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SUMMARY

This paper reintroduces the point cadastre: a taldagstem where geographic points are
used to represent land parcels. When point featarescombined with satellite imagery,
freely available topographic maps (e.g. OpenStrepdMand managed using cloud based
geographic information services, a simple cadaswaltion becomes apparent. This paper
concentrates only on defining requirements for poadastres. Three discrete studies were
used to generate the requirements: expert groupingega pressure cooker meeting, and an
online questionnaire. The requirements are classifinder preparation, functional, quality,
and architectural categories. Preparation requingsndlustrate the need for contextual
awareness before commencing any point cadastrggbré-unctional requirements are found
to be similar to the requirements of parcel basethstres, however, the necessity for parcel
boundary identification is removed. Quality requients promoted the need for ‘ease of use’
and ‘low cost’. Architectural requirements providedrious options for collecting, storing,
maintaining, and visualizing the cadastral poinfoimation. Together, the requirements
provided deliver a basic blueprint for land admtir@itors considering point cadastre solutions.
This is a significantly shortened version of a pagagomitted to an academic journal.
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1. INTRODUCTION

In recent times, the parcel-based nature of cagkabtis been challenged. Classical definitions
of ‘cadastre’ make mention of records relating Igadcels, parcel boundaries, and associated
descriptions of property rights (FIG, 1995; Kaufmamd Steudler, 2001; Williamsaat al,
2010). However, new concepts and tools advocatenfe flexible cadastral units: work on
3D cadastres adds a third dimension to parcelstgiSand Salzmann, 2003); the LADM
(Land Administration Domain Model) (van Oosteromagt2006) and STDM (Social Tenure
Domain Model)(FIG, 2010; Griffith-Charles, 2011)oaV point or line based property RRRs
(rights, restrictions, and responsibilities); andrkvon Organic Cadastres suggests new legal
and graphical descriptions might be required f@resenting the property rights of nature in
cadastral systems (Bennett et al, 2010). In slorange of new property object types is
contesting the 2D parcel.

This paper is concerned with point representatiohgroperty, orpoint cadastres Point
cadastres use a single geographical coordinatepmesent a parcel or land interest in a
cadastre. The concept is also referred to as doighbts, single point cadastres, or geocoded
address files. The focus is not on accurate sungegf boundaries, but on providing a basic
spatial reference of land tenures (i.e. 1 coordimer parcel). Adjudication of boundaries can
occur at a later time- when and if it economicd#gsible to do so. Meanwhile, the single
point cadastre can be used to enable rudimentadyddministration functions such as: land
tenure recognition, land taxation, land use plagnamd other government activities.

The drive for this approach emerges from the deuetp context: many cadastres in these
places are incomplete or in need of renewal. Egsestablishment approaches are too
expensive in terms of time and cost (Toulmin, 20@MCHUD, 2005; Fourie et al, 2002;
Osterberg, 2001; UN-ECA, 1999; Schermerhorn and,W&53): the potential benefits of a
reasonably complete cadastral system are not bealged practice (Barnes, 2003; Griffith-
Charles, 2002). Approaches that are more costi@tticfaster to implement, and more fit-for-
purpose are required (c.f. Barnes et al, 1994; tddnsl998; Haldrup, 2004; Potsiou and
loannidis, 2003). Point cadastres enable adjudicatiurveying, demarcation, and recordation
processes to be expedited.

The point cadastre concept is not new: numerousepinal and practical examples can be
found in land administration literature (Dale andlMughlin, 1988; Larsson, 1991; Burke,
1995; Holstein, 1996; Durand-Lasserve, 1997; Homd 3dackson, 1997; Jackson, 1997,
Fourie, 1998; Davies, 1998; Torhonen and Goodw#981 Fourie and Nino-Fluck, 1999;
Latu, N.D.; Van Oosterom et al, 2006; Lemmen eR@07; FIG, 2010 (or Lemmen (2010)).
What is new however, are the emerging spatial tthas enable improved establishment and
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maintenance of point cadastres (and cadastresnargg These include: high-resolution
satellite imagery (HRSI); low-cost and higher-psgmn hand-held GNSS receivers; LADM
and STDM standards, and cloud-based informatiorag& visualization and analysis tools.
When combined, these tools provide could providerépid and low-cost establishment of
basic cadastral systems.

The UNU School for Land Administration Studies &teTUniversity of Twente and Kadaster
International are currently undertaking exploratevgrk on point cadastres. The work is
focused on updating and continuing earlier studirepoint cadastres (Dale and McLaughlin,
1988; Larsson, 1991; Holstein, 1996; Durand-Lasset997; Home and Jackson, 1997,
Jackson, 1997; Fourie, 1998; Davies, 1998; Torh@mehGoodwin, 1998; Fourie and Nino-
Fluck, 1999; Latu, N.D.; Van Oosterom et al, 200émmen et al, 2007; FIG, 2010 (or
Lemmen, 2010)). The aim is to determine how preslipidentified requirements, design, and
implementation methods can be updated based ondlegical developments and changing
drivers. The paper presents a selection of refolts these studies. Specifically, it reports on
results from requirements gathering exercises. dverarching methodology is described.
Results from each part of the process are thenigedv The derived requirements are
discussed in terms @feparatory, functional, qualitygnd,architecturalrequirements.

