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Abstract: A contemporary review of land administration, from the perspective of systems mainte-
nance, is provided. A special emphasis is placed on emerging fit-for-purpose land administration
solutions. The research synthesis uses reputable sources from the contemporary era. Results show
the challenges of maintaining land administration systems and the data held are long recognized.
The 1970s–1980s gave the issue impetus as data and processes moved from paper-based and manual
to digital and automated. The 1990s recognized concerns on maintenance, albeit as a secondary
issue: system establishment was the primary concern. The 2000s placed more emphasis on more
holistic sociotechnical systems but, again maintenance was supplementary. The fit-for-purpose era
deliveres a vast range of new social and technological innovations; however, scaled and sustainable
implementations still struggle with system maintenance. From the findings, a consolidated model for
analyzing maintenance problems and solutions at jurisdictional level is developed. Maintenance of a
land administration system can be understood by identifying the level of change, method for change,
components to change, and options for what to change to. The United Nations-endorsed Framework
for Effective Land Administration is then used to identify specific maintenance challenges and avail-
able solutions. It is suggested that due to the scope and size of what can be considered maintenance
issues, there exists no single solution—instead the country should identify its persistant maintenance
problems, and the most appropriate solution set from the suite of available options. Emerging
solutions and challenges include ensuring interlinkage to maintenance of spatial planning, land
valuation, and marine administration; exploiting survey data ‘back capture’ initiatives; supporting
grassroots IT; and giving serious attention to cybersecurity concerns.

Keywords: maintenance; update; upgrade; upkeep; renewal; cadastre; land registration; data quality

1. Introduction

While much attention is afforded the establishment of land administration systems,
less attention is given to ensuring they can be sustained and maintained [1]. That is, after an
initial recording occurs of the parcel boundaries, associated rights, and the parties involved,
processes for recording changes to those entities are ill-defined, poorly thought through, or
inadequately resourced.

This creates many problems, not the least being that the significant upfront investment
put into system establishment is wasted, and none of the intended longer-term benefits
flow to the community [2].

The bias against maintenance has long been recognized in both the theory and practice
of land administration [3], and the reasons for its occurrence are at least acknowledged
anecdotally. Considerable effort has even been afforded to both conceptual and applied
academic work on the issue [4,5].
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The arrival of the fit-for-purpose land administration (hereafter FFPLA) philosophy
supports the new wave of technical solutions [6]; ones that could also assist in dealing with
the persistent problems of land administration maintenance. The elements of FFPLA are
flexibility, inclusivity, participation, affordability, reliability, attainability, and perhaps most
important to this work, upgradability. These can be achieved via establishment of appro-
priate legal, governance, and spatial frameworks. Despite the significant developments
around FFPLA, evidence suggests that maintenance concerns are continuing to receive less
attention in practice—even in more high-profile FFPLA projects [7]. Indeed, overwhelm-
ingly, demonstrators, pilots, and implementations continue to focus on establishment
procedures [8].

Therefore, emerging FFPLA approaches deserve appraisal, if not critique, in the
context of land administration maintenance. Given the quantity and novelty of new
approaches, there appears room for a comprehensive contemporary review of land admin-
istration maintenance solutions more generally.

To this end this paper undertakes a full review of available land administration
literature, with a specific focus on maintenance and FFPLA developments. The aim is
to reveal the state of play with regards to theoretical, methodological, and technological
developments. The work acts as a reference and stepping off point for theoreticians and
practitioners dealing with the various challenges associated with land administration
maintenance, updates, upgrades, and other related terminology. Further, it invites these
same actors to continue to explore more novel and emerging solutions to dealing with the
maintenance issues.

Following this introductory section, an overview of the materials and methods under-
pinning the paper is provided. This is premised on a comprehensive review and synthesis
of land administration literature. In terms of results, first the conventional challenges and
solutions relating to land data maintenance are provided chronologically. Subsequently,
the more recent fit-for-purpose approaches are introduced and evaluated. This leads to
a synthesis of the entire domain of approaches, the relative merits and drawbacks, and
persistent challenges and opportunities still requiring redress. The conclusion section
provides an overarching summary and suggested areas for further work, both in practice
and research.

2. Materials and Methods

The research activities underpinning this work can fundamentally be classified as
research synthesis [9]. Research synthesis involves undertaking a form of systematic
analysis of previous research outputs, with set constraints with regards to the scope of the
body of literature, in terms of inclusion criteria, and reassembling the findings to create
a novel contribution. Research synthesis is widely used across many domains, including
the study area of land administration, with examples, inspiration, and justification for the
approach in this particular work being found in [10–15].

The review involved a search bounded between January 1950 and December 2020. It
was felt this rather expansive time period would surely include all identified challenges
and opportunities relating to land administration maintenance in the contemporary era. In
practical terms the majority of focus is post-1990: this is generally nominated as the starting
point of increased global discourse on the widespread mainstreaming of cadastral and
land registry data digitization and process digitalization. The digital computing approach
was a paradigm shift for land administration—offering newer and more rapid methods
of data capture, processing and storage [16], but also challenges in terms of ensuring data
maintenance.

This is not to suggest that data maintenance issues did not exist prior to 1990. On
the contrary, by the early 1990s, many colonial-era systems in ‘developing’ contexts were
in states of decay or disrepair on account of open conflicts or administrative vacuums
created in the post-colonial era [17,18]. The issue of maintenance and update was therefore
pertinent; however, the amount of literature on the topic is markedly less, only growing
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in the 1990s, thanks largely to the discourse spawned by the International Federation of
Surveyors (FIG), and an increased focus on ‘pracademic’ publishing, more generally.

