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Preface to ”Land, Innovation, and Social Good”

The administration of land tenure, value, and use has changed significantly over recent decades.

Change has been driven by efforts to better balance rural and urban land use, improve recognition

of previously informal land rights in certain geographical regions, and to acknowledge the social

and cultural values relating to land. These changes have been underpinned by the new wave of

technological innovations that have expanded the ways and means of doing land administration.

Running parallel to these seemingly positive developments are the land-related societal problems

including land tenure insecurity, food shortages, slum formation, and environmental degradation.

This edited volume brings together articles spanning innovative approaches to securing land tenure,

land valuation, and the planning of land use, with the aim of deepening the understanding of the

nexus between societal challenges and land, and further enriching the knowledge on how current

technological advances can be used to meet the societal challenges in the area of land administration.

This edited volume comprises nine research articles, three review articles, and one project report,

developed by multidisciplinary teams from Africa, Asia, Europe, the Oceania, and North America.

This also reflects the spread of the geographical focus of the articles. Researchers, both early and

seasoned, will benefit from the insights on the ongoing and current research, in the field.

A big thanks goes to the team at MDPI for their guidance through all the steps of the editing this

special collection, the anonymous reviewers, and the authors, who in more ways than one, made this

book possible.

Kwabena Asiama, Rohan Bennett, Christiaan Lemmen, Winrich Voss

Editors
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The administration of land tenure, value, and use is undergoing a new wave of
technological innovation. The need for faster, more affordable, accessible, fit for purpose
approaches to undertaking land administration functions has led to the push of applicable
technological innovations into the arena. The maturation and scaled implementation of
crowdsourced data capture techniques (i.e., ubiquitous mobile devices), imagery-based
mapping approaches (i.e., HRSI, UAVs, LiDAR), and cloud storage options are all adding
to the expanded land administration toolbox. Further from these developments, there is
a mix of even more novel developments that are being advanced, including blockchain
technology, smart contracts, computer-assisted land use planning decision support systems
for smart cities, and automatic valuation models.

Running in parallel to these technological advances in the land administration domain
are global-level societal challenges. These manifest as key livelihood problems within
national borders and at the community level—and include issues of land rights inequality,
slum formation, food insecurity, natural disaster risk, and exposure. These societal chal-
lenges are not new, but have been exacerbated in the past two decades: More people are
increasingly exposed to the risks, most of the time, in more places. However, as with all
social issues, societal challenges are rooted in their respective legal, social, and cultural
peculiar contexts. Hence, attempts to resolve these challenges are also context specific. This
notwithstanding, land issues are very appropriate to create social innovation, based on
technological evolutions and combined with civic society activities. The papers presented
in this Special Issue further contribute to social innovations via the improvement in land
administration processes.

The relationship between the two issues, technological innovations and societal chal-
lenges, which are related to the administration of land in this Special Issue, form two
theories about the sources of innovation. On the one hand, the aspect of technologi-
cal innovation, which makes science and technology the central theme—the driver of
innovation—and highlights its roles in the development of solutions to societal challenges.
This has been described by many as a ‘supply side’ motivation for innovation or more
commonly ‘technological push’. On the other hand, the pull of the societal demands, where
innovation is defined by the conditions or needs of the recipient community of users. Here,
there is recognition of the demands of the community within a broader socio-political
context, and more importantly characteristics of the end market, especially the end users,
as well as the total makeup of the community, including the social, economic, legal, and
political characteristics, are all considered important.

Therefore, the focus of this Special Issue lies at the nexus of the exploration of this
interaction between technological innovation and social challenges, in the context of land
administration. The Special Issue aims at providing an overview of the trending develop-
ments in the technologies aiding the functions of land administration, the societal demands
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that drive the developments or the applications of these technologies, and how these forces
interact in terms of designed systems, impacts, and outcomes. The Special Issue, in terms
of the trending technological developments in the sphere of land administration, on the
one hand, presents articles relating to current developments and better implementation
of currently used technologies—GNSS, and smartphone apps, for example—as well as
the modelling of workflows to support these technologies—such as process modelling,
cadastral evaluation services, and participatory land administration. On the other hand,
the Special Issue presents a retinue of the societal demands that necessitate the adoption of
the technologies and techniques indicated. These societal demands include gender equality,
land tenure security, environmental protection, food security, and sustainable cities and
settlements (Figure 1).
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The collection of peer-reviewed articles in the Special Issue number thirteen, include
nine research articles, three review articles, and one project report. These articles were
developed by multidisciplinary teams, drawn from Africa, Asia, Oceania, North America,
and Europe, with a consequential spread in the geographical focus of these studies across
the same areas, summarised in Table 1 below.

Table 1. Overview of the papers presented in the Special Issue.

Source Title Country/Geographic
Context

Technological Innovation
and Techniques

Societal
Demand

Aditya et al.

Participatory Land
Administration in Indonesia:

Quality and Usability
Assessment

Indonesia Participatory Land
Registration, GNSS

Land Tenure
Security

Ameyaw et. al.

Transparency of Land
Administration and the Role of

Blockchain Technology, a
Four-Dimensional Framework
Analysis from the Ghanaian

Land Perspective

Ghana Blockchain Technology Land Tenure
Security

Asiama et al.
Towards Responsible

Consolidation of Customary
Lands: A Research Synthesis

Ghana Smartphone Apps
Food Security,
Land Tenure

Security

Auzin, š,
Armands

Capitalising on the European
Research Outcome for Improved

Spatial Planning Practices and
Territorial Governance

Europe -
Sustainable
Cities and

Settlements

Bennett et al.

Hybrid Approaches for Smart
Contracts in Land

Administration: Lessons from
Three Blockchain
Proofs-of-Concept

Australia (New South
Wales)SwedenCanada

(British Columbia)

Smart Contracts,
Blockchain Technology

Land Tenure
Security

Choei et al.
Improving Infrastructure

Installation Planning Processes
using Process Modelling

South Korea Infrastructure Installation
Planning, Process Modelling

Sustainable
Cities and

Settlements
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Table 1. Cont.

Source Title Country/Geographic
Context

Technological Innovation
and Techniques

Societal
Demand

Deng et al.

Land Registration, Adjustment
Experience, and Agricultural

Machinery Adoption: Empirical
Analysis from Rural China

China -
Food security,
Land Tenure

Security

Home et al.

History and Prospects for
African Land Governance:

Institutions, Technology, and
‘Land Rights for All’

Africa - -

Ntihinyurwa
et al.

Farmland Fragmentation,
Farmland Consolidation and
Food Security: Relationships,

Research Lapses and
Future Perspectives

- - Food Security

Paradza et al.

Could Mapping Initiatives
Catalyze the Interpretation of

Customary Land Rights in Ways
that Secure Women’s

Land Rights?

Sub-Saharan Africa - Gender
Equality

Salifu et al.

Innovating Along the
Continuum of Land Rights

Recognition: Meridia’s
‘Documentation Packages’

for Ghana

Ghana Evaluation of Meridia Land
Documentation

Land Tenure
Security

Sousa et al.

Evaluation of the Objectives and
Concerns of Farmers to Apply

Different Agricultural
Managements in Olive Groves:

The Case of Estepa Region
(Southern, Spain)

Southern Spain -
Environmental

Protection,
Food Security

Trystuła et al.

Evaluation of the Completeness
of Spatial Data Infrastructure in

the Context of Cadastral
Data Sharing

Eastern Poland Evaluation of local cadastral
network services

Land Tenure
Security

Twum et al.
Gender, Land and Food Access
in Ghana’s Suburban Cities: A

Case of the Adenta Municipality
Ghana -

Food Security,
Land Tenure

Security,
Gender
Equality

This following presents the works that make up the Special Issue. The above table
shows the spread in the focus of the papers in this Special Issue, with a number of the
papers focussing on either technological innovation, societal demands or both. The papers
in the issue are presented below in the alphabetical order of the authors’ last names. This is
deemed a straight forward and equitable way of arranging the equally weighted articles:
All contribute meaningfully and directly to the overarching theme of the Special Issue.

Aditya et al. [1] present a project report on a quality and usability analysis of partici-
patory land registration (PaLaR) in the rural areas of Indonesia, focusing on data quality,
cost, and time. PaLaR is described by the authors as a community-focused systematic
land titling project that is aimed at collecting spatial and legal data. The work, based on a
pilot study comparing PaLaR and the regular systematic land registration, in terms of their
spatial accuracy, conducted in two rural communities, finds that though PaLaR resulted

3
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in a lower spatial accuracy, it was a better fit locally, providing the needed spatial and
legal information.

Ameyaw and de Vries [2] add on the growing arena of blockchain technology, and
its application to land administration. Drawing on the Ghanaian perspective, the authors
review the potentials of using blockchain technology to enhance the transparency of land
administration functions. The authors, after an examination of the land tenure registration,
valuation, use planning processes, find that it is possible to have a permissionless public
blockchain across all the processes of land administration. This integration of the land
administration processes, responsible departments, and stakeholders, thus could foster
openness, availability, access to information, and promote transparency and participation in
the land administration processes. However, the authors are quick to point out the possible
threats and pitfalls—such as limited storage of data and scalability, and the electricity
consumption needed for the operations.

With the limited use of land consolidation, and a decreasing level of food security
in the Sub-Saharan African (SSA) region, Asiama et al. [3] synthesize four studies that
describe the development of a responsible land consolidation strategy, with one fit for the
region. In this paper, the authors show the comparison of three countries with a responsible
land consolidation strategy to one without. This is done to determine the factors that
inhibit the development of a responsible land consolidation strategy. Further studies in the
synthesis describe the development of the participatory land administration, as well as a
land valuation approach and a land reallocation approach to address the factors inhibiting
the use of land consolidation on SSA’s customary lands, respectively. Though the synthesis
concludes that the developed land consolidation strategy will reduce land fragmentation
towards increasing food productivity, local customs in the area can be an impediment.

Auzin, š Auzin, š [4] distinguishes between planning systems and practices, with the
aim of determining the pre-conditions and the challenges that need to be considered to
improve spatial and development practice in the future. The author explores the trends
and directions in the evolution of spatial and territorial governance, with a focus on the
connections between the EU policies and the diverse national planning perspectives. The
key results from a literature review and a comparative study were that, firstly, there is
the need for an agenda-setting for comprehensive evidence gathering (CEG) if exploring
spatial planning practices and territorial governance in selected European countries, and
secondly, that a set of objectives for a values-led planning (VLP) approach needs to be
introduced for improvement of land use management.

Bennett et al. [5] further explore the implications on the use of blockchain technologies
on the functions of land administration, with a specific focus on smart contracts. With
three proof of concept cases from Sweden, Australia (New South Wales), and Canada
(British Columbia), the authors examine the hybrid approaches being used to introduce
smart contracts into the current land registration technology infrastructure, in order to
keep the land registry as the ultimate decider of the validity of transactions. The results
from the comparison shows that the hybrid approach can enable the adherence to land
administration business requirements, with further scaling implementation requiring a
more holistic view of the sector, with attention being given to the remaining issues, that
among others, include business model analysis, stakeholder acceptance, and trust building.

Choei et al. [6] present an analysis of the time and costs constrained in implementing
a development impact fee (DIF) in South Korea. In this study, the authors use a case study
in Jeju South Korea to compare the efficacy of a proposed approach, procedural modelling
method using CityEngine, to the traditional method which uses AutoCAD. The study finds
that that procedural modelling provides real-time 2- and 3-dimensional modelling and
design evaluation. Moreover, it allows for a more efficient assessment of plan quality and
calculation of DIF and further uncovers the need to diffuse procedural modelling to better
support local planning practices.

Deng et al. [7] link land tenure security to advance factor inputs in agricultural
modernisation in developing countries, with an aim of clarifying their relationships from

4
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the perspective of property rights theory and endowment effects. The study finds that
though land registration does not have an effect on the rate of farm machinery adoption,
and a negative experience in adjusting to new technologies exists, the interaction between
land registration and adjustment experience has a positive impact on the adoption of
agricultural machinery.

Providing a bird-eye view of the past, and present situation of African land gover-
nance, as well as proffering suggestions for the future direction, the communication article
provided by Home [8] explores, through a multi-disciplinary approach, the recent advances
in geo-spatial technology on the African continent. Zooming down to four Anglophone
countries in the region, the article draws upon a range of sources to discuss how among
other things, the colonial legacies of these countries have influenced the culture of their
national land administration systems.

Ntihinyurwa and de Vries [9] in this review article interrogate the relationship between
farmland fragmentation and farmland consolidation, and the variations of food security, to
develop a model that will indicate the conditions under which farmland fragmentation
needs to be maintained, resolved or controlled for the purposes of food security. The
study finds that whilst the best management of farmland fragmentation for food security
purposes can be achieved by minimizing the problems associated with physical and tenure
aspects of farmland fragmentation along with the optimization of its potential benefits,
various agriculture intensification programs, agroecogical approaches, and land saving
technologies can be the most suitable strategies to maximize the income from agriculture
on fragmented plots under the circumstances of beneficial fragmentation.

The initiatives towards securing the land tenure rights of womenin Sub-Saharan
Africa’s customary lands are often undermined by among others, inadequate community
awareness and the challenges of recording the land rights. Paradza et al. [10] analyze case
studies of selected mapping initiatives in SSA to determine the extent to which mapping
both as a cadastral exercise and emerging practice in the initiation of participatory land
governance initiatives, catalyze the transmission of customary land rights in ways that
have a positive impact on women’s access to land in customary land tenure areas. The
study finds that some of the bottlenecks of these initiatives include the expensive soft-
and hardware, illiteracy of women, legal status of the maps in the community, and in the
country, among others. This work makes a significant contribution to our understanding
of what instruments in the land registration toolbox can strenthen women’s land rights.

Salifu et al. [11] explore how the land Documnetation Packages from Meridia recog-
nises the continuum of land rights in its innovative land registration processes within the
institutinal setting of Ghana. The authors describe the processes of registration, as well as
the actors involved and the nature of their encounters, both in terms of the conventional
registration process and that of Meridia. The study finds that though Meridia’s process
reflects the continuum of land rights, it also poses questions for future research regarding
the political economy of land tenure certification and regarding the actual uses and benefits
of issued certificates.

Sousa et al. [12] investigate the drivers and concerns that condition farmer’s choices
of a given olive groove management model. In a case study in the Estepa region of Spain,
the authors find that most of the concerns of the olive farmers were directed towards
conservation objectives. It was further found that organic and educated olive farmers are
more likely to share this view.

Trystuła et al. [13] assess the completeness of National Spatial Data Infrastructures
(NSDIs) containing the core land administrationd dataset—the cadastral dataset- also a key
part of the EU’s INSPIRE project. The authors develop an assessment framework which
enables the identification of websites that publish cadastral data through INSPIRE network
services, and those with a high development potential. The authors recommend the results
of the assessment to be used in the ongoing construction of NSDIs and to improve the
quality of network services and their availability for end users.
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Twum et al. [14] explore the underlying gender disparity in the access to food and
land in the suburban cities of Ghana, and its evolution through the years as a result of
settlement expansion and urban growth. Using a case study in the Adneta Municipality of
Ghana, the authors find that though women engage with the power structures on a daily
basis, the result is either a burden, a benefit or both, depending on their socio-cultural
status and other factors in terms of access to food and land.

Overall, this Special Issue brings together a wide range of landed societal demands
and attempts to meet them using contemporary technology innovations. It shows a
deepening recognition of, and need to explore, the societal demands of food security,
land tenure security, sustainable cities and communities, and environmental protection, in
the context of land administration. Morover, technologies such as blockchain technology,
smartphone apps, and GNSS are also shown to assist in dealing with such societal demands,
albeit each bringing its own flow-on challenges, and potentially unintended consequences.
The collection also brings to the fore, the need to have the views of the local people,
users, and stakeholders taken into account during the design and ongoing upkeep of land
administration systems.
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Abstract: The emergence of “blockchain” technology as an alternative data management technique
has spawned a myriad of conceptual and logical design work across multiple industries and sectors. It
is also argued to enable operationalisation of the earlier “smart contract” concept. The domain of land
administration has actively investigated these opportunities, albeit also largely at the conceptual level,
and usually with a whole-of-sector or “big bang” industry transformation perspective. Less reporting
of applied case applications is evident, particularly those undertaken in collaboration with practicing
land sector actors. That said, pilots and test cases continue to act as a basis for understanding the
relative merits, drawbacks, and implementation challenges of the smart contract concept in land
administration. In this vein, this paper extends upon and further refines the existing discourse on
smart contracts within the land sector, by giving an updated, if not more nuanced, view of example
applications, opportunities, and barriers. In contrast to the earlier works, a hybrid solution that mixes
smart contract use with existing technology infrastructure—enabling preservation of the role of a land
registry agency as the ultimate arbiter of valid claims—is proposed. This is hypothesised to minimise
disruptions, whilst maximising the benefits. Examination of proof-of-concept work on smart contract
and blockchain applications in Sweden, Australia (State of New South Wales), and Canada (Province
of British Columbia) is undertaken. Comparative analysis is undertaken using several frameworks
including: (i) business requirements adherence, (ii) technology readiness and maturity assessment,
and (iii) strategic grid analysis. Results show that the hybrid approach enables adherence to land
dealing business requirements and that the proofs-of-concept are a necessary step in the development
trajectory. Furthering the uptake will likely depend on again taking a whole-of-sector perspective,
and attending to remaining issues around business models, stakeholder acceptance, partnerships
and trust building, and legal issues linked to data decentralisation and security.

Keywords: blockchain; smart contracts; land administration; land registration; cadastre; technology
readiness levels; land conveyance; mortgage discharge

1. Introduction

Subsequent to the initial and overly simplified hype around the potential application of
blockchain technology to the domain of land administration, a more circumspect discourse
on the relative merits and immediacy of its implementation is emerging [1–3]. This is not
to suggest that critical assessments were not forthcoming [4], or that the overstatements
have abated fully: works continue to espouse conceptual blockchain land registry designs
and the imminent benefits [5–7]. That said, such conceptual works appear to be fewer
in number, and the level of attention apportioned them is more aligned to the depth of
technical inquiry underlying them.
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Meanwhile, one of the key discernments from the more balanced discourse is that the
notion of placing an entire title or deed registry, and all related transactions and processes,
on the blockchain is fanciful, at least in the short term [1]: any full tokenisation of property
in a given jurisdiction is still likely to be many years away. Anecdotal evidence from
practice suggests full uptake is something that governments, the conventional custodians
of these records, will only consider in the context of a more matured technology offering;
one that can be shown to fully satisfy cyber-security considerations, and that has had the
commensurate policy, legislative, and regulatory development attention of government.

This does not necessarily preclude the utilisation of blockchain technology in the
land sector in the short term. A more nuanced appraisal suggests that more targeted
and smaller-scale applications of the technology to specific land dealings might be more
realistic, not to say more useful, in the land administration domain.

Examples of specific land dealings, or subset use cases of land administration, could
include land conveyance, mortgage creation and discharge, or off-plan development
approvals. These transactions could utilise blockchain technology by integration with
existing land administration technology infrastructures. That is, rather than seeking to
fully re-engineer and shift all land administration processes, data and document storage
onto the blockchain, the focus in the short term could be on capitalising on the immediate
benefits of the technology to make more efficient specific land administration processes.

Land dealings, such as land transfer or mortgage discharge, are those processes that
enable the transferring of rights over a spatial unit of land, from one party to another [8].
In all cases, they generally require at least two transacting parties, that is a buyer and
seller, and depending on the local legal and financial systems, numerous third-party
actors to support the transaction. A contract, or deed, signed by both transacting parties,
accompanied by a statutory legal instrument, is usually an essential component.

These specific land dealing blockchain use cases are enabled by the customisable
programming logic stored in blockchains. This enables the operationalisation of “smart
contracts”, a conceptual idea predating blockchain technology by more than a decade [9,10].
Whilst this convergence of theoretical concept (smart contracts), emerging technology
(blockchain), and potential application (land dealings) in the land sector is not entirely
novel [11,12], these specific but important transaction subsets of land administration are all
too often bundled up, if not lost, in the more radical sector-wide digital transformational
visions, foreseen to be underpinned by blockchain, but that have, to date, lacked the
combination of political will, public finance, and land agency impetus to implement.

For the smaller use cases of specific land dealings, this need not be the case: smart
contracts supporting land conveyance, for example, can be implemented on the blockchain,
and could be enacted as a somewhat independent technology layer, enabling interaction
between transacting parties, the land registry, financial institutions, attorneys, and other
parties, whilst not requiring the wholesale disruption of embedded existing technology
arrangements.

The hypothesis is that this “hybrid” approach would simply provide a more efficient
layer or interface for making and enforcing land-related agreements between actors; ones
that could provide shorter-term solutions for the provision of a more secure, auditable, and
distributable solution for supporting property record changes amongst buyers and sellers.
Unlike earlier larger-scale sector-wide digital transformation visions, the relatively simple
smart contract concept could be implemented without the need for significant land agency
disruption, complete IT infrastructure rebuilds, or full database redesign.

To this end, this paper explores the potential for the application of smart contracts,
implemented using blockchain technology, for the specific land dealings inherent to land
administration. The overarching aim is to contribute to the more nuanced understandings
of the potential role, benefits and drawbacks, of blockchain technology in the land sector—
by beginning from a more incremental or targeted mindset with regards to implementation.

To achieve this aim, a comparative analysis is undertaken of findings from three proof-
of-concept studies undertaken in Sweden, the Australian State of New South Wales, and the

8



Land 2021, 10, 220

Canadian Province of British Columbia. For each study, smart contracts were applied, and
proofs-of-concept developed for specific land dealings within those jurisdictions. Several
theories are used to guide the case analyses, thereby enabling case comparison and subse-
quent results triangulation. These frameworks included the core business requirements of
land dealings, technology readiness and maturity level analysis, and strategic grid analysis.

The remainder of the paper is structured as follows. A contemporary update is pro-
vided on the principles of, and relationships between, land dealings, land administration,
smart contracts, blockchain technology, technology readiness/maturity, and hybrid solu-
tions. This leads to an outline of the comparative study methodology, and subsequent
presentation of the results. Each case is first presented separately before the discussion
section delivers the synthesis. This section, along with the conclusion, makes predictions on
the likely future development and research trajectories of blockchain and smart contracts
applied to the land administration domain.

2. Background
2.1. Land Dealings and Conveyance

Before examining the potential role of smart contracts for specific land dealings, it is
necessary to provide a brief overview of evolution of land dealings theory and practice.
This informs, justifies, and provides criteria upon which to assess the relative benefits and
drawbacks of any subsequent smart contract-based land dealing proof-of-concept.

Procedures for enabling the transfer of immovable property developed over millennia.
Notwithstanding vastly different social and environmental contexts, and the land transfer
mechanisms they espoused [13], suggests that for any situation, a means of transaction
and evidence piece can be identified. Using these constructs, he suggests four major
developments can be observed—particularly if a Western standpoint is taken.

Initially, transfer processes were linked to localised social customs, involving symbolic
gestures to validate transfers, and witnesses as the key form of evidence. Paper-based
systems followed, with private conveyancing between two consenting parties being sup-
ported by the creation of a deed (or legal document), again witnessed by a third party with
the appropriate social, religious or juridical status. These documents formed an evidence
base to not only support land transfer, but could also enable use of land as collateral, to
support claims in cases of dispute, and for supporting inheritance.

As nation states further developed after the medieval period, beyond the European
Renaissance, and into the Enlightenment, more organised systems or repositories for the
registration of deeds were developed. That is, the trusted third party (i.e., state or religious
institution), not only witnessed deeds, but also made and stored copies of the deeds at a
central location [14]. The input or responsibility of the third party, in terms of verification
of the legal validity of the transaction, and the associated liability assigned the third party
in the case of fraudulent activity instigated by the transacting parties, may have been
rather limited.

In cases where third party involvement developed to include the writing of a governm-
ent-backed title or certificate, terminology evolved to contrast “deeds registration” from
“title registration” [15]—the “Torrens” system being one variation. The key differentiating
feature of title registration is the certificate transfer. Unlike a signed and witnessed deed,
that merely acted as one piece of evidence that a transaction had occurred, the certificate
of title provided a legal point of “truth”, to the point that, if later it was discovered
that a certified transaction was actually a fraudulent one, with the fraud committed by
a seller without the authority to transfer, an unwittingly defrauded land holder would
receive compensation from the State, rather than receiving their land rights back, under
certain conditions.

The period of European colonisation resulted in those deeds and title registration
systems being transferred globally [15,16]. Consequently, the statutory, if not formal, land
transfer processes, in most nation states find antecedence in either deeds registration, title
registration, or a combination of the two (e.g., Trinidad and Tobago, where land parcels
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in the same jurisdiction might be recorded and administered in separate systems) [17].
Whereas deeds registration systems record legal fact, title registration systems record
legal consequence.

The required higher levels of government involvement oversight in title systems
sees them sometimes referred to as “positive systems”, in contrast to “negative” deeds
systems1. As pointed out by [18], “improved” deeds registration systems now appear very
similar in practice and process to title registration systems. Indeed, modern theorists tend
to argue that types of registration system can be considered on a continuum, rather than
fitting clearly into one of the two historical and theoretical categories [19].

Regardless of the statutory system in use, transacting parties are required to compile
a set of legal documents (or instruments) to get the transaction onto the register [18].
Specifications for these documents, and perhaps complexity in requirements, typically
increased over time—dependent on the drivers and problem cases (e.g., fraud) experienced
within a jurisdiction. In many cases, it will require the completion of a prescribed transfer
form, a contract of sale, and a mortgage creation instrument.

Modern deeds and title registration systems were responses to identified weaknesses
in earlier transfer methods. The strength of both lies in their simplicity with regards to four
principles [15,18]. First, the registration principle (sometimes called “curtain” in Torrens
literature) demands that, in order for a transaction to be considered “legal fact”, it needs to
be recorded in the authoritative “book” (or database in modern systems) [14]. This means
that person-to-person, without government oversight, transactions are not recognised
legally. The major reasoning2 here is to stop a land unit (or parcel) being transferred
multiple times by a single party: the authoritative book would reveal that the land has
already been transferred.

Second, the principle of publicity demands that the book and transactions within,
must be available and accessible for the public to view. The principle helps to remove
information asymmetries and ensure transparency in conduct, for both transacting parties,
and the government alike. In practice, books are not fully open, and may be considered
semi-open: privacy and security controls are placed on the ways and means for accessing
transacting data [18].

Third, the consent principle articulates that for any changes to be recorded in the
book, relating to a person or parcel, the impacted parties must give consent. This principle
builds on the previous two, with anti-fraud being a major motivation.

Finally, the principle of speciality declares that both parties and land units must be
unambiguously defined. This is increasingly the focus of international standardisation
efforts [20], and usually achieved through person and parcel identification (ID) systems,
and the use of cadastral maps and field sketches. The IDs make transaction processes
simpler, and seek to minimise identity fraud. It should be noted that literature on Torrens
and other titling systems expand the four principles to also include: curtain, mirror, and
insurance3. Each of these generally seeks to increase the power of the body doing the
registration and fast track dispute resolution.

Despite the successes of both systems, they carry limitations—or at least perceived
weaknesses. First, regarding time, in many systems, transfer processes generally take
weeks, if not months, to complete [21]. This lag between transaction instigation and
completion has been argued as inefficient by the property sector and related actors [22],
and ultimately supports weak governance, if not corruption and informality in the sector.

Second, cost to transfer, particularly in developing contexts, is argued as prohibitive [21].
A transfer usually involves a range of professionals and several parallel processes, each

1 It should be noted that it is usually Anglophone literature that makes these distinctions, with preference for title registration perhaps being
transferred to the subsequent terminology.

2 The registration principle also supports value capture via land taxation by government agencies.
3 Torrens and other titling systems add to the four above mentioned principles, including the insurance principle, whereby the authority responsible

for the book (i.e., often government) will provide compensation to parties judged to have been defrauded of property, due to inadequate checks by
the registry, at the time of registration.
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attracting fees or duties. In theory, modern IT should reduce costs of storage, processing,
and transparency provision [23]—yet, have these gains been passed on, or is a level of
rent seeking persistent to some systems? Arguments and examples can be presented from
both sides. What is clearer, is that if cost to register is too high, informal non-statutory
transactions will occur, “outside of the books”—undermining the utility and value of the
register, and the first principle above mentioned [24].

Third, like all administrative developments, complexity seeps into processes over
time—in terms of parties, processes, and systems involved [8,21]. Regulatory reform is
often a response [25], yet regulatory reform has often proved difficult to deliver in the land
sectors in many jurisdictions.

Fourth, the duplication of effort is also evident in many systems [20,23]. This may
include repeating data entry, superfluous checking of documents, and so on. Duplication
could be considered a subset of the cost issue.

Finally, and perhaps most importantly, despite the best efforts of both deeds and
registration systems, fraud is still possible and certainly occurs [26]. This can be actioned
by buyers, sellers, other actors, or even the registry officials: the systems and controls are
still penetrable with loopholes relating to instruments, documents and processes available
for exploitation.

Like most sectors, over the last five decades (approximately), technology in the form
of digital systems, databases, internet, and web services has greatly impacted upon registra-
tion systems—in terms of function and service delivery [27]. These have served to reduce
existing limitations in both systems in terms of time, cost, complexity and duplication:
many cases of cost reduction and process simplification (or access) can be observed. How-
ever, the new technological approaches also opened up new opportunities for fraud—and
for this reason, amongst others4, most land administration systems have tended to take a
conservative stance and have been later technology adopters. Contemporary systems tend
to still use a mix of digital and paper-based processes and documents. Whilst the devel-
opments are yet to fundamentally challenge or alter the underlying theoretical principles
inherent to both deeds and registration systems, emerging concepts and tools relating to
blockchain, including smart contracts, create interesting questions, if not opportunities [1].

2.2. Smart Contracts

It is also necessary to provide a contemporary overview on smart contracts in terms
of theory and application, and to distinguish it from those of blockchain, recalling that
the latter refers to one mechanism of how and where data in a smart contract is stored,
validated, and viewed. This background supports understanding the smart contract proof-
of-concepts developed in Sweden, Australia, and Canada, and subsequent assessment.

“Contracts” are agreements that can be enforced by law [28]. They are generally
legally binding documents (although, can be merely verbal), agreed upon by at least two
parties, prescribing the rights and duties of the parties involved [29]. Groupings of the
elements can vary; however, contracts are generally considered to require offer; acceptance;
intention to create legal relations; consideration (or value); legal capacity; and consent [28].

Translating from Hemmo, “Contracts enable organized collaborative activity and are
used to carry out economic activity” [10,30,31]. This view allows the contracting mechanism
to be positive and actionable, versus the common perspective that contracts are primarily
designed to manage risk and exposure, thus resulting in the limiting of business activity.

Envisioning the impact and consequences of information technologies on contracts,
business, and legal practice, the “smart contract” concept emerged in the 1990s. Whilst
agreement on the scope of the “smart contract” concept has become more difficult on
account of significantly increased attention across domains, Szabo’s definition [9] of the
concept, constituting a “set of promises, specified in digital form, including protocols
within which the parties perform on these promises” remains prominent, and essentially

4 Rent seeking, enabled by manual processes, for example, is recognised as another reason for land sector inertia.
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foresaw the conversion of traditional paper-based contracts, elements, and associated
manual processes, into digital self-executing ones.

That is, the smart contract concept saw the “if, then, else” statements of conventionally
legal contracts, fitting comfortably with the constructs used in computer programming:
legal agreements could be translated and executed as computer code. This could include
all the binding elements and specific clauses of a contract. This digitisation then opens
the opportunity for the digitalisation of workflows, and completion of contractual actions
by computers that previously required human action or involvement. It would make
transactions between geographically and even socially disparate (i.e., non-trusted) parties
far easier.

Taking this broad definition, smart contracts were already in play in the 1990s. Szabo,
for example, referenced vending machines as operating on an implicit contract: a dollar is
exchanged for a can of soda. Moving forward, parties now routinely sign digital agreements
with online service providers such as Netflix, Apple and Google, approving debiting of
accounts, in return for use of an asset. If the party fails to live up to the terms of contract
(e.g., failure to pay subscription), the party’s online account, and access to the asset, may
automatically be suspended. It should be noted that these examples are not “trustless”
transactions. They require the users to inherently trust that online service providers will
deliver the services, as all require payments in advance. That is, consumers have to trust
service providers like Netflix to provide the movie when they pay in advance. This means
it is an asymmetrical trust relationship. Netflix say they have “Ben Hur”, and the consumer
“hopes” that it will be provided after payment. Netflix validates the consumer through
a credit provider (e.g., Mastercard), but the consumer has no way of validating Netflix.
Continuing the analogy, a true “trustless” transaction would be where the consumer can
actually see on an independent blockchain that Netflix “owns” the rights to “Ben Hur”,
and an exchange is recorded on the blockchain, which gives me access to the movie.

At any rate, whilst the “smart contract” concept and even its application can be
considered decades old, for some applications, technology limitations (amongst those of
a more institutional nature) stymied scaled and decentralised implementation: creating
verifiable public and decentralised agreements, on the order in which a series of digital
transactions had occurred, was an unsolved technical challenge.

Enter Satoshi Nakamoto’s 2008 bitcoin currency [32], underpinned by blockchain tech-
nology. It resolved the order of transaction issue [33], and thus paved the way for recorded
and completed decentralised and verifiable online public agreements. Blockchain tech-
nologies enabled non-trusting parties to record and execute agreements, on a distributed
peer-to-peer network, without the need for a trusted intermediary [34]. In this way, “smart
contracts” can be distinguished from “blockchain”: the former, initially conceived in 1997,
predates the latter by 11 years [32]. Put simply, the combination of blockchain technology
and smart contract concepts enabled a new form of transparent “trustless” transactions.

Mainstream blockchain development platforms emerged, including Ethereum and
Hyperledger, and consequently, the smart contract concept experienced a revival in de-
velopment attention [35], albeit still with more limited scaled application [10]. Essentially,
smart contracts take the form of code, residing on the blockchain, and these codes can be
used to automatically verify and enforce contracts, digitally, without central authorisa-
tion [35].

Putting the above into practice, Table 1 reveals the current state-of-play with regards
to actual implementation of smart contracts, as compared to more conventional contracts.
Several features are worthy of mention. Firstly, on specification, in the smart contract
situation, the contract, including the terms of agreement, has been converted to computer
code. This is the key characteristic that subsequently enables the downstream execution of
many of the contract terms and tasks can be achieved through automated processes. These
processes can include the transfer of property title, automated payment of duties or fees, or
payment credits to cover escrow accounts.
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Table 1. Comparison of traditional contracts against smart contracts.

Criteria Conventional Contracts Smart Contracts

Specification Natural language and legal prose Code
Identity and Consent “wet” signatures Digital Signatures
Dispute Resolution Judges, adjudicators, arbitrators Consensus via blockchain

Nullification Parties via legal enforcement
Process of breached terms

Parties via Agreed Upon Digital
Nullification workflow and

block consensus

Payment Independent third-party Process Automatic, based on executed terms
(Built into Contract)

Escrow Independent third-party Process Automatic, based on executed terms
(Built into Contract), or not even required

Second, in terms of identity and consent, digital signatures, using asymmetric cryp-
tography dating back to the 1970s, are fundamental to smart contracts. Every transaction
connected to a smart contract must be signed. The integrity of the system rises and falls on
the level of confidence that the network has about each party to the contract. In essence,
this is the very reasoning for the principle of speciality in conventional registration systems.

Every person required to execute their part of the contract must have a digital key. The
challenges for architects of a smart contract network are to balance the relative simplicity
of a central authority that issues credentials versus challenges of self-sovereign identity
and key management. Key management is certainly a non-trivial issue, but multi-signature
frameworks and custody models have emerged to address both security and consumer
adoption concerns.

Third, in terms of dispute resolution, nullification, payments, and escrow, it can be
seen that these tasks are largely automated, programmed as workflows, and thus remove
the need for trusted third party decision making and action in the smart contract solution.

2.3. Technology Readiness Levels

Having defined smart contracts, differentiating them from both conventional contracts
and blockchain, an introduction is now given to analysing and understanding the relative
readiness and maturity of the technology, in the context of its potential utilisation in land
administration, and specific land dealings.

The concept of “Technology Readiness Levels” (TRL) is an approach to classifying
technology from basic principles and conceptualisation through to implementation in an
operating environment. The TRL framework was developed by NASA for the development
of technology in the Space Program in the 1970s [36]. The framework has been adapted
and utilised for information technology systems development [37] and new product devel-
opment [38]. The nine phases in the original NASA framework as adapted to commercial
development are (adapted from [38]): TRL 1: Principal research into key properties of a tech-
nology; TRL 2: Conceptualisation of a new potential application for the technology; TRL
3: Develop analytical “proof of concept” of core functionality; TRL 4: Component and/or
breadboard validation in a laboratory environment; The focus of technology development
is on achieving project objectives; TRL 5: Validation of basic technological capabilities in a
relevant environment; TRL 6: “High-fidelity alpha prototype demonstrated in a relevant
environment”; TRL 7: Beta prototype demonstrated in an operational environment; TRL
8: System completed and qualified to relevant project requirements/industry standards
through test and demonstration; and TRL 9: System proven to achieve all project require-
ments in operational environment. Preliminary appraisal of blockchain applications in
land administration, as uncovered in [1], suggests that existing developments lie between
TRL 2 and TRL 3: most reported developments are conceptual or limited proofs of concept.

While useful to explore the technology readiness of blockchain and smart contracts
to perform land registry functions, TRL has some limitations. TRL ignores organisational
considerations of the organisation developing or implementing the technology and the
environment in which the organisation operates [36] and fails to consider integration of
the new technology/system with existing systems [37]. The TRL framework finishes with
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the successful operation of systems in the target environment and does not progress to
commercialisation and diffusion throughout an industry or market.

A parallel can be drawn between the limitations of TRL and previous studies on the
maturity of blockchain: most studies on blockchain focus on the technology and ignore the
organisational considerations of adopting new technology [39]. While an argument for the
adoption of blockchain is the elimination of intermediaries [40], there is still the need for
the governance of organisations within a blockchain network [41].

Therefore, to support TRL analyses and evaluations of blockchain and smart contracts
in the land dealings, it seems pertinent to also include technology adoption theories. The
technology, organisational, and environmental (TOE) framework examines antecedents to
technology adoption [42]. This model has recently been used in a systematic review of the
literature exploring blockchain adoption considerations [43]. The major technological con-
siderations identified were complexity, perceived benefits, security, compatibility, maturity,
relative advantage and smart contract coding. Most referenced organisational capabilities
were organisational readiness, including value chain readiness, appropriate knowledge and
financial resources; top management support; organisational size, business model readi-
ness and innovativeness. Major environmental considerations included market dynamics
encompassing competitive pressure and market standards, the regulatory environment,
government and stakeholder support, business use cases and industry pressure.

In a similar approach to TOE, [39] identified that institutional and market factors
need to be considered as well as the technological factors. From an institutional perspec-
tive, cultural resistance by industry incumbents needs to be overcome; knowledge and
understanding need to be developed amongst businesses, customers and government
around the potential use and implications of use of blockchain; and how the technology
can be integrated into existing strategies and processes [39]. Market factors include the
changing role of intermediaries and associated potential disruption; the need to embed
smart contracts in software; and impact on business processes [39].

Another supportive theoretical framework for blockchain application evaluation
is those linked to capability maturity models. Typical engineering capability maturity
models [44,45] have been adapted to develop a maturity model for the engineering of
distributed ledgers as shown in Table 2 [46]. These can also be useful for assessing maturity
with respect to smart contract approaches to facilitating land dealings.

Table 2. A maturity model for blockchain and smart contract application in land dealings.

Maturity Phase Intention Artifact Scope

1. Initial

Discovery of the potential
benefits and how the

replacement of intermediaries
may impact process and
governance structures

Development of Minimum
Viable Product (MVP)
blockchain prototypes

Selection of blockchain
platforms is not systematic

and the roles of the blockchain
and existing database

technology are indistinct

2. Structured

Use a structured
technology-selection process

to identify
appropriate platform

An appropriate platform
selected and the design of a

partner network and
governance frameworks

Specific criteria have been
used to select blockchain use
cases and to distinguish the

solution from existing
database technology

3. Automation
Moves toward process
automation based on

smart contracts

Smart Contracts—use the
platform to go beyond
distributed transaction

management

The scope of smart contracts is
limited to “single

dependencies between data or
business processes”

4. Business Collaboration Distributed autonomous
organisation

Complex relationships and
automated processes across

A network of visible partners
is expressed by inter-linked

smart contracts.

5. Verification Formally proven automation Correctness of smart contracts
and DAOs checked

Verification by known
model checkers

Adapted from [46].
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In summary, analyses of the progress of the use of blockchain and smart contract
technologies in land dealings could benefit from identifying the TRL phase of the se-
lected projects, exploring the degree to which TOE factors have been considered, and the
blockchain maturity phase that the project represents.

2.4. Towards Hybrid Solutions

Putting all the above together, despite the perceived benefits of smart contracts appli-
cable in many sectors, beyond crypto currencies such as Bitcoin, scaled implementation
of the smart contract concept via blockchain within mature industries, such as those with
heavy government oversight or regulatory control, still remains limited.

This applies equally to the land sector: despite much hype and conceptual design
work, evidence of fully operationalised blockchain-driven solutions in the land sector
remains scarce [1]. Land dealings are complex transactions encumbered with the body
of sometimes very old legislative and regulatory controls and processes. Existing legal
systems and accompanying administrative procedures need adaptation to incorporate
the smart contract concept, at least if the transaction is to be considered “legal” under
any form of deeds or title registration system). Moreover, there persists the notion that
smart contracts might operate beyond human control and bind the parties to agreements
or expose them to unintended liabilities through malicious behaviours.

That said, more circumspect conceptual thinking on “hybrid” approaches is emerging.
In [47] the term “hybrid” refers to designs that tend towards semi-private and more permis-
sioned write access, aligning them with conventional land administration processes. Only
identified and authenticated actors would be permitted to write. Going further, in this
work, the term is adapted to include the combined use of conventional database technolo-
gies, integrated with blockchain technology. Additionally, the idea is to veer away from
earlier whole-of-sector digital transformations designs, and focus in on specific dealings,
activities, and actors. The aim is for minimal disruption to existing institutions and infras-
tructures, or even to demonstrate integration with those systems. These hybrid approaches
seek to deliver the benefits of smart contracts to land dealings, whilst minimising risk and
resistance—however, they also require rigorous scrutiny.

Consequently, there appears to exist a sound argument to evaluate these smaller-
scale or incremental developments in the context of adherence to business requirements,
technology readiness/maturity, and impact—with a view to evaluating whether a trajectory
of uptake is evident, or not, and where this alternate implementation approach may
be leading.

3. Materials and Methods

Building from the findings in the previous section that—(i) institutional constraints
mean whole-of-sector blockchain transformations of the land administration sector will
not be realised in the short term; (ii) the technical readiness level (TRL) of smart contracts,
underpinned by blockchain, is considered to be at best, at the level of proof-of-concept (2–3);
and (iii) that specific land dealings appear highly suited to smart contract application with
respect to maximising the benefits, whilst mitigating the current limitations of blockchain
technology—a methodology was developed to support the examination of the possibility
and benefits of hybrid land dealings solutions, combining land registry processes with
smart-contract/blockchain technology.

The developed methodology was fundamentally built from the pragmatist research
paradigm and can be considered “design research”, or at least design evaluation: the
methodology sought to assess a solution “that works” in a given context and application
area, rather than seeking any absolute truth [48]. Justification for this design approach
can be found in other land administration research and development work, recently
including [49–54]. Building from these works, the methodology can be said to be inspired
by, although not a direct application, of the living labs approach [55], reflexivity and action
research [56]; these specific methods already finding justification and application in land
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administration studies. On this, it should be noted that some of the co-authors were
involved in the proofs-of-concept work in the jurisdictions, however, these were considered
separate undertakings to the analyses informing this work.

In this vein, the methodology primarily utilised publicly available data and findings
from rapid prototyping development work completed by ChromaWay, between 2016 and
2020 in three jurisdictions. This data includes reports, presentations, published code,
technology descriptions, amongst other artefacts. ChromaWay is a software and blockchain
solutions provider operating globally, but is primarily based in Sweden. ChromaWay has
developed a generic suite of blockchain tools, customising them for multiple jurisdictions,
across multiple sectors, including the land administration sector. A brief overview of
the ChromaWay design and development process, and the resultant key components
of the solution, are explained in Section 4.1. The publicly available ChromaWay data
was supplemented by the pre-existing expert knowledge and contextual awareness of
the authors.

The results of three specific proof-of-concept studies are drawn upon for this specific
work, namely undertakings in Sweden (2016–2018), Australia (State of New South Wales)
(2018), and Canada (Province of British Columbia) (2018), and further follow-up activities
in 2019–2020. For each case, smart contracts were applied, and proofs-of-concept developed
for a land dealing, namely a portion of the land conveyance process, in those jurisdictions.
Subsequent to those studies, a framework was developed to enable assessment of each; first
individually, and then comparatively. The framework assessed the specific use case of smart
contracts for land conveyance within the jurisdiction, in terms of lead sponsors, required
partners, smart contract technology components and features (i.e., the hybrid approach),
the specific land conveyance use case, process participants, pre-existing problems with the
process, challenges with the specific study, and key benefits. The results of these analyses
are presented in Section 4.2, Section 4.3, and Section 4.4. Additionally, the cases were
comparatively assessed against theories, including the core business requirements of land
dealings, technology readiness and maturity levels, and strategic grid analysis. These
results are presented in Section 5.

The findings were then synthesised to make generalised determinations of the con-
temporary potential for more nuanced and incremental application of smart contracts,
implemented using blockchain technology, for the land administration sector.

4. Results
4.1. The Hybrid Approach

First, an overview of the developed generalised hybrid approach is provided in terms
of the developed business, application, information, and technology architecture.

In terms of the business architecture, the philosophy behind the hybrid proof of
concepts was to move beyond the concept of “big bang” sector-wide blockchain trans-
formation for land administration, which would necessarily involve comprehensive and
substantial re-engineering of all the business processes, in terms of land dealings, actors,
and tasks. Instead, the focus was placed on specific land administration tasks or trans-
actions that would most immediately utilise and benefit from smart contract application,
envisioning connection to the existing land registration technology infrastructure, with
minimal disruption. This is referred to as the “hybrid solution”. It should be noted that the
proof-of-concept did not connect to the production-level technology infrastructure.

For smart contracts to take hold in land registration processes—at least those transac-
tions taking place in formal, legal, and/or statutory systems—a level of reform to existing
legislative, regulatory, and administrative processes would be required: transactions in-
volving immovable property are subject to specific laws in each jurisdiction (i.e., beyond
regular contract law). That said, it is possible to explore the potential role of smart contracts
in the land registration and transfer process.

In terms of the application architecture, in each of the proofs-of-concept, the existing
processes were mapped in terms of actors and tasks. From this, alternative conceptual
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workflows were developed that incorporated smart contract technology. The actual smart
contracts were designed using code which drove automated tasking and workflows where
the rules defined what “messages” were acceptable at every state of the contract. For
example, the property purchase process code defined a “buyer” who must sign-off on a
contract. Digital signatures were used to establish message authenticity, in order to prevent
“attackers” impersonating one of the parties, posting invalid or malicious information,
and to indicate that the signing party was responsible for message contents, similar to a
signature on a paper document or contract.

Here, it is also necessary to introduce the concept of “boundary connectors”, the oppo-
site of barriers to entry. Boundary connectors—technology, data, and collaborative business
arrangements—enable business processes to cross organisational and jurisdictional lines. A
simple example is the strategy of introducing regional “smart pass” transponders to allow
vehicles to quickly and securely cross local highway jurisdictions (a “smart pass” is simply
a smart contract device; a fee is deducted in exchange for the right to pass through a toll
gate). The processing of land registration and associated mortgage lending processes can
be thought of in a similar fashion (see Figure 1). The distributed ledger serves to connect
buyers, sellers, settlement agents, lenders, and land registries into a single network (i.e., the
road network) and the smart contract acts as a sort of “transponder”, guiding the property
transfer (or other transaction) to move across the ledger network.
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Figure 1. Simplified workflow schematic of a land dealing process enabled via smart contracts on
the blockchain.

Information Architecture: Figure 2 illustrates the components of the hybrid con-
veyance solution proposed in this paper. There are three high level architectural compo-
nents: (1) client-distributed applications (Dapps); (2) source of on/off chain data; and
(3) the blockchain Backend. In the blockchain backend, smart contracts are written ei-
ther with Esplix or using Postchain (explained below). The Conveyance Dapp is written
like any other business application, except data is written to the blockchain nodes (BC
Nodes) instead of a central database. Data in the Dapp is appended to/presented from
the blockchain. The behaviour of the Dapp is driven by the codified smart contract (for
each conveyance type) and the workflow which orchestrates the interaction of property
ecosystem participants.

The smart contract in a land registration transaction employs digital signatures (typi-
cally through the use of cryptographic key pairs) that provides the signed transactions that
are submitted to the blockchain ledger; specifies the data required by network partners to
process/approve a transaction; enables automated processing of escrow payments or other
types of actions based on predetermined rules; describes the definition of a completed
task(s) (e.g., signatures, collected data, etc.) that permits the contract to proceed; enables
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participants with a user interface (e.g., as a smartphone) or systems (e.g., application
servers) to complete the tasks required by the codified contract.
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Technology Architecture: In each study, ChromaWay utilised a technology called
Esplix. Esplix is non-Turing complete (not a fully operational program to avoid loops
which enabled the DAO (decentralised autonomous organisation) hack [57]) and operates
as a system for exchanging signed messages. The ChromaWay Esplix solution, like other
similar frameworks, allowed the smart contracts to operate in a more settled legal space
defined by laws like the US’s Uniform Electronic Signatures Act (“UETA”) and Electronic
Signatures in Global and National Commerce Act (“ESIGN”) that already recognise, enable,
and validate the use of electronic signatures and electronic records. The Postchain module
for Esplix allows one to utilise the Postchain consortium database as a consensus (witness)
component of an Esplix system. Postchain provides a reliable message store and guarantees
that once a message is confirmed its position relative to other messages is certain and that
the message chain is unambiguous. Note that Postchain can also be used as the consensus-
based blockchain data repository for a distributed application (Dapp) client.

4.2. The Swedish Case—Property Sales

The Swedish proof-of-concept was completed between June 2016 and June 2018 and
was primarily sponsored by Lantmäteriet—the Swedish mapping, cadastral and land regis-
tration authority. Lantmäteriet is a government agency primarily providing information on
Swedish geography and property. The project was sponsored by a consortium, including
business consultants, technology providers, and financial institutions. Respectively, these
were Kairos Future (business), Telia (ID Provider), ChromaWay (technology provider),
SBAB Bank, and Landshypotek. SBAB Bank is a state-owned bank that borrows funds to
support the Swedish mortgage market. It provides loans to private individuals, tenant-
owner associations, and real estate companies. Landshypotek is a bank owned by farmers
and foresters, almost forty thousand, and reinvests profits back into those enterprises.

The proof-of-concept focused on all of the phases of the property sales process includ-
ing property transfer (or land conveyance). In the Swedish system, this includes a buyer,
seller, real estate agent, buyer bank, seller bank, and the land registry. Perceived problems
with the existing process are generally related to complexity, duration, duplication, and
documents being physical. That is, the existing process was found to: include thirty-four
(34) steps; take weeks or months to complete; only involved the land registry very late in
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the process; make use of only limited data re-use between steps; still be largely paper based,
with signed documents sent by regular email; and to require manual identity checking.

The technology suite applied by ChromaWay included the Esplix Smart Contract,
and Postchain Blockchain solutions. An excerpt of the smart contract developed for the
real estate consortium formed in Sweden to process property transactions is shown in
Figure 3. The developed smart contract dictates that the buyer’s bank must sign-off (with
its key pair) that it has (1) received the purchase sum and (2) sent the contract to the
land registry. The land registry, in turn, must sign that it approves the purchase contract
received from the buyer’s bank. In this way, the smart contract defines and orchestrates
and enforces the actions they must take to advance the contract and associated processes
towards completion. The demonstrator illustrates the potential to use the smart contract in
the context of established land transfers in a developed economy context.
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Features of the solution included that only parties to the contract were privy to the
data in the contract; that the contract would not fully execute without satisfaction of the
data and signing requirements; and that the contract protocol could be distributed through
third party vendors or directly through registry developed apps. Given the number of
actors involved in the conveyance process, this last feature was considered highly beneficial
in the Swedish case.

The results of the proof-of-concept revealed a significant reduction in the number of
manual steps needed for a property transaction (down from 34 to 13); greater transparency
into the process for all parties (including the banks, land registry, etc.), in terms of being
able to view the status of a transaction at any time during completion; and a simpler, less
expensive distribution of the standard property transfer protocol using a smart contract.
A major challenge identified during the proof-of-concept assessment is that Swedish law
does not allow for the use of electronic signatures for property transactions, obviously a
major constraint in terms of scaling the project to production level.

In terms of current status, the blockchain network and smart contract proof-of-concept
protocol were trialled and externally tested. Further progress can start once the digital
signature restrictions are addressed.
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4.3. The Australian Case—Mortgage Discharge

The Australian proof-of-concept was completed from January 2018–October 2018 and
led by New South Wales Land Registry Services (NSW LRS), supported by ChromaWay
Asia Pacific and ChromaWay AB. NSW LRS operates the NSW land registry for the NSW
State Government. It is a private company and has a 35-year concession to run the registry,
commencing in July 2017. Part of the concession involves ensuring improvement and
upgrade of the technology infrastructure underpinning the registry, in terms of service and
security. In this vein, the 2018 proof-of-concept provided an ideal opportunity to trial the
use and potential integration of blockchain enabled smart contracts.

Unlike the Swedish case, focused on the complete case of land conveyance, the
Australian case focused on an even more specific land administration process. The core land
administration process focused upon was “Discharge of Mortgage Lien”. The Discharge of
Mortgage Instrument is used to remove the recording of a mortgage from a land title. It
usually applies to a whole parcel. Mortgage discharges are the most common transaction
supported by NSW LRS, with between 20 K to 25 K completed per month. In comparison,
there are usually from 13–17 K land transfer transactions (or land conveyance). The core
participants in the process are the mortgagor (usually an owner), mortgagee (usually a
financial institution), and the land registry (NSW LRS).

In the NSW context, the existing lien removal process was considered to be overly
complicated and included more steps than were seen to be necessary, particularly given
the possibilities provided by digital lodgement and processes. Due to the complexity, it has
been found that, in some cases, even when debts are settled, liens removals have neither
been appropriately lodged nor processed. In these cases, mortgage holders may not even
be aware that the lien still exists on the property.

Similar to the Swedish technology solution, the NSW LRS Discharge of Mortgage
case utilised Esplix Smart Contract and the Postchain Blockchain. The latter enabled the
hybrid solution—an interaction between the existing NSW LRS technology infrastructure
and the Explix Smart Contract: the smart contract could automatically call the NSW LRS
system to return the title data into the smart contract, without demanding radical changes
to the NSW LRS land registry databases. In addition, the new approach would enable
the mortgagor to initiate the lien release, and not be dependent on the mortgagee, via
automated enforcement. This contracting protocol could easily be distributed through
third party vendors or directly through other NSW LRS apps, again without disrupting the
underpinning and existing technology infrastructure.

The Australian NSW LRS case also revealed implementation and scaling challenges.
Australia is a federation, divided into 6 States and 2 territories, and land administration
responsibilities reside with those federated jurisdictions. This creates challenges for devel-
oping a national standard for e-conveyance and land transactions. For example, PEXA, the
national e-conveyancing platform, not based on blockchain, took more than a decade to
develop, and even still, many transactions in many States are completed outside PEXA. In
law and regulations, it is considered an ELNO (electronic lodgement network operator)
and could be open to competition from other ELNO. Whilst this creates competition, it also
created inefficiencies, potential duplication of effort, and disaggregated market data. In
such a small market (e.g., Australia has a population of ~25 M people), it is generally
desirable to build a consensus around standards and processes between States/Territories;
otherwise, getting buy-in and interest from private sector operators (e.g., software vendors;
financial institutions), is more difficult. Therefore, any blockchain based solution, even if
just for a limited number of land transactions, would need to address this issue.

That said, numerous future benefits were evident from the proof-of-concept work.
In 2016–2017, NSW LRS processed 930,809 conveyance transactions, of which 25% (237,964)
were mortgage-related. At the time of the study, less than 20% of mortgage lien releases
were submitted fully electronically. A better “uptake” could be possible through decen-
tralised smart contracts.
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In terms of current status, the Discharge of Mortgage Lien process prototype was
completed and approved as addressing technical requirements by NSW LRS.

4.4. The Canadian Case—Re-Assignment Reporting in British Columbia

The Canadian proof-of-concept was completed between June 2018 and October 2018.
Like the Swedish work, a consortium approach was used, with the Land Title and Survey
Authority of British Columbia (LTSA) the sponsoring organisation. LTSA was setup as
a statutory corporation under the Land Title and Survey Authority Act 2005, giving it
delegated authority over land title and survey systems in British Columbia. This allowed
LTSA to focus on efficiency using a digital first approach. In this vein, it was a leader
in developing online electronic filing, search, and parcel map services for land sector
stakeholders in the 2000s. Other partners for the proof-of-concept included ChromaWay
AB and Landsure Systems Ltd. Landsure is a wholly owned subsidiary of LTSA, and
primarily supports the continued improvement of the LTSA via the development and
management of LTSA’s core technology infrastructure.

Like the other cases, rather than seeking a big bang whole-of-sector transformation
solution, the LTSA focused upon a new land administration process that could benefit
from a smart contract approach, whilst also providing for minimal disruption of the
existing technology infrastructure. In this regard, the transaction focused upon was “Re-
Assignment Reporting”. This activity addresses the reporting of a re-sale of previously
assigned condominium properties (primarily) prior to sale. An assignment is a right
(and commitment) to purchase a property in the future. Typically, this occurs when a
new condominium property is being built and the builder needs to presell a percentage
of the properties before banks release funds for the formal build activity to commence.
The new process involves numerous stakeholder bodies, including the assignee, assignor
(new buyer), and realtor, property developers, LTSA (land registry), and the government
planning branches.

The Re-Sales Assignment Reporting process is a new business function of LTSA and
the smart contract alternative approach was evaluated in parallel to the development of the
“traditional” approach using a central database. Note that the overall goal of the business
function was to inject more transparency into condominium re-assignment for tax and
planning purposes.

In terms of the developed technology infrastructure, use was made of the Esplix Smart
Contract solution and Postchain Blockchain solution. The developed solution considered
the planning agency (OSRE) to “push” a pre-sale filing number to LTSA for database
storage. Moreover, when an assignor requested assignment of the property, the platform
utilised the filing number in the smart contract. Like the NSW case, the contract protocol
can be distributed through third party vendors or directly through registry apps.

In terms of the proof-of-concept results, the project experienced no significant chal-
lenges. The LTSA project team was primarily comprised of their technology and business
analysis organisation—LandSure Systems. This greatly facilitated the technology knowl-
edge transfer and development process.

Further key benefits, as against the more conventional database prototype, were iden-
tified as the property taxation branch (PTB) being able to query the smart contract data
ledger at any time to view the state of transfers. The solution envisioned the property devel-
opers reporting these transfers, as they are in a better position to provide that information.
Asking the buyers and sellers to report was considered as well.

In terms of the current status, the prototype project was completed, but due to scaling
and change management constraints with all the stakeholders and various agencies, the
prototype approach was not deployed, and a more traditional approach was used. LTSA is
now evaluating other opportunities for the use of smart contract/blockchain technology.
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5. Discussion

Moving beyond individual case examinations, this section undertakes comparative
analysis against the core principles of land dealings, technology readiness/maturity, and
strategic grid analysis. The accompanying interpretations help to shed light on the relative
merits of the hybrid approach at both an organisational and sector level, update the status
of smart contract application in the land sector, and enable hypothesis development for
future development trajectories.

5.1. Business Requirements Adherence

The core business requirements for land dealings, outlined in Section 2.1, regardless of
system antecedence being deeds or title, included the principles of: (i) registration; (ii) pub-
licity; (iii) consent; and (iv) specialty. For all three (3) proofs-of-concept examined, it was
shown that each of these principles can be met. That is, the smart contract approach, under-
pinned by blockchain, and offering integration with existing technology infrastructure (e.g.,
via APIs), enabled the registration of transaction details (i.e., parties, dates, transference
details), and could be configured for wider public reading/viewing. Moreover, the consent
principle could be realised through the developed Esplix code and subsequent automation.
The principle of speciality, that is, the unambiguous identification of parties and parcels,
can also be observed via the integration with pre-existing land registry databases, enabled
with Postchain. In this way, achievement of the speciality principle is reliant on how land
parcels and parties are identified within the jurisdiction.

Other core business requirements, also outlined in Section 2.1, those associated with
titling systems—including curtain, mirror, and insurance—can also be shown to be sup-
ported. However, these principles demonstrate the limitations of only undertaking a
technical assessment: the hybrid approach can certainly be shown to support obedience
towards the principles, but it does not guarantee it. That is, adherence to the land dealing
business requirements is not only dependent on technology, but broader socio-technical
arrangements (e.g., specifics in legislation). Moreover, it could be argued that with a smart
contract approach, the insurance principle becomes redundant altogether: the idea being
that the technology confounds the possibility of land dealing fraud altogether. In the hybrid
approach, the fraud protection benefits of blockchain exist within the transaction system,
but, dependent on existing controls, unauthorised changes could still be made to the land
registry itself. The use of hybrid approach provides an immutable record of transactions
against which changes in the land registry can be checked. This will be more effective
where all transactions are processed through the blockchain transaction system.

Looking beyond core business requirements, Section 2.1 also outlined limitations
of existing systems for land dealings. These included perceived excesses in time, cost,
duplication, complexity, and fraud with regards to land dealings. Across the three (3) cases,
within the controlled hybrid test environments, it was illustrated that the integration and
automation, enabled by the Esplix and Postchain solution, could result in reductions in
time, complexity, and duplication. Less manual handling of a single dealing should also
result in lower costs (i.e., less actors involved) for responsible agencies. However, this does
not necessary equate to reduced costs of transacting parties: costs are often associated with
set fees or duties, and these are not necessarily determined in simple cost recovery terms.
Finally, as already mentioned, a key tenant of the smart contract and blockchain approach,
is the reduction of fraud, via publicity, and in this regard, the hybrid solutions provide
for this.

Putting aside the limitations of a technology-centric assessment, each of the hybrid
proofs-of-concept were shown to support adherence to the core business principles of
land dealings. Moreover, the hybrid approach also appears to deal with some of the
limitations of existing technological approaches. In this regard, for the unit of analysis of
“land dealing”, evidence of the benefits of smart contract and blockchain approaches is
apparent, beyond earlier theoretical espousals.
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The positive results again raise the question as to why uptake has not been more
apparent in the land sector? An immediate answer, in the framework of busines require-
ments, is that whilst the existing technology solutions may not be perfect, they largely
already enable adherence to the same core principles. Why take on the risks of a new
and potentially immature technology implementation, when existing systems work? This
question invites analysis of the actual maturity level of the hybrid approach (e.g., TRL),
and whether anecdotal perceptions that the technology is not yet matured, are valid.

5.2. Technology Readiness and Maturity Levels

Against the TRL adapted framework from [38], all three (3) proofs-of-concept re-
viewed appear to reflect relatively early phases of readiness and maturity with respect to
and in terms of blockchain and smart contract maturity. That is, having moved beyond con-
ceptualisation and early experimentation, the Swedish, Australian, and Canadian projects
all appear to be at the TRL 4 (Component validation in a laboratory environment—or tech-
nical “Proof of Concept”) levels. The cases have progressed further towards technological
readiness than previously documented proposed applications of blockchain and smart
contracts (e.g., see [1]). These earlier efforts were more worthy of TRL 2 designation (Con-
ceptualisation of a new potential application for the technology) or TRL 3 (i.e., Analytical
“Proof of Concept” without progressing to demonstrating technology proof of concept [1]).
The technical proof of concept projects demonstrate that the hybrid solutions proposed can
meet the technical functional requirements of land transaction applications explored.

Technical proofs-of-concept are important to understand the potential benefits and
implications for processes and roles [46]. They are also important for communication
between technologists, academics and practitioners (registry operators and intermediaries)
(adapted [58]). From a systems supplier perspective, proofs-of-concept enable IT experts
to highlight issues to be solved; potential clients to verify IT supplier capabilities and
supports pre-sales process of IT providers [58]. However, while the technical proofs-of-
concept are a step forward and are important to potential adoption of blockchain technology
at a jurisdiction and industry level, there is significant further work required before this
technology is likely to be adopted as a dominant approach to administering land records.

Going further, from a blockchain maturity perspective [46], see Table 2, all three (3)
proofs-of-concept are assessed to be moving from Phase 1 (initial) into Phase 2 (structured).
The land registry operators used the projects to explore how blockchain and smart contracts
could be used to improve processes and governance structures. The more nuanced ap-
proaches of examining how a hybrid approach could utilise blockchain and smart contracts
integrated into the existing land registry database technology reflects an advancement in
maturity. While the proofs-of-concept successfully showed the technical feasibility of such
solutions, none of the operators have yet moved to a formal technology assessment process
to select and finalise an appropriate platform or have finalised partner network and gover-
nance frameworks. While the potential roles and actions of intermediaries were explored
with differing levels of stakeholder engagement across the projects, substantial institutional
work is required to move towards implementation of automated smart contracts (maturity
phase 3) and business collaboration (i.e., DAOs) (maturity phase 4) in land registry and
land transaction space. Government responsibility for land registry functions may limit
the viability of moving to the DAO phase for this application of Blockchain.

The proofs-of-concept considered here also provide some insights on TOE for the
adoption of smart contracts and blockchain hybrid solutions in land dealing applications.
From a technology perspective, the examples indicate that hybrid solutions can meet
technology requirements of different transactions that interact with land registries. The
proofs-of-concepts did not progress to prove full integration of the technology used by ex-
isting registries. However, such integration is relatively straightforward with the analytical
design, including interface to existing registry APIs. The cases suggest substantial potential
benefits in the hybrid technical solutions explored compared to the existing manual, paper-
based transaction systems. Potential benefits in terms of time, cost, duplication, complexity
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and potential fraud were identified. Many of these benefits flow from digitalisation and
the cases did not compare the potential benefits and costs of the prototype blockchain
solutions versus other forms of digital technology. This last one was demonstrated by the
NSW case with the national PEXA solution (non-blockchain), already providing many of
the digitalisation benefits identified and the Canadian case, resulting in the client selecting
a more traditional solution.

Furthermore, the cases provided insights into organisational and environmental
considerations of the TOE framework for the adoption of hybrid blockchain solutions
for land registry transactions. From an organisational perspective, the proofs-of-concept
increase organisational knowledge of the technology and how it can be integrated into
existing strategies and processes [39]. From an environmental perspective, the cases show
the complexity of land registry environments with Sweden halting their project due to
legislation requiring wet signatures for land transactions; NSW being part of a broad
national environment for which a national solution was available and the Canadian case
did not proceed, partially due to change management issues with stakeholders.

In summary, the proofs-of-concept analysed show that in terms of readiness and
maturity, blockchain and smart contract technologies, applied to land dealings and land
administration more generally, have progressed towards more structured and analytical
proofs-of-concept than previously observed. Finally, for further confirmation of these
findings, or otherwise, we briefly consider where the case applications lie on the IT strate-
gic grid.

5.3. Strategic Grid Positioning

The IT strategic grid [59] was previously used to assess blockchain adoption, amongst
other database technologies, in the land sector [1,60]. The approach considers the impact a
specific technology has on an organisation or its business processes from two perspectives:
operational and strategic. In this vein, for any technology adoption, four (4) categories
(represented graphically as quadrants) of impact can be identified: support; turn-around;
factory; and strategic [59].

For the three (3) proofs-of-concept assessed, it is seen that despite the furthered
maturity of the technology application, like [1], the adoption still remains within the
turn-around quadrant. That is, the technology is being experimented with, with a view
to understanding longer-term strategic impacts, but is not yet significantly impacting on
day-to-day operations, production, and service delivery of land agencies.

Given the coarseness of the strategic grid analytical categories, it is not unsurpris-
ing that the three cases have not moved into the strategic categories in the intervening
period since the work in [1] was undertaken: progress towards the strategic or operational
quadrants most likely will require more lead time.

Nonetheless, despite the development trajectory shown in Section 5.2, it can be argued
that there are still very real barriers to more scaled implementation of blockchain and smart
contracts within the land sector. In the final part of this discussion, we further hypothesise
the nature of these barriers, and the necessity for alternative adoption approaches, if not
techniques for assessment.

5.4. Necessity for Sector-Wide Approaches

The three (3) comparative approaches illustrate that: (i) blockchain and smart contracts
are viable solutions for delivering on the business requirements of land administration
processes; (ii) whilst blockchain and smart contract uptake has progressed in the land
administrations sector beyond mere conceptual work, it remains very much at the level of
structured proof-of-concept work; and (iii) implementation and assessment tools focused
on specific technologies and organisations, whilst able to reveal levels of socio-technical
alignment and uptake, cannot explain the full context in terms barriers (if not benefits) to
adoption. The first two points directly respond to the aims of the paper; however, the last
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point has the most significant implications for furthering work—and in this regard, several
points are made.

First, it should be explored whether the barriers are discrete in nature, being able to
be responded to with isolated interventions. Several hypotheses can be made for such
discrete barriers, but each would require its own independent validation work. As one
example, is uptake merely an issue of economics? In more developed contexts, although
transaction fees may be the equivalent of hundreds or thousands of USD, comparatively,
these amounts are still often very small against the total cost of a property5. As another
example, the technology risk may be too high for conventional land sector players: new
technological approaches bring new risks, and for mandated government monopolies,
risk control and business continuity often trumps innovation or efficiency gains as an
organisational driving force. The decentralised approach to data management is also a step
away from the controlled centralised data approach of conventional land agencies. That is,
the risk versus reward ratio is considered too great6. Legislative and regulatory barriers
are other examples of discrete blockers. If, for example, barriers like these are shown to
be highly influential blockers, then furthering the implementation pathway appears to be
more straightforward (i.e., revisit the business model; modify laws; or examine the risk
appetite or an individual agency).

Second, if the above is not the case, it could be that the discrete examples are mere
fragments of a broader sector-level or even societal level resistance. If this is the case, having
proven the technical and local validity via the proofs-of-concept, it becomes necessary
to return to sector-wide perspectives, or even broader analysis of societal trust. That is,
“sector-aware” approaches for organising and assessing smart contract implementations
appear more relevant than ever. Whilst a consortium approach, with a sector-wide mindset,
was appropriately taken in each of the three proofs-of-concept, it seems any furthering or
expanding of those cases will require more structured attention to sector-wide awareness
raising, communications, and partnership building activities: the major benefits of the
blockchain solution are likely found from a sector level analysis, rather than firm level
analysis. Likewise, greater attention to policy, legal, financial, cross-institutional, capacity,
and educational aspects appears necessary. Interestingly, it is these aspects and activities,
alongside more technical aspects such as “data” and “standards”, that the recently endorsed
Framework for Effective Land Administration (FELA) [61], developed by UN-GGIM
(United National Global Geospatial Information Management) (August 2020), argues
as being essential for effective land administration in member countries. Indeed, the
framework may act as a guide or blueprint for the land sector with regards to further
scaling blockchain and smart contract implementation.

Third, in the same vein, with regards to assessment of implementations, as was already
outlined in Section 2.3, mere consideration of business requirements adherence, technology
readiness, or strategy grid, at the firm level, is not enough. More useful assessment of
blockchain and smart contract implementations demands sector-wide (if not society-wide)
tools and techniques. Here, the TOE framework and equivalents were already shown
to have previous utility [39,42,43], and even in this study, with regards to blockchain
application, however, arguably a greater focus on “processes” over “states” (or entities) is
needed, as is an easily and simply applied analytical tool. This is no small challenge in the
context of complex industry settings.

6. Conclusions

This article commenced by arguing that the emergence of “blockchain” technology
spawned conceptual and design work across multiple sectors aimed at realising the earlier
“smart contract” concept. These developments were also occurring in the land admin-

5 It should be noted that the transaction cost to property price ratio, in developing contexts, may make the technology more economically viable. This
helps explain the numerous blockchain property starts-ups observed in those contexts.

6 Again, in this regard, land sector smart contract solutions may come from outside the existing institutional frameworks, as demonstrated in [1], with
start-ups offering alternative registration approaches.
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istration domain: researchers had actively investigated conceptual and logical designs,
with sector-wide digital transformation often driving the thinking. It was also shown that
less reporting of actual implementations of land sector blockchain solutions was evident,
particularly those undertaken in collaboration with practicing land sector actors.

Building on these assumptions, this paper continued the discourse, giving an updated
and more nuanced view of example applications, opportunities, and emerging blockers. In
contrast to the earlier sector-wide transformative visions, this work focused on examining
emerging hybrid solutions—those that mix the use of smart contract technologies with
more conventional, and pre-existing, database and internet technology infrastructure. The
approach appeared to offer a way to overcome blockers by minimising disruptions, whilst
maximising the benefits of the new technological approach.

Through the examination of multiple multi-actor industry proofs-of-concept case
studies from Sweden, Australia (State of New South Wales), and Canada (Province of
British-Columbia), and subsequent comparative analysis, against the core principles of
land dealings, strategic grid analysis, and technology readiness/maturity levels, the hybrid
approach was shown to be technically feasible, whilst also ensuring adherence to the core
business requirements of land sector actors. The tangible artefacts of the proofs-of-concept,
including code development, and resultant data and document outputs, served as stronger
forms of evidence for the capability smart contract approach, for system stakeholders,
as opposed to mere conceptual descriptions. In this regard, the hybrid proof-of-concept
solutions can be understood as an important and necessary step in any scaling process.

In terms of strategic grid analysis, the hybrid approach within land applications can be
said to sit within the “turn-around” quadrant: the hybrid approach offers the pathway to
move towards more scaled operational and production level implementation. This aligned
with the technology readiness and maturation analysis, where the hybrid solutions suggest
the technology readiness has moved firmly into more considered proof-of-concept stages
(e.g., level 3 or 4), and blockchain maturation to be at the level of “structured” inquiry
(e.g., level 1 or 2). However, cross-cutting issues still requiring research attention with
regards to scaled implementation and continuation of the development trajectory will
depend on reverting and broadening to a whole-of-sector (if not societal-wide) perspective,
and re-examining concepts of institutional trust, legal and policy issues, sustainable busi-
ness models, stakeholder awareness, partnership building, and data decentralisation and
security, in the light of these findings.
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Abstract: The disparity in land and food access in Ghana often overlooks the possibility of an
underlying gender disparity. This paper explores and interrogates the disparity between land and
food access with respect to gender and the evolution of this relationship over the years as a result of
the settlement expansion and urban growth within the Adenta Municipality in Ghana. Adopting a
mixed pairwise approach of combining spatial analytical tools, vulnerability indexing and resilient
indicators, the paper examines the levels and rates of land accessibilities within the stream of modern
cities. It assesses the land market system complexities within developing economies and attempts
to address the potential threats of gender-land access gaps. The paper finally assigns weights of
ranks to model the phenomenon and recommends trends that can facilitate predictions and early
cautionary systems for effective urban land governance in Ghana. The paper concludes that though it
is noticed that women engage in power structures on a daily basis, this both benefits and burdens
them, depending on their socio-cultural status and other factors in terms of access to land and food.

Keywords: gender; land tenure security; suburban competition; innovative spatial governance;
food security

1. Introduction: Land and Competitive Urban Transformation

Though the Sustainable Development Goals (2015) and the New Urban Agenda (2016) point to
the role of cities in promoting equity and sustainability, the rapid urbanisation in Ghana along with
the changing land governance dynamics significantly influences these advances towards equity in
household livelihoods [1–6]. Urban land demands have risen from 2% in the 1900 to 50% in 2017
with an estimated rise to 67% by 2050 [7]. Ghana’s inter-censual regional data has consequently
indicated a similar trend. The Greater Accra Metropolitan Area’s (GAMA) urban population overflow
of outside the city of Accra (Ghana’s capital, referred from hereon as Accra) shows that Accra’s
urban share of GAMA’s overall population growth had significantly declined from 70% to 40% within
1960–1970 and 2000–2010 inter-censual periods, respectively [7]. The speed of population growth on
the fringes of Accra has resulted in a surge in the competition for residential land, infrastructure and
commercial centres, as well as sufficient food-causing. This has influenced the urban change pattern
of Ghana’s capital, which is overwhelmingly moving towards suburban districts such as Adenta.
Subsequently the land distribution pattern of peri urban and suburban spaces within the capital
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region is experiencing rapid growth. These rapid changes, in terms of land use and tenure in Ghana,
has gained attention in Ghana since land is an important asset for both women and men [8]. Despite
the attention, although studies have recognized the essential role and functions that women play in
the development and management of natural resources such as lands in Africa, their involvement in
ownerships, decision-making and economic developments on space, among others, has been poorly
regarded [9–11]. In fact, Dery [12] confirms that women have faced different forms of tenure insecurity,
both as wives and in their relations with wider kinsmen within the social and cultural settings of
Ghanaian communities. In terms of women’s contribution to farming and agriculture, though women
make up 49.32% out of a population of 30.42 million, 52% of the farmers are women, with women
producing 72% of Ghana’s food stock [13].

Though deemed significant, studies on women’s access to land in suburban cities have not been
adequately explored. Women’s access to land in the Global South has been discussed mostly in the
context of rural space. However, land management arrangements in the suburban and periurban areas
have been gradually transformed from the traditional liberal market in this urbanizing district to an
almost exclusive male dominated market [14–16]. These suburban areas therefore sit at the nexus of
traditional practices and practices influenced by colonial masters [17,18]. The mix of these systems
has shown to be a disadvantage to women, especially with regards to land access [10]. As a result,
the rise of land tenure insecurity and discrimination is high. Furthermore, single mothers by choice
within these areas are heavily depended on by their children and in some cases, other relatives [10].
Characterized by low participation in the land market, the woman’s abilities are severely curtailed,
with their ownership rights restricted. This also accounts for the gross marginalization and poverty in
the district especially among those without formal education. Consequently, this disparity in gender
within the land management sector has weakened decision making and land governance in Ghana.
Despite the seemingly widening gap between men and women in land access as well as the growing
challenge of food limits, women within these areas still play significant roles as bread winners as well
as food providers [10,11,19].

In response, this paper explores and interrogates the disparity between land and food access with
respect to gender and the evolution of this relationship over the years as a result of the settlement
expansion and urban growth within the Adenta Municipality. In the next section, the key concepts in
this paper, land access, food access, gender and urban competition are explored, and the meeting points
are identified. In the next section, the methodology adopted for the study, as well as a brief profile of
the study area is given. The next section lays out the results of the study and further discusses the
implications of the results shown. The fifth section concludes the paper with a summary of the findings.

2. Land and Food Access and Gender Imbalance within a Competing Urban Space—The Nexus

This section describes the relationship between land and food access on one hand, and gender on
the other hand, within the urban setting. The section starts with an explanation of the relationship
between urban competition and land access. This is followed by a description of the current dynamics
of women’s land rights with respect to access to land as well as food. The section concludes with a
conceptual framework that depicts the land-gender-food nexus.

Cities are transforming close periurban areas into ad hoc cities, which Acheampong [20] describes
as suburban areas or cities. This paper contextualizes suburban areas as suburban cities. Suburban
areas are defined in contrast to central or inner-city areas, and are identified as commuting residential
areas that possess a mixture of land uses [21]. Suburban areas or subcities are functions or outcomes of
the overspills of the inner-city or core cities. They are “absorbers” of the population influx of typical
cities. This is a phenomenon strongly seen within the Accra Metropolis (the core city) that has produced
suburban cities like Adenta.
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2.1. Urban Competition and Land Access

Land access in most of Sub-Saharan Africa is governed by the customary system comprising
well-intentioned socio-cultural rules that have evolved over centuries to grant equal access to families
and individuals who are members of the land-owning group. Land access in the customary setting is
akin to property rights in the western styled or statutory land administration, in that the group holds
the ownership rights, with individuals holding the use rights (see below). Hence, land access in this
study refers to the mechanisms through which a person can be granted these rights to use the land.
In Ghana, land ownership, land rights and tenures are administered in a plural legal environment
with customary laws and norms operating alongside statutes [22]. Ghana recognizes two forms of
land ownership: statutory and customary [23]. 80% of the total land area in Ghana is customarily
owned by clans, stools, skins1 and families. The state owns 18% while the remaining 2% is jointly
owned by the state; the beneficiary interest being held by the community and the legal right being
vested in the state [24,25]. Hence, land holding conditions are primarily determined by one’s affiliation
or membership to a land-owning group [26,27]. Many women in rural and urban spaces across
Africa are restricted within the land market community due to the monetary barrier [4]. In fact,
for the urban woman, whose economic activities are limited, this right of access to land seems to be a
privilege granted by the male community [19]. In urban communities these cultural and discrimination
against women is still prevalent except for those lands that are state-owned in which women may also
participate in equally. This further aggravates the gender disparity to the disadvantage of women since
they can only participate in the marginally owned portion of space in struggle with their majority male
competitors. Urban competition is commonly influenced by population growth rates, hence making it
a key indicator for evaluating the relative inequality in the distribution of any given resource whether
land or food. This indicator compares the proportional variation of inequality visible in an urban
area in relation to its residents and resource availability [28]. Consequently, rapid population growth
without its corresponding structural developments and sufficient supply of services is conducive
for urban inequalities. Thus, a spatially-balanced system through the monitoring of urban growth
populations promises a better way of its management [29]. Urban population growth patterns need
regular monitoring, as it is seen as a geospatial input that can be modelled for accurate assessments
and predictions [30].

