture, or a web-based viewer will certainly serve several teaching
modalities that have come to stay.

In a natural way, concepts from land administration and database concepts are integrated and —
understood. All introduced tools will be published under an open, permissible license to invite
all actors in the community to use them.
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https://wiki.tudelft.nl/bin/view/Research/ISO19152/
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