In terms of searchable repositories, initial use was made of Google Scholar followed
by Scopus and Science Direct searches. Additionally, the OICRF (International Office of
Cadastre and Land Records; https://www.oicrf.org/search) website, the dedicated land
administration repository maintained by the Dutch Cadastre, Land Registry and Mapping
Agency (Kadaster) was also searched. Standard Google searches also supplemented the
academic searches, incorporating gray literature considered relevant into the study. Primary
search terms and combinations included ‘maintenance’, ‘update’, ‘upkeep’, ‘upgrade’, and
’renewal’ linked to ‘land administration’, ‘cadastre’, ‘land registry’, and ‘fit for purpose’.
While the above repositories and search terms resulted in returns of thousands of results
in total, a process of snowballing [19] was used to ascertain when the list of relevant
papers and reports was comprehensive. This resulted in approximately one hundred works
being included in the final synthesis compilation. The analysis of the literature was both
undertaken and reported chronologically. In this regard a complete and contemporary
overview of the discourse on land administration maintenance is presented. The results of
this work are presented in Section 3.

A synthesis in terms of the state of play and related challenges and opportunities
identified was subsequently undertaken (presented in Section 4). The results of this part of
the review were compiled descriptively, additionally via the development of a conceptual
model and synthesis table. More details on the construction of these are provided in
the relevant section, but it is worth noting that internationally recognized frameworks
were used to guide the analysis and presentation (i.e., the Framework for Effective Land
Administration or FELA, as endorsed via the United Nations Committee of Experts on
Global Geospatial Information Management or UNGGIM).

3. Results

The land administration maintenance problem is not new, neither in academic liter-
ature, nor practice. The review work undertaken here confirms this notion. In terms of
presentation of results, for simplicity, the results from the review of pre fit-for-purpose
literature (i.e., <2010s) are presented in chronological sequence, generally organized by
decade. The review results from the fit-for-purpose era are presented subsequently.

Effort is made to outline key terminology as it emerged in the literature, although it is
necessary to define several key constructs upfront. In this work, ‘land administration’ is
taken to be those activities used to determine and/or record the land tenures, land values,
land use, and land development relationships between people and land. This aligns with
the prevailing discourse [16,20,21]. It is taken to incorporate the concepts of ‘cadastre’ and
‘land registration’. A cadastre is typically understood as the ‘where’ component of land
administration, identifying the location of the land being administered. Meanwhile, ‘land
registration’ tends to consider the ‘who’ and ‘how’ components of land administration [3].
However, there is much overlap with regards to these definitions, mostly stemming from
practical historical developments in various jurisdictions— and these are not considered im-
portant to the discussion here. Finally, ‘fit-for-purpose’ land administration is an approach
to land administration system development premised on the pragmatism and evolution-
ary improvement [6]. Other key terminology includes ‘maintenance’, ‘update’, ‘upkeep’,
‘upgrade’, and ‘renewal’: definitions on these are provided within the subsequent analysis.

3.1. The 1950s to 1980s

While the scope of the review was primarily beyond the year 1990, it is important to
note that scholarship countenanced the issue prior to this arbitrarily set date. The identifi-
able mentions tend to be brief, or implicit, stemming from works examining colonial-era
administration regimes, although not always. For example, Singh [22] examines the context
of India (circa 1834–1900), outlining the imperative for maintenance of land records for the
Patwari in the northwestern provinces for revenue generation. Meanwhile, Hanstad [23],

https://www.oicrf.org/search
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albeit writing in the 1990s, quoting the much earlier seminal work of [24] (p. 683), provides
a more obvious example:

“A careful study of the long and abundant history of registration of rights to land
shows that the difficulties that have so frequently been encountered . . . due to defects
in, or handicaps to, the daily working of the service, not to any extraneous disturbing
conditions, and certainly not to fraud” (emphasis added).

Other pre-1990s works that touch upon the issue of maintenance are those written in
the context of emerging digital database technologies, enabling the multipurpose cadastre
concept, and coordinated cadastres. For example, Williamson [25] reveals the central
importance of digital data and databases to support cadastral maintenance in common
law jurisdictions. Others [26–31] provide positive examples from other jurisdictions. Flem-
ming [28] provides the most obvious example of recognition that continuous maintenance
is a core aspect of any cadastral system, providing a four-phase maintenance model with re-
gards to different scales of map and survey, ranging from control surveys, to base mapping,
to property ownership, to other types of land information. Braasch [29] speaks of phases of
cadastral development, from graphical, to numerical, to coordinated, to computational—a
process of improvement that remains relevant in the contemporary era. Through these two
later examples, one begins to see the importance of distinguishing between updating the
system and/or the qualities inherent in the system (i.e., system development/upgrade),
versus updates to the data held within the system (i.e., data updates). However, the
majority of works from pre-1990s, while making clear mention of the need for ongoing
maintenance, do not do so in a way suggesting the need to differentiate between processes
of establishment and ongoing upkeep.