2.2. Women’s Land Rights and Access

Urban population growth generally transforms the change pattern of the natural and built
environment as well as the social fabric [31]. This growing change in the supply of physical resources,
particularly land, is also seen in the functional and economic characteristics of the urban economy.
Land is a highly valued asset across all regions in Sub-Saharan Africa, whose possession aids in
wealth creation, and also improves a person’s social standing and influence [32,33]. It is an essential
base for food production and housing provision as well as economic undertakings which almost
every human being relies (whether directly or indirectly) on it for their survival [8]. This philosophy
positions the land governance literature as a multiple component system that embraces various aspects
including land availability, equity, transparency and participation [19]. Within land governance,
these rights are granted to all persons who are members of the group, male or female [12,34]. However,
the foundation that establishes these rules relating to the ownership, use and entitlement of land
narrows the inclusion of women [11]. Issues of land are complex and for it to be completely tackled,
the following three conditions are to be met: the legal recognition, social recognition and enforceability
by external authorities [19,22]. Failure to include any of these three elements renders the rights to land
as incomplete. For instance, a land right that is legally recognizable but not socially recognized or

1 The stool (southern Ghana) and the skin (northern Ghana) is a body corporate (like the British crown) representing the
people and headed by the chief.
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enforceable is an incomplete right. On that basis, women are seen not to enjoy equal rights to land.
Rather, they have secondary rights and entitlement to the use of land and can only gain access to
land through the male members of their conjugal or uterine families [11,35,36]. Such access and rights
are partial, in that they can be taken away anytime that the primary rights holder of the land feels
appropriate [37]. This disconnect between legal and social backgrounds is one of the main challenges
that most developing countries are facing [12]. Women’s access to and control over land remains a
contentious issue in political, social and economic discourses. Moreover, access to and control over
land is not just an issue of academic and development considerations, but a question of fundamental
human rights. Therefore, everyone, especially women, require an equal and equitable opportunity
without any discrimination to have rights and access to land.

2.3. Women and Food Access

Gender issues pertaining to women within the land market and food access have become an
important subject worth exploring especially in the urban space. Food access here is viewed as
one of the four pillars of food security [38,39]. The others being food availability, food utilization,
and food stability. Food access here further comprises three aspects—physical, economic and social
aspects [38,40,41]. Though food is usually viewed as a monetized and abundant commodity in the
urban setting, with urban dwellers having a high food accessibility, some have pointed to a “rural bias”
in food studies that prioritize the rural areas [42,43].

Women are largely represented in the informal suburban sector and continue to dominate
a major fraction of the informal workforces in cities; particularly as urban food producers and
market retailers throughout the country [44]. Discussions concerning agricultural productivity are
best explained through land rights and access analysis using a social systems methodology [27].
For instance, the women outlook approach facilitated the examination of growth and poverty within
the Sub-Saharan region [32,45]. It recognized that women stand at the confluence of between economic
growth and human development. Women and food access concerns in Ghana show that gender
disparities persist, and that food inequality is costly to Ghana’s economic and social development, as it
limits the realization of growth and poverty reduction objectives [19].

The situation of inequality and poverty resulting from land access restrictions is prevalent among
women with little formal education [11]. Thus, it is imperative to consider the existing inequitable,
unequal and unbalanced (supremacy) relationships and practices confronting the rights and privileges
of women in Africa and Ghana as far as land use conditions in the urban case is concerned. Consequently,
the basis for sustainable land development based on legal and social justice is underscored by the
provision of a defined framework that promotes urban land access and empowerment among women.
This concept also provides room for a broader view of the urban social group [32]. It is recognized that
women’s poverty is directly related to the inadequate economic opportunities, and access to economic
resources including land ownership and inheritance, credit, low access to education and support
services resulting their minimal participation in the decision-making process [9]. Many households’
heads in urban areas (largely women) are vulnerable to food insecurity due to an unsustainable labor
wage and support from local policies [22]. Furthermore, areas characterized by low food production for
home consumption heavily depend on food imports and others. The difficulties surrounding women’s
experiences in urban food and land access disparity stems from the cultural and gender shifts and
dynamics of urban environments, which often combine women’s individualities, duties, spaces and
roles [12].

2.4. Conceptual Framework

The future food framework of the Adenta Municipality adopted a conceptual framework which
serves also as the model builder.

This framework explains that the emergence of land holding restrictions among women is a
cyclical flow particularly in the urban area (Figure 1). Following the constructs of the Ghana Statistical
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Service [5] and the USAID [8] it is observed that urban growth transforms food producing areas into
livable areas which comes with high economic costs. The economic functions and cost of prime lands
or urban lands are still overwhelming, pushing the poor and marginalized in the society (especially
women in the informal sector) out of the land market. These land access discriminations are further
heightened by the cultural bias of land ownership in Ghana [46]. In effect, whilst land ownership
and land rights are customarily defined and reduces women’s access to land, the aforementioned
conditions also cause it. Consequently, (potential) farm lands are lost to commercial areas and food
supplies are left on the masses of women to confront and mitigate the resultant effect that comes with
it, that is, food declines in these urban centers where informal single women are dominant.

Figure 1. Conceptual framework of land-gender nexus in Ghana (author’s construct).

3. Study Area and Methodology

This section provides an overview of the study area, with general information, as well as
information relating to the study. The section further details the methodology used in the study.

3.1. The Study Area

73.3% of the employed urbanites in Greater Accra fall within the informal sector. Economically
speaking, the women in Adenta Municipality dominate the informal sector [47]. They are mostly
involved in economic ventures such as small-scale enterprises, trading, traditional hand jobs, food
vending services and the swift up-and-coming commercial food retail centers popularly known as
“provision shops”. This sector is currently experiencing a major surge with a lot more women are
becoming interested in this sector. This earns the municipality economic revenue through taxes.
The agriculture sector employs a lot of women in the municipality with 80% involved in food
production [48]. Nonetheless, with the recent urban changes (i.e., the farming land conversion to
residential areas), the food vulnerability situation in the district has escalated. Thus, the women who
used to farm on these lands for commercial purposes have resorted to subsistence farming, induced
labor and other means of economic survival so that they can earn a living [49].

Possibly, with the urban sprawl from the capital (Accra) and the increase in housing units,
agricultural areas in the Amrahia and Ashiyie for instance, have seen very little of the purpose for
which they existed. Whilst the number of residents rises unusually, land sizes drastically diminish
with land uses frequently altered. This has become a great concern for the future food index of
the municipality since backyard agriculture is no longer feasible. Additionally, emerging literature,
observing the growing urban food decline happening in peripheral spaces surrounding cities, are
quick to suggest that farmers’ livelihoods and roles are complicated by the hybridized situation of
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land access and gender disparities [50]. Demographically, Adenta municipality is among the fastest
growing urban districts in the region. With a growth rate of 2.6%, and a regional growth rate of
4.4%, it is among the highest in the region and therefore reflects the fast-developing nature of the
municipality [51]. The swift urban change patterns and local population influx have resulted in
numerous urban challenges in the district. For instance, in 2015, there was a rainfall disaster in which
12 communities with 552 households and 2208 persons were affected [48]. This does not only question
the security status but also creates an alert on the complex nature of this phenomenon that needs a
multidimensional approach to solve its effects through geographic information systems (GIS). Local
authorities have made it a priority to develop practical steps to combat the incidence. Accordingly,
food inequality and land access disparities are soaring and this can only be collectively monitored and
mitigated through scientific approach using geographic information systems (GIS). Over the years,
the manual and poorly monitored urban changes have been a major contributor to the poor response of
the local authorities and for that matter ineffective decisions. This sets a description for a consistent and
replicative methodology that can holistically advise urban policy makers for pragmatic decisions [52].

3.2. Methodology

The study adopted a case study methodology that embraced a joined approach of connecting
nonspatial data with spatial analytical tools. The research centered on a value-based perspective
known as a “rights-based approach” which espouses that access to and use of land is a basic human
right issue and should be respected [5]. Thus, any barrier(s) to equal access concerning the use of land
by both men and women is regarded as a breach of rights of affected members [22,53]. The adoption of
the right-based approach helped to assess the level of land discrimination within the municipality.
Furthermore, in order to appreciate the depth of issues, a convergent parallel mixed method approach
was used with emphasis on 4 communities within the Adenta municipality. This featured critical
perspectives in the research. Data were equally collected through focus group discussions (FGDs),
interviews and administration of questionnaires through a purposive random sampling approach
(see: [35]). In addition, satellite imagery was collected using a remote sensing approach; adopted to
spatially classify areas of vulnerability based on population and municipal data. This enhanced the
validity of the issues and climaxed the findings for strategic interventions [30].

Primary data from FGDs, direct interviews and questionnaires administration was complemented
with satellite images and relevant secondary data obtained from divergent secondary sources,
particularly, publications by government, policy think tanks and academicians (See Table 1).
Additionally, some primary data were gathered from direct observations of the change of land
use over time (in 1991 and 2018). Comparison was equally drawn to identify major matters that could
be helpful to the selected communities. As part of the broader research design, a total sample of 60
households from the sampled areas in the municipality was estimated and interviewed. The focus
of the study was to identify and interview households in urban and periurban areas in the Adenta
Municipality. The Adenta Municipality is among the 151 urban districts growing within the country [7].
It was selected due to its proximity to the central business district (CBD) of Accra as well as the rapid
rush for residential lands within the region. The district has similar characteristics with urban districts
in the country [7]. Additionally, it has a unique blend of urban and periurban features. The assistance
from the Adenta Planning Department was sought to give clear demarcations of the boundaries of
the urban center. However, in order to effectively justify the case of food and land access disparity,
purposive random sampling was used, where the zonal councils of the municipality were used as
a basis for sampling for data collection. Again, respondents (being women household heads) were
purposively sampled and interviewed. The selection of women was exclusively determined from local
knowledge acquired from the local assembly’s database. These women were selected based on their
local knowledge on the topical issue and were willing to be interviewed.
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Table 1. Details on respondents and sampling.

MUNICIPAL ZONES Sample Communities Number of Respondents *

KOOSE Amrahia 15

Gbentanaa Adenta Old Town and Housing
Estate 15

Nii Ashale Ashale Botwe 15
Sutsrunaa Nmai Djorn 15

* Sample size for the five communities were 60 with 15 respondents for the various municipal zones2 (Source:
Author’s construct).

It was possible to locate the communities since it was subdivided into 4 administrative zones.
Thus, the municipality was put into 4 quadrants (subzones) according to the Adenta municipal report
(2016) with the center “Adenta barrier” (a local neighbourhood) serving as the epicenter for economic
and social activities. The boundaries of each quadrant were also identified with the communities.
The goal was to have a relational representation of households throughout the municipality. In the
second stage, subcommunities within each zone were identified and randomly selected. Respondents
were later selected through purposive random sampling, where respondents were interviewed per
their locations.

3.2.1. Weighting and Ranking of Data Indicators

Considering the land management conditions and subcategorizations of the district, a set of
criteria was determined to indicate the presence of gender gaps and food inequalities within the land
market domain. The validation and normalization of indicator values were primarily based on other
scholarly methods (see: [36,37] In effect, the study used SPSS and Microsoft Excel to standardize and
normalize indicator values as shown in the following steps and formula in reference to the approach
of [38].

1. To normalize all the indicators to matching units and scale, standardized values were calculated
using the standard deviation formula as shown in Equation (1):

Standard Value Z = (Xi − µ)/σ (1)

where Z = standardized value, Xi = Indicator value (quantitative data collected on the land
use change and access, through questionnaires and PHC data), µ = mean value and σ =

standard deviation.
2. The next step was to normalize the standardized indicator values such that the values fell within

0 to 1 in order to facilitate the weighting of the indicators. The normalized standardized value as
shown in Equation (2) is defined as

Y = (Zi − a)/(e − a) (2)

where Zi lies between a to e, Zi = standard score, a = minimum value, e = maximum value and Y
ranges from 0 and 1.

3. Reverse indicators, such as incidence of vulnerability and gender were further standardized using
the formula (1 − Y) so that all values nearer or equal to 1 are those approaching food security,
while those nearer zero (0) means land insecurity or within the food stress areas.

2 Sample size was limited as a result of the time constraint factor of the research.
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3.2.2. Weighting and Calculating Aggregate Scores

In this research, equal weight was assigned to each indicator based on the premise that they all
possess equal significance to the land access equity of the city. Aggregate scores for each land and food
dimension, defined as the Dimension Sustainability Score, were calculated using

f(x) =
n∑

i=1

( Yi × Wi
Wi

)
(3)

where, W = weighting of each indicator, Y = normalized value of each indicator, n = number of
indicator and i = year of assessment.

Finally, the overall Urban Food and Land Access Index (UFLAI) was calculated by summing the
sustainability of each dimension score year by year.

Again, equal weight (1/4) was assigned each dimension of Urban Growth (UG), Economic Access
(EA), and Social Access (SA) as shown in Equation (4)

Urban Food and Land Access Index (UFAI) =
n∑

i=1

(
(UG×W) (EA×W) (SA×W)∑

W

)
(4)

3.2.3. Using Pairwise to Simulate Land and Food Access Disparities

The maps for the known indicators were derived from their various measurements, and were
connected to the prevailing rate of land use, access and food disparity, based on the relative importance
of every indicator that was evaluated. Ref. [54] categorize AHP into 3 stages: (I) Disintegration—where
the urban situation is identified and structured into indicators (II) Relative judgment—this is done
through pair wise comparison (III) Aggregating the priorities—calculate suitability index. Structuring
of the indicators is fairly a subjective activity and somewhat relies on decision maker’s expertise
and experience. The indicators were therefore considered based on the importance of the field data
acquired (explained above). Table 2 presents the pair-wise conditions developed in AHP for each
adopted standard. Eigenvalues were used to designate the relative importance weight of each indicator
according to the parameters of [55].

Table 2. Pairwise conditions.

Pairwise Comparison—Criteria Comparison Matrix©

Urban Growth Economic Access Social Access Total
Urban Growth 1.000 0.140 3.000 4.140

Economic Access 7.000 1.000 5.000 13.000
Social Access 0.330 0.140 1.000 1.470
Sum columns 8.330 1.280 9.000

Variables Description

1 Equal importance
3 Moderate importance
5 Strong importance
7 Very strong importance
9 Extreme importance

2,4,6,8 Intermediate values between adjacent scale values

Source: Author’s construct.

3.3. The Adoption of Spatial Frameworks and Multiple Evaluation Methods

More than millions of urban inhabitants currently face land and food challenges in Ghana precisely
within its urban cities like Adenta. This has largely been associated with the threatened residual
income size, food expenditure and the deficient capacity to produce food arising from the land access
restriction of the urban majority [46]. Therefore, the processes involved in how land is acquired,
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how it is distributed and the actors involved have a direct bearing on the affordability and access to
food [50]. This chain of variables could be well appreciated if closely related to space and analyzed
using suitable spatial models and techniques. Subsequently, the ability to understand and monitor the
change systems of urban areas and evaluate its patterns is a right direction to address land and food
insecurities [56]. Attempts have been made by various national and international bodies to face urban
land issues and food security the technological way. Like Hagai, [56], this research follows a pattern of
coupling the diagnoses of land access disparities and their relationships with food systems and women
in the district using GIS. These dynamics have been overlooked in many studies of urban land and
food security, but recently even international bodies including World Bank, RUAF and FAO are all
moving towards the direction of multi-evaluation of gender, land access and food declines. Against this
background, this research has modelled the process of food and land security assessment particularly
among women using GIS tools, based on data representations on urban transformation and land rights
indicators. These were in the form of GIS layers and were well integrated using the multi-evaluation
model approach [29]. Further, the application of GIS modelling approaches is relatively faster and
convenient than statistical manual methods, where components of gender, land and food systems can
be analyzed. Information ought to be executed readily, so as to facilitate evidence-based understanding
of food imbalances, thereby guiding city authorities in decision making with regard to designing
equitable methods of food frameworks and urban models for effective local decisions.

4. Results and Discussion

This section sets the paradigm of underscoring the multidimensional nature of land tenure security,
gender disparity and the preposition of land use governance within the suburban cities of Ghana.
From a baseline analysis of the Adenta municipality, the indicators were analyzed and placed in
perspective to align critically with the system of measuring the land access disparity in the country.
The section presents and discusses the results of the study from the social, economic and spatial aspects
of land and food access as shown in Section 2.

4.1. Urban Competition and Land in Adenta Municipality

One of the key urban indicators is the population distribution and spatial emphasis of the
municipality. This phenomenon monitors and tracks urban spills, population increases and deficiencies
of an area. It further plays a key role in monitoring the rate of access and use of land. The population
of the municipality reckons to be increasing at a significant rate with a sporadic urban growth of 4.87
currently. This growth correlates to the sporadic regional urban growth of 4.4 (Figure 2). This calls for
pragmatic attention to be given to urban land monitoring and food inequalities within the municipality.
The phenomenon of urban competition and land access restriction has contributed to a gender gap
within the municipality. The study explored, according to the literature review, indicators to check the
level of access. The urban land and food systems indicators used to assess inequalities were urban
growth, economic access and social access. These parameters were adopted from [38] as a metric
system for evaluating the food and land access situation of Adenta municipality.

Likewise, the urban growth of the municipality is projected to rise in the next 5 to 10 years and
this is a determinant for land access and food disparity in the city. However, the results gathered
revealed that the rate of urbanization in the Accra city (1.97%, [57]) gradually reduces, whereas that of
the municipality is increasing rapidly at an annual growth rate of 4.87% per annum. This is as a result
of the presence of sprawl and urban migration from the “choking” city center to the “free periurban”
areas. Adenta municipality is one of the key population absorbers from the Accra central city of the
Greater Accra region. This urban character has positioned the Adenta municipality in a critical view
that requires a consistent approach to salvage its associated urban problems particularly towards land
and food inequalities. For instance, the municipality records various levels of poverty, informality
and vulnerabilities among women. In order to understand this change, the internal system of the
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municipality was considered. These internal systems include urban population growth, congestion
and others which have led to continuous struggle for occupational and residential land in the subcity.
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4.2. Urban Sprawl, Vegetation Loss and Food Declines

Africa continues to transition into an urban continent over the years and the rate of urban growth
translates into the decline of agricultural lands for food. In Figure 3, it is identified that many countries
including Nigeria, Cameroon, Benin and Togo (boundary nations of Ghana) have similar characteristics
with the rate of change in their agricultural land loss. The rise is evidently noted in the early 1990s and
2000s and the trend has remained the same since then. However, projections from the Ghana Statistical
Service [7] estimates that these rates could double in the next 10 years. Hence, the rapid change in
urbanization with its direct impact on land use and access is a phenomenon not only in Ghana but
throughout the continent.
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Figure 3. National distribution of agricultural land loss in selected countries in Africa. Source: World
Bank Database, FAO Database, (2020).

Similarly, the struggle for lands for residential and commercial use particularly in African urban
and suburban cities is pronounced. Population growth and urban change which causes the sprawl of
cities is a major contributor towards urban food loss [4]. For instance, rapid population growth in
Ghana is reflected in the rapid expansion of land cover class in settlements [45]. Urban areas grew from
1460 sq km in 1975 to 2560 sq km in 2000 and 3830 sq km in 2013, a rise of 161% over 38 years [7]. Among
these regions, the greater Accra (shown in Figure 3) recorded high rates of change in agricultural or
vegetational land loss. This shows that the more urbanized districts in this region, the more food
availability and access is limited. There is the need for a cross-regional and cross-national collaboration
towards sustainable land management policies that includes gender indices.

According to Table 3, the population change of the municipality was analyzed with respect to its
zones which displays the internal change and distribution pattern. As indicated above, despite the
gross change of population rise within the municipality, its level and rate of change vary from location
to location. In other words, the population and growth pattern within the municipality is unevenly
distributed (Figure 4). This is particularly due to the functional differences and socio-economic
evolutions that characterize each zone (Figure 5). The physical concentration and socio-economic
limitations of cities constantly affects the access to land and food systems in the municipality.

Table 3. Population distribution of Adenta municipality represented in their zones.

Municipal Zones 1991 2000 2005 2010 2015 2018

Koose 2686 4282 5511 6995 27,436 33,631
Gbentanaa 9274 14,432 18,974 23,009 8341 9938
Nii Ashale 9898 15,414 20,198 24,535 29,256 34,852
Sutsurunaa 9499 14,942 19,511 23,676 28,231 32,684

Total 31,357 49,070 64,194 78,215 93,264 111,105

Source: AdMA Medium Term Development Report, (2008 to 2018).
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Figure 5. Population distribution of Adenta municipality in 2018 shown in zones (author’s construct).
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4.3. Economic Access

As a component of land and food access, economic access of the citizenry, particularly women,
is an essential component for the development of every nation. The economic component of land and
food access disparity discussed considers the income levels, land and food expenses in the municipality.
Although the Adenta municipality is perceived as a middle-class city, the terrain has expressively
transformed due to urban changes. Currently, the informal sector is catching up with almost 40%
of the working class moving into the informal sector. Again, a significant portion (12.7%) of the
population (mostly women) do not work and therefore depend on their working relatives for food
access. This represents a typical characteristic of urban sprawl, as the city keeps expanding. In effect,
the urban economy of the Adenta municipality has been polarized, with an average monthly income
of Ghc 1200 (USD 220)3. Additionally, the economic access to food has become a great concern to
both the formal and informal income groups. For instance, over 50% of the population spend close
to 40% of their net income on food which is worrying. This situation is worsened in the case of
low-income earners.

Another aspect of the economic access was the eating times of the urban dwellers. According to
the definition for food security, one must be able to afford food in their required nutritional proportion
at all times. The situation is somewhat different in the municipality. Almost 50% indicated that they
only eat twice a day; whilst close to 15% eat three times a day. It was recorded that some even eat
once a day. This implies that despite the income levels and social status of the urban residents, low
food security is evident. In fact, it must be noted that this indicates traces of urban marginalization,
inequality and poverty. Conversely, a major reason for their eating times was due to high costs of food
for the majority and the high rental values on the part of others. Figure 6 indicates the notable areas
that this urban phenomenon occurred.Land 2020, 9, x FOR PEER REVIEW 14 of 24 
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Figure 6. Frequency of eating for people in Adenta municipality.

The nature of land and food access disparities breed sensitive areas of vulnerability and insecurity
patterns that emerge in the life of the urban woman. Darfour and Rosentrater [57], indicate that about

3 Exchange rate used $1 = Ghc 5.5.
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2 million women are prone to food insecurities and are normally characterized as urban vulnerable
groups as a result. This suggests an unanticipated natural or human-induced shock that can greatly
affect the chain of food consumption in the district. From Figure 7, it can be observed that although
traces of low access cuts across the municipality, urban residents in Koose and Gbentanaa record severe
vulnerabilities with low access to food. This is largely due to the rate of urbanization and inability to
access land for economic gains. This is because many (80%) of these female occupants are farmers and
farm workers who depend on their farms for survival. Unfortunately, all these areas keep experiencing
conversions from its agricultural areas into commercial and residential land uses.Land 2020, 9, x FOR PEER REVIEW 15 of 24 
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Again, food is arguably available in the country but it is not accessible to all sections of the
population, especially the marginalized women and children in the society [57,58]. In Ghana,
1.2 million people suffer acute food insecurity and a further 2.07 million are vulnerable to poor diets
in the country [21]. Incidentally, food insecurities are traced to poor land access conditions popular
within rural and urban areas that are economically weak. Subsequently for urban areas, the informal
communities are characterized by significantly less food production for home consumption since
the major household heads are women who heavily depend on food imports due to the land access
restrictions. Notably, 73.3% of the employed urban inhabitants in Greater Accra fall within the informal
sector of employment with over 55% being women. It is therefore expensive to afford food at all
times with the right nutrients by these urbanites since most resort to street foods or already-processed
food. According to the food prices as at February, 2019 for instance, a 25kg bag of maize was sold at
Ghc 146.26 (EUR 25.89) in Accra with a 2.49% increment whilst it was sold at Ghc 115 (EUR 27.44) in
Bawku. Likewise, a bag of local rice gained a 1.24% increment from Ghc 326.71 (EUR 57.83) to Ghc 400
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(EUR 70.80) in Accra whilst it was recorded at Ghc274 (EUR 48.50) at Tamale [59]. This clearly shows
that due to the fast rate of urbanization and human concentration in the municipality, food is becoming
more and more expensive as food demand keeps soaring whilst land keeps diminishing. Moreover,
the lack of space and unavailability of food largely accounts for this shortage within these sub cities.

4.4. Social Access

Figure 8 indicates the social dimension of the disparities of women’s access to food and land in the
Adenta municipality. With an increasing growth of women in the informal sector, the economic groups
of the urban food system confirm that despite the variations of income, over 50% of net income is spent
on food. It can be realized that despite the presence of land and food, the link to access and utilization
is broken. In fact, it is observed that the poor and marginalized who represent the low-income groups
stand rather higher risks of inadequate access to food.
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Figure 8. Vulnerability indexing of food groups in Adenta municipality (Source: Adenta Municipality
medium term report, 2017).

The women of Adenta Municipality progressively dominate the informal sector [59]. Most household
heads in the Adenta Municipality are women, particularly as a result of the high rate of single parenthood.
Hence, they constitute a majority of household leaders who ensure household food security. This leaves
a heavy burden of urban survival on the women and children despite all developments to make their
lives better in the municipality [60]. In addition, most resort to informal job opportunities particularly in
the food sector, an area that seems to be of great priority to the survival index of the Adenta Municipality
and Ghana.

According to AdMA [48] the agriculture sector employs a lot of women in the municipality with
80% involved in food production (shown in Figure 9). Nonetheless, with the recent urban changes
(i.e., the farming land conversion to residential areas), the food vulnerability situation in the district
has escalated. Thus, the women who used to farm on these lands for commercial purposes have
resorted to subsistence farming, induced labor and other means of survival so that they can earn a
living. The women lack the necessary support such as access to and control over land which remains
one of the fundamental sources of power defining women’s status, identity and opportunity in many
communities in the Adenta municipality.
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Figure 9. Gender imbalance of food groups in Adenta municipality [48].

4.5. The Role of Sustainability Food Frameworks in Urban and Suburban Districts

Recent research in the area of urban and regional sustainable food system community has shown
that various strategies and plans devised by city authorities particularly in the Global North, but not in
the Global South. For instance, FAO [61] points out that over 100 cities globally are setting examples
for the first time in global urban food frameworks. As a result, the built-up cities are taking the lead in
food strategies and seeking steps to reimagine food as an urban subsystem whose sustainability is
firmly knitted with that of all other basic urban systems such as mobility, housing, utilities and waste
management. The concept of livable cities clinches on sustainable food systems which profess a healthy,
equal and ecologically balanced urban space [50]. This is progressively receiving recognition. As a
matter of local policy, it is becoming a major responsibility for national and international government
organizations to pursue sustainable food frameworks [3]. Accordingly, the urban food phase has
evolved from the agrarian-dependent perspective to a complex modern theory. The projections of
suburban cities and food security are not only concerned with its generation, but the reality of modern
socio-ecological functions expressed by urban societies such as Adenta Municipality. A significant
solution to these difficulties may be to develop a stronger analytical linkage between a series of
methodologies and sources of information that have the potential to contribute to food and land
insecurity assessment coupled with vulnerability monitoring. In this regard, the recognition and
implementation of a multifunctional framework in land management influences its sustainable spatial
use [62]. The need for a sustainable urban food and land framework is therefore, indispensable.

The major challenge has been the lack of a monitoring system as a result of the inconsistent
and essential data. Addressing the unreliable, analogous and relevant data combined with the
fragile information base therefore represents a prime priority and precondition for future work.
Addressing this challenge, the strategy of a sustainable urban food system consisting of two steps is
recommended: first, discovering and prioritizing urban data, and monitoring information needs in the
local communities is essential; secondly, efforts to determine multiple, inventive and efficient ways of
systematically collecting and analyzing this data can facilitate decision-making [63]. Hence, depictions
of these urban areas derived from satellite data principally promises the most congruent measure of
defining surface properties [61]. This can help set a rudimentary step of assessing the urban land and
food patterns of the district and ensure a quantitative description of the urban space for predictions and
framework designs. Frameworks assist city authorities and other stakeholders to better comprehend
issues, distinguish problems, prioritize tasks or programs and facilitate policies. It also guides policy
analysis and contributes to effective policy assessments. For instance, food systems and vulnerability
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analysis among others support the identification and targeting of urban classes such as women to help
in easy intervention and implementation of plans [64]. Geospatial analysis provides a socio-spatial
perspective to examine many urban food issues including food accessibility and urban agriculture
land uses [55]. It should be noted that sustainable food and land frameworks are not intended to
be the most comprehensive structure, rather, the most appropriate for contemporary food analysis,
considering suburban change complexities [58].

4.6. The Complex Nature of the Land and Food Disparity

The Adenta Municipality experiences multiple dimensions of gender disparity as far as food and
land access is concerned. From Table 2, the pairwise comparison tool was adopted as parameters for
identifying the food and land access disparities within the municipality. The speed of population
growth on the fringes of Accra has resulted in an equivalent surge in demand for land to reside,
infrastructure and commercial centers to trade, as well as food to satisfy—causing a profound swelling
of the suburban populace. This has successively influenced the urban growth pattern of Ghana’s
capital, which is overwhelmingly moving towards previously periurban districts (such as Adenta),
that surround the Accra city. In effect, the express changes and condensations have altered the physical
and socio-economic features of thes suburban communities [4,65]. A key component of this change
is the urban food dynamics that follow. For instance, before the recent redemarcation of districts,
the official boundaries of Accra covered only 300 sq. km, or 7.4% of Greater Accra region’s total land
area, with the rest dominated by agriculture [7]. However, due to the limited capacity to contain the
rapidly growing urban population and economic activities, Accra’s massive spill over into periurban
settlements have drastically reduced their vegetative presence and affected farmlands. For instance,
from 10, it is realized that the urban growth dimension which represented the physical composition
of the municipality is grossly distributed but more evident in the zonal areas of Gbentanaa and Nii
Ashale. This is because the city center is within the suburban region of the Accra city and it keeps
absorbing the population influx of the main cities of Accra.

Again, the economic indicator represented the gross decline of the income levels of people
particularly women. Lands and rental values in the municipality keep escalating at a competitive rate.
This situation prices out individuals in the society who cannot afford habitable lands. In fact, most of
these sections of the urban space are made up of women. It is observed from Figures 10 and 11 that
people residing in the municipality have limited economic access to land especially those in Koose
and Gbentanaa.
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Figure 10. Food and land access disorder index in the municipality (source: field survey, 2019).
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Furthermore, the risk of food is directly associated with forms of land vulnerability, and at some
point, poverty. Therefore, the social dimension of land and food access disorder was predominantly
associated with urban inequality, gender discrimination in buying land for occupational and commercial
purposes such as farming and trading. The Adenta municipality was previously known to be a
middle-income level district upon its creation. However, the change pattern of its urban domain
has embraced various levels of income groups and therefore reflects different forms of food risks,
vulnerability and inequality. In fact, the rate of urbanization is rapidly altering the so-called food and
land equity state of the country and if the steps of multidiagnostics and criteria-based decision-making
are not embraced in addition with the right technology of GIS; the country could be in a food crisis
in the coming years, with women being the most significantly affected urban actors. Therefore, it is
necessary for steps to be taken to reinforce the land and food subsector for pragmatic decisions to
be made now and in future. These indicators could serve as strategic benchmarks for the municipal
assembly to adequately track the rates and levels of urban change to facilitate decision making.

4.7. Land and Food System Dynamics in the Adenta Sub-City

Food and land access are increasingly becoming urban development issues in urban and suburban
areas [61] for which the concept of urban land and food systems has gained considerable popularity
from local and inter-regional levels [21,23]. The food systems of the growing sub city are prone to a
range of socioeconomic and agro-climatic shocks and this could further aggravate if food systems
measurements are trivially recognized. Suburban cities like Adenta in the Greater Accra region will
always be dependent on cross food systems; that is, they will continue to outsource food, from further
locations and global food chains as well as from nearby rural, periurban and urban producers. Although
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its urban residents are entitled to various food options such as processed foods, street foods, fresh
foods, imports and others, its over dependence on global food supply and systems has increased
vulnerabilities and risk with a rippling effect on local economies. The narrative surrounding its
constituents contributes to the dynamic nature of land and food systems in the municipality, and has of
late affected the social and economic landscape (as indicated in Figure 8 above). For example, compared
to rural food systems in Ghana, suburban food systems are having more stress index in the urban
communities than the rural. Particularly within the economic and social dimensions, many urban
groups (especially women) within the country are at risk when it comes to food. For instance,
the findings confirmed that about 50% of the urban groups were willing to give up their organic foods
to go for genetically modified (GM) foods. Again, over 20% were willing to patronize genetically
modified foods, whilst almost 30% greatly considered it (Figure 12). Many attributed this condition to
their economic standings: “I feed 7 children every day; we sometimes eat once a day, because we cannot
afford all food ingredients” (Street hawker and single mother, Adenta Commandos). This alarming
finding indicates that despite local repulsion for GM foods, there is the likelihood on the rush for GM
foods over organic foods due to economic limitations.
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5. Conclusions

The complex change system of urban areas coupled with the poor resource distribution among
women reflects a challenging way of monitoring the efficiency of land use and food access in
communities. Agriculture or food access could be a luxury in urban communities in Ghana. Although
most women in Accra originate from rural areas, it is unreliable to predict that their only motivation
for farming and food trading stems from their inability to enter into other urban livelihoods. Rather,
this research evidently suggests that women farmers and food traders have personal stakes in this
urban phenomenon particularly due to the land access disparities. Despite their restrictions to land
access and ownership, they have still managed to contribute immensely towards the availability and
distribution of food. Consequently, GIS-based urban growth modelling can provide measurable and
visualized methods for determining spatial and nonspatial information. It provides the leveraging
tool of importing indicators for the systematic monitoring and predictions of issues in cities. Women
in urban communities like Adenta have various social, economic and political limitations as far as
acquiring land properties and supporting food efficiency is concerned. In this study, the local women
interviewed had various educational backgrounds, formal and informal experience, and diverse
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limited processes for entering the land market. These processes evaluated previously held notions that
construct women and informal workers to be poor, uneducated and unemployed. However, it was also
noticed that women engaged in power structures on a daily basis that both benefit them and burden
them, depending on their socio-economic status and other factors.

This study identified the plurality of land and food systems in urban districts. It is followed
with the impact of urban changes on land and food demand and its accessibility in the urban regions
of Ghana. It concluded on the importance of modelling land and food disparities in Adenta which
is characterized by high population growth, destruction of vegetative and agricultural lands for
development, among others. Ghana’s urban districts need to embrace the package of tools and
methodologies in numerical modelling and simulation capacities to review cities and municipalities
as multidimensional, socio-ecological systems that have an evolving character in order to appreciate
gender-based functionalities. Exploring these urban pointers was systematically and seamlessly
allowed for ranking and prioritization of the land and food components that needed more attention,
with women not being disregarded. Whilst urban growth, economic and social changes were influencers
on urban land and food disparity index, the economic access indicator had weights closer to the urban
food stress index. This meant that initiating policies to empower women economically could facilitate
their chances of acquiring lands and becoming independent.
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Abstract: Issues relating to land are specifically referred to in five of the United Nations’ (UN) 17
Sustainable Development Goals, and UN-Habitat’s Global Land Tools Network views access to
land and tenure security as key to achieving sustainable, inclusive and efficient cities. The African
continent is growing in importance, with climate change and population pressure on land. This review
explores an interdisciplinary approach, and identifies recent advances in geo-spatial technology
relevant to land governance in sub-Saharan Africa (SSA). It discusses historical legacies of colonialism
that affect the culture of its land administration institutions, through three levels of governance:
international/regional, national and sub-national. Short narratives on land law are discussed for
four Anglophone former British colonies of SSA. A wide range of sources are drawn upon: academic
research across disciplines, and official publications of various actors, including land professions
(particularly surveyors, lawyers and planners), government and wider society. The findings are
that African countries have carried forward colonial land governance structures into the post-
independence political settlement, and that a gulf exists between the institutions, language and
cultures of land governance, and the mass of its peoples struggling with basic issues of survival.
This gulf may be addressed by recent approaches to land administration and technological advances
in geo-spatial technology, and by new knowledge networks and interactions.

Keywords: land governance; Fit-for-Purpose Land Administration; sub-Saharan Africa; legal history
of land; distributed ledger technology; citizen participation

1. Introduction and Approach

‘The land is the dearest thing that we have. Without the land there is no nation.’

(Armenian writer, Sero Khanzadyan (1915–1998))

‘Land is the only thing in the world that amounts to anything.’

(Gerald O’Hara, fictional slave plantation owner in Georgia, USA, in Margaret
Mitchell, Gone with the Wind)

The quotations above suggest the power that land can exert in society, a power that is
being rediscovered in the 21st century. Five of the United Nations’ (UN) 17 Sustainable
Development Goals (SDGs) for 2015–2030 refer specifically to land; the 2018–2030 strategy
for UN-Habitat’s Global Land Tools Network (GLTN) has restated its pro-poor agenda
with a strapline ‘A world in which everyone enjoys secure land rights’ [1,2].

Land administration needs at the start to be distinguished from land governance.
Land administration comprises an extensive range of governmental systems, whose pro-
cesses include: transferring rights from one party to another; regulating uses; gather-
ing land-based public revenues; and resolving conflicts involving land. The concept of
land governance is wider, and recognizes the importance of power and political relations,
and multiple stake-holders and actors with their own cultures and specialist languages,
for instance professions, academia, government and wider society.

The academic scholarship around governance explores processes of interaction and
decision-making between the institutions by which authority is exercised, and is moving
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towards a more radical and de-centred view of the state that takes account of cultural tradi-
tions and practices [3]. Various concepts and theories about land governance have been
advanced, including the following. Historical institutionalism investigates the influence of
social, political, and economic change over time upon institutional and political structures
and outcomes [4]. Political settlement theory explores the effects of power relations upon
institutions and patterns of development [5,6]. Path dependence theory argues that deci-
sions we face are limited by past decisions, even when past circumstances may no longer
be relevant; critical junctures occur when existing political structures fail, and new dynam-
ics and institutions emerge [7,8]. Actor-network theory examines networks of causation
that are both material (between people and things) and semiotic (between concepts) [9].
Credibility theory, used by insurers to assess risk from historic claims, is being applied to
institutional change and land administration [10,11]. The main academic discipline dealing
with land is geography, and the sub-discipline of critical legal geography investigates
law’s effect upon physical landscapes and spatial boundaries, one of its more esoteric
manifestations being the ‘nomosphere’ [12–14]. The professions of law, surveying and
planning also have their own academic disciplines, and influence land governance agendas
at all levels, particularly through their professional associations. All these professions,
disciplines and sub-disciplines have their own ‘academic tribes’ and ‘silo mentalities’ that
may impede mutual understanding [15,16].

This review explores how institutional histories and cultures around land governance
operate. It outlines some relevant developments in global geo-spatial technology and
land administration, and investigates land governance in sub-Saharan Africa (SSA) at
three levels: supranational institutions (specifically the World Bank, land professions,
UN/Habitat/GLTN, and the African Union (AU)), national land law and institutions, fo-
cusing on four countries of Anglophone SSA, and sub-national activities of local authorities
and civil society. The review draws from a range of sources: recent academic research
and scholarship across disciplines, and official publications of agencies, governments and
professional associations [17]. The conclusions are that African countries have largely
carried forward colonial land governance structures since independence; this has created
a gulf between the institutions, language and cultures of land governance on the one
hand, and, on the other, the mass of its peoples struggling with basic issues of survival.
Recent developments in citizen participation and community-based action offer better
prospects for the future.

2. Surveyors in Land Governance: The Power of Technology

Among the professions involved with land, surveyors can claim the closest direct
connection. The International Federation of Surveyors (FIG) has strongly influenced the
evolving international approach to land administration and governance, and its publica-
tions offer a timeline of those changes, engaging with wider concepts of land governance,
the recognition of a continuum of land tenure types, and more democratic geospatial tech-
nologies. FIG’s Young Surveyors Network pursues a theme of rapid response to change by
the surveyor of tomorrow, and has an African network applying new approaches through
survey technologies.

National governments create and maintain land administration systems: surveying
and mapping land ownership and rights, and providing information for users. One coun-
try may have deeds registration, another title registration; some systems are centralised,
others decentralized; some are based on a general boundaries approach, others on fixed
boundaries; some may prioritise state interests, others private interests. This is ‘the institu-
tional memory of the map and the archive’ [18], which is increasingly being transferred to
digital form through schemas for describing spatial characteristics, combining information
from multiple sources. In 2011 the UN brought together member states’ national map-
ping agencies in a Committee of Experts on Global Geospatial Information Management
(UN-GGIM), which adopted a FIG proposal for the concept of Fit-for-Purpose Land Ad-
ministration (FFPLA), from which evolved a Framework for Effective Land Administration
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(FELA), as an enabling environment for developing policies and standards [19,20]. A more
flexible approach suited to regions of the ‘global South’ now accepts the concept of a con-
tinuum or spectrum of land rights, from informal to formal, and applying general rather
than fixed boundaries to land, aerial images rather than field surveys, accuracy related to
purpose rather than technical standards, and continuous improvements.

An international standard on the Land Administration Domain Model (LADM) was
adopted in 2012, and structures the LADM into conceptual packages [21,22]. The party
package contains classes representing information about a person or organisation with a
relationship to land; this could be an individual, company or other legal entity, or a group
of parties. The administrative package records rights, restrictions, responsibilities and
transactions associated with a spatial unit or group of units. Spatial units (or land parcels)
are defined by geographical extent, and may be aggregated from sub-units or subdivisions
(e.g., all land parcels within a local government administration), and legal spaces of
buildings and utility networks. The surveying and representation package identifies the
spatial sources, perhaps a registered survey plan or orthophotos, with point, line and
surface representations of spatial units through terrestrial surveys, global positioning
satellites or field sketches [23].

New technology for land administration is being embraced by surveyors, policy-
makers, governments and communities. The technical terms and acronyms may be im-
penetrable to the uninitiated: GDAL (Geospatial Data Abstraction Library), OSGeo (Open
Source Geospatial Foundation), QGIS (Free and Open Source Geographic Information
System), GML (Geography Markup Language), REST-API (Representational State Transfer
Application Programming Interface), LIDAR (Light Detection and Ranging). Such complex
technical language may impede understanding by those making major decisions about
adopting these technologies. Three examples illustrate the recent advances in geo-spatial
technology and applications: drones (or unmanned aerial vehicles, UAVs), automatic fea-
ture extraction (AFE), and blockchain (or distributed ledger technology, DLT).

UAVs are supplementing or even replacing terrestrial survey methods in many situa-
tions, and remote sensing from drones can be more cost-effective than from satellites.
They allow land surveyors to accomplish more in less time, especially in hazardous
or physically hard-to-reach areas, offering centimetre-level accuracy with fewer control
points. UAV uses high-resolution imagery with optical sensor data to delineate boundaries,
and generate accurate, real-world 3D models from 2D imagery [24].

AFE uses machine learning, pattern recognition and image processing to derive values
or features from a large data set, and can record land parcel boundaries, both visible
and invisible. The morphology of cadastral boundaries can be complex; they may be
defined socially, perhaps covered by thick vegetation canopy, and not visible through
remote imagery. AFE can help in both initial data capture and updating/maintenance,
with initial working-draft land records or updating a cadastral map. One such application
is Smart Sketchmaps, a set of sub-tools to align sketched information with base-map data
and existing geo-referenced datasets [25].

Blockchain/DLT in landed property developed together with crypto-currencies, and has
been ambitiously claimed as ‘the next industrial revolution’. It can offer a decentralised,
secure database in a transparent network which allows peer-to-peer transactions without
an intermediary. It requires an architecture of overlaid technologies to support changes of
data, confirm digital identity and privacy, ensure legal compliance and enforceability of
smart contracts. Data can be updated without loss of historic data, through remote imagery
and verified by smartphone. It has the potential to bring speed, certainty and clarity to
property decisions, but its technical language can lead to confusion over key principles,
misinterpretation by non-technical people, and inappropriate products, while the network
may be vulnerable to systemic shock [26–28].

Such technological advances are challenging data collection by qualified and au-
thorized survey professionals (‘top-down’) with more democratic approaches (‘bottom-
up’). Users can now create open-source geo-spatial data with cost-effective measurement,
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and combine data from multiple sensors and techniques, allowing local communities to
become involved in data collection and management. The big survey companies like Leica
and Trimble now offer easy-to-use field data collection tools, with scalable accuracy for
initial registration and documentation of land rights, and potential for a ‘vertical’ spectrum
of land administration services [29].

3. The African Dimension

These developments are ready for application in Africa, where land governance is
increasingly seen as a major challenge. Africa is the largest continent by land area, and has
the largest number of countries proportionate to land area, and human population of over
a billion. The 2020 population estimates for the AU’s 55 member states range from the most
numerous (Nigeria 206 million, Ethiopia 116 million) to some 20 with less than five million,
and several off-shore island states [30]. Africa’s five-fold population growth in the last half-
century has created a so-called ‘youth bulge’, which has been seen as a predictor for social
unrest, leading to war and terrorism from stress factors of poverty, mass unemployment,
unmanaged urban growth, food and water shortages, and disease; this youth bulge can
also be seen as a strength in future, but requires education and livelihood opportunities for
young people [31]. Hundreds of languages are spoken in Africa, and create communication
problems between people and their governments. The legal systems of most African
countries were imposed and imported by past European colonial powers, and the political
settlement at independence brought to power new indigenous elites, while maintaining
largely intact colonial laws and institutions that facilitated great inequalities in wealth
and land ownership [32,33]. Former British colonies or protectorates in SSA cover a larger
combined land area than any other former colonial power (see Table 1), and this article
explores the land law histories of one country in each sub-region (South Africa, Nigeria,
Kenya, and Zambia), drawing from the author’s research.

Table 1. Anglophone countries in sub-Saharan Africa (SSA, by region). Source: https://www.
worldometers.info/population/countries-in-africa-by-population/ (accessed on 10 December 2020).

Region Countries Population p/km2 Urban Pop %

West

Nigeria 206 226 52
Ghana 33.1 103 43

Sierra Leone 8 111 53
Gambia 5.1 239 59
Liberia 5.1 53 43

East
Kenya 53.8 94 28

Uganda 45.7 225 26
Tanzania 59.7 67 43

Central
Zambia 18.4 203 45

Zimbabwe 14.9 25 38
Malawi 19.1 38 18

South

South Africa 59.3 49 67
Namibia 2.5 3 55
Botswana 2.4 3 73
Lesotho 2.1 71 45
eSwatini 1.2 67 41

Policies of indirect rule and the dual mandate, associated with Lord Lugard, the in-
fluential sometime governor of Nigeria, were transferred to other British colonies and
protectorates. He claimed with lofty superiority a hundred years ago that:

It is still a matter of indifference to the people whether Government takes up a few
square miles, here for a township, or there for a railway, or elsewhere as leases to
commercial, mining, agricultural or ranching companies. Even if occupiers are
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expropriated in the neighbourhood of a large town, there is as a rule abundant
land elsewhere in the great unoccupied spaces of this vast country. [34] (p. 29)

Population pressure on land has increased dramatically since them, challenging the
systems of land tenure. Recent research with satellite mapping data has shown that cities
of Anglophone colonial origin now have less intense land use than Francophone ones,
more irregular layouts, and poorer electricity and piped water connections at the informal
urban edge [35,36]. British colonial policy outside the towns and white settler farmlands
designated ‘native reserves’ where customary tenure was maintained, but it allowed such
land to be taken (or ‘set aside’) without compensation if required by the state for a ‘pub-
lic interest’, such as for mining, forestry or township creation. African states still use
such inherited laws to allow large-scale land-based investments (‘land grabbing’), and in
2000–2012 leased an estimated six million hectares of customary land for biofuel and food
production, largely ignoring the needs for land and livelihoods of those displaced [37,38].
Survey findings on global tenure security suggest that about a fifth of households risk losing
their homes within the next five years, uncertainty which holds back investment and sus-
tainable development. The World Bank supports mass land titling, yet SSA land is mostly
legally undocumented, and accounts for a third of global forced evictions. The political
will to reduce insecure tenure is often not only lacking, but empowers the evictors [39,40].

The so-called ‘colonial masters’ favoured an evolutionary theory of land rights, un-
der which customary or communal tenure would be extinguished over time by an inevitable
progress towards individual property rights [41,42]. The GLTN’s land rights continuum
now identifies a spectrum of rights, from customary, occupancy, anti-evictions, adverse pos-
session, group tenure, and leases, ending with registered freehold. Private property is seen
as the highest form of land right, guaranteed in the constitutions of post-independence
African states, yet an estimated two-thirds of the continent’s usable land remains under
communal or customary land tenure (the highest proportion in the world). British colonial
officials opposed granting private property rights for Africans:

The Land Officer and myself are of the opinion that it would be a disaster to allow
the African to slide into possession of what would, to all intents and purposes,
be an absolute freehold over land which the African occupies under native law
and custom. [43]

Theories of property have often been reluctant to recognize plural property relations,
particularly ‘non-owner’ interests that may be collective or communal, yet such land
relations can defend people and communities against the penetrative forces of globalisation
and capitalism, fulfilling an important welfare function, and serving as a reservoir of cheap,
un-serviced resource in peri-urban areas. This review next explores how SSA deals with
tensions between private and customary land rights, distinguishing between three levels of
land governance: supra-national, national and sub-national actors. States have sovereignty
and control over their land laws and institutions, but the other two levels—above and
below the nation state—also have power and influence [44].

3.1. Supranational, Regional and Human Rights Actors

This section considers the role in SSA land governance of the World Bank, UN-Habitat
and GLTN, professional associations, and the AU. Each has a particular institutional
narrative, and operates through its own institutions and actor networks, with differing
degrees of power and influence.

The World Bank is the largest single lender for development in Africa, approving some
$20 billion in 2020. Its core mission has changed since its origins in the 1944 Bretton Woods
conference, from post-war reconstruction to ending extreme poverty, and it has been in-
volved in framing the SDGs, especially SDG1 (‘no poverty’) and SDG16 (‘peace, justice and
strong institutions’). It embraces Hernando de Soto’s argument that a framework of secure,
transparent and enforceable property rights is a critical precondition for reducing poverty,
and its annual Land and Poverty conference presents research and good practice from

57



Land 2021, 10, 292

its many projects around the world. Its Worldwide Governance Index which ranked SSA
lower than other regions in all six key variables: voice and accountability, political stability,
regulatory quality, rule of law and control of corruption, and government effectiveness [45].
Its Land Governance Assessment Framework has been applied in 40 participating countries
(seven in Africa, and four of those Anglophone), and identified 116 ‘dimensions’ in such
areas as land tenure recognition, institutional arrangements, urban planning, and dispute
resolution. The four Anglophone SSA countries scored poorly on such dimensions as deal-
ing with longstanding land disputes, and transfer of land from public to private ownership;
worst scoring was Sierra Leone (good on 22, bad on 45), and the best was Rwanda (good
on 47, bad on 9) [46].

Within the UN system, rural land governance is mainly the preserve of the Food and
Agriculture Organization (FAO), and urban land governance that of UN-Habitat with its
mission of ‘a better quality of life for all in an urbanizing world’. UN-Habitat’s headquar-
ters in Nairobi houses the GLTN (founded in 2006), which works through a ‘dynamic
and multisectoral alliance of international partners committed to increasing access to land
and tenure security for all, with a particular focus on the poor, women and youth’ [47].
The GLTN reviewed the international frameworks for land governance, and tracks tenure
security through its Global Land Indicator Initiative. With the 2020s declared the ‘decade of
action’ for the SDGs, the GLTN has enlisted 80 partner organizations in four cluster groups:
international civil societies (both urban and rural), training/research institutions, and pro-
fessional bodies. The UN-GGIM also promotes a partnership approach by establishing
an Academic Network and a Private Sector Network. Another aspect of growing global
and regional co-operation is the emergence of regular conferences and forums, with UN
agencies as partners/participants [48,49]. The GLTN has some 20 land tools at different
stages of development, among which are the Social Tenure Domain Model (STDM) and
Participatory and Inclusive Land Readjustment (PILaR). STDM provides a universal stan-
dard for representing people–land relationships independent of levels of formality, legality
and technical accuracy [50]. PiLAR seeks to expand the existing land readjustment model
by adding more inclusive negotiation processes, so that costs and benefits may be better
shared among landowners and other stakeholders, in a less confrontational approach than
compulsory expropriation [51,52].

Law, surveying and planning are three professions particularly involved with land
governance. All were closely associated with past colonial power structures in SSA,
and have continued that role in post-colonial political settlements. They are part of the
system that Hernando de Soto compared to a laboratory bell jar, sealed off from the rest
of society:

Inside the bell jar are elites who hold property using codified law borrowed
from the West . . . The bell jar makes capitalism a private club, open only to a
privileged few, and enrages the billions standing outside looking in. [53] (p. 66)

The late Patrick McAuslan, a pre-eminent land, law and development academic,
entitled one of his books ‘Bringing the law back in’ to express his concern that development
agendas gave insufficient attention to law and its institutions, allowing anti-poor policies
from the colonial period to continue [54]. Lawyers’ work is mostly paper-based and
typically happens in court-room or bureaucratic settings, while surveyors and planners
are more likely to operate closer to the land and people [55]. Colonial surveyors facilitated
land-taking from indigenous peoples, mapping boundaries by ‘systematic survey’ methods,
and introducing government registration of title. In east, central and southern Africa they
divided land into ‘sections’ (meaning a cutting) and transferred often huge tracts of land to
white settlers and companies [56]. Town planning, claimed as an apolitical, technical and
modern approach to colonial management, was responsible for applying on the ground
racial segregation policies, and has continued to shape African urban landscapes [57–60].

The AU in 2015 (the same year that launched the SDGs) adopted its own Agenda
2063 as its ‘collective vision and roadmap’. This aspired to ‘people-centered development,
gender equality and youth empowerment’, ‘access to affordable and decent housing to
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all in sustainable human settlements’, ‘effective and territorial planning and land tenure,
use and management systems’ and ‘improving the livelihoods of the great percentage of the
people working and living in slums and informal settlements’. The SDGs claim to rest ‘on a
set of universal principles, values and standards, such as human rights, that are applicable
in all countries, in all contexts and circumstances and at all times’ [61,62], this approach can
be in tension with that of the AU (‘African solutions to African problems’), and the AU still
depends upon external financial support from the European Union and other core donors
for most of its budget [63,64]. Over half of its budget goes on ‘peace support operations’,
with conflicts within and between states that are often related to competition for land
and resources; these include displacements for foreign investments, ethnic antagonisms,
urban evictions, clashes between farmers and pastoralists, resistance to natural resource
exploitation, and tensions between indigenes and ‘strangers’ [65,66].

The AU adopted a Declaration on Land in 2009, and afterwards created an African
Land Policy Centre as a joint programme of the AU Commission, the African Development
Bank and the United Nations Economic Commission for Africa (UNECA) [67,68]. The cen-
tre has produced land policy guidelines, which recommends reducing the ‘overwhelming
presence of the state in land matters’, but depends upon member states themselves being
willing to apply them. The guidelines also assert equal legal status for customary and
‘modern’ property rights, and an AU Forum of African Traditional Authorities was created,
but the two tenure types are often in competition [69,70].

The AU has also organized a Network of Excellence in Land Governance for Africa
(NELGA) to build capacity in higher education because member states lack the human and
institutional capacity required to implement sustainable land policies [71]. Linguistic lega-
cies of colonialism, and the AU’s origins in anti-colonial struggles, have contributed to the
location of its regional ‘nodes’. Kwame Nkrumah University of Science and Technology
(KNUST) in Ghana for West Africa, Ardhi in Tanzania for East Africa, Namibia University
of Science and Technology (NUST) and University of Western Cape (UWC) for Southern
Africa, all are located in Anglophone countries with socialist backgrounds and significant
levels of customary tenure, while Francophone countries have separate nodes in Dakar
(West Africa), Cameroon (Central Africa) and Morocco (North Africa).

The AU’s judicial organs, the African Commission and Court of Human and Peoples
Rights, which are mandated to apply the Banjul Charter (1981), have considered several
land and property cases, attracting significant attention. The charter, signed in a time of
decolonization, frequently refers to the rights of ‘peoples’ (in the plural) to development,
and to hold natural resources and property, but this commitment has been complicated by
the UN Declaration on the Rights of Indigenous Peoples (2007). In three key cases affecting
Kenya—two of them brought by indigenous peoples, the third by Nubian descendants
of the colonial military—the African Court found for the appellants multiple breaches
of their charter rights [72,73]. The Mbiankeu case confirmed that a valid land certificate
was proof of property ownership guaranteed by the state, and required the Cameroonian
government to annul a fraudulent title and compensate the victim. Banjul Charter rights
have also been upheld in cases concerning peaceful enjoyment of property, family rights,
and forced displacement without due process [74,75]. Such pro-poor judicial activism has,
however, been met with a lack of implementation by African governments, and the AU’s
enforcement mechanisms are weak [76,77].

The tension between universal human rights and ‘African solutions for African prob-
lems’ is encountered in particular in the treatment of women, who are often disinherited
and impoverished by patriarchal customary authorities. The proportion of female-headed
households in Africa is growing because of male migration, male partner deaths from
disease and conflicts, unpartnered adolescent fertility and family disruption. In a social
landscape of many female-headed households, more women are establishing a home with-
out men’s involvement, as a ‘domain of autonomy’ where they can reproduce persons
for whom they provide a home, and which they can let or sell. The 2020 pandemic is
now leaving newly widowed women without family support, often denied inheritance
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rights, facing social stigma as perceived carriers of the disease, and at risk of destitution,
especially for older women without pensions or bank accounts. African women are in-
creasingly pressing for recognition of their land rights, encouraged by the Maputo Protocol
on the Rights of Women in Africa (2003), and by support for gender equality in SDG5,
many national constitutions and GLTN’s ‘gendered land rights’ [78–81]. In Zambia a draft
national land policy proposed in 2002 to make 30% of the land available for women was
rejected by traditional authorities, but a Supreme Court case granted a greater property
share to the wife after divorce, after considering both customary law and principles of
equity or fairness [82,83].

3.2. National Land Laws and Institutions: Colonial Legacies and New Technologies

African governments after independence have jealously protected their national
sovereignty under the AU Constitutive Act and following the Westphalia state model.
Boundaries between colonies, often created arbitrarily, became mostly fixed at indepen-
dence under the uti possedetis principle (paraphrased as ‘what you have you keep’).
Notwithstanding the many international agendas, declarations and goals that they may
sign up to, national governments decide their own land laws and policies under political
settlements largely shaped around the time of independence.

The GLTN aspires to a ‘world in which everyone enjoys secure land rights’. Inter-
national law protects private property rights, but does not include an explicit right of
access to land, although it does recognize rights to housing, private property and an
adequate standard of living [84,85]. After independence many African governments re-
formed their land and planning laws in attempts to redress injustices from the colonial
past, while keeping control in the hands of the state. Such reforms are complex and highly
political, and have not always helped to achieve broad-based socio-economic develop-
ment [86–89]. Systems of control and exclusion inherited from colonial rule have allowed
powerful vested interests to benefit from an environment of insecure land rights, and the
institutions of land administration and planning may appear to follow international norms,
but often not function effectively [90–92]. Corrupt and fraudulent land allocations are
common, but are becoming less acceptable: an AU anti-corruption convention exists (2003,
ratified by 44 AU member states as at 2020), some lands ministers and officials have been
convicted in recent years, and the African Land Policy Centre’s third conference (2019) had
the theme: ‘Winning the fight against Corruption in the Land Sector: Sustainable Pathways
for Africa’s transformation’ [93–95].

This review next discusses the colonial roots of SSA land laws and administration,
which have contributed to the continued dominance of the state and of powerful vested
interests in land. Four short narratives of land laws draw upon the author’s research
in former British colonies, one in each of the SSA regions: South Africa, Nigeria (west),
Kenya (east) and Zambia (central). The section then explores attempts to introduce digital
technologies in SSA land administration, especially blockchain/DLT.

South Africa was one of the oldest European colonies in Africa, settled by the Dutch
and other immigrants in the 17th century, then under British colonial rule from the 1790s.
The 1913 Natives Land Act (subsequently renamed the Bantu Land Act and the Black
Land Act) was the cornerstone of apartheid until abolished in 1994. The majority Africans
population had been excluded from land ownership, and their land reserves, called tribal
homelands or Bantustans, comprised only 7% of the area of South Africa; whites and
other racial groups had the rest and best. Customary land tenure in the reserves was
maintained, but often misinterpreted and undermined by the judiciary, manipulated by
administrators, and overlooked in legislation. As late as 1986 a South African judge
(white of course) could state in his court that: ‘Whites own land by law, whether they
are industrious or not, while non-whites must demonstrate their worthiness to own land
through their labor’ [96]. The government since 1994 has ended legal racial segregation
and made other land law reforms. Land redistribution offered those prejudiced under
the old regime (the urban and rural poor, farm workers, labour tenants and emergent
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farmers) to acquire land with state assistance, but only from willing sellers. The Communal
Land Tenure Act (2004) allowed community ownership (community defined as a single
juristic person, often a tribal authority), in a move intended to address the chaotic land
administration in the former homelands. New land registration procedures allowed rights
to be upgraded from ‘initial ownership’ under the 1995 Development Facilitation Act.
In spite of such law reforms, progress has been limited in reducing racial inequalities
in land ownership, or improving access to land and housing for the rapidly growing
population. The South African government adopted a target in 1994 of transferring 30%
of commercial farming land to 600,000 smallholders, but after a decade only 3% had
been transferred, reflecting institutional weaknesses and the reluctance of owners to offer
property voluntarily. The issue of land reform remains understandably highly contentious
and complex [97–100].

West Africa had little white settlement and a different land governance story, as exem-
plified by Nigeria, now the most populous SSA country and a federation with many ethnic
groups and languages [101]. When Southern Nigeria was created in 1900, the first act of
the new administration was a Native Lands Acquisition Proclamation, which required
the governor’s permission for all state acquisitions, and the Northern Nigerian Land and
Native Rights Proclamation (1910) conferred similar powers on its governor, a measure ‘de-
signed to define and secure the rights of the natives to the use of the land whilst providing
opportunities for development on modern lines’. The British colonial authorities in West
Africa had less power over land than in South Africa:

The alienation of tribal lands first to Europeans for mining purposes and later to
stranger Africans for cocoa farming has been one of the major problems of the
Gold Coast [now Ghana]. The Colonial Government attempted to deal with this
problem by securing control over land generally in a manner similar to that now
in operation in Northern Nigeria and Tanganyika. Native resistance to such a
measure was so intense that it had to be dropped. Local native feeling has always
been extremely sensitive on land matters and any suggestion of Government
interference has been represented as an attempt to dispossess the people of their
lands. [43,102]

After Nigerian independence in 1960, its Land Use Act (1978) ended any residual
private ownership, and allocated land rights through certificates of occupancy (equivalent
to 99-year leases); minerals remained a federal matter. These certificates, originating in
previous colonial policy, were controlled by state governors (19 of them in 1976, by 1996
grown to 36, plus a Federal Capital Territory). Complex procedures and often corrupt
bureaucracies mean that most land transactions by-pass official consent, and take place
as private contracts between the parties; less than 3% of land is thought to be formally
registered with federal, state or local authorities, which can take up to two years because
of complex chains of title and poor documentation. Nigeria’s transfer fees are among the
most expensive in the world, yet land is still seen as a reliable store of value and best hedge
against inflation. The 1978 Act has not been reformed, and is much criticised: ‘politically
undemocratic, economically unproductive, but also socially segregative, particularly in its
urban and non-urban dichotomy’ [103–107].

In East Africa a tiny white settler community dominated Kenyan land law in the
colonial period, strongly influenced by South African experience and placing strict controls
over African residence and movement. In the early days of the East African Protectorate
(later Kenya), a Crown Lands Ordinance (1902) vested in the crown ‘all public lands in the
Protectorate . . . including all lands occupied by native tribes’, and a subsequent ordinance
(1915) further empowered the colonial administration to grant land on behalf of the crown
to individuals (not Africans) on 999-year leases, or 99-year leases in township surveyed lots.
A deeds registry system for these grants was introduced, following South African practice,
and afterwards a Torrens-style official registry of titles, following the South Australian
example. In 1921 the Kikuyu (the tribe most affected by white settler land acquisition)
took their case to the High Court of the newly constituted Kenya colony, but the judge
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determined that under the 1915 Ordinance all native title to the land disappeared, and their
rights were confined to occupation, cultivation and grazing, in accordance with Privy
Council case law at the time. A few years later the Chief Native Commissioner (a British
official) was reporting ‘the acute anxiety on the part of natives of every tribe with regard to
the present insecurity of their land tenure’ [108]. The Native Lands Trust Ordinance (1930)
later empowered declared the governor to preside over a trust board to administer the
native reserves that were created on the South African model, and he could ‘set aside’ (in
effect confiscate without compensation) trust lands for ‘public interest’ purposes such as
townships or mining. Later, in an attempt to counter the Mau-Mau insurgency by creating
an African land-owning class, the Registered Lands Act (1963) provided for registration of
African interests in trust land by a process of systematic adjudication, similar to that for
enclosure claims in nineteenth-century Britain. President Kenyatta’s post-independence
government did not fundamentally reform the legal framework, and created a network of
powerful new beneficiaries through the establishment of private land-buying companies,
often headed by prominent politicians, who took over white settler lands, subdivided
them or sold on to public corporations at inflated values. The Trust Land Act (1970)
transferred former tribal trust land to local authorities (called county councils), which could
be converted into registered private land or ‘set apart’ for public purposes as under the
colonial regime. Kenya’s new constitution (2010) vested all land in the people collectively
as a nation, and provided for three separate land tenure systems of apparently equal
status (public, private and community). The subsequent Community Land Act 2016 gave
potentially extensive powers to communities, but without the political will to make such a
tenure regime effective [109–111].

In the fourth case, Zambia (the former Northern Rhodesia) had been Britain’s richest
African colony in the 1950s from its copper ore exports (excluding South Africa and diamond-
producing Sierra Leone). After it transferred in 1924 from chartered company rule to become
a protectorate of the British crown, new ordinances followed British colonial policy in East
and South Africa. Upon independence in 1964, Zambia inherited four categories of land:
state land (formerly crown land), freehold land, reserves and trust land. After it became a
one-party state, legislation in 1975 vested all land in the President on behalf of the people:
freehold land became leasehold, and all land transactions required the President’s consent.
A subsequent Lands Act (1995), which is still in effect, allowed the Lands Commissioner
to convert customary land to 99 year leases, thus restoring value to land. This reform
worsened economic inequality by concentrating land titles in Zambian elites and foreigners,
while existing occupiers could be deemed squatters and evicted [112,113].

The above brief land law histories of four SSA countries show the continuities of
colonial systems with the political settlements after independence. The land administra-
tion systems have remained overwhelmingly paper-based, bureaucratic and vulnerable to
exploitation and corruption, and now have to struggle with greatly increased populations
and demand for land. International moves towards FFPLA, which include World Bank
support for ‘accelerating digital transformation in Africa’, have meant experimentation
with digital land titling and transactions, offering a potentially promising application for
blockchain/DLT linked to the tokenization of property assets through crypto-currencies.
DLT in real estate has been seen as an opportunity to replace paper-based public reg-
isters and prevent such abuses as double-selling, impersonation of buyers and sellers,
and forged signatures. Instead computer authentication of users, time-stamped smart
contracts, and tamper-proof records, even zero-visit online transactions, could support a
transparent and publicly verifiable distributed ledger for property [114,115].

American corporations linked with crypto-currencies have experimented with
blockchain/DLT projects in several SSA countries since 2018. Medici Land Governance,
a subsidiary of a blockchain accelerator backed by controversial entrepreneur Patrick Byrne,
partnered with three capital cities [116]. It made a memorandum of understanding with
Zambia’s Lands Ministry and Lusaka city council to test digital land titling in regulariz-
ing informal settlements. In Liberia, a Medici project set out to record digital rights for
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1000 residential plots around the capital Monrovia, using high-resolution imagery, a street
address system, and community education and data collection. In Rwanda, whose political
leadership initiated mass land titling and aspired to transform the capital Kigale through
real estate redevelopment, Medici piloted digitization of the Land Registry; Rwanda now
claims to be second in the world for speed of registering new property [117,118].

Other experimental DLT projects have occurred in Ghana and South Africa. Bitland,
a non-profit subsidiary of American bitcoin corporation Ethereum, partnered with the
Ghana Land Commission to record 5000 properties in the capital Accra through a new
system of GPS coordinates, digital proof of identity, and transfer of funds via smart
contracts [119]. In South Africa, the African National Congress (ANC) built some 3 million
houses under its Reconstruction and Development Programme after 1994, but less than
2 million were registered on hand-over, and after more than 20 years original beneficiaries
had died or moved away, or let to tenants. In 2018, the Centre for Affordable Housing
Finance in Africa undertook a pilot project in Khayelitsha township outside Cape Town,
surveying about 1000 properties and occupiers, cross-checking results against original
subsidy data, and transferring documentation to a digital record [120].

These experimental DLT projects in SSA seem to have struggled with scaling up
to national level because of basic infrastructure problems (power outages, poor internet
connectivity, low computer ownership and computer literacy), and the technology may be
poorly understood by over-eager politicians. The ‘placelessness’ of technologies that allow
digital transactions and money transfers over the heads of the actual occupiers create risks
of occupiers losing their homes for the lure of quick money, and predatory lenders forcing
distress sales [121].

3.3. Below the State Level: Local Government, Public Awareness and Participation for Meeting
Basic Needs

Land governance not only operates at national level, but also through sub-national
institutions: local government, non-governmental and citizen-based organizations (NGOs,
CBOs). This review now addresses past and current local governance arrangements, and new
approaches that are changing the relations between citizens, communities and government.

Past colonial regimes In SSA ran local administration through centrally appointed
(usually white) ‘district officers’, and local authorities were generally weak and under-
resourced. Racially based master–servant legislation, requiring employers to house their
workers, but not where suitable housing was available nearby, allowed for African housing
to be neglected. Across much of SSA services for the African population were financed
through the so-called ‘Durban system’, under which labourers paid a registration fee for
their own policing and accommodation, and profits from a municipal monopoly over
beer halls were paid into a ‘Native Revenue’ account, kept separate from other municipal
finances to pay for community services. Africans soon recognized the injustice of the
system: ‘How much beer must I drink before my children can drink water? Do other
countries make poor people drink beer to collect money for water?’ [122,123]. Now, sub-
national authorities are increasingly asserting themselves. The global umbrella organisation,
United Cities and Local Governments, founded in 2004, is the main NGO promoting
democratic, effective and innovative local government, encouraged by GLTN initiatives
on land-based local finance. Structural reforms of local government powers and finances,
however, move slowly, even more slowly than land law reform. Citizen perceptions of local
government are generally negative, but city-to-city learning and mentorship programmes
are improving the transfer of knowledge and best practice [124,125].

With rule of law measures supported by the World Bank and SDG16 (‘peace, jus-
tice and strong institutions’), ways are being developed to improve citizen awareness and
access to law, including protection of land rights. Over 20 years ago pioneering American
researchers Ewick and Silbey identified three common narratives that ordinary people tell
about law: it is either magisterial and remote, or a game whose rules can be manipulated
to one’s advantage, or an arbitrary power to be actively resisted [126] SSA experience
confirms these research findings, law being seen as arbitrary or remote from the realities of

63



Land 2021, 10, 292

people’s daily lives, and as a tool manipulated by elites. The many linguistic and ethnic
communities within African states create conditions of ‘legal pluralism’—the existence of
multiple sources of law within a single geographical area. Courts use official languages
of European origin, which may be poorly understood by people who speak different lan-
guages in their every-day lives. Attempts to codify traditional land practices have largely
come from foreign lawyers remote from the people [127,128]. Tackling legal problems is
harder if there is a shortage of lawyers, whether practising or in universities; land and
human rights lawyers are even fewer in number, although Pretoria University’s Centre for
Human Rights has been actively training them [129]. Externally-funded NGOs sometimes
represent communities in court, but governments SSA accuse them of being ‘busy bodies’
or ‘meddlesome interlopers’, and in 2017 the Institute for Human Rights and Development
in Africa petitioned the African Commission to express its ‘concern and alarm at the shrink-
ing of the civic society space’ in many countries [130]. The media, social media and NGOs
can help improve public awareness, but women in particular still seem unaware of their
legal property rights, which allows patriarchal attitudes over land to continue [131].

Democratization through data-gathering and communication technologies is opening
new possibilities to close the gap between policies at international and local level and
practical implementation on the ground. In Liberia the Amplio Talking Book, a battery-
powered audio device, is reaching people in remote communities with poor literacy levels
and without electricity or the internet, who can now learn about recent land law reforms in
their local language, and record their feedback [132–134]. In Cape Verde open-source tech-
nologies created a mobile geographic information system (GIS)-web mapping application
for informal areas of the capital at high flood risk to collect and transmit data at household
level for evaluation and action [135]. International charity MapAction works with Oxfam
and civil society partners to map quickly from satellite imagery and improve food security,
livelihoods, and access to water, sanitation and hygiene services. Participatory mapping,
sometimes called ‘counter-mapping’ or ‘cadastral politics’, uses local oral history and
traditions so that local communities can record land uses previously unrecognised by state
institutions, as evidence to assert their occupancy claims and engage with land governance
institutions [136–139].

Local surveying and mapping can also help with settlement upgrading. After decades
of government evictions and demolition, going back to colonial slum clearance measures,
communities are increasingly demanding greater accountability and transparency from
government, and empowerment of their improvement efforts. The ‘informal’ areas may lack
basic services, and be difficult to navigate physically, with inadequate street and property
addressing, and poor road and path networks, and are still seen as inferior compared
with ‘formal’ developments. New attitudes towards tenure security have softened official
hostility to slums or squatter settlements, as governments recognize the political costs
of eviction, and tenure regularisation can be linked to physical upgrading measures.
Surveying and title registration may be complex and expensive, but upgrading can evolve
gradually over time with local political leadership. Kenya (where UN-Habitat has its
headquarters) has various community-based organizations that have resisted government
evictions and promoted access to land, shelter and basic services for the urban poor,
including free conversion of title deeds [140–143].

Recent research identified three stages in the development of one informal settlement
(Mindolo North, Kitwe, Zambia). In the initial occupation stage, marginalised groups of
society, mostly young and unemployed, occupied vacant land, and struggled against coun-
cil hostility that demolished about 600 homes in 2014. The second or consolidation stage
saw a rapid expansion of land coverage and buildings, as the undeterred settlers adapted
through a mix of social norms and borrowed statutory rules. The settlement ultimately
received official approval, and the third stage (maturity) saw intensified construction and
house completions, an informal local governance structure, documentation of property
rights, and the beginnings of health and other social facilities [144,145].
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A shared sense of citizenship, trust and reciprocity creates social capital, with its own
formal and informal rules. The local community can become the curator of collective
memory as a basis for education and empowerment. Cape Town’s District Six Museum,
celebrating the multi-racial neighbourhood that racial segregation policy demolished,
displays a large street map, embellished by handwritten notes from former residents
showing where they lived before removal, to create a sense of neighbourhood community
and instil a pride in heritage. In the Kalingalinga poor neighbourhood of Lusaka, Zambia,
an exhibition of work by local photographers and visual artists which toured internationally,
helped to empower the community [146–148]. Citizen frustration with basic infrastructure
shortages of water, electricity and sanitation pushes them to learn tactics to negotiate
improvements [149–153]. Networks of local community actors, for instance, are recycling
waste materials into energy briquettes, as alternative cooking energy solutions using locally
available technologies [154–156].

4. Conclusions

Africa’s land governance challenges can seem daunting, even before the recent impact
of the coronavirus disease 2019 (COVD-19) pandemic. This review has shown the complex
technical languages of the different stakeholders, and the constraints upon resources.
The problems are ‘wicked’ (in the sense of resisting solutions rather than evil), where their
complexity means that efforts to solve one aspect may reveal or create other problems.
The political settlement at independence for African countries, which often continued
colonial land inequalities and governance structures, is being increasingly challenged half
a century later by population pressures and climate change, while the expectations of
the global community from the SDGs have grown. Dysfunctional national land laws and
administration are increasingly seen as a major economic obstacle to African development.
African land governance may now be at a critical juncture (in path-dependency terms),
because the demographic youth bulge puts new demands upon the governing class,
while existential threats grow [157,158].

There is no easy route to improve land administration and governance in SSA; po-
litical leadership, law reform and investment in systems and technologies are all needed.
There are, however, reasons for optimism, and much has been achieved within a few
years to better understand the problems. The traditional skills of the professions of land
and built environment are being supplemented by more political skills of mediation, dis-
pute resolution and local coalition-building, while academic scholarship is being enriched
by interdisciplinary approaches. Theory and practice is being rethought to change negative
colonial legacies by reform of laws and regulations, improve public space both physical
and figurative, stimulate entrepreneurship and innovation, and build stronger civic society.
New knowledge and actor networks—academic and professional, global and local—are
developing new thinking and connections, such as FIG, the GLTN partner group, UN-
GGIM, NELGA, and the Right to Development network. Advances in survey technology
are adding more democratic data-capture techniques, championed by younger surveyors,
and digital land administration offers the potential of better registration and protection
of property rights. Land governance at a local everyday level means communities and
neighbourhoods negotiating their own formal and informal rules, which seems to be occur-
ring across SSA, and new legal structures for land management are developing, such as
co-operatives or community land development trusts. Traditional authorities are return-
ing as part of the modern political landscape, as much as any constitution, legislature
or local council, and their resilience is contributing to better community participation in
development efforts.
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Abstract: Farmland fragmentation and farmland consolidation are two sides of the same coin para-
doxically viewed as farmland management tools. While there is a vast body of literature addressing
the connections between farmland fragmentation and farmland consolidation on the one hand and
agriculture production and crops diversification on the other hand, their relationship with variations
in food security is still under-explored. This challenges policy makers about whether and how to
devise policies in favor of fragmentation conservation or defragmentation. Therefore, drawing on
the multiple secondary data and the deductive logical reasoning through an integrative concept-
centric qualitative approach following the rationalist theory, this study critically reviews and analyses
the existing body of literature to identify how farmland fragmentation versus defragmentation ap-
proaches relate to food security. The goal is to develop and derive an explicit model indicating when,
where, how and why farmland fragmentation can be conserved or prevented and controlled for
food security motives as a novel alternative comprehensive scientific knowledge generation, which
could guide and inform the design of future research and policies about farmland fragmentation
management. The findings show that both fragmentation and consolidation variously (positively
and negatively) impact on food security at different (macro, meso and micro) levels. While farmland
fragmentation is highly linked with food diversification (food quality), acceptability, accessibility, and
sovereignty at the local (household and individual) levels, farmland consolidation is often associated
with the quantity and availability of food production at the community, regional and national levels.
Theoretically, the best management of farmland fragmentation for food security purposes can be
achieved by minimizing the problems associated with physical and tenure aspects of farmland frag-
mentation along with the optimization of its potential benefits. In this regard, farmland consolidation,
voluntary parcel exchange and on-field harvest sales, farmland realignment, and farmland use (crop)
consolidation can be suitable for the control of physical fragmentation problems under various local
conditions. Similarly, farmland banking and off-farm employment, restrictions about the minimum
parcel sizes subdivision and absentee owners, joint ownership, cooperative farming, farmland use
(crop) consolidation, agricultural land protection policies, and family planning measures can be suit-
able to prevent and minimize farmland tenure fragmentation problems. On the other hand, various
agriculture intensification programs, agroecogical approaches, and land saving technologies can be
the most suitable strategies to maximize the income from agriculture on fragmented plots under
the circumstances of beneficial fragmentation. Moreover, in areas where both rational and defective
fragmentation scenarios coexist, different specific strategies like localized and multicropping based
land consolidation approaches in combination with or without agriculture intensification programs,
can provide better and more balanced optimal solutions. These could simultaneously minimize the
defective effects of fragmentation thereby optimizing or without jeopardizing its potential benefits
with regard to food security under specific local conditions.

Keywords: farmland fragmentation; farmland consolidation; food security; food sovereignty; agro-
ecology; integrative review
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1. Introduction

Farmland fragmentation has generally been considered as negative for agricultural
production and food security and equivalent to the increase in production costs leading to
farm inefficiency [1–11]. Consequently, most contemporary agricultural land policies aim
to reduce fragmentation through land consolidation as a panacea to this quandary [12–18].
Besides the classical land consolidations programs, other instruments such as land bank-
ing [19–21], voluntary parcel exchange, land restrictions, cooperative farming, and land use
consolidation (LUC) in Rwanda and Malawi [11,22–27] have been applied in some specific
areas and situations. The success of each strategy depends on local conditions of a country
and specific management and governance factors, since the strategy which works well in
one country might not succeed in another [11]. Such idiosyncrasies necessitate each time a
careful and substantive assessment of how and where farmland fragmentation patterns
(forms, causes and both problematic and beneficial impacts) are similar or different. This
assessment similarly applies to the success requirements and operational conditions of
farmland fragmentation management strategies (as specific farmland management instru-
ments) and their anticipated impacts prior to their transfer between countries [11,12,16,28].
The documented experience shows that the disregard of local conditions when designing
and implementing land consolidation programs in sub Saharan Africa (Kenya, Malawi,
Rwanda, Tanzania) and India led to failures and unintended harmful consequences in
some areas [11,12,24,29–35].

