Al Uwadinma & K Nwakalo-imu: Comparative Analysis of Technological
Advances in Land Registration and Management Across Global Jurisdictions

COMPARATIVE ANALYSIS OF TECHNOLOGICAL ADVANCES
IN LAND REGISTRATION AND MANAGEMENT ACROSS
GLOBAL JURISDICTIONS

Alex lloba Uwadinma* and Kimashinor Nwakalo-imu**

Abstract
This article examines the critical role of technology in
improving land registration and management systems,
emphasizing integration within both statutory and
customary land laws. Recent technological advancements
have significantly transformed land administration,
enhancing efficiency, transparency, and reducing property
disputes. The study utilizes a comprehensive review of
existing literature and case studies to assess the application
and effectiveness of Geographic Information Systems (GIS),
blockchain, and digital databases in land registration. GIS
technology is highlighted for its precision in land
demarcation and conflict prevention, while blockchain is
noted for providing a secure, transparent approach to
maintaining land registries, which helps reduce fraud and
unauthorized alterations.  Additionally, the paper
investigates the role of technology in resolving land
disputes, especially in contexts where customary land rights
intersect with statutory laws. The effectiveness of digital
platforms for dispute resolution is explored, assessing their
potential to provide more accessible and efficient ways to
settle land-related conflicts. The aim is to provide a
thorough understanding of how contemporary technology
can enhance land registration and management systems,
leading to stronger and more equitable land governance.
The findings and recommendations are particularly relevant
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to policymakers, legal professionals, and stakeholders in the

land administration sector.
Keywords: Blockchain Technology, Digital Databases, Geographic
Information Systems (GIS), Land Administration, Land Disputes,
Technological Integration

1. Introduction

The effective registration and management of land remain fundamental to
the stability and growth of any society. In the complex interplay of statutory
and customary land laws, the efficiency, transparency, and fairness of land
administration systems are of utmost importance. Yet, in many parts of the
world, particularly in developing countries, land administration systems
grapple with challenges including inefficiencies, corruption, and disputes
arising from ambiguous land rights.!

Customary land laws, deeply rooted in tradition and often unwritten, coexist
with statutory land laws, which are codified and enacted by governments.
This duality can lead to conflicts and confusion in land registration and
management, especially where customary land rights are not formally
recognized in statutory frameworks.? These issues are compounded in
settings where land registration systems are outdated or poorly maintained,
making it difficult to verify land ownership and transactions reliably.

The advancement of technology offers a beacon of hope in addressing these
longstanding issues. With the rise of digitalization, land administration
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systems have the potential to undergo transformative changes. Geographic
Information Systems (GIS), for example, have been instrumental in
providing accurate and detailed spatial data, aiding in land demarcation,
planning, and management.® GIS technology enables the precise mapping
of land parcels, providing clear and accessible information that is necessary
for efficient administration of land.

Moreover, with the advent of the concept of blockchain, there are now more
options for protecting property transaction data. Blockchain's decentralized
and immutable ledger system may greatly improve land registries'
transparency and safety while lowering the possibility of fraud and
unauthorised changes.* This technology can serve as a powerful tool in
ensuring the integrity of land registration systems, particularly in
environments where trust in governmental institutions is low.

The digitalization of land records into comprehensive databases is another
critical aspect of modern land administration. Digital record-keeping
facilitates easier access to land records, reduces paperwork, and increases
efficiency in managing land-related information. When implemented
effectively, digital land databases can streamline administrative processes,
making land registration and transactions more user-friendly and less prone
to errors.®

However, integrating technology into land registration and management
systems is not without its challenges. Issues such as digital divide, data
privacy, and the need to adapt technological solutions to local contexts and

3 Subrata N Das and others, ‘Geospatial Technologies for Development of Cadastral
Information System and its Applications for Developmental Planning and e-Governance’
in Geospatial Technologies for Resources Planning and Management (Cham: Springer
International Publishing, 2022) 485.

# Mohammed Shuaib and others, ‘Blockchain-based Framework for Secure and Reliable
Land Registry System’ (2020) 18 (5) TELKOMNIKA (Telecommunication Computing
Electronics and Control), 2560.

5 Hassan Wagas and others, ‘Digital Cadastral Land Information System for Enhanced
Land Management in Pakistan’ (2024) 3 (1) Journal of Building Design and Environment.
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legal frameworks cannot be overlooked. Furthermore, the success of such
technological interventions heavily relies on policy support, infrastructure
development, and capacity building among stakeholders.® The paper is
structured to address these complexities systematically, beginning with an
overview of modern technologies impacting land administration, it then
delves into the specifics of Geographic Information Systems (GIS),
blockchain, and digital databases. Each section not only explores the
technological capabilities and benefits but also critically examines the
challenges and potential pitfalls. Subsequent sections discuss the
application of these technologies in resolving land disputes, with a focus on
their integration within the frameworks of statutory and customary land
laws. The paper concludes with strategic recommendations for
policymakers, aiming to bridge the gap between technological potential and
practical implementation in land management systems.