3.2. 1990 to 1999

In the 1990s, the opportunity for entry of countries into the European Union from the
former Soviet Union, following the end of the Cold War, was a boon for global discourse
on the combined areas of cadastre and land registration, ultimately resulting in the broad
adoption of the term ‘land administration’. The International Federation of Surveyors (FIG)
was particularly active in these developments, helping to record and formalize much of the
discourse in conference proceedings and meeting reports. The narrower technology focus
on digital cadastral databases (DCDBs) from the 1970s and 1980s gave way to a broader
discourse on systems, including sociotechnical processes, institutional arrangements, and
capacity development. Further aiding the discourse was the mainstreaming of the internet,
enabling much easier access to scholarship than previously, and the globalization (or
standardization) of academic scholarship of the 1990s.

This period ultimately resulted in creation of many foundational documents and
references of the discipline [20,32–35]. The issue of maintenance is included, although
again often as a tag-on to statements on establishment. Dale and McLaughlin [20] did go
further to provide a standalone chapter on the processes of managing land administration,
although they tend to limit the focus to technical reform, system reengineering, and project
management (i.e., upgrades as opposed to day-to-day management or updates).

The 1990s marked an era when land administration systems were being challenged
to undergo modernization, or renewal [36], due to the opportunities of digitalization,
developments in geospatial technologies (e.g., geographic information systems or GIS, and
global navigation satellite systems or GNSS), and demands for a more customer-oriented
focus. This created opportunities for improving maintenance processes [37]. On this, Lem-
men and Van Osterom [38] provided an overview of the specific case for the Netherlands,
while [39] provided other examples from common law counties. On the impact of GNSS,
others [40,41] outlined that the geodetic basis for modern cadastres were becoming more
dynamic (due to always-on GNSS stations, later known as CORS (continuously operat-
ing reference stations)), and that by association, cadastral boundaries also needed to be
understood as dynamic, even in the physical sense, even if legal agreements were not
changing. These sorts of developments resulted in the need to distinguish the day-to-day
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maintenance of land administration data (i.e., land transactions), from the larger-scale
maintenance or improvement of land administration infrastructure (i.e., GNSS control
networks, DCDB development and quality improvement, land regulation reform, etc.). In
general, ‘update’ was used to refer to the former and ‘upgrade’ to the latter, although the
distinction was not used universally [5,42].

3.3. 2000–2009

Up until this point, the majority of the discourse on ‘updating’ or ‘upgrading’ had
focused on developed contexts. These contexts had long-established land administration
systems with the capacity and resources to keep the data in those systems up-to-date. It
was therefore natural for most attention to be afforded to the more ‘modern’ business of
system upgrade, transformation or renewal. In the early 2000s, there were many works
in this regard (e.g., [43–47]), with attention focusing on large-scale cadastral database
management [48], remodeling property transactions [49], e-land administration, the role of
cadastres in SDIs, and early work on 3D cadastres.

Meanwhile, less attention had been afforded to so-called developing contexts with re-
gards to maintenance. In these contexts, inadequate land rights recognition was understood,
among other factors, to entrench social inequality, increase poverty levels, disadvantage
women, enable various forms of land grabbing from vulnerable groups, degrade land
and natural resources, and ultimately impede economic growth [6]. This is not to say
these contexts were not the focus of significant land administration efforts previously (or
literature for that matter). Indeed, these contexts had been the focus for significant loans
for land administration system development from the World Bank, and other international
donors, for decades. By the late 1990s and early 2000s, however, it was increasingly ap-
parent that these interventions and projects were failing to deliver on the expected social
and economic benefits, and were not often being sustained: simple transfers of approaches
and technology from the West were not appropriate [50]. The reasons for these failures are
many, varied, and are documented elsewhere—but the failure to put in place sustainable
maintenance processes, after the completion of the donor project, and the importance of
doing so, was certainly recognized [23].

During this period in the 2000s, therefore, more urgency can be observed in calls
to better understand [1] and find solutions to the data maintenance issue in developing
contexts (albeit usually alongside calls for establishment or renewal of the systems in
the first place [51]). This included seeking better ways to conceptualize, describe, and
understand maintenance processes [4,5,52–54], identifying generalized best practices [55],
and incorporating criteria and indicators into land administration systems, specifically
relating to maintenance [56,57]. In these works, longstanding land administration termi-
nology was reassembled into frameworks for better understanding the temporal aspects
relating to land administration. This included grouping and redefining spatial updates
(i.e., land subdivision, readjustment, or consolidation), updates to rights (i.e., land transfer,
inheritance), and the length of time that a land right, restriction, or responsibility may apply
(i.e., one-off, ad-hoc, repeat, indefinite, ‘sunset clause’)—and differentiating these day-to-
day activities from full system redevelopment. Rearticulation of the difference between
systematic and sporadic [20] adjudication and demarcation was also provided: systematic
referred to covering a whole jurisdiction in a methodical fashion, while sporadic referred
to capturing the data as transactions occurred. These approaches and terminologies sought
to bring more clarity to the maintenance issue, providing a basis upon which to build more
sustainable land data updating mechanisms, although embedding the ideas from theory
into practice, at scale, would be more challenging.

3.4. Fit-for-Purpose Land Administration Era (2010s Onwards)

The 2010s continued the trends from the previous decade, crystalizing technology in-
novations into international standards and tangible tools. Terminology relating to ‘upgrade’
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and ‘renewal’ focused increasingly, if not almost exclusively, on tools to enable transition
from 2D to 3D cadastres [58–63].