On the other hand, there are counter arguments which consider farmland fragmenta-
tion as a demand-driven farmer’s choice and strategy for risk management, exploitation
of multiple ecological zones, labor bottlenecks management and self-sufficiency or inde-
pendency in food production in subsistence communities through crops diversification for
household food security [6,31,33,36–42]. These advocates argue that not all land fragmenta-
tion forms are equally problematic or defective. There might indeed be situations where the
benefits of fragmentation outweigh the costs of consolidation, especially when it comes to
areas which are overpopulated by communities relying on self-subsistence (agroecological)
agriculture and/or mountainous characterized by diverse crop-growing conditions, socio-
ecological heterogeneities and small farm sizes [11]. In such cases, fragmentation would be
more favorable to support the management and mitigation of food production and market
risks for the motives of local food security through its components of quality, accessibility,
quantity and sustainability [4,11,30,31,43–45] and food sovereignty [46]. For these research
scholars, a strategy which favors diverse and multi-cropping systems (polyculture) under
varying crop-growing conditions manages better the risks of total crops failure and produc-
tion loss resulting from the consequences of the ever-increasing climate change scenarios
(manifested in changes in rainfall patterns and temperatures) leading to environmental
hazards (droughts, floods, winds, etc), diseases outbreak, and food price fluctuations, than
a mono-cropping systems-based one (monoculture) [11,33]. Furthermore, being one of
the key agroecological principles and elements, the spatial and temporal crops diversifica-
tion at both field/plot, farm and landscape levels increases the resilience of local farmers
against various climate change, prices fluctuations and other global risks thereby acting as
the sustainable strategy for achieving food diversity, self-sufficiency in the production of
culturally acceptable food diets and food sovereignty as the local approach of achieving
food security [46–48]. Hence, farmland fragmentation in this situation is rather viewed as
a rational choice which adapts to the environmental variations and generates local food
security than a drawback [11]. Moreover, in the line of disheartening land consolidation
initiatives, various studies over time disclosed negative correlations between farm sizes
and crop yields when labor market management conditions are unfavorable [11,31,49,50].
According to Ntihinyurwa and de Vries [11], this stance explains why farmland fragmen-
tation persists, and the choice dilemma of farmers about fragmentation conservation for
its positive sides and/or its prevention and banishment for its negative sides, in spite of
various consolidation initiatives to combat it. In this respect, de Vries and Chigbu [51] and
Ntihinyurwa and de Vries [11] posit that both land fragmentation and land consolidation
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are equally responsible land management instruments, given the circumstances in which
they are carried forward.

As part of the same debate, there exist various contrasting social, economic, and eco-
logical theoretical constructs and models, which favor, explain and support the claims of
each side, i.e., deriving and proving the benefits of land fragmentation or of land consoli-
dation. On land consolidation side, Ntihinyurwa and de Vries [11] highlight for example
the economies of scale theory which states that farm size and crops yield or output are
positively related [17,52], the Gestalt theory stipulating that the whole is greater than the
sum of its parts [53], along with the Malthusian theory which stipulates the existence of an
inverse relationship between the population growth and food supply [54–56]. On the other
hand, the economies of scope theory asserting that the volume of production is the result of
many heterogeneous factors [30,31,57], the complexity theory which argues for adaptation
to emerging unpredictable complex phenomena [58–60], the ecological resilience theory
which highlights the role and relevance of biodiversity conservation as an adaption to
nature shocks [61,62], the agroecology stipulating the crops diversification, resilience to
natural shocks, and responsible governance of land and natural resources [47,48], and the
Boserup’s theory which stipulates the existence of a proportional relationship between the
population growth and agriculture intensification [55,56,63], support land fragmentation
position. This polarized duality poses a crucial dilemma to policy makers and research
scholars about whether they should devise and advise policies in favor of defragmenta-
tion (consolidation) or fragmentation conservation [11]. As stated by Ntihinyurwa and de
Vries [11], this dilemma sometimes leads to the design of irrelevant farmland fragmentation
control strategies which overlook the idiosyncrasies of specific fragmentation scenarios and
its both contextual problems and benefits, and as a consequence derive disputed results
leading to the failures.

Despite the subjectivity and the contradictions of various studies in literature, none of
them has previously attempted to reconcile the above polarized views about farmland
fragmentation and consolidation, and devise an explicit comprehensive relationship be-
tween these two concepts and food security as an end result instead of the existing focus
on agriculture production and food quantity, since food security goes beyond the quantity.
Chigbu et al. [32], Maxwell and Smith [64], Pinstrup-Andersen [65], Manjunatha et al. [66],
Ntihinyurwa et al. [33], and Ntihinyurwa and de Vries [11] argue that although the popular
logic is that land consolidation (especially due to increased farm size and reduced distances)
has direct positive effects on increasing food security by boosting food production from
conventional agriculture, this makes sense when food security is viewed from the lens of
quantity. However, food security is much beyond the quantity of food production. It has
the quality, accessibility, utilization, acceptability, sustainability, and sovereignty perspec-
tives which can be achievable even under land fragmentation scenarios [11,32,33,46,67].
It is about more than growing enough food, since it implies the demand for it as well
as the supply, the quality as well as quantity, an adequate diet (culturally acceptable
quality and quantity meeting the local food preferences and needs) today and assurance
of one tomorrow [11,32,33,46,54,65]. Following Sen’s food entitlement theory [68], food
security is achieved when everyone has access to regular, safe, nutritious and enough
food [11,32,65,69]. For the advocates of food sovereignty, food security is achieved when
local peasants have self-sufficiency in the production of their own food based on their
cultural food preferences through local and sustainable agroecological approaches [46,70].
Furthermore, only few sporadic studies such as Bentley [30], Blarel et al. [31], Abubakari
et al. [12], Kadigi et al. [50], Ntihinyurwa et al. [33], and Ntihinyurwa and de Vries [11]
explicitly show when, where, how, and why one should keep fragmentation or opt for
consolidation approaches, thereby calling for more comprehensive and holistic studies
about this subject. In light of these arguments, there is a need to identify and compare
categories and attributes of farmland fragmentation scenarios. For each of such scenarios
one can describe which causes their constitution have, their impacts (positive and nega-

73



Land 2021, 10, 129

tive) on external variables like food security, and which control strategies would be most
appropriate to them.

To address this specific research lapse and respond to these research calls, this study
aims to:

Land 2021, 10, x FOR PEER REVIEW 4 of 45 
 

studies about this subject. In light of these arguments, there is a need to identify and com-
pare categories and attributes of farmland fragmentation scenarios. For each of such sce-
narios one can describe which causes their constitution have, their impacts (positive and 
negative) on external variables like food security, and which control strategies would be 
most appropriate to them. 

To address this specific research lapse and respond to these research calls, this study 
aims to: 
 critically review (by exploring and synthesizing) the existing documented conceptual 

relationships between farmland fragmentation and its control interventions 
(including land consolidation), and food security; 

 identify the knowledge gaps and openings for further research; 
 reconceptualize the relationships between farmland fragmentation, its control 

strategies, and food security; 
 propose a new theoretical model of farmland fragmentation management which may 

better help policy makers than current subjective and disaggregated ones, and guide 
and inform future solutions-oriented and evidence-based studies about appropriate 
and suitable alternatives for dealing with farmland fragmentation. 
It explicitly results in a substantive explanation of different farmland fragmentation 

scenarios, the conditions under which they become defective or beneficial, and proposes 
the suitable potential strategies for their sustainable management under various specific 
circumstances. Moreover, the development and comparison of farmland fragmentation 
scenarios and food security extends the existing debate about farmland fragmentation and 
consolidation, and multiple UN sustainable development goals, namely SGDs 1, 2, 12, 13 
& 15, versus the global trends towards market-oriented agriculture. Specifically, SDGs 1.4 
and 2.3 address land rights and how farmers own, access, secure and control land re-
sources among all the heirs; SDG 12.2 refers to the sustainable management and efficient 
use of natural resources (including land); the diversification of crops in different frag-
mented and scattered areas with diverse growing conditions as an adaptive strategy (cli-
mate smart, agroecological or resilient agriculture) to the ongoing new global challenging 
realities of climate change and the core of SDGs 2.4,5; 13.1 to end hunger and malnutrition 
resulting from food insecurity, is addressed by SDG 2.1, 2, 3, 4 & 5); and the agrobiodiver-
sity and ecosystems conservation through the protection of their natural habitats on land 
comes as focus of SDG 15.3,4,5 & 9), in the framework of the Agenda 2030 [11,71]. The 
decisions about farmland use either in fragmented or consolidated forms can be most di-
rectly linked with these five SDGs whose specific targets capture the sustainable land 
management (ownership and use) and climate change adaption and mitigation, as key 
factors of sustainable agriculture production and food security to end hunger, malnutri-
tion and poverty, even though land management as a scientific discipline may be con-
nected with all the SDGs [11]. Since the terms of land fragmentation, land consolidation, 
and food security are variously conceptualized in different contexts, scientific disciplines 
and levels of analysis, in this article, only their meaning in the context of agriculture pro-
duction at all levels is followed. The focus is given to the concept of food security from the 
lens of agriculture-based food stuffs, with little attention on the animal-based ones for the 
purpose of nutritional balance and food quality. Irrespective of the spatial and temporal 
limitations, only the literature about this topic in English language is considered. 

The article is shaped in the following structure: The first section introduces the con-
cepts of farmland fragmentation, farmland consolidation, and food security. The second 
section addresses the methodology of the literature identification, review, analysis, syn-
thesis and reconceptualization. The subsequent third section categorizes and discusses 
farmland fragmentation scenarios and how these relate to their existing generic control 
(management) strategies (instruments) and interventions. Thereafter in fourth section, the 
concept of food security is discussed, and its relationships with farmland fragmentation 

critically review (by exploring and synthesizing) the existing documented conceptual
relationships between farmland fragmentation and its control interventions (including
land consolidation), and food security;

Land 2021, 10, x FOR PEER REVIEW 4 of 45 
 

studies about this subject. In light of these arguments, there is a need to identify and com-
pare categories and attributes of farmland fragmentation scenarios. For each of such sce-
narios one can describe which causes their constitution have, their impacts (positive and 
negative) on external variables like food security, and which control strategies would be 
most appropriate to them. 

To address this specific research lapse and respond to these research calls, this study 
aims to: 
 critically review (by exploring and synthesizing) the existing documented conceptual 

relationships between farmland fragmentation and its control interventions 
(including land consolidation), and food security; 

 identify the knowledge gaps and openings for further research; 
 reconceptualize the relationships between farmland fragmentation, its control 

strategies, and food security; 
 propose a new theoretical model of farmland fragmentation management which may 

better help policy makers than current subjective and disaggregated ones, and guide 
and inform future solutions-oriented and evidence-based studies about appropriate 
and suitable alternatives for dealing with farmland fragmentation. 
It explicitly results in a substantive explanation of different farmland fragmentation 

scenarios, the conditions under which they become defective or beneficial, and proposes 
the suitable potential strategies for their sustainable management under various specific 
circumstances. Moreover, the development and comparison of farmland fragmentation 
scenarios and food security extends the existing debate about farmland fragmentation and 
consolidation, and multiple UN sustainable development goals, namely SGDs 1, 2, 12, 13 
& 15, versus the global trends towards market-oriented agriculture. Specifically, SDGs 1.4 
and 2.3 address land rights and how farmers own, access, secure and control land re-
sources among all the heirs; SDG 12.2 refers to the sustainable management and efficient 
use of natural resources (including land); the diversification of crops in different frag-
mented and scattered areas with diverse growing conditions as an adaptive strategy (cli-
mate smart, agroecological or resilient agriculture) to the ongoing new global challenging 
realities of climate change and the core of SDGs 2.4,5; 13.1 to end hunger and malnutrition 
resulting from food insecurity, is addressed by SDG 2.1, 2, 3, 4 & 5); and the agrobiodiver-
sity and ecosystems conservation through the protection of their natural habitats on land 
comes as focus of SDG 15.3,4,5 & 9), in the framework of the Agenda 2030 [11,71]. The 
decisions about farmland use either in fragmented or consolidated forms can be most di-
rectly linked with these five SDGs whose specific targets capture the sustainable land 
management (ownership and use) and climate change adaption and mitigation, as key 
factors of sustainable agriculture production and food security to end hunger, malnutri-
tion and poverty, even though land management as a scientific discipline may be con-
nected with all the SDGs [11]. Since the terms of land fragmentation, land consolidation, 
and food security are variously conceptualized in different contexts, scientific disciplines 
and levels of analysis, in this article, only their meaning in the context of agriculture pro-
duction at all levels is followed. The focus is given to the concept of food security from the 
lens of agriculture-based food stuffs, with little attention on the animal-based ones for the 
purpose of nutritional balance and food quality. Irrespective of the spatial and temporal 
limitations, only the literature about this topic in English language is considered. 

The article is shaped in the following structure: The first section introduces the con-
cepts of farmland fragmentation, farmland consolidation, and food security. The second 
section addresses the methodology of the literature identification, review, analysis, syn-
thesis and reconceptualization. The subsequent third section categorizes and discusses 
farmland fragmentation scenarios and how these relate to their existing generic control 
(management) strategies (instruments) and interventions. Thereafter in fourth section, the 
concept of food security is discussed, and its relationships with farmland fragmentation 

identify the knowledge gaps and openings for further research;

Land 2021, 10, x FOR PEER REVIEW 4 of 45 
 

studies about this subject. In light of these arguments, there is a need to identify and com-
pare categories and attributes of farmland fragmentation scenarios. For each of such sce-
narios one can describe which causes their constitution have, their impacts (positive and 
negative) on external variables like food security, and which control strategies would be 
most appropriate to them. 

To address this specific research lapse and respond to these research calls, this study 
aims to: 
 critically review (by exploring and synthesizing) the existing documented conceptual 

relationships between farmland fragmentation and its control interventions 
(including land consolidation), and food security; 

 identify the knowledge gaps and openings for further research; 
 reconceptualize the relationships between farmland fragmentation, its control 

strategies, and food security; 
 propose a new theoretical model of farmland fragmentation management which may 

better help policy makers than current subjective and disaggregated ones, and guide 
and inform future solutions-oriented and evidence-based studies about appropriate 
and suitable alternatives for dealing with farmland fragmentation. 
It explicitly results in a substantive explanation of different farmland fragmentation 

scenarios, the conditions under which they become defective or beneficial, and proposes 
the suitable potential strategies for their sustainable management under various specific 
circumstances. Moreover, the development and comparison of farmland fragmentation 
scenarios and food security extends the existing debate about farmland fragmentation and 
consolidation, and multiple UN sustainable development goals, namely SGDs 1, 2, 12, 13 
& 15, versus the global trends towards market-oriented agriculture. Specifically, SDGs 1.4 
and 2.3 address land rights and how farmers own, access, secure and control land re-
sources among all the heirs; SDG 12.2 refers to the sustainable management and efficient 
use of natural resources (including land); the diversification of crops in different frag-
mented and scattered areas with diverse growing conditions as an adaptive strategy (cli-
mate smart, agroecological or resilient agriculture) to the ongoing new global challenging 
realities of climate change and the core of SDGs 2.4,5; 13.1 to end hunger and malnutrition 
resulting from food insecurity, is addressed by SDG 2.1, 2, 3, 4 & 5); and the agrobiodiver-
sity and ecosystems conservation through the protection of their natural habitats on land 
comes as focus of SDG 15.3,4,5 & 9), in the framework of the Agenda 2030 [11,71]. The 
decisions about farmland use either in fragmented or consolidated forms can be most di-
rectly linked with these five SDGs whose specific targets capture the sustainable land 
management (ownership and use) and climate change adaption and mitigation, as key 
factors of sustainable agriculture production and food security to end hunger, malnutri-
tion and poverty, even though land management as a scientific discipline may be con-
nected with all the SDGs [11]. Since the terms of land fragmentation, land consolidation, 
and food security are variously conceptualized in different contexts, scientific disciplines 
and levels of analysis, in this article, only their meaning in the context of agriculture pro-
duction at all levels is followed. The focus is given to the concept of food security from the 
lens of agriculture-based food stuffs, with little attention on the animal-based ones for the 
purpose of nutritional balance and food quality. Irrespective of the spatial and temporal 
limitations, only the literature about this topic in English language is considered. 

The article is shaped in the following structure: The first section introduces the con-
cepts of farmland fragmentation, farmland consolidation, and food security. The second 
section addresses the methodology of the literature identification, review, analysis, syn-
thesis and reconceptualization. The subsequent third section categorizes and discusses 
farmland fragmentation scenarios and how these relate to their existing generic control 
(management) strategies (instruments) and interventions. Thereafter in fourth section, the 
concept of food security is discussed, and its relationships with farmland fragmentation 

reconceptualize the relationships between farmland fragmentation, its control strate-
gies, and food security;

Land 2021, 10, x FOR PEER REVIEW 4 of 45 
 

studies about this subject. In light of these arguments, there is a need to identify and com-
pare categories and attributes of farmland fragmentation scenarios. For each of such sce-
narios one can describe which causes their constitution have, their impacts (positive and 
negative) on external variables like food security, and which control strategies would be 
most appropriate to them. 

To address this specific research lapse and respond to these research calls, this study 
aims to: 
 critically review (by exploring and synthesizing) the existing documented conceptual 

relationships between farmland fragmentation and its control interventions 
(including land consolidation), and food security; 

 identify the knowledge gaps and openings for further research; 
 reconceptualize the relationships between farmland fragmentation, its control 

strategies, and food security; 
 propose a new theoretical model of farmland fragmentation management which may 

better help policy makers than current subjective and disaggregated ones, and guide 
and inform future solutions-oriented and evidence-based studies about appropriate 
and suitable alternatives for dealing with farmland fragmentation. 
It explicitly results in a substantive explanation of different farmland fragmentation 

scenarios, the conditions under which they become defective or beneficial, and proposes 
the suitable potential strategies for their sustainable management under various specific 
circumstances. Moreover, the development and comparison of farmland fragmentation 
scenarios and food security extends the existing debate about farmland fragmentation and 
consolidation, and multiple UN sustainable development goals, namely SGDs 1, 2, 12, 13 
& 15, versus the global trends towards market-oriented agriculture. Specifically, SDGs 1.4 
and 2.3 address land rights and how farmers own, access, secure and control land re-
sources among all the heirs; SDG 12.2 refers to the sustainable management and efficient 
use of natural resources (including land); the diversification of crops in different frag-
mented and scattered areas with diverse growing conditions as an adaptive strategy (cli-
mate smart, agroecological or resilient agriculture) to the ongoing new global challenging 
realities of climate change and the core of SDGs 2.4,5; 13.1 to end hunger and malnutrition 
resulting from food insecurity, is addressed by SDG 2.1, 2, 3, 4 & 5); and the agrobiodiver-
sity and ecosystems conservation through the protection of their natural habitats on land 
comes as focus of SDG 15.3,4,5 & 9), in the framework of the Agenda 2030 [11,71]. The 
decisions about farmland use either in fragmented or consolidated forms can be most di-
rectly linked with these five SDGs whose specific targets capture the sustainable land 
management (ownership and use) and climate change adaption and mitigation, as key 
factors of sustainable agriculture production and food security to end hunger, malnutri-
tion and poverty, even though land management as a scientific discipline may be con-
nected with all the SDGs [11]. Since the terms of land fragmentation, land consolidation, 
and food security are variously conceptualized in different contexts, scientific disciplines 
and levels of analysis, in this article, only their meaning in the context of agriculture pro-
duction at all levels is followed. The focus is given to the concept of food security from the 
lens of agriculture-based food stuffs, with little attention on the animal-based ones for the 
purpose of nutritional balance and food quality. Irrespective of the spatial and temporal 
limitations, only the literature about this topic in English language is considered. 

The article is shaped in the following structure: The first section introduces the con-
cepts of farmland fragmentation, farmland consolidation, and food security. The second 
section addresses the methodology of the literature identification, review, analysis, syn-
thesis and reconceptualization. The subsequent third section categorizes and discusses 
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propose a new theoretical model of farmland fragmentation management which may
better help policy makers than current subjective and disaggregated ones, and guide
and inform future solutions-oriented and evidence-based studies about appropriate
and suitable alternatives for dealing with farmland fragmentation.

It explicitly results in a substantive explanation of different farmland fragmentation
scenarios, the conditions under which they become defective or beneficial, and proposes
the suitable potential strategies for their sustainable management under various specific
circumstances. Moreover, the development and comparison of farmland fragmentation
scenarios and food security extends the existing debate about farmland fragmentation and
consolidation, and multiple UN sustainable development goals, namely SGDs 1, 2, 12, 13 &
15, versus the global trends towards market-oriented agriculture. Specifically, SDGs 1.4 and
2.3 address land rights and how farmers own, access, secure and control land resources
among all the heirs; SDG 12.2 refers to the sustainable management and efficient use of
natural resources (including land); the diversification of crops in different fragmented and
scattered areas with diverse growing conditions as an adaptive strategy (climate smart,
agroecological or resilient agriculture) to the ongoing new global challenging realities of
climate change and the core of SDGs 2.4,5; 13.1 to end hunger and malnutrition resulting
from food insecurity, is addressed by SDG 2.1, 2, 3, 4 & 5); and the agrobiodiversity and
ecosystems conservation through the protection of their natural habitats on land comes
as focus of SDG 15.3,4,5 & 9), in the framework of the Agenda 2030 [11,71]. The decisions
about farmland use either in fragmented or consolidated forms can be most directly linked
with these five SDGs whose specific targets capture the sustainable land management (own-
ership and use) and climate change adaption and mitigation, as key factors of sustainable
agriculture production and food security to end hunger, malnutrition and poverty, even
though land management as a scientific discipline may be connected with all the SDGs [11].
Since the terms of land fragmentation, land consolidation, and food security are variously
conceptualized in different contexts, scientific disciplines and levels of analysis, in this
article, only their meaning in the context of agriculture production at all levels is followed.
The focus is given to the concept of food security from the lens of agriculture-based food
stuffs, with little attention on the animal-based ones for the purpose of nutritional balance
and food quality. Irrespective of the spatial and temporal limitations, only the literature
about this topic in English language is considered.

The article is shaped in the following structure: The first section introduces the con-
cepts of farmland fragmentation, farmland consolidation, and food security. The second
section addresses the methodology of the literature identification, review, analysis, syn-
thesis and reconceptualization. The subsequent third section categorizes and discusses
farmland fragmentation scenarios and how these relate to their existing generic control
(management) strategies (instruments) and interventions. Thereafter in fourth section,
the concept of food security is discussed, and its relationships with farmland fragmenta-
tion and farmland consolidation approaches are assessed and synthesized. This section
subsequently derives the new model of farmland fragmentation management and the
reconceptualized relationships which are discussed and motivated in Section 5. Finally,
the conclusions and implications of the study for further research and policies are drawn.
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2. Methodology
2.1. Research Approach and Boundaries

As an integrative review article (relying only on secondary data), this research opts
for an integrative concept-centric qualitative approach which draws on the deductive
logical reasoning following the rationalist theory through the exploratory research design,
to create new scientific knowledge from the existing general facts in literature and inform
future research and policies [11,72–75]. This approach is considered by Ntihinyurwa and
de Vries [11] and Ntihinyurwa and de Vries [75] as the most suitable research epistemology
for this kind of study, since it deductively uses the researchers’ own reasoning (abstract
way of reasoning) without sensory experiences or empirical data to create novel scientific
knowledge. The researchers use their own knowledge about the topic to critically analyze
and synthesize the existing knowledge about different concepts, theories and principles,
and deduct their own new and particular conceptualizations (models or frameworks) from
the reviewed general facts [11,72–76]. Webster and Watson [74] and Torraco [73] argue that
this approach fosters the critical review, analysis and synthesis of existing knowledge about
the topic under research, with the objective of devising possible relationships among vari-
ous research variables, identify knowledge gaps and contradictions, and seek opportunities
for future research. The main aim of this approach is the re-conceptualization of the topic
in a more understandable way for the guidance of future perspectives and expansion of the
existing theories or creation of new knowledge in a particular scientific domain [11,72–76].
Hence, given the scope of the study of understanding various farmland fragmentation
scenarios and proposing their suitable management strategies and interventions to achieve
food security, only the literature about the forms, causes and impacts of agricultural land
fragmentation and its alternative control measures across contexts and disciplines at all
spatial levels was considered as a contextual boundary of the study, since the required
information can mostly be derived from the relationships among these research variables.
The use of multiple spatial levels of analysis is explained by the fact that farmland frag-
mentation itself is a multi-level phenomenon, whose causes, impacts as well as control
strategies can be identified from the local (individual, household, family, village) to regional
and national levels [11]. Spatial and temporal limitations (boundaries) were not considered
throughout the review process for internal data validity purposes. This led to the review
of both old and new geographically unlimited available literature materials on the topic,
as a suitable method for this case of research approach which requires a comprehensive
and broad literature. This review technique adopts a synthetic strategy of sense making
which suggests the use of multiple cases and broad selection criteria to create a more com-
prehensive knowledge [11,74,75,77]. Nevertheless, for the purpose of preventing various
conceptual divergences, misuse, and linguistic bias, both empirical (primary) and review
(secondary) literature only in English language in which a large body of extensive literature
on this topic exist [11,75], was considered for this review. This approach was recently used
in quite similar studies and contexts by Asiama et al. [29], Asiama et al. [28], Ntihinyurwa
and de Vries [11], and Ntihinyurwa and de Vries [75]. The following subsection explains
the processes and methods for literature identification (search, selection criteria and its
sources, scientific repositories or databases), review, analysis and synthesis techniques,
and the reconceptualization or modelling methods and procedures as summarized in the
research design (see Figure 1).
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2.2. Data Sources and Research Methods

Once the boundaries of the literature were set up, we proceeded with the literature
identification (search and selection). The following key words combinations were the
basis for the search strategy: farmland fragmentation, farm fragmentation, land frag-
mentation, landscape fragmentation, field fragmentation, land pulverization, agricultural
land fragmentation, land scattering, land fragmentation control measures, land consoli-
dation, farmland consolidation, land concentration, land use consolidation (LUC), farm
land use consolidation, crop consolidation, food security, farmland fragmentation and
food security, farmland consolidation and food security, land use consolidation and food
security, land banking and food security, agriculture production and food security, crops
diversification and food security, land fragmentation control measures and food security,
agroecology and food security, and agriculture intensification and food security. These key
word combinations were chosen based on their closeness to the topic and the likelihood
of generating the desired information. Individual instances of these key words and their
diverse combinations were the systematic search strategies across different well-known
web based scientific repositories (for soft documents) and the online and physical library
visits (for hard documents) in English language (see Section 2.1 and Figure 1 for detailed
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search and selection criteria). These web-based scientific repositories include among others:
Web of Science, Google Scholar, Springer Link, Research Gate, Routledge (Taylor & Fran-
cis), JSTOR, and Journals websites. Additionally, throughout the literature search process,
relevant grey literature (published and unpublished non-commercial literature materials)
from various governmental and non-governmental multilateral and bilateral organizations
and institutions (such as FAO, GLTN, USAID, IFPRI, World Bank Group, UN and UN-
Habitat amongst others) was taken into account. According to Webster and Watson [74],
Torraco [73], Ntihinyurwa and de Vries [11], and Ntihinyurwa and de Vries [75], the use
of multiple synonymous and diverse key words across many different data sources in
literature identification provides a benefit of offering a large variety of documents about the
topic for the motives of data and findings validity and authenticity. The search was nearly
complete when no new concepts were found in the records set [11,73–75]. The literature
identification process resulted in the retrieval of 315 written records including 292 soft
documents varying from published peer reviewed journal articles and review papers,
magazine articles, books, book sections, conference proceedings, laws and acts, technical
reports, theses to press releases and serials, and 23 hard documents from visited libraries.
The screening and preliminary review of the search results was done through critically
scanning all titles and abstracts of the retrieved literature materials taking into account
the above-mentioned review boundaries (see Section 2.1 and Figure 1) and elimination of
duplicates. This process resulted in the selection of 112 relevant materials eligible for a full
text review.

In the light of the aim and the scope of the study, a concept-centric (thematic) approach
was adopted as the most suitable organization strategy for integrative literature review,
analysis and synthesis [11,72–75]. Following this approach, all the articles with similar
claims and views were grouped together and categorized through the combination of
textual (narrative) and visual representations [11,73–75]. In this regard, throughout the
reading session, a concept matrix [78,79] was developed to categorize different ideas and
themes across various research variables encapsulating the concepts of farmland fragmen-
tation, farmland consolidation, and food security in a more understandable, precise and
narrow way. The content review consisted of both the analysis and synthesis of key and
critical aspects of the research variables, and a listing and display of new relationships
and research gaps [11,75]. During the review process, new seminal articles and frequently
cited relevant references were identified and traced backward from their original materi-
als using a spider backward literature search technique for further consideration in the
review [11,75]. This technique resulted in the selection of 54 additional eligible documents
for full text review, which therefrom generated the total number of 166 reviewed materials.
In order to identify the strengths, weaknesses, deficiencies, contradictions, problemati-
cal situations and research gaps which need to be closed by the new knowledge [11,75],
various farmland fragmentation scenarios and their existing control strategies were thor-
oughly reviewed, and their spotlighted relationships with food security critically analyzed
using our existing knowledge about the topic through the logical reasoning following
the rationalist theory [11,73–75]. This approach of conceptual reasoning is suitable for
integrative theoretical studies which seek to analyze insights from past experiences and
views for the preparation of future perspectives and guidance [11,72–75], and has been
previously used by many research scholars in quite similar context with this one including
McPherson [80], Bentley [30], Asiama et al. [29], Asiama et al. [28], Ntihinyurwa and de
Vries [11], and Ntihinyurwa and de Vries [75]. The identified theoretical relationships
and research gaps from the critical analysis were exhaustively summed-up in different
diagrams and alternative models, or weaved together in a unique synthesis for a better
presentation of the situation and basis for a reconceptualization of farmland fragmentation,
farmland consolidation and food security nexuses. This also helped to inform the design
of a new comprehensive and holistic conceptual thinking about farmland fragmentation
management to support the achievement of the sustainable development goals (SDGs 1,
2,12,13, and 15) within the existing climate change realities. An abstract conceptual mod-
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elling combining both variance and process graphical models in artefact format [77,81] and
textual models following the organization theory, theory of change, complexity theory and
the soft systems methodology of thinking (SSM) [59,60,82,83], and the dynamic systems
theory [84–86], was used to develop a new model. This model shows different farmland
fragmentation scenarios, their proposed specific managerial decisions and strategies under
different conditions, and their hypothetical impacts on food security and other aspects of
livelihoods. The logic conceptual reasoning approach [74,87] combined with the reviewed
theoretical foundations and documented empirical findings of the reviewed materials were
used to justify various combinations and propositions of the model [75]. Finally, the im-
plications of the new model to the existing knowledge and decision and policy makers
were explained, and suggestions for future research to fill the newly identified gaps and
empirically test the new relationships were derived [11,72–74,76].

3. Farmland Fragmentation Scenarios and its Management Strategies: Land
Consolidation as a Controversial Multi-layered and Progressive Panacea to a
Multidimensional Quandary

The concept of farmland fragmentation may at first glance seem very complex, fluid
and multidisciplinary, as it refers to both a spatial structure and a management strategy [75].
As a multidimensional concept, it has been variously and subjectively defined in the exist-
ing literature [30,88]. Some research scholars commonly define it as the situation where a
single farm consists of numerous spatially separated (non-contiguous) small parcels often
scattered over a wide area [2,4,30,37,75,88–93]. Igbozurike [94] provides a more holistic and
objective conceptualization by defining it as the process by which a contiguous block of
land is split into two or more parts [75]. It has been simultaneously described as a natural
and socio-economic phenomenon that occurs at different spatial levels (parcel, farm, land
block and landscape). Thus, its conceptualization and derived forms should draw from the
existing relationship between land parcel (object) and people (subject) in land management
paradigms [33,75]. Following this approach, any fragmentation in the physical characteris-
tics of a land parcel as an object (size, use, shape, type, location) dictate the existence of
different physical fragmentation forms [75]. Similarly, any fragmentation derived from the
social relationships (rights, restrictions and responsibilities) between land parcel (object)
and people (subject) implies the occurrence of various social or tenure fragmentation forms
(both visible and hidden ownership and usership) at different spatial levels [75]. Moreover,
the economic characteristics of land (value and market) often dictated by social and phys-
ical traits may also imply some fragmentation forms and scenarios. Therefore, referring
to the study of Ntihinyurwa and de Vries [75], physical farmland fragmentation stands
for any type of fragmentation in physical characteristics of land either internal or external
at all spatial levels, while tenure fragmentation refers to any fragmentation form derived
from the split in the social characteristics of land in terms of its relationships with people,
irrespective of the exclusive internality and externality criteria. Hence, in this context, farm
fragmentation (often referred to as internal or within farm fragmentation) denotes the
situation when a single farm is physically split into many relatively small plots (parcels)
either spatially dispersed or contiguous (physical fragmentation), or shared by many un-
documented co-owners or co-users (hidden tenure fragmentation in terms of ownership or
usership) [33,75]. On the other hand, according to Ntihinyurwa and de Vries [75], farmland
fragmentation refers to the split of the farming structure in a relatively small land block or
region into many small farms (visible and hidden tenure fragmentation in terms of owner-
ship and usership), or into many small plots or parcels (physical fragmentation). When the
split into many plots happens at the parcel level, this phenomenon is denoted as parcel or
field fragmentation. The land value (social and economic) fragmentation and land market
fragmentation exist when a land block is split into smaller subunits like land parcels and
plots with different socio-physical peculiarities dictating the diversity in value and market
of the land. Irrespective of various contradictory theories of Earth creation, it is obvious
that the landscape is naturally fragmented (in soil type, size, location, shape, topography),
which ontologically explains the existence of physical fragmentation at the landscape level
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as a natural phenomenon, independent of human activities and land-people relationship.
This relationship is often defined at the parcel level [95,96], which dictates the existence of
physical, social (tenure), and economic fragmentation forms. Despite the dynamic nature
of this fragmentation concept, King and Burton [97] and Ntihinyurwa and de Vries [75]
assert that the above fragmentation forms can coexist in the same area at different levels,
and its extent is determined by the local conditions in specific countries and areas [75]. This
entails the existence of different possible generic and specific fragmentation scenarios from
various combinations of its indicators [75]. Notwithstanding various conceptualizations of
this fragmentation phenomenon from the socio-economic and physical perspectives and
different subjective levels of analysis, all the analyzed literature materials have a common-
ality of referring to agriculture land fragmentation (see Ntihinyurwa and de Vries [75] for
more details on various farmland fragmentation forms and scenarios).

The causes and impacts of farmland fragmentation in the literature have always
been subject to contradictory and multidisciplinary debate by considering it either ben-
eficial (voluntary) to farmers (as risk management strategy for household food security)
or defective (derived from external imposition which leads to the reduction of farm ef-
ficiency through the increase of production costs) (see Ntihinyurwa and de Vries [11]
and Ntihinyurwa et al. [33] for more details). However, recent studies revealed that its
problematical and beneficial scenarios are dictated by a combination of local specific ex-
ternal conditions, varying from economic, socio-cultural, political, ecological, technical to
environmental ones, which therefore similarly implies the variation of their management
strategies [11,12,17,18,30,33,90]. According to [75], with reference to the problems linked
with farmland fragmentation, its problematic forms can be categorized into four distinct
groups: (i) farmland location or spatial fragmentation (problems of long distance between
plots and farmstead); (ii) farmland size fragmentation (problems of small plots and farm
sizes); (iii) farmland shape fragmentation (problems of shape irregularity), and (iv) farmland
use fragmentation (problems of multiple mixed uses or multiculture).

Whether problematic or beneficial, agricultural land fragmentation needs a certain
level of management for sustaining the quality and quantity of agriculture production
for food security purposes in a given area. In this regard, various strategies have been
developed over time to control this complex phenomenon. Demetriou [98] grouped them
into three main categories as follows:

• Legal provisions and restrictions relating to inheritance, minimum size of parcel
subdivision, joint ownership, absentee landowners, prevention of transfer to non-
farmers, leasing, and imposition of a maximum limit on the size of a holding to prevent
the rational drivers of fragmentation phenomenon from worsening the situation.

• Land management approaches including land consolidation, land funds and land
banking, voluntary parcel exchange, and cooperative farming to reverse and inhibit
the harm of the existing fragmentation.

• Agricultural land protection policies which embrace the Purchase of Development
Rights (PDR), the Transfer of Development Rights (TDR), and the Cluster Development
Programs (CDP) in USA to prevent its use for other purposes or development activities
like residential, commercial, etc. These are described below.

(a) Land Consolidation: Even though the concept of land consolidation has its roots in
the medieval ages with the first initiative in the 1750′s in Denmark as a social reform [4] and
was implemented in different countries for millennia, there is no common definition for it,
as it varies across contexts and by country with respect to the end goals and objectives. It is
generally known as a process of arranging parcels together in order to make them more
productive and reduce the adverse effects of fragmentation in agriculture [4,19,98,99]. In the
German Land Consolidation Act (1976), it is considered as an instrument of improving
production and working conditions in agriculture and forest lands as well as promoting
the general use and development of land in rural areas and the living conditions of
rural livelihood, through the re-arrangement of agricultural land by restructuring the
shape, size, ownership and location of farmland parcels and forestry [10,16,97,100–102].
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FAO [4] defines it as a land management activity that involves all the procedures for
exchanging, rearranging, realigning, and expanding farm parcels in rural areas with the
goal of increasing food productivity. In this context, the parcel boundaries, ownership,
size and location of the land are restructured for its best use and management. Since the
reallocation of new parcels as a core for land consolidation procedures is rather value than
shape, use, size and location based, land valuation based on soil evaluation is considered as
the basic activity which should be given a special attention and management to reduce the
pace of resultant conflicts in this strategy [12,15–17,103–106]. Land consolidation started
as a monofunctional concept with a single objective of improving agriculture production
which is still kept in Scandinavian countries like Sweden (fastighetsreglering), Norway and
Denmark. It gained its momentum in 1970s, and started to integrate other objectives of
rural development like village renewal, landscape and natural resources management,
and forests management afterwards [16,20,107]. It is currently implemented with success
as a comprehensive rural development strategy in many western European countries
like the Netherlands (ruilverkaveling), Germany (Flurbereinigung), France (remembrement),
Luxembourg, Spain, Belgium, Switzerland and Austria, as well as Finland (uusjako), and in
Asian countries like China, India, Nepal, South Korea and Japan, where it is embedded
in large national and regional development programs [16,101,102,107]. Van der Molen
et al. [20] argue that land consolidation also called concentration [39] as an ambivalent
concept (instrument and principle) following different principles (parcel reallocation and
improvement of physical conditions) has a common objective of making the parceling of
one farm more compact (few contiguous parcels close to the homestead) and the farming
structure in a given region denser (few farms per land block with higher average farm size),
in order to create more operational and viable farm units. In this context, it is theoretically
and commonly understood as a process of making the parceling of one farm or a farming
structure of any region more compact with few parcels per farm or land block, and higher
average parcel and farm sizes respectively [4,16,18,20,108,109]. FAO [4] advances that any
modern land consolidation should follow the following principles:

� The objective should be to improve the rural livelihoods rather than only the primary
production of agricultural products.

� The end result should be the whole community renewal through its sustainable
economic and political development, and the protection and sustainable management
of natural resources.

� The process should be participatory, democratic and community-driven not only in
concept, but also in practice.

� The interventions should be to assist the community to define new uses for its re-
sources and then reorganize the spatial components accordingly.

� The approaches should be comprehensive and cross-sectoral, integrating elements of
rural and broader regional development including the rural-urban linkages.

Several other studies indicate that the local agricultural, economic, social, cultural,
environmental, agroecological and political conditions of the area dictate the procedures,
objectives and models of land consolidation in different countries, although the imple-
mentation principles remain the same everywhere [12,13,16,18,19,28,33,110]. They argue
that the variations in local conditions make it necessary to allow the creation of different
local versions or approaches of land consolidation, based on the available problematic
land fragmentation forms and needs of rural local population. A successful consolida-
tion approach of flat areas cannot necessarily apply in mountainous areas. This idea is
guided by the FAO principles stipulating that a good land consolidation strategy must
recognize the diversity of rural society and the non-problematic scenarios of land frag-
mentation [4,111]. This dictates the need for diverse local solutions, including keeping the
beneficial fragmentation for crops diversification motives for food security and sovereignty,
and risks and labor management under multiple agroecological zones [30]. In this vein,
different land consolidation forms (approaches) have been developed over time. The
most commonly known include the comprehensive, simplified, voluntary, individual,
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government-led, private company-dominated, and farmland use consolidation among
others [4,16,23,99,108,112,113] as described below:

â Comprehensive land consolidation: It embraces the re-shaping and re-allocation of parcels
together with a broad range of other measures and activities that support and pro-
mote the rural development [4,16,114]. Examples of such activities include extension
services for rural communities, the village renewal, the construction of rural roads
and water infrastructure, the co-construction and support to community based al-
ternative agro-processing techniques, the erosion control measures, the construction
and rehabilitation of irrigation and drainage systems, the creation of social infras-
tructure including sports grounds and other public facilities, along with the environ-
mental protection and improvement measures including the designation of nature
reserves [4,16,114]. This model prevailing in Germany and the Netherlands presents
the drawback of taking too long in implementation, due to the complexity of involved
activities and large coverage. It is mostly government-led, and somehow involves
a certain level of compulsion in participation [4,16,114]. It is more effective when
it is combined with land banking programs to counter the challenges of unwilling
participants in order to enlarge the parcels and landholdings [4,16,114]. Although its
implementation procedures vary from country to country, they generally involve the
following phases: initiation or the design of the project (feasibility study); inventory
of existing 3Rs (rights, restrictions and responsibilities like ownership, tenancies,
easements, usufructs, mortgages and conflicts) and values over land (land valuation);
elaboration of the detailed consolidation plan showing the new parcels layout and
their reallocation which shall be presented to the public for claims consideration and
accepted by all land owners before the final plan; implementation of the final plan and
appeal proceedings; and finally a concluding phase in which the final records are pro-
duced [4,16]. Drawing from the recent study of Veršinskas et al. [114], the mandatory
and majority-based (the decisions to compulsorily consolidate are based on the votes
of the majority) land consolidation types fall in this category. The same study groups
the consolidation process in this model in three phases of the feasibility phase, the
re-allotment phase, and the registration and implementation phase. Notwithstanding
its multifunctionality, when flexible and participatory, the comprehensive land con-
solidation can be subject to different changes and take different approaches to adapt
it to the local collective needs and objectives, contrary to the government-centered
one [115].

â Simplified land consolidation: To overcome the challenges of long duration due to
the complexity of activities in comprehensive consolidation models, the simplified
land consolidation has been created to optimize the conditions in agricultural sector
through the exchange or re-allocation of parcels, and the provision of additional lands
from land banks [4,16]. These simplified projects are often combined with minor
public works like the rehabilitation of infrastructure and sometimes the provision of
minor facilities with the primary objective of improving the working conditions in
agriculture. They are mostly implemented on a small coverage and follow similar but
simplified procedures as comprehensive land consolidation [4,16]. This is the case
of German special land consolidation proceedings and Swedish forest re-allotment
projects [4,16].

â Voluntary group consolidation: It is based on the mutual agreement among close land
owners to consolidate their adjacent plots with no element of compulsion in some
countries [4]. Since the consolidation is entirely voluntary, during the process, all
participants must fully agree with the proposed project [4,16,114,116]. In the light of
this, such voluntary projects tend to be small, usually with less than ten participants
and best suited to address small and localized fragmentation problems with less harm
to the environment [4,16,28]. In Denmark, this option is most common and almost
all land consolidation projects are carried out in a completely voluntary process,
and typically involve the negotiations with up to 50 land owners, even though some
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few projects may involve about 100 participants [4]. Countries like Lithuania and
others are currently following this approach [4,16,28,116].

â Individual consolidation: In this form, the consolidation of holdings takes place on an
informal and sporadic basis without a direct involvement of the state and the provi-
sion of public facilities [4,117,118]. Nevertheless, the state can play a significant role
in encouraging consolidations that improve agriculture by promoting instruments
such as joint land use agreements like cooperative farming, scattered parcels ex-
changes among farmers to create compact farms, farmland use or crop consolidation,
and leasing and retirement schemes [4,16,117].

â Land Use Consolidation (LUC) or Consolidation of crops: LUC program also known as
Farm Land Use Consolidation in USAID reports, and land consolidation in the Minis-
terial order on land consolidation models in Rwanda (2010), refers to the consolidation
of the use of farmlands where all farmers with close parcels grow one same crop in
a synchronized way up to the minimum size of 5ha from the 8 priority food crops
(maize, beans, wheat, rice, Irish potatoes, banana, cassava and soybeans) chosen by
the government at the national level based on the Agro Ecological Zones (AEZ) of
the country [23,26,32,33,117,119]. Contrary to other land consolidation programs,
the individual land rights in LUC remain intact [32,33,117]. It is a national program
implemented in the whole country as one of the pillars of the Crop Intensification Pro-
gram (CIP) with the objectives of increasing agricultural production, improving the
living conditions in rural areas, and meeting food security [23,26,28,32,33,117]. Hug-
gins [24] and Pritchard [34] call it “Crop Consolidation”. Similar programs have been
previously documented in Malawi, and in Europe in case of viniculture consolidation
programs [16,26,120].

Although land use consolidation (LUC) is conceptually considered as a special form
or approach of land consolidation, from the practical perspective in Rwanda and Western
Europe, the two terms do not have much in common in terms of activities involved. While
in land consolidation the sizes, shapes, boundaries, locations and ownership of land parcels
are rearranged with no control on the use, and the parcel values kept intact, only the use of
farmlands for priority crops is consolidated in the case of land use consolidation in Rwanda,
with all the other attributes remaining unchanged. Nevertheless, the two strategies share
the same objective of improving agriculture production and the rural livelihoods, even
though LUC has been criticized to only lead to the monoculture (mono-cropping) system
resulting in food insecurity at the household level in case of climate change, natural shocks,
and market imperfection scenarios [24,32–34,119,121]. Furthermore, one could wonder
whether it is the most suitable strategy to the problematic land fragmentation scenarios
in Rwanda, considering the heterogeneous local social, economic, physical and ecological
conditions of the country. In support to this doubt, recent findings of Isaacs et al. [122]
revealed the benefits of improved intercropping system to outperform the ones from the
government-led mono-cropping through LUC in terms of household food security and
risks management insurance. Niyonzima [123] found that the national farming programs
including LUC encouraging the monoculture and environmental policies have failed to
address the local farmers needs in the Eastern Province of Rwanda mainly due to the
market imperfections, thereby recommending the support to mixed farming systems as
a promising solution for agricultural production and household food security concerns.
Therefore, contrary to the studies of Laepple [120], Vitikainen [16], Musahara et al. [26], and
Asiama et al. [28], we claim that there is no rationale for considering land use consolidation
as part of conventional land consolidation approaches, rather a particular type of agricultural
land use management, and a tool for farmland management like land consolidation as well.

With regard to the emergence of new issues in the implementation of government-led
land consolidation projects in China, a new approach of company-dominated pattern of land
consolidation programs [113] has been developed as an efficient strategy for both physical
and tenure fragmentation problems. In this approach, the private companies act as land
bank institutions and acquire large lands through the negotiations-based expropriation
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programs from small farmers to create big land funds which could later be farmed as single
consolidated viable operational units, or leased to big farmers [113]. The commonality
of these consolidation models is that most of them are regulated and facilitated by land
professionals [114].

Whereas the success conditions of different land consolidation approaches vary from
country to country, the common key feature is that the relative economic value and owner-
ship of land should be kept constant before and after consolidation following the surrogate
principle of land valuation, with the benefits from such consolidation exceeding the costs
of its establishment [16,30]. Similarly, Van Dijk [18], Hartvigsen [19], Asiama et al. [28],
and Asiama et al. [17] argue in their respective studies on Central and Eastern Europe and
Ghana, that the economic value of land should exceed its social value (perfect land market
leading to high land mobility) as a key precondition for success of land consolidation pro-
grams. In this regard, various researchers have highlighted and documented the general
baseline conditions which need to be considered before the development of any specific
land consolidation approach in an area [4,12,18,19,28,30,107,108,124–127]. These include:

-Land tenure system: It dictates the decisions about the parcels reallocation process
as a core for land consolidation. The customary or community land tenure system has
been considered to be an obstacle to this activity, since farmers only have use rights over
their lands, with no allocation rights without the consent of the chiefs who hold the
custodian rights (allodial title) to control and allocate the use of land on behalf of their
community [12,17,28]. Furthermore, in customary tenure systems, land is considered as a
sacred property of the family which should be preserved for future generations (ibid). This
increases the social attachment to land and social land value, which in turn reduces land
mobility as an obstacle to land reallocation and land market [18,19]. Likewise, the absentee
owners in case of usership fragmentation obstruct the reallocation process since they do
not find any direct interests from consolidation. On the other hand, the users (tenants)
do not have the ownership and allocation rights, which decreases their willingness to
invest in long term projects like land consolidation [11,18]. The failure of previous land
consolidation attempts in customary lands has been attributed to the focus on technical
and economic aspects, thereby ignoring this important social benefit [28]. Asiama et al. [17]
found that the exchange of parcels in the Ghanaian customary lands is only possible
among family members within the same community, with very limited mobility among
communities. For this, the statutory individual private tenure system with individual
ownership rights has been pinpointed as a suitable success condition for modern land
consolidation projects by facilitating the decision making about reallocation with consent
from one or few owners [12,18,19,28,104].

-Economic status and land market: They dictate the approach of land consolidation to be
adopted, and the reallocation process. A perfect land market increases the economic value
of land (land as an economic commodity), which in turn reduces the social attachment
to land (social value), thereby easing land mobility and the reallocation of land during
land consolidation. This is explained by the theory of land mobility stipulating that when
the economic value of land is higher than its social value, the mobility of land through
any kind of transfer increases [18,28,109]. Furthermore, the macro economic conditions
have been found to facilitate the adoption of modern comprehensive land consolidation
approach, which needs considerable financial capacities from both farmers and the state,
while the subsistence economies favor more simplified and cheap approaches [16,28].

-Willingness of farmers to participate: This is crucial for the success of any land consoli-
dation project and the type of approach to follow. It is dictated by land psychology (i.e.,
sense of social attachment to land), economic status, land availability, and land market.
From a rational perspective, farmers accept to participate when the economic benefits
from the project outweigh the costs and its social ones. Participation also relates to the
degree to which project managers have an affinity with the area [128]. FAO [4] suggests
that land consolidation process should be demand-driven by farmers, and the government
should intervene to assist them in choosing the suitable approaches to their land use needs.
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In case a big number of farmers accept the participation, the reluctance of few farmers is
overcome by a certain level of compulsion in some cases and the expropriation processes
through land banking. The subsistence farmers in risks prone areas with scarce land and
absentee owners often resist land consolidation programs which rearrange the ownership
structure, sizes, locations and boundaries, due to the fear of losing their original rights over
land [4,12,17,30,97,129].

-Availability of land banks: Although not a sine qua non condition for all land consolida-
tion projects, it is very important during the reallocation process, as it provides additional
lands from the governmental land funds to bridge the lapse of unwilling participants.
Land banks provide an opportunity for expansion, shaping of farmlands and creation of
adjoining infrastructure; facilitates the increase in land mobility; and creates the room for a
flexible land consolidation design and reallocation process [4,12,21,28,109,125,127].

-Existence of a legal framework: It determines the success of land consolidation projects
by regulating the whole process from the initiation to the concluding stage. Since land
consolidation projects involve the exchange and reallocation of land rights, there is a
need for a strong legal basis to regulate the interferences among different private property
rights by the state, for the sake of transparent protection of the rights of landowners
and users, and prevention of the prevalence of any conflicts from the process. It also
provides the procedures for resolution of any conflict resulting from the sensitive land
valuation and reallocation processes, and regulates the modalities of participation in the
projects [4,12,28,106]. According to Bullard [99], the legislation is not only meant to address
land fragmentation, but also to prevent its reoccurrence in future. For this, the absence of
the legal frame is considered as a major obstacle to the success of any land consolidation
project.

-Level of political structure: It determines the political will of the state to support land
consolidation projects, which in turn dictates the type of approach to follow, the duration
of the project, its implementation procedures and success. When there is a high level
of political will, the government takes a primary initiative to finance land consolidation
programs at large scale, which in turn stimulates the willingness of voluntary participation
of farmers and reduces the duration and costs of implementation. In contrast, the lack of
political will slows down the process, and induces farmers to adopt cheap approaches on
voluntary basis with no direct influence of the state [16,28].

-Existence of problematic land fragmentation: Since land consolidation is designed to solve
the existing problems of land fragmentation, there is a need to know the available forms of
land fragmentation in a specific local area, and their problematic circumstances to inform
the suitable land consolidation and other approaches, since not all land fragmentation
problems need land consolidation control strategies, neither are all fragmentation forms
problematic [4,11,20,21,30,31,33,75,130]. The review of existing documents has revealed
that the modern land consolidation is only suitable for physical (internal) fragmentation
problems of big farms. Expanding the stipulations of Abubakari et al. [12] and Asiama
et al. [28] for the availability of a certain type of land fragmentation as a precondition for
an introduction of land consolidation projects in a given area, we argue that there should
be a problematic land fragmentation suitable for land consolidation strategies since some
fragmentation forms like tenure fragmentation might need different other strategies for
their control. It has further been found that the adoption of non-suitable land consolidation
strategies to the existing local land fragmentation problems has led to their failure in many
countries like Kenya, Malawi, Japan, and others (ibid).

-Biophysical/geographical/agroecological/environmental conditions: Variations in topog-
raphy (slope distribution), soil quality and water distribution, and the microclimatic
conditions determine the forms of land fragmentation and which control strategies are
suitable in a given area with respect to the benefits and costs associated with the valuation
and reallocation activities. Contrary to hilly and mountainous topographies characterized
by high diversity or heterogeneous microclimatic conditions and soil qualities, flat terrains
with quite homogeneous conditions make it easy to exchange parcels with similar charac-
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teristics and values [12,28,30]. Furthermore, the hilly and mountainous areas with sharp
variations in surface characteristics hinder the creation of regular shapes and infrastructures
as land boundaries may naturally follow the physical characteristics of the terrain like hill
tops or valleys [12,13,28,40,107]. King and Burton [97], Bentley [30], and Janus et al. [108]
argue that due to the sharp variations in soil quality, and agroecological conditions in
mountainous and hilly lands, the costs of consolidation may exceed its benefits, which
dictates the development of different consolidation approaches rather than focusing on
economic profitability, or keeping fragmentation in such areas. Prior to the development
of any land consolidation approach, one needs to consider its anticipated effects on the
environment, since previous experience has shown that large comprehensive consolidation
projects have led to the loss of biodiversity. There should be measures to conserve the
environment within the projects, or the development of environmental friendly approaches
like simplified or voluntary or small localized land consolidation projects involving few
people and activities [16,28,131–133].

-Technical aspects (existence of land information system and consolidation experts): Since the
consolidation of parcels involves the restructuring and rearrangement of socio-spatial land
characteristics like ownership, use, size, shape, location, value and boundaries, there is a
need to have a well-functioning and updated land information system (LIS) to provide
such information for a successful reallocation [4]. However, it is not a prerequisite prior
to the establishment of consolidation projects, since the experience has shown that this
database can be created later within the project [4]. Furthermore, since the implementation
procedures of land consolidation vary from country to country with specific success con-
ditions, the creation or adoption of new specific approaches adapted to the local societal
needs requires some technical capacity and infrastructure, which can be provided from
experts’ technical knowledge [28,134]. Therefore, a team of experts made of land use
planners, land surveyors, estate valuation surveyors, land administrators, land managers,
agricultural engineers and agronomists, lawyers, socio-economists, agroecologists and
environmentalists need to be in place to assist the farmers in the preparation and execution
of the suitable land consolidation projects tailored to the local needs [12,16,28,30].

(b) Land Banking: It is explained as the process of transferring and acquiring the own-
ership of small parcels from small farmers to big farmers to enlarge their holdings through
sales, and/or to the government or private investors through expropriation procedures
in order to use them as land funds (land banks) for the development of infrastructure
and land buffer during land consolidation projects, with an overall objective of creating
more operational and viable farm units [18,98,125,127]. Land banks provide an oppor-
tunity for expansion and shaping of farmlands, and the creation of adjoining infrastruc-
ture [18,125,127]. It follows the principle of ownership exchange, and targets to eliminate
the size related land fragmentation problems and reduce the number of boundaries and its
related conflicts [20,21]. It has been implemented in Western Central European countries
like Germany and the Netherlands, often integrated in large land consolidation projects,
although recent studies have also found it suitable to the Eastern and Central European
land fragmentation problems [4,19,21,98,125,127]. It can be voluntary by old farmers to
young active farmers willing to enlarge their farms, or compulsory through governmental
agencies for agriculture and infrastructure developments projects (ibid).

(c) Voluntary parcel exchange: It involves the exchange of distant non-contiguous
parcels from the farmsteads among two or more landowners, resulting in more compact
farms from adjacent parcels of each landowner with more efficient spatial layout [30,98].
The main target is to reduce the distance related costs, irregular shapes, and the number of
boundaries by decreasing the number of scattered plots per farm under the circumstances
of subsistence economies and scarce land. This strategy has been used with success in
smaller land consolidation areas with a limited number of farmers in Germany (§ 103a
FlurbG-) and the Netherlands (through a notarial agreement) where the primary benefit is
in agriculture, and can be combined with land banking activities for its effectiveness [17,21].
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More recently, it has also been considered for areas with other land uses than agriculture,
most notably to suit the preservation of nature and merging ecological areas.

(d) Restrictions of the minimum parcel size subdivision, Joint ownership and Cooperative
farming: For the purpose of reducing the negative effects of small farm sizes, different
countries have established the legal provisions restricting the subdivision of parcels into
small non-economically viable units and partible inheritance, thereby encouraging their
joint ownership by many co-owners or heirs, and their cooperative farming. In joint
ownership, a big piece of land is owned by many co-owners but operated by one or few
farmers, where in many cases one of the co-owners (heirs) later buys the shares of other
heirs, or the co-owners lease their shares to one big farmer or cooperative (tenants) under
specific use rights, restrictions and responsibilities [30,97,135,136]. Farmers may prefer the
subdivision of the title over a piece of land in terms of shares without affecting its physical
characteristics (ibid). With regard to the cooperative farming, a group of farmers jointly
operate one big co-owned or leased farm together or agree to cultivate one type of crop on
their small plots in a given area in order to create big and more economically operational
and viable farms. In both cases, farmers retain their rights over land, whereas in the latter
case, the boundaries of their parcels are kept intact, which has been found as a barrier to
agriculture mechanization since it is difficult to move the machinery on small separately
owned plots with many boundaries [3,97,98]. This is the case of Rwanda, where the article
30 of the law governing land forbids the subdivision of agricultural and livestock land
which would result into small pieces of less than 1ha, thereby encouraging the joint own-
ership of such parcels and their cooperative farming through land use consolidation (LUC)
program or cultivation of the same priority crop [26,33,117] as explained above in Section 3
(a). However, although these strategies have been used with success in many countries (i.e.,
joint ownership in Taiwan) with subsistence economies and growing population under
land scarcity conditions to tackle and reverse the problems of land fragmentation [136],
different studies report their failure in countries like India, Nepal and Rwanda, as a result
of the reluctance of farmers against them [8,24,30,32–34,97,98,123,137,138]. These stud-
ies decry these strategies to obstruct/deprive the full enjoyment of use rights over land
for independent purposes, thereby inducing many ownership and use related conflicts
viewed as a result of spatial injustices [139] leading to tenure and food insecurity in cases
of compulsory participation and compliance to them. Moreover, the minimum parcel size
subdivision restrictions have been criticized to lead to hidden ownership fragmentation
thereby increasing farmland use fragmentation and the ownership and use related conflicts
over land [32,33].

(e) Land realignment: It refers to the adjustment of land boundaries between two or
more land parcels with the aim of remedy to the existing encroachment problems and or
land management problems. It only implies minor changes in boundaries structure of
adjacent plots thereby affecting the changes in sizes and shapes of parcels. It has been
applied with success under the circumstances of internal fragmentation with contiguous
parcels under the same operatorship to eliminate the problematic boundaries for the
purpose of merging small plots into larger economically operational units [20,28].

Besides the above commonly known strategies to control the problematic land frag-
mentation, various studies have documented several other socio-economic and agronomic
strategies to optimize the benefits from fragmented holdings by minimizing their defective
effects on agriculture production without their elimination. These include different agri-
culture intensification programs (intensive use of labor and inputs in small heterogeneous
farms and parcels); risks management strategies (agricultural insurance, agroecological
approaches, food storage, pests control measures, credits, high yielding and resistant
varieties) [11,30]; on-field harvest sales and off-farm employment [30,130]; the relocation
of very distant farmsteads to close the best farms [97]; and many different case specific
strategies parallel to the rational farmland fragmentation conservation under different
circumstances like the cases of consolidation of one agricultural use type or crop (land use
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consolidation in Rwanda and viniculture in Europe) [16,24,27,120] as explained above in
previous paragraphs.

Despite the variety of these documented land fragmentation control strategies, land
consolidation has been broadly and commonly used as a panacea to this quandary, re-
gardless of its different forms and specific cases [21,33]. Although both land consolidation
and land fragmentation are theoretically considered as land management instruments, the
dominant discourse in the literature and practice presents a common weakness of tending
to show the traditional land consolidation as the appropriate tool and solution to land
fragmentation problems thereby ignoring the possible benefits of the later [30,33]. However,
some studies revealed that land consolidation alone does not solve all land fragmentation
problems. Whereas it is suitable to address land fragmentation problems of Western Euro-
pean and Scandinavian countries in areas characterized by big farms with many irregularly
shaped and spatially dispersed parcels (internal fragmentation), it does not suit the Central
and Eastern European countries which have many small farms (small size problems as an
indicator of tenure fragmentation), and failed to be adapted to some African and Asian
countries with complex traditional land tenure systems [20,21,28,33,88,109]. Furthermore,
empirical evidence has critically proven that it tends to favor (benefit) big farmers with
many scattered plots by increasing their income from agriculture at the expense of small
farmers with small plots as an important pitfall, probably due to the diseconomies of
scale [27,30,119,121]. In this vein, Nilsson [27] and Muyombano and Espling [121] found
land use consolidation (LUC) not relevant to the fragmentation problems of small farms
in Rwanda. Besides that, it has been largely criticized by many researchers for resulting
in the loss of employment in case of its introduction in densely populated countries with
subsistence economies thereby leading to the increase in rural urban migration, the loss of
agrobiodiversity, and food insecurity through monoculture [30,31,37,38,124,133,140–142].
For this, land banking, voluntary parcel exchange, land realignment, joint ownership and
cooperative farming have been proposed as suitable strategies for other land fragmenta-
tion problems than internal fragmentation of big farms [12,16,17,20,21,26,98,127]. Apart
from that, Bentley [30] and Blarel et al. [31] argue that the problems of land fragmentation
should be eliminated by focusing on fighting its root causes through curbing the population
growth, creation of off-farm employment, and increasing agriculture technology.

However, in spite of the large body of literature about land fragmentation control
strategies, only few studies explicitly address how, when, where and why different land
fragmentation forms and specific control strategies can be inter-related and mutually con-
ducive. The hesitation to study these interlinkages are connected to the inherent complexity
and country-specificity of land fragmentation problems. These studies argue that land
fragmentation issues are complex and vary from country to country and case to case with
strong dependency on local social, economic, political, cultural, agricultural, agroecological
and environmental conditions. Hence, there is no standard objective strategy or measure to
control this phenomenon, nor is there a successful transfer of specific strategies in different
areas with different characteristics [12,19–21,28,127]. This makes it difficult to objectively
compare and assess the effectiveness of these strategies [108]. The empirical evidence
revealed that the failure to consider the local conditions prior to the transplantation of
land consolidation programs has previously led to their failure in some African (Kenya,
Malawi, Tanzania) and Asian countries dominated by customary and communal land
tenure systems [12,18,21,29]. Therefore, there is a need to take into account specific local
land fragmentation forms, their causes and impacts (problematical and beneficial) under
specific conditions, and analyze the similarities and differences prior to any attempt to
transfer any fragmentation control strategy among different areas, and/or create new pro-
gressive tools and responsible approaches suitable (adapted and updated) to the existing
dynamic local conditions [12,18,28,143]. The idea behind is that a successful strategy in
one area might not succeed in another due to the differences in operational conditions.
One needs to know the factors of its success prior to its broad transplantation elsewhere.
Abubakari et al. [12] in their study on land consolidation in the Ghanaian customary lands
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strongly argue that the success of any land consolidation program depends on the suit-
ability of local conditions with its baseline conditions, with respect to land characteristics
like its tenure, use, value, location, size and shape. For them, the information about the
convergence or divergence of these conditions needs a careful feasibility study in specific
areas under consideration. Bentley [30], Van Dijk [18], and Van Dijk [21] note that land
fragmentation is minimized or reduced, when the number of owners, users or farmers
(tenants) and farms in a given area (tenure fragmentation) declines, the number of irregu-
larly shaped parcels per farm and the overall distance between them and the farmstead
(physical fragmentation) drops, the number of uses/crops per farm (use fragmentation)
declines, and the number of farmers who are operating/using their own lands (discrepancy
between usership and ownership or tenure fragmentation) increases.

To this end, our review of the defragmentation strategies shows that land consolidation
instruments are suitable to control internal (location and shape) land fragmentation of
big farms through the creation of compact farms with one or few close regularly shaped
big parcels, and tenure fragmentation (ownership and usership) through the creation
of compact farming structure in a given region by reducing the number of owners and
increasing farm sizes with regular shapes). Voluntary parcel exchange suits for internal
fragmentation of small farms through the reduction of distances between parcels and
homestead. Land banking is suitable for size or tenure fragmentation to reduce the number
of farms/owners and increase the farm sizes in a given area, while cooperative farming is
suitable for internal fragmentation in case of boundaries and shapes realignment through
the joint ownership, and tenure fragmentation in case of consolidation of one use type
or crop as it happens in land use consolidation in Rwanda and viniculture in Europe.
The risks management strategies (insurance, resistant varieties, etc) and on field sales
can be used to minimize internal fragmentation. agriculture intensification programs
(inputs and labor use intensity) and off-farm employment can be suitable for reduction
of land tenure fragmentation problems, while agricultural land protection policies can
be suitable to prevent and reduce land tenure and size fragmentation problems. Finally,
the restrictions about partible inheritance, minimum size of parcel subdivision and absentee
landowners, the prevention of transfer to non-farmers and leasing suit for dealing with land
tenure fragmentation, whilst the imposition of a maximum limit on the holding size suits
for preventing internal physical fragmentation [4,16,18–20,30,98,120,127,144,145]. These
strategies can be categorized into two groups of preventive (legal provisions and protection
policies for agricultural land) to spot the root causes of fragmentation), and mitigation
(land management approaches, socio-economic and agronomic measures) to manage the
impacts of an already occurred fragmentation.

Recognizing both the potential benefits and problematic situations of land fragmenta-
tion, Bentley [30] and Asiama et al. [17] suggested a specific model of land consolidation in
blocks or localized land consolidation where only spatially dispersed parcels within the
same microzone with homogenous soil and agroecological conditions are consolidated.
This helps to conserve and give farmers access to all types of parcels in different sites
with diverse microclimates and growing conditions, for both increasing the agricultural
production efficiency as well as crops diversification for risks and labor management and
food security purposes through food sovereignty at the local level. In this case, land consoli-
dation does not necessarily result in a single parcel, rather in few parcels located in different
sites to keep the topographical advantages of fragmentation. Likewise, Cholo et al. [41]
proposed a consolidation of small parcels into larger heterogeneous plot clusters to enhance
food security by exploiting synergies between agroecological adaptation practices and
land fragmentation. Adversely, Ntihinyurwa et al. [33] proposed a consolidation approach
which provides farmers with single contiguous farmlands or parcels that can be cultivated
with multiple crops to answer the desire to meet food diversification, risks management,
labor bottlenecks management as land fragmentation claims, and agriculture production
efficiency by minimizing the time and travel costs as land consolidation claims. For this,
there is a need for a strong objective land capability and suitability classification prior to the
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development of any local specific land consolidation approach. Figure 2 summarizes our
findings on various documented instruments, strategies and policies to control different
problematic land fragmentation scenarios.
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In summary, both the problematic and beneficial or rational land fragmentation sce-
narios need a certain level of management in order to optimize the income from agriculture.
However, the complexity of this phenomenon makes it difficult to choose the suitable
instruments (strategies) for specific circumstances, which calls for trade-offs among dif-
ferent alternatives and their right combinations under various local conditions. For this,
the analyzed literature has on one hand revealed that the problems related to physical land
fragmentation (internal, location or distance, shape, use, plot or parcel size and boundaries)
can be minimized by land consolidation for large heterogeneous farms (under complex
strong economies), voluntary parcel exchange and on-field harvest sales for small het-
erogeneous farms (under moderate and subsistence economies), land realignment for
homogenous farms (contiguous plots) to eliminate and reorganize boundaries, and land
use consolidation or crop consolidation for multiple uses on small plots and farms. Land
tenure fragmentation problems (ownership, usership, small farm sizes, and boundaries)
are reduced by land banking for small farms under complex strong economies, parcel
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sizes subdivision and absentee owners’ restrictions, joint ownership, cooperative farming,
land use (crop) consolidation, and agricultural land protection policies for small farms
under moderate and subsistence economies. Furthermore, the introduction of insurance
systems and mechanization in agriculture, and the market perfection (for food and labor)
have been used as strategies to eliminate the fundamental reasons for internal fragmen-
tation in complex strong economies with market-oriented agriculture (use of multiple
zones for production diversification, risks and labor management strategies). On the other
hand, different agriculture intensification programs such as the combined use of soil min-
eral and organic fertilizers and amendments, pests control measures, labor use efficiency
and intensity, and high yielding and resistant crop varieties have been documented as
suitable strategies to maximize the income from agriculture on fragmented plots under
the beneficial or rational fragmentation, subsistence and moderate economic conditions
(market imperfections) for risks management, labor schedule, production diversification
and control of ownership and use related conflicts over land. In some special cases like
mountainous areas, the costs of alleviating land fragmentation may far exceed its bene-
fits [11,30]. In such cases, keeping fragmentation is more beneficial than its alleviation
(ibid). Therefore, Bentley [30], Van Dijk [18], Van Dijk [21], Asiama et al. [28], Asiama
et al. [17], and Ntihinyurwa and de Vries [11] suggest that any attempt to control land
fragmentation should consider different local and case specific social, cultural, economic,
political, environmental, and agroecological conditions of an area, and the benefit-cost
analysis to guide the decisions about the suitable strategies for the sake of their success.
In this regard, there is a need to develop strategies which simultaneously minimize the
defective effects of fragmentation thereby optimizing or without jeopardizing its potential
benefits [33,75] for food security purposes. Local agroecological approaches tailored to the
needs of local peasants (farmers) should be given a key place in the management of local
farmland fragmentation scenarios of subsistence communities for sustainable agriculture
production, farm resilience, self-sufficiency in culturally acceptable (desirable) food pro-
duction, increase in food sovereignty and the household food security motives. The next
section discusses this food security concept.

4. Food Security as a Multidimensional, Multilevel and Multisource Concept

The concept of food security has been variously defined over time across different dis-
ciplines for particular interests and goals at different spatial levels and social scales. Chigbu
et al. [32] and Dam Lam et al. [146] found that by the end of 2015, there were more than 200
different definitions of food security. However, despite the subjective and sometimes con-
tradictory conceptualizations of the term, most of these definitions are oriented towards the
supply of sufficient (enough) food availability (quantity of calories) at all times (stability) to
meet the needs (demands) of the growing population from domestic and wild production,
stocks, food imports or purchase from the markets, and food aids [32,54,147–151]. The
majority of them were following the 1789 Malthusian food availability theory, stipulat-
ing the balance between the population growth and food availability (food growth rate
should not be below the population growth rate) at the macro and meso spatial levels
(community, regional, national, global). This tendency persisted till the introduction of
Sen’s theory of food entitlement in 1981 stipulating the notions of access, affordability,
allocation (distribution) and utilization of food at the micro spatial levels (household and
individual) [54,64,65,68,150]. With an attempt to reconcile different conceptualizations of
this term, FAO [69] from the World Food Summit (WFS) in November 1996 developed
a more comprehensive widely accepted definition of food security as a status/situation:
“when all people, at all times, have physical, social and economic access to sufficient, safe
and nutritious food which meets their dietary needs and food preferences for an active and
healthy life”, and vice-versa for food insecurity. The same definition was extended later
in 2009 in the world summit on food security, where the four pillars (dimensions) of food
availability, food accessibility, food usage (utilization) and food stability (sustainability)
through which food security can be measured at both national, regional, community, house-
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hold and individual levels were linked to this concept, while the nutritional dimension was
added to it as an integral part [33,54,65,146–148,150–152]. With respect to the nutritional
dimension, the concept implies that food and nutrition security is achieved when adequate
food (in terms of quantity, quality, safety, and socio-cultural acceptability as components of
food security) is available and accessible, and satisfactorily utilized by all individuals at all
times to live a healthy and happy life [54,67,150,151]. This stipulates the consideration of
the aspects of availability, accessibility and stability of food of acceptable quantity, quality,
safety and diversity, based on the social and cultural preferences of any society or an
individual at all levels [67]. Whenever one of these aspects is not met, people may suffer
from hidden and visible hunger [33] and malnutrition, which negatively affect the health
and livelihoods of the population. Since the aspect of availability in this definition stands
for the supply of enough food of acceptable quality and quantity to broadly meet the
demands of the population, it is mostly used to measure food security at the meso and
macro levels (community, global and national); Whilst the accessibility and utilization
entailing the capacity of individuals or households to meet their preferred food needs for
an active healthy life, stand for the micro levels (household and individual). The same
concept of food security highlights the chronic and the transitory food insecurity at all
these levels/scales, as a result of instability of all the other aspects/pillars. The household
food security is the application of this concept to the family level, where individuals within
the households are the hub of concern [33,54,65,69,148,151,153].

The achievement of food security at all levels following the FAO definition is function
of different factors including the economic status of the household, socio-cultural norms
and values, demographic characteristics, agricultural system, education level, and envi-
ronmental and agroecological characteristics of the area, to cite only few [32,33,65,69,154].
Surprisingly, the popular logic of achieving food security has over time focused on re-
ducing the population growth through different family planning policies, and boosting
agriculture production to keep the balance between the food demands of the growing
population and food availability (supply) at the macro and meso levels (national, regional
and community), thereby ignoring its entitlement and sovereignty at the local (household
and individual) levels [46,47,54,65,68,149,155]. However, since food security is a very
complex, multidimensional and multilevel concept, difficult to achieve in silos, this can
only be possible if other external economic, socio-cultural, political, agroecological, and
environmental factors are overlooked. Food security entails more than growing enough
food, since it implies the demand for it, as well as the supply, the quality as well as
quantity, diversity as well as accessibility, an adequate diet (culturally acceptable quality
and quantity) today and assurance of one tomorrow [11,32,33,54,65,67–69,148,150,153].
It has the aspects of quality, access/affordability, acceptability, utilization/usage and sta-
bility/sustainability which can only be achieved when everyone in the household has
access to regular, safe, nutritious and enough acceptable food to meet his/her food prefer-
ences [11,32,33,65,68,69,150]. Therefore, in the existing critical context of the ever growing
fluctuations in climate and food prices which directly affect the household’s food acquisi-
tion (domestic and wild agriculture and animal production, purchase, aids, and imports)
and allocation (distribution and usage), and food safety concerns, the achievement of
food security at the micro levels requires the change of food production paradigms. This
needs the shift from the mass food production systems through conventional agriculture
and monoculture, and consumption patterns prioritizing the quantity and availability,
towards more diversified and locally produced food stuffs through sustainable, climate
or natural risks resilient and smart agriculture systems, following various agroecological
approaches including the polyculture (growing wide diversity of food crops in space and
time) [11,32,33,37,41,45–48,71,156,157]. This can help to sustainably meet the cultural di-
etary needs and food preferences of acceptable quantity, quality and safety for all local
people, as the suitable method of achieving food sovereignty, an adaptation strategy to the
existing climate change realities for ending hunger and malnutrition, and local approach of
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meeting food security stipulated by many policy initiatives and goals like the SDGs 1.4;
2.1,2,3,4,5; 12.2; 13 & 15.3,4,5,9 [11,32,37,38,41,46–48,71,141,155,157–165].

Being the main factor of food production in many countries, the agriculture production
of enough staple food crops as the basic component of food systems for food security (food
supply side) requires the focus on agriculture intensification of small scale farms or agroe-
cological strategies on fragmented land, and agriculture expansion of large scale farms on
consolidated land, to meet the local needs and food preferences of the growing population.
Recent studies and social movements advocate for the achievement of local food security
by focusing on the concept of food sovereignty, which stipulates the self-sufficiency and
autonomy in food production by local small scale farmers through various agroecological
methods and agricultural systems tailored to their needs, knowledge, cultural values and
traditions, and other particular circumstances [46–48,155,165]. Nonetheless, this does not
alone guarantee the complete solution to the problem of food insecurity, since other aspects
like food utilization and food market entail more than that [32,65,150]. The evidence has
shown that food insecurity may exist in cases of high availability and accessibility of
food in sufficient quality and quantity, mainly due to the lack of knowledge about the
right preparation and combination of balanced nutritional diets, and the basic health and
hygienic services like clean water (ibid). To this end, one needs to focus on a holistic and
careful assessment of food security status, by considering all its underpinning factors at all
levels. Figure 3 summarizes these various factors of food security.

As Figure 3 summarizes, food security as a multidimensional and multilevel concept
cannot only be achieved by a single instrument. It requires a holistic approach which
considers the contributions of different factors at different levels of analysis to create food
systems that offer the possibilities to meet the availability of qualitatively and quantita-
tively acceptable food in a given area, accessible (affordable) to all people, with the best
and balanced combinations (utilization) to meet the nutritional diets/needs and food
preferences of the ever growing population at the regular basis (sustainability/stability)
with scarce resources or production factors (land and capital) for an active and healthier
life. Considering the growing challenges of climate change and other natural shocks from
food production side, an attention should be focused on the trade-offs between the role
of some agroecological principles like crops diversity on food stuffs diversification as a
source of qualitative, sustainable, acceptable and resilient food systems on one hand, and
the quantity of agriculture production to meet the food needs and demands of the growing
population irrespective of its quality on the other hand, on either fragmented or consoli-
dated land parcels at the local levels (community, village, household and individual) [11].
The growing tendency is that poor people are choosing to compromise to food quality and
quantity aspects for the benefit of food stability in case of shortages of food availability
and accessibility as a result of climate change and price fluctuations realities, by creating
more sustainable resilient farms through local agroecological farming systems [46,47,156].
The next section establishes the relationship among farmland fragmentation, farmland
consolidation and food security concepts.
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5. Farmland Fragmentation, Farmland Consolidation and Food Security Nexuses:
Relationships, Overlaps, Research Gaps and Future Perspectives
5.1. Relationships, Overlaps and Research Gaps

Farmland fragmentation and farmland consolidation are two interlinked concepts
theoretically considered as instruments of agricultural land management for food security
purposes [11,33,51]. In this vein, regardless of the fragmentation or consolidation statuses
and scenarions, the farmland remains a fundamental asset for food security [33]. However,
while there is enough empirical evidence and substantial literature about the relationship
amid land fragmentation, land consolidation, land productivity, agricultural production,
and farm profitability and efficiency, only few disaggregated studies address the linkages
between farmland fragmentation, farmland consolidation and food security. Furthermore,
from our critical review, there is a lack of comprehensive studies that have documented the
linkages between the two concepts and food security as a multidimensional, multilevel,
and multisource concept. Therefore, this section builds on the existing disaggregated
studies about these three concepts and adopts the conceptual reasoning approach which
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follows the rationalist theory to fill this litterature and knowledge gap through the analysis
of different related theoretical connotations.

Foremost, a large category of studies shows the physical land fragmentation (inter-
nal, location, shape, use) as a defective phenomenon, and a major threat to agriculture
production, farm productivity and profitability, by hampering farm efficiency and the
economies of scale, thereby positing land consolidation approaches as a panacea to this
problem [2,3,6–8,10,12,14,29,52,66,89,90,105,107,118,166–174]. These studies broadly argue
that farming on small scattered and irregularly shaped plots increases the travel and su-
pervision costs due to long distances between parcels and the household, which reduces
the yield per hectare, farm profitability, and abandonment of farming activities on very
distant parcels in some cases. Furthermore, regardless of the distance and adjacency of
parcels, land tenure fragmentation leads to small farms with small non-economically viable
land units, which in turn hinders the economies of scale, since the mechanization and
expansion of market-oriented agriculture is not tenable on such units [4]. This reduces
the quantity of agricultural production and food availability or supply in a given area
as a pillar of food security. Therefore, the majority of these studies propose land consol-
idation as the appropriate solution to these issues. They back this position by showing
how consolidated and compact big farms with larger farm units and parcels or plots
decrease the agriculture production costs and increase the yields per hectare and farm
profits as the key characteristics of the economies of scale, which in consequence positively
impacts on the supply (availability) and sustainability of enough quantity of food to meet
the food demands of the population for food security in a given area. For Lerman and
Cimpoieş [118], big consolidated farms offer higher agriculture production and econimic
performance than small fragmented ones, which incresases the food security status and
the well-being of the rural population. From the proponents of this view, the quantity of
agriculture production of food crops matters most, in order to satisfy the food demands of
the growing population following the Malthusian theory of population growth and food
availability or supply of 1798 [54] and fill the gap stipulated by the reverse relationship
between the population growth and the limited food productive capacity of land resources
in this theory. Likewise, this claim is shared by the advocates of other alternative strate-
gies like land banking, cooperative farming, and joint ownership against the tenure or
size fragmentation of farmland. They tend to believe that food security of the growing
population can be met by producing enough quantity of food crops through agriculture
mechanization and the economies of scale, which can only be achieved on consolidated or
big farms [21,106,109,125,127,136,175].