2. METHODOLOGY

The requirements gathering exercise was part sbader set of studies intended to develop,
design, and test contemporary approaches for pmadastres. The broad set of studies
included: conceptualization activities, requirensergathering activities, and realization
activities. This paper focuses solely on requireim@athering. Theequirementsgyathering
phase included an expert discussion, pressure coodeting, and online questionnaire. Each
activity was a discrete study and followed recogdiprocedures, however, results from each
activity fed into subsequent activities.

The expert discussionsnvolved the researchers interacting with land iadstration
practitioners on two occasions (5 people in tdtalseveral hours each time. A research diary
was kept throughout to document notes and obsenstiThepressure cookemeeting was
more focussed and included a group discussionKarhar, 2005; Gray, 2004) with technical
managers and staff from Netherlands Kadaster (plpeo total). Only limited time (2 hours)
was provided with the aim of generating reasonéibity requirements at the conclusion of the
meeting. Theonline questionnairaimed to validate the ideas and identified requéaets
from the earlier studies; however, the focus wamnauily on the qualitative requirements of a
point cadastre.

A limitation of the first two studies, and possilthe questionnaire was the inability to engage
with those from contexts where point cadastresccdnd implemented. Any steps towards
further implementation would certainly require s@rigagement. However, it should be noted
that members of the expert discussed held decddeject experience in contexts where
point cadastres might be applicable.
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The requirements formalization phase synthesizesliltse into preparatory, functional,
quality, andarchitecturalrequirements. These are well-recognized requireraietgories in
design-based disciplines such as engineering amgputer science. No formalized synthesis
methodology was adopted: the researchers usedopeesystem design experience and basic
trend analysis. Each category is now examined.

3. REQUIREMENTSFORMALIZATION

The results from the discrete studies are syntadsinder four categories of requirement:
preparatory, functional, qualitygnd,architecturalrequirements.

3.1 Preparation Requirements

Preparation requirementsare essential: the necessity for a point cadasheuld be
determined before establishment. A range of appesmcan be used to structure preparation
requirements. Here, adapted versions of Henssdib2hd PESTLE (Aguilar, 1967; Turner,
2002) are used. Table 1 describes the factorgrbat be assessed, recorded, and understood
prior to commencing any point cadastre project.

Table 1. Preparation Requirements

Analysis item Specific issues to consider

Political Governance context; government structure; land administration organizations

Economic Economic basis; financial stability and growth; public sector and private sector
interactions; financing options

Social Levels of professionalism, education, and health; types of land uses

Technological Existing infrastructures (hard and soft); existing data sources

Legal Land laws, regulations and tenures

Environmental Topography; natural resources; levels and locations of degraded lands

3.2 Functional Requirements

Functional requirements relate to the purpose @pthint cadastre. They explain what the
point cadastre must do as a product and a proéesstional requirements for point requires
are presented using an adapted version of Hens&f18) generic functions of a cadastre or
land registration system (Table 2).

Table 2. Functional Requirements

Function Tasks Description
Establishment Adjudication ¢ Must enable the articulation of adjacent (or overlapping land
tenures)

¢ Location of boundary lines is not required
Demarcation e Must physically demarcate land tenures in a simple way. For
example, marking a building with an address or ID number.
e Existing features can be used (e.g. trees) for demarcation
e Demarcation can also be virtual (e.g. retraceable grid coordinates)
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Surveying e Utilize either ground or aerial methods of survey.
e Can be considered to use general boundaries: a single point
approximates a parcel and its boundaries.
Recordation ¢ Should store results from adjudication, demarcation, and surveying
in some form of information system.
e Graphical (e.g. cadastral point map) and textual elements (tenure
information) should be recorded.
* No boundary records are required, however, spatial referencing
should be sort.
e The two types of information should be linked.
¢ Anunderlying high-resolution image or topographic map should be
added to the system to provide contextual information.

Maintenance  As above ¢ Should enable establishment tasks (adjudication, demarcation,
and Renewal surveying and recordation) to be repeated in a sporadic fashion for
data upgrading and system upgrading.
Multipurpose  Land Tenure ¢ Should enable very basic spatial recording of land tenures
Land Taxation e«  Can allow for simple land valuation and taxation assessment and
enforcement
Land Planning ¢  Combined with other sources of data can support infrastructure
and decision making (e.g. acquisition), land use planning decision-
Development making and enforcement.
Other e After basic land administration functions are implemented, point

cadastre can be utilized for governance of health, education, and
other social requirements.

3.3 Quality Requirements

Qualitative requirements were extracted from theeeix discussion and pressure cooker
meeting. In most cases it is not possible to aehalqualitative requirements: a system of
ranking is required. For this reason the qualiatigquirements are ranked. This was done
using the results of the online questionnaire. @aBl provides the required qualities,

descriptions, and ranking in relation to point cddss. Defining measurable indicators

requires for these qualitative requirements reguether work.