Another key tool development that could support both upgrade and updating issues
was ISO 19152, the Land Administration Domain Model (LADM) endorsed in 2012, a
generic data model standard for land administration. The model was developed, in part,
with the problems of data updating and system upgrading as core drivers [64]. The model
found application and profile development (or comparison against existing systems) in
many contexts [65–68]. Accompanying LADM was the Social Tenure Domain Model
(STDM), intended as a more generalized version of LADM, sympathetic to the needs of
contexts with customary, communal, and other non-Western land tenure types [69]. The
Land Administration Domain Model and STDM represented truly tangible tools, at least
at a technical level, for dealing with the maintenance issue: a generic data model might
not only reduce system development costs, it could persist beyond the life of the any
technology architecture, could be extended and be adapted, and be transferable when
future system upgrades occurred.

In the 2010s, and of primary interest to this review paper, the philosophy and associ-
ated framework of fit-for-purpose land administration (i.e., FFPLA), also appeared [70].
The ideals behind the concept had long been understood, and can be said to have essen-
tially grown out of pragmatic thinking (i.e., that associated with engineering disciplines),
systems quality management (i.e., out of management disciplines), and evolutionary un-
derstandings of development. These philosophies now found more recognition in the land
sector from the likes of FIG, the World Bank, and the Global Land Tool Network (GLTN).
This saw the development of the ‘continuum of land rights’ metaphor, where the basic
notion of land tenure was extended beyond conventional private and public typologies
to include customary and communal forms of land holding, among others. In turn, as
a technical response, the idea of FFPLA was that any land administration system must
be designed and implemented taking into account the local circumstances and tenures,
and should be open to improvement over time. Fit-for-purpose land administration con-
sists of seven primary elements or desirable qualities, with one being upgradability [70].
That is, a system and its data should be constructed with a ‘minimum viable’ mindset
in initial stages, but that over time the system itself and the data held within it could be
improved or upgraded. Methods for delivering this upgradability were provided under
three frameworks: institutional, legal, and spatial [71]. In this regard, the FFPLA approach
and guidelines provided a tangible means by which to deal with the maintenance issue,
starting from initial design, moving into day-to-day operations and system evaluation, and
was applied as an analytical framework in numerous contexts [2,72–74]. However, like
earlier land administration theories and methods, the emphasis tended to remain focused
on establishment over maintenance.

The 2010s also saw the spawning of other land administration technology innovations
that while not necessarily targeted at it, could further support responses to the maintenance
challenge. Developments in high-resolution satellite imagery (HRSI) the decade before [75]
started to find application in the land administration space [76–78], with novel methods
combining data from older colonial cadastral maps with recent HRSI to develop upgraded
digital cadastral fabrics [79]. Notwithstanding issues of cloud cover, the systematic repeated
capture of images from the same location, at high resolution, again lent itself to being
another data source to support maintenance.

Additionally, unmanned aerial vehicles (UAVs) or drones emerged as a lightweight
and more flexible alternative to conventional aerial photography [80,81]. An issue with
conventional photography was that over time, base imagery becomes outdated, and re-
flying areas is relatively costly. This is particularly an issue in urban or peri-urban areas
where changes to land use and tenure can be quite rapid. With UAVs, imagery could be
captured at a much lower price, with less expertise, and within a smaller desired area—
almost an ideal solution for the land administration data maintenance issue. As with other
technology innovations, UAVs face regulatory blockers, issues with lack of trained capacity,
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and social concerns [13,82]; however, the solution is increasingly a standardized part of the
land administration toolkit.

The proliferation of smartphones equipped with GNSS receivers and mapping capa-
bility also received much attention in the 2010s, also being mooted as a solution to data
maintenance issues [83]. The democratization of mapping would enable citizen surveyors
to map, record, and update their own land rights—sending them on to government— the
so-called crowdsourced cadastre [84–87]. This idealized vision was somewhat stymied
due to the trusted intermediary issue: it was not so much the mapping expertise that was
essential for legalizing land rights, but more the need for a trusted agent of state to verify
or reverify them. A mobile device could not do this on its own; nonetheless the seed was
sown for a more democratized citizen-centric land administration system.

Blockchain or digital ledger technology (DLT) picked up on the democratization or
libertarian trend, across multiple sectors, including land administration, and more specifi-
cally land registration. Conceptual works explored potential models of application in the
sector, ranging from fully public permissionless chains, to more government-controlled
private permission chains [88,89], the latter more closely replicating the existing technol-
ogy and database systems of conventional land administration systems [14]. A range of
experimentation and piloting work followed [90]. With regards to maintenance, blockchain
solutions potentially distributed the responsibility and risks associated with maintaining
land record information. In principle, this would seem a positive proposition; however, the
approach could also significantly disrupt the business models of existing actors, including
government land agencies, and as such, evidence of scaled application was limited by the
close of the decade. It should also be noted that most of these discussions did not move
past the demonstration or piloting phase, and typically issues of capacity and competencies
needed to maintain and control a scaled system were not countenanced.

Towards the latter part of the 2010s, spurred on by developments in artificial in-
telligence (AI) and machine learning, the idea of automating updates (and even initial
data capture) via automated feature extraction techniques gained substantial research
and development (R&D) focus [91–96]. Experimentation and piloting demonstrated the
potential of the approach, including boundary change detection. Like other innovations,
the conversion from R&D ‘cadastrobots’ [97] to scaled implementation faces numerous
institutional barriers, not to mention issues around quality, performance, and the cost-
benefit equation around needing to incorporate human actors into the process. The use
of automated feature extraction techniques formed part of a broader examination of the
visual nature of cadastral boundaries. While some boundaries are invisible to machine
sensors, residing in agreement in the minds of people, many are not. In this regard, more
attention was placed on increasing the emphasis on using natural or physical boundaries in
cadastral updating—and thereby enabling automatic updating of those, via remote sensing
technologies [98]. At the time of writing, these developments largely remain at the level of
pilot or demonstration, not yet being considered robust enough to build production-level
processes around.