Nevertheless, different studies have criticized some farmland consolidation approaches
to lead to the establishment of monoculture systems which result in production of sin-
gle or few types of food stuffs, thereby negatively affecting food diversity and balanced
nutritional diets and inducing food insecurity [30,31,37,38,176,177]. This is the case of
Land Use Consolidation program in Rwanda, criticised of worsening food insecurity is-
sues by promoting the monoculture system at the expense of multicultural one and its
irreplaceable adaptive benefits, through the reduction of agriculture production diver-
sification as a source of food diversity aspect at the household level, despite its major
outcomes in terms of boosting the national production of 8 priority crops grown in this pro-
gram [24,27,32–34,119,121–123,137,178]. These studies posit that the availability of enough
quantity of food of some priority crops at the national level through LUC does not neces-
sarily mean that the needs and food preferences of households members are met, while the
practical evidence has revealed the increase in households vulnerability to food insecurity
since the introduction of this program in 2008 (ibid). Combined with the consequences of
climate change (droughts and floods from changes in rainfall patterns) and imperfect food
market, this LUC program has been pointed out to worsen the problem of food insecurity
at the household and individual levels, by reducing its quality, accessibility, acceptability,
and sustainability aspects in some parts of the country [32,33].
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Despite these findings, the debates over what to do with farmland fragmentation,
farmland consolidation and food security have often been disassociated from those related
to climate change and agroecology, and only linked with agriculture production, due to the
presumed negative impacts of farmland fragmentation by policy makers. Following the
multidimensional nature of food security, the prevalent justification for land consolidation
is that it increases the farm size and reduces the producion costs associated with the
distance, and thus contributes to food security given higher quantities in food production
from food crops. Nonetheless, this logic makes sense when food security is viewed from
the lens of quantity, since food security is much more than the quantity of food. It includes
the aspects of diversity, quality, access, sustainability, acceptability and utilization of
food [64,65,69] along with food sovereignty [46,47,155], which are also achievable under
the conditions of land fragmentation scenarios [11,32,33,66].

Therefore, a different category of studies witnesses the evidence of positive relation-
ships between physical farmland fragmentation and food security. These studies argue that
physical farmland fragmentation contributes to the improvement of the aspects of food
quality through the diversity of nutritional diets, and the regular (sustainable) availability
and accessibility of food at the household and individual levels under the conditions of
subsistence economy, climate and food prices fluctuations, and vice versa for farmland
consolidation [11,30–34,37,38,41,42,50,57,94,122,141,157,176,177,179,180]. These advocates
of this standpoint commonly argue that farming on spatially and topographically frag-
mented and dispersed parcels with irregular shapes offers farmers the possibilities to
grow a wide range of diverse crops in areas with different crops suitabilities and growing
conditions for the purposes of food stuffs diversity production, farm resiliency, and the
management of risks of climate change and food prices fluctuations. This in turn increases
food diversity, quality, accessibility, acceptabiliy, and sustainability of subsistence house-
holds, thereby inducing the likelihood of meeting food sovereignty and food security at
the local levels [11,46], following the economies of scope, resilience, agroecology, and com-
plexity theories. In the same vein, Blarel et al. [31], Alexandri et al. [179], Ciaian et al. [37],
Cholo et al. [41], Knippenberg et al. [45], Ntihinyurwa et al. [33], and Ntihinyurwa and de
Vries [11] advance that farmland fragmentation leads to the cultivation of diversified food
crops and the production of a diversity of food basket for self-sufficiency of subsistence
farmers in order to meet their nutritional demands and food security at cheap prices, as
the cheapest strategy to achieve the household food security under the circumstances of
climate change, land scarcity and food market imperfections. This claim coincides with the
advocates of agroecology and food sovereignty, which posit the achievement of food secu-
rity at the local levels through self-sufficiency and autonomy in food production tailored to
the needs of cultural and traditional diets of local subsistence farmers using various local
agroecological methods (temporal and spatial crops diversification through polycultures,
and the knowledge of local peasants) on more resilient small scale farms [46–48,70,155,165].
The collective of these studies stipulates that, the more the differences and high diversity
or heterogeneity in land and soil qualities; the higher the variety of soil-crop suitability
classes and production potentials; the higher the crops diversification (agrodiversity), farm
resiliency and food stuffs diversity; the higher the self-sufficiency in food production, the
higher the nutritional balance; the higher the food quality and sustainability; the higher the
food acceptability and sovereignty; the higher the food security [33]. Furthermore, contrary
to the principles of the economies of scale theory, the proponents of this view counter
argue that land tenure or size fragmentation (small farm sizes) backs the diseconomies
of scale theory stipulating the inverse farm size and agriculture production relationships,
following the Boserup’s theory of population growth and agriculture intensification of 1965,
probably due to imperfections in labor market in subsistence economies, and the growth
of technology in agriculture [31,49,50,63,181,182]. This implies that the intensification of
agriculture leads to better outputs in terms of agricultural production on small farms
than on bigger ones, which directly impacts on food availability (quantity and quality).
TWN and SOCLA [155] argue that small farms are more productive than large farms,

95



Land 2021, 10, 129

if the total output is considered rather than yields from a single crop. Nevertheless, this
Boserup’s theory stipulating the proportional relationship between the population growth
and agriculture intensification [11,63] has shown its limitation at a certain critical threshold
of very high population density, thereby giving a reason to the Malthusian theory in such
circumstances [55,56].

However, in case the consolidation practices offer to farmers the options of growing
multiple crops on consolidated plots (voluntary land consolidation models), and the
provision of agricultural insurance services and resistant crop varieties, there are no more
reasons for keeping fragmentation. Such consolidated parcels lead to high agriculture
production of diverse crops, which in turn results in the regular and adequate availability
and accessibility of food of acceptable quality and quantity, thereby contributing to the
improvements in household food security [4,16,30,111,157]. Moreover, comprehensive
land consolidation models may integrate some specific programs of food processing,
food storage and nutritional education to contribute to the improvement in food quality
through more balanced nutritional diets and food accessibility and stability aspects as a
support to food availability, to meet the household food security in its multidimensional
conceptualization [4,16].

Besides the effects of farmland fragmentation and consolidation strategies on food
security, the status of the latter may also determine the kind of decision about the fragmen-
tation management approaches. Since the primary objective of consolidation approaches is
to increase the food security status by sustaining food availability (supply) to meet the food
demands of the growing population through agriculture production, these approaches may
not be necessary in case of the lack of food insecurity problems in a given area (when food se-
curity already exist under fragmentation scenarios of big farms) [4,18,21,30,31,37,38,41,50].
This is the case of countries with abundant land and low population densities like the USA,
Russia, Canada and many others.

Finally, the critical review has drawn the reciprocal relationship between farmland
fragmentation and farmland consolidation concepts. Farmland fragmentation is docu-
mented as a precondition and milestone for an establishment of any farmland consolidation
program in a given area [4,12,18,19,98], and exists in an area which was previously con-
solidated according to the Gestalt theory of a whole [53]. Notwithstanding their reverse
theoretical meanings, the two concepts share the same practical measurement indicators
(see Ntihinyurwa and de Vries [75] for more details). Figure 4 summarizes the theoretical
relationships between farmland fragmentation, farmland consolidation and food security.
These relational linkages in literature lay a foundation for a theoretical model which could
be adapted or used by scholars for building frameworks on the subject (Figure 4).

Simply put, Figure 4 shows that any farmland fragmentation and consolidation sce-
nario which engages the multi-cropping system (agroecological approach) and agricultural
intensification, food processing and storage, and nutritional education programs may lead
to the achievement of food security at the household level, except in cases of lack of those
intensification programs on small non-resilient farms. On the other hand, the consolidation
programs implying the mono-cropping systems are susceptible to lead to food insecurity
status through malnutrition (under and/or over nutrition), especially when combined with
external factors like market imperfections, climate change, natural shocks, and the absence
of the above-mentioned supporting programs. In this respect, the concepts of farmland
fragmentation, farmland consolidation and food security are interlinked. The type of this
interlinkage is determined by external factors like climate change, socio-economic status,
agrobiodiversity (agroecology), demographic aspects, and land characteristics. Therefore,
for the purpose of achieving the sustainable development goals (SDGs 1,2,12,13 and 15) stip-
ulating the attainment of the multidimensional food security through sustainable (climate
resilient) land management strategies (see Paragraph 6 of Section 1 for specific targets),
any attempt to achieve food security through agricultural production should consider the
importance of all the above-mentioned factors at the local levels for its success.
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5.2. Reconceptualization of Farmland Fragmentation Management for Food Security

Recognizing the complexity, polarity and multidimensional nature of farmland frag-
mentation and food security concepts, there is a need to develop the local context specific
and progressive farmland fragmentation management strategies, which consider both its
defective and beneficial sides following the dynamic systems theory [84–86] and agroeco-
logical approaches (elements, principles, and methods) [47,48,155,165], rather than focusing
on the blind subjective and irrelevant decisions of either defragmentation through different
consolidation programs for food quantity and availability, or fragmentation conservation
for food quality, accessibility, sustainability, acceptability and sovereignty purposes. Since
our critical review of the literature has shown that both the defective and beneficial frag-
mentation forms may coexist in the same area, the identification of those forms, their causes
and impacts, and assessment of the local social, cultural, economic, political, biophysical,
agroecological and environmental conditions in a given area along with the benefits-costs
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analysis prior to any decision, would give an insight on the suitable combinations of strate-
gies. This would further serve as an important guidance to policy makers and research
scholars, and the best approach for the optimum management of this phenomenon. This
position is theoretically and empirically supported by previous studies of Bentley [30],
Van Dijk [18], Van Dijk [21], Asiama et al. [28], Asiama et al. [17], Ntihinyurwa and de
Vries [11], and Ntihinyurwa and de Vries [75] in Sub-Saharan Africa and Europe. Being
progressive, flexible and fit for specific situations and scenarios, this approach can accom-
modate different emerging solutions to new problematical situations, under the dynamic
climate change realities and changes in local conditions in a given area. Building from
this approach, we propose the following conceptual model for farmland fragmentation
management in Figure 5 to refresh the existing sporadic and outdated conceptualizations
about the management of this phenomenon, considering the major global threats of climate
change, natural shocks, population growth, and urbanization. The model implicitly shows
when, where, how and why one could opt for defragmentation or fragmentation conser-
vation, through the hypothetical relationship between various farmland fragmentation
scenarios [11,75], the proposed suitable management strategies or solutions, and food
security and the general livelihoods of the rural (local) farming population. It results from
a combination of variance and process models through abstract modelling techniques and
the deductive logic conceptual reasoning approach [72–74,77,87]. After being empirically
tested in different local areas, the outcomes from this model will be translated into sugges-
tions for farmland fragmentation management strategic options under different specific
local conditions.

For the sake of optimizing the income from agriculture and meeting food security,
both the problematic and rational farmland fragmentation scenarios need a certain level of
management. In this regard, as Figure 5 shows, the problems related to Physical Farmland
Fragmentation (internal, location or distance, shape, use, small parcel and plot sizes, and
boundaries) can be minimized by farmland consolidation in case of large heterogeneous
farms (under complex strong or market-oriented economies); voluntary parcel exchange
and on-field harvest sales in case of small heterogeneous and homogenous farms (under
moderate and subsistence economies); land realignment in case of homogenous farms (con-
tiguous plots) to eliminate and reorganize the boundaries; and farmland use consolidation
or crop consolidation in case of multiple agricultural uses on small plots and farms. On the
other hand, Farmland Tenure Fragmentation problems (ownership, usership, small farm sizes,
and boundaries) can be reduced by land banking and off-farm employment in case of small
farms under complex strong or market-oriented economies; restrictions about the parcel
sizes subdivision and absentee owners, joint ownership, cooperative farming, farmland
use (crop) consolidation, and agricultural land protection policies in case of small farms
under moderate and subsistence economies. Furthermore, to prevent the worsening of the
tenure fragmentation situation, where possible, the combination of these strategies with
strong family planning measures that curb the population growth following the Malthusian
theory of population and food supply, could generate good results [54–56].
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Considering the coexistence of both rational and defective fragmentation in the same
area, there is a need to develop strategies that simultaneously minimize the negative effects
of fragmentation thereby optimizing or without jeopardizing its potential benefits. To this
end, the following specific consolidation models suggested by different researchers would
apply in different specific cases after a careful benefits-costs analysis:
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consolidation, and multiple UN sustainable development goals, namely SGDs 1, 2, 12, 13 
& 15, versus the global trends towards market-oriented agriculture. Specifically, SDGs 1.4 
and 2.3 address land rights and how farmers own, access, secure and control land re-
sources among all the heirs; SDG 12.2 refers to the sustainable management and efficient 
use of natural resources (including land); the diversification of crops in different frag-
mented and scattered areas with diverse growing conditions as an adaptive strategy (cli-
mate smart, agroecological or resilient agriculture) to the ongoing new global challenging 
realities of climate change and the core of SDGs 2.4,5; 13.1 to end hunger and malnutrition 
resulting from food insecurity, is addressed by SDG 2.1, 2, 3, 4 & 5); and the agrobiodiver-
sity and ecosystems conservation through the protection of their natural habitats on land 
comes as focus of SDG 15.3,4,5 & 9), in the framework of the Agenda 2030 [11,71]. The 
decisions about farmland use either in fragmented or consolidated forms can be most di-
rectly linked with these five SDGs whose specific targets capture the sustainable land 
management (ownership and use) and climate change adaption and mitigation, as key 
factors of sustainable agriculture production and food security to end hunger, malnutri-
tion and poverty, even though land management as a scientific discipline may be con-
nected with all the SDGs [11]. Since the terms of land fragmentation, land consolidation, 
and food security are variously conceptualized in different contexts, scientific disciplines 
and levels of analysis, in this article, only their meaning in the context of agriculture pro-
duction at all levels is followed. The focus is given to the concept of food security from the 
lens of agriculture-based food stuffs, with little attention on the animal-based ones for the 
purpose of nutritional balance and food quality. Irrespective of the spatial and temporal 
limitations, only the literature about this topic in English language is considered. 

The article is shaped in the following structure: The first section introduces the con-
cepts of farmland fragmentation, farmland consolidation, and food security. The second 
section addresses the methodology of the literature identification, review, analysis, syn-
thesis and reconceptualization. The subsequent third section categorizes and discusses 
farmland fragmentation scenarios and how these relate to their existing generic control 
(management) strategies (instruments) and interventions. Thereafter in fourth section, the 
concept of food security is discussed, and its relationships with farmland fragmentation 

Land consolidation in blocks or localized land consolidation: This model is suggested by
Bentley [30] and Asiama et al. [17] in areas where only spatially dispersed parcels
within the same micro-zone characterized by homogenous soil and ecological condi-
tions are consolidated. This helps to conserve and give farmers access to all types of
parcels in different sites with diverse microclimates and growing conditions, for both
increase in agricultural production efficiency as well as crops diversification for risks
and labor management, and food security purposes. In this case, land consolidation
does not necessarily result in a single big parcel, rather in few big and medium size
parcels located in different sites to keep the topographical advantages of fragmenta-
tion. This would apply to cases of physical (internal) fragmentation under subsistence
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and developing (middle-income) economies characterized by high heterogeneity of
agroecological conditions. This fits with the consolidation model of small topograph-
ically dispersed parcels into larger heterogeneous plot clusters proposed by Cholo
et al. [41] to enhance food security through the exploitation of synergies between
adaptation practices and farmland fragmentation in Ethiopia. The voluntary group,
simplified and individual land consolidation models, and voluntary parcel exchange
strategies would also apply to this case.
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Multicropping-based land consolidation approach: Suggested by Bentley [30] and Nti-
hinyurwa et al. [33], this model provides farmers with single contiguous farmland
parcels which can be cultivated with multiple crops to answer the desire for food
diversification, production risks and labor bottlenecks management as farmland frag-
mentation claims on one hand, and agriculture production efficiency by minimizing
the time and travel costs as farmland consolidation claims on the other hand. This ap-
plies to the cases of small parcels spatially scattered in the same topography with quite
homogenous agroecological conditions, in both subsistence and strong economies for
both food quantity and diversity (quality) purposes. The comprehensive, simplified
and voluntary land consolidation models, along with land banking programs would
also fit for this case, if farmers fully enjoy the use rights over their lands.

The success of these specific models requires a strong objective land capability and
suitability classification prior to their development, based on a functional soil information
system (SIS), which lacks in many developing and underdeveloped countries. Moreover,
drawing from the study of Chigbu et al. [32] on tenure and food security responsive land
use consolidation in Rwanda, the consolidation of land for agriculture expansion through
market-oriented and monoculture based systems in more homogenous areas with less
variability in agro-ecological, physical (soil, slope, water, etc), socio-economic, cultural, and
climatic conditions for food quantity and availability; and the conservation of multiculture
based systems on either consolidated or fragmented land in more heterogeneous conditions
through various agroecological approaches as a risk management strategy, climate change
resilience and adaptation strategy, and food crops diversification for food diversity and
quality, accessibility and sustainability, cultural acceptability and sovereignty, could offer
optimal solutions to farmland fragmentation and food insecurity problems.

In developed countries characterized by complex strong economies with market-
oriented agriculture and perfect food, land and labor market, the fundamental reasons for
internal fragmentation conservation (use of multiple zones for production diversification,
production risks management, and labor management strategies) are always removed and
compensated by the introduction of insurance systems and mechanization programs in
agriculture [18,30,98]. In this case, keeping fragmentation would be useless. In contrast, dif-
ferent agriculture intensification and agroecological programs including the combined use
of soil mineral and organic fertilizers and amendments, pests control measures, labor use
efficiency and intensity, crops diversity, and high yielding and resistant crop varieties could
be the most suitable strategies to maximize the income from agriculture on fragmented
plots under the circumstances of beneficial fragmentation in subsistence and moderate
economies characterized by high population densities and market imperfections. This
can offer the benefits of risks management, labor schedule, agriculture production diver-
sification, and control of land ownership and use related conflicts, thereby by increasing
food sovereignty and the local (household and individual) food security, following the
Boserup’s theory of 1965 on population growth and agriculture intensification [63] below a
certain critical threshold. This has empirically been evidenced by various studies in dif-
ferent countries [30,31,33,37,41,50,55,56,94,155]. Furthermore, in some particular cases like
mountainous areas under subsistence economies where the costs of alleviating farmland
fragmentation outweigh its benefits, keeping fragmentation would be more beneficial than
its alleviation [11,30].
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6. Conclusions

In the context of contrasting advocacies for farmland fragmentation, farmland con-
solidation, farmland use consolidation and food security nexuses, this study extends the
discourse by explicitly and comprehensively displaying different conditions under which
and how one could choose between farmland fragmentation conservation and defrag-
mentation (consolidation) policies or both, as responsible farmland management tools
to achieve food security. With logical reasoning, the study critically analyzed different
documented farmland fragmentation scenarios, their problematical (defective) and rational
(beneficial) situations under different circumstances, and proposed their suitable specific
management models to achieve the multidimensional food security at the micro levels
(household and individual) as a new contribution to the knowledge in the field of farmland
management.

In contrast to the dominant standpoint of the current literature, this study reveals
that both farmland fragmentation and farmland consolidation impact on food security in
different ways at different levels. Therefore, for the purposes of achieving food availability,
accessibility and sustainability for food security at all levels, the defragmentation process
to minimize the problems related to physical farmland fragmentation (internal, location
or distance, shape, use, small plot sizes and boundaries) can take the form of farmland
consolidation for large heterogeneous farms under complex strong or market-oriented
economies with high land availability; voluntary parcel exchange and on-field harvest
sales for small heterogeneous farms under moderate and subsistence economies with
land scarcity; land realignment for homogenous farms with contiguous plots to eliminate
and reorganize the boundaries; and farmland use consolidation or crop consolidation
for multiple uses on small plots and farms. Similarly, farmland tenure fragmentation
problems (ownership and usership, small farm sizes and boundaries) can be prevented and
minimized by land banking for small farms under complex strong economies; restrictions
about the parcel sizes subdivision and absentee owners, joint ownership, cooperative
farming, farmland use (crop) consolidation, agricultural land protection policies, and
family planning measures (to curb the population growth) in the case of small farms
under moderate and subsistence economies. This hypothetical stance is backed by the
Malthusian theory of population and food supply, economies of scale and Gestalt theories,
which commonly advocate in favor of agriculture expansion on bigger consolidated farms
than on fragmented ones. On the other hand, for the purposes of food diversity, quality,
accessibility, independency, acceptability, sovereignty, and sustainability for food security,
different agriculture intensification and agroecological programs, and other land saving
technologies could be the most suitable strategies to maximize the income from agriculture
on fragmented plots under the circumstances of beneficial fragmentation in subsistence
and moderate economies characterized by high population densities, market imperfections
and land scarcity. These include the combined use of soil mineral and organic fertilizers
and amendments, crops diversification, pests control measures, labor use efficiency and
intensity, and resistant and high yielding crop varieties. This position is supported by the
Boserup’s theory on population growth and agriculture intensification below a certain
critical threshold. In case of the coexistence of both rational and defective fragmentation
scenarios in an area, various specific strategies which could simultaneously minimize the
defective effects of fragmentation thereby optimizing or without jeopardizing its potential
benefits can give better and more balanced or optimal solutions. These include land
consolidation in blocks or localized land consolidation models for internally fragmented
subsistence farms with plots spatially scattered in different heterogeneous topographies,
and multicropping-based land consolidation approaches for fragmented farms with parcels
spatially dispersed in homogenous topography, in combination with or without agriculture
intensification programs.

In order to empirically test and evaluate how farmland fragmentation can be best
managed for food security motives, prior to the design of any policy and strategy in favor
of either farmland fragmentation conservation or defragmentation (consolidation) or both
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as land management tools, this study recommends the identification of all the possible
farmland fragmentation scenarios (forms, causes, and their positive and negative impacts)
in a given area, and the conditions dictating their problematic and beneficial status quos.
In this line, for the sake of assessing the problematic and rational farmland fragmentation
forms and scenarios under distinctive local circumstances, a rigorous feasibility study
should be conducted, before the development of their suitable, flexible (dynamic), desirable,
climate resilient, sustainable, feasible and multidimensional food security responsive
coping strategies, policies and interventions at the household and individual levels. Instead
of the existing focus on food productivity at the community, regional and national levels,
the efforts should be oriented towards the improvement of food security status at the
household and individual levels and the consideration of agroecological approaches in local
food production on either fragmented or consolidated land. Therefore, further research
should focus on the scrutiny and the development of more detailed and comprehensive
indicators which can facilitate the trade-offs between farmland fragmentation conservation
and defragmentation policies and interventions for food security motives under various
particular local contexts.

The novel insights of this study can inform and guide policy makers, research scholars
and the general scientific community for the devise of the suitable policies, interventions,
tools and strategies for the best management of local farmland fragmentation scenarios.
Moreover, contrary to the existing popular and global logic favoring the market-oriented
agriculture often combined with agriculture expansion on big consolidated farms to achieve
food security, this novel knowledge about the necessity of the variety of farmland man-
agement instruments to address particular farmland fragmentation scenarios contributes
to the achievement of the sustainable development goals (SDGs 1.4; 2.1,2,3,4 and 5; 12.2;
13.1; and 15.3,4,5 and 9) of ending hunger, malnutrition, and poverty in the framework
of the agenda 2030. As stipulated by these SDGs specific targets, this can be possible
through the diversification of crops in diverse fragmented and scattered areas with various
crop-growing conditions; equal distribution, ownership, access and control, sustainable
management and efficient use of land resources; and agrobiodiversity and ecosystems
conservation on land as an adaptive strategy to the global climate change realities and
challenges (through climate smart or resilient agriculture), often combined with agricul-
ture intensification programs to increase the agriculture production of small farms (see
Paragraph 6 of Section 1 for these specific SDGs targets), for food sovereignty and the
household food security motives.
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Abstract: Existing studies on blockchain within land administration have focused mainly on replacing
or complementing the technology for land registration and titling. This study explores the potential
of using blockchain technology to enhance the transparency of all land administration processes
using an integrative review methodology coupled with a framework analysis. This study draws
on the Ghanaian land administration perspective to make this insightful. It appears possible to
apply a permissionless public blockchain across all land administration processes. This integrates
all departments, processes, and stakeholders of land administration to enhance openness, improve
availability and accessibility to information, and foster participation for transparency simultaneously.
This can change the transparency variation in land administration to be more equal and homogenous
regardless of land type. This, however, depends on the standardization of processes across the
divisions, as well as negotiation and consensus amongst all stakeholders, especially with chiefs.
Limitations include: limited storage and scalability, as well as huge electricity consumption for
operation. This study’s policy implications are a review of all paper-based land transactions,
a comprehensive digitization of land administration processes, public–private partnership on
blockchain-based land administration, and professionals and stakeholder education on the technology.

Keywords: land administration; blockchain technology; land tenure; land valuation; land use
planning; land development; Ghana

1. Introduction

Land administration involves ‘the process of determining, recording and disseminating
information about the relationship between people and land’ [1] (p. 2), [2]. UNECE defined it
as involving the recording and dissemination of information about ownership, value and the use
of land, as well as the associated resources, while implementing the land management policies [3].
This relationship between people and land, and the functions performed with regard to ownership,
value and the use of land require transparency. The transparency of land administration depicts
the situation where land transactions and services are carried out in openness, and with maximum
participation by all the concerned stakeholders [4]. Transparency allows for land tenure security [4–8].
Land administration transparency enables landowners and prospective purchasers to know the exact
status of their land rights and interests, as well as the relation that they have with other individuals
concerning pieces of land. This enhances peoples’ confidence to invest in land which improves economic
conditions [9]. Transparency is noted as one of the key principles for good land governance [10].
A good governance in land administration is beneficial to societies in diverse ways as it ensures:
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‘Pro-poor support: rule of law is equal to all, and citizen has protected rights, Public confidence:
greater public confidence, Economic growth: security of the land tenure and regulated transaction cost
and taxation, Protection of state assets: legitimate use of state land for social and economic concessions,
More effective and efficient public administration of land: formal market and reliable system, more
revenue sharing for public services, Conflict prevention and resolution: equity, justice, and social
stability’ [9] (p. 13)

Nevertheless, land administration across the world lacks transparency and is corrupt
everywhere [10]. Land administration systems are considered to be among the most corrupt institutions
in the world [11]. UN-HABITAT in 2007 observed that land offices in most countries are among the
most corrupt institutions [12]. Corruption exists where there is lack of transparency [4]. This lack
of transparency in land administration begets numerous land challenges which include; land tenure
insecurity, high cost of land transactions due to informal payments, reduced private sector investment
in land, less revenue for the state, increased land grabbing by officials, increased land conflicts,
landlessness, and inequity in land distribution. These challenges promote social instability, exclusion
and political instability through land conflicts, land poorness and landlessness. The situation leads to
disregard for the ethics and standards of behavior as land titles, building permits and zoning regulations
become no longer trusted by citizens [4,7,8]. These outcomes inhibit the overall development of
societies. Most countries, particularly in Africa, face stunted development and impoverishment as land
dominates the economy, and provides livelihoods to the majority of the continent‘s population [13];
thus, the focus of this study is from an African country’s perspective. The need for the transparency of
land administration has not received the needed attention in years past as [9] notes that the attention
to the issue of transparency in land administration and land governance is recent.

In recent years, many studies on ways to enhance the transparency of land administration have
shifted attention to the potentials of blockchain technology [11,14–17]. Blockchain is identified to
enhance transparency in land administration processes and or functions though the integration of all
land stakeholders, in a way that allows each stakeholder to be aware of, and to be involved in land
transactions without intermediaries (land administration processes and functions have been used
synonymously and interchangeably in this study). Blockchain helps to improve trust in the system and
to enhance the confidence of citizens in the land administration system [17]. It is identified that despite
the digitization of land records and diverse web applications, the system for land records management
is weighed down by various kinds of errors and inconsistencies as well as a lack of transparency [18],
the same problems which blockchain technology potentially eliminates [19]. Countries like Georgia,
and Sweden, among others, have piloted blockchain technology to land administration and reported the
successful outcomes of improved transparency and enhanced citizens’ trust in the land institutions [20].
Several studies on the application of blockchain technology for land registration and land titling exist
to show the potential of blockchain technology to improve transparency in these land administration
processes [17,20–25]. These show the surging interest in blockchain technology in land administration.
However, despite the rising interest in the potential of blockchain in land administration [19], there is to
date no studies that have holistically assessed the transparency of all the processes of land administration,
and how blockchain technology can help improve these. The existing studies mainly focus on land
registration, and titling [14,17,20–22,25–29]. These, however, only fall under the land tenure processes
and or functions [30]. Other land administration processes—including land value, land use planning,
and land development—have not been sufficiently explored, if any, in order to see how blockchain
technology can enhance the transparency of these processes and in a simultaneous way. This leaves
a research gap. To focus only on land tenure processes and to conclude that blockchain technology
enhances the transparency of land administration is to miss the vast land administration processes
of land value, land use planning, and land development. This leads to missing the broad concept of
land administration transparency. This also presents a challenge to aptly conceptualize blockchain
technology and the transparency of land administration, and hence, this study aimed to fulfil this
research gap. This study argues that understanding the transparency of land administration and the
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role of blockchain technology in this regard becomes incomplete if the processes of land administration
are not holistically considered. To this end, this study was guided by these objectives:

1. To identify the essential elements and relations between blockchain technology and the
transparency of land administration in the existing literature;

2. To assess the potential of blockchain technology to improve the transparency of land administration
functions—based on the Ghanaian land administration context.

These objectives are particularly important as they fill a literature gap by looking at what
transparency actually means in land administration discourses, and how the widely accrued technology
of blockchain could potentially contribute to achieving this. Secondly, it helps in extending the literature
on the potential of blockchain technology in the specific context of land administration in a more
comprehensive approach. The paper starts by explaining the methodology applied to address both
research questions. The subsequent section presents the elements and relations between blockchain
technology and land administration processes and applies this from the Ghanaian perspective.
The section that follows afterwards discusses the possible roles blockchain technology could play in
enhancing or affecting the transparency of land administration processes. The final section reflects on
the study’s guiding framework and derives policy recommendations.

2. Materials and Methods

2.1. Research Approach and Boundaries

The novelty of blockchain’s application in land administration opens it up for new discourses on its
potentials to land administration. On this basis, more research studies are needed as conceptualizations
and theoretical models in this regard are still preliminary. Methodologically, an integrative review is
considered appropriate for such new topics as compared to a systematic, and semi-systematic review
methods [31]. Given this, we apply a review methodology based on an integrative interpretation process
of existing documentation and literature, with the aim of deriving an alternative conceptualization of
transparency in land administration. Such an integrative literature review methodology is suitable
when investigating the extent to which a new concept or technology fits in a new context. This approach
has also been used in similar studies [32,33]. Furthermore, it is suitable for new and emerging topics
that have not benefited from a large body of literature and conceptualizations [31]. Integrative reviews
assess, critique, and synthesize existing literature on a topic in ways that evoke new theoretical
frameworks, and perspectives [32,34]. Integrative reviews can follow rationalist theory as an
appropriate epistemology and are based on an exploratory research design which deducts the
scientific knowledge and new perspectives through the critical review, analysis and synthesis of
existing literature [31,35,36]. According to [36], integrative literature review methodology, compared
to systematic, and semi-systematic review methodologies offers a better opportunity to assess pending
developments in a field and to identify factors that are shaping the future of ideas or issues in that
field through critiquing, and analyzing relevant literature [31]. Doing this, however, requires prior
understanding and knowledge on the topic to guide and facilitate the critique, analysis, and appraisal
of existing relevant literature and concepts [35]. In this way, integrative review aids in identifying
relationships, gaps, deficiencies, and opportunities for improvement on existing literature and concepts,
thereby offering a possibility for rethinking the topic and improving scientific knowledge by extension
(update) and or reconceptualization [31]. However, integrative review analysis is criticized for not
being developed in accordance with any specific standard and is mostly not truly integrative but
a mere summary of existing studies. This can lead to a lack of rigor as compared to systematic
reviews [32,34]. The research underlying this paper overcame these potential critique points by
employing and combining the method with the framework analysis (sometimes also referred to as
qualitative content analysis). This provides a structured approach to analyze the main concepts and
ideas which reveal relationships, divergences and gaps for critiquing, leading to a better synthesis of
both the emerging perspectives and existing literature in a rigorous way [37].
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Following the study objectives of identifying the conceptualization and relations in blockchain
technology and land administration, and the potential of blockchain to enhance the transparency of
land administration, a conceptual organizational structure of integrative literature review is used [31].
In this, the main concepts of the topic provide a framework around which the review is organized
to help ensure coherence and clarity on what is being reviewed, and how the concepts of the topic
enjoin into a unified idea [31]. In order to find contextual boundaries, the literature review focused on
documents which specifically addressed ongoing research and practical advantages and disadvantages
of blockchain in the context of land administration. The framework analysis creates a new structure
for findings that help to summarize them in a way that supports answering the study questions [37].
This provides a clear stepwise approach to follow which produces a highly structured output of
summarized findings and gives a holistic, descriptive overview that allows for easy critiquing and
analysis [37]. The study’s literature is not constrained by spatial and temporal boundaries. This allowed
for the geographically unlimited literature review of all available and relevant data, from empirical,
and review (secondary) literature in the English language in which a large volume of literature on the
topic was found. This is not to conclude that literature did not exist in other languages, but the majority
of returned literature was in English. Additionally, English is the language that the authors have
mastery knowledge of. No linguistic biases were intended. The literature identification process and
sources, review, analysis, synthesis, modelling/reconceptualization, and means of scientific knowledge
extension on the topic follows in the next section and is summarized in Table 1 below.
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2.2. Data Sources and Research Methods

The literature search was carried out systematically based on the main concepts and ideas in
the topic using keywords, and phrases like, land administration, land administration functions, land
administration transparency, blockchain and land administration, blockchain for land registration,
blockchain and land transparency, land tenure, land valuation, land use planning, and land development.
These keywords and phrases were searched for across different scientific databases including Google
Scholar, Elsevier, Springer Link, Scopus, JSTOR, Research Gate, Web of Science, and Taylor & Francis.
Searching with diverse synonymous keywords and phrases across the different scientific databases
facilitates access to a large volume of documents on the topic and allows for a validity, and reliability
check. The systematic literature search resulted in 102 documents on land administration. This number
was based mainly on documents’ titles and how they related to the land administration processes;
land registration, land information, land valuation, land taxation, land use planning, and land
development. This selection was based on sampling and is not considered to be representative of all
land administration systems but for Ghana. This is because, although some general documents on land
administration processes were considered, the main focus was on land administration processes from
the Ghanaian perspective, and hence, more of the documents relating to this context were considered.
Moreover, 26 documents on land transparency, 42 on blockchain’s application in land administration
and nine on the methodological approach, making a total of 179 retrieved documents. The initial critical
reading of the documents’ titles and abstracts in some instances, while being guided by the research
boundaries, resulted in 81 documents for the detailed and critical full text reading and review. The full
text reading helped to identify the extent to which the documents discussed the topic and revealed
the missing gaps. A spider backward search strategy helped to find additional sources. Through
the spider backward approach, new citations and references that come up in the full text reading of
selected literature and have relevance to the study are traced back to their original documents for
identification and review. This strategy resulted in 17 additional online documents making it a total of
195 documents in all. The spider backward retrieved documents were also subjected to review based
on the study boundaries. In the end, 98 documents in total were critically reviewed and 76 accepted
and used for this study.

Based on conceptual organizational structure, and the framework analysis approach, the main
ideas were categorized under different broad themes of blockchain technology, and the transparency
of land administration processes using text narratives and visual models, which are suitable for
integrative literature analysis and synthesis [31]. This approach helped to compile the main ideas
from the reviewed studies, and also evidence-based documented practical applications of blockchain,
which were all used to summarize and synthesize the study findings with respect to the research
objectives [38]. Abstractive textual and narrative modeling based on the rationalist theory, deductive
reasoning, and the authors’ knowledge on the topic were used to establish the potential relationship
in blockchain technology and the transparency of the land administration functions. The rationalist
approach guided the justification and explanation of this potential relationship. The implications of
the new and extended scientific knowledge to existing literature, practitioners and policy makers is
explained, the study limitation highlighted, and suggestions for future research directions made.

3. Results

3.1. Theoretical Basis of Blockchain Technology and Its Operation

Blockchain technology refers to a fully distributed crypto-graphical system that captures and
stores a consistent, immutable and linear event log of the transactions between networked actors [39].
Blockchain technology allows for managing the records of transactions without a central server or
authority [28]. Through this network, which is made of computers (for stakeholders) that operate on a
blockchain system to execute transactions and are termed as ‘Nodes’, blockchain technology works,
based on what is technically referred to as ‘Blocks and Hashes’. In blockchain’s operation, transaction
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data are stored in digital containers called ‘blocks’. The first block created is termed as the genesis
block [40], and each block after it is created is linked to a parent block (the preceding block) through
unique digital fingerprints termed as ‘hashes’ [14]. This is shown after Figure 1. The hashes are
time-stamped in a header at the top of each block of information to give certainty on the order of
transactions’ creation. After creating a transaction, and before it is accepted onto the blockchain system,
the majority of the nodes will have to verify and validate that it is accurate and authentic as exists in
reality on the ground. This verification and validation process is done through a system termed as
‘consensus mechanism’ [1]. Once transactions are validated and accepted onto the blockchain system,
the information in the blocks becomes immutable and resilient against tampering or falsification.
In this way, not even the one that created it can manipulate the data; and, the transaction with its data
can be accessed at any time by all stakeholders, which allows for transparency [16,20,41]. As compared
to other land transaction management tools like modeling, database management, and workflow
management, there are three main arguments for why the blockchain technology is considered a
solution with great benefits and possibly no alternative. First, in blockchain land transaction, records,
certificates, and digital IDs, cannot be manipulated. Second, there can be no double spending/sales of
land since any purported attempt is automatically known to all stakeholders [42], and thirdly, land
transaction rules and requirements can be embedded into the blockchain’s ‘smart contract’ application
which makes it difficult for anyone to manipulate the process, and it also reduces human error
possibilities [16]. Smart contracts are blockchain applications which allow for a pre-programming of a
contract by defining all the conditions and requirements, and when parties have met these conditions
and requirements, the contract is executed automatically. The blockchain transaction steps are:

1. A node/stakeholder with an account signs digitally and initiates the transaction;
2. A timestamp is added to prove the time of transaction creation;
3. Transaction is broadcasted by decentralization to all other nodes on the network;
4. The transaction is mined (‘’which involves validation of a set of transactions (block) in the network

by means of showing the computational proof of the work done”) [24] (p. 20), by one of the
nodes. After this, it is verified and validated as authentic, or declined if it is found otherwise by
the majority of the nodes based on a consensus mechanism;

5. The validated transaction is then recorded in a new block and hashed to the previous block to
form the chain of blocks as is shown after Figure 1.

Technically, three processes are identified in how a blockchain works. Digital time-stamping,
distributed verification, and cryptographic hashing [43]. Figure 1, below, shows the blockchain
transaction process, Figure 2 shows the blockchain structure, and Table 2 shows the inherent elements
that make the blockchain beneficial to land administration transparency.
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The elements of the blockchain identified in Table 2 are reflected in the discussion section on how
they help to achieve the transparency of the land administration.

It is important to point out that there are two main architectural categorizations of blockchain
technology based on access and use possibilities. These are the public and private blockchain. These
are further categorized into permissioned, and permissionless blockchains. The public and private
categorizations determine who can access and read from the blockchain ledger, while the permissioned,
and permissionless categorization determines who is able to introduce a transaction, and also participate
in the consensus mechanism [16,46]. It is therefore important that the right blockchain architecture
is selected depending on the purpose of application. Table 3 below shows the accessibility and use
possibilities available in the different blockchain architectures.

Table 3. Blockchain architectural categorization Source: adopted from [16].

Blockchain Architectural Categorizations

Public Blockchain Private Blockchain

Permissionless Permissioned Permissionless Permissioned

Participants Anonymous Identified Identified Identified

Data accessibility Anyone Anyone Authorized
participants

Authorized
participants

Initiating
transactions Anyone Authorized

participants
Authorized
participants

Network operator
only

Participation in
consensus

mechanism
Anyone Authorized

participants
Authorized
participants

Network operator
only

Network types Decentralized Partly
decentralized Hybrid Centralized

Some writers have advocated for the adoption of a private blockchain for land administration,
specifically for land registration [44]. However, given the architecture categorizations in Table 3,
this study considers a permissionless public blockchain more suitable for a land administration
system. This is because, permissioned blockchains invade privacy/data protection policies with or
without participants’ consent since it allows participants to be automatically identified. Moreover,
permissioned blockchains ‘lose their decentralized, open nature, and become less transparent and more
centralized’, [47] (p. 152). These create difficulties in land data accessibility, lead to a lack of trust due to
centrality and refute the transparency objective required in land administration. Public permissionless
blockchain on the other hand helps to adhere to privacy/data protection policies. The anonymity of
participants prevents the breach of privacy policies. In land administration, however, the question
of who has what rights and to which land parcel is very critical, and therefore makes it important
to be able to know participants’ identity. To address this, a public permissionless blockchain has a
way to allow participants’ identity to be known where required. In [47], the authors noted that, in
the public permissionless blockchain, although the users’ identity is encrypted and hidden, there
exists a possibility that in certain contexts, the identity of the participants can be inferred based
on transaction patterns or other markers. This possibility helps to make inferences to participants
and their actions whenever the need be, particularly where transactions or actions might appear
suspicious. These functional possibilities of the public permissionless blockchain compared with the
other architecture types make it more suitable for a public land administration system like the case
in Ghana.

Notwithstanding these potentials and possibilities of blockchain enumerated, the technology,
like any other technology, has its own flaws and or restrictive factors which must be taken into account
before the decision to adopt and implement it. Generally, blockchain is criticized due to its limited
storage capacity. Current public blockchains are unable to handle large volumes of land data such as
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deeds, titles, and maps [48]. This could cause problems in land administration since land transactions
and data transactions occur daily. The authors in [17], however, recommend that an external storage for
blockchain’s smart contracts and documents can be created to support the system—see [17] for further
details. Another challenge is scalability. Due to its nascent nature, and storage capacity limitation,
there are challenges to scalability of the technology, particularly with increasing volumes of data and
workload. This equally affects the speed of the system [47]. Moreover, blockchain technology consumes
a huge amount of electricity, and this could be a potential challenge for some developing countries
that do not have an equally huge electricity supply. Other adoption considerations of blockchain
impede upon technological know-how. Blockchain in land administration is recent and immature [47].
Many land professionals are therefore not conversant with the use of the technology. It is important,
therefore, to train professionals prior to blockchain adoption to be able to understand and use the
technology. Finally, blockchain operation requires strong computational power and efficiency [49],
coupled with strong and stable internet connectivity to be able to perform efficiently. These have to be
considered in deciding on blockchain adoption.

3.2. Summary Overview of Land Administration Processes in Ghana

In assessing the extent to which transparency exists in a land administration system, it is important
to know and recognize the differentiations and variations of the land administration processes. It is
mainly assumed that the collective degree of transparency of each of the respective processes constitutes
the variation of transparency of land administration as a whole. In [50], a land administration system is
defined as a formal system that is used to locate and identify a real property, and to keep the records of
past and current data regarding the ownership, value and use of that property. This definition is found
to be suitable in this study’s context as it highlights the different processes of land administration: land
tenure, land valuation, land use planning, and land development. Few studies exist on the transparency
of land administration in Ghana, and these have somewhat touched upon transparency issues in
individual land administration processes of either land tenure, land valuation, land use planning,
or land development [35,49,51–53]. No single study has concurrently assessed all processes of land
administration, and the possibility of achieving a simultaneous transparency in these processes—which
leaves a gap where data and research are missing. However, land administration, according to [54],
must fulfil land title issuance, land taxation, land transaction registrations, changes in land use, resolving
land disputes and handling complaints, and facilitate spatial and land use planning. These processes
fall under the four broad land administration processes of land tenure, land value, land use planning,
and land development [30]. This study thus argues that achieving a simultaneous transparency in all
four main land administration processes has intrinsic and synergistic benefits that outweigh pursuing
transparency in the individual processes separately. This is shown in Section 4 which comprehensively
discusses the different land administration processes, and blockchain’s potential to support and to
achieve a simultaneous transparency across these processes.

3.2.1. Land Tenure Processes

Land tenure processes border on the land registration activities of securing and transferring
rights in land and natural resources [55], and also on land information infrastructure. In these
processes, [30] notes that land registration by means of land register establishment, creation of accessible
land records, land transaction procedures, and the processing of information are the matters of interest.
Land registration involves a process of the official recording of rights to land through deeds or titles
aimed at supplying legal security to the right holders and potential buyers [56]. The sequence of the
land registration process in Ghana is summarized in Figure 3 below. For details, see [57–59].

From an actor network theoretical (ANT) view point, Figure 3 below can best be understood not
only based on the connection between the different divisions, but also, by the type of communication
technology that connects these divisions and their work processes together. ANT helps to analyze the
way in which actors (both human and non-human) build and maintain networks [43], for the purpose
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of achieving a goal. ANT is broadly advocated for in development research works particularly those
focusing on technology. This is because, in a practical sense, ‘there is ever-greater use of networks
of individuals and organizations to deliver development and an ever-greater role for the material
(especially technology) in development processes’ [43], p. 38]. In the context of this study therefore,
ANT theory gives a sound theoretical basis for understanding the different land administration
processes, performed by the different land divisions, and stakeholders, and the role of blockchain
technology in this relation towards achieving land administration transparency.
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From Figure 3 above, the frontend (Customer Service and Access Unit (CSAU)) serves as the
intermediary between clients and the lands commission. Clients visit and submit their land documents,
or complaints on any land process to the frontend desk of the CSAU. The CSAU, after certifying the
documents, relays these to the right divisions at the backend, be it (LTR, PVLMD, or SMD). For land
registration specifically, the CSAU first relays land documents to the LTR, from where it goes through
all the formal processes with the different divisions until completed, brought back to the CSAU,
and clients invited to pick up their certificates. Although other additional departments, such as the
Land Valuation Division (LVD), are involved before land can be successfully registered, Figure 3 above
is a simplified process which is understandable since the LTR is the first and last department involved
in the registration process [58]. Other incidental activities include the submission to and stamping of
land documents at the LVD before acceptance for registration, and also the settling of any objections
that might be raised upon the publication in the dailies. However, when all documents are found
correct and no objections raised, the above process should take on average 3–5 months to complete,
but depending on individual cases and circumstances, certain cases could take longer [58].

Land information infrastructure on the other hand is concerned with the cadastral and topographic
datasets [55].

3.2.2. Land Valuation Processes

The main processes considered here are the valuation and taxation of land and properties [55].
Valuation is an estimate or opinion of value based on expertise to meet the supply and demand under
certain conditions. These conditions may be subjective or objective depending on the context of the
valuation [60]. Valuation must be an unbiased estimate or opinion, a knowledgeable or learned opinion
of value, and a supported estimate of a defined value. The value must represent a reasonable market
value which according to the 2017 International Valuation Standards Council’s (IVSC) definition. is ‘the
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estimated amount for which an asset or liability should exchange on the valuation date between a willing buyer
and a willing seller in an arm’s length transaction, after proper marketing and where the parties had each acted
knowledgeably, prudently and without compulsion’ [48] (p. 4), [30] (p. 4). There are five different methods
for asset valuation, namely (1) the market approach or comparative method, (2) the income approach
or investment method, (3) the residual approach or development method, (4) the profit method, and
(5) the cost approach or contractor’s method, see details in [48]. The choice of a method relies on
three aspects, the nature of the asset, the basis of the valuation, and the purpose of the valuation [60].
The nature of the asset is concerned with the physical properties, characteristics and conditions of the
asset. The basis of the valuation may include, market value or the market rent, worth and investment
value, and fair or equitable value, while the purpose for the valuation may also include, for sale
and purchase, rental, mortgage, insurance, compensation, and lease [48]. Figure 4 below shows the
valuation process in Ghana.
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Land taxation, currently referred to as property taxation or rating in Ghana, is one of the oldest tax
forms [61]. In Ghana, this tax is paid with respect to a developed land or an immovable property [62].
Property tax differs amongst countries as it is paid in respect of; the land only in Kenya and Jamaica,
buildings and improvements on land in Kosovo, and Tanzania, or to both in Canada, Germany, Japan,
some parts of Australia, the United Kingdom, Indonesia, Thailand, Guinea, and Tunisia [62]. In Ghana,
District Assemblies are the governmental institutions charged with the responsibility of preparing and
levying property tax or rates in their areas of jurisdiction as per Section 144 of Act 936 [63]. Property
taxation in Ghana is based on the replacement cost method/contractor’s cost method of valuation.
The tax is the replacement cost of the property after depreciation is deducted, and this should not
exceed 50% of the replacement cost of an owner occupier’s premises and must not be less than 75% in
other cases [63]. The property taxation process in Ghana is illustrated in Figure 5 below.
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3.2.3. Land Use Planning and Land Development Processes

Land use planning and land development are closely linked and as such discussed together [30].
Land use planning is concerned with the planning and control of the use of land and natural resources,
while the land development process is concerned with the implementation of development plans.
Land development involves the building of new physical infrastructures and the implementation
of construction planning and a change of land use through planning permissions and the granting
of permits [55]. The designation of different land areas for different use types such as residential,
commercial, recreational, and markets, and the actual carrying out of these plans based on the adoption
of planning policies and land use regulations for a country, covering the national, regional to the local
levels [55]. Land use planning and development in Ghana is concerned with balancing competing land
uses for sustainable human settlement development [64]. The main legislation regulating land use
planning in Ghana is the Town and Country Planning Ordinance, 1945 (CAP 84) [31]. Other legislations
that border on physical planning in general include, National Development Planning System’s Act,
1994 (Act 479), the Local Government Act, 2016 (ACT 936) and the National Building Regulations,
1996 (LI 1630) [65,66]. Land use planning in Ghana covers spatial, land use, and human settlement
planning [67]. In Ghana, land use planning must ideally be based on decentralization and participatory
principles [51,66,68]. Land use and development plans are prepared at the district level, forwarded
and harmonized with those prepared at the regional level, and the two forwarded to the national level
to the National Development Planning Commission (NDPC), where they are evaluated, and approval
can be given for implementation [51,66,68].

The land use planning and development process in Ghana starts with the survey and definition
of an area base map. This stage entails the collection, analysis, interpretation, and presentation, in a
readily understood form, of all the data that are likely to influence the proposals which will be included
in the land use plan. Here, planners with the help of local community people study the area to
become conversant with all the characteristics which will help in defining the broad land use categories;
residential, commercial among others [67]. Data are gathered through different survey types including
a physical survey for data relating to topography, landscape, agricultural lands, and sometimes the
geology of the area, a social survey gathers data on the population and its characteristics like the size,
composition, structure, and housing, traffic transportation survey data includes the occupation, place
of work, or school, origin and destination of work, rail and road networks, and parking facilities.

124



Land 2020, 9, 491

The survey stage is then followed by the planning stage. In planning, the goals and terms of reference
are established as the first stage. At this stage, the planning area is defined, and all the involved people
contacted. Some basic data of the area are gathered, and followed by a preliminary identification
of problems and opportunities, as well as constraints to implementing improvement. The planning
period is then set. The second stage is the organization of the work. This involves listing the planning
tasks and activities and identifying the people or organizations responsible for these tasks or for
contributing to them. Then, the needed resources are set out, and the work plan for the project as a
whole is drawn up. Administrative matters and logistics are then arranged and provision is made for
transport and other equipment. The third stage is a problem analysis which analyzes the causes of the
problem in relation to the data already collected on the existing situation; population, land use, land
resources, income, and occupation, among others. Constraints to change are then identified. The fourth
stage involves identifying opportunities to change by first identifying and drafting a range of land
use types that might help to achieve the goals of the plan. Generate a range of options for solving
each problem in terms of opportunities; economic measures, land resources, government actions,
the people, improved technology, and in terms of land use strategies; no change, maximum production,
maximum conservation, etc. The fifth stage is the land suitability evaluation. At this stage, for each
promising land use type, establishing the land requirements and matching these with the properties of
the land to establish physical land suitability. The sixth stage comprises the appraisal of alternatives
through social and economic analysis. That is, for each physically suitable combination of land use,
the environmental, economic and social impacts, of the favorable and unfavorable, and of alternative
courses of action, are assessed. Therefore, there should be an environmental impact assessment,
financial and economic analysis, social impact assessment, and strategic planning. The seventh stage is
the choosing of best options. Firstly, public and executive discussions are held on the viable options and
their consequences. The comments from these discussions are then assembled and reviewed, and based
on these, the necessary changes are made to the options. A decision is then made on which changes in
land use should be made or worked towards. The last stage of planning is the preparation of a land use
plan through zoning. This starts with the allocation or recommendation of the selected land uses for the
chosen areas of land, followed by preparing the maps, the basic or master land use plan and supporting
maps. After this, plans for how the selected improvements should be brought about, and how the
plan is to be put into practice are made through an appropriate land management approach. A policy
to guide the implementation is then drawn up, the budget is prepared and any necessary legislation
drafted. It is important to mention the need for the involvement of decision-makers, sectoral agencies,
and land users. The last stage of land use planning and development process is implementation. At this
stage, the plan is put into action which is the responsibility of both the implementation agencies (mainly
the town and country planning department) and the planning teams. During the implementation,
there is the monitoring and revision of the plan in light of the goals defined at the initial stage as well
as in light of the experiences that occur.

The land use planning and development process is summarized in Figure 6 below.
The next section discusses the transparency issues inherent to these different land administration

processes and the role of blockchain technology to potentially resolve these.
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4. Discussion

Transparency Issues of Land Administration Processes in Ghana and the Role of Blockchain Technology

Figure 7 below shows a four-dimensional framework for the transparency of land administration.
The framework and its subsequent analysis and synthesis comprehensively capture and identify
the transparency issues in the land administration processes, as highlighted under the findings,
and highpoint how these processes can be made transparent, and the role of blockchain towards
this. The transparency of land administration processes involves carrying out and sharing up-to-date
information on ownership, value, and the use of land and all of its associated resources among
related institutions, right holders and other stakeholders, including third parties, as well as, acting
on the information in an open manner [30,55]. Transparency allows citizens unbridled access to land
data, activities, organizations and professionals in an open and participatory manner in taking and
implementing land decisions [4]. The availability/sharing of and accessibility to relevant land data,
openness, and participatory processes in land administration thus underline the transparency of land
administration in the context of this paper. Transparency issues appear akin across the different land
administrations processes. For this reason, the discussion of blockchain’s role towards addressing
these issues has been integrated so as to give a better correlation and appreciation of the issues across
the different land administration processes.
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Taking the inventory of tenure by land registration significantly contributes to the openness,
availability of information, and transparency of who owns and uses land [69]. Ensuring transparency
thus depends on the establishment of land registers where they do not exist yet, making records
accessible, securing transaction procedures, and documenting processed information [30]. When only
regarding the legal context related to land registration in Ghana, one will expect openness and
transparency in the system as outlined in our findings. However, [61] notes that in practice, the land
registration procedure is cumbersome and fraught with lots of informal dealings, secrecy, bribery and
corruption. In a 2016 survey, 69% and 9% of citizens that had received their registration certificates
between 3–5 months and 6–8 months, respectively, indicated that they had paid bribes to middlemen
or staff of the national land commission (NLC) to facilitate the process, whereas, those that had refused
to pay bribes had their documents neglected, and prolonged to between 6 and 12 months to receive
their land certificates [58]. This malicious delay due to the non-payment of the bribe is attributed
to the lack of openness and transparency in the system which inhibits clients’ ability to know the
status of their registration documents in order to tell if documents are being unnecessarily delayed.
The author [70] was correct to note that there is information asymmetry in Ghana’s land sector, and
that land information is monopolized by public land institutions. There is a lack of transparency [71] as
well as information imbalance among land stakeholders, which greatly debilitates obtaining credible
information due to the failure to divulge information between stakeholders, particularly to clients.
This situation refutes the openness, availability and accessibility to information, and the participatory
principles of land administration transparency.

On a technical level, the computerization of land registration processes can help to enhance
transparency by giving citizens direct access to relevant data and also allow them to monitor process’
progress [69]. Technically, introducing blockchain in an already established registration processes is
feasible [2,29,44,46]. Ethereum Blockchain’s smart contract for example is possible in Ghana’s case [71].
Smart contract applications allow for predefined rules and requirements of the registration processes
in order to be carried out successfully when these rules and requirements are met [16]. The design
architecture of a public permissionless blockchain allows all transaction stakeholders, a free accessibility
to information about the transaction and its processes by integrating all of them. In this way, the ability
of documents to move through the stages of registration is independent of any single NLC officer or
middleman, but subject to meeting all predefined conditions of the process, which every stakeholder
can monitor equally. The whole registration process, from lodgment stage, through to the issuing and
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collection of the land certificate, thus becomes controlled by all stakeholders in the transaction due
to their integration. This will not only expedite the registration process but also ensure the trust and
credibility of land registration documents and processes. It is important to mention that, the manual
stages of physical inspection, as well as survey and mapping services will still remain. However, these
physical stages can now be brought under the complete monitoring of all concerned stakeholders,
since everyone is aware of every stage of the registration. Stakeholders can therefore monitor these
physical stages when they are due. This will help stakeholders to be able to validate the outputs of
these physical processes as the accurate representation of the ground realities or not. Thus, in lieu of
the transparency of land administration processes, a blockchain can boost land registration process
by enhancing;

• Openness: through the decentralized broadcasting of transactions to all the integrated stakeholders,
every decision or action can be known to all and no action can be hidden. Thus, although the
different stages of the registration process involve different stakeholders, every stakeholder is
aware of each stage, as well as, what, how, and when work is done on the transaction which
allows for openness.

• Availability and access to land information: information imbalance obstructs accessibility to
credible land data which breeds ignorance and permits fraudulent deals as some stakeholders
become oblivious of other happenings in the transaction. The decentralized broadcasting of
transactions and all associated information across the stakeholders, coupled with the verification
and validation, as well as the hashing of new transaction blocks to historical blocks allows for easy
accessibility to all relevant information (both current and historical) on land ownership, parcel,
and rights, by all stakeholders at all times. This will help eliminate information asymmetry and
its associated challenges of bribery and corruption.

• Participatory processes: the verification and validation through the consensus mechanism foster
maximum participation in the entire registration processes from all stakeholders, since this allows
the majority stakeholders to be part of transactions’ decision making every time. The consensus
mechanism takes place at every stage of the registration process until it is completed. Moreover,
the broadcasting of process stages to all stakeholders automatically induces participation in the
processes either actively or inactively. This is because everyone is aware of every happening and
can give their contributions accordingly as and when necessary. That is, stakeholders are always
privy to and aware of all the happenings and processes. This makes every stakeholder part of the
transaction and registration processes in the participatory sense.

Regarding land information infrastructure, this typically relies on accurate and accessible cadastral
and topographic datasets [55]. In Ghana, however, land information at the disposal of the different
divisions of NLC is always not up-to-date because there is a lack of synchronization within the
information infrastructure [71]. This challenge sometimes allows unauthorized tampering with land
documents and data by some unscrupulous officials [71], across all divisions and in all the land processes.
This is made possible because of the manual land administration system. This challenge can however
be eliminated through the digitization and application of blockchain across the different divisions [2].
Every change on blockchain updates automatically without human efforts. This will thus provide
up-to-date data at every point in time across all the divisions of the NLC and in all their processes.
In this way, in addition to facilitating the data accessibility, openness and participatory processes,
the blockchain will ensure up-to-date land data all the time to enhance all the land administration
processes and decisions [6,55]. These potentials of blockchain if combined with the publication in the
dailies stage of registration process and land taxation processes, will boost openness, transparency and
participation for all citizens for transparency in the system.

Land valuation must represent an unbiased estimate, a learned opinion and a supported value
estimate. Where there is no openness in the valuation processes, biases cannot be identified. Where
there are difficulties in accessing market data on comparable properties, valuation will not reflect the
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reasonable market value. Moreover, where there is no participation in the valuation process from
involved stakeholders, it will not be possible to achieve an ‘arm’s length transaction’ since parties
will have limited idea of the actual market situation. Again, maximum participation helps to avoid
value conjecture on the part of some valuers who may skip some appropriate valuation steps like
the physical inspection of the property and its comparables, due to the laborious and tedious nature
of these valuation steps. In [30], the authors note that land value data is useful to achieve the arm’s
length transaction as it gives data for comparison purposes. A major challenge of valuation process
in Ghana is the access to readily available and up-to-date market data on comparable properties,
either from property owners or from the land institutions. This is due to the secrecy amongst land
stakeholders, lack of transparency, and also information imbalance as identified in [70–72]. The same
challenges that lead to land registration challenges and lengthy processing time. These greatly affect the
valuation processes and the possibility of valuation results to reflect the current market situation and
factors. On this basis, if registered properties and registration processes are carried out on blockchain
as discussed already, the valuation processes can be linked to and carried out on this blockchain
system. In so doing, since all registered properties and their data are readily available, it will facilitate
access to the market data on comparables, particularly of registered properties. The openness of
the system will also permit all stakeholder awareness of the valuation process to achieve the arm’s
length transaction [30], and a truly reflexive market value which is based on the prevailing market
situations and factors. The choice of valuation method and its appropriateness can also be evaluated
by stakeholders, particularly given that comparables with the same basis and purpose of valuation
can easily be found from registered properties via the blockchain system. Therefore, with the secure,
immutable, time-stamped, and up-to-date characteristics of the blockchain-based land administration
system [24], accessibility to comparables for valuation is made easier and faster, as well as is open to
the knowledge of all stakeholders. Thus, the valuation process from, identifying property owners, and
comparables, through choosing a valuation technique, to actual valuation, can then be carried out via
the blockchain system. This can help to eliminate value conjecture by some valuers due to the difficult
accessibility to market data on comparables, as well as ignorance on the part of other stakeholders of
the valuation processes. This can also address petty mistakes like wrong addresses, incorrect party
details, valuation dates, as well as the exact rights to properties since other stakeholders can identify
and rectify these through verification and validation.

The valuation process is similar to the taxation process. The difference is that the valuation list
for taxation is, however, published in the dailies for 28 days before they can become legally binding,
In property taxation, a major challenge in making property tax administration effective in Ghana is
the difficulty in connecting properties to their locations, and also where transparency is lacking in
the system [62,72,73]. To boost effectiveness therefore, there must be openness, as well as availability
of and accessibility to property location and other information. Since the taxation process is just
like the valuation processes, this can also be carried out using blockchain. Blockchain will make
the identification of registered property easier for taxation as they are readily listed in the system.
In this way, the process involved in levying property taxes will become open to stakeholders and give
easy access to information queries and clarifications, to make the system open and participatory for
transparency. Moreover, taxation records can be kept securely in this system to eliminate inherent
illegalities as well as to ensure that all taxes are channeled into the right government coffers since any
diversion of taxes will be known on the blockchain system.

In view of the transparency challenges of the land administration processes in the foregoing
discussions, the current Ghanaian system of land use planning and development has been criticized,
despite the requirement for all developments to proceed with issuing development permits [72].
The argument underlying this critique is that the system does not promote compliance [65,73]. This is
a problem not only in Ghana but across the sub-Saharan Africa region. The authors in [74] noted that
between 50% and 75% of all the new houses in the region’s cities were developed on lands delivered
through processes that do not comply with all the legal requirements. In Ghana, [74] again noted
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that 31% of property owner respondents had building permits while 69% had no building permits,
and neither were they in the process of or taking steps with the aim of acquiring one. Of the 31%
respondents that had building permits, only 23.3% had acquired permits prior to starting construction,
while 76.7% did so subsequently to their building commencement [74]. The educated and formal
sector employees who were aware of land use planning and development were the most that had
building permits and ‘there is the likelihood for such people to have connections and influence to aid
their acquisition of building permit’ [74] (p. 21). Without such connections and influence, a person is
likely to face challenges like unnecessary delays, and the paying of illegal monies, just as was seen
under the land registration process, before they can receive permits to commence developments [74].
There is therefore negative trust perceptions for land use planning and development officials, and
the system [75]. In [66], the authors identified a lack of involvement and or participation and better
knowledge of land use planning amongst the majority of citizens, and recommended ‘the need for
planning authorities to adopt participatory land use planning together with customary landholders,
and educating them on the essence of comprehensive land use planning approaches’ [66] (p. 4), [42].
These problems account for the low compliance with land use planning and development regulations,
leading to a high rate of unauthorized developments. Land use planning and development processes
need to be as open and as transparent as possible to allow for equal awareness, better knowledge, and
accessibility to the system for all citizens. Adopting participatory approaches to planning by involving
citizens, particularly those affected by the planning scheme, is a means to create awareness and to
boost trust for the system [76]. Blockchain technology which integrates all stakeholders in a transaction
and decision-making processes can facilitate the participatory planning approaches. A permissionless
public blockchain (this allows all stakeholders to have open access, join, and partake in decisions
without restrictions) is useful in this sense [45]. Citizens have to sign up to this permissionless
blockchain via their computers or other supportive devices. They will then be assigned confidential
private keys with which to sign into the system every time to be able to initiate a request or partake in
discussions or transactions as seen in Figure 1 under findings. No external permission is necessary.
Therefore, stakeholders can login to see all land use planning and development discussions and actions,
follow it and contribute to it where necessary. To achieve this will, however, require intensive public
education and awareness creation for the majority of citizens to know the use and be able to partake
in the system. If this is done, it can improve more citizenry participation in processes and decisions
on land use planning and development. The improved accessibility and participatory processes can
consequently enhance openness, transparency, and increased trust among stakeholders. This is because
it is impossible to hide decisions and processes from any stakeholder. Digitizing land use planning
and development processes and data on blockchain system will therefore integrate all stakeholders.
In this way, stakeholders can monitor areas for which land use permits have been granted and areas
for which they have not been granted since these data will reflect on the blockchain system, and be
known to all stakeholders. Citizens can then act as watchdogs, and to report on any developments that
commence without the right approval. This can help to end the non-compliance to land use planning
and development schemes, as well as the indiscriminate and unauthorized developments.

Improved participation through the use of a blockchain system for land transaction helps citizens
to have control and security over the data. This enhances the take-up and trust in government
institutions and processes to support sustainable economic growth as identified in the implementation
of Georgia’s blockchain land registration project [76]. A counter argument that such an improved
open accessibility and participatory process can lead to opportunistic behaviors and misinformation
can be made. However, blockchain’s design architecture provides for systematic review and checks
for all decisions and information. This is done by the majority stakeholders through the verification
and validation (consensus mechanism) of data based on the good knowledge of actual grounds work,
sources, history, and credibility of the stakeholder that is making or giving such decisions and data
before they are accepted as true and authentic [23]. Based on the blockchain’s elements of distributive
decentralization (which integrates all land stakeholders), the consensus mechanism, hashing of records,
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immutability, and synchronization of data, land administration processes can be carried out in a way
that is open to all stakeholders to ensure transparency, enhance trust amongst stakeholders, as well
as achieve up-to-date data at all times for land decisions. This can be achieved by adopting a single
permissionless public blockchain system for the different land administration divisions and their
processes. The manual land administration functions like surveying and physical inspections will still
be manual but can now be done with all other stakeholders being aware. This is because, blockchain is
a decentralized technology and permits everyone on the system to know and be aware when each
of the land transaction stages is due. This allows stakeholders to be able to follow, and to keep an
oversight check on these processes to confirm accuracy through validation. Applying blockchain
across all processes of land administration in such a simultaneous approach has synergistic effects of
real-time data update, accessibility, and openness across them. This makes it easier for each stakeholder
to keep-up, and to participate in decisions and transactions. It also ensures easy access to readily
available land data for all interested stakeholders.

5. Conclusions

This paper aimed to identify the essential elements and relations between the blockchain
technology and transparency of land administration in the existing literature, and to assess the
potential of blockchain to improve the transparency of land administration processes—based on the
context from Ghana. These aims were achieved through a comprehensive review of all the land
administration processes in Ghana, the inherent transparency issues in them, and the possibility of
blockchain to support and enhance transparency in these processes simultaneously. The paper argued
and demonstrated that the completeness of land administration transparency is when transparency
is achieved across all land administration processes, and stakeholders simultaneously. A single
permissionless public blockchain can help achieve this. However, there is the need for the different land
divisions to establish standardization in the land administration processes prior to the blockchain’s
application in such a compressive approach. This is because, where there is no such standardization,
there is a high possibility of inconsistencies and irregularities in the processes across the different
divisions which can affect the efficient working of the blockchain system across all the divisions.

This study is relevant for all land stakeholders, as it provides a better understanding, and an
interpretive approach to the social and political realities of land administration in Ghana. It has
also extended the discourse on the topic and offers a quick and easy reference guide for scholars,
practitioners, and policy makers as hitherto, land administration processes and transparency issues in
Ghana have been discussed individually, in piecemeal and scattered across different works, which
hindered a better appreciation of the topic due to the polarization and different epistemological
views [35,49,51–53,62,65].

As part of the policy implications for blockchain adoption, there should be a review of all
paper-based land transactions for errors and corrections, and a comprehensive digitization of land
administration transactions and processes in the country, in addition to the public–private partnership
in the blockchain-based land administration process. Again, an intensive public education, particularly
for land stakeholders, is necessary to understand the blockchain system before implementation can
begin. Finally, as seen in the findings, blockchains will affect the institutional relations and shared
authorities between all stakeholders which include government agencies, local chiefs and individual
landowners. This is because, land decisions and associated activities are no longer dependent on a
single party, but are going to be a shared effort. It is therefore important that this new decentralized
and shared authority be deliberated, and negotiated to reach a consensus, particularly with the chiefs.
This is because chiefs own 80% of land in Ghana and hence, there is a need for their consent and
cooperation if blockchain implementation can be successful. As a consequence to establishing this,
blockchain can fundamentally change the transparency variations in land administration to be more
equal and homogeneous, regardless of the type of land.
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The nascent nature of the topic area, and limited conceptualizations, hindered the ability to
explore more options and in further detail, the blockchain architecture types that can possibly support
such a comprehensive transparency of land administration as presented in this study. We therefore
recommend that future research focuses on exploring this area. Moreover, since this study focused
mainly on statutory land administration processes, future research works should consider the topic
from the customary land administration perspective especially, given that customary lands cover 80%
of land in Ghana, are governed by different indigenous customary laws, and are based on a low level
of technological how-how. Finally, future researcher works, and potential institutions for blockchain
adoption, should be aware of and take into consideration the technology’s flaws in terms of limited
storage capacity, the limitations to its scalability and speed, as well as the huge electricity consumption
for its operation.
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Abstract: Olive groves are representative of the landscape and culture of Spain. They occupy
2.5 M ha (1.5 M ha in Andalusia) and are characterised by their multifunctionality. In recent years,
socio-economic and environmental factors (i.e., erosion) have compromised their sustainability,
leading farmers to abandon their farms or intensify their management. The main objective/purpose
of this research was to study the drivers and concerns that condition farmers’ choice of a given olive
grove management model. Taking the Estepa region as a case study (Andalusia, Spain), surveys were
conducted among farmers with integrated and organic managed olive groves. The socio-economic
aspects were the main objectives and concerns of the farmers with integrated olive groves. In the case
of farmers with organic management, conservation objectives prevailed, and their concerns were
oriented to environmental threats. The education level was a key factor in the adoption of given farm
management, as it increased the level of environmental awareness. In the context of multifunctional
agriculture, it would be desirable to increase this awareness of the environmental threats against olive
groves, in order to provide incentives for the implementation of agri-environmental practices that
would enhance the sustainability of these systems.

Keywords: farm income; landscape ecology; multifunctional agriculture; olive groves; social demands;
socio-ecosystems; sustainability

1. Introduction

The agricultural systems of olive groves form multifunctional socio-ecological landscapes of
notable importance in the Mediterranean basin, occupying 5 M ha of the Useful Agricultural Surface
(UAS) of Europe [1–3]. Spain is the country with the largest olive-growing area in the world, reaching
2.5 M ha, 60% of which is concentrated in the Andalusia Region (southern Spain) [4]. This wide
extension of olive growing in Spain gives it a high production of olives and, in particular, of olive
oil. It is the first supplier of this product, with an average yield of 1.19 t year−1 throughout the
last five collection campaigns (2012/2013–2016/2017) [5]. However, despite their wide representation
and continued production, the olive grove agricultural systems present a high degree of uncertainty
regarding their sustainability. The main driving factors of this situation are the rural migration and,
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consequently, the abandonment of agricultural land that has taken place since the 1950s, along with
price volatility in agricultural markets [6,7]. In addition, the implementation, in 1957, of the Common
Agricultural Policy (CAP), which originally provided incentives for the productive performance of
farms, contributed negatively to the sustainability of traditional agricultural systems [8–11].

In face of the economic vulnerability of olive groves, farmers have had to opt for alternative
models of agricultural management that would help ensure the persistence of these crops. In this
sense, some farmers have chosen to intensify the management of their farming systems by increasing
olive tree density and providing energy inputs such as fertilizers, pesticides, and the application of
irrigation to maximize production yield [12–14]. However, this intensification led to some negative
multidimensional externalities, such as greater soil erosion and diffused pollution derived from the
indiscriminate use of agrochemicals [11,15]. In the last few years, other types of environmentally
friendly management have been consolidated, such as integrated or organic farming (Table 1). In this
type of agricultural system, taking into account the multifunctional agriculture framework, it is highly
advisable to consider their economic, social, and environmental dimensions (i.e., Triple Bottom Line
approach) in order to assess their sustainability and to promote a stable supply of ecosystem services
(ES) to society [16–18].

Table 1. Main characteristics and agricultural practices carried out in the integrated and organic
farming of the olive grove [14]. Desvareto is an agricultural practice related to the removal of stems
from the olive tree.

Characteristics and
Agricultural Practices Integrated Farming Organic Farming

Mechanisation Allowed on slopes <20% Allowed on slopes <20%

Water regime Rainfed or deficit irrigation Rainfed or deficit irrigation

Age of olive trees (years) >25 10–25 (modern crops)

Plant density (trees ha−1) 100–500 100–500

Pruning Biannual Biannual

Waste disposal Burning/Grinder Grinder

Desvareto Required Required

Plant covers Partial Total

Pest management Synthetic pesticides
(chemical compounds)

Non-synthetic pesticides
(organic compounds)

Fertilisation Synthetic
(foliar and soil; fertigation) Organic (foliar and soil)

Harvesting Manual vibrator Manual vibrator

Although both farming models have great similarities, the integrated olive management model
allows the implementation of partial plant covers, the use of chemically synthesised pesticides and
fertilisers (i.e., NPK fertilisers, glyphosate) in a regulated way by external agencies, and deficit irrigation
in water stress situations [14,19]. Differentially, organic olive groves are modern crops, where only the
use of organic pesticides and fertilisers is allowed, and the use of irrigation is minimised. Additionally,
from a legislative point of view at the Spanish level, the implementation of partial and total plant
covers is mandatory in integrated and organic agriculture respectively, in order to minimise the loss of
organic matter and soil fertility due to erosive processes [3,20–24].

As farming systems, the contribution of provisioning ES of olive groves is essential and, therefore,
must be valued from the political dimension. The CAP, consisting of an income support pillar (Pillar 1)
and a rural development support pillar (Pillar 2), with annual subsidies granted to agriculture (37.8%
of the general budget of the European Union (EU)) and specific national policies such as the Law on
Olive Groves or the General Plan for Olive Groves in Andalusia support farmers at different levels by
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improving the profitability of crops and olive groves, respectively [22,23,25,26]. Historically there has
been a transition from a productivist CAP where the “single payment” was predominant in Pillar 1,
to a more environmentally-friendly CAP, where 30% of the budget for direct payments is based on a
“greening” regime, referring to the obligations of farmers with arable land to introduce crop rotation and
diversification, and to preserve natural grasslands [27]. On the other hand, aid under Pillar 2 of the CAP
favours rural development, becoming more important in olive groves [28,29]. This support is aimed
at farmers who, in a non-mandatory way, adopt environmentally-friendly agricultural management
models such as integrated or organic farming, where the implementation of plant cover that mitigates
the consequences of erosion processes on soil degradation and its negative impact on olive productivity
stands out [20,26,30]. In the current political and legislative framework, the new post-2020 CAP
reforms are geared towards achieving environmental objectives such as fighting climate change and
supporting European farmers in achieving a sustainable and competitive agricultural sector [31]. Thus,
basic payments will continue to be dependent on the size of farms, giving greater priority to small and
medium-sized farms and young farmers [32]. The new challenges proposed for the new CAP focus on
promoting an intelligent, resilient, and diversified agricultural sector that guarantees food security;
the emphasis on environmental care; and the strengthening of the socio-economic fabric of rural areas
in order to ensure the sustainability of agriculture in Europe [33,34]. Assuming that a continuous
and stable contribution by ES to society is a guarantee of the sustainability of agricultural systems,
olive groves stand out for their multifunctional nature and the multiple functions they contribute to
society [35,36]. In this sense, although the most valuable ES provided by olive groves corresponds to
productive and supply services of olives and olive oil [14,37], “Agenda 2000” and the 2003 reforms of
the CAP led to the recognition of non-productive services for these agricultural systems [38]. The olive
groves contribute to regulation ES, helping to mitigate erosion and climate change because of their
carbon sequestration capacity [39–41]. They also contribute to socio-cultural ES, because of the rural
culture associated with these crops and their contribution to employment generation (i.e., 10% of the
agricultural sector), and to agricultural income (i.e., 6% of national income in Spain) [4,17]. In addition,
as components of agricultural landscapes, they constitute reservoirs of agrobiodiversity and wild
biodiversity acting as transversal ES [42].

Although there are numerous comparative studies analysing the different management models
applied in olive groves, quantifying their multifunctional character and evaluating their positive
and negative externalities [3,11,17,20,21,43], the motivations (drivers) and concerns related to the
adoption of a particular type of olive management, and the influence of soil erosion over these
perceptions remains little investigated. Specifically, knowing the reasons behind farmers’ choice of
a given agricultural management model in olive groves is extremely important from socio-cultural,
ecological, and political dimensions. This knowing allows us to understand how the cultural heritage
and tradition linked to these crops influence their management and to encourage the implementation of
tillage practices and subsidies that contribute to the economic and environmental stabilisation of olive
groves [3,8,9,26]. On the other hand, soil erosion is one of the main threats to the sustainability of olive
groves [9]; therefore, to know the ecological and economic impact of this threat on the sustainability
of olive groves [18,21,43], it is necessary to understand how erosion affects farmers’ perception of
agricultural problems. Using a case study, the Protected Designation of Origin (PDO) Estepa, with 70%
of its area covered by olive groves and annual benefits close to €225 M [44], the main objectives of this
research were: (a) to evaluate the factors (aims/drivers and concerns of farmers) that determine the
choice of a given olive management model; and (b) to analyse quantitatively the influence of the soil
erosion level of the lands on the priorities of these choices. In this way, the information gathered will
provide the basis for further targeted research to help ensure a fair standard of living for farmers and a
stable supply of ES to society, reducing uncertainty about the sustainability of olive farming systems.
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2. Material and Methods

2.1. Study Area

The olive-growing region of Estepa in Seville (Andalusia, Spain) was chosen as a particular case study
(Figure 1), consolidated as a Protected Designation of Origin (PDO) at the European level in 2010 [45].
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Figure 1. The geographical location of the PDO Estepa. Areas without olive groves, with integrated
olive groves (a) and with organic olive groves (b) and images of the two types of management are shown.

This region, where the density of olive trees ranges from 100 to 500 trees ha−1 and climate
is temperate Mediterranean with an annual rainfall of 400–500 mm, has 39,694 hectares of olive
groves [43,46]. Olive groves are located mainly on limestone and silty soils with a depth between
30–150 cm [21]. Of the total olive-growing area in the Estepa region, 95% of the olive groves are
managed under integrated rainfed management, with a minimum representation of plantations with
deficit irrigation. In this type of management, the agricultural yield ranges between 3500–6000 kg
olives ha−1 depending on the addition of water to the crop. It should be noted that the implementation
of partial plant cover is required, and the application of chemical phytosanitary products is allowed in a
regulated manner, including the possibility of adding maximum water volumes of 1500 cm3 only during
periods of water stress [14,44]. The integrated management is subject to the recommendations of the
Integrated Production Associations (IPAs) and the Integrated Agricultural Treatment Groups (IATGs),
whose main function is to provide technical guidance to farmers on good agricultural management
practices in their crops, regulating the production and marketing of the olive oil produced [47]. In the
study area, rainfed organic management is still incipient, with isolated plots with young trees covering
approximately 500 ha. The agricultural yield of these farms ranges from 3500 to 5000 kg olives ha−1,
and it is mandatory to use total live or inert plant covers [44].

2.2. Location of Olive Groves, Erosive Levels, and Sample Design

Using official cartography and cadastral information [48,49], the olive groves belonging to the
study area were geo-referenced, enabling the spatial and geographical location of olive groves managed
in an integrated and organic way, as well as estimating their erosion levels using the Universal Soil
Loss Equation (USLE) (Equation (1)) [50,51].

A = R × K × LS×C× P (1)
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where A: annual soil losses (t ha−1 year−1); R: rain erosivity (J ha−1); K: soil erodibility (Mg J−1);
LS: length and grade of the slope of the territory (dimensionless); C: ground cover (dimensionless);
P: agricultural conservation practices (dimensionless).

Equation (1) was calibrated specifically for the study region following the study of Rodríguez
Sousa et al. [21,43,46] and according to the erosive levels proposed by Moreira-Madueño (1991) [52]
(Table 2). Rain erosivity (factor R), soil erodibility (factor K), and length and grade of slope (factor LS)
were estimated using specific scientific-technical references for the study area and the criteria of
Gisbert-Blanquer et al. (2012) [53,54]. The standards of Gómez et al. (2003) [55] were applied for
C factor (tree cover) taking a value of 0.16 for integrated olive groves, considering adult olive trees with
a 2.5 m canopy radius, corridors between trees of 4 m, and the presence of partial vegetation covers.
For organic olive groves, the C factor took a value of 0.06 due to the presence of total vegetation covers.
Finally, because all the groves presented tillage practices without mechanical erosion control, a value
of 1 was assumed for P factor (agricultural conservation practices) [43].

Table 2. Estimation of soil loss (A, t ha−1 year−1) and classification of the erosion levels of integrated
and organic olive groves in the Estepa region according to the USLE model.