Table 6. Quality Requirements

Quality Definition Rank

Ease of use Level of technical/specialized capacity to build and maintain the point 1st
cadastre

Cost Costs of technical equipment, human resources, supplies, etc., in 2nd
producing and maintaining the point cadastre database

Time/Speed Time required to initially develop and maintain the point cadastre 3rd

Flexibility Capacity of the point cadastre to be used across different agencies by 4th
many stakeholders

Scalability Ability of the system to be extended for use at regional and national levels
(i.e. increasing the types of data collected, spatial coverage, allowing for 5th

concurrent users)
Accuracy Refers to spatial accuracy of the points collected (i.e. the closeness of the 6th
positions of objects in the point cadastre to the positions on ground)
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3.4 Architectural Requirements

Architectural requirements or physical componerftshe point cadastre are described in
Table 7. Elements are organized around the ide&tenssen (2010) and Lemmen (2011). It
should also be noted that the two central compaenehall cadastral systems (whether be it
parcel based or not) are present here: spatialnandspatial information. As such, each
element provides requirements and techniques fatisdpand non-spatial data capture (c.f.

Schermerhorn and Witt, 1953; Silayo, 2005), storaggntenance, and visualization.

Architectural
Element
Data
Collection

Storage

Maintenance

Visualization

Field
Infrastructure

Items

Spatial

Attributes

Database

Data
Structure

Editing
tools

Base Layer

Points
Attributes

Ground
Control
and Spatial
Reference
System

Survey
Marks

Table 7. Architectural Requirements
Tools

Low-end GNSS receiver (e.g. Trimble Juno)

Office based heads-up digitizing of imagery

Field based heads-up digitizing (e.g. tablet computer)

Field sketches (pen and paper)

Use of high-end GNSS, plane tables, or total stations is considered
to undermine low cost, high speed approach

Low-end mobile data storage device (e.g. Trimble Juno)

Office based heads-up data entry

Field based heads up digitizing (e.g. table computer)

Field notes (pen and paper)

Object-relational database (potentially based in the cloud)
Relational database (potentially based in the cloud)

Paper based system

Somewhat dependant on database approach

Immediate focus should be on simplicity (e.g. a single layer)
Tools must enable linking spatial points and associated attribute
information (e.g. simple IDs, various people types, land uses, land
tenures, land values, and potentially other multipurpose data)
Basic tools for: adding, moving, and removing points; for
changing and removing attribute information; for querying
spatially and by attributes (potentially based in the cloud)
Imagery of low-cost and high-resolution to enable
contextualization of individual points (e.g. Ikonos, Quickbird)

If available, use of topographic map base (e.g. OpenStreetMap)
Simple spatial viewer overlaying points and base imagery

Same tool as for points with viewing options for imagery (e.g.
frontage or people) and audio data (potentially for illiterates)

A limited number of reasonably well positioned ground control
points (potentially CORS stations), however, requirement for
limited spatial accuracy (e.g. +/5m) mitigates need for extensive
ground control

If GNSS utilized, requirement for datum transformation and
coordinate conversion procedures — must fit into national
reference network

Coordinates and signage (e.g. address or parcel ID) preferred over
physical markers (e.g. concrete pillars)

TSO08I - Low Cost Surveying and Mapping, 5612
Robert Antwi, Rohan Bennett, Walter de Vries, Ciaen Lemmen, Co Meijer
The Requirements for Point Cadastres

FIG Working Week 2012
Knowing to manage the territory, protect the enviment, evaluate the cultural heritage
Rome, Italy, 6-10 May 2012

6/11



4. CONCLUSIONS

This paper reintroduced the point cadastre: a ¢tadas/stem where geographic points are
used to represent land parcels. When combined mgh-resolution satellite imagery and
stored in a geographic information system, a singaldastral solution becomes apparent.
This paper concentrated only on requirements fantmadastres. Three discrete studies were
used to generate the requirements: expert groupingsega pressure cooker meeting, and an
online questionnaire. The formalized requirementsrew classified under preparation,
functional, quality, and architectural categoriéseparation requirements illustrated the need
for contextual awareness before commencing any tpoadastral project. Functional
requirements were found to be similar to the rexqugnts of parcel based cadastres, however,
the necessity for parcel boundary identificatiorswamoved. Quality requirements promoted
the need for ease of use and low cost: accuracyouasl to rank lowest out of the six quality
requirements. Architectural requirements providedtious options for collecting, storing,
maintaining, and visualizing the cadastral poirfbiimation. Options for field infrastructure
were also provided. The requirements provided caovige a framework for land
administrators considering point cadastre solutiéusther work is required: the requirements
needed to be implemented in a more realistic tgsfihis work is ongoing between the UNU
School for Land Administration Studies at The Umsiy of Twente, and Kadaster
International.
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