Despite the technical innovations of the 2010s, and suggestions that processes for main-
tenance hardly differed from processes for the initial creation of data, and that therefore the
same processes and tools could be applied [3], in practice the problems of ensuring effective
and efficient land administration persisted, particularly in developing contexts. Even in
countries where development and renewal programs had been considered a success, for
example Rwanda and Turkey, the issue of keeping records up-to-date continued to demand
research attention [7,99]. Indeed, the impetus was such that Zevenbergen et al. [2] even
framed future research directions in the field entirely around better understanding five
(5) levels of ‘change’: (i) changes in people-to-land relations; (ii) changes in technological
possibilities; (iii) land use changes (due to urbanization); (iv) measuring changes; and
(v) change agents. In this vein, there remains a strong argument to continue to explore
potential options.
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Perhaps giving a boost to recognition on the need to better tend to the issues of main-
tenance, the UN-backed 2030 Agenda and accompanying Sustainable Development Goals
(SDGs) provided emphasis on dealing with multiple land issues, particularly in developing
contexts, and particularly with regards to securing and recognizing land rights. In this
vein, the UNGGIM Expert Group on Land Administration and Management developed the
FELA [100,101], which openly sought to encapsulate maintenance approaches throughout:

“A reference for developing, reforming, renewing, strengthening, modernizing, and
monitoring land administration.” [102] (p. 1)

In addition, the nine Strategic Pathways making up the substantive or actionable parts
of FELA generally all pay attention to aspects of maintenance. For example, in Strategic
Pathway 4 on data:

“To support the creation and maintenance of land data, data custodianship, acquisition,
management, supply chain, curation, metadata concerns, delivery strategies and mecha-
nisms are needed. These should consider cross-sector and multidisciplinary issues—along
with privacy and security concerns—and ultimately enable inclusive access and better or-
dering, integration and searching of information relating to property rights, restrictions,
and responsibilities.” (p. 23)

Additionally, for example, in relation to development and use of standards in Pathway
6 on standards:

“Standards also assist cost reduction and support removal of duplication and maintenance
efforts.” (p. 24)

Therefore, considering all the developments around FFPLA and FELA, perhaps at no
earlier time has the emphasis on improving and ensuring day-to-day maintenance of land
administration been given more attention: member state-endorsed UN documents make
specific mentions and calls for action.

That said, it cannot be denied that implementing these ideals and technological
innovations remains challenging in practice: it appears there exists no silver bullet or
short term fix: a portfolio approach or suite of tools appears necessary. Therefore, having
concluded reporting of the review results, this work makes an attempt to cluster or group
the findings and cast forward to future developments.

4. Synthesis and Discussion

Having reviewed both pre- and post-FFPLA literature from the perspective of mainte-
nance, this section seeks to take the synthesis further by (i) constructing a holistic overview
of the terminologies, challenges, solutions, and relations with respect to maintenance; and
(ii) presenting the maintenance solutions to those key concerns using a contemporary land
administration framework: the Framework for Effective Land Administration (FELA) [100].
The aim here is not to conclusively ‘solve’ the issue land administration maintenance—the
scope of that endeavor is outside a single academic paper, and at any rate as mentioned,
there appear to be no silver bullets—rather, it is to provide a useful snapshot view of
the key underlying problems, contemporary solutions, and areas still requiring further
research endeavors.

4.1. Consolidated Analytical Model of Land Administration Maintenance

Figure 1 seeks to summarize the story of the maintenance concept in land
administration—in terms of key terminology, typologies, approaches, aspects and options—
as it has developed over the previous decades, including the FFPLA era. It was constructed
based on the results of the review and subsequent modeling/reasoning activities. For each
of the parts of the diagram (i.e., rounded boxes) there are specific challenges to overcome when
it comes to maintenance, and in many country contexts these issues remain unresolved.
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Important to note is that the model only demonstrates ways of describing or un-
derstanding land administration maintenance; it does not provide judgement on most
appropriate solutions to the challenges. The diagram is useful in that it helps to show the
differentiation between terms in a crisp manner, as they are represented in the literature.
Granted, some of the literature is less precise, but the key hierarchical breakdown is seen
as useful for assisting theoreticians and practitioners in ensuring they are communicating
on the same issue with the same terminology.

Unpacking the diagram further, first, it starts to become clear that, at least in terms
of the existing literature, that beyond the breakdown of ‘update’ versus ‘upgrade’, there
are essentially six central components that change: institutions, system quality, technology,
spatial data, party data, and rights data. It should be noted that these could be possible
grouped in any number of ways. For example, we could group the three types of data (i.e.,
spatial, part, right) into a single category. However, the six categories are decided upon as
they are backed by the literature base. That is, each of these categories has a discrete body of
research. At a minimum, the approach suggests that any jurisdiction or related land agency
should have baseline knowledge, and preferably already enabled supportive processes, for
ensuring appropriate maintenance of these components. This would already represent two
indicators for measuring and monitoring maintenance within the jurisdiction.