Management Erosion Level
Factors

A
R K LS C P

Integrated

Null 109.7 0.82 0.00 (0%) 0.16 1 —

Slight 109.7 0.89 0.18 (3%) 0.16 1 2.81

Moderate 109.7 0.56 0.70 (7%) 0.16 1 6.88

Severe 109.7 0.95 2.20 (15%) 0.16 1 36.68

Organic
Null 109.7 0.82 0.00 (0%) 0.06 1 —

Moderate 109.7 0.56 0.70 (7%) 0.06 1 2.58

Based on this classification, while integrated olive plots were found in all erosion levels, for organic
olive groves, only farms in the null and moderate erosive states were found. Through the combination of
agricultural management and erosion levels, six different treatments were identified: integrated olive
groves on soils with null, slight, moderate, and severe erosion; and organic olive groves on soils with null
and moderate erosion. Additionally, in each treatment, a random sampling was carried out, selecting nine
plots in each erosion level integrated olive groves, obtaining a sample size of n = 9 × 4 = 36 plots. On the
other hand, all the organic olive grove plots were selected (n = 19 plots), from which 9 showed null erosion
and 10 moderate erosion. Finally, the overall sample size was n = 55 plots (Figure 2).

2.3. Surveys Implementation

In each of the selected plots (i.e., sampling points), a survey was carried out for each owner/farmer,
collecting a total of n = 55 surveys of farmers dedicated full time to olive growing (i.e., income
coming mainly from agriculture ≥80%). In this way, for each plot, the biological genus, age category,
and educational level of each surveyed farmer were collected, and the agricultural management
(i.e., integrated or organic) of each olive crops was checked, which verified the correct implementation
of the agronomic practices required in each case (i.e., obligatory use of partial and total plant covers
in integrated and organic agriculture respectively [22,23]). In addition, qualitative information was
collected using a scale from 0 (not important) to 9 (very important) for the main priorities of each owner
with respect to their objectives to be achieved through the agricultural management model adopted in
their plot, which also evaluated the agricultural perception regarding the main concerns considered
as threats to the sustainability of the olive grove over time. The objectives and concerns proposed
to farmers were selected based on European criteria based on the Eurobarometer 2016 technical
report [56], which combines the analysis of the socio-economic and environmental dimensions of
agricultural systems. In this sense, the proposed objectives were related to ensuring good quality of life
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for farmers, social factors, and environmental variables that would contribute to increasing the supply
of ES from olive groves to society. On the other hand, the concerns were related to the main social
and environmental threats against the sustainability of olive groves. Table 3 compiles the variables
proposed for the qualitative assessment of the surveys carried out by farmers.Land 2020, 9, x FOR PEER REVIEW 6 of 23 
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Figure 2. Sample design in the Estepa region, highlighting the sampling points where the surveys were
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of the plots (i.e., null, slight, moderate, or severe).

Table 3. List of agricultural objectives and concerns proposed to farmers for assessment. In the “Other”
section, farmers were able to suggest options not incorporated in the designed survey.

Objectives Concerns

1. Farm income 1. Rural aging

2. Stability and economic security 2. Scarce infrastructure and public services

3. Personal reputation 3. Abandonment of rural activities

4. Respect for environment 4. Desertification and soil erosion

5. Get healthy products 5. Lack of local employment alternatives

6. Employment generation 6. Climate change

7. Generating a quality landscape and preserving
the natural heritage

7. Low productivity and economic viabilit of the
olive grove

8. Contributing to tourist offer 8. Loss of landscape and biodiversity of the
olive grove

9. Other: 9. Other:

2.4. Statistical Analysis

In order to comparatively analyse the priorities/weights obtained for the objectives and the
assumed concerns related to the olive grove, these ratings were standardised (i.e., normalised) to a
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range of 0 to 1 following the feature scaling or MinMax methodology (Equation (2)) as in the study by
Rodríguez Sousa et al. (2019) [21]:

nX = (X −Xmin) × (Xmax−Xmin)−1 (2)

where nX: standardised/normalised variable (dimensionless, value ranging from 0 to 1); X: original variable;
Xmin: minimum value of the original variable; Xmax: maximum value of the original variable.

A non-parametric Kruskal–Wallis test (H-test) was carried out in order to ascertain the existence of
significant differences in the standardised priorities of the objectives and concerns expressed by farmers
with integrated and organic olive plots, assuming the non-normal and heteroscedastic character of the
results from the surveys carried out, due to working with frequency data (i.e., frequency of a given
qualitative assessment for each option suggested in the surveys) [57]. In addition, having sampled plots
from four different erosion levels (i.e., null, slight, moderate, or severe) to check the possible influence
of erosion on the observed differences, a Tukey’s post-hoc test was carried out on the integrated olive
grove data. However, for organic olive groves, having only data coming from plots with two possible
erosion states (i.e., null, moderate), the possible influence of the erosion processes was tested directly
using an H-test without the need to perform any post-hoc test. All statistical analyses were carried out
with RStudio and SPSS software, using the “car” library and “pgirmess” package and considering a
level of significance of α = 0.05 [58–60].

3. Results

3.1. Personal Information and Type of Soil Cover Applied

The farmers surveyed with integrated olive grove plots (n = 36) were males aged 45–54 years with
an academic background lower than average university education (i.e., mandatory secondary education
or high school). At the same time, of the farmers with organic olive groves (n = 19), 80% (n = 15) were
men and 20% were women (n = 4), all of them within an age range of 35–45 years and with higher
education. Specifically, 47.37% of the surveyed (n = 9) presented studies corresponding to professional
training; 47.37% (n = 9) medium university studies (i.e., degree or bachelor’s degree); and 5.26% (n = 1)
higher university studies (i.e., official master’s or PhD).

The checked soil cover conducted on-site during the surveys showed that some plots of olive
groves presented inert covers (i.e., remains of pruning), scarce in the study area, or could be live covers.
Cruciferous species, grasses, and leguminous were the most representative species: Diplotaxis muralis
((L.) DC., 1821), Festuca indigesta (Boiss., 1838), and Vicia sativa (L., 1753), respectively.

3.2. Assessment of Farmers’ Objectives Related to Agricultural Management and Erosion Levels

Table 4 shows the standardised priorities of farmers with relation to socio-economic objectives
corresponding to all erosive states of the olive-growing managements assessed.

Highly significant differences were detected with higher priorities in the integrated management
of the olive grove to the objectives related to farm income, stability, and economic security. In the case
of the organic olive growing, highly significant differences were detected for the objectives related to
respect for the environment, the generation of a quality landscape and preservation of natural heritage,
and the contribution to the tourist offer.

Tables 5 and 6 show the influence of erosive processes on the priorities of the agricultural objectives
for the integrated and organic olive groves respectively.

Figure 3 compiles the standardised results of the Tukey’s post-hoc test and the Kruskal–Wallis test
carried out to find the existence of significant differences between the erosive states of integrated and
organic olive groves, respectively.
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objective evaluated in the integrated and organic olive groves according to their erosion levels. The
letters inside each boxplot indicate the classification groups generated to establish similar categories to
each objective.

In the integrated management of the olive groves, the presence of two statistically differentiated
groups was detected in the analysis of a greater personal reputation. In this sense, the plots with null
and slight erosion (i.e., group a) showed a significantly higher weighting than plots with moderate and
severe erosion (i.e., group b). Similarly, significant differences were also observed for the objective
related to the employment generation, where plots with null and slight erosion (i.e., group a) showed
significantly lower priorities than those evidenced by farmers with moderate and severe erosion plots
(i.e., group b), the farmers of those plots giving greater importance to the achievement of this objective.
For the objectives related to respect for the environment and the generation of a quality landscape and
preservation of the natural heritage, two statistically differentiated groups were identified. This result
showed that the owners of the plots with null, slight, and moderate erosion (i.e., group a) were, in a very
significant way, higher than the priorities shown by the farmers with severely eroded plots (i.e., group
b). For the organic management, very significant differences were observed according to the erosion
level of the plots in relation to the farm income and the employment generation, with higher priorities
in those plots with moderate erosion compared to plots with null erosion.
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Table 6. Standardised priorities for the evaluated objectives of organic olive groves in the Estepa region
within their erosive levels. Statistical values of F (Kruskal–Wallis test) and p-values; significant (<0.05 *),
very significant (<0.01 **), and highly significant (<0.001 ***) are shown.

Objectives

Organic Olive Groves

Erosion Levels

F p-ValueStandardised Priorities

Null Moderate

1. Farm income 0.83 0.93 13.63 0.002 **

2. Stability and economic security 0.88 0.93 1.60 0.224

3. Personal reputation 0.88 0.78 4.41 0.052

4. Respect for environment 0.94 0.93 0.21 0.653

5. Get healthy products 0.78 0.80 0.26 0.616

6. Employment generation 0.68 0.83 9.76 0.007 **

7. Generating a quality landscape and preserving the
natural heritage 0.96 0.94 0.43 0.520

8. Contributing to tourist offer 0.70 0.64 0.80 0.382

3.3. Assessment of Farmers’ Concerns Related to the Sustainability of the Agricultural Management Evaluated
and Erosion Levels

Table 7 shows the standardised priorities for the main concerns that may affect agricultural
sustainability in relation to the evaluated olive managements for all erosion levels. It should also be
highlighted that an additional concern that was not incorporated in the pre-designed survey was
detected for farmers with organic olive groves directed towards the possible threat that the use of
glyphosate as a broad-spectrum herbicide may pose to food security (i.e., ninth concern). Because the
use of glyphosate and its consequences was only proposed at one level of the study (i.e., organic olive
grove), a statistical test comparing this concern with the integrated management model could not
be performed.

The results (i.e., standardised priorities) showed the existence of significant and highly significant
differences between the integrated and organic management models of olive groves with regard to
concerns about rural aging, the abandonment of rural activities, and the low productivity and economic
viability of the olive grove, with greater weightings in integrated olive groves. On the other hand,
with higher priorities in organic farming, highly significant differences were identified between the
two agricultural management models studied with regard to concerns about desertification and soil
erosion, climate change, and loss of landscape and biodiversity of the olive grove.

Tables 8 and 9 show the standardised priorities of the main concerns of farmers, for the integrated
and organic management of olive groves, according to the erosion levels of the plots.
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Figure 4 compiles the standardised results corresponding to the Kruskal–Wallis test and the
Tukey’s post-hoc test carried out to classify the erosive states of each olive management model in
statistically differentiated groups for each agricultural concern studied.
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In the integrated olive grove, there were significant differences according to the erosion level of the
plots with respect to the climate change, originating two statistically differentiated groups, one formed
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by the plots of null erosion (i.e., group a), and another group formed by plots with slight, moderate,
and severe erosion (i.e., group b), this last one showing a higher weighting on this threat. For the
concern related to rural aging, two groups with very significant differences were observed. Thus,
plots with null and slight erosion (i.e., group a) showed a lower degree of concern for this threat than
plots with moderate and severe erosion (i.e., group b). Highly significant differences were found for
different concerns of farmers: (a) for the scarcity of infrastructures and public services, two statistically
differentiated groups—plots with null and slight erosion and plots with moderate and severe erosion;
(b) for desertification and soil erosion, three different groups—plots with null and slight erosion, plots
with moderate erosion, and plots with severe erosion; and (c) for the low productivity and economic
viability of the olive grove, three groups—plots with null erosion, plots with slight erosion, and plots
with moderate and serious erosion. For these last three concerns, greater weightings were observed as
the erosion status of the plots increased. Finally, in organic olive groves, highly significant differences
in terms of erosion were detected for the concerns related to the scarcity of infrastructures and public
services and the abandonment of rural activities, showing higher priorities in the plots with higher
erosion levels (i.e., moderate erosion).

Table 9. Standardised priorities for the main concerns in the olive groves with organic management
within their erosive levels in Estepa region. Statistical values of F (Kruskal–Wallis test) and p-values;
significant (<0.05 *), very significant (<0.01 **), and highly significant (<0.001 ***) are shown.

Concerns

Organic Olive Groves

Erosion Levels

F p-ValueStandardised Priorities

Null Moderate

1. Rural aging 0.72 0.78 2.17 0.160

2. Scarce infrastructure and public services 0.59 0.85 39.20 <0.001 ***

3. Abandonment of rural activities 0.56 0.73 21.18 <0.001 ***

4. Desertification and soil erosion 0.91 0.96 1.88 0.189

5. Lack of local employment alternatives 0.59 0.58 0.11 0.736

6. Climate change 0.89 0.91 0.37 0.550

7. Low productivity and economic viability of the olive grove 0.68 0.73 0.83 0.375

8. Loss of landscape and biodiversity of the olive grove 0.88 0.84 0.87 0.363

9. Other: Use of glyphosate as a threat to food security 0.88 0.83 0.74 0.401

4. Discussion

Assessing the sustainability of farming systems in general, and olive growing in particular, is a
complex objective that requires the use of the multifunctional framework of agriculture and a joint
assessment of the economic, social, and environmental dimensions of these systems [17,43,61–63].
In this sense, only an approach based on the Triple Bottom Line that balances these three dimensions can
substantially contribute to the analysis of the viability of olive grove agricultural landscapes over time,
ensuring the maintenance of the multiple ES that these landscapes generate for society [3,18,64–66].

The assertion made by Sgroi et al. (2015) [67] regarding economic benefit as an essential aspect
in the maintenance of agricultural and, specifically, olive-growing activity was corroborated in the
study carried out, with a satisfactory farm income being the main objective to be achieved by farmers
with integrated olive groves. In this sense, it is worth noting that integrated olive growing is an
agricultural management model that combines practices that are more respectful of the environment
than intensive olive grove management models while maintaining an optimal production level capable
of generating an income that provides a fair standard of living for farmers [3,25,68,69]. On the other
hand, the organic olive grove is a management model where the environmental impacts derived
from the different farming practices are minimised [24,70]. Additionally, the possibility of applying

149



Land 2020, 9, 366

chemically synthesised fertilizers is eliminated [22,23]. Although the economic aspect of the crop was
an important factor in the continuity of the rural activity in this type of farming, higher priorities were
shown for the objectives related to the environmental dimension of the olive grove. Specifically, the most
outstanding objectives were related to the implementation of agronomic practices that contribute to the
conservation of the soil environment, and the generation of a quality landscape, thus preserving the
natural heritage [20,71]. This last objective takes on special importance in Andalusia, where there is a
deep-rooted cultural tradition linked to olive-growing activity, being historical crops and transforming
elements of the landscape in the south of Spain [10,17]. The difference detected in terms of the greater
relevance (i.e., higher priorities/weightings) of the economic and environmental dimensions of the
olive grove between integrated and organic olive-growing managements for the study area was, in fact,
closely related to the higher educational level shown by farmers with organic olive groves [72,73].
All farmers with organic olive groves presented a higher educational level (i.e., professional training
or university studies), while farmers with integrated olive grove plots presented medium studies
(i.e., mandatory secondary education or high school). This different academic formation generated
a greater familiarity on the part of the owners of organically managed plots with the agricultural
problems related to the biology of the crop and the environment, knowing in greater detail the intrinsic
dynamics of olive cultivation [8,43].

Regarding the analysis of the main agricultural concerns perceived as threats to the long-term
sustainability of olive growing, differences were also observed between the two agricultural approaches
analysed. In this respect, farmers with integrated olive groves were extremely concerned about
the social and productive aspects of the olive grove, highlighting rural aging linked to agricultural
abandonment and the impact on the economic performance of farms due to insufficient production [74],
with the difficulties in the continuity of agricultural activity being the main concern, with farmers having
to complement their income with other lucrative activities [75]. On the other hand, environmental
concerns such as erosion and climate change dominated in farmers with organic olive groves. As with
the agricultural objectives, the difference observed between the highest priorities for socio-economic
and environmental concerns shown by farmers with integrated and organic olive groves respectively
is intrinsically related to the age and educational level of the farmers. In general terms, farmers with
integrated farms showed a higher age and average educational level, engaging in agricultural activity
predominantly for reasons of cultural heritage where the main concerns are to obtain a decent standard
of living from their agricultural activity and to ensure its economic sustainability [76]. On the other
hand, the younger age of the farmers surveyed with organic olive groves and their higher level
of education gives them a perception of the agricultural system where not just its socio-economic
dimension is relevant, highlighting the environmental dimension of the crop as a key factor to ensure its
ecological sustainability [46,56]. Thus, environmental factors are crucial for the long-term sustainability
of the crop and, from a multidimensional perspective, are the basis of the main socio-economic threats
to the crops from the alteration of biological and ecological factors in the agricultural systems with a
direct impact on the viability of the farms [55,77].

In the surveys of farmers applying organic management, a recurrent concern related to food
security, which was not raised in the questionnaire formulated, emerged. The farmers surveyed were
apprehensive about the indiscriminate use of glyphosate as a broad-spectrum herbicide, in line with the
main demands of society towards agriculture in the Eurobarometer technical report published by the
European Commission (2016) [56]. In this sense, concern was expressed regarding the use of glyphosate
as a broad-spectrum herbicide, a practice widely used in integrated olive groves [78]. This concern
deserves special attention due to the repercussions that the use of glyphosate can have on products
obtained from olive groves, in addition to the consequences derived from human consumption of these
products on health, as it is a product related to the development of multiple diseases [79,80].

Assuming that the education level of farmers can condition their perception about the objectives
and agricultural threats to the sustainability of the olive grove, it would be highly desirable, as already
proposed by Rodríguez Sousa et al. (2019) [46] and Guzmán et al. (2013) [81], to set up and consolidate
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active information channels from the administration at different scales to the social actors related to the
olive grove on appropriate environmental management practices to ensure the sustainability of these
agrosystems over time. Different institutions at different scales and with different perspectives (top-down
information arising, for example, by FAO, EU, ministries, and regional governments, environmental
agencies) should continuously and affordably inform farmers, and in turn, farmers should raise their
demands and concerns (bottom-up information) to these institutions. In this way, fluid and relevant
information channels would be established that would result in better management of agricultural systems
with a cross-cutting and adaptive objective of sustainability and rural development [82].

From a legislative point of view, the results obtained suggest how the objectives of the farmers
belonging to the study area are largely adapted to the structure of the current CAP (i.e., CAP 2014–2020)
and to the modifications planned for the post-2020 CAP. Although the CAP seeks to promote the
economic stability of agricultural holdings in general, its environmental dimension is becoming
increasingly relevant, promoting the sustainability of agriculture through aid aimed at encouraging
rural development and the adoption of environmentally friendly practices [26,83,84]. Obtaining an
agricultural income that allows a fair standard of living, which is the main objective of farmers
with olive groves under integrated management, corresponds essentially to the support provided
by Pillar 1 of the CAP, based on direct aid and the “greening” regime [28,33]. The changes planned
for the post-2020 CAP have three specific objectives aimed at maintaining appropriate economic
stability, namely (a) ensuring fair incomes; (b) increasing the competitiveness of the agricultural sector;
and (c) rebalancing equilibrium in the food chain [31]. Furthermore, the predominant environmental
priorities of farmers with organic olive groves are addressed in the support provided by Pillar 2 of the
CAP. From an environmental perspective, these objectives are shared by the post-2020 CAP, where four
objectives are closely linked to environmental conservation and rural development: (a) fight against
climate change; (b) protection of the environment; (c) conservation of landscape and biodiversity;
and (d) maintenance and promotion of living rural areas [28,31]. Regarding the concerns perceived by
farmers as threats to the sustainability of their crops, the results coincide with the interpretation of these
threats by the CAP 2014–2020, with the challenges becoming more acute in the post-2020 CAP. Thus,
the new CAP already includes measures aimed at promoting agricultural continuity and generational
change in order to reduce rural aging, a concern expressed by farmers with integrated olive groves,
with aid targeted at young people and small farmers [26,85]. On the other hand, the concerns shown by
farmers with organic olive groves are more linked to environmental factors which, as mentioned above,
are increasingly considered at the EU level, with progressively larger budget allocation to mitigate
the negative effects of agriculture (i.e., diffuse pollution, erosion, greenhouse gas emissions) and to
promote environmentally friendly agricultural practices [11,29,32,55,74,86,87].

Taking erosion as one of the main threats to the sustainability of olive-growing systems due to their
development in Mediterranean environments and on predominantly silty soils where there are few
stabilising aggregates for the soil environment [46,88], it is worth mentioning the important role played
by the CAP in promoting agri-environmental practices that minimise its economic-productive and
ecological consequences [26–28]. In this sense, Pillar 2 of the CAP promotes, through the corresponding
subsidies, the voluntary implementation of measures such as the application of plant cover and the
minimisation of tillage practices, measures which, according to multiple studies, have proven to be
very effective in reducing the loss of nutrients, fertility, and soil weight [20,53,74,89]. Considering soil
erosion as a possible conditioning variable of the priorities obtained in terms of the objectives and
concerns evaluated, an inverse relationship between the erosion level and the environmental objectives
was evident for integrated management. This observation is due to the fact that greater erosion
generally requires greater application of chemical inputs to the crop and more labour to maintain
an optimal level of agricultural production [8,46]. In this sense, the demand for employment is
a key agricultural concern that increases with the level of erosion on agricultural farms, and the
presence of labour is essential to provide a stable food supply to society [3,25]. Thus, according to
Rodríguez-Pleguezuelo et al. (2018) [20], a change towards the organic management of olive groves in
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Andalusia would act as a promoter of employment generation, since according to Spanish legislation
this model of agricultural management is associated with the implementation and maintenance of
soil cover and the use of organic fertilizers, practices that require a greater number of specialised
workers [22,23]. In addition, for the integrated management of olive groves, environmental concerns
obtained higher priorities as the erosion status of the plots increased, probably due to the harmful
effects of erosion on soil fertility and agricultural yield [21,46,74]. Finally, for organic management,
the increase in erosive processes showed a greater concern for the scarcity of infrastructure and rural
abandonment, as more machinery was needed to obtain olives, and it was more likely that these
exploitations would be abandoned, especially those of a marginal nature [8,43].

5. Conclusions

Olive groves form multifunctional socio-ecological systems where the economic, social,
and ecological dimensions of the crop interact with each other, leading to the generation of productive
and non-productive ecosystem services (ES) to society. Despite the limitations of the study conducted,
where the in situ verification of agricultural management was determined through visual observation of
the agronomic practices carried out by farmers and the information collected through the questionnaires
was qualitative, the results showed relevant information regarding the main conditioning factors for the
adoption of a given agricultural model. Thus, while the socio-economic dimension (i.e., job stability and
economic benefit) was consolidated as the main axis on which the concerns and the desired objectives
of the farmers with integrated olive groves, the owners with organic olive groves showed a higher
degree of education level and a greater familiarity with the main biological aspects of the crop, resulting
in a higher priority for the environmental dimension of the cultivation. In this sense, the greater
environmental awareness of these farmers resulted in a greater weighting of the objectives related to
the yield and the farm income and of the main biological and edaphic threats (i.e., soil degradation as a
consequence of erosion processes, or climate change and its impact on the sustainability of the olive
crop). Additionally, the existence of erosive processes led to greater environmental awareness in plots
where high/severe soil loss showed its negative repercussions on agricultural sustainability, evidencing
in those plots the use of more intensive farming practices in order to maintain a stable production level
of the crop.

Considering that in the present study, the degree of the education level of farmers was a key
factor in the adoption of the organic olive system, it would be particularly desirable to carry out
several activities (i.e., training workshops) aimed at promoting greater awareness among farmers of
the environmental threats that can undermine the sustainability of olive-growing systems, encouraging
the implementation of agricultural practices (i.e., minimisation of tillage practices, implementation of
soil vegetal covers) that help to guarantee the viability of these systems in the long term, ensuring a
stable and sustainable supply of their ES.

Taking into account the political and legislative context of the current CAP and the
economic-environmental trends observed for the future post-2020 CAP, it would be highly advisable
to carry out research aimed at going deeper into the key factors that influence the adoption of a
particular agricultural model in olive growing by farmers. In this sense, future studies should be
oriented towards the achievement of the following goals: (a) carry out more generalist works on
a wider geographical scale, where the validity of the results obtained is not limited to a particular
region or PDO of olive oil; (b) perform experimental designs where the surveys designed and carried
out on farmers are not closed or dichotomous, encouraging the participation of rural actors and
the proposal of conflicting aspects in olive groves by farmers; and (c) execute more elaborate data
processing, using statistical and mathematical methodologies aimed at establishing a hierarchy of the
relevance of the factors studied, with emphasis on Multi-Criteria Decision-making Analysis (MCDA),
highlighting methodologies as Analytic Hierarchy Process (AHP) or Analytic Network Process (ANP).
Thus, through the development of these research lines, a broad knowledge can be provided aimed
at evaluating and increasing the relationship between existing agricultural demands and concerns
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to ensure the continuity of agricultural activity in olive groves and the multidimensional objectives
that are pursued through of the subsidies granted by the EU and by the CAP to the agricultural sector,
being able to increase the compatibility between rural needs and demands towards agriculture by the
socio-political sector.
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Abstract: Although land forms the basis for marginal livelihoods in Sub-Saharan Africa, the asset is
more strategic for women as they usually hold derived and dependent rights to land in customary
tenure areas. Initiatives to secure women’s land tenure in customary areas are undermined by the
social embeddedness of the rights, patriarchy, lack of awareness by the communities, legal pluralism,
and challenges of recording the rights. As pressure on customary land tenure increases due to foreign
and local land-based investment interests, land titling initiatives, tourism, and mineral resources
exploration, communities and women within them are at real risk of losing their land, the basis of their
livelihoods. Women stand to lose more as they hold tenuous land rights in customary land tenure
areas. Accordingly, this study analyzes case studies of selected mapping initiatives in Sub-Saharan
Africa to interrogate the extent to which mapping both as a cadastral exercise and emerging practice
in the initiation of participatory land governance initiatives, catalyze the transmission of customary
land rights in ways that have a positive impact on women’s access to land in customary land tenure
areas. The results indicate that mapping initiatives generate opportunities, innovations, and novel
spaces for securing women’s access to land in customary tenure areas which include catalyzing
legislative changes and facilitating technology transfer, increasing awareness of women’s interests,
providing opportunities for women to participate in decision-making forums, providing a basis for
securing statutory recognition for their land rights, and improving natural resource stewardship.
The potential challenges include the community’s capacity to sustain the initiatives, the expense
of the technology and software, widespread illiteracy of women, power asymmetries and bias of
the mapping experts, increased vulnerability of mapped land to exploitation, the legal status of the
maps in the host community and /or country, compatibility with existing land recording systems,
statutory bias in recording land rights and the potential of mapping initiatives to unearth existing
land boundary conflicts. These challenges can be mediated by sensitive planning and management to
ensure real and sustainable land tenure security for women. The paper contributes to debates around
customary land tenure dynamics, specifically the issues pertaining to registration of primary and
derived customary rights to land. These includes policy debates and choices to be made about how
best to secure tenuous customary land rights of women and other vulnerable people. The paper also
contributes to our understanding of what instruments in land registration toolkits might strengthen
women’s land rights and the conditions under which this could be done.

Keywords: customary; land; tenure; women; mapping; Sub-Saharan Africa
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1. Introduction

Land in Sub-Saharan Africa is held under various tenure systems which include freehold, leasehold,
and customary. Customary land tenure is the majority of land holding in Africa, accounting for 78%
of the land holding [1]. The relative abundance of land held under customary tenure means that it
is a critical asset for the poor who rely on subsistence for their survival [2]. The abundance of land
under customary tenure coupled with the fact that it is allocated in some circumstances for free as
birthright or upon marriage marital render it one of the most accessible land for women who are
overrepresented among the poor. However, these land rights are increasingly vulnerable to conflict,
increasing land demand fuelled by rapidly changing land markets, urbanization, and large scale
land-based investments [3,4]. This leaves women vulnerable to lose the land at a time when land
rights are increasingly contested. The insecurity occasioned by the instability of marriage—(which has
far-reaching implications at both the household and at the community levels)—has introduced new
stresses to women’s sustained land access as these key institutions through which women negotiate
access to customary land are increasingly in a state of flux [5,6]. The impact on women’s land rights
under customary tenure land is that they find themselves dependent on ever shrinking, less fertile,
and increasingly expensive pieces of land. Among the factors that account for the vulnerability of
women’s land rights in customary tenure areas, has been women’s invisibility or secondary tenure
status [5]. This secondary tenure status arises out of their securing land on the back of primary land
rights, which, in patriarchal customary institutions, are held by men. A review of land mapping
initiatives in patrilineal systems illustrates that these could potentially provide some relief and
generate opportunities for women to secure their customary land rights by increasing the visibility of
derived land rights, generating opportunities for women to participate in land decision-making fora,
and generate opportunities for women to articulate their land needs in land governance institutions.

Mapping of land using geospatial information technologies such as global positioning systems
(GPS) are some of the increasingly popular innovations that are used by diverse constituencies
working to record and secure customary land tenure rights. Mapping can also be in the form of
mental mapping, ground mapping, participatory sketch mapping, transact mapping, and participatory
3-dimensional modeling [7–11]. Combining geospatial information technology and social science
mapping often yield holistic mapping results [4,7,8]. These methods have been used by international and
multilateral donor community, philanthropic organizations, local and transnational non-governmental
organizations (NGOs) and communities, customary authorities, the national government and local
government [4,7,8]. Participatory land and natural resources mapping initiatives have emerged
for a variety of reasons. These include recording land rights, capturing land use and land cover,
boundary mapping, and indigenous knowledge, biodiversity mapping and conflict resolution [9,11].
As a people-centered approach to improving (and making more transparent) overall land governance,
participatory mapping initiatives have indeed emerged as one of the key ways to amplify the
voices of usually rural communities and those who are most vulnerable within them vis-à-vis land
tenure and general natural resource access and use. Participatory mapping consists of facilitating
a community-wide discussion about and agreement on the boundaries of the land and natural resources
that are communally owned or used. It is also about the various uses of the land and natural resources
that are available within the communal area whose boundaries are being mapped [8,9]. Participatory
mapping initiatives have become one of the experimental ways through which alternative processes
for enhancing inclusive, gender-sensitive, sustainable, and informed land governance in Sub-Saharan
Africa has been pursued. Participatory mapping improves access to spatial information [8]. Mapping
exercises have entailed or have at least aimed to inform the conversion of the community participatory
maps into formal, location-based, geographic maps for incorporation into or for the revision of existing
cadastral databases. In customary land tenure areas, these initiatives have also been deployed to
facilitate land claims and land stock taking [10].
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Women and Land Tenure Vulnerability in Customary Tenure Areas

Women need secure access to land because they are highly dependent on the resource for their
welfare, productivity, and empowerment [5,12,13]. Women need land to fulfill their productive and
reproductive responsibilities. When women control land, they have increased bargaining power in
their communities and households [12,13]. Increased women’s access to land has a positive impact on
children’s welfare and education in Sub-Saharan Africa [2,14,15]. Securing access to land in a customary
land tenure area provides a platform through which women can negotiate access to community
membership, employment opportunities, assistance with childcare. Women also use customary land
as a fallback insurance if they lose their residence on the dissolution of marriage [5]. The terms on
which customary land rights are secured render this the most accessible land tenure to women in
Sub-Saharan Africa [16].

Customary tenure is a term to describes the complex, dynamic, and evolving multi-faceted and
transformational ideas and practices around land tenure [17,18]. The nature of customary land rights
is that they are not registered [16]. Under customary tenure, land is held under overlapping tenures of
individual household and common property [5,16]. The rights are guaranteed by diverse regulatory
regimes [19,20]. Customary lands are held under customary laws which is one of a host of other laws and
regulations that include statutory and non-statutory regimes. As a result of the existence of diverse laws
and regulations, there is ambiguity, contradiction and loopholes in the application and interpretation
of laws in the governance of customary lands [5,21]. Although customary laws and rules are not
consistent across diverse groups, they are generally controlled by male biased traditional leaders who
control the land on behalf of the communities [5,22,23]. Although the term is contested, [21] identified
various common features of customary land tenure. These include overlapping rights, shared and
inclusive rights, social and politically stable resource boundaries and controlled through guaranteeing
of rights, enforcing of rights, and dispute resolution [4,18,24]. Although internal mechanisms for
allocating land are diverse, people gain access to land by membership of a community through birth,
marriage, or bush clearing [10]. Land beneficiaries have conditions attached which differ between men
and women.

Women’s land access under customary tenure varies from place to place with substantial
differences between patrilineal and matrilineal societies although male kin control land allocation
in both systems [2,16,25]. Although the processes are not homogenous, in Zambia, for example,
in matrilineal societies, descent and inheritance follows the mother’s line, while in patrilineal systems,
descent follows the father’s line [16,25]. Land allocation is made to male members by lineage in
patrilineal societies [16]. This publication focuses on patrilineal systems, where women’s access to land
is informed by their relationship between men and women as spouses, siblings, fathers, daughters,
sons, and brothers [26]. Women hold secondary and derived land rights. This secondary tenure status
arises out of their securing land on the back of primary land rights, which, in patriarchal customary
institutions, are held by men [6]. Although traditional leaders may allocate individual land rights
to single women—they rarely allocate land to married women in their own right [5,16]. Customary
law seems to have few provisions for divorced women and even fewer for single women [5,27].
Divorced women are vulnerable to lose their marital customary land rights upon the dissolution
of the marriage [5,16,27]. Inheritance is also gender related with women’s rights to inherit land
disproportionately limited [5,27]. The ambiguity in the interpretation of laws and statutes is viewed
as consistently discriminating against women in the arena of customary land claims by allowing
those with power to oppress the powerless. Examples include the vulnerability of widows to land
dispossession through unequal and inconsistent application of the law [16,25,28,29] and use of the law
to discredit women involved in disputes over customary land. Another characteristic of customary
land tenure is that community members often rely upon common resources such as forests, grazing
lands, and water sources for their livelihoods and daily needs. Women also rely on these common
resources for firewood and medicinal plants. Community members are generally considered the
“co-owners” or rightful users of such land [4]. The situation has been changing as labor and monetary
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markets also mediate women’s access to land in customary land tenure areas [5,16]. The stock of land
held under customary tenure has been declining. This is because of conversion to leasehold and
freehold, climate change losses, increasing land demand fuelled by rapidly changing land markets,
urbanization, and large-scale land investments, globalization, structural adjustment, and perceptions
that other tenure forms are more secure [3,5,18,30–32]. The pressures to formalize or register customary
land tenure is driven by those who believe that this would modernize the tenure and attract investment,
make it easier to record the land rights, incentivize users to take better care of resources and use the
land as collateral [4,33,34]. The pressures on customary land tenure are inducing shifts in women’s
land rights and undermining their fragile tenure [6]. Market pressures undermine women’s customary
land rights as women generally lack resources to secure land on the market. The market pressures also
affect common lands that women rely on for firewood as these are vulnerable to disposal on the land
markets. The market pressures also result in individualization and registration of land. Women’s tenure
is compromised as family land is usually registered in the name of a single individual in the household
who is usually male. The pressures on customary land arising from land scarcity, rapid population
growth, and increasing land individualization erode the customary safeguards in place to secure
women’s land tenure security [35–38]. Women’s customary tenure is compromised when disputes arise
in land negotiations because they have limited access to decision-making forums and institutions of
justice. [6,27,39]. The invisibility, secondary tenure status, marginalization of women from customary
land governance forums and challenges of representing customary land rights effectively at law
increase the vulnerability of women’s customary tenure land rights [40–42]. As a result, when land
is transferred to large scale investors, the attendant decision-making, apportionment of costs and
benefits marginalizes women [30,43]. This is because women are excluded from decision-making
and their invisible land claims are not acknowledged in the calculation of losses for compensation
purposes. In addition, marriage, one of the institutions through which women gain and maintain
access to customary land, has been undermined by divorce, increased mobility, death, and economic
independence of women. The insecurity occasioned by the instability of marriage introduces new
stresses to women’s sustained land access as these key institutions through which women negotiate
access to customary land are increasingly in a state of flux [5].

The transformation and sometimes privatization of common land (like forests, grazing areas)
arrangements undermine women’s land claims in customary tenure areas by undermining existing
structures and arrangements for managing the vulnerability of people and women who depend on
these. This is through, for example, opening up land for speculation by outsiders and increasing
inequality among the different groups [31,44].

The impact on women who depend on customary tenure land is that they find themselves dependent
on ever shrinking, less fertile, and increasingly expensive pieces of land. Mapping is an increasingly
popular mechanism for demarcating land for purposes of transfer, valuation, and registration. This review
of land mapping initiatives illustrates that these could provide some relief and generate opportunities
for women to secure their customary land rights by increasing the visibility of derived land rights,
generating opportunities for women to participate in land decision-making fora, and generate
opportunities for women to articulate their land needs in land governance institutions.

2. Materials and Methods

The paper draws on secondary data. This consists of secondary analysis of published case studies
of work that was carried out in Benin, Liberia, Lesotho, Democratic Republic of Congo, South Africa,
Rwanda, Madagascar, Uganda, and Mozambique. Table 1 summarizes the cases, the nature of
intervention, and sources available on the intervention. The cases were purposively selected to reflect
common themes of mapping on land under customary tenure, diversity across the Sub-Saharan Africa,
and cases that provided a reflection and/or impact on women’s land rights. Table 1 shows that mapping
interventions were undertaken as a major or minor part of other interventions to record and delineate
customary land tenure. This was in Mozambique, Uganda, Madagascar, Democratic Republic of Congo,
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Benin, and Lesotho. In all the cases, mapping was used to contribute to clarify land rights of land
under customary tenure. The sources include inception reports, self–authored reports by implementing
institutions, technical reports, and peer reviewed publications.

Table 1. Case study summaries.

Country Nature of Intervention The way Mapping was Part of
Intervention

Sources Available on the
Intervention

Liberia
International Development Law

Organization
(IDLO)

Gather evidence relating to the type
and level of support that

communities require to successfully
complete community land titling.

Mapping was a major part to facilitate the
protection of vulnerable groups’ land

rights in the context of decentralized land
management and administration.

Inception report
Reviewed publication

Lesotho
Millennium Challenge

Corporation (MCC)

Review of Lesotho land
administration to

assess the land administration
situation and to propose areas

for legal reform.

Mapping was used in resettlement,
compensation, verification and

adjudication of land rights.
Gender considerations were included

from the outset of the land-related portion
of the project.

End of Project Technical Report

Benin
MCC

Project aimed to create secure
land tenure and effective and

transparent governance of land.

Mapping was an integral part of a project
that aimed at improving women’s access

to land and the security of women’s
land tenure.

Democratic People’s Republic of Congo
REDD+

Community involvement in
mapping for conservation, planning,

and management of land tenure.

Major part of the intervention.
Women included in awareness sessions to

ensure a participatory process. Women
targeted in training in cartography.

Self-reporting by the Project
Management Team

Research report

South Africa
Digital mapping in marginalized
communities to inform land-use

decision-making.

Major part of co-constructing knowledge
with communities. 2 Peer reviewed articles

Rwanda
International Fund for Agriculture

Development
(IFAD) supported

Mapping land and natural resource
right, use management of natural

resources.

Strengthening of land tenure security
through the facilitation of statutory

land registration.
Major to strengthen land use planning.

Strengthening women’s land rights was
a major theme of the intervention.

Project self-report /learning note

Conference report

Peer reviewed Project
evaluation report

Mozambique
MCC
IDLO

Support communities to acquire
documentation to secure their

communal lands.
Gather evidence relating to the type

and level of support that
communities require to successfully

complete community land titling.

Provide support to communities in the
process of mapping their lands.

Peer reviewed publication
Technical report
Inception report

Uganda
IFAD supported

International Land Coalition supported

Community mapping to ensure
tenure security customary

land rights.

Major precondition to secure statutory
registration of communal land. Women
inclusion precondition for registration.

Best Practice self- report by NGO
3 peer reviewed journal articles

Madagascar
ILC

Supported

Mapping land use and natural
resource management
to facilitate customary

land registration.

Major intervention. Strengthening
women’s access to land a major theme.

Learning note
Conference report

Best practice report
Peer reviewed report

The cases were analyzed using thematic analysis. The review of the selected case studies followed
a two-step thematic analysis. The first step analysis focused generally on mapping in customary area
lands. The purpose was to capture the context, reasons, and institutional arrangements for mapping
customary tenure land. The findings of this analysis are described in Sections 3.1 and 3.2 of the paper.
The secondary analysis focused on data in the selected cases related to consideration of women’s land
rights in the mapping initiatives. These findings are the focus of Section 3.4. The primary focus of this
study was to interrogate the potential of customary land mapping initiatives to strengthen women’s
land tenure in Sub-Saharan Africa. The point being to explore the potential of the intervention so
that the findings of the exploratory work can used to inform policy making around strengthening
women’s land rights in customary land tenure areas. The limitations of the methodology include
the inconsistency of sources that authors relied on which range from self-reported to peer reviewed
publications. This inconsistency posed challenges in the consistency and depth of information available.
The use of existing data to fit new research questions focusing on (a) the impact of mapping on
customary land and (b) the potential of the intervention to increase tenure security for women’s land
rights was limited by the fact that the authors had no other knowledge of these cases outside the
written information. For example, none of the cases had information on the gender disaggregated
indicators, long term impact of the initiative on women’s land tenure rights in customary tenure
areas, or the strategies for securing women’s land tenure status outside the locality. The authors
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drew on their own experiences in mapping and land tenure security to strengthen their insight and
analysis. Although the article would have benefitted from more information on the process, strengths,
and challenges of the primary research, the authors believe that the diversity of cases analyzed generate
rich data, diverse contexts, and local experiences of customary land mapping in Sub-Saharan Africa.
The authors believe that the selection of cases and the data can be reliably used as a basis for critically
analyzing the potential of mapping as a tool for increasing customary land tenure security for women
in Sub-Saharan Africa.

3. Results and Discussion

3.1. Overall Justification for Mapping Initiatives in Customary Land Areas

Mapping initiatives are closely tied to a broader process of land regularization or documentation.
Maps are an effective medium for a large variety of development projects. Maps enhance stakeholders’
ability to visualize space, how it is used, land use and land cover changes, and how the demarcated
space relates to adjacent parcels of land and resources. Maps provide a platform for stakeholders to
gain an appreciation through a visual—even if rudimentary—instrument, the nature of the resource-
and land-related problems that the community may be facing. The International Development
Law Organization (IDLO) implemented the Community Land Titling Initiative in Liberia, Uganda,
and Mozambique to experiment with different models through which to support communities in the
acquisition of knowledge regarding the legislative requirements and process for securing government
documentation or titles for their communal lands [4,9].

Mapping can enable stakeholders to visualize the spatial distribution of complex problems [8,10].
For example, Mozambique’s land delineation process enabled communities to define their land claims
in customary land [8]. Mapping can help stakeholders to understand the relations over land and
natural resources and illustrate important social, traditional, and historical as well as indigenous
knowledge [10,45]. Mapping is also used to carve out the socio-political environment, especially
institutional structures that govern land [46], while also creating the possibility for good land governance
by enhancing transparency. Mapping empowers communities by providing them with opportunities
to convert tacit indigenous knowledge embedded in people’s memories—especially those of elders’–
into external usable knowledge [10]. Mapping is also used to highlight environmental vulnerability
by marking coastal erosion and riverine flood lines. In Kenya, GIS and remote sensing techniques
where used for natural resource management and for project monitoring [44]. Mapping increases
stakeholders’ awareness of, for example, land use, land demand, and or population density. In the
Democratic Republic of Congo, mapping was used to devolve central control over resources as
mapping of customary land boundaries by local authorities and traditional leaders and chiefs enabled
these lower levels of governance to claim autonomy in decision-making over land from the central
government. The initiative also enabled communities to gain knowledge of the contractual issues that
could affect their land rights and capacity to participate in decision-making processes. The intervention
also facilitated the management and use of village land and natural resources, monitoring of loss of
forest cover, and helped communities identify land rights and confirm land limits [7]. The recording of
land claims on a map increases the visibility of the claims and improves communities and women’s
chances of securing their tenure as these maps become the documentary evidence of communities’
claim to the land. Within communities, participatory mapping can generate discussions and lead to
the resolution of inter- and intra-community disputes over natural resources [9,10]. In terms of land
use, structured participatory mapping processes can provide communities with an opportunity to
develop land use plans to inform primary and secondary land rights. This will enable them to monitor
changes in the environment and resource distribution [7]. In uSuthu, Swaziland, the International
Land Coalition supported—-IFAD mapping intervention enabled communities to plot water sources
and soil types. Through this mapping exercise, extension staff could advise traditional leaders on
land designation as well as generate guidelines for future land and resource allocation. Mapping is
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commonly used to generate local land occupation plans, support the adjudication of land claims and
the issuance of legal certificates of occupation by people with unrecorded customary land rights [44].
Mapping was used in Mozambique to enable communities to claim and register interest in land,
establish the spatial extent of the Direito de Uso e Aproveitamento dos Terras (DUAT) or interest in the
land or ‘the right of use and benefit of customary land’ [8,39,46], and mitigate the risk of boundary
contestation with neighboring communities.

In Mozambique, the Millennium Challenge Corporation (MCC) funded mapping enabled
communities to realize the extent of their land, thereby making it possible for them to make informed
decisions about land use and enhance their capacity for informed, evidence-based engagements,
and negotiation with potential investors [46]. Mapping can support the recording and intergenerational
transfer of knowledge which sustains traditional indigenous knowledge and promotes ecosystem
resilience [10]. Mapping can facilitate negotiation among community members regarding resource
priorities. Mapping can be used to inform advocacy and enhance community cohesion in the
face of land-related challenges. In South Africa, where spatial injustice is represented by skewed
distribution of land, mapping became a political exercise to represent diverse narratives of land history.
These narratives are used to support restitution land claims by communities [47].

In Madagascar, IFAD worked with rural communities who were previously barred from owning
land. In 2005, the government introduced a land policy to improve land tenure for these groupings,
thereby enabling rural communities to formalize their land rights and garner tenure security.
As a result of the government’s new land policy, communities were issued with certificates and
existing titled ownership, parks, and reserves were mapped using existing records that were in turn
validated by the communities. Customary rights were also identified and mapped using satellite
images of the communes. This was complimented with multi stakeholder land tenure diagnosis,
planning, and participatory community land use maps [10]. Maps can be used to represent a first
attempt at a geographical representation of natural resources and therefore, a document that can be used
to negotiate rights to land and natural resources. In Uganda, pressure over land and natural resources
exposed customary land users to violation of their land rights [47–49]. The situation is especially bad
in Karamoja, an area richly endowed with mineral resources where investors are rushing to claims
concessions. Customary land rights held by pastoralists remained vulnerable because the communities
lacked resources and mechanisms to demarcate their land. The communities’ lack of awareness of their
rights, coupled with the government’s delays to implement legal provisions aimed at increasing the
community’s control over customary tenure land [49], compounded the situation. In order to obtain
a certificate of community ownership or a freehold title over communal land in Uganda, a community
has to establish a Community Land Association (CLA), the first step of which requires mapping
and boundary harmonization [47,48]. The community map is a precondition for the registration of
the Communal Land Association. The Uganda Land Alliance, with support from Dan Church Aid
and the Ford Foundation, carried out community mapping of communal land resources to support
the registration of the Communal Land Associations. The mapping resulted in the identification
of customary lands in the area, boundaries, grazing lands, watering points, areas for gathering
firewood, and shrines. The mapping showed that customary land was vulnerable to land grabbing [48].
Finally, on the back of the recognition of immense agricultural land tenure pressures in Rwanda
and their negative impact on food security, the International Fund for Agricultural Development
(IFAD) provided support for the Kirehe Community-Based Watershed Management Project (KWAMP).
While the objective of KWAMP was not directly about enhancing participatory land governance
through community land and resource mapping, a key component of the project necessitated this
approach. In particular, under the Water and land use management component of the project, the intention
was addressing challenges and weaknesses in the existing regulatory framework while also granting
enhanced tenure security for farmers by registering their land rights. The government developed
simple methods by which people could map their own boundaries using satellite images and aerial
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photography [44]. These images were then used to inform the parceling out and titling of land to those
farmers receiving poverty reduction interventions.

3.2. Institutional Arrangements for Mapping Initiatives

Mapping initiatives that have been undertaken in Liberia, Mozambique, Benin, Lesotho, and Uganda
are multi-stakeholder in their design. Diverse actors who range from community-based organizations
to development partners initiate the process. These stakeholders play differing roles each of which
contributes to increased land tenure security of women in customary lands. Development partners
integrate gender into their strategies, governance, metrics, organizational structure, and budgets [46].
In the case of Liberia, Mozambique, and Uganda, the International Development Law Organization
(IDLO) was the central initiating actor with funding from the United Kingdom Department of
International Aid (UKAid), Australian Aid (AUSAid), as well as from the Bill and Melinda Gates
Foundation and the Open Society Foundation [4,8]. In the case of Benin and Lesotho, the Millennium
Challenge Corporation (MCC) has played the leading role [46]. The World Wide Fund for Nature
(WWF) has similarly played a strategic role in the Democratic Republic of Congo [7] while IFAD
provided land officers to support the districts in Rwanda and also engaged in community sensitization
as part of broader land demarcation pilots in Rwanda. In Madagascar, IFAD supported and funded the
project to support development in the Menabe and Melkay regions [10]. In Benin, local governments
play an important role in registration and are responsible for issuing certificates and upholding land
information [44]. The WWF in the DRC worked systematically to include customary land authorities
in the mapping exercises. This was through their inclusion at inception and validation activities.
The WWF provided computers and training for young men and women on using the mapping
technology [7]. The MCC facilitated women’s land tenure security by insisting on the revision of gender
blind and discriminatory legislation as a pre-condition of their involvement. This precipitated the
revision of discriminatory statutory laws that undermined women’s land tenure status in Lesotho [46].
In Liberia, Mozambique, and Uganda, the traditional leaders were responsible for identifying sites that
are of cultural significance. They also assisted the technicians to identify and verify all community
boundaries [8]. Traditional leaders also supported the mapping by participating in the discussions and
facilitating the participation of their communities.

The government of Rwanda initiated the 2008 National Land Centre that was responsible for
overall land management and mapping [10]. The central government and its agencies were also
responsible for implementing the Land law and formulating Land Policies that framed the mapping
initiatives. The gender sensitive Land Policy and the Organic Land Law No. 08/200515, which is the
basis of a legal framework for land management and administration in the country, prohibits any
discrimination based on sex in matters relating to ownership or possession of rights over the land,
as the wife and the husband have equal rights over the land [50]. This legislation provided a gender
sensitive policy and legislative environment for grounding the customary land tenure mapping
initiatives. The Ministry of Lands, Environment, Forestry, Water, and Mines in Rwanda developed
an implementation program for the land policy and law. The registrar of land titles maintained the
registers and record. The district registrar convened community meetings and certified the legal
documents to endorse the mapping in Mozambique [8]. They also formalized community groups.
In Rwanda, the Commissions scrutinized disputes arising in the regularization process and ensured
the participation of communities. The district institution in Rwanda maintained the land records and
archives and in some cases was responsible for the authorization and approval of the plans submitted
by communities in respect of their land governance and use [50]. The government of Uganda made it
mandatory for women to be included in the customary land mapping decision-making processes [49].
The formal recognition of women’s land claims and use of common lands in customary mapping
exercises increased the potential for women to secure customary land tenure status by capturing and
increasing the visibility of these claims. This made it easier for women to prove and defend their claims
on customary lands in the various decision-making and registration forums. All the cited governments
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mobilized political will—an often overlooked but strategic precondition for realizing women’s land
tenure security. Civil society, women’s groups, and community organizations provide expertise
and local knowledge; support the change once the intervention has ended [46]. Local Civil Society
Organizations (CSOs) often facilitate the mapping exercise and acted as mediating agents between
the community and the mapping technicians, either from the private or public sectors. In Rwanda,
the CSOs that have participated in the implementation of mapping initiatives have been responsible
for enhancing the conflict resolution capacity of the traditional leaders and raising women’s awareness
about land rights. In Uganda, the Uganda Land Alliance, a civil society organization supported
the organization and registration of local communities to enable them to have legal entities which
they could use to register their land claims. The Uganda Land Alliance presided over election of the
management committees and ensured that each management committee of nine had at least three
women members [49]. Other civil society organizations supported raising communities’ awareness of
gender issues and providing training for the central and local government stakeholders. In Rwanda,
the Rwanda Initiative for Sustainable Development (RISD), a local Civil society organization ensured
that women’s views were heard by soliciting the views of the grassroots women to be considered [50].

In Kiepersol, South Africa, researchers worked with communities to explore the dynamics in
a land claim case where community members mapped their heritage claims. The communities led the
research team to their former homelands and identified significant places like graveyards and places
they played when they were younger [47]. Similarly, the village level committees in Tanzania have
been responsible for managing land and establishing and administering local registers of communal
land rights, issuing certificates of customary land rights, and managing the land. Communities may
delineate land according to customary use including forests, habitats, and sites of cultural and historical
importance. Communities also have a role in the validation of boundaries occupation and land use [8].

3.3. Legal Status of the Mapping Outputs

The legal status of the maps and outputs of the interventions is important as it informs the
extent to which the outcomes of these innovative interventions can be used to secure women’s land
tenure in a customary land tenure area. In Rwanda, the information was entered into the Land Tenure
Regularization Support System [33] and used for titling purposes. In Madagascar, the information
generated was used to develop land occupation plans and grant certificates of occupation [33].
By contrast, despite the immense effort that was undertaken by IDLO, SDI, CTV, and LEMU in
implementing the Community Lands Titling Initiative in Liberia, Mozambique, and Uganda, at the time
of project report publication in 2012, none of the participating communities had managed to receive
formal documentation in recognition of their communal territorial claims [35]. These ambiguous project
outcomes notwithstanding, however, in Uganda financial institutions are required by law to accept
the legitimacy of the Certificate of Communal Ownership (CCOs) created from community mapping
exercises as valid titles and as such, those communities that had managed to complete and submit
their applications for a CCO or for freehold titles stood a better chance of leveraging their ownership
for land investment purposes or for the facilitation of sale. In order to increase the legitimacy of maps,
the maps must be prepared to government standards and guidelines. At the time of the publication of
the project in 2015, 52 communities whose lands and mapping were ready were still waiting for the
registration certificate from the government of Uganda [41].

In Uganda, communal area land governance is fragmented among the various ministries and
managed by various often overlapping land governance institutions. These include the district land
boards, land tribunals, local land courts, and customary institutions [41,46]. The 1988 Land Act which
conferred legal rights to customary tenure land rights and the 2013 Land policy that recognized
customary land tenure as being at par with other land tenure systems in Uganda, increased the
opportunity for communities and women within them to secure their customary land tenure rights.
The consolidation of the customary and statutory land governance systems potentially removed
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loopholes between the two systems which are exploited by the powerful to undermine women’s land
tenure in customary land tenure areas.

In the reducing emissions from deforestation and forest degradation (REDD) initiative in the DRC,
the maps were officially recognized by the relevant authorities. The WWF worked with community
partners and administrative authorities to facilitate the process required to obtain official recognition
of community maps. This process of recognition begins with the Local Territory Administration and
continues through to the District Commissioner, Provincial Interior Ministry and, finally, the National
Interior Ministry. The maps and numerical data gathered have been shared with institutions, including
Institute Géographique du Congo and Institut National de la Statistique at the national and provincial
levels. Printed maps are distributed to communities, customary authorities, including land chiefs,
and the territory administrators [34]. Beyond the mapping exercise undertaken by IDLO and CTV
in Mozambique, other donor-sponsored community land ownership regularization initiatives have,
following the delineation, produced a map of the community DUAT with any other information,
such as rights-of-way, which has then been registered in the Cadastral Atlas, culminating with the
issuing of a Certificate of Delimitation in the name of the community [33]. In Rwanda, the maps
generated were recognized at law as legal documents [10].

3.4. Impact of Customary Land Mapping on Women’s Customary Land Rights

The mapping exercises increased communities’ awareness of women’s claims and rights to land
and related resources. The mapping enables communities to identify and increase awareness of the
way in which women exploit natural resources like rangelands, water, and forests. This, for example,
included the mapping of water routes which are often overlooked when large scale land resources are
alienated and highlights the extra burden that women had to walk longer distances to secure water
for domestic use. The maps also capture the women’s dependence and use of forest produce and
resources in ways that male biased mapping would not. The integration of women and communities
into land use planning [8] enabled women to participate and increased their visibility. The recording of
women’s land rights on the maps and claims and routes to access water and forest produce increased
the visibility of women’s claims on land. The increased visibility means that women’s concerns become
represented in various forums.

The use of resource mapping techniques and community validation enabled women to highlight
the vulnerability of the resources they use in relation to competing interest (for example, large scale
land investors, the government, and powerful individuals in the communities). The Rwanda initiative
used maps to identify winners and losers in the implementation of irrigation projects and in the
implementation of irrigation schemes. This development made it possible for the project process to
identify women and other vulnerable groups who often lose out of the large land-based investments
like irrigation schemes where men are often better placed to capture the benefits from employment
and subcontracting arrangements [50]. This increased the chances of women’s issues and claims being
taken into consideration in the assessment and mitigation of impacts and changes in land tenure
and use.

The inclusion of women in the mapping process by granting equal recognition to women as
community members, as legitimate members of local land governance structures, and as resource users,
entrenched their interests in relation to land, water, and other natural resources. The protocols for
mapping land and resource rights provide opportunities for women to participate in decision-making.
In Mozambique, the Lei de Terras (1997) law makes it mandatory to include women in every step of
registering community land. The Lei de Terras explicitly grants women equal rights in community
property and their participation in every component of community land-related governance [8,39].
In Uganda, the 1988 Land Act, which provides for the establishment of Communal Land Associations
for the purposes of managing communal land resources, specifies that a third of the Communal Land
Association (CLA) executive committee members must be women. This provision has paved the
way for the participation of women in the management of communal lands. The CLA is the legal
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entity that can map and register land on behalf of the community and as such, by making women’s
proportional representation a requirement, the Land Act has gone a significant way towards ensuring
women’s tenure security [49]. In Rwanda, the data and information collected for maps and spatial
is gender disaggregated [50] to facilitate monitoring. The recognition of women as rightful actors
and participants in decision-making processes goes some way towards increasing their security as
they are consulted in decisions to alienate land, plan land use, allocate land, and or negotiate and
enter into commercial agreements with outsiders. This recognition potentially enables women to
benefit equally in compensation that may be paid out for the alienation of land. The other ways in
which women’s inclusion in decision-making in land matters included discussions with elders, raising
community awareness, and training women to participate in the decision-making fora and following
up on them [10].

Mapping initiatives potentially strengthen women’s land rights in a marital union; the strategic,
but unfortunately, increasingly unstable institution through which women traditionally gain access to
customary land. The Benin MCC report recommended that the customary obligation of husbands to
provide land to wives be captured at an individual level and other secondary rights, like communal
rights to harvest, be captured in rural landholding plans (Plan Foncier Rural (PFR)). The report also
recommended that the law and regulations, at a minimum, presume co-ownership of land between
spouses and that a communication, education, and training plan be adopted to raise community’s
awareness and appreciation of these recommended developments [46].

Mapping initiatives such as the community land delimitation in Mozambique and community
land registration in Uganda enable women to make significant progress towards gaining statutory
recognition of customary land rights. In Mozambique and Uganda where women’s land rights in
customary areas were weak, the successful implementation of the mapping initiatives provided women
with a form of statutorily recognized land rights and records. Participatory land and resource mapping
can strengthen women’s land rights in customary tenure areas by facilitating the recording of secondary
land rights, which would otherwise remain invisible and ignored during transactions with outsiders
and powerful institutions with an interest in the appropriation or acquisition of communal land
and attendant resources. Where these derived rights to land are not made visible nor recognized
as legitimate claims, the result in many instances is that women lose out on compensation and
beneficiation claims. While not the panacea for enhanced tenure security for women, the recording of
women’s secondary land rights is a fundamental first step towards bringing the customary land rights
into the public domain where other institutions (such as advocacy groupings and even judicial courts)
can participate in the mediation of these rights [46].

The improved land and resource governance that resulted from the transparent and democratic
processes that land governance institutions were subjected to increased women’s land tenure security
in customary areas as they were less vulnerable to corruption and gender-based violence. Widows and
single women benefited from the transparency as their land rights were recorded in a medium other
than people’s memories. This provided them with an alternative platform for securing and defending
their land rights. In Benin, the mapping went further by drawing specific maps of secondary rights
and vulnerable groups and making a plan to protect and enhance their access to land [46].

In Rwanda, gender considerations are taken into account at every step of the mapping and
registration process. This means that men and women are included in awareness campaigns and
specific aspects related to women’s land rights are spelled out; the data are disaggregated by sex;
both men and women are involved in the identification of parcels and boundaries; the delineation
team includes both men and women and all the data related to all the components of the family are
registered including wives and daughters [50]. In the context of a delimited community, civil law
provides a useful legal safeguard tool in this regard, since the ownership of the use right is shared
by every single member of the community, meaning that decisions must legally be taken by women
as well as by men, and cannot be mediated through households, traditional authorities, or other
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‘representative’ bodies (unless specifically mandated to do so). In reality, of course, there are challenges
in the application of this tool [7].

In Benin and Lesotho, mainstreaming gender and amending gender-blind legislation was
a precondition for the Millennium Challenge Account signing a compact with the respective countries.
This catalyzed women’s land tenure security to the top of the agenda, and it formed an integral part
of all the developments during the projects. In Benin, this included mapping initiatives. As a result,
women were included in decision-making. Experts were hired with the specific role of safeguarding
women’s interests in the planning phase of mapping programmers, ensuring their participation in these
initiatives, and overseeing the development and incorporation of gender-sensitive indicators as part of
the matrices for monitoring and measuring the success of outcomes. As a result, the stakeholders have
had to commit to closing the gender gap in land access [46].

The formalizing of women’s rights as part of the delimitation of community rights generated
opportunities for women to negotiate and shift attitudes and approaches without coming into direct
conflict with the status quo. Subjecting the maps to community validation at various stages also
ensured that women’s concerns are highlighted, and their views inform the mapping conceptualization
and development process.

The arrangements made to transfer technology and skills potentially transfer important skills and
competencies linked to land-use management to local communities [7,8]. Women and or women only
groups were targeted in these capacity building initiatives [7,44]. This includes training of cartographers.
This makes it possible for local communities to gain intimate knowledge of the techniques, technologies,
and processes necessary to promote and promote their tenure land tenure. The IDLO initiatives
transferred skills to community-based para-legals, capacitating them with the knowledge of relevant
legislative provisions for instituting participatory processes for formal recognition of communal land
rights. The para-legal—and communities, more generally—also obtained conflict resolution skills,
which were critical for managing intra- and inter-community disputes over land boundaries and
resource use arrangements. Overall, there was increased capacity on the part of the communities to
make decisions and participate in natural resource governance structures and negotiations. Through
the Millennium Challenge Account-funded project in Benin, the number of para-legal professionals in
the mayoral administrations in twenty communes was increased, significantly improving the local
governments’ capacity to assist citizens, including women’s groups, to make effective use of the
maps, to negotiate, and conclude agreements for use and occupancy of lands of new proprietors or of
communal reserves [46].

3.5. Limits of Mapping for Securing Women’s Land Tenure in Customary Areas

Analyses of these initiatives for the reform of customary land management demonstrated their
scope and importance but also their limits. Mapping initiatives, while encouraging, must be subjected
to empirical scrutiny to assess the extent to which they have actually translated into real security of
tenure beyond the lifespan of outsider-driven or facilitated mapping initiatives. Mapping initiatives
are not only difficult to launch but necessarily involve processes that can prove costly. The costs,
which include equipment and software licensing, are beyond the reach of poor communities and
women who have limited economic opportunities to earn money. This can be mitigated to an extent by
open source technology, the involvement of funding partners, and documenting or registering the
community land as a meta-unit [8]. Mapping initiatives can potentially create new and or unearth
long standing boundary conflicts within the community or between a community and its neighbors,
which can increase pressure on tenuous women’s communal land tenure rights. Participatory appraisal
and boundary mapping can mediate boundary conflicts. This includes the inclusion of local community
information on history, culture, social organization, spatial occupation, land use, population dynamics,
and possible conflicts and their resolution in the mapping [4]. Since mapping initiatives and the space
they open up for women to secure land rights in customary land tenure areas threaten power interests,
they may be subject to resistance by those who are threatened who include patriarchal gate keepers.
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This is mediated by expressing the importance of gender issues in the early stages of project design
and developing a plan to communicate to difference target audiences [4,46].

The supply driven nature of the initiatives undermine sustainability of the project in the long
term beyond the project period. It is important to monitor the project using gender disaggregated
data and adjust methods and targets if necessary [46,50]. There is no guarantee that the local land
administration institutions (the municipalities and the provincial cadastral services) will have the
skills, tools, and capacity to maintain the cadastral registers [10]. In that regard, it is important to
build capacity of local level institutions. This is done though providing technical tools and training
to the decentralized institutions. This can be complimented by increasing communities’ capacities
to use the mapping processes to maintain the cadastral registers. Women should be integrated into
these initiatives [4,7,10]. The real changes associated with the paper-based and paper-generating
initiatives will remain beyond the reach of many women unless they are supported by interventions to
support the largely illiterate rural women to secure the necessary documentation. This is mediated
by simplifying and streamlining land titling processes and including knowledgeable women in
the project [46] as well as securing enforcement mechanisms. There is a risk that land institutions
will not recognize the maps and or the rights and claims represented on them. The risk is higher
if the maps are not presented in a format that is not consistent with existing land right recording
systems. In order to mitigate this risk, mapping initiatives should study and take into account existing
systems so that the new information is compatible with existing records. For example, in the DRC,
the team worked to ensure that all information and data from the participatory mapping exercises was
incorporated into national databases [7]. Since the mapping processes and attendant conversations
involve choices and discussions, there is a risk that women and women’s interests may be overlooked
or set aside by those who have power over the mapping process [4]. The mandatory representation
of women in decision-making fora and entities formed to facilitate the mapping, implementing
a women’s empowerment/participation strategy and working to ensure women’s full involvement in
all community land documentation activities are all strategies to address this challenge [8,46,48].

In the communities represented, women form diverse age groups class and positions of power [27,51–53].
The differentiation of women and communities, if not taken into account during the mapping, can create
challenges. For example, negotiating land rights under customary law can put certain community
members at a significant disadvantage, particularly for certain categories of women such as widows
and divorcees that lack the social power and support to successfully assert their interests. The process
can also potentially perpetuate existing inequalities by favoring those with power [10,52] Mapping
initiatives should identify vulnerable groups and put in place mechanisms to protect them as well as
the acknowledgement of rights holders secondary and derived rights to land [46]. The choice by the
mapping authors can also undermine women’s land claims. For example, state law bias in recording
marriage can marginalize those whose marriages are not recorded in Statute. This marginalizes the
majority of women who are married under customary law and other informal conjugal unions. In order
to mitigate the risk of disenfranchisement of people who held derived land rights, implementers
can develop contract forms and processes to document secondary rights. This includes amending
gender-blind legislation and recording and registration of women’s secondary rights to land,
which include the right to use their husband’s land and customary obligation of husbands to provide
land to wives be captured as a real right to land [46]. Mapping of community resources may expose
vulnerable resources and communities to exploitation. As a result, the communities and women within
them will be vulnerable to displacement and loss of land to commercial interests. In order to protect
women within communities from marginalization during registration, communities can register lands
as a collective. The mapping would reference customary boundaries and empower communities to
control and regulate intracommunity land holdings and use to protect the vulnerable women [4,8].
The risk of women losing communal resource rights in the registration of mapping outcomes can be
addressed through registration of women’s rights to harvest produce from communal resources [46].
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4. Recommendations for Improving on the Practice and Scaling-Up of Mapping Initiatives

Although mapping initiatives potentially catalyze the transmission of women’s land rights, there
is need for a longitudinal study, and impact-monitoring impacts are hard to gauge over the duration of
a short-term project. The extended multi-year monitoring would require a different project timeline and
funding model. The development partners’ pilot and project approaches make it difficult to consolidate
and entrench processes and practices. For sustainability: internally-driven participatory governance
ethos and practice, it is important to work both at the level of the community (raising awareness about
legislative framework, supporting community discussion of and implementation of actual mapping
processes in a gender sensitive way) as well as at the level of the government. The latter is necessary
not only to ensure that the practices of government officials on land governance become more inclusive
and gender sensitive, but also to support the state itself in the timeous and efficient discharge of its
functions in respect of issuing the communal/household land titles or other formal recognition of
tenure [50]. The involvement of women may have to be negotiated at length with gate keepers and
community elders. This is important in communities where women are traditionally excluded from
decision-making on land matters. It is also important to train and build capacity of women to ensure
they play an active role in these community structures [49]. Land mapping procedures and outcomes
should take note of, and where possible, preserve and build upon the aspects of untitled customary
tenure that already favor women, given that they are already accepted as legitimate in communities.
Land tenure mapping initiatives in customary areas can work better for women’s land rights if they
also include community-specific gender analysis and crafting strategies to address gender disparities
into their programs.

5. Conclusions

The paper, which draws from case studies in selected countries in Sub- Saharan Africa, has
shown that customary land mapping initiatives are an innovation that, given certain conditions and
resources, can potentially catalyze the transmission of women’s customary land tenure rights in ways
that increase tenure security. This is through providing women access to decision-making forums and
facilitating women’s participation in land registration processes. The initiatives that recognize women’s
derived land rights precipitate change of the terms on which women negotiate access to resources in
communal areas, providing alternative identity to marriage and kinship-based systems, open up novel
spaces between custom and statute, which potentially enable women to negotiate for customary land,
and increasing the visibility of women’s land interests and narratives in customary land tenure areas.
However, mapping, if not handled carefully, can potentially undermine women’s fragile land rights in
customary land tenure areas by entrenching existing power asymmetries, complicating existing land
recording systems, increasing the cost of securing land by disbursing costly technology, unearthing
long standing conflicts which can increase pressure on fragile land claims. There is a need for mapping
initiatives to address issues of sustainability, localization and scaling, and affordability to ensure that
the intervention brings about demonstrated changes to women’s land tenure status in customary land
tenure areas.
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Abstract: The idea behind the Infrastructure for Spatial Information in Europe (INSPIRE) project
was to provide EU citizens with access to various types of information, including environmental
protection and spatial management data. These resources can be viewed (Web Map Service—WMS)
and downloaded (Web Feature Service—WFS) online. Cadastral datasets represent one of the 34 spatial
data themes in the spatial data infrastructure (SDI). The functionality of the SDI has not yet been fully
achieved due to the failure of the WMS and WFS network services. The aim of this article was to assess
the completeness of the SDI containing cadastral datasets. The present study has practical implications.
The proposed diagnostic tool supports an assessment of the completeness of SDI resources in seven
diagnostic groups (technical and legal identifiers, the cadastral information profile, the WMS network
service, the WFS network service, source cadastral databases, data validity, and WMS and WFS
standardization). The developed assessment methodology enables the identification of websites that
publish cadastral data through INSPIRE network services, as well as problematic websites, and it has
high development potential. The results of the assessment should be used in the ongoing construction
of the SDI. They can also be used to improve the quality of network services and their availability for
end users.

Keywords: cadastral data; spatial data infrastructure; websites publishing cadastral data; INSPIRE
network services; evaluation

1. Introduction

Infrastructure for Spatial Information in Europe (INSPIRE) network services are widely applied in
decision-making processes relating to responsible spatial management. Network services such as the
Web Map Service (WMS), Web Map Tile Service (WMTS), Web Feature Service (WFS), Web Coverage
Service (WCS) and Catalogue Service for Web (CSW) have been developed by the Open Geospatial
Consortium (OGC), and they can be applied to develop dispersed systems and web applications that
communicate across the network through appropriate HTTP protocols [1]. Network services speed up
access to spatial data dispersed across multiple databases if they have been developed in accordance
with OGC standards that guarantee proper service operation. WMS and WFS standards are used to
develop spatial data infrastructure (SDI) according to selected EU and international standards [2–6].

The SDI was developed to facilitate the implementation of EU environmental policies and
activities. The primary tasks of the SDI are to enable the exchange of spatial data between public sector
organizations and to facilitate access to these data across the EU [7]. In every European country, the SDI
can be implemented in a manner that promotes the development and improves the quality of European
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initiatives such as e-administration and the European Interoperability Framework. One of the greatest
advantages of the European SDI is that it improves the functioning of public administration at all
levels by facilitating access to geospatial information [8]. Under the INSPIRE Directive, the public
administration authorities of the EU member states are under obligation to integrate data from various
thematic fields and to provide access to such information through web service modules that support
the online viewing, searching, and downloading of spatial data.

The cadaster is one of the sources of spatial information for developing thematic datasets in line
with the INSPIRE Directive. The cadaster aggregates spatial information that significantly influences
economic processes and economic growth. The current status and functionality of the cadaster have
been shaped by historical, political, and legal factors, as well as the dynamics of Poland’s socioeconomic
development. The cadastral system provides access to information on land parcels, buildings, premises,
and entities who hold various legal titles to the listed property. Contemporary cadastral databases
should be simple, effective, and reliable [9] in order to improve the functioning of organizations that are
responsible for real estate management. Cadastral data are used to resolve decision-making problems
in the process of achieving environmental, social, economic, legal, and tax policy objectives [10–13].
These objectives cannot be achieved without access to cadastral data. Cadastral data should be made
available through network services [14–16] in line with national regulations on open access to public
data. Public access to data is an essential instrument of social control over state administration, and it
increases the responsibility and transparency of government activities. The relevant data are provided
in the form of cadastral maps by the Head Office of Geodesy and Cartography [17].

The aim of this article was to assess the progress made in the development of the SDI, which is
based on websites publishing cadastral data that have been submitted to the register of spatial datasets
and services under the SDI. The present study has practical implications, and it proposes a tool
for validating the progress in SDI development in seven diagnostic groups: technical and legal
identifiers, the cadastral information profile, the WMS network service, the WFS network service,
INSPIRE theme 1.6 and 3.2 source databases, data validity, and WMS and WFS standardization.
The aim of the assessment was to diagnose the current status of SDI development, to identify the
strengths and weaknesses related to the quality of publicly available cadastral data, and to formulate
recommendations for further activities with the aim of improving their effectiveness in various
decision-making processes.

Nearly 400 websites publishing cadastral data (county (powiat) cadastral databases) in Poland
need to be consolidated, and the relevant data resources have to be standardized. The article evaluates
websites publishing cadastral data to assess the progress made in the implementation of network
service solutions as one of the key features of the SDI. The proposed procedure for evaluating websites
publishing cadastral data involved the following stages:

• The determination of the main objective of service evaluation.
• The description of the criteria for diagnosing the functionality of websites publishing cadastral

data and access to cadastral data (legal, organizational, and technical aspects).
• The development of indicators for evaluating selected diagnostic criteria.
• The interpretation of the results of cadastral service evaluation.

2. Background

The aim of the INSPIRE concept was to establish a framework for improving the availability,
relevance and interoperability of spatial data for environmental policy-making and activities that exert
a direct or an indirect impact on the environment [2,18–21]. An interoperable SDI is an institutional
concept that aims to better respond to the public demand for geographic data in a wide range of
thematic domains. This concept continues to evolve, and it has emerged as the main SDI that supports
social and economic policy-making around the world [8,22]. The purpose of the SDI is to store,
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share, and maintain spatial data and metadata at an appropriate level. The main features of the SDI are
presented in Figure 1.

Figure 1. Spatial data infrastructure (SDI) features. Source: [2].

Network services pose one of the greatest challenges to the development of the SDI in Europe.
These services create access to spatial data, including cadastral parcels, at both the national and
European levels [2,23,24]. The spatial data themes referred to in the INSPIRE Directive include
cadastral parcels and buildings [2]. Cadastral parcels are listed in Annex I, and they are considered
reference data, i.e., data that constitute the spatial framework for linking and/or identifying other types
of information in various thematic fields, such as buildings, the environment, soil use, and land use.
The INSPIRE Directive focuses on the geographic attributes of cadastral data. In the context of the
INSPIRE Directive, cadastral parcels mainly serve as locators of general geo-information, including
environmental data. According to the technical standards laid down by the INSPIRE Directive [25],
cadastral parcels fall under the scope of one or more INSPIRE themes if they are defined by cadastral
or equivalent registers, as well as if they have uniform legal status and are available as vector data.
From the perspective of the implemented directive, the INSPIRE model of cadastral data only covers
the geometric part of the cadastral system. Legal aspects and ownership data are not taken into
consideration even if they are part of the dataset because the member states have the right to limit public
access to spatial data and services [2]. In view of the above, the cadastral data model is simple and
highly compatible with other INSPIRE databases, such as databases of buildings whose specifications
are based on geographic location in line with the developed guidelines [26].

The technical implementation of network services falls subject to the technical specifications
developed by the OGC. The member states are under obligation to establish and operate a network of
the following spatial data services:

• Discovery services that support the search for spatial datasets and services based on the content
of the corresponding metadata, as well as enabling users to display metadata content.

• View services that, as a minimum, enable users to display, navigate, zoom in/out, pan, or overlay
viewable spatial datasets, as well as to display legend information and any relevant
metadata content.

• Download services that enable users to copy, download, and, where practicable, directly access
spatial datasets or parts of such sets.

• Transformation services that enable users to transform spatial datasets with a view to
achieving interoperability.

• Services that enable users to invoke spatial data services.
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These services have to account for specific user requirements, and they have to be easy to
use, available to the public, and accessible via the internet or any other appropriate means of
telecommunication [2]. Cadastral data published via network services can be viewed (OGC WMS) and
downloaded (OGC WFS) [25]. In line with the INSPIRE Directive, the INSPIRE geoportal is the main
European spatial database that integrates spatial data resources and enables the member states to view
(OGC WMS) and download (OGC WFS) spatial data. The geoportal also supports measures aiming to
monitor the entire INSPIRE data collection. The WMS is based on the HTTP interface, and it enables
users to view and integrate maps with other spatial data from the INSPIRE geoportal. Three functions
have been identified in line with OGC standards: GetCapabilities for acquiring detailed descriptions
of maps available on the server, GetMap for downloading maps, and GetFeatureInfo for requesting
information about the objects displayed on the map. GetCapabilities and GetMap are obligatory
functions that have to be implemented in every WMS [4]. The WFS is an internet service that provides
access to geographic objects and enables users to download and edit objects in the database. The service
also contains tools for creating, storing, and parameterizing server queries [5].

The INSPIRE concept promotes access to knowledge about European resources at the national,
regional, and local levels. Modern societies have a vast need for a broad spectrum of information
relating to environmental protection, cultural heritage protection, spatial management, investments,
internal and external security, the development of a knowledge-based economy, e-administration,
e-society, and, consequently, civil society [27]. Poland has developed the relevant legal tools [28]
for implementing the provisions of the INSPIRE Directive. According to [1,29], the cadaster plays
an important role in the Polish SDI as a reference for other spatial data themes covered by the
INSPIRE Directive.

The cadaster provides access to the spatial data themes referred to in the INSPIRE cadastral model.
The data pertaining to cadastral parcels (Annex I to the INSPIRE Directive, theme 6) can be compatible
with other INSPIRE spatial data themes, such as buildings (Annex III, theme 2). The geoportal.gov.pl
web service is being developed with the use of the open source technology, and it is operated by the
Chief Surveyor General of Poland (CSG) in line with EU and national regulations [25,28] to provide
access to SDI resources in Poland. The CSG is also responsible for 15 INSPIRE data themes, including
cadastral parcels and buildings. The data relating to cadastral parcels (Annex I, theme 6) and buildings
(Annex III, theme 2) are published by two groups of network services. The first group is based on the
WMS, and it enables users to view data layers relating to cadastral parcel boundaries, parcel numbers,
and buildings. In Poland, access to cadastral data was created by harmonizing the resources of the Land
Parcel Identification System (LPIS), which supports direct payments to farmers under the Common
Agricultural Policy. The boundaries of cadastral parcels are determined based on cadastral system
data. The second group of web services involves the WMS and the WFS, which publish cadastral data
that are available in county centers for geodetic and cartographic documentation (county cadastral
databases) and have been previously notified in the geoportal’s service repository.

According to [14], the WMS specifications for the cadastral data distributed by Polish counties
include the following functions:

1. GetMap—for viewing cadastral maps in the PNG format.
2. GetFeatureInfo—for accessing information such as cadastral parcel ID, parcel number,

the territorial unit for which the cadastral database is kept, the number of the land and mortgage
register, and the date on which cadastral data were last updated.

3. GetCapabilities for accessing data layers via the WMS and basic layer parameters such as
coordinate systems, graphic formats, and accessible data themes.

A cadastral parcel can be localized (its geometric parameters can be downloaded) using a service
based on the OGC WFS standard. All WFS-based applications should have the following functionalities:

1. GetCapabilities, which returns metadata.
2. DescribeFeatureType, which returns a description of feature types from the cadastral parcel layer.
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3. GetFeature, which returns the cadastral parcel, its geometry and features based on the legal
definition, parcel identification data, or coordinates.

3. Materials and Methods

3.1. Study Area

In the geographic sense, the analyzed county cadastral databases are located in the Eastern Poland
macroregion, which is one of the least economically developed regions of the EU [30]. This fact was
one of the key arguments for selecting the study area. Eastern Poland is a peripheral macroregion that
occupies an area of nearly 99,000 km2 and accounts for 32% of Poland’s territory. Its eastern border
marks the eastern border of Poland and the eastern border of the EU (Figure 2). Websites that are
tasked with providing valid cadastral data as reference data for the SDI under the Act on Spatial Data
Infrastructure were analyzed and evaluated in 14 counties of Świętokrzyskie Voivodeship [28].

Figure 2. General location of Świętokrzyskie Voivodeship. Source: Own study.

County governors are responsible for maintaining and updating Polish cadastral systems.
The analyzed county databases provide access to cadastral data, and they are partly integrated
with the National Integration of Land Registers (NILR) service that groups the county WMS under
a single URL address. The NILR is a tool that supports the national geoportal by facilitating the
presentation of cadastral data directly acquired from public organizations that are responsible for
integrating and updating cadastral data. Counties that are only partly integrated with the NILR
rely on network services based on the cadastral resources of the LPIS that are not regularly updated.
According to [31], county databases differ in the accuracy with which the boundary points of cadastral
parcels have been mapped, and they contain discrepant information on the area of cadastral parcels,
as well as errors relating to the classification of land-use types. Regardless of the manner in which
spatial infrastructure nodes at the county level have been integrated with the NILR, cadastral data
should be prepared in line with the EU model described in [25]. In the period covered by this study,
the largest number of counties that published cadastral data based on LPIS resources were located in
Świętokrzyskie Voivodeship (Figure 3).