Going further, the options for ‘what to change to’ or ‘how to change’ can also be sys-
tematically understood. In terms of institutions, this involves unpacking business models,
subscription approaches, and even considerations of ‘deeds’ vs. ‘title’ approaches. For the
component of system quality, this involves understanding where the jurisdiction is placed
in terms of paper vs. graphical vs. numerical vs. coordinated vs. computational, and
determining if and how to change, and whether leapfrogging between levels is necessary.
For the technology architecture component, it involves making assessments as to whether
parallel systems are needed and whether ‘big bang’ change implementations are most
efficient or necessary. For the data components, it involves understanding and describing
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existing processes, assessing them for efficiency and effectiveness, from a range of stake-
holder perspectives, and necessarily optimizing them. Of course, this process may have all
kinds of change implications back at the previous levels: for institutional arrangements,
system quality requirements and procedures, and/or technology architecture.

Whatever the case, the model (Figure 1) offers the ability to take a holistic perspective
on maintenance, and to systematically work through existing approaches (and limitations),
and potential strategies for improvements. Following on from Figure 1, in the next section,
consideration is given to provide more depth and detail on the range of maintenance solu-
tions by repacking the review results against the nine UNGGIM FELA Strategic Pathways.
This not only supports providing a holistic view on solutions to maintenance, but also
supports the operationalization of the relatively new FELA.

4.2. Fit-for-Purpose Solutions for Land Administration Maintenance

While Figure 1 provides a consolidated depiction of the key terms and issues sur-
rounding land administration maintenance, from an historical point of view, as they have
emerged in the literature, Table 1 takes more of a forward-looking perspective. It does
this by utilizing the recently endorsed UNGGIM FELA, which is intended to support land
administration renewal, reform, and monitoring alongside the UN SDGs, towards 2030.
Table 1 provides a general overview of the major maintenance challenges, as identified
in the literature, but now categorized by those nine FELA strategic pathways, alongside
developed and emerging approaches, as also identified in the literature.

Table 1. Overview of land administration maintenance challenges, developed solutions, and the case examples from which
those solutions are derived.

FELA
Strategic Pathway Maintenance Problems Available Solutions

Specific
References and Recent Case

Examples

1. Governance and
Institutions

- Land agencies have project-focus
rather than continuous
improvement-focus

- Land agencies only have a
mandate for establishment exists
(i.e., no clear mandate
for updates)

- Land agency organisaitonal
resistance to upgrades from
within, and external stakeholders

- Conventions and traditions
guide processes, not
FFPLA thinking

- Organisational restructures in
line with FFPLA
institutional guidelines

- Re-allocation of mandates to
other land sector stakeholders, in
line with FFPLA guidelines

- Creation of One-Stop-Shops at
local/community levels
or online

- Use of PPPs or outsourcing

[12,16,20,50,56,69,74,84];
e.g., Rwanda; Namibia; Ethiopia;
Eastern European Countries;
Indonesia; Vietnam

2. Law and Policy

- No developed adopted policy on
updates or upgrades.

- Failure to create laws for
updating and/or upgrading;

- Regulations for data capture are
outdated or prescriptive

- Implementation and
enforcement of laws is not
in place

- Whole-of-jurisidction FFPLA
policy development process

- Specific legal reforms on
outdated or inadequate
legistration/regulations

- De-regulation of maintenance
processes in terms of
requirements and
actosr involved

- Prioritise moving towards digital
data over paper data, in
policy/law

[3,4,13,17,23,32,43,55,98,100];
e.g., EU Inspire; Nepal; Colombia;
Rwanda; Mekong Delta Countries

3. Finances

- Funding dependencies on
allocated government budget
(i.e., not self sustaining)

- Existing business models result
in government losses

- Land agency rent
seeking behaviours

- Petty and/or grand corruption

- Free or subsidised registration
(subsidies) for
post-establishment land
transactions

- More sustainable donor funding
models (less-project-oriented);

- Pay-per-Use
- Yearly fees or

subscripton models

[20,36,49,51,56,57,74,81];
e.g., Eastern European Countries;
Turkey; Indonesia
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Table 1. Cont.

FELA
Strategic Pathway Maintenance Problems Available Solutions

Specific
References and Recent Case

Examples

4. Data and
Processes

- Analogue data persists
- across spatial and party data
- Transactions remain paper

based/manual
- New transactions are not

recorded
- Spatial updates are not made

at all
- Lack of quality of control over

data processes

- Scanning/digitisation of paper
records and digital archive
creation

- Data model development (e.g.,
LADM)

- Business process redesign (‘as is’
and ‘to be’)

- Increased use of imagery, as
per FFPLA

- Move from graphical, to
numerical, to coordinated, to
computational cadastre

- Explore automatic-feature
extraction/update

- Explore 3D/4D upgrade

[7,14,17,18,48,51,56,67–72,93–103];
e.g., Pakistan, South Africa,
Nigeria, Malaysia, Indonesia,
Singapore, Australia/New
Zealand, Armenia,

5. Innovation

- No innovation processes
embedded to promote and
enable change within
land agencies

- No promotion of
entrepreneurship and/or
innovation in the land sector

- No existing IT infrastructure
and/or technology blueprint;

- Legacy IT infrastructure no
longer supported

- Embed and promote innovation
processes into land agencies

- Foster entrepreneurial acumen
amongst land sector
stakeholders, beyon
land agencies

- Embed IT system renewal into
land administration processes

- Replace or maintain parallel
IT system

[2,14,51,59,62,73,82,84,87,88,90,
103]; e.g., South Korea, Singapore,
Netherlands, New
Zealand/Australia, its4land
Project (Ethiopia, Rwanda,
Kenya), Slovenia, Dubai