181



Land 2020, 9, 272

Figure 3. County infrastructure nodes in the National Integration of Land Registers (NILR) service.
Source: https://geoportal.gov.pl/.

Nearly 90% of Polish counties are fully integrated with the NILR service (cadastral data are
regularly updated). In Świętokrzyskie Voivodeship, cadastral databases were fully integrated with the
NILR in 5 counties, i.e., in 36% of public administration units in that voivodeship. The remaining nine
counties published cadastral data based on LPIS resources. As a result, Świętokrzyskie Voivodeship
ranks last on the list of Polish voivodeships that publish valid cadastral data. This study covered all
counties of Świętokrzyskie Voivodeship regardless of their integration status with the NILR

3.2. Methodology

According to [32], an evaluation is a process of collecting and analyzing data to identify the
strengths and weaknesses of programs, policies, and organizations with the aim of improving their
effectiveness. Evaluations have three objectives, which are to measure impacts, understand the causal
path, and engage stakeholders in learning processes. The present study evaluated the progress made
in the harmonization of Polish legal acts relating to the development of the SDI at the local level with
the EU regulations.

The deployed methodology involved three research stages (Figure 4) that were developed by
merging several approaches [33], including:
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1. A review of the literature addressing the problem, with the main focus on selected legal,
organizational, and technical aspects related to the publication of cadastral data using network
services such as the WMS and the WFS.

2. Research into the usability of websites publishing cadastral data combined with an
expert interview.

3. An analysis of the register of spatial datasets and services with the aim of exploring its structure
and operating principles.

4. Evaluations involving the identification of success or failure criteria for the online publication of
cadastral data.

5. Inference aiming to formulate, in a clear and unambiguous manner, the crucial results of the
evaluation of selected websites that publish cadastral data.

Figure 4. Research plan. Source: own study.

The adopted approach supported an analysis and evaluation of selected processes relating to the
development of cadastral systems in line with the EU solutions.

The analyzed websites that publish cadastral databases should make the collected data available
through network services. To verify the websites’ compliance with the provisions of the INSPIRE
Directive, complex phenomena with varied origin were analyzed with the use of a qualitative method.

Diagnostic criteria for evaluating cadastral systems that publish cadastral data via network services
(the WMS and the WFS) and that determine the overall validity of the performed analysis were selected
in the first stage of research. In the second stage, indicators were assigned to selected diagnostic criteria
for evaluating network services. The anticipated compliance of the assigned indicators was determined.

Stage one: The identification of the diagnostic criteria for evaluating websites publishing cadastral
data via the WMS and WFS services

The developed indicators were used to monitor the development of cadastral systems [11,34–36].
Diagnostic criteria and the relevant indicators were identified based on the provisions of:
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1. Directive 2007/2/EC of the European Parliament and of the Council of 14 March 2007 Establishing
an Infrastructure for Spatial Information in the European Community [2].

2. Act on Spatial Data Infrastructure of 4 March 2010 [28].
3. Geodetic and Cartographic Law of 17 May 1989 [37].
4. Regulation of the Minister of Regional Development and Construction of 29 March 2001 on land

and building registers [38].
5. ISO 19128 [4].
6. ISO 19142 [5].
7. Technical specifications for county-level WMSs relating to land and building registers.
8. Interviews with the experts employed by the County Centre for Geodetic and Cadastral

Documentation in Świętokrzyskie Voivodeship.
9. Analysis of the structure and operating principles of the register of spatial datasets and spatial

data services kept by the Head Office of Geodesy and Cartography (HOGC).

The adopted indicators for evaluating cadastral systems that publish spatial data combine the
diagnostic criteria associated with the studied objects, including spatial data themes, cadastral parcel
identifiers, the availability and standardization of network services, and the validity of published
cadastral data.

Network services are among the identifiable features of the SDI. The criteria for evaluating systems
that publish information about cadastral parcels and buildings via network services were selected
based on European and Polish trends that account for local environmental needs. Seven diagnostic
criteria (A–G) for evaluating equivalent cadastral systems are presented in Table 1. In systems that
meet all criteria, SDIs were regarded as complete at both the local and national levels.

Table 1. Selected Diagnostic Criteria for Evaluating Cadastral Systems. WMS: Web Map Service;
WFS: Web Feature Service.

Symbol Diagnostic Criteria

A Technical and legal identifiers
B Cadastral data profile
C WMS network service
D WFS network service
E Sources of data for databases of cadastral parcels (Annex I, theme 1.6) and buildings (Annex III, theme 3.2)
F Standardization of WMS and WFS
G Data validity

Source: Own study.

Stage two: The description of the diagnostic features of selected evaluation criteria, including the
degree of criteria fulfilment

The indicators assigned to each diagnostic criterion for evaluating cadastral systems are presented
in Tables 2–8.

Table 2. Technical and Legal Identifiers.

Diagnostic Criterion Indicator Symbol Validity (0–1)

A

Ordinal number of cadastral dataset A1

0–1

Publication date of cadastral dataset A2
Notification date of cadastral dataset A3

Notifying entity A4
Identifier of cadastral dataset A5

Name of cadastral dataset A6
Code of cadastral dataset A7

Legal regulations A8

Source: own study.
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Table 3. Cadastral Data Profile.

Diagnostic Criterion Indicator Symbol Validity (0–1)

B

Annex I, theme1.6 *
◦ cadastral parcels
◦ cadastral parcel labels

B1

0–1
Annex III, theme 3.2 *
◦ buildings
◦ building labels

B2

*—The criterion is fulfilled when all data are visible or when all data have been returned by the function. Source:
own study.

Table 4. WMS Network Service.

Diagnostic Criterion Indicator Symbol Validity (0–1)

C

WMS availability C1 0–1WMS address C2

WMS indicator at county level:
PWMS = NWMS

NUS
·100%

C3

NWMS (0–1)
Nus (0–5) **

0–100%
0—When 0%

1—When 20–100%

**—The indicated range covers 5 INSPIRE network services (WMS, WFS, Catalogue Service for Web (CSW), Web
Coverage Service (WCS), and WCTS). Source: Own study.

Table 5. WFS Network Service.

Diagnostic Criterion Indicator Symbol Validity (0–1)

D

WFS availability D1 0—Not available
1—AvailableWFS address D2

WFS indicator at county level:
PWFS = NWFS

NUS
·100%

D3

NWFS (0–1)
Nus (0–5)
0–100%

0—When 0%
1—When 20–100%

Source: own study.

Table 6. Sources of Data for Databases of Cadastral Parcels and Buildings. LPIS: Land Parcel
Identification System.

Diagnostic Criterion. Indicator Symbol Validity (0–1)

E Land and building register E1

0—LPIS
1—Cadastral

database

Source: own study.
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Table 7. Standardization of WMS and WFS.

Diagnostic Criterion Indicator Symbol Validity (0–1)

F

GetMap function F1

0–1

GetFeatureInfo function *:◦ cadastral parcel ID
◦ cadastral parcel number

◦ territorial unit for which the cadastral database is kept
◦ number of the land and mortgage register

F2

GetCapabilities function *:◦ cadastral parcel layer
◦ number of cadastral parcel

◦ building layer

F3

HTTP protocol F4
GetFeature function based on parcel ID F5
Function based on x and y coordinates F6

*—The criterion is fulfilled when all data are visible or when all data have been returned by the function. Source:
own study.

Table 8. Data Validity.

Diagnostic Criterion Indicator Symbol Validity (0–1)

G Date of last cadastral data update G1
0—No date

1—Date of last update

Source: own study.

Stage three: The evaluation of selected systems publishing cadastral data based on the indicated
criteria and their diagnostic features

Selected cadastral systems that publish spatial data based on the selected diagnostic criteria and
indicators were evaluated in the third stage of the study. The criteria responsible for the success or
failure of network services that publish cadastral data were identified. The results of the evaluation
were used to formulate clear conclusions regarding the analyzed network systems that publish cadastral
data. The trends and prospects relating to the development of cadastral systems that publish data
via INSPIRE network services were verified based on the extent to which the selected equivalent
systems met the diagnostic criteria. Each of the seven diagnostic criteria were evaluated on a two-point
grading scale: 0 for when at least one diagnostic criterion was not met, and 1 for when all diagnostic
criteria were met. The following key was used to evaluate the completeness of the Polish SDI based
on the available network services, the associated spatial data themes, and their variability over time
(data validity):

• Excellent (EXC)—100% of possible points for every adopted criterion; the evaluated SDI is
fully complete.

• Above Average (AAVG)—More than 60% of possible points for every adopted criterion;
the evaluated SDI is characterized by above-average completeness.

• Average (AVG)—More than 40% of possible points for every adopted criterion; the evaluated SDI
is characterized by average completeness.

• Below Average (BAVG)—More than 20% of possible points for every adopted criterion;
the evaluated SDI is characterized by below-average completeness.

• Negative (NEG)—0–20% of possible points for every adopted criterion; the evaluated SDI is
characterized by critical-level completeness.

The proposed diagnostic criteria (A–G) for evaluating cadastral systems that publish data via
network services were verified based on HOGC data [39]. The results of the verification process are
presented in Tables 9–15.
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Table 9. Evaluation of Cadastral Databases Based on Criterion A.

Diagnostic
Criterion

Indicator

Cadastral Database (CD) Fulfilment of
Criterion

(Counties)

Fulfilment of
Criterion

(Voivodeship)C
D

1

C
D

2

C
D

3

C
D

4

C
D

5

C
D

6

C
D

7

C
D

8

C
D

9

C
D

10

C
D

11

C
D

12

C
D

13

C
D

14

Technical and legal identifiers

A

A1
A2
A3
A4
A5
A6
A7
A8

1 1 1 1 1 1 1 1 1 1 1 1 1 0 93%

93%

1 1 1 1 1 1 1 1 1 1 1 1 1 0 93%
1 1 1 1 1 1 1 1 1 1 1 1 1 0 93%
1 1 1 1 1 1 1 1 1 1 1 1 1 0 93%
1 1 1 1 1 1 1 1 1 1 1 1 1 0 93%
1 1 1 1 1 1 1 1 1 1 1 1 1 0 93%
1 1 1 1 1 1 1 1 1 1 1 1 1 0 93%
1 1 1 1 1 1 1 1 1 1 1 1 1 0 93%

Source: own study.

Table 10. Evaluation of Cadastral Databases Based on Criterion B.

Diagnostic
Criterion

Indicator

Cadastral Database (CD) Fulfilment of
Criterion

(Counties)

Fulfilment of
Criterion

(Voivodeship)C
D

1

C
D

2

C
D

3

C
D

4

C
D

5

C
D

6

C
D

7

C
D

8

C
D

9

C
D

10

C
D

11

C
D

12

C
D

13

C
D

14

Cadastral data profile

B
B1
B2

1 1 1 1 1 1 1 1 1 1 1 1 1 0 93%
21%0 0 1 0 1 0 0 0 1 0 0 0 0 0 21%

Source: own study.

Table 11. Evaluation of Cadastral Databases Based on Criterion C.

Diagnostic
Criterion

Indicator

Cadastral Database (CD) Fulfilment of
Criterion

(Counties)

Fulfilment of
Criterion

(Voivodeship)C
D

1

C
D

2

C
D

3

C
D

4

C
D

5

C
D

6

C
D

7

C
D

8

C
D

9

C
D

10

C
D

11

C
D

12

C
D

13

C
D

14

WMS network service

C
C1
C2
C3

1 1 1 1 1 0 1 1 1 0 0 1 0 0 64%
57%1 1 1 1 1 0 1 1 0 0 0 1 0 0 57%

1 1 1 1 1 0 1 1 1 0 0 1 0 0 64%

Source: own study.

Table 12. Evaluation of Cadastral Databases Based on Criterion D.

Diagnostic
Criterion

Indicator

Cadastral Database (CD) Fulfilment of
Criterion

(Counties)

Fulfilment of
Criterion

(Voivodeship)C
D

1

C
D

2

C
D

3

C
D

4

C
D

5

C
D

6

C
D

7

C
D

8

C
D

9

C
D

10

C
D

11

C
D

12

C
D

13

C
D

14

WFS network service

D
D1
D2
D3

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0%
0%0 0 0 0 0 0 0 0 0 0 0 0 0 0 0%

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0%

Source: own study.

Table 13. Evaluation of Cadastral Databases Based on Criterion E.

Diagnostic
Criterion

Indicator

Cadastral Database (CD) Fulfilment of
Criterion

(Counties)

Fulfilment of
Criterion

(Voivodeship)C
D

1

C
D

2

C
D

3

C
D

4

C
D

5

C
D

6

C
D

7

C
D

8

C
D

9

C
D

10

C
D

11

C
D

12

C
D

13

C
D

14

Sources of data for databases of cadastral parcels and buildings
E E1 0 1 0 0 1 0 1 0 1 0 0 1 0 0 36% 36%

Source: own study.
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Table 14. Evaluation of Cadastral Databases Based on Criterion F.

Diagnostic
Criterion

Indicator

Cadastral Database (CD) Fulfilment of
Criterion

(Counties)

Fulfilment of
Criterion

(Voivodeship)C
D

1

C
D

2

C
D

3

C
D

4

C
D

5

C
D

6

C
D

7

C
D

8

C
D

9

C
D

10

C
D

11

C
D

12

C
D

13

C
D

14

F

F1
F2
F3
F4
F5
F6

0 1 1 1 0 0 1 1 0 0 0 1 0 0 43%

36%

0 1 0 1 0 0 1 1 0 0 0 1 0 0 36%
0 1 1 1 1 0 1 1 0 0 0 1 0 0 50%
0 1 0 1 0 0 1 1 0 0 0 1 0 0 36%
0 1 0 1 0 0 1 1 0 0 0 1 0 0 36%
0 1 0 1 0 0 1 1 0 0 0 1 0 0 36%

Source: own study.

Table 15. Evaluation of Cadastral Databases Based on Criterion G.

Diagnostic
Criterion

Indicator

Cadastral Database (CD) Fulfilment of
Criterion

(Counties)

Fulfilment of
Criterion

(Voivodeship)C
D

1

C
D

2

C
D

3

C
D

4

C
D

5

C
D

6

C
D

7

C
D

8

C
D

9

C
D

10

C
D

11

C
D

12

C
D

13

C
D

14

Data validity
G G1 0 1 0 1 0 0 1 1 0 0 0 1 0 0 36% 36%

Source: own study.

The criterion denoting compliance with technical and legal indicators (diagnostic criterion A) was
met by 13 out of the 14 analyzed cadastral systems in the evaluated area. One cadastral system was not
notified to the register of datasets and data services, and it was classified as not fulfilling criterion A.

The spatial data themes (diagnostic criterion B) relating to cadastral parcels and buildings were
present in three databases. The remaining 11 databases had an incomplete data profile. One database
with a complete data profile contained additional INSPIRE themes such as soil (Annex III, theme 3.3)
and addresses (Annex I, theme 1.5).

The WMS (diagnostic criterion C) was evaluated based on the availability of an HTTP address.
Nine of the analyzed databases published data via the WMS, and the HTTP address of one database
was not available.

The WFS (diagnostic criterion D) was not available in any of the examined cadastral databases.
This non-public service can only be accessed by authorized users, but this fact did not influence the
evaluation results.

Two sources of cadastral data themes were evaluated (diagnostic criterion E). Only five databases
contained cadastral data themes that were acquired from the cadaster.

The technical specifications relating to the publication of cadastral data via the WMS and the
WFS were evaluated based on standards [4,5]. The WMS specifications were fully compliant in five
databases (diagnostic criterion F). Validity was defined as data compliance with the present status of
cadastral objects. This criterion is significantly influenced by time, which induces various changes in
cadastral parcels and buildings. Criterion G denoted the date of the last cadastral data update, and it
was fulfilled by five databases that publish cadastral data via network services.

A ranking of the examined databases based on the total number of scored points is presented in
Figure 5.

The results of the evaluation based on the adopted diagnostic criteria were used to analyze the
current status of the SDI, with special emphasis on the WMS and the WFS that publish cadastral data.
In the EU, numerous legal, administrative, and technical obstacles had to be overcome in the process of
SDI implementation [22,34,40]. The SDI was not complete in any of the examined cadastral databases,
but infrastructure completeness was above average in 21% of the analyzed territorial units. An average
completeness was noted in 36% of the studied cases, and a below-average completeness was found in
one database (7% of the analyzed cases). Infrastructure completeness did not exceed 20% in 36% of the
studied objects.
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Figure 5. Total number of points scored by local cadastral databases. Source: own study.

4. Discussion

The proposed tool for verifying the completeness of the SDI supports an evaluation of websites
that publish cadastral data in seven diagnostic groups to determine whether, or to what extent,
this goal has been met (technical and legal indicators; cadastral data profile; the WMS; the WFS;
sources of data for spatial data themes indicated in Annex I, theme 6; Annex III, theme 2; data validity;
and the standardization of the WMS and the WFS). The adopted criteria support an evaluation of the
factors and variables that play a key role in SDI development, and they reflect the strengths of the
developed infrastructures.

The described methodology can be used to identify both cadastral web applications with high
development potential (36% of the evaluated databases) and problematic services (64% of the examined
cases). The analyzed territorial units differed in the level of SDI development. In view of previous
studies that investigated the evolution of the SDI based on the availability of network services in
Poland [14,29,41] and the EU [8,18,42–44], the evaluated territorial units have made strong and
continued progress towards the achievement of a robust SDI.

In the presented evaluation, the main emphasis was placed on legal and technical aspects, the scope
of cadastral data, the WMS, the WFS, and the standardization of network services. The fulfilment of
seven diagnostic criteria based on the relevant indicator values is presented in Figure 6.

Diagnostic criterion A was the only parameter where the relevant indicator was fulfilled in more
than 90% in the analyzed territorial units. This result validates the results of Izdebski [1], who observed
that the fundamental sets of cadastral data had not been fully implemented and were not fully
operational in Poland despite the fact that the SDI should be developed in line with the roadmap
accepted by all EU member states. The above observation also indicates that not all cadastral datasets
that are nearly fully compliant with Polish and EU regulations are fully operational. The developed
cadastral system is theoretically compatible with EU requirements, but its operability continues to be
limited in practice. However, the existing obstacles will most likely be overcome in the near future due
either to support from EU funds that promote the implementation of central and local government
initiatives in the field of the SDI or the dynamic development and dissemination of technologies for
the acquisition, processing, and use of spatial data [28].
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Figure 6. The fulfilment of diagnostic criteria based on the relevant indicator values in the analyzed
territorial units. Source: own study.

Cadastral databases and the associated public (WMS) and non-public (WFS) services have been
modernized with the support of EU funds. As demonstrated by several researchers, including those
of [45], these databases have also been upgraded for compliance with Polish and EU standards. Polish
counties have undertaken collaborative measures to develop and implement regional and local spatial
databases as elements of the SDI, and these efforts promote problem solving, the sharing of experiences,
and the achievement of strategic goals of the INSPIRE Directive.

In line with the provisions of the INSPIRE Directive, websites that publish cadastral data do not
only have to be complete (diagnostic criterion B); they should also meet user expectations. Spatial
data themes relating to cadastral parcels and buildings play a pivotal role in the SDI. Cadastral parcel
identifiers contain information about land ownership, and cadastral parcels are also among the key
reference objects for localizing other objects in spatial databases [14,25,46]. Buildings are equally
important objects in cadasters, and they are linked with cadastral parcels by virtue of their legal
status, attributes, and condition. Building identifiers are always linked to cadastral parcels. According
to the roadmap for SDI implementation, datasets of cadastral parcels (Annex I, theme 6) should be
implemented before datasets of buildings. The implementation of building data should be completed
by the end of October 2020. The results of the presented analysis and previous research findings have
indicated that the spatial data theme relating to cadastral parcels has been fully implemented in all
datasets notified to the registers of spatial data that are covered by the Polish SDI.

The viewing of WMS data (diagnostic criterion C) and the downloading of WFS data (diagnostic
criterion D) were evaluated based on the availability of these network services. The relevant criteria
were not met when service addresses had not been notified or were absent. More than 64% of the
examined cadastral web applications in Świętokrzyskie Voivodeship notified their data to the NILR
service via the WMS. An analysis of the HOGC data archive for 2014 revealed that the relevant result
had improved by more than 100% in the last five years. If the current growth trend is maintained,
the WMS should be implemented in all of the examined databases in the next five years. The WFS had
not been notified to the register of spatial datasets and spatial services by any of the analyzed territorial
units that keep cadastral databases, which constitutes a breach of the respective legal provisions [28].
In Poland, the availability of the WFS is generally low. Only 6% of 380 county cadastral databases
publish their data via the WFS, which stands in violation of the SDI strategy in the INSPIRE Directive,
in particular in the context of obligatory network services. The above could be partly attributed to
the misconception that data can be downloaded without transfer fees or authorization. In practice,
the operators who publish cadastral data via the WFS monitor the users of data and the purpose for
which the published data are used, and they set transfer fees for private users and public administration.
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The responsible entities should develop principles for modelling network service processes that are
compliant with SDI objectives. A dedicated data management module and mechanisms protecting
datasets against unauthorized access and modification should be implemented.

The cadaster is the key component of the SDI in many EU countries [22,47]. The cadaster was not
the primary source of cadastral data for the implemented SDI (diagnostic criterion E) in 64% of the
analyzed databases. Cadastral parcel identifiers constitute the main reference data for many objects in
INSPIRE datasets. However, temporary datasets that rely on other sources, such as the NILR service
where data are not regularly updated, can be created in the process of SDI development.

The evaluation of the availability of network services in territorial units that keep cadasters in
Świętokrzyskie Voivodeship (diagnostic criterion F) revealed that both the WMS (graphic presentation
of cadastral data) and the WFS (search for and identification of cadastral parcels) should be harmonized
with ISO standards. Only 36% of the analyzed county nodes published cadastral data via network
services that were compliant with the EU standards. The first standardization efforts were undertaken
in Poland already in 2007, and they led to the development of guidelines for the graphic presentation of
thematic data layers in the WMS. Thematic data layers developed in county cadasters at the time were
based on NILR data that were largely invalid, incomplete, and unfit for practical use, which was one
of the main obstacles to the effective integration of county network services. Central administration
authorities manage nearly 400 county cadastral databases with the involvement of diverse technical and
organizational solutions, as well as various data visualization methods, a process that also obstructs
the publication of cadastral data via network services. Before 2017, 30% of county cadastral nodes
published data via WMSs. The implementation of the NILR service has radically improved the
availability of cadastral data via network services [14]. The vast majority of the analyzed county
databases that are fully integrated with the NILR publish cadastral data via WMSs that meet the
requirements of the INSPIRE Directive and are compliant with ISO standards.

The validity of cadastral data (diagnostic criterion G) was largely determined by the register
publishing such data. The above can be attributed to staffing shortages and a lack of adequate
financial resources in Świętokrzyskie Voivodeship, which is one of the least economically developed
regions in the EU. These problems could be resolved through financial aid from the state budget,
support for human resources, the exchange of experiences, effective information flow, and assistance
in SDI development.

5. Conclusions

The results of the evaluation of local network services that publish cadastral data at the county
level were analyzed and interpreted to determine the progress made in the development of the Polish
SDI based on a set of diagnostic criteria compliant with INSPIRE standards. This study demonstrated
that the Polish SDI has been designed in line with the EU requirements, but it has not yet achieved full
functionality. Considerable progress has been made since the INSPIRE Directive was transposed into
Polish law, but the development of the SDI continues to face numerous obstacles. The implementation
of the Polish SDI is delayed by the economic disparities between Polish regions and the existence of
hundreds of county databases that publish cadastral data via network services such as the WMS and
the WFS that are not always fully compliant with EU standards. The strengths and weaknesses of legal,
organizational, and technical solutions adopted during the evolution of the Polish SDI were identified
in the present study. The results of the evaluation constitute valuable inputs for developing the Polish
SDI and network services. These results can also be used to improve the quality of the implemented
network services and their availability for end users.

Territorial units, in particular counties, participate in the development of the Polish SDI pursuant
to the provisions of the Act on Spatial Data Infrastructure [28]. These units are tasked with harmonizing
cadastral data and ensuring the interoperability of datasets and infrastructure services. Therefore,
further research is needed to identify the most effective technical solutions and legal instruments
for adapting the existing spatial databases to INSPIRE requirements and other challenges of the
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modern world. The resulting measures would substantially support and accelerate the development
of local SDIs.

The INSPIRE Directive does not cover all spatial data themes that play a very important role in
local, regional, and national development. Regional geoportals rely on own guidelines and technical
solutions to publish data that are not addressed by INSPIRE themes, which runs counter to the
objectives of the INSPIRE Directive. In many cases, data are acquired from reliable state-run databases,
but not all of these sources comply with EU requirements. Therefore, the possibility of expanding
the thematic scope of European SDIs should be further investigated to guarantee that the adopted
solutions promote effective spatial management.

Spatial data infrastructures will be fully compliant with the provisions of the INSPIRE Directive
when the responsible entities at every level of governance actively participate in the process of SDI
development. Financial support from the state and the EU is also needed to speed up the implementation
of INSPIRE solutions in regions where the development of the SDI is delayed due to a lack of tools
with the required functionality.

Author Contributions: Conceptualization, A.T., M.D., and R.Ź.; methodology, A.T.; formal analysis, A.T.;
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Abstract: Land property security and advanced factor inputs play critical roles in agricultural
modernization in developing countries. However, there are unclear relationships between land
property security and advanced factor inputs. This study aims to clarify these relationships from
the perspective of the differentiation of the realization process of land property security. From the
perspective of property rights theory and endowment effects, data from 2934 farming households
in rural China are used to determine the quantitative impacts of land registration and adjustment
experience on the adoption of agricultural machinery. The results are as follows: (i) Land registration
does not affect the adoption of agricultural machinery. (ii) Adjustment experience has a negative
impact on the adoption of agricultural machinery. (iii) The interaction of land registration and
adjustment experience has a positive impact on the adoption of agricultural machinery. This
study provides some policy references with which developing countries can achieve agricultural
modernization and revitalize the countryside by improving property rights security.

Keywords: land property security; land registration; adjustment experience; advanced agricultural
factor inputs; agricultural machinery; China

1. Introduction

Agricultural mechanization is an important factor in agricultural modernization in developing
countries [1–3]. It matters not just because agricultural machinery helps to improve agricultural
productivity [4–6], but because it is correlated with agricultural economic growth [7,8]. In developing
countries, urbanization is developing rapidly and a large number of rural laborers leave home
to work, seeking economic benefits [9–12]. A lack of agricultural laborers and serious aging of
the remaining population have led to a desolate countryside [10]. Agricultural machinery is a
labor-saving technology [13] that has gradually become the main way by which developing countries
cope with agricultural labor shortages [14,15]. In addition, the adoption of agricultural machinery
helps improve agricultural productivity [14,16,17]. For example, Paudel et al. [17] found that the
adoption of agricultural machinery could improve rice productivity by 1110 kg/ha. Thus, agricultural
mechanization is the key method for developing countries to realize agricultural modernization [18,19].
However, farmers often do not adopt it or take a long time to start adopting it [20]. Thus, it is important
to explore the key drivers of the adoption of agricultural machinery.

Meanwhile, developing countries have paid special attention to the reform of their property rights
systems in their modernization processes. China is the world’s largest developing country and one of
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the world’s largest agricultural countries [21,22]. China feeds 20% of the world’s population with 7%
of the world’s cropland [23], thus, agricultural modernization is important to China [24,25]. Thus, this
study shows the reform of Chinese rural land property rights system as an example. In rural China,
land rights are divided into ownership, contract rights, and management rights (ownership belongs to
the village collective; contract and management rights belong to farmers) [26]. Chinese government
vigorously promotes land registration program since 2009. Land registration program means the
contract rights and management rights of farmers are officially registered by Chinese government.
And the rights of farmers are protected by the law [27,28]. More specifically, (i) in 2009, the Chinese
agricultural department selected eight villages for a trial of rural contracted land registration; (ii) in
2012, the Chinese government began trialing the registration of rural contracted land across the whole
county (50 pilot counties); (iii) in 2013, the Chinese government expanded the number of pilot counties
for rural contracted land registration to 55; (iv) at the end of 2018, most of China’s rural contracted
land had been officially registered.

Land registration program can help protect farmers’ interests. Land registration gains official
recognition and legal protection, which means that others who want to obtain the land management
rights of farmers need to obtain authorization from farmers. Thus, the impacts of land registration
on farmers are undoubtedly huge. In particular, there has been much discussion in the academic
community about whether land registration motivates farmers to invest in agriculture [29]. Agricultural
machinery plays an important role in sustainable agriculture [15,30]. Thus, this study aims to explore
whether land registration motivates farmers to adopt agricultural machinery.

Previous studies disagree about whether land registration motivates farmers to increase their
agricultural investment. While some say that it does [26,31–35], others suggest that the effect is not
obvious [36–40]. In reality, the Chinese government is trying to stimulate agricultural investment
by stabilizing land rights. As shown in Figure 1, the scale of the land registration pilot program
has gradually expanded from 8 villages in 2009 to 28 provinces in 2017. However, Figure 1 also
shows that the per capita power of agricultural machinery has not increased with the scale of land
registration. Thus, the case of China seems to indicate that land registration is not a clear incentive to
adopt agricultural machinery.

Figure 1. The relationship between land registration and agricultural machinery in China. Source:
National Bureau of Statistics of China 2009–2017
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Perhaps, the above dispute originates from insufficient consideration of differences in initial
property rights distribution [41]. For example, under the premise of ensuring that the duration of
land contracts remains unchanged, China’s land management law allows appropriate adjustment of
ownership of land contract rights among some farmers. Thaler [42] believed that the initial allocation of
property rights plays a decisive role in the final allocation of resources. In rural China, the adjustment
of the ownership of land contract rights must be approved at a villagers’ meeting, and its goal
is to optimize the allocation of resources. Thus, land registration may be better with appropriate
adjustment of the ownership of land contract rights than without it. However, in previous studies,
when discussing whether land registration stimulates agricultural investment, little consideration
has been given to whether the land has been undergone appropriate adjustments before registration.
Meanwhile, experience may leave long-term effects [43–45], and Ren et al. [27] and Hong et al. [41]
found that farmer’s experience of land adjustment may affect land investment. Thus, this study
focuses on the combined impacts of land registration and adjustment experiences on the adoption of
agricultural machinery.

In addition, the Chinese government has proposed a “Village Revitalization Strategy” [46–50],
which aims to improve agricultural productivity and enhance rural vitality [51,52]. However, at
present, the world is facing difficulties in revitalizing the countryside [10]. Thus, this study explores
the combined impacts of land registration and adjustment experiences on the adoption of agricultural
machinery from the perspective of Chinese farmers. The results may provide policy references for
developing countries to realize agricultural modernization and revitalize the countryside.

2. Theoretical Analysis

In general, land fragmentation hinders the adoption of technologies such as agricultural
machinery [53–55]. Governors hope farmers will expand the scale of land management by land
registration [26,56]; this, in return, will also help to facilitate the adoption of agricultural machinery by
farmers. However, differences in initial property rights may lead to different economic outcomes [57].
Empirical studies show an unclear relationship between land registration and the scale of land
management [58,59]. Therefore, the impacts of land registration on the adoption of agricultural
machinery require further investigation.

Differences in land registration may lead to different levels of adoption of agricultural machinery.
Coase [60] believed that if the market transaction cost is zero, no matter how the initial property
rights are arranged, resource allocation will automatically achieve Pareto optimality under the market
mechanism. However, Thaler [42] believed that there is an “endowment effect”, which does not
change an individual’s preferences but strengthens their motivation to maintain the status quo [61,62].
Thus, improper land registration will increase the endowment effect in farmers, which may hinder
the transfer of land. As a consequence, it may be disadvantageous for farmers to adopt agricultural
machinery. Hence, when we discuss the relationship between land registration and agricultural
machinery adoption, we should identify the differences in land registration involved.

Differences in land registration may stem from the property rights experiences of farmers. In rural
China, with the consent of two-thirds of the farmers, a village collective can adjust the land between
farmers on a small scale. Land adjustment is a coherent collective action that aims to optimize land
allocation. Samuelson and Zeckhauser [62] indicated that adjustment may enable individuals to form
new endowment effects and make new choices. Adjustment experiences may impact the status quo and
weaken endowment effects. That is, land registration with adjustment makes it possible for farmers
to rationalize land valuations and investments. In return, it can help to enhance land transfer and
improve the scale of land management, which may facilitate the adoption of agricultural machinery.

In summary, under the background of the reform of China’s rural property rights system, and
based on property rights theory and endowment effects, this study intends to provide empirical
evidence for the following two issues:
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1. How do the land registration and adjustment experiences affect farmers’ adoption of
agricultural machinery?

2. Can land registration with adjustment encourage farmers to adopt agricultural machinery?

3. Data Source, Variable Definition, and Empirical Approach

3.1. Data Source

The farmers’ households play an essential role in the agricultural and rural studies [52,63–65].
According to the previous studies, this study uses the household-level data of Chinese famers belonging
to the China Labor-force Dynamics Survey in 2014 (Hereinafter, CLDS2014). More specifically, the
CLDS2014 was implemented by the Center for Social Science Survey at Sun Yat-sen University
(Guangzhou, China) in 2014, which collected the details about the social and economic development
in China, such as, rural land use, rural land registration, and agricultural production (more details
can be found on the Web site http://css.sysu.edu.cn). CLDS2014 can help us to understand Chinese
reality by the scientific sampling. And the sampling method employed the multistage cluster, stratified,
probability-proportional-to-size (PPS) sampling to cover 29 Chinese mainland provinces (excluding
Tibet and Hainan). Firstly, CLDS2014 sampled 209 counties from 29 provinces; secondly, CLDS2014
sampled 401 villages/communities from 209 counties; finally, CLDS2014 sampled 14,214 households
from 401 villages/communities. In addition, the CLDS2014 is the latest open access data from the
survey institutions.

This study aims to explore the relationship among land registration, adjustment experience, and
agricultural machinery adoption. Thus, we clean the data of CLDS2014, and the cleaning processes are
as follows: (1) the households living in urban area are not directly engaged in agriculture; thus, this
study only retains the households living in rural area; and (2) this study also excludes the households
living in rural areas but not engaged in agricultural production. In summary, through the above
cleaning process, this study employs 2934 valid household-level questionnaires to perform empirical
analysis. In addition, grain plays an important role in China with a large population, and China
has a long history of planting grain. Meanwhile, CLDS2014 collected the details of planting grain.
However, it did not provide the details that process farmer-adopted-agricultural machinery. Thus, the
term “planting grain” used in this study is not just about planting, and may also involve cultivation
and harvesting.

3.2. Variable Definition

3.2.1. Dependent Variable

At present, the Chinese government is committed to improving the level of mechanization of grain
planting. Thus, this study assumes that if farmers have adopted machinery for this, they are considered
to adopt agricultural machinery. Therefore, the dependent variable is binary. More specifically, 1 if a
farming household adopts agricultural machinery in any planting grain processes (planting, cultivation
and harvesting) or 0 otherwise.

3.2.2. Predicator Variables

Land registration is defined as whether the land contract and management rights of farmers are
officially registered. Thus, it is defined as a binary variable. More specifically, 1 if the land right of the
farming household has been officially registered or 0 otherwise.

Meanwhile, in rural China, with the consent of two-thirds of the farmers, a village collective can
adjust land between farmers on a small scale. Hence, land adjustment is a coherent collective action
that aims to optimize land allocation. In general, land adjustment occurs before land registration. Thus,
an adjustment experience occurs when a farming household experiences land adjustment before the
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land rights are officially registered. It is defined as a binary variable: 1 if the farming household had an
adjustment experience or 0 otherwise.

3.2.3. Control Variables

To improve the accuracy of empirical estimates, referencing to the studies of Ji et al. [66],
Ma et al. [15], Adu-Baffour et al. [16], Belton and Filipski [14], Deng et al. [67], and Hong et al. [41], this
study controls householder-level variables, household-level variables, and location-level variables.
Table 1 shows the definitions and descriptive statistics of all variables for empirical model.

Table 1. The definition and data description of the variables in the model.

Variables Definition Mean Standard Deviation

Dependent variable

Adoption 1 if farm household adopts agricultural machinery in any planting
grain processes; 0 otherwise 0.59 0.49

Predicator variables

Registration 1 if land right of farm household has been officially registered; 0
otherwise 0.50 0.50

Adjustment 1 if farm household has experienced land adjustment before the land
right officially registered; 0 otherwise 0.95 0.21

Registration ×
Adjustment

The interaction item of Registration and Adjustment. 1 if both
Registration and Adjustment are equal to 1; 0 otherwise 0.48 0.50

Householder-level variables

Gender 1 if householder is male; 0 female 0.88 0.32
Age Age of householder in years (year) 52.39 10.96

Education 1 if householder has received a high school diploma or above; 0
otherwise 0.11 0.32

Health 1 if householder has a healthy status; 0 otherwise 0.84 0.36
Job 1 if householder engages in agriculture; 0 otherwise 0.56 0.50

Household-level variables

Farm employment The ratio of members engaging in agriculture to total members (%) 31.46 27.51
Off-farm

employment The ratio of off-farm members to total members (%) 27.46 26.29

Farm income The ratio of farm income to total income (%) 50.72 39.70
Land size The area that farm household is managing land (mu a) 9.92 28.65

Loan 1 if farm household has borrowed the production fund; 0 otherwise 0.06 0.25
Specialty 1 if farm household is good at planting grain; 0 otherwise 0.05 0.23

Cooperation 1 if farm household belongs to cooperative organization; 0 otherwise 0.02 0.13
Subsidy The amount of agricultural subsidy from government (RMB b) 0.70 0.46
Internet 1 if farm household can use the Internet; 0 otherwise 0.27 0.45

Location-level variables

Distance Distance between household and the nearest business center (Km) 7.25 9.22
Plain 1 if farm household belongs to plain village; 0 otherwise 0.32 0.47
Road The share of concrete road in total road (%) 59.88 29.71

Note: a 1 mu is approximately equal to 667 m2 or 0.067 ha; during the survey period, b 1 US dollar was approximately
equal to 6.12 RMB (Chinese Yuan).

3.3. Method

This study focuses on exploring the quantitative impacts of land registration and adjustment
experience on the adoption of agricultural machinery. The dependent variable for Adoption is the
binary variable. Therefore, this study employs the binary Probit model for econometric regression.
The basic model is set as follows Equation (1):

Adoptionpci = β0 + β1Registrationpci + β2Adjustmentpci+

β3Registrationpci ×Adjustmentpci + γX + δc + τp + εpci
(1)

where the subscripts of p, c, and i represent province, county, and household, respectively; Adoption
is the binary variable, which value 1 means that farm household adopts agricultural machinery in
planting grain and 0 means otherwise; Registration is a dummy variable, which value 1 represents that
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land right of farm household has been officially registered and 0 represents otherwise; Adjustment is
the binary variable, which value 1 means that farm household has experienced land adjustment before
the land right officially registered and 0 means otherwise; Registration × Adjustment represents the
interaction item of Registration and Adjustment; X is the vector of other control variables; β0 is the
constant; β1, β2, and β3 are estimated parameters; γ is the vector of estimated parameters for control
variables; δ values are the county dummies; τ values are the province dummies; ε is the random
error term.

4. Results

4.1. Descriptive Results

Figure 2 shows a heatmap of Pearson’s correlation coefficients for the dependent and focal
variables of the model. The results show that: (i) there is a positive correlation between land registration
and the agricultural machinery adoption; (ii) there is a positive correlation between adjustment experience
and the agricultural machinery adoption; (iii) there is a positive correlation between the interaction of
land registration, adjustment experience, and agricultural machinery adoption.
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Figure 2. The heatmap of Pearson’s correlation coefficients.

In addition, the mean difference can help us understand the sample structure and provide a
basis for the choice of an econometric model. Figure 3 shows the mean differences in the adoption of
agricultural machinery by land registration, adjustment experience, and their interaction. The results
show that the groups that registered land or experienced adjustment, or both, are more inclined to
adopt agricultural machinery. However, only the mean difference between groups with and groups
without adjustment experience is significant (p < 0.05).
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Figure 3. Mean difference of adoption of agricultural machinery by groups.

In summary, both the Pearson’s correlations and mean differences help us understand data
structure. Although the statistical results show that land adjustment experience may play an important
role in the adoption of agricultural machinery, it is still necessary to discuss the relationship by
econometric models. However, previous studies have paid little attention to this relationship. Thus,
this study uses an econometric model to discuss the quantitative impacts of land registration, adjustment
experience, and their interactions on the adoption of agricultural machinery.

4.2. Empirical Results

4.2.1. Impacts of Registration and Adjustment on Agricultural Machinery Adoption

Table 2 presents the empirical estimates. In Table 2, the dependent variables for all models are
binary discrete variables (whether or not farmers adopt agricultural machinery). Meanwhile, this study
used a causal identification strategy that gradually adds explanatory variables. More specifically, in
Models (1) to (5), a stepwise process was used to add the focal variables, county and province dummy
variables, householder variables, household variables, and location variables. For all models, the value
of Wald χ2 was significant at a level of 1%, and the R2 values gradually increase, indicating that the
identification strategy was suitable. Additionally, since the Probit model was non-linear, a marginal
effect (i.e., Model (6)) was calculated on the basis of Model (5) to quantify the relationship.

As shown in Models (1) to (5) in Table 2, the coefficient of Registration was not significant except
in Model (1), which indicates that the impact of land registration on the adoption of agricultural
machinery may be uncertain. The coefficient of Adjustment was significantly negative (p < 0.01) except
in Model (1), which indicates that the impact of adjustment experience on the adoption of agricultural
machinery may be negative. The coefficient of Registration × Adjustment was significantly positive
(p < 0.10), which indicates that the combined impact of land registration and adjustment experience
on the adoption of agricultural machinery was positive. As shown in the marginal effects estimates
(Model (6) of Table 2), compared with other farmers, those who have experienced land adjustment
before land registration are 14.2% more likely to adopt agricultural machinery. In addition, in Model
(5) of Table 2, the variables Off-farm employment, Subsidy, and Internet can also increase farmers’
enthusiasm for adopting agricultural machinery.
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Table 2. The impact of registration and adjustment on the adoption of agricultural machinery.

Model (1) Model (2) Model (3) Model (4) Model (5) Model (6)

Registration −0.645 *** −0.227 −0.213 −0.354 −0.357 −0.080
(0.217) (0.268) (0.268) (0.279) (0.279) (0.063)

Adjustment −0.061 −0.724 *** −0.729 *** −0.885 *** −0.905 *** −0.203 ***

(0.154) (0.232) (0.231) (0.236) (0.237) (0.053)
Registration × Adjustment 0.691 *** 0.502 * 0.489 * 0.623 ** 0.635 ** 0.142 **

(0.222) (0.278) (0.278) (0.290) (0.290) (0.065)
Gender 0.149 0.144 0.141 0.032

(0.094) (0.096) (0.096) (0.022)
Age −0.004 −0.003 −0.003 −0.001

(0.003) (0.003) (0.003) (0.001)
Education 0.193 * 0.134 0.136 0.030

(0.103) (0.104) (0.103) (0.023)
Health 0.121 0.072 0.081 0.018

(0.087) (0.089) (0.089) (0.020)
Job 0.035 0.149 * 0.138 0.031

(0.066) (0.085) (0.086) (0.019)
Farm employment −0.001 −0.001 −0.000

(0.002) (0.002) (0.000)
Off-farm employment 0.005 *** 0.005 *** 0.001 ***

(0.002) (0.002) (0.000)
Farm income −0.001 −0.001 −0.000

(0.001) (0.001) (0.000)
Land size 0.003 0.003 0.001

(0.003) (0.003) (0.001)
Loan −0.010 −0.012 −0.003

(0.134) (0.135) (0.030)
Specialty 0.236 0.158 0.035

(0.185) (0.185) (0.041)
Cooperation 0.007 0.006 0.001

(0.259) (0.260) (0.058)
Subsidy 0.420 *** 0.424 *** 0.095 ***

(0.077) (0.077) (0.017)
Internet 0.243 *** 0.222 *** 0.050 ***

(0.074) (0.075) (0.017)
Distance −0.025 *** −0.006 ***

(0.006) (0.001)
Plain 0.488 *** 0.109 ***

(0.156) (0.035)
Rode −0.002 −0.001

(0.003) (0.001)
Constant 0.282 * 0.935 ** 0.845 * 0.674 1.036 **

(0.150) (0.384) (0.438) (0.455) (0.471)

County dummies No Yes Yes Yes Yes Yes
Province dummies No Yes Yes Yes Yes Yes

Wald χ2 15.651 *** 825.349 *** 833.258 *** 875.000 *** 882.002 *** 882.002 ***

R2 0.004 0.366 0.369 0.386 0.396 0.396
Obs. 2934 2934 2934 2934 2934 2934

Note: Robust standard errors in parentheses; * p < 0.1, ** p < 0.05, *** p < 0.01

4.2.2. Estimated Results of Robustness Tests

To ensure that the estimates in Table 2 are reliable, robustness tests were used, with the results
shown in Table 3. In Table 3, Model (1) represents the sub-sample regression (farmers without land
transfer), while Model (2) changes the regression method to a logit model.

As shown in Table 3, we also controlled for householder-level variables, household-level variables,
location-level variables, and county and province dummy variables. The estimates in Table 3 are
similar to those in Table 2. More specifically, the coefficient of Registration was not significant, the
coefficient of Adjustment was negative (p < 0.01), and the coefficient of Registration × Adjustment was
positive (p < 0.10). Thus, the results of Table 3 indicate that the results of Table 2 are robust.
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Table 3. The estimated results of robustness tests.

Model (1) Model (2)

Registration −0.223 −0.570
(0.290) (0.460)

Adjustment −0.737 *** −1.608 ***

(0.261) (0.401)
Registration × Adjustment 0.512 * 1.080 **

(0.301) (0.483)
Gender 0.199 ** 0.250

(0.101) (0.173)
Age −0.003 −0.006

(0.003) (0.006)
Education 0.197 * 0.211

(0.116) (0.187)
Health 0.068 0.118

(0.098) (0.159)
Job 0.070 0.223

(0.093) (0.152)
Farm employment −0.000 −0.001

(0.002) (0.003)
Off-farm employment 0.004 ** 0.008 ***

(0.002) (0.003)
Farm income −0.001 −0.001

(0.001) (0.002)
Land size −0.001 0.006

(0.003) (0.006)
Loan 0.033 −0.037

(0.156) (0.244)
Specialty −0.050 0.255

(0.192) (0.351)
Cooperation −0.151 −0.109

(0.295) (0.488)
Subsidy 0.417 *** 0.748 ***

(0.084) (0.136)
Internet 0.203 ** 0.376 ***

(0.083) (0.134)
Distance −0.026 *** −0.044 ***

(0.006) (0.010)
Plain 0.453 *** 0.928 ***

(0.169) (0.297)
Rode −0.003 −0.006

(0.003) (0.005)
Constant 1.004 ** 1.860 **

(0.496) (0.804)

County dummies Yes Yes
Province dummies Yes Yes

Wald χ2 753.363 *** 656.835 ***

R2 0.380 0.398
Obs. 2215 2934

Note: Robust standard errors in parentheses; * p < 0.1, ** p < 0.05, *** p < 0.01; Model (1)–(3) means the models of
sub-sample data, the Logit model, and the instrumental regression, respectively.

5. Discussion

Based on data from 2934 farming households in rural China, this study focuses on the quantitative
impacts of land registration, adjustment experience, and their interactions on the adoption of agricultural
machinery. The contributions of this study are as follows: (i) under the guidance of property rights
theory and endowment effects, this study focuses on the quantitative impact of heterogeneous land
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registration on agricultural inputs; (ii) it further enriches the understanding of property rights theory
and endowment effects. China is the world’s largest developing country and empirical evidence from
there may provide a reference for land property reform in other developing countries. This study may
also provide some policy references for developing countries to realize agricultural modernization and
revitalize the countryside.

The results of this study have some similarities and differences from previous studies. First, we
found no significant impact of land registration on the adoption of agricultural machinery. This is
consistent with Brasselle et al. [40], Beekman and Bulte [37], Domeher and Abdulai [38], Lovo [36], and
Goldstein et al. [39], who report that property rights security may not obviously affect agricultural input.
Second, there was a negative impact of adjustment experience on the adoption of agricultural machinery.
Finally, there was a positive impact of the interaction of land registration and adjustment experience
on the adoption of agricultural machinery. These findings differ from those of Hong et al. [41], who
reported that land registration positively affects the investment incentive of farmers without land
adjustment experience.

The findings of this study are interesting because property rights are important [60]. However,
due to the endowment effect [42], the registration process of property rights is also very important [57].
The endowment effect does not change individuals’ preferences, but strengthens their motivation
to maintain the status quo [61,62]. Thus, when the land rights of a farming household have been
officially registered without land adjustment, famers may be less willing to transfer land due to the
endowment effect. This may be a barrier to solving the problem of land fragmentation. In return,
there was no impact of land registration without adjustment experience on the adoption of agricultural
machinery. Therefore, when land has been adjusted without land registration, farmers’ property rights
may be insecure, which may decrease their willingness to invest in agriculture [26,31–35]. Additionally,
there was a negative impact of adjustment experience without land registration on the adoption of
agricultural machinery. When the land rights of a farming household have been officially registered
after land adjustment, the adjustment helps optimize land resource allocation [9], while registration
helps improve property security [68]; in return, there is a positive impact of the interaction of land
registration and adjustment experience on the adoption of agricultural machinery. In summary, to
explore the relationship between the security of property rights and agricultural inputs, we should
not only pay attention to the results of property rights registration, but also to the process of property
rights registration.

In addition, this study has several deficiencies, which can be addressed in future studies. Specific
among them are as follows: (i) This study focused on the quantitative impacts of land registration,
adjustment experience, and their interactions on the adoption of agricultural machinery. Future studies
could further explore the driving mechanisms behind these quantitative relationships. (ii) Agricultural
machinery is only one important agricultural input. Future studies could further discuss whether the
findings of this study are applicable to other important agricultural inputs (e.g., soil improvement,
irrigation facilities, etc.). (iii) The data of this study is set such that land registration and land adjustment
were prior to agricultural machinery adoption, which may partly solve the problem of mutual causality.
Future studies could further test the findings of this study by instrumental variable method. (iv) China
has a special land ownership institution; namely, ownership belongs to the village collective, while
contract and management rights belong to individual farmers. Future studies could further explore
whether the findings of this study are applicable to developing countries where rural land ownership
is private.

6. Conclusions and Implications

From the perspective of property rights theory and endowment effects, data from 2934 farming
households in rural China are used to determine the quantitative impacts of land registration and
adjustment experience on the adoption of agricultural machinery. The results are as follows:

1. Land registration does not affect the adoption of agricultural machinery.
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2. Adjustment experience has a negative impact on the adoption of agricultural machinery.
3. The interaction of land registration and adjustment experience has a positive impact on the

adoption of agricultural machinery.

Based on the above findings, we can also derive some policy implications. Although the security
of land property rights is important for agricultural investment, we should also pay attention to
the process of making land property rights secure. That is, when the government promotes land
registration to ensure the security of land property rights, the first thing that the government should
do is respect farmers’ willingness to optimize the allocation of land resources via land adjustment. In
addition, this study finds that using the Internet can improve the adoption of agricultural machinery.
The internet can help farmers obtain information on agricultural technology, which may increase their
likelihood of adopting agricultural technology. This suggests that the government increase internet
access in rural areas.
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Abstract: This paper presents the results from a quality and usability analysis of participatory land
registration (PaLaR) in Indonesia’s rural areas, focusing on data quality, cost, and time. PaLaR was
designed as a systematic community-centered land titling project collecting requisite spatial and
legal data. PaLaR was piloted in two communities situated in Tanggamus and Grobogan districts in
Indonesia. The research compared spatial data accuracy between two approaches, PaLaR and the
normal systematic land registration approach (PTSL) with respect to point accuracy and polygon area.
Supplementary observations and interviews were undertaken in order to evaluate the effectiveness
of the spatial and legal data collection, as well as logical consistency of the data collected by the
community committee, using a mobile application. Although the two pilots showed a lower spatial
accuracy than the normal method (PTSL), PaLaR better suited local circumstances and still delivered
complete spatial and legal data in a more effective means. The accuracy and efficiency of spatial
data collection could be improved through the use of more accurate GNSS antennas and a seamless
connection to the national land databases. The PaLaR method is dependent on, amongst other aspects,
inclusive and flexible community awareness programs, as well as the committed participation of the
community and local offices.

Keywords: quality; usability; boundary data collection; legal data collection; first titling;
land administration

1. Introduction

In Indonesia, like other contexts, spatial and legal data collection for systematic land titling projects
are often considered challenging tasks, especially for local land offices. It is not easy for local land
offices to collect and verify the required documents completely, especially considering the pluralism
inherent to the underlying land tenure structure. The issue makes formal land registration in Indonesia
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challenging [1]. Under the current legal and institutional framework, Indonesian systematic land titling
activities are procedurally demanding and rigid, requiring active participation from communities,
villages, and government officers, owing to uncoordinated and sporadic registration activities in the
past [2].

Fit for purposes land administration (FFP LA) principles aim to accelerate land registration activities
utilizing spatial, institutional, and legal framework and also call for incremental improvement [3]. FFP
LA has been tested, if not implemented, worldwide [4,5]. Although there are comprehensive FFP LA
implementing guidelines available [6], see also [7], finding the best-fit land registration and spatial
data collection method suitable for the country context remains a significant task in itself: there are no
one size fits all approaches. Further, managing the financial, political, legal, and administrative aspects
regarding large-scale registration campaigns remains challenging, even when FFP LA approaches
are used.

Indonesia’s current progress on land registration provides an example to examine how quality, cost,
and speed can be leveraged to reach the Indonesian government’s goal of registering all unregistered
land parcels by 2025. The central government launched PTSL (Pendaftaran Tanah Sistematik Lengkap—a
complete systematic land registration for all land parcels using fixed boundary approaches with
terrestrial and photogrammetry surveys) as mandated by the President through President Instruction
No. 2/2018. Before PTSL was launched in 2017, the capacity for land mapping and certification was
around one and a half million land parcels per year. Since 2017, the land registration campaign has
resulted in a massively increased workload for ATR/BPN. In 2017, PTSL covered five million land
parcels, and in 2018 the number of parcels increased to seven million. The target is to complete nine
million land parcels in 20191. The remaining, more than 50 million land parcels, are aimed to be
registered completely by 2025. PTSL was designed to map all land parcels and to certify unregistered
land parcels nationwide covering each village.

Two years post-implementation of PTSL, completeness is still seen as a big challenge as land
offices frequently focus only on unregistered parcels, leaving parcels with conflicts, floating titles,
and unregistered parcels, decidedly unmapped. From PTSL results in 2018, it was shown that of
the 7.7 million land parcels covered, 62.1% in total could be followed up with formal registration,
whilst 24.6% could not be certified due to uncertain landowners’ legal status. Meanwhile, 13.2% from
the total were unmapped land titles and about 2,200 cases were either conflicting or in the court.
On the issue of uncertain landowners, constituting almost 25%, this is caused by several factors: (i)
local land offices lack access to formal documents regarding the underlying rights; (ii) unknown and
in-absentia landowners; and (iii) unsettled family disputes due to disagreement over land inheritances.
Moreover, the central government has in place stringent standards for land offices to produce land
titles. Low-level problems are rooted in institutional arrangements and contribute more than technical
problems, these being related to the land office’s capacity to survey and map land parcels. This leaves
the mapping of many land parcels in villages incomplete. Incompleteness leads to uncertainties of
rights of registered land parcels in villages: previous studies have therefore correctly questioned the
links between formal land titling, tenured security and livelihood improvement [8–11].

In order to have a systematically registered and complete land administration system, a
country-specific approach, which is fast but reliable is required. Community-driven, participatory, and
crowdsourced approaches promote an efficient and complete land boundary inventory that can be used
for many purposes, including environmental protection and land certification [12–17]. The body of
knowledge for community-driven, participatory, crowdsourced, and volunteered data collection in the
research domain of land administration has evolved in recent years [4,5,18–21]. Participatory mapping
practices for customary and indigenous land rights and land protection, especially for forested and
rural areas, including in Indonesia, have evolved in decades [22]. However, participatory mapping

1 https://www.thejakartapost.com/news/2018/10/19/agrarian-ministry-distributes-6-2m-land-certificates.html.
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that produces “citizen cadastre” [23] that followed up with formal recognition of rights and land titles
in collaboration with national land offices is just a few or just emerging. FFP LA and systematic land
titling emphasizes working with communities to fill gaps, for example, in accelerating adjudication
processes [24], or for eliminating the social constraints [25] related to land governance. However,
measuring the acceptance and consequences of such a community-based land registration has not been
conducted for the land administration domain, especially in Indonesia.

In response, this paper aims to provide an analysis, based on a comparative framework, between
the existing systematic land registration approach (i.e., PTSL) on the one hand, and the participatory
approach, (i.e., participatory land registration—PaLaR), on the other. The analysis focuses specifically
on the areas of cost, time, usability, and quality of the methods. Specific attention is given to the spatial
quality of the methods used in PaLaR. According to the FFP LA guidelines, policy reforms in the spatial,
legal, and institutional framework are required to accelerate land administration completeness. In the
Indonesian context, the country has surveyed and mapped more than 20 million land parcels for three
years using PTSL. Nevertheless, as mentioned above, about 24% out of mapped land parcels are not
ready for first-titling due to unclear ownership, or due to low participation from the community. Thus,
the challenges lie more in increasing community participation to provide legal and administrative data,
whilst preserving the quality of spatial data collection when using PTSL. Taking this into account, in
order to achieve the aim, the research applied two participatory land registration pilots to facilitate the
spatial and legal data collection led by community representatives in Tanggamus and Grobogan. The
results of spatial and legal data collection in the pilots were compared with the results using the PTSL
approach. This paper aims to provide a collaborative analysis regarding spatial quality, effectiveness,
and efficiency of participatory approach and tools, which are lacking in the current FFP literature. This
paper will also then identify lessons learned with regard to the institutional and legal framework.

This paper is structured as follows. Section 2 presents the materials and methods including the
background and the location of the pilots and the methods of the comparative assessments. Further,
it discusses the challenge and impact of increasing participation during the registration process and
the modernization of the data collection methods [7,26] using usability perspectives. Two pilots,
presented here, applied some FFP LA principles, but harmonized, as much as possible, with the current
underlying spatial and legal frameworks. Section 3 presents the results of the comparative assessments.
Section 4 discusses the lessons learned and required improvements and arrangements to increase
the speed and usability degree of participatory land administration, in order to scale from pilots to
national policy.

2. Materials and Methods

2.1. Methods in the Field: PTSL vs. PaLaR

PTSL is a government program dealing with systematic land title registration of all unregistered
land parcels in rural areas in Indonesia. Land registration activities cover survey, mapping, registration,
and certification of all land parcels in a village. As in one village, there can be land parcels that have
been certified previously, the mapping should also deal with boundaries of registered land parcels, in
order to create an up-to-date and complete representation of land ownership boundaries in the village.
PTSL is conducted as a top-down approach program starting with the determination of the village as a
PTSL location.

Indonesia applies mandatory boundary demarcation in land titling projects based upon
Government Regulation (No 24/1997). For surveying and mapping land parcels, a special task
force consisting of government surveyors or licensed surveyors are mandated to collect spatial data of
land boundaries. In parallel to that team, a juridical team is deployed to collect and verify the legal
data concerning the landowner identity and underlying ownership data. Juridical teams are land office
employees assigned by the head of the land office. The budget to run PTSL was allocated from either
the national budget, or local budget, or Corporate Social Responsibility Funds, or funds by the local
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community. Standards and procedures for the technical implementation and budget have been officially
assigned through the Ministry of ATR/BPN. Steps of the PTSL approach include (a) determination of
PTSL location; (b) spatial data collection; (c) legal data collection; and (d) data processing that includes
legal data verification, validation, and titling. As suggested in previous research [27], mandatory
boundary demarcation still faces challenges in terms of social and non-technical issues, leading to
low participation.

This paper also assesses an approach, called PaLaR (participatory land registration), a
community-centered data collection and facilitation for village-level land registration campaigns. In
contrast to PTSL, PaLaR tends towards a bottom-up approach rather than a top-down: spatial and
legal data collection is done completely through the community representatives with the guidance of
government officers.

The PaLaR approach was implemented in two villages residing in Central Java and Lampung,
through a cooperation between the Ministry of ATR/BPN from Indonesia and Kadaster from the
Netherlands. Community representatives are referred here as the community-based land registration
committees (CLRC, or interchangeably called “the committee” herein), who performed the field
activities (spatial and legal data collection). PaLaR explores the use of community-centered data
collection and production, to ensure that tenure security for all can be achieved successfully. It is
hypothesized that by trading-off between efficiency and quality, in implementing fit for purpose land
registration for Indonesia, the method can provide a design for massive scale and fast land titling.

As PaLaR is intended to produce the same official titles as PTSL, without changing the
administrative processes, a comparison between PTSL (government-led land titling activities) and
PaLaR (government-facilitated and community-based land titling activities) should be done using the
same activities of both PTSL and PaLaR (i.e., socialization, spatial data collection, legal data collection,
data processing, and certification).

• Socialization refers to field activities disseminating information about the systematic land
registration campaigns.

• Spatial data collection relates to field activities done by surveyors to survey and store information
regarding boundary points, adjacency and ownerships of land parcels for first-titling purposes.

• Legal data collection refers to field and office activities to collect underlying formal documents
specifying the owner and the ownership status of land parcels. The required data include signed
application forms, official personal identity verified by the civil registry, an underlying proof of
land ownership (e.g., a statement letter from the village office) and the newest land tax bill from
the Municipality Office.

• Data processing refers to office activities to validate the completeness and the validity of the
submitted documents.

The differences between PTSL and PaLaR methods on implemented four plans are presented in
the Table 1.

Data processing and certification using GeoKKP software for all land parcels in two village pilots
were done by the corresponding Land Office’s staff. For the GeoKKP entry, the local staff must validate
the digital data against the paperwork. Figure 1 provides a graphical overview of the described
workflow designed for the PaLaR pilots.

212



Land 2020, 9, 79

Table 1. Differences between the Pendaftaran Tanah Sistematik Lengkap (PTSL) and the participatory
land registration (PaLaR) implementation.

Stages PTSL PaLaR

Socialization

• A hierarchical top-down activity in
disseminating information regarding
PTSL from government officers to
village leaders and
neighborhood leaders.

• An information session usually takes
two hours and consists of briefings
from leaders and is followed by
questions and answers (Q/A) on the
procedure and prerequisite documents
needed to participate in the
PTSL program.

• The government involves a non-governmental
organization (NGO) called JKPP (the network
for participatory mapping actions) that have
been advocating counter-mapping for villages
and indigenous rights.

• The socialization includes a group discussion
related to land ownership and conflict
resolution. It also covers technical training to
community representatives (CLRC) that took
place four days of classes and practices in the
village office, attended by village leaders and
community representatives.

Boundary data
collection

• Government surveyors or licensed
surveyors facilitate the recordation
process and land surveying of
unregistered land parcels using
modern surveying tools (i.e., Total
Station/RTK-GNSS).

• The community representatives (CLRC) acted
as facilitators to conduct awareness-raising
campaigns. CLRC also facilitated mapping and
social/legal data collection activities. They
(CLRC) also did individual parcel boundaries’
measurements, legal data verification, and
submission. The data was collected digitally
using a tablet with the Meridia Collect App,
connected to a GNSS Antenna.

Legal Data
Collection

• A specific/task force team was
assigned to collect and verify the
application data from landowners.
The legal data collection is done
manually (paper-based) as current
procedures are demanding paper
works to be in place.

• All required data was collected in PaLaR during
the interview sessions and captured as digital
data using mobile applications operated by the
committee. The major difference with the PTSL
approach: legal data were collected by the
community itself, through the
community committee.
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2.2. Materials in the Field

Narrowing to the work underpinning this work, subsequent to the above procedures, a spatial
data quality assessment was performed to compare geometric quality against the reference data for
both the test data and the resulting data from survey and mapping activities done by the CLRC
team, using GNSS tools during the field survey of boundary points. Reference data was acquired by
the research team using RTK GNSS/GPS mapping using L1/L2 geodetic devices for parcels that had
been previously surveyed by the CLRC. CLRC accompanied the research team to show the boundary
markers and in communicating with landowners during the collection of reference data.

The study utilized an app ‘Meridia Collect’, to collect the spatial and legal data. It ran on a tablet
that was connected to a GNSS device, which is an L1 low-cost GNSS, known as Emlid Reach RS. On
the backend, Meridia Collect was supported with Podio to support the online data management, and
to cover data quality checking. Data integration with the national system, i.e., GeoKKP, was completed
manually by local land offices after receiving the registration data from the community team.

Core functionalities in Meridia Collect were the Carta and Terra functionality. Carta was used
to delineate parcels, including the use of snapping tools. Terra was used to map agreed-upon point
boundaries in the field, using the GNSS mapping tool. Legal data collection frequently used Register
to enable data entry (interview/typing), document digitalization, photos, and fingerprints. In addition,
the dashboard application was provided to do spatial data quality checking including topology and
snapping tools, and legal and spatial data integration.

2.2.1. Reference Data

Field measurements of the reference data were completed using the RTK method with L1/L2 GNSS
geodetic devices. The RTK method was undertaken using the available CORS (continuously operating
reference system). Here, the correction parameters were transferred using a standard NTRIP (network
transport of RTCM via the Internet protocol). The base station was not a fixed CORS station, but, rather,
a GNSS receiver that was positioned freely in the field adjusting to possible field obstructions.

Field measurements were conducted using GNSS geodetic devices (L1/L2) with an achievable
accuracy of 10 cm. During the field measurements, boundary points that were demarcated in the
field through markers were collected/measured by the CLRC members, under the supervision of the
landowners. The results of the measurements were represented as shapefiles that could be directly
compared with the other data sample. For the field measurements, the following GNSS receiver was
used: (Brand: South Type: Galaxy G1), produced in 2017, with the following specifications (gathered
from the handbook of the device):

Channel 220 Channels

Signal Tracking
GPS, GLONASS, Galileo, Beidou, QZSS, WAAS,
MSAS, EGNOS, GAGAN, E5A, E5B

RTK Survey Horizontal 8 mm + 1 ppm; Vertical 15 mm + 1 ppm
RTK initialization time 2 m, 8 s
Data Format (differential) CMR+, CMRx, RTCM 2.x, RTCM 3.x
Data format (GPS output) NMEA 0183, PJK, binary code

Network support
VRS, FKP, MAC, NTRIP protocol; NFC module, USB,
Radio, Bluetooth

Market price in 2018 IDR 250.000.000, 00 (2 pcs set as Base-Rover)

2.2.2. Evaluation Data

The evaluated datasets were the data collected in PaLaR using a local coordinate/reference system,
captures through a Base (ground control point) and Rover configuration, and a tablet, which was
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connected to a low-cost GNSS receiver, Emlid Reach RS+, which had the following specifications:
Channel 72 Channels

Signal Tracking
GPS/QZSS L1, GLONASS G1, BeiDou B1, Galileo, E1,
SBAS

RTK Survey Horizontal 7 mm + 1 ppm; Vertical 14 mm + 2 ppm
RTK initialization time 2 m, 8 s
Data Format (differential) RTCM2, RTCM3
Data format (GPS output) NMEA, ERB, plain text
Network support USB, RS232, PPS, Bluetooth, Radio, NTRIP
Market price in 2018 IDR 26.500.000, 00 (2 pcs set as Base-Rover)

In addition to land boundaries, the app also captures registration documents, including ID cards,
application forms, tax receipts, letters of ownership from the village office, required for first-titling.
Data collection done by CLRC was stored in Meridia Collect. After data cleaning was completed by
a Meridia data officer, the data was submitted to Tanggamus and Grobogan local land offices. Data
collected were classified as parcels with registration data (ready for land certification), parcels without
registration data (considered as K4/already registered or K3/not ready to be registered), and interviews
only (without spatial data collection).

2.3. Methods in the Office

2.3.1. Quality Assessments

This study was looking at the data quality and the procedure quality that resulted from participatory
land registration. Here, ‘quality’ refers to the “totality of characteristics of a product that bear on
its ability to satisfy stated and implied needs” (ISO 2002, originally in ISO standard 8402). The data
quality that was seen as essential here were spatial data quality, logical consistency, and completeness.
Meanwhile, the procedure quality that was considered essential for land registration for this study
included time, cost, and usability of the application used by the community. The set of measures for
these two quality themes and their corresponding attributes is given as follows.

From the literature, spatial data quality can be broken down into elements of quality, characterizing
the fitness of the product against specific standards (also known as producer accuracy). Some known
international standards define spatial data quality: i.e., ISO 1957:2013 on Spatial Data Quality, and
ASPRS (American Society for Photogrammetry and Remote Sensing) on ASPRS Positional Accuracy
Standards [28]. From a different perspective, quality can also be seen as fitness for use, where quality
is seen to meet the specific purposes for the use, either by an expert or common users following a
possible list of fitness- for-use criteria (see, e.g., [29,30]).

According to geospatial information literature, five to eleven elements can be used to distinguish
spatial data quality [31]. For assessing the spatial data collected, at least six elements are commonly used
to describe quality: lineage, positional accuracy, attribute accuracy, logical consistency, completeness,
and semantic accuracy. In these two pilots, the geospatial data quality assessment was focused only on
positional accuracy, logical consistency, and completeness.

• Positional accuracy can be seen as the accuracy of the coordinate values. This can be calculated as
relative or absolute positional accuracy. Absolute positional accuracy is defined as the accuracy of
test coordinate values against the reference coordinate values. As the land parcels form polygonal
areas, the accuracy here is assessed per the differences in point position and area between the test
dataset (dataset collected by CLRC) and reference dataset (dataset collected by the research team).

• Logical consistency deals with the contradictions that violate compliance between the schema
and structure of the spatial dataset and the values represented in the collected data. Logical
consistency includes topological consistency and validity of attributes compared to the conceptual
schema [32]. It may also include format consistency [33].

• Completeness refers to “the relationship between database objects and the abstract universe of all
such objects”, [34] or measures related to accessing data and missing data [33].
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Spatial data quality was assessed through the comparison of the evaluation dataset against the reference
dataset. The reference dataset represented an ideal PTSL spatial data collection using the RTK GNSS
method, following the normal land titling/PTSL technical guidelines. The surveyed points of the
PALAR’s land parcels were assessed using a point accuracy test. For assessing the quality of polygon
areas of PALAR’s land parcels, this study implemented the polygonal area assessment.

Point accuracy shows the closeness of the evaluation data to the reference data and is assumed
to have a better result and be closer to the standard of point measurement. It yields a displacement
line of length between the evaluation and reference point datasets. Point accuracy was often used to
evaluate OpenStreetMap (OSM) data quality (see [35,36]).

In addition to point and area evaluation, an assessment of the completeness and logical consistency
of the data collection was also done. Completeness herein refers to the completion of the spatial data
collection for one village. The national (PTSL) standard demands that results of the cadastral mapping
of a village are categorized as existing certified land parcels (K4), undisputed land parcels not ready
for certification (K3), disputed land parcels (K2), and undisputed land parcels ready for certification
(K1). A score between 0% and 100% will determine the completeness of the mapping. Completeness
can also be seen as the completion of legal data collection. Legal data collection will result through the
entry of the legal data regarding the legal information of the landowners’ identity (e.g., family card
and identity card) and land ownership underlying status (e.g., a letter from the village, transaction
deed, tax receipt, and so forth). Legal data completeness is specified as “Yes” or “No”.

Logical consistency refers to the fidelity of the relationships in the dataset collected in PaLaR. For
land registration purposes, the topology of land parcels is a logical data consistency measure that is
considered important. This ensures that the shape of the individual land parcel is closed properly and
that adjacent land parcels are topologically correct. The topological and validity cleansing of collected
data in Tanggamus and Grobogan was assessed.

2.3.2. Time Assessment

Time in this assessment refers to the number of hours and days to complete all activities, excluding
the certification process, which is excluded as the process is within the government’s control. Some
delays and breaks occurred in both pilots. For the assessment, use of time for spatial and legal data
collection, idleness and break sessions were not counted. Time was seen as a stop-watch measurement
for completing the spatial and legal data collection in the field.

The use of time to complete the land registration campaign during the PaLaR project was limited to
the socialization and data collection time only. Other stages of the campaign, including data processing
and certification, were not assessed. The actual data collection time was measured by the system
embedded in the Meridia Collect app.

2.3.3. Cost Assessment

Significant cost in this assessment was money allocated from the government budget to finish
the activities. As the budget of PaLaR only covered socialization and data collection, and partly data
processing but no certification, the focus of cost assessment is on socialization and data collection
activities only. The results of the cost assessment will be compared with international guidelines and
can be used by stakeholders to plan the participatory land registration budget.

For this study, the land office and the committees in Tanggamus and Grobogan were interviewed
regarding the costs for data collection2. Costs that were not yet considered in the results of the project

2 Costs that are used to facilitate the PaLaR activities are comprised of:

• Cost to mobilize and provide grants (seen as fees) for CLRC members;
• Cost required by village leaders to provide boundary monuments and administrative materials (e.g., paper copy and

stamp expenses);
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include a group discussion facilitated by JKPP, field training, hardware and software investments (e.g.,
tablets, GPS and document scanner, and software developments).

2.3.4. Usability Assessments

The term “usability”, as it is used in this paper, refers to the usability of the geospatial information
interface used in the pilots and not to the geospatial data itself, as used in other works. Usability
assessment was done to evaluate the effectiveness, efficiency, and usefulness of the mobile application
to gather spatial and legal data from the community. Previous works have applied usability measures
of mobile applications for participatory data collection [37,38], but no work has been done in support of
land titling projects. The research measures were focused on effectiveness, efficiency, understandability
of the interface, and how error-tolerant and engaging it was as recommended in the ‘5E usability
measures’ [39].

Usability assessments were completed by conducting interviews with users and observations
during the use of the app to collect the field data. Here, “users” refer to CLRC members in Tanggamus
and Grobogan. The app refers to the Meridia Collect app, the data collection tool used by CLRC.

3. Results

3.1. Statistics of the Overall Data

In total, 1000 points of land parcels in Tanggamus and 1697 points on land parcels in Grobogan
were collected. The status of the data completion was captured at the end of the pilot project and is
shown in Table 2.

Table 2. PaLaR land parcels of Tanggamus and Grobogan pilots.

No Parcels Tanggamus Grobogan Total Percentage

1 Parcels with legal data 465 237 702 26%

2 Parcels without legal data 535 1460 1995 74%

3 Exported parcels data 956 291 1247 46.20%

1 + 2 Total of parcels 1000 1697 2697 100%

As of September 2018, final updates were provided by the two local land offices. The land parcel
status in the Village of Kuripan, Tanggamus, and Wandan kemiri, Grobogan can be seen in Table 3.
In Tanggamus, PaLaR land parcels that were ready for land titling (K1) were 532, meanwhile in the
Village of Wandan Kemiri, Grobogan, land parcels that were ready for land titling, were 686. It was
about 50% in total, out of PaLaR land parcels that can be followed up with land titling. Other cases
were K3 and K4. A typical example for K3 is landowners did not want to continue to participate in
land registration programs for unconfirmed reasons (see its explanation in the Discussion). K4 means
that land offices must take actions to improve the quality of land records as previously the land titles
were either not mapped correctly or with no spatial information (known as floating titles).

• Cost to cover logistics for socialization and during the field data collection.
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Table 3. PaLaR land parcels of Tanggamus and Grobogan pilots.

No Parcels Tanggamus Grobogan Total Percentage

1 Parcels to be registered (K1) 532 686 1218 50%

2 Parcels without legal data (K3) 304 703 1006 42%

3 Parcels registered previously (K4) 100 94 194 8%

Total of parcels 1036 1483 2418 100%

3.2. Results of Spatial Data Quality Evaluation in Tanggamus

3.2.1. Results of Evaluation for Point Accuracy

Evaluation for positional accuracy was completed first by selecting land parcels identified in
the referenced and evaluation dataset through the same number of points. The authors limited
the evaluation of positional accuracy to paired boundary points found in both the referenced and
evaluation dataset. In Tanggamus 15 parcels out of 33 had a different number of points.

The research team that recorded the point boundaries of the reference data was accompanied by
CLRC during the survey. During the field survey to individual parcels, most landowners attended the
field check. CLRC checked the points with the previously surveyed ones, by using the map provided
by the tablet used in PaLaR or by consulting with the landowners. Most land parcels were demarcated
in the field, hence point identification was easier.

Next, parcels in both the reference and evaluation dataset that had the same number of points per
parcel were compared to determine the difference of the coordinates. This comparison produced a
length of line (distance) between the reference and evaluation of boundary points. The average and
standard deviation of the shiftings were calculated. The differences of the point coordinates between
the reference and evaluation dataset for Tanggamus can be seen in Figure 2. The average difference
was 0.521 meters while the standard deviation was 0.570 meters. Poor results (>1.5 m) resulted from
either poor data correction or points surveyed with GNSS floated solutions.
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Figure 2. Positional accuracy (in meters) plotted as shifting of points found between reference and
evaluation dataset, shifting > 1.5 m is indicated through the red dashed line.

3.2.2. Results of Evaluation for Polygonal Features

The polygonal quality of land parcels was assessed using the area comparison method. The
comparison method was used to compare parcels of the same unique ID from the evaluation and
reference dataset. There were 33 samples of land parcels. From the polygonal area, an evaluation was
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done in Tanggamus, the results of the classification of the spatial data quality of area comparisons can
be seen in Table 4. Equal interval grouping was used to show the distribution of values of the results
for area comparison.

Table 4. Classification of area comparison in Tanggamus using the equal interval.

Classification of Area Comparison using the Equal Interval Method

Classes Quality Frequency

0.000 41.667 Very good 29

41.667 83.333 Good 2

83.333 125.000 Quite Good 0

125.000 166.667 Not Good 1

166.667 208.333 Bad 0

208.333 250.000 Very Bad 1

Graphical views of spatial data quality derived from all methods can be seen in Figure 3.
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Figure 3. Analysis of the evaluation and reference dataset in Tanggamus.

The visualization of polygon data for the evaluation and referenced land parcels can be seen
in Figure 4. It shows the differences of lengths of parcel boundaries between the reference and
evaluation data.

Differences were caused by at least two factors: (1) location of points measured by CLRC were not
exactly the same points as measured by the research team. In some cases, although the research team
was accompanied by the CLRC during the measurements, there was uncertainty within the CLRC
team regarding the location of the point because the field demarcation was not permanently installed
or the landowner was not present and (2) effect of data cleaning in the post-processing by the Meridia
data officers that included snapping or adding points, which produced different parcel boundaries.
As seen in the parcel with the red circle, 22 different points existed between the reference and the
evaluation datasets. This could have been caused by having no boundary demarcation in the field. A
similar case also occurred with the land parcel indicated through the yellow circle.
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Figure 4. Visualization of differences in the results of evaluation (blue) and reference (black) polygonal
data in the study area of Tanggamus pilot.

Figure 5 (top) shows the evaluation versus the reference dataset, although the evaluation dataset
here was not cleaned (before the geometric data cleaning process). In some cases, Figure 5 (below), the
differences may have resulted from wrong snapping during the data cleaning process. The differences
between the reference and the evaluation dataset were less before than those after the data cleaning.
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Furthermore, the difference in quality was visualized for both polygonal feature assessments.
Darker colors represented lower quality, hence, for areal comparison, darker green meant lower quality.
This meant a greater difference between the reference and evaluation datasets. Maps of polygonal
quality of collected land parcels can be seen in Figure 6. Darker means bigger differences or larger gaps.Land 2020, 9, x FOR PEER REVIEW 13 of 27 

 
Figure 6. Map of area comparisons between the evaluation and reference dataset in Tanggamus. 

3.2.3. Results of Logical Consistency 

All parcel data collected from Tanggamus were checked for logical consistency. From checking 
activity, it can be concluded that topological consistency and attributes’ validity were good. 

3.2.4. Results of Completeness 

Completeness here refers to the completion of spatial data collection for one village. The final 
map produced should give clear information as to which land was categorized as existing certified 
land parcels (K4), undisputed land parcels not ready for certification (K3), disputed land parcels (K2), 
and undisputed land parcels ready for certification (K1). Completeness can also be seen as the 
completion of identification of all parcels and their ownership status. It can be concluded that the 
completeness was well achieved with the PaLaR method, as 100% of all land parcels were mapped. 

In terms of legal data collection, as of August 2018, 465 out of 535 parcels were without legal 
data. This could have been because incomplete parcels (red) either were not registered or not ready 
to be registered (Figure 7). Landowners who were not registered were generally less motivated to 
participate during the land registration.  

Figure 6. Map of area comparisons between the evaluation and reference dataset in Tanggamus.

3.2.3. Results of Logical Consistency

All parcel data collected from Tanggamus were checked for logical consistency. From checking
activity, it can be concluded that topological consistency and attributes’ validity were good.
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3.2.4. Results of Completeness

Completeness here refers to the completion of spatial data collection for one village. The final map
produced should give clear information as to which land was categorized as existing certified land
parcels (K4), undisputed land parcels not ready for certification (K3), disputed land parcels (K2), and
undisputed land parcels ready for certification (K1). Completeness can also be seen as the completion
of identification of all parcels and their ownership status. It can be concluded that the completeness
was well achieved with the PaLaR method, as 100% of all land parcels were mapped.

In terms of legal data collection, as of August 2018, 465 out of 535 parcels were without legal
data. This could have been because incomplete parcels (red) either were not registered or not ready
to be registered (Figure 7). Landowners who were not registered were generally less motivated to
participate during the land registration.Land 2020, 9, x FOR PEER REVIEW 14 of 27 
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For clarity, the results of the spatial accuracy assessment of the Grobogan pilot are presented
separately in Appendix A.