6. Standards

- Lack of standards on initial
capture and maintenance

- Quality control and enforcement
issues, where standards do exist

- Consdier utilization of ISO for
organisational management,
archive administration, and land
data model standards

- Consider also OGC on web
services standards

- Embed and mandate standards
uptake and adaptation processes
at national level

[13,49,52,56,57,64–69,100,101]; EU
Inspire; LADM/STDM pilots and
implementation; OGC web
service application examples

7. Partnerships

- Failure to create and maintain
partnership networks (local,
national, international)

- Lack of inter-organisational
processes at business, semantic,
information, or technology levels

- Dependencies on other
data providers,

- Prevalence of data silos amongst
land agencies;

- Poorly constructed or
enforced PPPs

- Invest in partnership
building programs

- Undertake inter-organisation
process mapping exercises with a
view to process redesign

- Institute regular and more
meaningful land sector forums,
conferences and meetings, with
incentives (i.e., professional
development and accreditation)

[8,15,17,18,50,55,83–87,90,100];
Eastern African Land
Administration Network
(EALAN); Network of Excellence
in Land Governance (NELGA);
Global Land Tool
Network (GLTN)

8. Capacity and
Education

- Staff skills outdated or beneath
required levels

- Educaitonal curricula outdated
in terms of theories, methods,
and technologies

- Staff composition too static or
too frequently changed

- Cross-border or
cross-disciplinary brain-drain in
terms of IT/technical capacities

- Maintain staff skills and retrain
where necessary

- Ensure staff renewal programs
and capacity creation programs
are instituted

- Ensure close relationship
between ducational providers
and land agencies

- Explore relevance and
appropriateness of out-sourcing
or off-shoring

[16–18,21,52,55,82,97]; Rwanda,
Ethiopia, Namibia, Ghana, Kenya,
Uganda, Tanzania, South Africa,
Vietnam, Indonesia, Nepal, China,
South Korea

9.
Communications
and Awareness

- Trust and awareness levels in
public are low

- No engagement with processes
and public services

- No formalisedcommunication
plan or channels

- Establishment or refirm of PR
and media units within land
agencies

- Regular and funded public
relations campaigns including
grass-roots programs

- Establishment of local
one-stop-shops, where Internet
connectivity and remains limited

[3,17,21,55,83,100]; Netherlands;
Mozambique; Vietnam
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As can be seen in Table 1, each of the nine pathways (column 1) is encumbered
with challenges linked to maintenance (column 2), but in each case solutions are also
available (column 3), with varying levels of maturity and application (column 4). In this
regard, Table 1 acts as a consolidation of the broad suite of tools developed to combat the
land administration maintenance challenge: while there may be no silver bullet, viewed
holistically, the body of land administration literature focused on maintenance does already
provide much guidance on what changes may be needed in land administration systems,
and also how to make those changes.

For any jurisdiction grappling with land administration maintenance challenges,
combined use of Figure 1 and Table 1 can help to assess the ‘as is’ situation in terms of
performance or gaps in the existing system, and also to help chart the development of the
‘to be’ situation, via solution identification and selection from the range of developed and
available approaches. For example, are issues primarily linked to law and policy, or data
quality and standards, or communications and awareness, or a combination?

From the perspectives of the authors, and with numerous country experiences ex-
tending over at least four decades of professional practice, it is suggested that in many
cases, it is the combination of unclear legal mandate, inadequate business models, and
poor community communication and awareness, that often feeds into inadequacies around
data quality and regular updating. Consequently, the solutions linked to those specific
maintenance issues are perhaps of most utility and worthy of examination and potential
application in many country contexts.

4.3. Emerging Solutions and Issues

In this final part of the discussion, focus is afforded several aspects, identified by the
authors through the review process, as either (i) not identified in the literature review, but
understood at least historically and/or anecdotally to be important in the context of land
administration maintenance; and (ii) being innovations under development, but which are
yet to appear in the academic literature.

First, the need to take a perspective beyond land administration processes alone
appears important. Land administration establishment and maintenance does not exist in a
vacuum: it interacts with many other government and community concerns. In this regard,
it appears very necessary to ensure initiatives aimed at improving maintenance of land
administration data are integrated, and interoperable with, related administrative areas
such as spatial planning (including 3D), land valuation, and marine/coastal management.
Already promising on this track are the developments taking place around the update of
ISO 19152 LADM (i.e., LADM II).

Second, not covered in the review, but becoming increasingly apparent as a solution
being employed in more developed contexts, is the concept of reconstructing cadastral
fabrics based on original survey measurements, found on survey plans or field sketches
(i.e., ‘back capture’ projects). This harks back to the evolutionary improvement process
espoused in [29]. First-wave digital cadastral databases or layers, generally developed
in the 1980s or early 1990s, made use of heads-up digitization of cadastral index maps,
not the survey measurements themselves. This was generally seen as a faster and more
appropriate way to develop digital cadastral layers. Technology limitations with regards
to database size and the ability to effectively store large amounts of field computations
also influenced the approach. Those original digital cadastral layers could only ever
be of worse accuracy than the cadastral index maps they were digitized from, and in
some cases, those were more topologically correct representations rather than anything
approximating survey accuracy. For example, digitized boundary representations might
be many meters displaced from actual locations on the ground, relative to other features.
While there has been ongoing accuracy improvements, via rubber sheeting for example,
as new data was brought into those cadastral layers over the decades, the maps are still
generally considered as indexes to the original survey plans, rather than carrying any
legal weight. Meanwhile, as database technologies and data exchange approaches have
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improved, and computer processing abilities have also, there now exists the possibility to
go back to the original survey plans to rebuild or create from scratch a digital cadastral
layer from the original survey measurements. Generally speaking, these measurements,
while still containing errors, will be of far greater accuracy than the original index maps.
These ‘back capture’ projects are now being actively explored and piloted in jurisdictions
across Australia and the Netherlands, to name a few places. The processes suggested
make use of a combination of manual and digital processes to capture data from those
original plans, and even make use of artificial intelligence to identify and resolve errors
(or disputes) within or between the original survey data. The approach, if successful, is
likely to gain traction in other jurisdictions in the coming decade, as a way of leapfrogging
cadastral layer quality upgrades, rather than the continuous improvement model from the
previous decades.