3.3. Legal Data Quality

Results of legal data quality were compiled based on interviews with Grobogan and Tanggamus
land officers on the 24th of September 2018. Both local land offices believed the errors found in PaLaR
data collection were acceptable, as similar errors were also recognized in PTSL. Examples of errors
included: typographical errors, wrong addresses, invalidated or missing identity numbers, and family
card numbers, and underlying ownership letters from villages. In terms of legal data collection, there
were no serious issues in the data recorded through the data collector app. It can be said that the legal
data quality from PaLaR data collection was acceptable, or at least comparable to PTSL.
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3.4. Results of Cost Assessment

The costs of the PaLaR project were covered by the land office using the same unit price per parcel
as targeted in the PTSL activity. Hence, it can be said that the costs allocated to the PaLaR activities,
particularly in dealing with CLRC mobilization and field data collection, was well-covered using the
PTSL budget.

In Tanggamus:

1. Legal and spatial data collection for K1 (ready to be registered) was paid at IDR 85.000/parcel.
This was done by the CLRC. At the time of the report, there were 532 land parcels ready to
be certified.

2. Legal data verification and data processing were done by the local land office using the
PTSL budget.

The total expense was estimated to be IDR 65.2 million, comprising IDR 45.2 million for data
collection (fees to CLRC) and about 20 million for preparation and socialization. For 532 land parcels
that were certified, this meant that the cost for land registration was about IDR 122.600 /parcel with
PaLaR (before legal data processing and certification by the land office), i.e., the land registration cost
was 8.4 USD per parcel before legal data verification and certification activities of the Local Land Office.

In Grobogan:

1. Legal and spatial data collection for K1 (ready to be registered) was IDR 50.000/parcel. The activity
was done by the CLRC. In total, there were 686 parcels in K1 status (ready to be registered);

2. Preparation, logistics, and legal data verification support from the village office was paid by the
local land office with the amount of IDR 7.500/parcel;

3. Legal data verification and data processing was done by local land office using the standard PTSL
budget; cost: 90.000/parcel;

4. The certification process would be 10.000/parcel using the standard PTSL budget.

The total expense was estimated to be IDR 59.5 million, comprising IDR 39.5 million for data
collection (fees to CLRC) and 20 million for preparation and socialization. For the 686 land parcels that
were certified, this meant the cost for land registration was IDR 86.650 /parcel for socialization and
data collection activities, i.e., the cost was 5.9 USD/parcel before legal data processing and certification
by the Land Office.

PTSL implementation in Tanggamus (field survey cost for Area III) was set to IDR 214.980 (by
government surveyor), or IDR 330.240 (by licensed surveyor). Meanwhile, field cost for Area V, e.g.,
Grobogan, was IDR 114.340 (by government surveyor) or IDR 170.000 (by licensed surveyor). The cost
specified in the PTSL project was all-inclusive of hardware and software. For example, costs for utilizing
GNSS receivers (L1/L2 types) and CAD/GIS software were the responsibility of consultant/private
surveyors. The summary of the cost comparison between PaLaR and PTSL is given in Table 5.

Table 5. Cost simulation and comparison between PTSL and PaLaR methods.

Activity
Cost per Land Parcel

Tanggamus PTSL Tanggamus PaLaR Grobogan PTSL Grobogan PaLaR

Socialization 7500 7500 7500 7500

Data collection 330,240 50,000 170,000 85,000

Data processing 90,000 90,000 90,000 90,000

Certification 10,000 10,000 10,000 10,000

Cost per parcel (IDR) 437,740 157,500 277,500 192,500

Cost per parcel (USD) 31 USD 11.25 USD 19.82 USD 13.75 USD
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The calculation of the cost only considered land parcels with K1 and K3 status, as currently the
government only considers K1 and K3 land parcels for project costing. As seen in Table 6, the PaLaR
method offered a lower cost than PTSL. However, it is important to note that this measure was not
considered the following cost used in the pilots: the group discussions facilitated by participatory
facilitators outside community and government organization and training, training resources, and
hardware and software investments. The PaLaR method implemented in this study is comparable
to adjudication and survey activities done by the community specified in the cost and financing
guideline [40]. Still, the output of PaLaR is comparable to the type of fix boundary demarcation of
systematic registration activity. The use of technology and the collaboration between government,
community facilitator and community representatives produced a value for the money solution for
participatory land registration.

Table 6. The actual and hypothetical time required in PaLaR pilots.

Pilot Areas Registered
Parcels Activity Actual Time

Units/Parcel

Hypothetical
Time (vol × Time)

(minutes)

Total Time
Done by 4

Teams/Village with 6
Working hours/day

Tanggamus 532 Boundary 32 min 532 × 32 11.8 day

532 Legal 11.8 min 532 × 11.8 4.3 day

Grobogan 686 Boundary 25 min 686 × 25 11.9 day

686 Legal 9.1 min 686 × 9.1 4.3 day

Notes: 1. Legal data collection used the maximum length of activity times: 26.4 days or 6240 min; 2. For spatial data
collection in Kuripan, Tanggamus district, the average time required to survey boundary points of each parcel in
residential areas and rice paddies was 32 min.

3.5. Results of Time Assessment

Using the data provided by the application system, the duration of spatial data collection for both
Tanggamus and Grobogan can be summarized as follows:

Mapping Completion Time

1. Kuripan: Rice paddy 39.67 min, Farming land 37.21 min, Residential 20.39 min;
2. Wandankemiri: Rice paddy 30 min, Farming land 18.11 min, Residential 24.48 min.

One should consider the difference in field terrain between the two pilots. Tanggamus has a steep
topography with some rolling areas, especially towards the forested mountain and farming areas.
Meanwhile, Wandan Kemiri, Grobogan, has a plain topography. This may lead to differences in field
survey times.

Meanwhile, the total duration of the legal data collection can be extracted from the data capture
completion as follows:

1. Interview submissions: 16.3 days
2. Mapping submissions: 25.0 days
3. Drawing submissions: 26.4 days

Based on the data given, the time spent for the completion of data collection in the Tanggamus
and Grobogan cases can be seen in Table 6.

It could be concluded that the actual time spent for legal and spatial data collection in PaLaR,
both in Tanggamus and Grobogan, was consistent at 11.8–11.9 days for spatial data collection and 4.3
for legal data collection. This clearly indicates that the PaLaR method could accelerate the spatial and
legal data collection. According to the PTSL procedure, the data collection time should not exceed 60
days, in total, for each village.
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3.6. Usability Issues of the Data Collector Application

With the data collection process having been divided into two main activities, i.e., spatial and
legal data collection, the results of the usability assessments are presented in Table 7. The focus of
the usability assessment was limited to the apps used to support CLRC. The feedback on usability
parameters was mainly taken from structured interviews with CLRC members in Kuripan (Tanggamus)
and Wandan Kemiri (Grobogan).

Table 7. Assessment of usability indicators during the field data collection (as-is).

Legal Data Collection Spatial Data Collection Overall Evaluation

Effective
Yes, when data requirements were

complete, typing and data capturing can
be done effectively

Yes, it is well connected with legal data Acceptable with minor
improvement

Efficient
Yes, when all relevant documents were

complete, data input can be done
optimally (e.g., max 45–60 applicants/day)

Yes, it is well connected with legal data.
Synchronization is necessary to be done during
delineation and determination of land parcels,

but this feature relies heavily on internet
connection and device reliability. More efficient

synchronization would be better

Acceptable with minor
improvement

Easy to
Use

Yes, but complains from CLRC members
because of the overheating of the tablets.

This influenced the reliability (force
closed of app), e.g., most devices in

Wandan Kemiri need to be restarted 4
times to collect one parcel

Yes, but complains from CLRC members for its:
- Overheating and force closed issues

- Lack of “snapping to line” feature for
delineation on the screen or survey in the field
(note: this functionality was implemented in
the Meridia Collect app after the two pilots)

Acceptable with major
improvement

Error
tolerant

Yes, the CLRC members could trackback
and revise the error

Yes, but many issues were about the unique IDs
of the parcel that were defined as long and

difficult to type (note: Automatic identification
using barcode or fingerprint, for example, were

proposed by some CLRC members)

Acceptable with minor
improvement

Engaging Yes, digitalization approach receives
positive response

Yes, but the typical slow response from the
device and overheating of the devices created

frustration for the CLRC members. The typical
“float” solution and sometimes difficult

connection between the GNSS device and the
tablet also decreased the trust and enthusiasm

of CLRC members

Acceptable with major
improvement

In terms of collaboration mechanics in participatory mapping activities [41,42], the role of CLRC
members as facilitators and the tablet as the map interface (enabler) was assessed based on the
communication and coordination criteria.

3.6.1. Communication

Some notes that were considered important were:

1. Synchronized map (linked legal and spatial data) positively speed up the process of collecting
legal data and land parcels’ claims.

2. Village leaders and CLRC skills/competency to facilitate discussion and communication, as seen
in Tanggamus, accelerated the data collection progress.

3. Maps were used as media to facilitate discussions of village boundaries and distribution of land
parcels in RT.

3.6.2. Coordination

In terms of coordination matters, some notes can be addressed to PaLaR pilots, including:

1. Synchronized maps on tablets were used to effectively schedule and plan daily targets;
2. Wrong identification of land parcels was minimized when maps were used and local knowledge

from village leaders was well-applied in the process;
3. Efficient field surveys and legal data collection was coordinated visually among CLRC members;
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4. Validation of legal and spatial data by the Land Office staff was based on the submitted data.

Collaboration mechanics, in terms of coordination and communication across stakeholders in
community-based data collection, were not deliberately prepared. As a result, data collection and
validation processes, as well as stakeholders’ interactions, were not clearly understood by all village
leaders and CLRC members. Regarding mobile and GPS technology use, software usability and utility
for supporting data collection were still not optimal. Lessons learned from the two pilots regarding
effectiveness, efficiency, ease of learning, error tolerance, and usability of the interface suggested
software improvements to optimize the potential benefits of community-centered land titling projects.

4. Discussion

Whilst the comparative analysis was organized around the themes of data quality and procedure
quality, and the derivative attributes of positional accuracy, logical consistency, completeness, time, cost,
and usability—here, the discussion uses the three overarching FFP LA themes of spatial framework,
legal framework, and institutional framework, to organize the discussion.

Lessons learned regarding the FFP LA spatial framework are as follows. First, the use of very
high-resolution drone/aerial imagery for boundary delimitation and legal data collection was found
to increase the clarity of the data collection. Second, great efficiency was found in ensuing legal
data collection was well integrated with spatial data collection. This improves the digital capture
of documents, photographs, and personal identity that eases data integration and entry to the KKP.
However, more efficient results could be derived by the local land office if the connection between
KKP and the mobile app was made earlier during the mapping process to the data checks. This
integration would ease CLRC members in detecting parcels that were already mapped and in avoiding
overlapping ownership claims. Additionally, regarding the overall efficiency of two pilots, a faster field
data processing and cheaper cost can be obtained by the community when a seamless synchronization
between field data collection and the KKP is in place.

In comparison to the normal PTSL approach, the PaLaR spatial data collection was proven to
be cheaper but the results were less accurate in comparison to the typical PTSL spatial parcel data.
This assessment was an important finding from the pilots, given the normal fix boundary approach
that PTSL did (using field and photogrammetry surveys) has produced approximately 20 million
land parcels within three years. The parcel data has grown from about 1 million land parcels before
PTSL to seven million parcels a year during PTSL project. Nevertheless, the completeness of spatial
and legal data collection, as the two PaLaR pilots produced, seem to be more promising than the
typical PTSL method produced. The spatial accuracy for PaLaR method can be improved once a higher
precision dual GNSS antenna was used as the survey sensor for the data collector app. Thus, the PaLaR
method would increase the level of spatial completeness while reducing the cost of registration per
parcel significantly.

This paper argues that the detail assessments on the quality of the products and the usability
of methods as well as cost and time efficiency resulted from the study could benefit professionals
working in land administration in designing the standards and workflow for community-based
systematic land registration activities. Rwanda project costs 7 USD/parcel [43] and Laos pilot costs
15.1 USD/parcel [44] applied the general boundary. Tanzania Pilot costs 14–48 USD/parcel [45] and
this Indonesia PaLaR Pilot costs 12.5 USD/parcel applied a mix solution that tends towards the fix
boundary. The collaborative work of community committee and government and NGO supported
with a low-cost digital survey and mapping platform in Indonesia pilot promises completeness and
low-cost solution for a country-context FFP implementation. According to costing and financing land
administration system (COFLAS) guideline [40], the similar output to PaLaR (fix boundary with little
to big investments of GNSS network) would cost from 10–50 USD/parcel.

The outcome of this research is relevant to justify that FFP LA implementation is more than just
switching from a field survey to aerial imageries in determining boundary points. As demonstrated
in the pilots, the spatial framework can be solved through the participatory approach with the help
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of mobile technology. However, the biggest challenge is a lack of guidelines to relax institutional
arrangements and legal incentives to attract landowners [46,47] to participate in the process entirely
until their land certificates are delivered. Although the CLRC mapped all land parcels eligible for
first titling in two villages, many landowners were still not submitting the registration requirements
until the pilots were over. These failures to complete land registration were caused by several reasons,
which have not been confirmed by the landowners. However, the CLRC told authors that some
landowners voiced concerns regarding future yearly tax and informal payments after their lands are
certified. Some others informed the CLRC about their internal family disputes regarding property
inheritance, which makes land certification impossible to take place. After the pilot finished, we
also learned that few landowners had less trust for village leaders. The real reasons why eligible
landowners avoid participating in the first titling campaign are essential issues to explore which are
not the focus of this paper, see, e.g., [48]. However, this information strengthens the research topic
questioning the relationship between the formal certification and the community perceived security to
their property [8,9], or land registration effectiveness [49], which are very diverging and heterogenic in
developing countries [50].

Four parties collaborate during the pilots, i.e., government, village leaders, community, and
community facilitator. FFP LA literature has mainly focused on data collection processes [4,7,51],
especially on the use of aerial photos/satellite imageries to solve boundary determination issues. The
literature that evaluates the community as the central actor in the participatory adjudication process
for a systematic land registration project is very few if not available [23]. The key for successful
participation during the two pilots includes information delivery and clarity regarding the objectives
and significance of the project as well as its benefits to the community. This information transformation
took place during the socialization and the training. The government surveyor and administrator
could then focus on the quality check of the collected data. We also learned that trust to the village
leader as well as signs of a trustworthy process are essential for systematic land registration, see [5,48].
Although the two pilots successfully collected spatial and legal data, follow-up actions of individual
landowners to process further the formal land registration, which includes submitting signed forms
and making registration payments have proven problematic. This research has not delved into the
investigation of the real reasons behind landowners’ decision to decline from the formal registration.

In terms of the legal framework, the current statutory requirement was fulfilled by the
PaLaR method and it was compliant with the PTSL land registration method, in a way that
fixed the boundary survey for residential areas. Moreover, visible boundary determinations using
photogrammetric methods for paddy fields and farmland were done effectively within the community
(see Appendix A—Appendix A.1). In terms of legal mandate, community members acted as data
collectors, while local land offices acted as data validators. One issue still remains: contradictory
boundary delimitation requires landowners and neighbors to agree and be in place during data
collection. In the PaLaR pilots, this was still challenging in cases where existing landowners were
living in other cities. From the pilots, it was shown that better participatory aspects in the PaLaR
process, than those in PTSL approach, does not automatically mean a higher willingness for the
community to register their land. Until the pilots were finalized, many land parcels were still in
K3 status, as owners and their families did not show up to submit their signed registration forms
and to show their original documents to the land officers. Legal instruments and incentives to ease
their participation could increase their trust in the government’s land registration projects and thus
reduce K3 problems. It is also thought that if boundary mapping could be a compulsory activity
in each village, this will be promising for field validation, which is necessary to reduce unmapped
certificates or K4. In this regard, all landowners, or their trusted representatives, who are receptive to
the committee, will participate; otherwise, specific disincentives could emanate from the government.
Government-facilitated participatory data collection with the PaLaR method needs legal backup (i.e.,
ministry regulation) to run smoothly.
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Regarding institutional arrangements, the CLRC, or the committee, was set up by community
members themselves and endorsed by the village and higher rank government officers. The composition
of the CLRC should represent trusted community members or village leaders (seen as a trusted
intermediary) from both genders, in order to make the data collection process trusted and followed by
all landowners. Village leaders, who usually have strong knowledge of the history of the village and
its land, were important in providing explanations to landowners and in mediating any land boundary
disputes. Young residents were usually familiar with digital technology and were also expected to be
active in assisting senior leaders in data communication to help mediate disagreements and conflicts.
From the pilots, it was clear that transparency in managing the project budget at the community
level was required from the beginning. This included transparency in financial allocation for CLRC
members; salaries needed to be agreed upon local land offices, village offices, and the PaLaR team
before the project could start. Further adoption of FFP LA principles in order to meet the country’s
specific context, as suggested by Barry (2018) was made. For example, the strategy to set up a village
committee as a formal team to conduct survey and mapping activities to all applied land boundaries
rather than the boundary delineation only was made.

Coordination and activity arrangements facilitated by local offices should be done among all
stakeholders. Budget specifications should be specified at the beginning of the project, including
contracts and agreements with CLRC. As argued in Section 4, PaLaR offers an accelerated time and
cost-effectiveness for governments. Still, a legal framework for enabling the PaLaR budget model
(with some improvements), to facilitate PaLaR implementation needs to be developed.

5. Conclusions

This work sought to explore whether an even more participatory approach to land registration
in Indonesia, underpinned by FFP LA principles, could compare and even improve on the existing
approach with respect to data quality and procedural effectiveness. In this regard, the developed
PaLaR methodology was used to successfully create two complete village parcel maps in Kuripan,
Tanggamus, and Wandan Kemiri, Grobogan. Although PaLaR lacked point accuracy compared to the
reference data, their polygonal area differences were considered sufficiently small, at 5%, to comply
with the current system requirements. The differences between the textual and graphical area led to an
aerial validation of the cadastral map that was assumed to be relevant for this work. In this regard,
according to FFP LA principles [26], as discussed earlier, PaLaR suits local circumstances and can
represent a complete title recording process with legal data quality and logical consistency. Eventually,
the less accurate spatial boundaries (in comparison to the reference data) can be improved by replacing
low-cost GNSS devices, as used in PaLaR, with more accurate, but more expensive, double frequency
antenna GNSS receivers. Though in remote areas, where the canopy is very dense and topography
varies heavily, and in areas where radio or internet connections did not exist, as seen in the hilly part of
Kuripan Tanggamus, neither low nor high-cost GNSS will be useful.

The PaLaR pilot offered good prospects in regard to time efficiency that could be useful in
accelerating land parcel mapping and registration. Using the PaLaR method, spatial data collection
was completed within 11.8 days for each campaign in Tanggamus and Grobogan. The actual time
to complete the legal data collection was 4.3 days. This is faster than the data collection using PTSL.
However, the overall time to organize and complete participatory data collection still depends, among
other factors, especially on community awareness as well as CLRC and local office preparedness. The
method can be made more efficient when the connection to national land databases can be established.
In this way, existing land boundaries and their corresponding data can be accessed by CLRC through
the mobile app so overlapping surveys and duplication can be prevented.

The PaLaR pilot provides a good showcase for possibly cheaper (using only 36%–69% PTSL
budget allocation) data collection for a possible countrywide FFP LA application for rural areas in
Indonesia. The total money requested to collect spatial and legal data, as well as to create a complete
village parcel map, was 8.4 USD/parcel before legal data processing and titling by land offices in
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Kuripan, Tanggamus and 5.9 USD/parcel before legal data processing and certification by the land
office in Wandan Kemiri, Grobogan. However, it should be noted that the costs mentioned here were
only related to data collection involving CLRC (before legal data processing and certification), while
hardware and software investments, training, supervision, and validation costs were not considered and
depend on the chosen tools and technologies. Nevertheless, the budget simulation from PaLaR pilots
provides outstanding value for money that competitive to other similar projects [43–45]. Additionally,
a budgeting standard to support these community projects needs to be well-formulated. The authors
suggest an extra-budgetary allocation to facilitate community participation enabling second-round field
validation and information completion through the committee. This would ensure both quantitative
and qualitative validity of mapped land information.

Many aspects related to technology used in the new approach, as demonstrated in the PaLaR
project, should be reconsidered. More flexible but clear legal and institutional frameworks to enable
CLRC with the support of NGOs (e.g., JKPP facilitators), working as para-surveyors in the process
of data collection and verification, should be in place. Registrars and government surveyors in local
offices should step back and take more a role as facilitators and validators of the results. This shift
paradigm from “data collector” to “data validator and quality assessor” for government surveyors
deserves attention and consideration. The expected changes should also include improvements in
the policy for national surveys and improvements of budgeting standards when the PaLaR method is
implemented as a mix of government-facilitated and community-centered land registration projects.
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Appendix A. Results of Spatial Data Quality Evaluation in Grobogan

Appendix A.1. Results of Evaluation for Point Accuracy

Evaluation of positional accuracy was done first by selecting land parcels found in the referenced
and evaluation data with the same point numbers. We limited the evaluation of positional accuracy to
paired boundary points found in the reference and evaluation data. Overall, 29 of 37 land parcels in
the Grobogan evaluation data had the same number of points in one polygon as land parcels in the
reference data.

Next, parcels in both the reference and evaluation data having the same number of points were
compared to determine the differences in point coordinates between the two data sets. This comparison
produced length of line (distance) between reference and evaluation boundary points. Averages and
standard deviations of the shifting were calculated. Positional accuracy can be seen in Figure A1
(paddy field) and Figure A2 (residential areas). The average of the differences in land parcels in the
residential areas was 0.71 meters while the standard deviation was 0.548 meters. The average of
differences in land parcels located in the paddy field was 0.612 meters while the standard deviation
was 0.562 meters. Poor results (>1.5 m) resulted from either poor data correction or floated solutions;
as a result, absolute positioning could be used in place of RTK positioning.
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Figure A1. Positional accuracy (in meters) plotted as a shifting of points between the reference and
evaluation data for paddy fields in Grobogan.

Land 2020, 9, x FOR PEER REVIEW 22 of 27 

 

Figure A1. Positional accuracy (in meters) plotted as a shifting of points between the reference and 

evaluation data for paddy fields in Grobogan. 

 

Figure A2. Positional accuracy (in meters) plotted as a shifting of points between the reference and 

evaluation data of parcels in residential areas in Grobogan. 

Appendix A.2. Results of Evaluation of Polygonal Features 

Polygonal quality of land parcels was assessed using area comparison. The method was used to 

compare parcels with the same identification from the evaluation and referenced data. There were 33 

sample parcels. Results are summarized in Table A1 and depicted in Figure A3. As done in 

Tanggamus, classification of the results, the equal interval grouping method was chosen to represent 

the values. 

 

 

 

0.000

0.500

1.000

1.500

2.000

2.500

3.000

T
he

 d
iff

er
en

ce
 o

f t
he

 p
oi

nt
 c

oo
rd

in
at

es
 (

m
)

The evaluation points-n

0.000

0.500

1.000

1.500

2.000

2.500

3.000

3.500

T
he

 d
iff

er
en

ce
 o

f t
he

 p
oi

nt
 c

oo
rd

in
at

es
 (

m
)

The evaluation points-n

Figure A2. Positional accuracy (in meters) plotted as a shifting of points between the reference and
evaluation data of parcels in residential areas in Grobogan.

Appendix A.2. Results of Evaluation of Polygonal Features

Polygonal quality of land parcels was assessed using area comparison. The method was used to
compare parcels with the same identification from the evaluation and referenced data. There were 33
sample parcels. Results are summarized in Table A1 and depicted in Figure A3. As done in Tanggamus,
classification of the results, the equal interval grouping method was chosen to represent the values.

230



Land 2020, 9, 79

Table A1. Classification of area comparisons in Grobogan using the equal interval method between
evaluation and reference datasets.

Classification of Area Comparison Using the Equal Interval Method

Classes Quality Frequency

0.000 41.667 Very good 33

41.667 83.333 Good 1

83.333 125.000 Quite Good 1

125.000 166.667 Not Good 2

166.667 208.333 Bad 0

208.333 250.000 Very Bad 0
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In Figure A4, differences between reference and evaluation parcels as indicated by yellow circles
resulted after data cleaning performed by the data officer. The left bottom corner point was attached to
the road.

Quality visualization was done for the polygonal feature assessment. Darker colors represented
lower quality. For area comparison, darker green meant lower quality, i.e., the differences between
reference and evaluation areas in the corresponding polygons were greater than those in the polygons
with the brighter green color. For near distance, the greater the distance of the centroid, the lower the
quality. Maps of polygon quality for collected land parcels can be seen Figure A5. In Figure A5, the
greatest differences were found in two darkest green polygons. The data officer snapped the left corner
point from one of the parcels to the road during the data processing. Also, during the field evaluation,
the owner seemed to show some boundary markers to the research team that were in different locations
from previously surveyed by the CLRC.
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Appendix A.3. Results of Logical Consistency

All parcel data collected from Grobogan were checked for logical consistency. From checking
activity, it could be concluded that topological consistency and attributes’ validity were perfect.

Appendix A.4. Results of Completeness

The completeness achieved with the PaLaR method was 100% as all land parcels were mapped. In
terms of legal data collection, as of August 2018, 1460 out of 1900 parcels were completely collected but
not yet validated. This meant that this dataset required validation by the Local Land Office before the
publication of land titles. Red parcels in Figure 6 indicates that the status of these parcels either was
registered or not ready for first registration (K3). In these cases, the adjudication team was required to
go to the field to validate the legal data kept by the landowners, otherwise, landowners with K3 labels
still represented more than 500 parcels in the village (see Figure A6).
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Abstract: Time and costs are often the most critical constraints in implementing a development
impact fee (DIF) for local infrastructure installation planning in South Korea. For this reason, drafting
quality plan alternatives and calculating precise DIFs for improvement remain challenging. This
study proposes an application of a procedural modeling method using CityEngine as an alternative to
traditional methods, which rely on AutoCAD. A virtual low-density suburban development project
in Jeju, South Korea was used to compare the workability of the two methods. The findings suggest
that procedural modeling outperforms the other approach by significantly reducing the number
of steps and commands required in the planning process. This paper also argues that procedural
modeling provides real-time 2- and 3-dimensional modeling and design evaluation and allows for a
more efficient assessment of plan quality and calculation of DIF. We also argue for the need to diffuse
procedural modeling to better support local planning practices.

Keywords: infrastructure installation planning; procedural modeling; development impact fees; Jeju

1. Introduction

The growth of cities and regions requires planning practices to address the increasing demand
for infrastructure. Supplying infrastructure is a service usually provided by central and local
governments [1]. One frequently observed issue in infrastructure supply is that the cost of installation
is a burden on the public sector, while the benefits are seized by a handful of individuals [2–5]. This
generates a problem of equity. In response, many local governments in the United States combine
development permit issues with development impact fees (DIF) as a betterment levy. DIF is a policy
instrument used to control urban growth [6,7] and is recognized by many critics as a reasonable action
of police power to promote equity [8,9] by imposing an installation cost of the infrastructure for new
developments, theoretically equivalent to the social marginal cost, on the developers and householders.
Today, DIF has triggered lively debates on housing prices, housing supply, and regional economic
growth [10–20], as well as on its environmental contributions, such as restricting vehicle use and
reducing air pollution levels [14,21–23].

Unsustainablity is found in many suburban developments [24–28]. For this reason, infrastructure
installation planning in South Korea mandates the imposition of DIF. Following a four-stage process
(Figure 1), local governments calculate DIF-based infrastructure installation plans by relating capital
development plans and infrastructure cost allocation plans or by applying coefficients like the land
conversion factor in limited circumstances. These plans attempt to balance development permits with
the provision of infrastructure and to levy a part of the costs of installation to developers [29,30]. DIF
in South Korea faces several issues that need to be resolved, as argued by local critics. Institutional and
legal settings are criticized for lacking consistency [31]. The arbitrary designation of infrastructure
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supply zones, for example, is questioned [32–36]. Other concerns include double taxation issues and
bubble effects [31].
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One clearly overlooked aspect in the literature, especially in the South Korean context, is the
applicability of DIF in local planning practice. Time and cost are often the most critical concerns
in implementing DIF in infrastructure installation planning, though it is difficult to find empirical
studies that investigate this. Typically, zoning requirements are automatically cleared if a plan is not
established within a year after going through public hearings and planning commission meetings. We
found, from a series of interviews with local planners and practitioners, that their work efficiency and
consistency are often challenged when drafting plan alternatives and calculating precise DIFs; these
problems require major improvements. For these reasons, with a specific focus on the infrastructure
installation planning process, we propose the application of procedural modeling using CityEngine
in the planning process as an alternative to the existing method for calculating DIF, which relies on
AutoCAD, to enhance workability. We do so by applying the traditional method and procedural
modeling to a virtual single-family housing development project in Jeju, South Korea. We compare the
work processes of the two methods and identify the benefits of the latter by investigating the detailed
steps and commands required for each method. The findings of the research may inform planners and
policymakers at the local levels.

2. Procedural Modeling

Technologies heavily used in planning, like computer-aided design (CAD) and the geographic
information system (GIS), have significantly enhanced efficiency in practice but retain limitations.
In practice, these two tools require the extensive drawing of objects in the plan. These drawings are
produced manually using a computer mouse of tablet pencil. On the other hand, procedural modeling
provides distinct advantages. It automatically generates and updates 3-dimensional models of urban
environments by incorporating information on roads, blocks, buildings, and other physical elements
in real-time.

In general, procedural modeling refers to a computer graphics technology that automatically
implements a completion model from spatial and attribute information with a set of rule files, similar to
the use of grammar in linguistics. This methodology has already been used in many 3-dimensional
modeling programs, including 3ds Max, Blender, Cinema 4D, and OpenSCAD. CityEngine is one of
the many applications that apply procedural modeling [37] based on shape grammar [38]. It is widely
accepted as an effective tool in designing and implementing street patterns and subdivision plans for a
given site during the initial states of urban development.
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Shape grammar, introduced by Stiny and Gips, is a type of grammatical system that generates
geometric figures and spaces [39]. It focuses on interpreting orders through which a complex shape
can be delineated with a group of simple shapes, just as sentences, paragraphs, and texts are ultimately
produced by combining individual words using grammar. The composition of a shape grammar
is built upon an initial form to be transformed; a group of shape rules, which define the initial
form transformation; and a generation engine for selecting and executing the shape rules. Efforts
to apply shape grammar to realistic modeling works have long been carried out in a wide range of
industrial fields like architecture and urban planning [40–44], coffee makers [45], and Harley-Davidson
motorcycles [46].

Procedural modeling is based on the theoretical basis of the L-System, derived from biology [37]
and first introduced by Lindenmayer [47]. This system is capable of simultaneously generating
new forms from each initial form [47] and could be useful for modeling an organism such as a tree,
because the tree’s genesis and growth in all directions are accurately and simultaneously explained
by this theory. Procedural modeling perceives the city as an organism, in which elements such as
buildings, roads, and parcels are intertwined. Recent studies of procedural modeling (mostly by
computer graphics engineers) have focused on various elements of the city, like topography [48,49],
vegetation [50–52], water systems [53,54], roads, buildings [37,55], building interiors, and the overall
urban systems [56].

3. A Virtual Development Project

Jeju is geographically the largest island in South Korea located in the south of the Korean Peninsula,
as presented in Figure 2, and is a special self-governing administrative unit. Although the island is
globally recognized as an area with high environmental values [57,58], its coastal waters and soil are
being severely damaged by pollution [59,60] because of the growing amount of discharged wastewater
that often exceeds the island’s treatment capacity [61]. The indiscriminate allowance of new real
estate developments with little concern for existing capacities has been criticized as one of the key
reasons behind these issues [62–64]. Raising general utility rates due to new suburban residential
developments is triggering serious equity debates among the residents [65].
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Figure 3 presents the site in Jeju selected for our virtual development project. In recent years,
a number of development permits have been issued in the site, and new arterial roads have been
constructed along its outskirts. Designating the site as a DIF zone may generate revenue and thereby
secure a relevant supply of infrastructure. For research purposes and to simulate the outcomes of
various plans, we assume that the site remains undeveloped.
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Figure 3. Location of the site for the virtual development project.

We utilize a wide range of information on topography, buildings, roads, parcels, and land prices,
which are regularly gathered and updated by government agencies. The information on topography
includes digital elevation maps and orthophotos. Information on buildings and roads was retrieved
from geospatial vector data. Data for the parcels and their prices are from 2013.

A set of conditions is assumed for installing the infrastructure for this virtual development. Given
the recent urban development trends in Jeju, we assume a low-density residential development that
accommodates around 450 single-family detached houses at a density level of a 2.0 floor area ratio (FAR)
and a 0.6 building coverage ratio (BCR), following local zoning requirements. The proportion of land
allocated for roads is confined to between 15% and 30%, which is also based on the zoning requirements.

Six development typologies that employ the findings of Southworth and Owens [66] were
established for the project, as shown in Figure 4. The first three are (1) grid, (2) loop, and (3) cul-de-sac;
and the other three are combinations of the first three, which are (4) grid and loop, (5) loop and
cul-de-sac, and (6) cul-de-sac and grid. As the site is located on a plain, we do not take into account local
features (such as topography, conservation areas, or flood prone areas) in this process, although these
features may be incorporated in procedural modeling practice when necessary. Table 1 outlines the site
characteristics of the six typologies.
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Table 1. Site characteristics of the six typologies.

Site Characteristics Grid Loop Cul-de-sac Grid and
Loop

Loop and
Cul-de-sac

Cul-de-sac
and Grid

Site area (m2) 208.332 208.332 208.332 208.332 208.332 208.332
Total area of parcels (m2) 164,823 172,615 171,321 171,764 172,787 166,895
Total number of parcels 457 477 487 463 434 460
Total area of roads (m2) 43,510 35,717 37,011 36,569 35,546 41,438

Total length of roads (m) 5414 4299 3770 4425 3972 4941
% area of roads 20.9 17.1 17.8 17.6 17.1 19.9

Total length of water and
sewage (m) 5414 4299 3770 4425 3972 4941

Table 2 presents the rules and definitions of the six metrics in the two categories we adopted for a
comparative evaluation of the six typologies. First, we apply three metrics to measure the quality of
living for each typology: (1) isovist to reflect safety [67]; (2) integration to assess the legibility of the
residential environment [68]; and (3) betweenness to judge comfort [69]. Second, we adopt measures
of costs for road construction, water and sewage supply, and the compensation of land to install
infrastructure. Their formulae follow local codes.

Table 3 presents calculation results of the quality of development for the six typologies. The
cul-de-sac and grid typologies showed the highest isovist values, followed by grid, grid and loop,
loop, loop and cul-de-sac, and cul-de-sac. For integration, grid shows the highest value, followed by
cul-de-sac and grid, grid and loop, loop, cul-de-sac, and loop and cul-de-sac. Cul-de-sac and grid again
present the highest betweenness, followed by grid, grid and loop, cul-de-sac, loop and cul-de-sac,
and loop. Overall, the cul-de-sac and grid typology yields the best quality among the six.

Table 4 shows the calculated results of the infrastructure installation costs and expected DIF for
each development typology. The total installation cost is topped by the grid, followed by loop and
cul-de-sac, cul-de-sac and grid, grid and loop, cul-de-sac, and loop. The expected total DIF equals 30%
of this total cost based on the local infrastructure supply codes. In the end, the largest expected total
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DIF per household is found for the loop, followed by cul-de-sac, grid and loop, cul-de-sac and grid,
loop and cul-de-sac, and grid.

Table 2. Metrics and their rules of definitions for measurements.

Metrics Rules or Definitions

Quality of the development
typology

Isovist [67] Mean amount of areas visible from a
specific location

Integration [68]

INTi =
DN
RAi

where INTi is integreation of street i; DN is a
normalizing factor depending on N; and RAi

is relative asymmetry

Betweenness [69]

B(v) =
∑
w

∑
u

guw(v)
guw

where B(v) is betweenness at node v; u is trip
origin; w is trip destination; guw is the number
of paths between u and w; and guw(v) is the

number of paths between u and w that
contain node v.

Installation Costs
Road a (total road length) x (cost per meter)/(total

area of residential parcels)

Water and sewage a (total water and sewage length) x (cost per
meter)/(total area of residential parcels)

Land compensation a (total price of parcels acquired for road
construction)/(total area of residential parcels)

Note: a. Follows local codes.

Table 3. Calculation of the quality of development for each typology and their min–max normalized values.

Metrics Grid Loop Cul-de-sac Grid and
Loop

Loop and
Cul-de-sac

Cul-de-sac
and Grid

Quality of the
development

typology

Isovist 7381
0.97

7041
0.27

6601
0.00

7283
0.89

6964
0.11

7473
1.00

Integration 5943
1.00

5124
0.06

5139
0.07

5617
0.06

4818
0.00

5927
1.00

Betweenness 941,300
0.99

175,119
0.00

465,663
0.17

827,554
0.94

254,803
0.01

958,839
1.00

Mean normalized value 0.99 0.11 0.08 0.63 0.04 1.00

Rank 2 4 5 3 6 1

Table 4. Calculation of installation costs and expected development impact fee (DIF) for each typology.

Metrics Grid Loop Cul-de-sac Grid and
Loop

Loop and
Cul-de-sac

Cul-de-sac
and Grid

Installation
costs (million

KRW)

Road 5050 4146 4296 4245 4126 4810

Water and
sewage 1560 1239 1087 1275 1145 1424

Land
compensation 9603 7491 7962 7948 9106 7693

Total installation cost (million
KRW) 16,214 12,876 13,345 13,468 14,377 13,926

Expected Total DIF
(million KRW) 4864 3863 4003 4040 4313 4178

Expected DIF per household
(million KRW) 10.6 8.1 8.2 8.7 9.9 9.1

Rank 6 1 2 3 5 4

242



Land 2020, 9, 48

4. Comparing the Two Methods of Infrastructure Installation Planning

4.1. The Traditional Method and Procedural Modeling

Two methods of infrastructure installation planning are possible to implement in the virtual
project, as Figure 5 illustrates. One is the traditional method that uses AutoCAD to model the project,
depthmapX to assess the development quality, and ArcGIS to calculate the DIF. The other is based on
procedural modeling using CityEngine as a substitute for AutoCAD. depthmapX and ArcGIS are used
for the same purposes.
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infrastructures. This is also done by AutoCAD and provides a glimpse of the pedestrian (or a bird’s 
eye view) of the plan. The fifth decides whether the plan is acceptable based on the planner’s 
expertise and experience. If the plan is considered unacceptable, a new schematic plan is drafted 
from step two. The sixth step involves pre-processing the model by AutoCAD prior to the spatial 
analysis. The amount of work in this step depends on the compatibility of the model and the 
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Figure 5. Two methods of infrastructure installation planning.

Figure 6 illustrates in detail the two methods for infrastructure installation planning. The
traditional method follows an eight-step process. The first step, data acquisition, involves collecting
and cleaning the data, typically for the built environment, zoning, topography, and land prices. The
next step is to draft a schematic plan that illustrates a rough image of the development using the
data. The third step models the 2-dimensional features of the plan, such as the road networks, blocks,
building footprints, and infrastructures, using AutoCAD. The fourth step models the 3-dimensional
features, including the topography, buildings, vegetation, and elevations of various infrastructures.
This is also done by AutoCAD and provides a glimpse of the pedestrian (or a bird’s eye view) of the
plan. The fifth decides whether the plan is acceptable based on the planner’s expertise and experience.
If the plan is considered unacceptable, a new schematic plan is drafted from step two. The sixth step
involves pre-processing the model by AutoCAD prior to the spatial analysis. The amount of work
in this step depends on the compatibility of the model and the availability of the attribute data. The
seventh step carries out a spatial analysis of the plan using depthmapX, a spatial syntax tool, and
ArcGIS. The former is applied to measure plan quality and the latter to calculate the installation costs
and DIF. The eighth is carried out by an expert planner by determining the plan’s feasibility through an
assessment of the plan’s quality, installation costs, and DIF. A candidate plan is completed after these
eight steps. If the plan is perceived to be unfeasible, a new schematic plan is drafted from step two.

Procedural modeling using CityEngine goes through six steps, which is two steps shorter than the
traditional method. The first step simultaneously prepares a rule file and spatial analysis tool. The rule
file plays a critical role by creating models and providing their appearances in detail. A substantial
amount of time and costs may be required to develop coding syntax to generate models and to build
assets, such as buildings and road textures. The amount can be significantly reduced when the rule
file is reused or imported from external sources. The spatial analysis tool is a set of codes that are
customized for procedural modeling; they are created by ModelBuilder in ArcGIS and are interoperable
with the rule file. The second step, data acquisition, and the third, schematic plan, are identical to
those from the traditional method. The fourth step involves 2- and 3-dimensional modeling done
simultaneously in CityEngine. This is combined with a real-time evaluation of plans by an expert
planner. The fifth step, spatial analysis using depthmapX and ArcGIS, and the sixth, which determines
the project’s feasibility by assessing plan quality, installation costs, and DIF, are again the same as those
involved in the previous method. The candidate plan is finalized after these six steps.
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4.2. Benefits of Procedural Modeling Using CityEngine

Besides the number of steps required for the two methods of infrastructure installation planning,
there are a number of differences that distinguish the two from each other. First, the new method
initially requires an additional step for preparation. Second, the modeling process of the two is
significantly different; 2- and 3-dimensional modeling, and their initial assessment, in the traditional
method are combined into a single step in the new method. Third, the preprocessing of spatial analysis
in the traditional method is omitted in the new method, as it is already taken care of in the initial
preparation step.

The disadvantages of using procedural modeling can be summarized as follows. First, the time
and cost involved in the initial preparation step can be unavoidable, especially when creating a rule
file and spatial analysis tool for the first time. Second, advanced and specialized skills may be required
to carry out this step. However, the time and cost will gradually diminish when the step is repeated
multiple times. Further, the skills can be adopted without a steep learning curve.

There are clear advantages in procedural modeling. Simultaneous modeling of 2- and 3-dimensions
enables real-time assessment of the draft plan, thereby considerably reducing the time and cost in the
planning process to calculate the DIF. Second, the interoperability between CityEngine, depthmapX,
and ArcGIS is significantly enhanced to remove the preprocessing step and avoid data loss during the
spatial analysis.

One example of the benefits of procedural modeling is the automated editing of features.
As shown in Figure 7, the traditional procedure usually goes through the following eight steps and
ultimately requires 307 separate commands when constructing a road that cuts through an existing
residential block:
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1. Draw a center line to define the origin, destination, orientation, and shape of the new road feature;
2. Secure some buffer space to edit the feature;
3. Develop a rough draft of the feature in the secured space;
4. Complete design of feature details, such as nodes (i.e., intersections) and street corners;
5. Convert the remaining parts of the buffer space to residential use;
6. Dissolve the parts into adjacent residential blocks;
7. Subdivide the updated residential blocks;
8. Recalculate and assign attribute values to road and parcel features.
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The benefits of using procedural modeling do not stop here. As Figure 9 illustrates, CityEngine 
creates real-time 3-dimensional models using the default values embedded in a rule file or feature 

Figure 7. The existing procedure for installing a new road.

CityEngine, on the other hand, requires only the first step of the traditional procedure, which is
composed of only two commands. The details and attribute values of the road feature are processed by
automatically assuming that the environmental variables are input into the model beforehand. This
significantly shortens the modeling process by reducing the number of steps from eight, as previously
illustrated, to one, as shown in Figure 8.
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Figure 8. An alternative procedure for installing a new road using CityEngine.

The benefits of using procedural modeling do not stop here. As Figure 9 illustrates, CityEngine
creates real-time 3-dimensional models using the default values embedded in a rule file or feature
attributes that exist in a 2-dimensional model, when the rule file is applied. Figure 8 itself completes a
modification of the 3-dimensional model. This significantly shortens the modeling process, as well as
the time and cost required. It also provides a modification of the plan alternatives and offers chances
to visually review the results at the same time. On the other hand, the traditional method results in
a significant increase in time and cost as it does not allow 2-dimensional modeling, 3-dimensional
modeling, and plan reviews take place simultaneously.
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Figure 9. An example of the automated installation of roads using a rule file in procedural modeling.

The preparation of rule files and spatial analysis tools may make procedural modeling more
time and cost heavy than the traditional method. However, the time and cost spent on preparation
are usually no more than a one-time expense. Rule files and spatial analysis tools, either created
or acquired, can be re-applied to other projects without any additional work. Figure 10 presents
this process.

From a long-term perspective, procedural modeling presents more efficient performance than
the traditional method, as Figure 11 illustrates. The traditional method may reduce time and cost
in the initial stages of the project. However, as more plan alternatives are developed and reviewed,
procedural modeling increasingly outperforms the other. The benefits of the traditional method are
likely to diminish for the following reasons. First, procedural modeling is capable of drafting 2-
and 3-dimensional models and carrying out reviews simultaneously. Second, it does not require the
preprocessing of spatial analysis. Third, the time and cost required for preparing rule files and spatial
analysis tools do not occur repeatedly.
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Figure 10. The process of enhancing interoperability using a rule file and spatial analysis tools:
(a) prepare a variable in the rule file in CityEngine; (b) generate a model using the rule file; (c) Export
the model to ArcGIS; and (d) Analyze the cost using a spatial analysis tools in ModelBuilder customized
for the variable.
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5. Conclusions

The key focus of this study has been to overcome the time and cost constraints in infrastructure
installation planning that hamper the efficacy of DIF in South Korea. The traditional method complicates
the planning process and makes it difficult to evaluate plans. We propose procedural modeling as
an alternative and have demonstrated its relative advantages, especially in enhancing workability
by considerably reducing the number of steps and commands for planning practice to achieve the
same outcome.

This study is not without its shortcomings. First, it compared two methods for infrastructure
installation planning by reviewing each process in a relatively descriptive manner and did not
incorporate a pre-defined set of quantifiable parameters, like the amount of time and cost spent on the
actual work. Second, the rule file provided by the ESRI of CityEngine, which was developed mostly
for a US context, was adopted in this study, instead of a customized rule file that may better account
for the circumstances of Jeju. Third, the two methods were applied to a single low-density subdivision
case in suburban Jeju and may require further applications in other density settings with varying
housing typologies in different regions to produce more reliable outcomes.

However, this study provides several key contributions to the literature. First, this study fills
existing research gaps by focusing on the applicability of the DIF in local planning practice and
providing tangible solutions. Second, the research findings may be extended to the competitive
local public goods equilibrium [70]. Improvements in the planning process for supplying public
infrastructure may remove some sources of inefficiency.

Several policy suggestions have emerged from this study. First, financial assistance for the initial
costs for preparing rule files and spatial analysis tools may help the diffusion of procedural modeling in
local planning practice. Second, government-led training programs and technical support for planners
will promote faster adoption of procedural modeling and lighten their burden. Third, procedural
modeling may foster more efficient creation of local environmental policies on air pollution and natural
open spaces to overcome the side effects of sprawl. Fourth, the findings of this study may inform
the installation process of other types of infrastructure that come with new residential development,
thereby reducing time and cost. Lastly, the development of manuals that ensure the interoperability
of procedural modeling for the calculation of DIFs may significantly increase applicability in local
planning practice.
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Abstract: Documentation of land rights can ensure tenure security and facilitate smooth land
transactions, but in most countries of the global south this has been difficult to achieve. These
difficulties are related to the high transaction cost, long transaction times, and procedural rigidity
of land registration processes. In response to these problems, innovative approaches of tenure
documentation have been conceived at a global level and are being promoted in many countries of the
global south. Little is known yet about how such innovative land tenure documentation approaches
unfold in various contexts and to what effect. The implementation of innovative approaches is
challenging, due to the legal pluralistic nature of land governance and administrative hybridity in
many countries of the global south, including the West African region. This qualitative study explores
how Meridia, a small for-profit company, develops innovative approaches to register land rights in the
form of “documentation packages” within the existing institutional setting of Ghana. In the paper, we
describe both the processes of preparing the documentation packages and respective actors involved,
as well as the nature of encounters between innovative interventions and existing institutions. Meridia
develops specific products in response to both the regional diversity of land tenure, uses, and market
demands, as well as in response to the challenges that the institutional context poses to the process
of land tenure registration. As such, the case illustrates how innovation evolves in step-by-step
fashion through negotiations with existing land institutions. The various documentation packages
developed in this manner differ in terms of cost and complexity of preparation, in terms of recognition
by customary and statutory institutions, as well as in the usability of the issued certificates and the
extent of exchangeability of associated land parcels. Therefore, Meridia’s product innovation reflects
the continuum of land rights, but it also poses questions for future research regarding the political
economy of land tenure certification and regarding the actual uses and benefits of issued certificates.

Keywords: land registration; innovation; customary institutions; statutory institutions; Ghana

1. Documenting Land Tenure: Old Needs, New Means

According to Lemmen [1], many developing countries have less than 30% cadastral coverage,
which implies that more than 70% of land in most countries is not documented in any formal land register.
Similarly, a study by Diop [2] indicated that only 10% of rural lands in Africa is registered and the
remaining 90% remains undocumented, which makes it vulnerable to land grabbing and expropriation
without adequate compensation. The current methods of data capture are too cumbersome, expensive,
inaccessible, complicated, and slow, and they are socio-politically problematic, because they tend
to exclude marginalized groups from either getting titles to their farmlands or residential plots [3].

253



Land 2019, 8, 189

In addition, the conventional methods of tenure documentation do not fit the customary systems of
land tenure in many places and may create more trouble than good, including the creation of social
inequalities and class differences that did not exist before official registration, which in turn may
work to the disadvantage of marginalized groups, such as secondary rights holders, women, and
youths [4,5].

Given the problems of conventional methods of land documentation [3], new methods, often
described as innovative approaches, are being advocated to enable a shift to the adoption of
context-oriented tenure documentation [6]. Innovative approaches for land tenure documentation,
summarized under the label of fit-for-purpose (FFP), seek to address the above-mentioned problems of
conventional methods of land rights documentation. They seek to replace cumbersome surveying
technology and techniques with simpler ones that produce faster results, such as mobile-based digital
mapping methods, or automatic feature extraction from remote sensing. They also seek to recognize
land rights in a continuum as advocated by UN-HABITAT [6]. In the form of scaled-up variants,
fit-for-purpose approaches seek to develop land administration systems that are flexible, participatory,
inclusive, affordable, reliable, upgradable, and attainable [7,8]. Innovative approaches are being
promoted and implemented in various countries around the globe [9,10], but how and in how far
they work out in practice has not yet been studied systematically and with little reference to theory.
Barry [11], for instance, calls for the identification of critical success factors in the implementation of
FFP approaches to “harmonize the activities of different organizations with different cultures and the
way each organization is evaluated in a way that addresses the higher level development planning
goals”. Many questions invite researchers to contribute both to the evaluation and implementation
of tenure documentation and ask the following questions: how do the new approaches for tenure
documentation negotiate the existing formal and informal institutions and plural legal frameworks
in the course of implementation, how do they bring land tenure documents into official systems of
registration, how do they upscale from small-scale projects and initiatives, and how do they affect land
governance structures and different groups of people in the longer run?

Specifically, our paper investigates how innovation in land rights documentation actually takes
place practically within the plural institutional context of Ghana’s land registration. Ghana’s land
registration primarily aims at ensuring legal certainty for property holders, but the processes of
registration cut across both customary and statutory institutions. Currently, various initiatives are
underway in Ghana to improve the documentation and certainty of property holdings and tenure rights.
One of these is the enactment of the new Land Bill with the aim of consolidating all land laws into one for
sustainable land administration. Additionally, in order to facilitate access to land registration services,
the Lands Commission under the Land Administration Project (LAP) initiated the establishment of
Customary Land Secretariats (CLSs) as an administrative interface for customary authorities and also is
in the process of establishing the Client Service Access Units (CSAU) at the regional Lands Commission
offices. There are other initiatives being implemented by different organizations in collaboration with
statutory actors, customary actors, as well as the communities, whose land rights are being documented.
One of these initiatives is promoted by Meridia, a small for-profit organization that has been referred
to as an innovative approach to land tenure documentation by Lengoiboni et al [9]. On the basis of
fieldwork in Ghana by the first author, our study takes a closer look at the nature of innovation in
the case of Meridia and the encounters that ensue between Meridia and the existing customary and
statutory institutions during the process of land rights registration as well as the intermediate and
longer term outcomes of Meridia’s intervention.

After sketching out the land administration scene in Ghana in the following sections, section three
describes the methods of data collection and analysis. In section four, we describe the preparation
of four documentation packages by Meridia and the kind of challenges that are encountered, due
to existing institutional practices and requirements and the contextual dynamics of land tenure and
livelihoods. In section five, we discuss the processes as a case of product innovation and reflect on
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the longer term outcomes of the documentation in terms of recognition and usability of the issued
certificates before pointing out future research directions as a conclusion.

2. Ghana’s Institutional Framework for Land Administration

Land administration in Ghana is hybrid in nature, cutting across the spectrum of customary and
statutory institutions and within the statutory institution, the hybridity cuts across the forms of land
registration, title, and deed. The hybridity within the institutions (i.e. the customary and statutory)
emerges from the evolved land tenure patterns in Ghana [12,13]. In precolonial Gold Coast (modern
day Ghana), customary institutions had control over all land [14,15], but the situation changed during
the colonial regime when some land was annexed by the colonial administration for administrative
purposes [16]. Following independence and post-independence nation building, the government still
acquires land for public purposes. Through these colonial and post-independence developments, two
regimes of tenure in Ghana are dominant, customary and state tenure. While customary institutions
still hold and control about 80% of land in Ghana [17,18], less than 20% is state land. Article 267(1)
of the 1992 Republican Constitution of Ghana mandates that all stool1 lands in Ghana shall vest in
the rightful stool on behalf of, and in trust for the subjects of the stool by customary law and usage.
This constitutional provision justifies the role of customary institutions in land administration. Article
258 of the 1992 Republican Constitution establishes the Lands Commission as a statutory body to
manage state and vested lands. Besides the Lands Commission, there were other land sector agencies
that participated in the land registration process namely, the Land Valuation Board, Survey Department
and Land Title Registry. Being statutory agencies, the duties of these agencies are defined. However, the
role of customary institutions in land administration was not explicit as per the constitutional provision
in Article 267(1), so their involvement in formal land administration was not well streamlined until 2003
when the Ghana Land Administration Project (LAP) made institutional reforms in land administration
and established the Customary Land Secretariats (CLSs) to serve as an interface that connects activities
of the customary institutions to that of the Lands Commission [19]. The LAP also facilitated the
enactment of the Lands Commission Act (Act 767,2008 which turned the four independent land sector
agencies into divisions under the new Lands Commission. Currently, land title registration (established
by the Land Title Registration Law of 1986) takes place in only the Greater Accra and Ashanti regions
of Ghana while the other regions still practice deed registration (established by the Land Registry Act
of 1962). The long term plan is to replace the deed registration with title registration.

Current methods of spatial data acquisition in Ghana are field based as required by sections 16
and 17 of the Survey Act, Act 127, 1962 and section 7 (1–2) of the Land Title Regulation 1986 (LI 1341).
These regulations require that a permanent beacon (monument) should separate boundaries between
two parcels and be maintained in a manner determined by the Director of the Surveys. Connected
to the monuments is the rigid observation time for mapping. The Lands Commission has specific
required observation times for different land uses. For example after getting a vantage point to pick
the coordinates of a boundary, one still has to wait for three minutes for farmlands and 15 minutes
for residential properties. Although the land registration laws provide for the registration of diverse
land rights, only leaseholds are mostly registered by the Lands Commission due to limitations in
administrative capacity, multiple interpretations of land laws and the influences of multiple normative
frames [12,13].

1 A stool is a local construct to depict the chieftaincy institution. Section 139 of the Land Title Registration Law, 1986, interprets
“Stool" to include “skin” and any person or people having control over skin or community land including family land, as a
representative of the particular community. “Stool” is a symbol of authority for chiefs in the southern part of Ghana as such
the lands are called “stool lands”. “Skin” is a symbol of authority for chiefs in most Northern part of Ghana as such the
lands are called “skin lands”. Sometime the term “stool” is used to depict both stool and skin.
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3. Materials and Methods

3.1. Description of the Study Area

The study was conducted in two regions of Ghana, namely, the Greater Accra Region with Accra
as its capital and the Western region of Ghana with Wassa Akropong as the chosen community (see
Figure 1). Accra was chosen because most of the national offices are located here, because Accra is
the seat of the Government. Meridia’s headquarters and the Head Office of the Lands Commission
are also located in Accra. The Wassa Akropong farming community was selected as one of the areas
where Meridia has implemented their initiatives.

Figure 1. Map of the study area.

Wassa Akropong is a town located in the western region of Ghana, and it is the capital town of
Wassa Amenfi East District. According to the 2010 national population census, the town has a current
population of 7094. Agriculture is the most dominant economic activity in the area and accounts for
about 66 percent of the total population. The Wassa Amenfi East District, where Wassa Akropong
is the capital town, is engaged predominantly in cocoa farming and contributes significantly to the
overall cocoa production in the country.

3.2. Sampling and Methods of Data Collection

The study employed a non-probability sampling technique dominant in qualitative research,
namely purposive sampling and specifically snowballing techniques to obtain primary data for the
study using semi-structured interviews and focus group discussions (from October to November,
2017). In purposive sampling units are selected due to their knowledge about and experience with the
research topic or case, in direct reference to the research question [20]. To understand the statutory
and administrative requirements of land surveying and registration, we interviewed four officials of
the Lands Commission. Furthermore, to understand Meridia’s operations in land documentation, we
interviewed five officials with different ranks and roles within Meridia. To briefly sketch out Meridia’s
general motivations and approach we draw on an additional interview conducted with Meridia
(then called Landmapp) in March 2017 by the third author. Since the processes of land registration
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in the study areas cut across both statutory and customary institutions, we also interviewed five
chiefs and the coordinator of one Customary Land Secretariat to find out the roles they play in land
registration and how they deal with Meridia in the registration process. We used purposive sampling
to select respondents from the Lands Commission, Meridia, Traditional authorities, and the Customary
Land secretariat. The respondents interviewed hold adequate experiences and insight through their
long services in their operational institutions. We also organized three focus group discussions with
13 respondents at Wassa Akropong Community, where Meridia implemented their initiative. The
participants of the focus group discussions were farmers who had land certificates from Meridia or
were in the process of obtaining land certificates. The 13 participants included 5 males who formed
one focus group discussion, whilst the 8 females were divided into two separate groups for two focus
group discussions consisting of 4 members each. In total, three separate focus group discussions were
held at Wassa Akropong to learn about their experiences concerning the implementation of the Meridia
initiative. Table 1 below shows the number of people sampled for the purposes of this study and the
corresponding data collection methods.

Table 1. Categories of respondents.

Institutions Total Sampled Size Data Collection Methods

Lands Commission 4 semi-structured interviews
Meridia 5 semi-structured interviews

Traditional Authorities (Chiefs) 5 semi-structured interviews
Customary Land Secretariats 1 semi-structured interviews
Waasa Akropong Community 13 Focus group Discussion

Total 28

Aside from the primary data, we also used secondary data which includes the technical instruction
of surveyors collected from the Survey and Mapping Division of the Lands Commission. The technical
instruction of surveyors contains comprehensive instructions that guide how survey work should be
carried out in Ghana.

3.3. Data Analysis and Interpretation

Our analysis consisted of three stages. First, on the basis of the responses from the interviews
and focus group discussions, we used process mapping, specifically flowcharting [21], to describe in
detail the processes of preparing four so-called documentation packages, which Meridia has designed
(see Section 4.1). Then, through thematic analysis [22], the responses obtained from interviews and
focus group discussions were sorted into three types of encounters that ensued between Meridia’s
interventions and the existing institutional arrangements during the processes of registration (see
Section 4.2). Finally, we took the analysis to a more interpretive level in Section 5 of the paper. Here,
we discuss the nature of Meridia’s product innovation and position the certificates issued along
three conceptual dimensions of benefit: level of cost/complexity of the registration process, degree
of recognition of the certificates, and level of usability of the certificates along with the land parcel’s
potential exchangeability (see Section 5).

In our study internal validity is established through triangulation. We gathered data from multiple
sources, established a sequence of evidence, and analyzed the data across various respondent categories
(see Table 1). In the process, data sourced from the different interviewees were cross-checked with
others for convergences and divergences. We also used the technical instruction of surveyors to
cross-verify the interviews held with the statutory actors as well as the implementers of innovative
approaches regarding formal requirements for land surveying. In addition, the first and second authors’
experiences of working in Ghana’s land administration sector for several years contributed to the
internal validity, as this contextual knowledge helped to increase the “level of congruence between
concepts and observations” [20] (p. 390). Furthermore, a first draft of this paper was shared with
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representatives of Meridia for respondent validation [20]; and to ensure the dependability of the
study [20], complete records were kept of all phases of the research by means of a data management plan.

4. Results: Meridia’s Innovations and Encounters with Land Governance Institutions

This section describes Meridia’s innovative approaches to register land. Meridia’s initiatives
in land tenure documentation take the forms of product and institutional innovations, by which
Meridia seeks to meet the needs of landholders and at the same time reasonably negotiate institutional
challenges. To achieve the product and institutional innovation, Meridia, among other things, makes
use of technological solutions which are embedded in the innovations. Following the first two stages
of analysis described above, Section 4.1 below describes the documentation packages designed by
Meridia to meet the needs of different categories of landholders and how each requires different
processes of registration. Then, Section 4.2. describes the encounters between the existing institutions
and the changes sought by Meridia.

4.1. Meridia’s General Motivations and Approach

Under its previous name Landmapp, Meridia followed up on land tenure documentation activities
by Thomson Reuters in Ghana, a country with an active NGO and consultancy scene and ongoing
national and internationally led initiatives to develop land tenure documentation processes. Meridia
initially focused on farmers’ land tenure security, especially of small holder and cocoa farmers; as the
founders of Meridia see farmers as stewards of the environment. The organization later expanded its
documentation activities to urban areas. Developing a business model is ongoing, because the process
of documentation is influenced by the fees that need to be paid to customary and statutory authorities
for signatures and approvals. These fees are not standardized and can vary by region or time. The
costs for the training of local mappers and quality checks of the produced data also vary. Besides
these variances, the basic premise for the long-term is to be financially self-sustaining and eventually
profit-making through the sale of land tenure documentation services to land holders. A customer
base is developed step by step following demand pulls. In order to identify this demand and enroll
communities into the documentation endeavor, Meridia puts a lot of effort into understanding the
socio-economic and political conditions across different regions in Ghana and the local team working
on implementation consists of Ghanaian nationals. During initial visits, farmers’ willingness to pay for
land tenure documents is explored and sometimes down payments are made to indicate commitment
to the process. In some cases, several visits are made to communities to gain trust; and before the
actual documentation process starts, training and sensitization programs are conducted. In some cases
customary authorities, for instances, chiefs have requested for the documentation of specific areas.

4.2. Product Innovation by Meridia: Adjusting the Land Registration Process to Market Demands

Land registration in Ghana typically results in the registration of leaseholds. With this unified
form of registration, all categories of landholders, irrespective of location and land use, are required
to follow the same process of registration in order to have their holdings recorded. To provide
more context-oriented land tenure documentation, Meridia designed a continuum of so-called
“documentation packages” through a combination of technological and institutional innovations.
These different products provide landholders with the opportunity to engage in different forms of
registration ranging from the acknowledgement of customary arrangements to the full registration of a
leasehold. Meridia’s documentation packages are, in the first instance, designed around different types
of land uses. The packages are the FarmSeal, FarmSeal+, HomeSeal, and OrgSeal. The FarmSeal and
the FarmSeal+ are more tailored for rural areas where agriculture is the predominant land use with
low levels of income among peasant farmers. Given the relatively low costs involved in documenting
FarmSeal and FarmSeal+, more peasant farmers are able to have their land rights recorded in some
way with possibilities of scaling up to a full leasehold title at a later time. The HomeSeal and the
OrgSeal are designed for urban areas which are more cosmopolitan and with relatively higher property
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values. In these contexts, a higher level of legitimation is often required to validate ownership and
transfer, which calls for additional steps at the Lands Commission for official registration. Although
in some instances the packages can be adapted according to particular community’s or landholders’
needs across the urban/rural differentiation, we describe the operations of Meridia in the following
first for rural, then for urban areas.

4.2.1. Meridia’s Operation in Rural Areas: The Preparation of FarmSeal and FarmSeal+

The steps of Meridia’s land tenure documentation process begins with the identification of
suitable areas for tenure documentation by Meridia, where Meridia tries to follow demand pulls rather
than supply push. Their concept of tenure documentation was first proven in areas with at least
some commercial farming, because these farmers can pay for the services. After identifying areas
to document, Meridia conducts so called “sensitization activities” with the communities. Meridia
informs the community about a date and time to meet for sensitization activities. The sensitization
team goes to the community for at least one week to educate the community about the importance of
tenure documentation before the actual mapping of land boundaries and rights takes place. After the
sensitization is conducted, Meridia interviewers go to farmers’ houses to interview them as well as the
neighbors to ascertain the oral history of their lands. The initial interview is held with the holder of
the land and the grantor and sometimes people from the community. The interviewers obtain some
background information concerning how the farmer acquired the land, witnesses that were present
during the time of acquisition of the land, and the number of years the farmer had to stay on the land.
Later the Meridia mappers also ask the farmers the same questions asked by Meridia interviewers
as a means of cross-validation of the information. After the ascertainment of the oral history of the
land, the Meridia mappers go to the field with their equipment to carry out the survey. During the
survey, the farmers together with a neighbor lead the whole process of defining the boundaries of
the farm. They walk around the boundary while the mapper picks the boundary points with GPS.
The neighbors are involved in the survey to testify that boundaries, which have been surveyed, are
correct and belong to the said owner. The farmers also help in putting the PVC plastic pipes at the
place where the coordinates were picked, and concrete is poured into the hole of the PVC pipes to
serve as a monument. The farmers also help in the clearing of the boundaries of the farmlands to
make it easier for movement during mapping. After the mappers have conducted their mapping, they
upload the data into the Meridia integrated end-to-end information system (database linked to mobile
application). The Geographic Information Systems (GIS) team in Accra then have access to the data to
do computations as well as to eliminate errors and anomalies from the gathered data to produce a farm
plan. After the computation is done, the GIS team submits the farm plan and the data to the licensed
surveyor for verification and validation. The validated farm plan and deed document are prepared and
endorsed by a solicitor and subsequently signed by the traditional authorities (paramount chiefs) and
the landholder which are then endorsed by the commissioner of oath at the high court. This marks the
end of the documentation for a FarmSeal. For FarmSeal+, the certified farm plan is taken further and
submitted to the Regional Lands Surveyor of the Lands Commission for approval. Finally, Meridia sets
a date to go to the community to deliver the signed documents. The processes for preparing FarmSeal
and FarmSeal+ are shown in Figure 2 below.
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Figure 2. Processes of preparing FarmSeal and FarmSeal+ (constructed on the basis of interviews with
Meridia respondents).

The process description above shows that the preparation of the FarmSeal and the FarmSeal+
involves both customary and statutory actors. The chiefs and the commissioner of oath endorse
the documents to give it legal backing as well as satisfying land registration requirements set forth
by the Lands Commission. The FarmSeal+ constitutes a move into the direction of stronger formal
recognition beyond the customary institutional realm in that it also involves approval by the Regional
Land Surveyor and certification by the licensed land surveyor as a statutory requirement for further
registration with the Lands Commission.

4.2.2. Meridia’s Operation in Urban Areas: The Preparation of HomeSeal and OrgSeal

For urban areas, two other documentation packages were designed by Meridia, namely the
HomeSeal and the OrgSeal. The HomeSeal itself consists of residential and commercial seals. It is
designed to meet the specific conditions of urban areas. It provides home owners and commercial
property owners with a certified and approved site plan with a fully signed deed document with an
option to continue forward to deed or title registration at the Lands Commission, depending on the
client’s request. The OrgSeal is similar in this respect, because it may lead to full title registration
upon the client’s request. While the HomeSeal is for holders of individual land parcels, the OrgSeal is
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designed for organizations that have large parcels of land and buildings. With the OrgSeal, all parcels
and buildings belonging to one organization across the country are mapped and included in an online
inventory and processed for title registration.

The documentation process for both the HomeSeal and OrgSeal begins with areas which have
already been well planned by the Town and Country Planning Department, the agency responsible
for spatial planning. The next step after the preparation of planning schemes is the mobilization and
sensitization of potential customers as well as the ascertainment of the oral history of the land in
the same manner as described for the FarmSeal and FarmSeal+. After the ascertainment of the oral
history of the land, the licensed surveyor applies to the Client Service Access Unit (CSAU) of the
Lands Commission for the issuance of regional numbers. These numbers are necessary to identify the
survey work to be carried out in that year and area.They are prerequisites needed by surveyors before
going to the field. The regional numbers are generated and given to the licensed Surveyor subject to
the payment of a fee. After obtaining the regional numbers from the CSAU and related datasets by
the licensed surveyor, Meridia’s mappers go to the ground to carry out the survey work according
to the technical instructions of the surveyors and other relevant laws of the country. The regional
numbers are planted on the ground to be able to generate monument numbers for each corner. There
are different types of monuments: type A, B, or C, depending on the kind of survey to be conducted.
The Meridia mappers usually carry out the mapping using emlid reach GPS devices together with
the landowners and neighbors, who help to define the boundaries of the land. After the survey
work, the mappers send the data through the Meridia end-to-end integrated information system
(database linked to mobile application), which are processed and certified by the licensed surveyor.
After the certification of the documents by the licensed surveyor, the documents are submitted to the
CSAU of the Lands Commission by the licensed surveyor. The submitted file contains the following:
field report or history of the survey, letter of submission, Ex Data (the control points the Licensed
Surveyors took from survey and mapping Division), raw field data (rinex format), and point list.
The submitted file should also contain the beacon index, computation of bearing and distance, plan
data, area computation, a diagram of the survey, total survey record on CD, eight copies of the certified
plan and a copy of Land Registration Division’s (LRD) request letter. The CSAU verifies the documents
against a checklist and either approves or rejects it. After the examination of the content of the file
submitted to CSAU, if everything is right, then the file is submitted to the examination section within
the survey and Mapping Division of the Lands Commission. The examination section carries out
data processing and quality control checks. After the examination of the plan and the documents
by the examination section, and given that everything is in good order, the examiner appends his
signature and sends the plan for cartographic checks by a department within the Survey and Mapping
Division. When they are satisfied with the cartographic aspect of the plan, then the Regional Land
Surveyor will append his signature. The plan then comes back to the examination section, where a
barcode is placed at the back of the plan indicating that it has been approved. After the plan has been
approved, a Solicitor from Meridia prepares a deed document and endorses it. The deed document is
then signed by the traditional authorities (paramount chiefs) and the landholder and is also endorsed
by the court (commissioner of oath) at the high court. The deed document is submitted to the CSAU,
where it is checked for completeness and is sent to the various divisions of the Lands Commission
at different stages of processing. Finally, the fully registered deed or title is sent to the CSAU where
they are delivered to Meridia who then delivers them to the clients (landholders). These processes are
summarized in the flowchart of Figure 3 below.
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Figure 3. Flowchart of documenting HomeSeal and OrgSeal. This is constructed on the basis of
interviews with Meridia. CSAU: Client Service Access Unit. SMD: Survey and Mapping Division. LVD:
Land Valuation Division. LRD: Land Registration Division.

Figure 3 and the accompanying narrative above demonstrate that the documentation for HomeSeal
and OrgSeal in urban areas involves more statutory actors compared to the preparation of FarmSeal
and FarmSeal+ in rural areas. This is partially due to the complexities of land tenure being higher in
urban areas, a complexity associated with more land contestations, higher levels of land encroachment,
development rates and associated land values, as indicated by Meridia interviewees. The documentation
process in the urban areas is therefore relatively more cumbersome, because one needs to contact
many stakeholders at higher levels of the administrative hierarchy compared to documentation in
rural areas. In addition, statutory actors require stronger adherence to administrative procedures and
requirements for surveying and registration work, partially because in urban areas more is at stake with
land values and development rates being high and the potential of conflict accordingly higher than in
predominantly rural areas with less development and lower land values. Maintaining relationships
with these numerous statutory actors in urban areas is time-consuming and financially costly.

In sum, the packages for tenure documentation in rural and urban areas differ in terms of the
types of tenure being documented, the labor, costs, type of land holders, and institutional actors
involved, but also in terms of aims of documentation and the degree to which a document is recognized
by customary only or by both customary and statutory actors. The latter is in turn related to the
necessities of adhering to existing surveying standards and requirements that are relatively higher
in urban areas for HomeSeal and OrgSeal. The success in the development of these documentation
packages as products partly draws from Meridia’s innovation (i.e. the use of mobile mappers with
an end-to-end integrated information system and use of PVC pipes as monuments). However, in the
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processes of preparing these various documentation packages, Meridia necessarily encounters existing
institutional arrangements (which either aid or impede documentation), and in so doing, Meridia
devises institutional innovation to negotiate the challenges of existing institutions. In the next section
we discuss these encounters and the institutional innovations devised by Meridia.

4.3. Encounters Between Meridia’s Interventions and Existing Institutions

Meridia’s innovative intervention in the land registration processes in Ghana diversifies the types
of documentation according to different land uses, tenure situations, and landholders’ demands and
abilities. In so doing, Meridia weaves its initiative through existing statutory and customary institutional
arrangements. Meridia develops its documentation processes by exploring the opportunities presented
by the existing institutional framework. Such opportunities are afforded specifically by the flexibility
of the customary institutions, but also some flexibility on part of statutory institutions, for instance,
allowing the mobile mappers for cadastral data collection instead of licensed surveyors and the
possibility to use PVC pipes as monuments instead of concrete monuments. At the same time,
as Meridia develops its documentation processes, it has to accept and work with some challenges
posed by existing institutional arrangements that cannot be changed or easily navigated through
an innovative intervention. We identified three forms that the encounters between Meridia and the
existing institutions take, namely, encounters with statutory institutional procedures and requirements,
encounters with customary institutional practices and requirements, and encounters with the Dynamics
of Land and Livelihoods. Each set of encounters is discussed in the following sections.

4.3.1. Encounters with Statutory Institutional Procedures and Requirements

From the point of view of the end product of registration, the Ghana Lands Commission registers
only leaseholds in the study areas. By having only leaseholds as a product, landholders have to go
through the entire process of a leasehold registration to have their land rights documented. However,
Meridia uses a continuum of land rights recognition and recording, whereby different product packages
are designed at intermediate stages of land rights recording. This variety of packages which include
FarmSeal, FarmSeal+, HomeSeal, and OrgSeal are not only easily accessible to a wide range of
landholders but are also scalable to full registration. Meridia’s packages are designed to provide
flexibility but also to meet the statutory and administrative requirements of registration.

For a land tenure document to achieve full statutory recognition by the Lands Commission, its
preparation requires following rather rigid guidelines for the survey work. Especially problematic is
the requirement to construct standard monuments for parcel demarcation. According to the technical
instructions for the surveyors, these should consist of solid cement concrete 15 cm above ground and
with a 30 cm concrete foundation in the ground. The requirement would be impossible to adhere
to for Meridia in many rural areas, because some farms have about 70 to 80 boundary points; and
monuments are bulky and excruciating to carry. The monuments are also very expensive and add to
the cost of surveying and hence making it impossible for farmers to afford documentation. Meridia
came up with an improvised solution to overcome this challenge. Meridia, with agreement from the
western Regional Lands Commission, uses smaller and lighter PVC pipes for the construction of the
monuments for the FarmSeal and FarmSeal+. The PVC pipes are planted into the ground and concrete
is poured into the holes of the pipe, and the pillar numbers and other details are inscribed on them.
On the other hand, some requirements Meridia cannot circumvent or adjust. For instance, connected
to the monuments is the rigid observation time for mapping. The Lands commission has specific
required observation times for different land uses. For example, after getting a vantage point to pick
the coordinates of a boundary, one still has to wait for three minutes for farmlands and 15 min for
residential properties. According to Meridia mappers, “even if you get a good reception, unless the
observation time is exhausted, you cannot take a point.” Hence, if Meridia has procured a new machine
which can pick a point in five seconds, they still cannot use it. Survey instruments are calibrated
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according to the Lands Commission requirements and for this challenge, Meridia has no solution but
has to accept and adapt to the existing situation.

A further challenge encountered by Meridia is the high cost of preparing cadastral plans by
surveyors. Meridia improvised ways of cutting down the cost associated with hiring the services of
a licensed surveyor by engaging mobile mappers. By law, licensed surveyors and official surveyors
are mandated to carry out land surveys in Ghana. Based on their professional training, the fees they
charge are very high ($300 per an acre of land) which is beyond the reach of local farmers. To hire a
surveyor to carry out survey work, the farmers have to go to the city to look for the surveyor and pay
them a daily rate to go to the field to do the work. From the point of hiring a surveyor to the collection
of certified survey plan, the farmers incur substantial costs. Meridia is able to cut down the cost of
hiring a surveyor drastically by engaging mobile mappers and interviewers. Mobile mappers are part
of the Meridia field staff, who are well trained in the use of android tablets with the map of the area for
the purposes of mapping the land boundaries. They go to the field to capture the information and
then have it cross-verified by the licensed surveyors stationed in the city through Meridia’s end-to-end
integrated information system (database linked with the mobile application). The cost of Meridia
FarmSeal and FarmSeal+ package (site plan and indenture) is about one hundred dollars ($100) for
a parcel size of five acres. The Cost of HomeSeal and OrgSeal is about two hundred dollars ($200),
which includes a site plan and an indenture.

4.3.2. Encounters with Customary Institutional Practices and Requirements

The land registration processes in Ghana cut across both statutory and customary actors.
The processes, although with country-wide and regional variations, involves a series of steps of
approvals, certifications, and associated signatures on various documents. When deed documents
are prepared, they need to be signed by the grantor chief, for instance. In order to lower the costs
of registration, Meridia tries to go for documentation at a scale that is at relatively high volumes of
documents. The high volumes of the documents submitted to the chiefs coupled with the numerous
customary responsibilities make it extremely difficult for the chiefs to sign the deed documents quickly,
which leads to reluctance on part of the chiefs to participate in the process. Here, Meridia came up
with a technical solution. Meridia collects the chiefs’ signatures and prints them on the documents.
The chief’s assistant then checks to confirm whether the chief’s signature is well embossed. This takes
Meridia shorter time to have their documents signed and it saves the chiefs some time.

A challenge emerging from the hybridity of land governance institutions in Ghana (customary
and statutory) is the non-recording of some customary land rights such as the customary freehold
interest by the Lands Commission in the Western Region due to ambiguity of land laws and related
multiple interpretations. The indigenous people in Wassa Akropong are believed to hold customary
freehold interest from time immemorial and would not like to sacrifice that interest for a lease, since
Meridia land tenure documentation packages are only based on leases. In this case, Meridia has to
adjust and adapt to the existing situation by providing customary documentation packages.

4.3.3. Encounters with the Dynamics of Land and Livelihoods

In developing innovative processes to register land rights, Meridia also needs to engage with
and adjust to the dynamics outside of statutory and customary land governance institutions per se.
These dynamics include the seasonal variations associated with agricultural livelihoods, for instance
income fluctuations.

The Wassa Akropong traditional area is a cocoa growing zone where the income of the people
varies by season. The main harvesting period for cocoa in Ghana is from October to February and from
May to August for the light crop. During the main harvesting period, the farmers have the money to
pay for the tenure documentation fees. During the light cropping, the farmers do not have enough
money to pay Meridia for their services. Therefore, Meridia collects part payment from those farmers,
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who cannot afford payment during low income periods. These farmers are then obliged to pay the
money during the major cocoa harvesting periods.

But also the distribution of land rights is more dynamic than GPS-based survey logic may
anticipate, as farming practices and related use rights vary with natural circumstances and the amount
of labor put into clearing and preparing fields. When engaging in mapping activities, it turns out
that some of the farmers had reported a different size and boundary during the interviews than what
was found later during mapping work. There could be different reasons for these discrepancies. For
example, farmers may not know the sizes and boundaries of their lands in acreages. Until recently,
the acquisition of land by indigenes was based on one’s ability to farm the land. In other words, how
much land one farmed and put to productive uses came to constitute one’s land size and boundaries.
It is the work that makes the boundaries, not the boundaries that allow (give the “right” to) a certain
kind of work. Whatever the reasons may be for the mismatch between land sizes as reported during
the interviews and the boundaries and sizes measured during the mapping work, the fees to be
paid for documentation are charged based on the information provided earlier by the farmer during
interview. These discrepancies can therefore lead to substantial problems and delays in the process of
documentation. Hence, the way Meridia measures and delineates land using GPS may differ from
the logic by which the farmers themselves delineate and measure land. However, there is also a close
connection between measurement, reporting of land size, and the negotiations over documentation
fees that create a relatively dynamic environment, in which documentation takes place, even in regions
that are not characterized by longer term land conflicts or illegal resources extraction activities, which
constitute another layer of complex dynamics to land tenure registration.

5. Discussion: Innovating Along a Continuum of Land Rights Recognition

Increasingly, civil society and international organizations in developing countries are making
efforts to document land rights, since national governments are slow in capturing and documenting
existing land rights. For example, in Zambia, there are about five civil society and private organizations
documenting customary land rights in a bottom-up manner [23]. In the case of Ghana, Meridia seeks
to fulfil such an augmenting role in land rights documentation. On the basis of our findings in the
previous section, Meridia’s case allows us to reflect on two elements that are relevant to the current
debates to innovate land administration through fit-for-purpose approaches inspired by the continuum
of land rights [6]. First, we can reflect on the nature of innovation in the domain of land tenure
registration as it presents itself in Meridia’s case. Second, we reflect on the documentation packages
created and marketed by Meridia according to three dimensions: costs and level of complexity of
certification, level of usability of certificate, and the recognition of certificates.

Meridia’s product innovation takes place in dialogue with Ghana’s existing customary and
statutory scene. This process is characterized by incremental learning from the challenges that Meridia
and associated actors face and by inventing solutions to these challenges more or less on-the-go. The
products developed by Meridia are therefore inventions that become possible only in response to the
contingencies of the context. The descriptions of the processes and encounters between innovation
and institutions in Section 4 above illustrate that the diffusion and invention of ideas and technologies
are always two sides of the same coin [24]. Meridia’s is a case of innovation that comes closest
to models of “coupling” in Rothwell’s models of innovation. According to this model, innovation
consists of a sequential process but involves feedback loops and various push/pull combinations
with emphasis on the integration of invention, on one hand, and market, on the other [24]. As such,
Meridia’s interventions appear less disruptive to the existing institutional framework of both the Lands
Commission and the traditional authorities. Meridia’s activities target only the most problematic
aspects of the existing registration processes without setting new operational standards. This approach
has somewhat eliminated or reduced the frictions that often ensue between innovation and existing
institutions [25]. Research on the adaptation of land administration to the institutional framework of
customary tenure in peri-urban Ghana and Sub-Saharan Africa at large highlights the dynamism of
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customary land tenure institutions [26,27]. According to Arko-Adjei [26] in such a dynamic as well
as the complex environment, a non-rigid institutional framework is required to allow innovation in
land administration processes to take place. As such Arko Adjei argues for institutional flexibility in
the context of both statutory and customary domains to allow innovation to take place. Institutional
flexibility denotes the various flexible processes and procedures adopted for land administration [26].
According to Amanor [28], accessibility to land and management of land in a customary land tenure
setup is based on negotiations as well as local knowledge, both of which require institutional flexibility.
The negotiations also relate to signing fees, or the price for the purchase of land to mention a few.
In the case of Ghana, these two authors’ position indicates that institutional flexibility is one of the
premises for innovation to take place. Meridia’s case seems to confirm and illustrate this view. The
company’s less disruptive strategies are partially dependent on opportunities for flexibility embedded
in the existing institutional set-up of statutory and customary tenure in Ghana and also more generally
in Sub-Saharan Africa as demonstrated in the study of Sommerville [23] for Zambia. In Section 4, we
identify several characteristics that run through the existing statutory and customary institutional scene,
which enable innovation to take place. These are mostly related to a degree of flexibility provided by
the customary arrangements, for instance the possibility to negotiate signing fees and the presence
of an active land governance structure in the study area in form of the Customary Land Secretariats
(CLSs) and their mediators. However, also the statutory institutional sphere allows for some flexibility.
Monuments are generally used to carry out survey work in Ghana to mark boundary points but are
difficult to carry as well as to set up. They are, in this sense, a quite literal and tangible symbol of the
rigidity of statutory survey norms. The institutional setting provides some flexibility here regarding
the monumentation of farmlands, by allowing Meridia to improvise through the use of PVC pipes
as monuments.

The benefits of land rights documentation are many and vary according to different purposes of
documentation. Some of the benefits credit access, tenure security, and investment [29,30]. However, our
study does not provide empirical insights regarding the uses and benefits of Meridia’s documentation
packages, because certificate holders only recently obtained the certificates and at the time of fieldwork
they had not yet tried to use the certificates to obtain any benefits or services. Some of the perceived
uses of Meridia certificates mentioned in focus groups by the Meridia land certificate holders include
access to finance, increased legal security, and lastly a source of motivation for farm level investment.
However, we may infer potential degree of usability of the certificates from the descriptions of the
documentation packages and related process descriptions in Section 4 of this paper. Figure 4 below
present a conceptualization of the documentation packages along three axes: amount of cost and
complexity involved in preparing the respective certificate, the type of recognition the certificate
receives, that is, by customary or both customary and statutory actors, as well as the usability of the
certificate and related exchangeability of the associated land parcel. By virtue of the continuum of
registration packages, the usability of Meridia’s certificates and parcel exchangeability span across a
continuum of local to national arenas. For example, when landholders opt for a FarmSeal or FarmSeal+,
the potential usability of the certificate in providing security or accessing finance is likely to be higher
within the local community than outside of the community, since these certificates are locally verifiable.
However, as one moves towards the HomeSeal and OrgSeal, which received also statutory recognition,
the usability of the certificates in securing tenure and accessing credit becomes widened, as transacting
parties can easily verify the ownership status from the Lands Commission (at the regional level).
Similarly, parcel exchangeability is enhanced beyond the community with respect to the HomeSeal and
OrgSeal, as compared to the FarmSeal and FarmSeal+. As recognition increases to include recognition
of the respective certificate by both customary and statutory institutions, usability of the certificate and
exchangeability are likely to increase but so do the costs in terms of finances and labor as well as the
complexity of the processes of preparing the package and issuing the respective certificate. The holders
of Meridia’s certificates show high hopes of benefitting from the documentation in the form of tenure
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security and credit access from farmer cooperatives and even cocoa buying companies. However, this
is yet to be observed in practice.

Figure 4. Continuums of cost, usability, transferability, and legitimacy of documentation packages.

At an abstract level then, we can read Meridia’s efforts as a kind of product innovation, which
diversifies the processes of land tenure registration along the a continuum of land rights, by means of
variations in the fee structures and economy of land rights documentation with the two-fold aim of
affordability and the company’s own financial sustainability.

6. Conclusion and Future Research Directions

Meridia’s case shows that at the meeting point of innovation and existing institutions, the latter
prompt both in situ and on-the-go solutions through challenges but also enable innovation through
institutional flexibilities in both statutory and customary domains. According to Barry’s [11] call to
identify critical success factors, our study indicates, as one such factor, the identification of “nodes
of flexibility” across customary and statutory institutions, which would enable the creation of action
nets [31,32] around new ideas and emerging practices. The nature of such nodes of flexibility and how
to leverage them in a given case are, of course, context dependent. Meridia found various innovative
strategies and solutions of social as well as technical nature [33] to address institutional challenges
and constraints, which allow Meridia to distil important elements of the registration processes of the
Lands Commission’s bureaucratic structure and simplify them. What is also noteworthy in Meridia’s
case is the indication of a positive correlation between complexity/cost of registration and level of
recognition of a certificate across customary and statutory institutions. More research contributing to
the implementation of FFP land administration could focus on the kind of trade-offs that are necessary
to be made between the affordability and simplicity of registration, on one hand, and the ability to
leverage the existing institutional context in such way as to achieve recognition by a broad range of
institutional actors and a broad usability of the certificates, on the other.

While innovation generally carries a positive connotation, e.g. increasing performance and
effectiveness of organizations [34,35], Taylor [36], for instance, points out that not all innovation is
good for everyone and that researchers would do well “to take into account different currents of
public resistance to innovation.” The challenges of and responses by the existing institutional context
therefore also tell us something about the nature of the innovation itself and what kind of innovation is
desirable in a given application and development context. New processes and emerging practices of
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land tenure documentation provide an opportunity for a critical and balanced engagement with the
longer term politico-economic effects and implications of such innovation and, as in Meridia’s case,
provides opportunity for incremental learning and adjustment.

Future empirical research should therefore be conducted on similar processes of implementation
at the nexus of innovation and institutional context, also in the form of comparative research. An
important criterion for comparison is various financing mechanisms and related to this is the question of
sustainability of an initiative. For instance, financing mechanisms of an initiative, especially for-profit,
may come to influence land tenure related financial economics through induced changes in fee structures
and corresponding beneficiaries. This, in turn, is likely to influence also land holders’ political identities,
as these are related to the financial mechanisms. For example, depending on the financial set up of land
tenure document, a land holder may receive a document either as citizens (in return for taxes paid, for
example), as customers of a product, as extended family member, or as the end user of a technology.
Each of these roles has different implications on people’s relationships to land. Related to this is the
need to investigate in how far these initiatives really benefit the intended beneficiaries and/or if the
groups who benefit actually change through the process of implementation. Although innovative
approaches seem to enhance tenure security, the extent to which land documentation certificates
generated through such processes can be used as a legal document is still unclear. The intended
beneficiaries of innovation in land documentation need to see and experience benefits of documenting
their lands in the long run, also because registration systems work when there are apparent benefits for
the intended beneficiaries [37]. Our study does not provide much insight on the specifics of digital data
storage and sharing in new initiatives, such as Meridia’s, to register land tenure. Given the reliance on
digital data technologies in these innovative approaches, questions related to digital data storage need
to be addressed as access to storage and uses of data influence power dynamics and actors’ roles and
agency in land governance. Empirically, and in the longer run, such questions include the following:
What happens to the generated data of those initiatives in the long run? Who is currently in possession
of and responsible for the generated data of those initiatives and what are the various uses? What are
the security issues in relation to data capture and storage?

Addressing these questions in research and evaluation of new initiatives to document land tenure
offers the opportunity to chart out ways towards what Winner [38] calls “graceful or benign innovation,”
which, rather than seeking to be disruptive, is built on the respect for what came before and modifies
and renews traditions and practices into fruitful possibilities.
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Abstract: If distinguishing between spatial planning systems and practices, the latter reflect on
the continuity and perspective of planning cultures and are concerned with the values, attitudes,
mindsets and routines shared by those taking part in concrete planning processes. Some recent
studies demonstrated comparative assessment of European spatial planning. Thus, the coexistence of
continuity and change, as well as convergence and divergence concerning planning practices, was
delineated. Moreover, the trends and directions in the evolution of spatial planning and territorial
governance were explored when focusing on linkages between diverse national planning perspectives
and EU policies. The relevant outcome of European projects met their visionary statements in
general and are towards the inspiration of policymaking by territorial evidence. However, it showed
a highly differential landscape for territorial governance and spatial planning across Europe in
terms of terminology, concepts, tools and practices. Therefore, the paper focuses on how the most
relevant outcome of European research may initiate a reasonable in-depth study of concrete planning
practices and substantiate an effective planning approach. Mainly based on critical literature review
and comparative analysis and synthesis techniques, the overviewed key research results led (1) to
agenda-setting for comprehensive evidence gathering (CEG) if exploring spatial planning practices
and territorial governance in selected European countries, and (2) to a set of objectives for a values-led
planning (VLP) approach to be introduced for improvement of land use management.

Keywords: spatial planning practices; territorial governance; Europe; comprehensive evidence;
values-led planning

1. Introduction

More than a decade ago, EU aimed to strengthen territorial cohesion, thus gradually encouraged
European spatial planning policies (Territorial Agendas (TAs)—TA 2007 and TA 2020), the European
Spatial Development Perspective (ESDP) and provided integrated instruments for European spatial
development, which have been applied under the European Spatial Planning Observation Network
(ESPON) projects [1–3]. Experts in spatial planning of a European Research Group joined for collective
work and developed a comparative study on continuity and changes in spatial planning systems and
practices of selected European countries [4].

Research towards spatial planning practices in Europe addresses different planning cultures.
Some scientific contributions clearly distinguish between planning systems and planning cultures.
Reimer and Blotevogel (2012) interpreted planning systems as “dynamic institutional technologies,
which define corridors of action for planning practice, which may, however, nonetheless display a good
deal of variability” [4] (p. 4). While a planning culture has sometimes been seen as “equivalent to the
values, attitudes, mind-sets and routines shared by those taking part in planning” [5]. The comparative
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perspective and analysis of planning practices call for studies of spatial planning at the micro level, while
national planning systems at the meso level [4] (p. 13). It is concluded that planning practices inherent
to the system cannot be drawn from a comparison of legal-administrative framework conditions alone.
Therefore, the outcome from the comparative analysis of planning practices (changes in cultures) is
essential rather than of planning systems, which are only represented by hierarchies, artefacts and
institutional settings.

Based on the studies of Janin Rivolin (2012) and Reimer et al. (2014), the framework of the
transformation of spatial planning systems has been proposed [6] (p. 279). At the same time, it was
reasoned in the study to apply the designed framework to conceptualize the introduction of a new
planning approach and to improve land use and spatial development processes. Spatial planning
practices can be identified among five other elements into the framework. Accordingly, it is recognized
that spatial planning tools (formal and informal) provide the necessary support to improve planning
practices, but positively influenced practices substantiate discourses (e.g., desirable dominating ideas)
in spatial planning. To advise adjustments properly, rearranged institutional settings should provide
more effective regulations to improve planning practices. However, it is quite obvious that spatial
planning practices can be identified and analysed through empirical case studies.

The Commission of the European Communities issued “The EU Compendium of Spatial Planning
Systems and Policies” in 1997, which gave some overview about spatial planning systems and
traditions of 15 European Member States, as well as enabled the understanding of these systems in
operation and identified four “ideal types” [7]. From recent comparative research of Reimer et al.
(2014), a “path-dependent evolution” of spatial planning in 12 selected countries can be identified [4].
The continuity and changes in spatial planning systems and practices during the last three decades
even show significant shifts from “ideal types” and most of the European countries (i.e., three Baltic
countries) were not selected for the mentioned comparative researches.

The objective of the ESPON Cooperation Programme under TA 2020 was to enhance European
territorial evidence production through applied research and analyses. Accordingly, the applied
research project to contribute to the European territorial and analytical evidence base, through the
comparative analysis of territorial governance and spatial planning systems in Europe, has been
performed [3]. This comprehensive research covered 39 country cases in total and the results of it
have been presented and discussed in the largest world forums of spatial planning (e.g., in AEOSP
2017 and AEOSP 2018). Concerning the outcome of the ESPON applied research project COMPASS,
and relevant spatial planning and territorial governance topics that have been critically discussed
during international conferences, some high importance research papers have been published as well.
Exploring territorial governance and spatial planning systems and trends in European countries in the
time period 2000–2016, the study followed an institutional perspective and referred to the concept of
socio-institutionalism. Accordingly, spatial planning was considered “as the collection of institutions . . .
”; spatial planning systems—defined as “the ensemble of institutions that are used to mediate competition
over the use of land and property, to allocate rights of development, to regulate change and to promote
preferred spatial and urban form”; and territorial governance—comprised “the institutions that assist in
active cooperation across government, market and civil society actors to coordinate decision-making
and actions that have an impact on the quality of places and their development” [8]. Even if the
above-mentioned concepts are evolving and emergent and their definitions have been developed as
“working definitions” of the study, those should be perceived and revised critically. However, the study
emphasized the relation between spatial planning systems and relevant practices and procedures that
might be seen as territorial governance. In this light, territorial governance reflects mutual cooperation
among key stakeholders and coordination of essential actions in land use management.

If observing the continuity and changes from comparative perspectives, some substantial problems
can be emphasized and challenges for the further evolution of spatial planning and territorial governance
in Europe discussed. Dimensions and directions of changes are not linear and show multiple trajectories
in all observed countries. The principle of sustainable development exists in every planning system,
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but it appears in planning practice in distinguished contexts. The planning systems are heterogeneous
and practices developed differently, which makes it reasonable to choose among spatial planning
practices for specific case studies and understand better its perspective from new evidence and
place-based knowledge for further improvements into planning.

The research focuses on the main question: What are the preconditions and challenges that we
should consider in future to improve spatial planning and the development practice? The purpose of
the study is twofold—based on an overview and discussion of significant research outcomes concerning
spatial planning and territorial governance in Europe—(1) to set an agenda for comprehensive evidence
gathering (CEG), if exploring the spatial planning practice and territorial governance in selected
European countries, and (2) to set objectives of a values-led planning (VLP) approach to be introduced
for improvement of land use management.

2. Materials and Methods

Most of the relevant European spatial planning research outcomes, policies and instruments
since CEC 1997 were reviewed and analysed in the study. Thus, the focus of an unsystematic
but critical literature review is on the key research results to identify preconditions and challenges
for further methodology development of CEG and discussing the objectives of the VLP approach.
This work grounds the knowledge of how the most relevant outcome of European research may
initiate a reasonable in-depth study of concrete planning practices and substantiate an effective
planning approach.

Comparative analysis and synthesis techniques are employed for collecting information from
several studies with different contexts (e.g., country cases, sources, and interpreted results from
presented research papers (Section 3.1)). The results of synthesis and the applied logical-constructive
method contributed to the development of the framework for case studies (Figure 1 in Section 3.2)
as well as to the formulation of particular key questions (Section 3.2) and setting objectives for the
VLP approach (Section 3.3). The review of institutional settings promoted (1) the illustration of the
implementation of EU policy documents and tools and (2) the explanation of the gap in the study of
COMPASS regarding the case of Latvia (Section 3.1). The outcome of previously completed analytical
work caused the determination of selection criteria and structuring of case studies as well as the
assessment and set of objectives for the VLP approach [6]. It is expected that the results of the study
will effectuate empirical research and will sustain decision-making in land use management.

3. Results and Discussion

3.1. European Comparative Perspectives: Lessons Learned from Topical Studies

3.1.1. Presented Scientific Publications and Debated Contributions

The trends and directions in the evolution of spatial planning and territorial governance systems
and new typologies in Europe, synergies and/or antagonisms between EU policies and national spatial
planning and territorial governance, as well as cross-fertilization between EU cohesion policy and
spatial planning practices, have recently been in agendas of European planning communities. These
questions were revised and critically discussed at the roundtable “Trends in European spatial planning
systems and linkages between them and EU policies” [9]. The main outcome of debates on European spatial
planning, which is relevant for the promotion of improved planning practice, incorporates conceptual
considerations (e.g., the concept of social innovation). This concept was debated concerning social change
and transformations. A social innovation emerges from a “progressive vision” based on solidarity and
reciprocity values. It takes place through the involvement of new constellations of public and private
stakeholders, it develops through the creation of new governance arrangements and it spreads within
“networks of co-operation between community agents” [9] (pp. 74–75). The research on shaping spaces
of interaction for sustainability transitions looks for transformative initiatives that trigger the rise of

273



Land 2019, 8, 163

spaces for the interaction between different stakeholders in an urban environment, which is a key
element of participatory city-making. Thus, it connects complexity in planning and transition theory to
describe the space of the interaction among different urban stakeholders [9] (pp. 202–206). The authors
of the research argue that planning perspective necessitates a more fundamental reflection upon the
roles and attitudes of planners, shifting from coordinators or semi-controlled planning processes
producing policies and projects towards identifying potential societal challenges and emerging
alternatives that can be synthesised, strengthened and empowered to more effectively contribute
to desired urban transitions. Besides, it has been emphasised that a stronger role, responsiveness,
responsibility and more capable commitment from planners to absorb pressuring issues in planning
practice is anticipated [9] (pp. 296–298). When redefining aims and tools in a planner’s work and
orientation of planning practice, it is important to recognise challenges often conflicting from both:
(1) Governance, professional-technical knowledge (efficiency and consensus); and (2) citizenship rights,
the ethical dimension of planning knowledge (equity and justice). However, in a conflictive dimension
(i.e., obstacles, conflicts, tools, opportunities, capabilities), if opposing it to interests, “the role of values
is fundamental”. A Brazilian case study [9] (pp. 308–309) follows Deleuze and Guattari philosophical
considerations, which take planning as a social process. It provides arguments that the planning process
should not be guided by models, ideal visions or prescriptions, but by processes of experimentation,
which requires investigating problems, exploring relations between elements “and being open to what
might happen if . . . , what differences might emerge”. According to the comparative study on spatial
planning across European planning systems and social models [9] (pp. 1247–1257) and [10], planning
culture framework, key interrelated aspects and approach for methodology development to carry out
empirical case analysis can be adapted to introduce an innovation and improve planning practices.
Accordingly, when following a pragmatist approach in planning, such elements of a planning agenda
as (1) social setting, (2) planning process and (3) planning environment should be included and key
research questions formulated properly. Observing European planning systems and policies [1,2,7]
as well as discussing linkages between European planning systems and policies of EU, collaborative
spatial planning did not follow the ESDP or the principles laid out in the TA’s.

The main outcome of AESOP 2018 papers’, which is relevant for improved spatial planning
practices through the promotion of an innovate planning approach, is concerned with the research
results of governance and spatial planning tracks [11]. Some relevant papers intended for the special
session of COMPASS—European and national perspectives. Thus, observing changes and persistence
of the German spatial planning system, Reimer and Münter argue that even if the ability to transform
institutional patterns of spatial planning in Germany is rather limited and European legislation and
policies only marginally influence concrete spatial practices in Germany, some discursive shifts are
remarkable and instrumental practices are bound to persistent traditions of acting [11] (p. 132). While
observing planning practices in Switzerland and Serbia, Peric provides evidence and advice on how to
deal with complex planning problems (e.g., in the brownfield regeneration process). She concludes
that the lesson is not in the policy or method but in the practice of comprehending the case accounts
and adapting aspects to the demands of new situations [11] (p. 482). De Olde points out the role
of urban and rural spaces as a symbolic construct in an urbanization agenda and planning context.
His paper casts the urban–rural distinction as a symbolic construct that is part of a planning culture
defined as “the result of the accumulated attitudes, values, rules, standards and beliefs shared by the
people involved”. Through critical discourse analysis, multiple roles of the urban–rural construct
in planning are identified [11] (p. 623). Thus, this must be considered when identifying, assessing
and discussing the values and attitudes, especially, in the peri-urban context and in designing urban
containment. Healey explores a place and its governance, and how citizens are contributing to shaping
its future due to initiatives in citizen-based collective actions. He emphasizes the relational dynamics
involved through a version of a sociological institutionalist perspective, which focuses on authoritative,
allocative and discursive power (rules, resources and ideas), as these play out in specific episodes
and come to interact with institutionalised governance practices and broader dynamics of cultural
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understandings [11] (p. 53). Nadin et al. point out that European spatial planning engages in multiple
and sometimes contradictory trajectories at the national, regional and local level. However, their
findings identify some common trends in the organisation of spatial planning [11] (p. 652). Here it is
important to admit that the first two trends refer to improvements in spatial planning systems, the last
two—to sustaining spatial planning practices and all together to the potential for the introduction of
the VLP approach.

3.1.2. Applied Research Outcome

The comparative analysis of territorial governance and spatial planning systems in Europe (COMPASS)
has been recently completed. This applied research project of ESPON provided an authoritative
comparative report on territorial governance and spatial planning systems in Europe [3]. COMPASS
covered 39 studies of European countries, including 28 EU member states, four ESPON partner
countries and seven candidate and other countries. The project focused on substantial improvement
of knowledge based on territorial governance and spatial planning, and in particular, their role in
the formulation and implementation of the EU Cohesion Policy [11] (p. 690). The project aimed at
answering key research questions: (1) What changes in territorial governance and spatial planning
systems and policies can be observed across Europe over the past 15 years? (2) Can these changes be
attributed to the influence of macro-level EU directives and policies? (3) What are the best-practices for
cross-fertilization of spatial and territorial development policies with the EU Cohesion Policy? (4) How
can national/regional spatial and territorial development policy perspectives be better reflected in
Cohesion Policy and other policies at the EU scale? Main results and selected recommendations have
been presented by G. Cotella at the meeting of the National Cohesion Contact Points in Vienna on 20
September 2018. In general, they meet the visionary statement of COMPASS—they are towards the
inspiration of policymaking by territorial evidence. However, the project reports a highly differential
landscape for territorial governance and spatial planning in Europe, in terms of terminology, concepts,
tools and practices [8]. For instance, after questioning the definition of “spatial planning”, this
term was interpreted in 24 languages and nearly 100 definitions were recognized as well as, among
32 countries, 255 spatial planning instruments were identified; mostly statutory, with various functions
and characters (e.g., multi-purpose tools [11] (p. 627)). The influence of the EU on domestic contexts
has been recognised (e.g., affected social learning through laws (structural), policies and funding
(instrumental) and experts’ knowledge (discursive)). In general, the outcome of the COMPASS study
demonstrates relevance to improved planning practice. Thus, some of the recommendations suggest:
(1) EU Cohesion Policy as a spatial planning tool, to promote strategic spatial planning approaches,
offers also the potential to promote place-based policy development; (2) a higher co-funding rate for
place-based actions that fulfil certain criteria (e.g., participatory processes, bottom-up development,
explicit reference to spatial planning tools, etc.); (3) make integrated tools to support territorial
governance and spatial planning at regional and local levels mandatory; (4) strengthen the capacity
building of practitioners (e.g., professional planners, developers, authority representatives and other
local stakeholders) by sharing knowledge about the best use of existing, improved and new tools to
create added value and potential synergies with other policies, as well as by providing experience
and expertise to ensure mutual learning and good practice exchange; (5) develop partnerships under
topical objectives, thus partners from different countries and disciplines join to develop and test policy
measures and new approaches on how to deal with specific challenges, and find the best possible
solutions through cross-sectoral discussions and collaborative work.

The necessity to implement the place-based approach has been emphasized in the applied research
at the European scale [2]. The place-based development policy was conceptualized in relation to the
challenges and expectations of the EU as an agenda for a Reformed Cohesion Policy [12]. This policy
was defined as “a long-term development strategy whose objective is to reduce persistent inefficiency
and inequality in specific places, through the production of bundles of integrated, place-tailored
public goods and services, designed and implemented by eliciting and aggregating local preferences and
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knowledge through participatory political institutions, and by establishing linkages with other places . . . ".
The key finding of the applied study pointed out "valuing and reviving territorial identity" as a unique
asset and starting point of every place-based initiative. It was also concluded in the study, through the
analysed cases, that there is a clear need of changing the mindset of decision-makers, moving from a
more administrative and compliance-driven attitude to a more result-oriented and entrepreneurial one
in governing territories [2] (pp. 3–4).

Some developed and provided tools were suggested to apply for promotion of planning practices and
improved territorial governance. The ESPON territorial impact assessment (TIA) tool was designed
to assess the territorial impacts of policies and institutions to support efforts to minimize unforeseen
negative policy outcomes and maximise territorial potentials. The territorial impact assessment (TIA)
is “a method to predict the territorial effects of policies and provide useful insights for both territorial
and sector policy-making” [13]. The TIA web tool allows the user to make a “quick and dirty” ex-ante
analysis of the potential impact of EU legislation, policies and directives on the development of regions
(i.e., NUTS3). The TIA webtool is recognised as a very general model that can help to steer the
discussion and cannot replace a thorough assessment of relevant and concrete territorial effects of
a policy proposal. Therefore, the question should be addressed to those who care about support to
spatial planning and governance at a local territorial level: How could one carry out a territorial impact
assessment to improve spatial planning practice when assessing the impact from the implementation
of local spatial development strategies, plans and development programs?

Applied research of ESPON on sustainable urbanization and land-use practices in European regions
(SUPER) has been carried out since 2019. The SUPER project anticipates an “innovative outcome”
through (1) quantitative evidence gathering on land-use developments using latest data sources,
(2) qualitative evidence gathering on impacts of interventions to affect urbanisation, (3) empirical
evidence-gathering on urbanisation practices carrying out 10 case studies, (4) evidence gathering on
possible futures using the land-use modelling technique and (5) engaging stakeholders to ensure
project impact by organising workshops and developing a handbook [14]. Accordingly, the conceptual
framework of the project shows the acknowledgement of urbanisation and land-use drivers, local
practices and outcomes in European regions (i.e., NUTS3), as well as its sustainability assessment.
In order to assess the sustainability of development a starting hypothesis was developed to be tested
in the course of the project: “compact and denser urban development would lead to less need for
transport, less energy use and more open spaces enhancing the quality of the life thus generating
benefits and requiring fewer costs—or in other words, enhancing sustainability”. Furthermore,
a guiding question in this regard was addressed: How and to what extent can territorial governance
and spatial planning interventions contribute to more sustainable land use? However, a question
rises again: How could one carry out a sustainability assessment to improve spatial planning practice
when assessing relevant effects from the implementation of local spatial development strategies, plans
and development programs? The approach and aim of the SUPER project seem both quite ambitious
and ambiguous when used to address the above question to support a local land management level.
The question requires a sustainable land intensification concept to be considered, including such aspects
as dynamic changes in land-use patterns (spatial dimension of multi-functionality and synergy aspects),
identification and assessment of values (socio-economic, environmental-ecological and institutional
dimensions) and stakeholders’ preferences of the values. However, it is acknowledged in the case
study strategy that only the case studies can provide insight into the local experiences that produce
land-use changes in context and the extent to which specific interventions are effective in fostering
sustainability (Inception Report of [14], pp. 23–24). From this perspective, both substantive and
instrumental questions were developed to have proper responses during the case studies.

3.1.3. Some Critique Outlining the Baltic Perspective and Main Conclusion

Some studies (e.g., COMPASS) include the planning perspective of Baltic countries. Adams et al. (2014)
characterize it as the one which reflects a “culture of pragmatism”, whereby more concrete and specific
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issues take priority over more abstract and ambiguous ones. At the same time, towards engagement
with European spatial planning and the Territorial Cohesion debate, the professional communities of
practice have been recognized as institutionally weak and fragmented, local government structures—as
fragmented too. The advocacy coalitions identified as quite marginalized and territorial knowledge
communities characterized as weak and fragmented [15]. The evolution of the Latvian spatial planning
experience was recently explored and discussed in the light of a previously made comparative study [4].
Thus, the key trends and aspects of Latvian policies, spatial planning styles and tools have been
presented and, in a more detailed way, discussed when informing about main phases and turning
points since 1990 [16]. The author agrees with the arguments provided by N. Adams, that Baltic
countries embody a pragmatic view in spatial development planning; However, is critical about
an assessment of the domestic spatial planning experience based on study of the spatial planning
system (e.g., artefacts, regulations, institutional settings, representation of hierarchies) separately from
planning practice, if not considering significant driving forces, which caused qualitative changes
in planning practice. Regional economic planning, as one of four major traditions of spatial planning
in Europe, has been identified already by CEC (1997). In one of the main comparative studies on
spatial planning systems in Europe [17], Latvian spatial planning showed to be partly regionally
economic. Moreover, in Latvia, a shift towards regionalization in spatial planning competences has
been recognized in the COMPASS study, which appeared different from both other Baltic countries [8]
(p. 19), [18] (p. 9). After the abolition of administrative regions (26) and thus district planning due to
administrative-territorial reform in 2008, planning regions (5) do not provide spatial plans at a regional
level. They develop strategies (e.g., spatial development perspective and guidelines, development
programs and some plans of thematic character). Already, since the 1990s, there has been strong power
at the local governmental (municipal) level in spatial planning; however, inter-municipal cooperation
weakened because of changes in regional spatial planning after 2009 in Latvia. Therefore, at least in
Latvia, it is difficult to find convincing arguments towards regionalization of the spatial planning
agenda. Latvia, like most of the other European countries, pursue regional policy objectives and
regional development strategies, but the characteristic of the regional economy is not and has never
been evident in spatial planning. The spatial planning system and practice developed gradually with
significant changes in institutional settings in 2004 and 2011. The “Spatial Development Planning Law”
(2011) determined new institutional settings for the spatial planning agenda and aimed qualitative
changes into spatial planning practice. Since then the shift towards a strategic spatial planning
approach can be argued, as all three planning levels (national, regional and local) have strategies.
Since administrative-territorial reform (2009), physical planning with legally binding parts of the
local government plan has been practiced. The planning style can be characterized as decentralized,
integrated and comprehensive spatial planning with a tendency of centralization to recognise the
priorities at the national and regional scales [16]. However, the spatial planning of five planning
regions is of strategical and guiding character that include spatial development perspectives. Thus,
the regional level of spatial planning in Latvia comprises a strategical approach, whereas regional
development contributes mainly with a statistical approach. Weak cooperation among stakeholders
exists and public activity and participation increase slowly. The further shift towards collaborative and
consensus-oriented spatial planning may be seen as a big challenge for stakeholders in Latvia.

Concluding about the outcomes of the topical European comparative studies and provided
arguments, it seems quite obvious that focus has been directed more to spatial planning systems
than practices, as well as to more general scales than local planning experience. Summarizing on the
above review and analytical research towards a better understanding of spatial planning and territorial
governance in Europe, it is reasonable to continue with methodology building for case studies and
structured interviews to explore the spatial planning practices more specifically. It will ground the
setting of objectives and the introduction of the VLP approach for improved land use and spatial
development processes.
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3.2. Empirical Research: Towards Comprehensive Evidence Gathering

Following an institutional perspective, here references to the concept of socio-institutionalism or
“sociological institutionalist perspective” [19], that emphasize the complex interplay of governance
episodes, processes and cultural (place-specific; cf. [20]) assumptions guiding planning and urban
development, are made. The relational dynamics involved through a version of a sociological
institutionalist perspective focuses on governing rules and available resources, and dominating ideas
like these “play out in specific episodes and come to interact with institutionalized governance practices
and broader dynamics of cultural understandings” [11] (Healey: p. 53). Synthesizing from the key study
outcome gathered during analytical research, the main characteristics of the planning culture approach
were taken as a reference to develop the methodology for empirical research through case studies and
to create upon key research questions for qualitative research through semi-structured interviews.

To address the research aims of the VLP approach, it is necessary to perform not only analytical
research when examining a range of scientific literature and documentary sources, but also to involve
actors engaged in relevant policy processes. Invited competent experts in the spatial planning/land
use management field may provide opinions about local governance and relevant processes for CEG.
In general, the participants can; therefore, be considered to be versed in the technical language relating
to spatial planning/land use management and territorial governance at the local municipal level.
Accordingly, it is considered that a CEG based on sufficient participation and targeted challenges
and opportunities will contribute to the introduction of a VLP approach into practice when linking
scientific achievements with the most feasible practical solutions. CEG is mainly based on the
identification of barriers, bottlenecks, good planning implementation practices, values and preferences,
governance and collaboration forms, etc. Empirical research is carried out by making case studies at
selected and differently-experienced (historical evolution, traditions, institutions and development
level) countries. The specific governing administration as a part of a chosen country represents the
experience of one of four “ideal types” of spatial planning systems [7], and during the last decades have
faced relevant changes in spatial planning practices and territorial governance (discourses/traditions),
which is essential to the research context. It is expected that the knowledge of competent experts
represents the dominating opinion of local society (stakeholders) to a considerable extent and gives
some discursive influence on research, as he/she is well informed about relevant spatial planning/land
use management processes.

The framework for performing cases studies is proposed and key research questions accordingly
are developed (see in Figure 1) if considering the following assumptions:

• A “pragmatic view” reflects on planning culture through the prism of interrelated aspects:
(1) Social setting, (2) planning process and (3) planning environment [9] (Peric and Hoch: p. 1250);

• The study of multiple trajectories of European spatial planning points out four common trends in
the organisation of spatial planning: (1) Simplification of administrative structures, (2) attempts to
integrate planning with other policy sectors, (3) strengthening implementation of plans and (4)
engaging more effectively with citizens [11] (Nadin et al: p. 652);

• The logic of the framework of the transformation of spatial planning systems is constructed in the
way to provide the guidance when “structures” define “tools” to support “practices” [6] (p. 279).
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If considering the above framework in Figure 1, during the discourse of case studies and further
analysis, three key questions were formulated. (1) Who and under what circumstances organise planning
and are involved in it? (2) What are the peculiarities of the planning process and how is the planning
practice supported and improved? (3) What is the environment and how well does the planning absorb
the intensions and encourage the actors whose preferences and actions may influence future outcomes?
Thus, the first question is concerned more with territorial governance issues and possible arrangements,
the second—with procedures, modes, planning tools and techniques, and the third—with a reasonable
qualitative assessment of the planning environment and implementation of plans. More specific
questions are formulated in the “Draft schedule for semi-structured interview” and discussed during the
interviews and possible on-site visits, thus the core of the methodological tool for empirical analysis
can be recognized.

3.3. A Values-Led Planning Approach: Setting Objectives for Improved Practices

The topicality of the VLP approach to be substantiated and implemented into land use management
practice was developed upon an assumption that the creation of positive synergy in managing
land-related resources if exploring the territorial capabilities, threats and opportunities (e.g., the effects
of urban expansion, multi-functionality of land use, internalization of negative externalities and
challenges of a city agglomeration) causes primary necessity for the modern society. Previous
studies [6,16] contributed to the conceptual background and feasibility aspects of the VLP approach
to be introduced into practice by capitalizing, first of all, on comparative analysis of dynamic spatial
planning systems and planning cultures. The recent evolution of planning cultures, its substantial
changes during the last twenty years and prospective continuation quite clearly argue towards the VLP
approach to be developed and implemented to improve spatial planning as an essential and integrated
part of land management. The role of values is fundamental and their assessments and acceptance
contribute to reasonability and sustainability considerations when applying the VLP approach. Thus,
the domain of the VLP approach is found in ascertaining and acknowledging the values according to
their typology and conceptualized participation.

It has been concluded that it is necessary to improve the relevant practice and assess its effects
in specific territories based on identified, mainly place-based values and attitudes of primary local
stakeholders. Establishing a scientifically-sound framework and providing methodological support
will promote not only the internalization of negative externalities, but also enable identification of the
synergy that would enhance the balanced socio-economic and environmental impact and improve
the governance in the territory. Relevant processes (e.g., formal and informal spatial planning, local
development, protection of valuable landscapes and related consequent decision-making) strive for
collaborative learning by understanding the values of land-related resources and their most efficient
usage. Spatial/land use planners as skilled and capable enough professionals in their positions will
face new challenges and need to act as competent advisers to stakeholders. Planning activities
without focusing on the planning–implementation relationship should be seen as unprofessionally
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guided. A discourse towards a consensus-oriented planning style will promote the development and
management of sustainable communities when it focuses on win-to-win solutions in planning practices.

A VLP approach contributes, along with the “evaluation and planning–implementation concept”
and consequent principles, towards balancing the foremost interests of nature/landscape protection and
new development. Theoretically, two main principles provide the grounds for the improved spatial
planning practice and value capture: (1) Make the best possible and acceptable use of land and (2) share
the profit of land. To reveal these principles, some instruments are effectuated. Usually, the profit may
be understood as the ratio of benefits-costs after a particular analysis, but the value should be captured
for absorbing value increase and recovering development costs, for instance. The reasonability of the
VLP approach is found in dynamics and potential changes in land values and its use. From the spatial
planning point of view, if current conditions in a particular territory are found already to be the best
possible and they satisfy all stakeholders, then the VLP approach is insignificant, but, if a potential to
change anything in the territory is found (e.g., a new development or its restriction, or protection of
landscape/land-related resources from external impacts) and the initiative from stakeholders appears,
then the VLP approach is essential to apply.

Nowadays sustainability aspects should be attributed to challenges and issues towards an
intensification of land use—how to manage the growing pressure of human needs (e.g., food,
resource exploitation, well-being), while at the same time minimizing the impact on the environment
(e.g., ecosystems liveability, resource renewability, biodiversity)? “Sustainable intensification” [21] is
a suggested but vague term that needs to be clarified through land-use policies; however, it can be
applied to meet the mentioned quite challenging issues. If considering global tendencies, the context of
sustainable development is the same as realized since Brundtland’s report in 1987; however, the focus
and content required nowadays is different. Accordingly, how significantly human needs have to be
diminished or changed in order for the impact on the environment and land-related resources to be the
smallest possible. Practically, the potential for further spatial development should be assessed and
then supported by binding decisions. Decision-making needs to be backed with facts, actual data and
analysis through empirical evidence (i.e., “measuring and evaluating” as an essential outcome).

The VLP approach requires the organisation of expertise for determining the values and identifying
preferences through participatory actions and the consensus-building platform of stakeholders.
Therefore, the framework for guiding particular processes should be developed with the main focus
on the combination of both values and preferences, if considering their dynamic changes over time.
The implementation of the VLP approach needs holistic design and methodology. To understand
the general design, the framework of the transformation of spatial planning systems is appropriate
to apply [6]. This framework is proposed as it conceptualizes the introduction of the VPL approach
and focuses on improved spatial planning practice through (1) organisational formations (governing
structures), who provide tools for support and guidance; and (2) properly rearranged and acknowledged
institutional settings, which provide more effective regulations. The framework implies also the
potential for improving territorial governance.

4. Conclusions

In the light of overviewed European comparative research and analysis of its outcome, it has been
found to be reasonable to develop a methodology for CEG to explore the spatial planning practices
more specifically. It is concluded that the analytical work and performance of CEG substantiate the
setting of objectives for the introduction of the VLP approach.

The research aim for case studies is to discuss and deliberate new knowledge about possibilities
to improve the spatial planning practice and territorial governance and thus land use management in
general. The framework for case studies to carry out CEG is concerned with three main objectives:

1. To examine the organisation of the planning process and involvement of stakeholders
(administrative structures, policy styles, institutional and social settings, collective actions
and social learning);
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2. To explore the peculiarities of the planning process and how the planning practice is supported
and improved (deliberative plan making, planning modes, formal and informal planning tools,
project-oriented techniques);

3. To examine the planning environment and shared values of the actors whose preferences and
actions may influence further outcomes (cultural awareness of stakeholders in planning, shared
assumptions, values and preferences of involved parties).

The main objectives for the VLP approach are:

1. Improved, more supportive and collaborative territorial governance, informal institutions and
organisational forms as they significantly support formal spatial planning, social settings driven
by common and local, place-based interests;

2. Ensured spatial planning–implementation relationship, softer, more flexible and complementing
planning modes, formal and informal planning tools, project-oriented techniques and integrated
assessment instruments;

3. Balanced planning interests, towards meeting supply and demand in planning, increasing of
cultural awareness, shared perception and assumption of values and preferences.

To discuss and promote the introduction of the VLP approach into the planning practice, the
objectives should be structured when characterising not only the objectives alone, but also indicate
their rationale and tools, which are recommended to apply.

If considering the dynamics in the evolution of spatial planning (e.g., floating discourses, shaping
administrative structures, inspiring actors of change) as well as driving forces (e.g., reforms, crises,
“Europeanisation”), which influence changes in planning cultures, it is suggested to have some
mechanism for systematic assessment of:

1. Territorial governance (ascertaining the movement between both command/control and
consensus-oriented models);

2. Planning–implementation linkage (ascertaining the movement from just formal institutionalised
planning mode towards complementing informal planning arrangements);

3. Planning environment and shared values (ascertaining the movement between both supply-led
planning and demand-led planning styles).

It is hypothesized here that such an assessment will allow for understanding of the impact and
integration of national, regional and sectoral policies and priorities into the local spatial planning
agenda when meeting the interests of local stakeholders (e.g., housing policies, transport networks
and natural protection of coastlines).

Finally, it is considered, for the future, that key stakeholders, including official authorities,
landowners, developers, partnerships, advisers and enterprises, have to be sufficiently involved or
at least their opinion represented by experts when discussing the guiding methodological solutions
and specific tools. Having and analysing timely feedback would demonstrate more demand-driven
innovation with sufficient participation and target challenges, and opportunities to introduce a VLP
approach into practice when linking scientific achievements with the most feasible practical solutions.
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Abstract: The use of land consolidation on customary lands has been limited, though land
fragmentation persists. Land fragmentation on customary lands has two main causes—the nature
of the customary land tenure system, and the somewhat linked agricultural system. Since attempts
to increase food productivity on customary lands have involved fertilisation and mechanisation on
the small and scattered farmlands, these approaches have fallen short of increasing food productivity.
A study to develop a responsible approach to land consolidation on customary lands using a design
research approach is undertaken and reported here. Based on a comparative study, it is found that three
factors inhibit the development of a responsible land consolidation approach on customary lands—the
coverage of a land administration system, a land valuation approach, and a land reallocation approach
the fits the customary land tenure system. To fill these gaps, firstly, this study developed the
participatory land administration that brought together traditional land administration approaches
with emerging bottom-up approaches, as well as technological advances that drive these approaches
together with the growing societal needs. Secondly, a valuation approach was developed to enable
the comparison of the farmlands in rural areas that are without land markets. Finally, a land
reallocation approach was developed based on the political, economic and social, as well as technical
and legal characteristics of rural customary farmlands. This study concludes that though the land
consolidation strategy developed is significantly able to reduce land fragmentation, both physical
and land tenure, the local customs are an obstruction to the technical processes to achieve the best
form of farmland structures.

Keywords: land consolidation; food productivity; land tenure; land administration; land reallocation;
land valuation

1. Introduction

Food security as a crucial global challenge has received much attention over the past two decades
from international bodies, particularly in relation to sub-Saharan Africa. The importance of food
security is highlighted by its elevation from a target of one of the Millennium Development Goals
(MDG 1c) to a Sustainable Development Goal (SDG 2). Food security is a multi-faceted agenda with
several dimensions. Achieving food security means tackling its four dimensions—food availability,
food accessibility, food utilisation, and food stability [1]. This study uses agricultural productivity,
a component of food availability, as the primary motivator.

The link between food security and agricultural productivity on the one hand and, land and
land administration on the other hand has been explored practically and theoretically. Theoretically,
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Bennet et al. [2] shows land administration as one of the support systems that lead to increased
food security, though it undermines it in some cases. Van der Molen [3] concludes that provision
of food security requires the growth of agricultural productivity. Statistically about 821 million people
in the world (10.9% of the world population) are undernourished [4]. This is more pronounced
in the sub-Saharan African (SSA) region, with 22.7% of the population (224.3 million people) being
undernourished [5]. However, even though Africa is estimated to contain 60% of the world’s
uncultivated land, it is estimated that 65% of Africa’s arable land is too damaged to sustain viable
food production [6]. This problem points to the need to effectively manage the remainder of the
arable land. The institutional and technical approaches to increasing agricultural productivity include,
but are not limited to land and water access, access to markets, land tenure security, better roads,
mechanisation, and use of fertilizers. However, one factor that is found to impede these institutional and
technical approaches to increase agricultural productivity, among others, is the fragmented structure
of farms [7–9]. In many cases land consolidation has been touted as an effective solution to land
fragmentation [10–12]. This study starts from the endpoint of several studies including Abubakari et al.,
Blarel et al., Makana, and Takane [13–16], which conclude that conventional approaches to land
consolidation are not viable on customary lands. These studies however stopped short of identifying
the factors needed to be considered in order to develop a land consolidation approach on customary
lands. A deeper analysis of specific cases was deemed necessary. Land consolidation procedures can
be generally grouped into three main stages—the administrative preparatory stage, inventory and
planning (technical) preparation stage, and the implementation stage [17,18]. This study focuses on the
inventory and planning stage, which involve the collection and/or updating of land tenure and spatial
information, the valuation of the farms and ancillary lands, and the preparation of the land reallocation
and other land consolidation works, as well as the appeals from stakeholders for the plans. This paper
summarises and synthesises the results of a study into the development of a responsible approach
to land consolidation on customary lands, using Ghana as a case. The following section provides
a background to the problem and breaks down the research objectives for the various components
of the research.

2. Land Fragmentation and Land Consolidation on Customary Lands—A Background

Land fragmentation is the dispersion of a single farm-holding into several distinct farmland parcels,
as well as a discrepancy between land use and ownership [19–21]. Land fragmentation can seriously
obstruct agricultural development as it negatively affects mechanisation and reduces productivity.
Two forms of land fragmentation are found to exist—physical and land tenure fragmentation. Physical
fragmentation is the spatial dispersion of farm parcels over a large area of land (also known as scattering)
and the division of farmland parcels into small near-unproductive parcels (sub-division) [7,11].
Land tenure fragmentation is a discrepancy between land use and ownership [21]. Blarel et al. [14]
and Netting [22] in studies focused on Ghana, Rwanda, and Switzerland however show that land
fragmentation has some positive impacts on farm productivity. McPherson [23] therefore groups
the causes of land fragmentation into two causes—supply-side and demand-side. The supply-side
causes suggest that land fragmentation is a result of external forces such as population growth
and cultural systems which may result in partible inheritance and land scarcity, as seen in most
of Western Europe [8]; and a change in government policy that results in a breakdown of common or
communal property systems, as in the cases of Central and Eastern Europe and Eastern Nigeria [24,25].
In general, supply-side causes of land fragmentation have largely resulted in negative social, economic,
and environmental impacts and outcomes. However, demand-side causes result from farmers’ choices,
due to the positive impacts and benefits they reap from land fragmentation [26].

Land fragmentation has always been prevalent in the agricultural system of customary lands,
however its articulation as a problem is a recent occurrence [27–29]. Despite this, recent studies
examining food productivity in customary lands rather focus on the mechanisation of farms and
fertilizer use than dealing with land fragmentation [30–34]. Land fragmentation on customary lands
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has two key causes—the customary land tenure (a supply-side cause), and the agricultural system
(a demand-side cause) [35].

Customary land is defined in several ways depending on the origins. However, there are three
fundamental elements. The first is that land is held on the basis of locally evolved native land
tenure; secondly, the basis of the land holding includes group and individual rights, with the former
superseding the latter; and thirdly, the mechanisms for obtaining, using, distributing and disseminating
these rights arise from accepted practices based on the group’s customs and traditions [36–38].
Customary lands may also be referred to as community lands, communal lands, indigenous lands,
traditional lands, among others [36,39–41]. Customary land tenure reflects the socio-cultural and
spiritual bonds among generations—the many who have passed on, the living few, and the countless
generation yet unborn. The basic tenet of customary land administration is that the current generation
is a mere caretaker of the land meant to protect it as the legacy of their ancestors and safeguard it for
the future generation [42].

The nature of customary land tenure systems, together with the changing agricultural system
of customary lands, also presents another key cause of land fragmentation [29,40]. Shifting cultivation,
the predominant agricultural system of customary lands, allows for the tilling of the farms one after
the other, gradually causing land fragmentation. The fragmentation of parcels is not a problem when
population and demand for food is low: The farmer is able to take advantage of the fragmented parcels
to deal with seasonal labour bottlenecks [43,44]. However, the increase in demand for food in urban
areas, in tandem with the supply of fertilizer, causes the adoption of more intensive agricultural systems
such as the annual cultivation and the multiple cropping farming systems which require simultaneous
cultivation of the farm parcels, intensive weeding and ploughing [45–47]. Higher returns to labour
offered by the industrial and service sectors, as against the farming sector, also substantially reduce
the available pool of labour that can be hired, resulting in the farm labour being determined by the
household size [44]. The labour shortage necessitates the adoption of large farm machinery, to keep up
with the increasing urban food demand, which is difficult with small, scattered farms. The simultaneous
farming of the fragmented parcels, use of rudimentary farming equipment, and application of fertilizer,
still results in a less optimum productivity than experienced with the shifting cultivation [46,48].
This makes it necessary to deal with the land fragmentation situation.

Land consolidation has been successfully used to curb land fragmentation and increase food
productivity, and further develop rural areas in Europe and to some extent in Asia [11,49]. However,
the majority of land consolidation attempts in customary lands in sub-Saharan Africa have either
failed or broken down the customary land tenure in the areas [16,33,50,51]. Despite the un-supportive
land tenure and agricultural systems, attempts were made at land consolidation, predicated on
the assumption that land consolidation was needed as an approach to developing the agricultural
sector [15,34,52]. Makana [15] notes that land consolidation yielded rather positive results on some
customary lands results in terms of increase in food production, though the customary land tenure
system in those areas broke as a result. The results advanced for the successes and the failures of these
land consolidation schemes include the nature of the participation of the parties involved, and the failure
to adapt the land consolidation scheme to the conditions of the customary lands [51,53]. Malawi and
Kenya provide examples. In Malawi, in the 1940s, although the colonial government successfully
consolidated 81,000 hectares of farmlands, complete with infrastructural improvements, the programme
still failed because it was solely run by the colonial government, without local participation, after being
prematurely rolled out without consideration for local factors and conditions [33]. Kenya’s land
consolidation, also started by the colonial government, led to the complete overhaul of the land
tenure system, to do away with the customary land tenure and replace it with individual titles as
a major objective. The colonial government saw the customary system as a militating factor against
the benefits of land consolidation and a well-functioning land market [50]. This notwithstanding,
the land consolidation planning was participatory, with the plans being drawn by the government
officials together with the clan elders. However, the last step of the plan was to grant individual titles,
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thus effectively ending the coverage of customary land in these areas. The most recent of the land
consolidation activities in sub-Saharan Africa is from Rwanda, which undertook a new form of land
use consolidation [54–56]. With the prime objective of increasing agricultural production, the reasoning
behind this is to be able to undertake a land consolidation programme that does not alter the land
tenure relations [57]. The success of the Rwandan Land Use Consolidation, and the failure of the land
consolidation approaches in Malawi and Kenya, coupled with the general sentiment towards some
requirements for consolidating lands across sub-Saharan Africa, shows the need to investigate the
knowledge gap between the development of land consolidation and customary lands with consideration
for the local societal context through using a responsible approach.

Responsible approaches and policies apply broadly to a paradigm shift from traditional,
and general approaches and policies to solving problems, to more societally and contextually
based approaches and policies. The term “responsible” was mostly used in government and
public administration circles to describe the system of accountability. Land consolidation as a land
development tool dwells within a broader context. The adoption of responsible approaches to land
consolidation is needed to be able to align the land consolidation approaches to the conditions that exist
on customary lands [26]. There is therefore the need to comparatively study the areas that have already
undertaken land consolidation on customary lands, to be able to identify their commonalities and
peculiarities before a responsible land consolidation approach for customary lands can be developed.
The technological advances in land administration that have paved the way for land administration
to be aligned to customary lands and used as an aid to combat the problem of inadequate land
information and the absence of land value. It is acknowledged that certain characteristics of customary
lands cause land fragmentation and that land fragmentation can be reduced by land consolidation.
However, attempts to undertake land consolidation on customary lands have largely failed in the face
of inadequate land administration processes on customary lands. There is therefore the need to adapt
responsible approaches to land consolidation. The concepts relating to the problems and associated
in knowledge gaps in the development of a responsible land consolidation process are summarised
in Figure 1.
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Figure 1. Conceptual framework showing the gaps to be researched.

It is known that certain conditions on customary lands (land tenure and the farming system),
escalate the occurrence of land fragmentation. It is also known that land fragmentation responds
to land consolidation. However, it is seen that land consolidation has not been operative on customary
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lands. Therefore, to connect land consolidation with customary lands, it is necessary to improve the
inadequate land administration functions on customary lands that cannot support land consolidation.

The development of a responsible approach on customary lands took four steps; first the factors
that need to be addressed to develop a responsible land consolidation approach for customary lands
were explored. An approach for collecting land information to support responsible land consolidation
on customary lands was then developed and assessed. Furthermore, a land valuation approach
to support responsible land consolidation on customary lands was also developed, and the above
were applied to a process model for a land reallocation approach to support land consolidation on
customary lands.

3. Methodology and Research Approach

The choice of the research methodology is largely driven by the nature of the research problem,
the objectives, as well as the questions asked to reach the objectives. When the research seeks a method
that emphasizes the solving of problems through the combination of methods from different paradigms
that allow for the generalizable and quantifiable results by answering questions related to how much?
(qualitative methods), and those that allow for the rich and deep understanding of the situation,
answering questions related to the who, what, and how (qualitative method) related to information
systems, the design research is found to be most appropriate [58]. Design research is preferable
because it allows for the use of diverse research strategies needed when the research seeks to deal
with real world complexities. The design research is operationalized in five steps. First step is the
problem identification; second is understanding and agreement about the problem is generated;
thirdly, the options for the development of the system is explored and the system is developed; fourth,
the designed system is then implemented, and finally the implemented system is evaluated. The design
research methodology is summarized in Figure 2.
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Figure 2. The design research approach.

The first step requires the exploration of how land consolidation’s factors need to be addressed
on customary lands, encompassing the first two steps of the design research. A comparative case
study approach is adopted. In this vein, an analytical framework for understanding the reasons
different land consolidation strategies are developed and adopted or adapted in different contexts,
from existing literature, to form a scientific basis for the comparison. Using Van Dijk’s [59] model
of comparative analysis for cross-country exporting of knowledge, three countries with existing land
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consolidation strategies are selected, observed, and compared to Ghana’s rural customary lands.
This model is grounded in the reasoning that in transferring development and planning approaches
across international borders, it is necessary to understand how and why the approach was developed
in the original context. The goal of using this model is to first understand the local contexts, and then
to examine land consolidation factors and how they influenced the selection of the land consolidation
strategy. The selected countries included the Netherlands, Lithuania, and Rwanda. Data from the
Netherlands, Lithuania, Rwanda, and Ghana was collected through a document review—scientific
literature, government policies, laws, and technical reports; and supplemented with interviews with
land and agricultural sector officials, and farmers. In Ghana, further interviews were conducted with
the traditional authorities and local government leaders.

The second step used the experimental case study with a Living Lab approach. A Living Lab
is based on two main concepts—first is the involvement of users early in the innovative process,
and the second is experimentation in real-world settings, aimed at integrating the social structure and
governance, as well as user participation in the innovative process [60–62]. The stakeholders of the
experiment were identified, and the process of mapping and recording the land rights was developed
with the assistance of the Traditional Authority (the Nanton-Na and the family heads in the area),
the leaders of the Farmers’ Association of the area and the Lands Commission. Two technologies were
adopted for the experiment—a smartphone app and satellite imagery. The smartphone app used was
Esri’s Collector for ArcGIS. The satellite image was a February 2016 GeoEye-1 satellite image of the area
of interest was freely acquired from DigitalGlobe Foundation, and printed at a scale of 1:4000, which is
within the range of scales recommended by Byamugisha et al. [63] for mapping rural agricultural land
parcels with medium density.

The third step developed a valuation approach for land consolidation. Here, the multiple attribute
decision-making (MADM) method is used based on the general land valuation approach. MADM
methods are flexible and can be adapted with ease to the development of indices being represented
by a set of parameters, where the aim is to evaluate an object compared to a standard for which the
application is concerned. In the case of this study, the standard is the most appropriate land parcel for
farming. This approach is used because it is about to achieve quid pro quo values that can be used for
land consolidation.

The fourth step is achieved using the process modelling method that details the steps of the
approach taking into consideration the social, economic, cultural, technical, and political considerations
on customary lands. The process model developed in this paper is a meso-micro-level procedural
model. The meso-micro-level procedural model conveys best practices intended to guide real-world
situations by providing prescriptive guidelines for a design and/or problem-solving activity with
a focus on individual steps as well as end to end flows of the activity, where each step establishes
objectives, and constraints for the next, with feedback loops between the steps for the possibility
to re-work undesirable outcomes.

4. Overview of Study Area and a Background on Ghana’s Customary Lands

The study focuses on Ghana, an agriculturally dominant country. The choice of Ghana is made
because it is one of the two countries that undertook efforts to adopt customary land tenure laws
that were derived from an African angle, expend state influence out into the customary domain and
strengthening the governance structures already in place right after independence [64,65]. The other
country is Botswana. However, compared to Ghana, Botswana has a low land productivity that can still
be improved and is one of Africa’s smallest agricultural economies [66]. About 49% of the population
of Ghana lives in rural areas, with 45% of the country’s labour population (15 years and above) being
engaged in agriculture [67]. Agriculture contributes to 54% of the Ghana’s gross domestic product,
and accounts for over 40% of its export earnings, whilst at the same time providing over 90% of the
food needs of the country. Out of the 258,539 km sq. area that Ghana covers, 57% is classified as
agricultural land area.
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Customary lands are recognized by the 1992 Constitution of Ghana (Article 38) and cover 80%
of the lands in Ghana with the remaining 20% being public lands vested in the President in trust for
the people of Ghana [68]. The main interests in customary land tenure that relate to farming are the
Allodial Title, the Customary Law Freehold or Usufructuary interest, and Tenancy (Figure 3) [37,69,70].
The allodial title is held by the community and managed by its leaders under customary law, free from
any restrictions and obligations, except such imposed by the laws of Ghana. The allodial interest
cannot be transferred as this is restricted by the 1992 Constitution of Ghana and the customs, and it is
exclusive to the community or tribe that holds the rights. The Usufructuary interest is exercised by
individual members of a community to take possession of vacant land of which the community is the
allodial owner subject to certain restrictions and obligations, upon payment of nominal consideration
or free of charge [42]. The Usufructuary interest is transferable within the allodial land owning group
under certain strict circumstances. The Tenancy can be acquired by any person, indigene or otherwise,
based on specific prior agreed terms, usually share cropping or an annual payment, usually for
a term of one farming season. The tenant holds the land for the term exclusively, but subject to rules
of the allodial title holder and/or the usufruct and cannot transfer his rights without the consent and
concurrence of the landlord. Although the modes of acquiring the Usufructuary interest include the
clearing of an unencumbered land followed by uninterrupted settlement, or as a gift or purchase;
inheritance is currently the most common means of land acquisition [37]. The Usufructuary interest is
held in perpetuity except for situations of abandonment, forfeiture, or want of successor; in which case,
the land reverts to the allodial title holder [42,71]. The nature of the Usufructuary interest restricts
farmers from expanding, as contiguous parcels’ holders are unwilling to sell their parcels in order
to hold the land for the future generations. This causes land fragmentation because to expand their
operations, farmers move to parcels further away from their primary parcels.
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Farming in Ghana varies according to the seven agro-ecological zones—the rainforest, deciduous
forest, semi-deciduous, transition, and the savannah zones (Guinea, Sudan, and Coastal) (Figure 4).
In the forest zones, plantation and tree crops such as cocoa, oil palm, coffee and rubber are pre-dominant.
The savannah and transition zones are characterized mostly by annual crops such as maize, roots,
sorghum, and cowpea. In terms of rain, the forest and coastal savannah areas have bimodal rainy
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season, giving rise to two farming seasons per year—a major and a minor farming season. In the
Guinea and Sudan savannah, and transition zones, there is one rainy season.
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Figure 4. Location of the study area in Ghana.

This study is conducted in a farming community in one of the savannah zones of Ghana.
These areas were chosen for two reasons. The first relates to the agro-ecological characteristics of the
area. The savannah areas are characterized by tall grasses and a few trees (mostly shea, acacia, baobab,
and mango) dotting the landscape. These conditions are favourable for the use of GNSS in this
study, as the absence of tree cover will reduce the likelihood of multipath errors when using GNSS.
The second reason relates to the tree crops grown. The growing of annual crops allows a certain
amount of flexibility when dealing with the manipulation of farmland parcel arrangements. The area
used for this study, Nanton is in the Guinea savannah agro-ecological zone, with the land tenure being
held on the basis of the skin lands.

5. Outcomes of the Aspects of Responsible Land Consolidation

This section outlines the main results of the project, according to the research objectives. The results
have been summarised in Figure 5 with respect to the gaps in relationships between the concepts
shown in Section 2.
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5.1. Factors that Influence the Selection and Development of a Responsible Land Consolidation Approach

To identify how local factors, affect the selection of a land consolidation approach, three countries
with contemporary land consolidation approaches were identified—the Netherlands, Lithuania,
and Rwanda. The Netherlands was found to have land consolidation approaches that have evolved
over five centuries, from Voluntary Land Exchange, to Land consolidation by agreement and Land
Development. Lithuania has developed the Voluntary and Simple Land Consolidation over the past
fifteen years, and Rwanda developed its own form of land consolidation, the land use consolidation
in 2008. A harmonisation of the land consolidation approaches in these three countries shows that
generalising the development of land consolidation approaches in a continuum from simple and
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voluntary approaches to comprehensive and compulsory approaches, as is done in certain studies,
based on the development level of the locality, does not result in development of a responsible land
consolidation strategy, but the local needs and societal makeup is key in the selection of the land
consolidation approach. The results showed five key areas around which the development of the
land consolidation approaches centre—the government support for and role in land management
activities; the land market and land mobility; land tenure, land fragmentation and farming technology;
the coverage of a land information system, as well as environmental and ecological considerations.

Comparing these influences, it was found that the state of the economy, the type of land
fragmentation, ecological considerations, and the level of farming technology in Ghana was similar
to at least one of the countries with an existing land consolidation approach. The conditions that
did not bear any similarities with existing land consolidation strategies were the low influence of the
government in land management activities, the absence of a land market, the inadequate coverage
of a supportive land information system, and the customary land tenure. However, it was found that
the conditions that did not adequately match the countries with existing land consolidation approaches
require a substantial change to the social, economic, and cultural structure of the communities,
in order to align them with the existing approaches. These conditions therefore require innovative and
responsible interventions to enable response to the requirements of land consolidation. The detailed
results of this objective may be found in Asiama et al. [35].

5.2. Participatory Land Administration: An Approach to Collecting Land Information

Land administration processes in Ghana have been found to be slow and expensive in relation
to the urgency of the results, and out of reach of most of the citizens. Furthermore, they have failed
to integrate all forms of land tenure arrangements especially secondary and customary land rights.
It was found that the innovative approaches to land administration on customary lands in Ghana which
include the systematic titling by the Millennium Development Authority, the Paralegal Titling Project
and the Community-based Land Survey Tool, all had the same problem of being slow, expensive,
and concentrated in urban areas and on large-scale farms. Here, participatory land administration
(PLA) that sits at the nexus of the drivers of technological innovation and approaches to development
studies; where traditional land administration approaches, deeply rooted in western views, together
with bottom-up emerging approaches that challenge traditional approaches, as well as technological
advances that drive these approaches together with the growing societal needs.

The experiment into PLA in Nanton, Ghana was assessed in terms of reliability, affordability,
local participation, and attainability. In terms of reliability, it was found that both technologies,
the smartphone app and satellite image were easy for the farmers to use, as the majority of them were
users of smartphones. The accuracy of the mobile app ranged between 1 and 3 m, which even though
it is not adequate for the land title registration in Ghana, is enough for the recording of land rights
in rural areas. No boundary disputes were encountered. The mobile app was further able to capture all
230 farmland parcels in the area, though the identification on the satellite yielded 143 parcels (Figure 6).
The former was further able to identify and collect information on all the customary land rights that
are related to farming. In terms of affordability, the two technologies used together are found to be
cheaper to use than the current approaches on customary lands. Whereas the current conventional and
innovative approaches in Ghana cost at least GH¢ 500 (EUR 125) and GH¢ 200 (EUR 20) per parcel,
this approach is estimated to cost GH¢ 36.83 (EUR 9.24) per parcel. This cost will reduce with scaling
up. In terms of local participation, it was found that the local people were involved in every step
of the approach. This according to them gave them a sense of ownership of the data and the process.
The involvement of the Trusted Intermediaries further created a layer of check for the information
collected. In terms of attainability, the experiment took 10 working days, roughly 20 minutes per parcel.
This would however reduce when the interviews and focus group discussions for the assessment of the
process is excluded. The process is therefore fast. The use of locally acquired and accessible materials
further boosted the ability of the local people to replicate the process.
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Even though the experiment did not set out to undertake a full land consolidation, it is found
capable of capturing all customary land rights as well as other information relevant to land consolidation.
The detailed results of this objective may be found in Asiama et al. [72].

5.3. Valuation of Farmlands for Land Consolidation

Land value is not explicit on rural customary lands, mostly because the social, cultural, and spiritual
bonds with land inhibit the free operation of a land market. Land reallocation in land consolidation
relies on land valuation to describe and assign a value to the farmlands that will be reflective of the
farmers’ perception of their farmland values. The traditional valuation approaches, including the
cost, investment, and comparative methods, are used to value customary lands. However, in rural
areas, it is found that even though the sales of land are very uncommon and unlikely, where land is
rented out, the money that exchanges hands is a flat rate that is charged regardless of the nature of the
farmland parcel.

There are two approaches to land valuation in land consolidation—the agronomic value, with its
basis being the soil productivity and quality, and the market value. Alternatively, market value has
been touted as the better approach with studies pointing out the deficiencies in the agronomic value
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approach. However, the market value approach cannot be used in sub-Saharan Africa’s customary
lands due to the limited land market. Here, a framework was developed for an approach for
assigning values to customary rural farmland parcels that reflects the local people’s view of land
value. Land value indices are used here instead of scores to allow for continuous values in comparison
instead of discrete values through a flexible and content-specific approach that allows replication
in other contexts. The approach is knowledge-based, using local and expert judgement through value
functions. LVIs measures how far land value factors LVFs), that influence land value, deviate from
the most suitable farming conditions, here denoted as one, or the worst, here being zero. To identify
and understand the factors that affect farm-land value on rural customary lands, the factors found
in previous studies relating to the valuation of other types of land were identified. The LVFs are first
assigned scores through a quantitative method for the continuous variables, or a categorical rating
method for discrete variables using the appropriate ordinal scale. These scores are derived from expert
and local judgement. The scores of the factors were standardized using the direct value rating to allow
for comparison on the scale.

The land value index (LVI) for each parcel is calculated by multiplying the standardised score
of each factor (Sfp) by the corresponding weight of the factor (Wf), and summing for each farmland
parcel, as depicted in the equation function below;

LVIp =
n∑

p=1

S f pW f (1)

It was found in the case study of Nanton that key land value factors that determine land values
relate to the physical attributes, legal conditions, agricultural productivity, locational factors, and the
planning scheme of the farmland parcels (Figure 7). These factors were weighted by the local community
according to their perception of what affected their choice of farmland parcels. The weights were
integrated into the framework that produced the land value index (LVI) for each land parcel in the
area of study. The results showed that in a scenario analysis, a change in weights affected the land
value indices at a scale that could change the comparative basis of the land parcels. The sensitivity
analysis however showed that the LVIs were not significantly sensitive to the changes in the weight
of the factors. However, a prime weakness of this framework is that it is more expensive to use than
automatic valuation models. The results demonstrate that it is possible to place relative quid pro quo
values on rural agricultural farmlands that are not part of a land market. These quid pro quo values
will serve as a basis for the reallocation of the farmland parcels. The detailed results of this objective
may be found in Asiama et al. [73].
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5.4. Land Reallocation for Customary Lands

The results of the previous two sections were synthesised to develop the framework of a land
reallocation model. Land reallocation is seen as the most important stage in the land consolidation
process, where property rights are exchanged, and farmland parcels are redistributed and reorganised.
A model of land reallocation should therefore consider all related land information (spatial, rights,
and value) and the wishes of the involved land holders. The framework for the model is developed
using a process model taking into consideration the social, economic, cultural, technical, and political
considerations on customary lands, through the steps of analysis, synthesis, and evaluation.

The undertaking of land reallocation generally has three key requirements and considerations.
Politically, land reallocation requires a mediating authority to act as an arbitrating force during the
planning and implementation, because of the disputes that land reallocation may spark. Similar to land
consolidation in general, land reallocation also requires a level of land mobility that will allow for
the exchange of farmland parcels, in this case related to social land mobility, i.e., land mobility based
on the social and cultural norms in the community. The development of a land reallocation model
further requires a consideration for the land tenure system and the land fragmentation situation.
Customary lands characteristics that are relevant to land reallocation relate to the rules that relate to the
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transfer of land between two parties. Here, even though it is generally accepted that customary lands
cannot be transferred, it is found that customary land tenure rules do indeed allow for the transfer
of land, but with strict restrictions. The framework of the land reallocation model is built around the
legal and technical aspects of land reallocation, taking into consideration the levels of landholding
(individual, family/clan, village, etc.). The framework for the land reallocation is focused on the family
level as Section 5.1 shows that transfer of lands within families involves only the individuals concerned.
However, where land is transferred outside the family, it requires the consent of the two families.
Figure 8 below shows the flowchart of the land reallocation framework.
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Figure 8. Flowchart of the land reallocation framework for customary lands.

When the model framework was applied to the area of interest, it was found that physical
land fragmentation was significantly reduced, with a reduction in the number of farmland parcels,
an increase in the parcel sizes, a reduction in the land tenure fragmentation, an increased accessibility
to key lines of transportation, and slight improvement in the parcel shapes in the area, even though
this was not a goal of the approach. The most appropriate central mediating authority in the area
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was found to be the traditional authority in the area, much different from the other areas in the world
where land re-allocation has been done. Figure 9 shows a change detection map of the area of interest
before and after the land reallocation. Table 1 also summarises the effects of the land reallocation.

Land 2019, 8, x FOR PEER REVIEW 15 of 21 

where land re-allocation has been done. Figure 9 shows a change detection map of the area of interest 

before and after the land reallocation. Table 1 also summarises the effects of the land reallocation. 

 

Figure 9. Parcel arrangements before and after land reallocation. 

In terms of the land tenure system, local customs, and land mobility, the study found the 

relationship between the tenant and the usufruct to be a key cause of land tenure fragmentation. 

However, the study further showed that land tenure fragmentation would be reduced with the 

application of the approach. With regards to the land reallocation between families, it was found that 

the developed approach could not handle this as the local people were vehemently against families 

parting with their sub-allodial interests in land, even when it is swapped for a similar parcel of land. 

The only seeming solution was to rent out the family land to serve the purposes of re-allocation. 

However, although this would reduce the physical land fragmentation, the land tenure 

fragmentation would worsen. The detailed results of this objective may be found in Asiama et al. [74]. 

Table 1: Summary of the effect of the approach of the land reallocation. 

Category Initial Final 

Figure 9. Parcel arrangements before and after land reallocation.

In terms of the land tenure system, local customs, and land mobility, the study found the
relationship between the tenant and the usufruct to be a key cause of land tenure fragmentation.
However, the study further showed that land tenure fragmentation would be reduced with the
application of the approach. With regards to the land reallocation between families, it was found that
the developed approach could not handle this as the local people were vehemently against families
parting with their sub-allodial interests in land, even when it is swapped for a similar parcel of land.
The only seeming solution was to rent out the family land to serve the purposes of re-allocation.
However, although this would reduce the physical land fragmentation, the land tenure fragmentation
would worsen. The detailed results of this objective may be found in Asiama et al. [74].
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Table 1. Summary of the effect of the approach of the land reallocation.

Category Initial Final

Number of individual farmland parcels in area of interest 230 Parcels 130 Parcels
Number of Farmers in the area of interest 95 Farmers 95 Farmers

Average number of farmland parcels per Farmer 2.4 Parcels 1.37 Parcels
Number of Family Lands 42 Farm holdings 42 Farm holdings

Average number of farmland parcels per Family 5.4 Parcels 3.1 Parcels
Area of largest farmland parcel 10.79 Hectares 10.79 Hectares

Area of smallest farmland parcel 0.07 Hectares 0.22 Hectares
Average farmland parcel size 1.25 Hectares 2.20 Hectares

Standard deviation of farmland parcel areas 1.08 1.68
Maximum Parcel Shape Index 1.0 1.0
Minimum Parcel Shape Index 0.00 0.02
Average Parcel Shape Index 0.66 0.76

6. Synthesis and Discussion of Results

This section synthesises the results from the four standalone research results summarised in the
previous section and discusses the implication of the results to current land consolidation strategies,
to land and food policy formulation and implementation, meeting other societal challenges and needs,
and to the study area of Ghana.

6.1. To Current Land Consolidation Strategies

As shown in the different sections, land management activities are very much dependent on
the local context in which they are being applied. However, there is very little literature on the
considerations for the transfer of land management activities into other areas. This work, using land
consolidation as a land management activity, explores the factors that must be considered and how
to achieve those factors when transferring the processes to Ghana’s rural customary lands. This is
important because even though the problems in two areas may be similar, the response to those
problems may differ, as shown in Section 5.1, and therefore need comparative analysis. The results
in this work further contribute to the literature and scientific knowledge on how land management
activities could be transferred from one part of the world to another, in this case from western countries
to sub-Saharan Africa. Thus, building upon the works of Masser and Williams [75], and Van Dijk [59],
where the latter explored the transfer of land consolidation knowledge from Western Europe to Eastern
and Central Europe.

This work further builds upon other works in land consolidation such as Hartvigsen [25] and
Van Dijk [8] that looked at the land consolidation approaches and policies in Central and Eastern
Europe viz-a-viz Western Europe at a macro-level, and Demetriou [17] who looks at the development
of systems to support the undertaking of the individual stages of land consolidation at a micro level.
These three studies however dwell on areas with already existing and functioning land administration
systems. Hence a lot of core and key steps of land administration functions in land consolidation
are not considered. This study is developed in three steps—a land administration process, a land
valuation approach, and a land reallocation model, contributing to the scientific knowledge of land
consolidation at a micro-level (Figure 2). All these three steps exist in literature, the difficulty in using
them elsewhere stems from the inadequacy of a general framework for all of them that can be adapted
to a local context. This is because each of these three processes are developed to fit a particular local and
legal context. In this work, the general requirements and processes for each approach were explored
and defined, before the case specific adjustments were developed. This means that some processes had
to be deconstructed as they assume certain minimum characteristics in the conventional approaches
such as land mobility and a land market which did not exist. In this regard, the processes developed
in this work can be applied to any area, with consideration for the local context. This work therefore
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contributed the knowledge of developing general processes for land administration processes that are
needed to support land consolidation.

6.2. To Land and Food Policy Formulation and Implementation

Policies form one of the bases for land management (the other two being Land Information
Infrastructures and country context) [76]. The results in Section 5.2 demonstrated the inability
of the collected land information to support land management activities for sustainable development.
The need for land policies to consider the gap between land information collection or the building
of a cadastre on the one hand and sustainable development on the other, is shown in that section.
The results show that merely collecting land information is not enough, but the land information should
be meant for a particular purpose. Such an approach as collecting land information is not immediately
obvious when looking at western countries, however, it is more obvious with SSA countries. Therefore,
this work can help with the formulation and improvement of land policies to re-orient them towards
gearing land information to land management activities to support sustainable development.

The formulation of food and agricultural policy can also be influenced by the results of this work.
As shown in Section 5.1, policies on increasing food productivity focused mostly on mechanisation
and fertilisation, rather than looking at land availability, the size of farmland parcels, and the land
tenure security of farmers. The result in Section 5.4, describes the framework for the land reallocation
model and its application in a case area, shows how the application of the approach can be applied
to increase the size of the farmland parcels and reduce the fragmentation of land tenure. This research
therefore enriches the need for a stronger link between food policy and land, especially in terms
of food productivity.

6.3. To Other Societal Challenges and Needs

Societal challenges such as climate change adaptation, poverty alleviation, food security, post conflict
nation building, and tenure security have a land footprint. Land has been viewed as a key driver for
sustainable development. Therefore, its effective management will contribute to meet the aforementioned
challenges and needs towards sustainable development. Though the focus of this research is on food
security, and more specifically food productivity, the findings can further impact on the other societal
challenges and needs.

The results show the development of innovative land administration processes that may assist
in land management activities that are geared towards meeting the identified societal needs and
challenges. In Section 5.2, the participatory land administration (PLA) approach developed can be used
to collect land information to support other activities, such as large-scale land acquisitions, disaster risk
management, and post conflict nation building, with the goal of land tenure security. PLA may
also aid with economic and infrastructure development and increasing investments in property by
providing land documents to aid in the procurement of loans for property investments within the legal
framework. This further contributes to food security, as farmers are more likely to invest in their farms
when they are more tenure secure. In Section 5.3, the land valuation approach developed does not only
apply to rural customary lands and land consolidation. This land valuation approach is applicable
for large-scale land acquisitions, by the government or by private entities, especially in areas without
land markets. This will ensure that the values arrived at bear close resemblance to the market value.
Furthermore, the land valuation approach may be used by the government for the fair assessment
of taxes and the payment of fair and adequate compensation for compulsory land acquisition.

6.4. To the Study Area of Ghana

The three areas of interest selected in Ghana were based on the agro-ecological characteristics,
the types of crops grown, and the land tenure system. The first two bases of selection were chosen
because of their commonalities in the three areas of interest; however, the land tenure system was
chosen because of its variety in the three areas. The findings in Section 5.1 demonstrate that all three
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tenure types have common underlying basic principles, therefore, one area of interest was adequate
for the remainder of the work. Nanton was the area of interest chosen for the remainder of the work,
because, with its skin lands, it has the most complex land tenure structure among the three (Figure 3).
This implies that the results of this work can be directly applied in Nanton. In the remaining two
areas of interest the results need to be adjusted according to the complexity of the land tenure system.
The results of this work can be further extrapolated to other areas of Ghana with skin, family, or Tindana
lands. However, this work did not cover stool lands as they have similar land tenure characteristics as
skin lands. Therefore, minimum adjustments would be expected to be made to apply the results on
stool lands.

Furthermore, cases from the Netherlands, Lithuania, and Rwanda are useful for the areas of interest
and Ghana as a whole, especially regarding the evolution of land consolidation approaches overtime
and land management activities in general.

7. Conclusions

This study aimed at developing a responsible approach to land consolidation on customary lands,
using Ghana as a case. The study found that in a comparison between countries with a responsible land
consolidation (Rwanda, Lithuania, and the Netherlands) on one hand and a country with customary
lands but without a land consolidation (Ghana) on the other hand, there were three areas that needed
attention to develop a responsible land consolidation the land administration processes, the land
valuation approach, and the land reallocation approach. The participatory land administration (PLA)
was developed to bring together traditional land administration approaches, deeply rooted in western
views, together with bottom-up emerging approaches that challenge traditional approaches, as well
as technological advances that drive these approaches together with the growing societal needs.
A valuation approach was then developed to enable the comparison of the farmlands in rural areas
that are without land markets. Finally, a land reallocation approach was developed based on the
political, economic and social, as well as technical and legal characteristics of rural customary farmlands.
This study finds that though the land consolidation strategy developed is significantly able to reduce
land fragmentation, both physical and land tenure, the local customs are an obstruction to the technical
processes to achieve the best form of farm structures. However, the consideration of all aspects of the
society and technology being a basic tenet of responsible approaches, the changes to the local customs
is beyond the scope of this study.

A further comparative study can be undertaken on other SSA countries’ rural customary lands
to further understand the differences, in terms of the requirements of land consolidation. In addition,
future work should focus on further developing land valuation and land reallocation approaches by
automating them using Computer Assisted Mass Appraisal (CAMA) systems with GIS, and Spatial
Decision Support Systems (SDSS), respectively. This is because the processes developed in this study
were generalised processes that exist in other regions of the world. The valuation approach was
developed in the rural farming context, it can therefore also be developed further looking at urban land
to put it in a broader context. This will further deepen and enrich the use of market information in the
valuation of urban lands, especially for slum areas for non-market values. Furthermore, as shown
in Section 5.1, customary lands are independently managed in each community, saved for the national
legal framework that tries to harmonise their management. This means that a single land consolidation
approach will not fit the whole country. Further research should therefore be conducted into the
legal framework of Ghana, vis á vis land consolidation in order to develop an integrated, flexible,
and inclusive framework for customary lands towards land consolidation. Further research also needs
to be done in the implementation, through active research in the conduct of a pilot land consolidation
process in the customary areas, to further ascertain the limitations that the approaches have in other
areas. This, in tandem with the scaling up approach by further establishing workflows, will enable the
testing of the approach with a wider coverage.
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