Third, in the context of FFPLA, it needs to be noted that many of the emerging approaches,
such as the ‘back capture’ approach mentioned above, or those listed in Table 1, even from the
era of FFPLA (e.g., automatic feature extraction, blockchain), in reality remain quite distant
from those countries or communities (i.e., developing contexts) in most need of sustainable
approaches to maintenance. They are arguably too technology-intensive, demanding high
levels of IT acumen, and large quantities of that expertise that simply does not exist in
those jurisdictions. While many of those developments are driven and introduced with the
idea that the innovations will eventually ‘trickle down’ to all stakeholders, which may or
may not be realistic, it is worth considering how grassroots IT support can be provided
and embedded into local communities. This would be in a similar vein to grassroots legal
support and advice on land issues or the grassroots/barefoot surveyor concept. On this,
the organization known as ‘Namati’ and the range of grassroots legal services they provide,
acts as an example. This is not to say that such ICT4D (ICT for development) initiatives do
not exist (c.f., [103]) with supportive methods under development, rather it is to say that
in the context of a whole-of-jurisdiction land data infrastructure, providing more funding
and support could be a way to ensure more sustainable maintenance of capture land data
and transaction information.

Fourth, and finally, a gap in the land administration maintenance literature, especially
around upgrades to digital data and processes, and solutions around outsourcing or use
of cloud and webservices, appears to be that relating to cybersecurity and data privacy.
The importance of securing land rights and transaction information has long been recog-
nized [29], even in paper-based systems; however, cyber risks are increasingly recognized
as a key business-continuity concern, not just IT concern, facing land agencies, and other
government databases more generally. As mentioned, these issues could do with more
attention in the land administration domain, particularly with regards to better understand-
ing the sources and reasons of the threats, understanding whether existing or conventional
approaches are satisfactory, and identifying and developing emerging cybersecurity and
data privacy solutions that could be utilized in the land administration domain.

5. Conclusions and Future Prospects

This paper sought to provide a contemporary and consolidated update of the land
administration maintenance challenge, both in terms of problems and solutions, and by
including a particular emphasis on FFPLA, and what that has meant for maintenance
more generally.

In this regard, a research synthesis was undertaken of land administration literature,
using reputable databases and sources, from the 1950s to the contemporary era. The re-
view identified that the challenges of maintaining land administration systems and the
data held within them has been long recognized. The emergence of the digital era in the
1970s–1980s gave the issue more impetus as data and processes moved from paper-based
and manual, towards digital and automated. The 1990s saw the more formal arrival of
the domain of land administration; however, maintenance, while recognized, tended be a
secondary concern as opposed to system establishment or complete rebuild, particularly
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as many post-Communist countries sought to establish cadastres. The 2000s placed more
emphasis on more holistic, less technically-centric land administration designs, with so-
ciotechnical systems thinking influencing developments, and with a special focus placed
on building systems in developing contexts. Again, in general, maintenance was generally
a secondary concern. The post-2010 FFPLA era has delivered a vast range of new social
and technological innovations, and even countenanced the issue of maintenance, update,
and upgrade more directly. However, while the underlying philosophy and supportive
tools can be considered well formed, scaled implementations that are sustainable in terms
of maintenance remain a challenge.

Following on, this paper consolidated those findings in terms of problems and so-
lutions into a conceptual model, one enabling use at jurisdictional level, to unpack in
more detail which specific aspects of maintenance may be problematic. This included
breaking down the issue of maintenance into the level of change, methods for changing,
components to change, and options for what to change to. Going further, it also utilized
the recently endorsed UNGGIM FELA to explore more specific challenges to the nine
strategic pathways in that framework, to illustrate the already available and emerging
suite of solutions available to practitioners when it comes to resolving land administration
maintenance issues, with a FFPLA mindset. It is suggested that due to the scope and size of
what can be considered maintenance issues, there exist no silver bullets—instead a mean-
ingful appraisal of Figure 1 and Table 1, for example, can help to identify the persistent
maintenance problems within a country context, and the most appropriate solution set
from the suite of available options. We encourage the use of and further reports on the
approach outlined here, at a country level, and to have results of the application reported
back to the academic community

Finally, while the review carried forward to the present era, it is also identified that
new solutions, as yet unpublished, and newly identified challenges, are also emerging.
These too could be the focus of further research effort, and relate to, for example, creating
integrated maintenance processes of other spatial datasets, such as those relating to spatial
planning, valuation, and the marine environment, transferring the lessons of the emerging
‘back capture’ cadastral projects in more developed jurisdictions, support for grassroots IT
development (alongside grassroots lawyers and surveyors), and cybersecurity and data
privacy concerns.
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