2. Technological Developments in Land Administration

The domain of land administration has seen a substantial change brought
about by incorporation of contemporary technology. These advancements
offer solutions to longstanding challenges such as inefficiencies,
inaccuracies, and fraud in land management. At the forefront of this
technological revolution are systems like Geographic Information Systems
(GIS), which have revolutionized how land is demarcated and managed.

2.1  Overview of Modern Technologies Impacting Land
Administration

The landscape of administration of land is increasingly being affected by
several key technologies. These include not only GIS but also blockchain,
artificial intelligence (Al), and various forms of digital data management
systems. Each of these technologies brings unique advantages that can
significantly enhance the effectiveness of land administration practices.

6 ibid (n1).
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Blockchain, for example, offers an immutable, safe and transparent
approach of documenting property transfers that significantly lowers the
possibility of fraudulent and unlawful changes. Its application in land
registration systems has been gaining traction globally, providing a more
reliable and secure method of handling land records.’

Artificial intelligence and machine learning are also making inroads into
land administration. Al helps with predictive analysis for land use planning
and valuation by processing enormous amounts of information to find
trends as well as anomalies. Machine learning algorithms have the ability
to examine satellite data to identify changes in the use of land, aiding in
environmental monitoring and compliance with zoning regulations.®

Moreover, digital data management systems, which involve the
digitalization of land records, are critical for enhancing accessibility and
efficiency. These systems reduce the dependency on paper records,
streamline administrative processes, and facilitate easier access to land
records for both administrators and the public.®

2.2  Potential of Geographic Information Systems (GIS) in Land
Demarcation and Management

GIS technology has arguably had the most profound impact on land
administration. It offers an effective instrument enabling investigation,
interpretation, and visualisation of geographic and geographical data. The
precision of land delineation may be greatly enhanced by using GIS to map
individual parcels of land accurately. It also enables the overlaying of

" Vedant Barai, ‘Blockchain in Land Registry for Transforming Land Administration’
(2024) 3 Journal of Theoretical and Applied Information Technology, 102.

8 Mohd Javaid and others, ‘Understanding the Potential Applications of Aurtificial
Intelligence in Agriculture Sector’ (2023) 2 (1) Advanced Agrochem, 15.

% Anna M Hersperger and others, ‘Digitalization in Land-Use Planning: Effects of Digital
Plan Data on Efficiency, Transparency and Innovation’ (2022) 30 (12) European Planning
Studies, 2537.
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various types of data, such as topographical, environmental, and
infrastructural data, which is essential for effective land management and
planning.’

In urban planning, GIS is invaluable in managing urban sprawl and
planning for infrastructure development. It aids in identifying suitable
locations for different types of development, assessing potential
environmental impacts, and planning for public utilities and services. GIS
data can also be used to analyze population density and growth patterns,
assisting in making informed decisions about urban development and
housing needs.!

In agricultural land management, GIS helps in identifying suitable land for
different types of agricultural activities, optimizing irrigation systems, and
managing natural resources more efficiently. By analyzing soil types,
topography, and climatic data, GIS can aid in maximizing agricultural
outputs while ensuring sustainable land use practices.!?

GIS is also pivotal in environmental conservation efforts. It helps in
monitoring land use changes, assessing the effects of human activity on
ecosystems in nature, and planning conservation initiatives. For instance,
GIS data can be used to track deforestation, manage protected areas, and
plan reforestation projects.'®

10 ibid (n3).

1 Fiona Greer and Jasenka Rakas and Arpad Horvath, ‘Airports and Environmental
Sustainability: A Comprehensive Review’ (2020) 15 (10) Environmental Research
Letters, 103007.

2 Mohammed AE AbdelRahman and Rehad H Hegab and Taher MH Yossif, ‘Soil Fertility
Assessment for Optimal Agricultural Use using Remote Sensing and GIS Technologies’
(2021) 13 (4) Applied Geomatics, 605.

13 Md Farhadur Rahman and Kamrul Islam, ‘Effectiveness of Protected Areas in Reducing
Deforestation and Forest Fragmentation in Bangladesh’ (2021) 280 Journal of
Environmental Management, 111711.
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2.3 Integrating GIS with other Technologies

There are now additional options for even more transparent and effective
land management thanks to the combination of GIS with additional
innovations like blockchain and artificial intelligence. For example,
combining Blockchain technology used with GIS might improve the
dependability and security of geographical data in land registries. Al
algorithms can process GIS-generated data to provide predictive insights
for managing the usage of land and risk assessment.*

Nevertheless, there are difficulties in implementing GIS and other cutting-
edge technology in the management of land. Among these are the
requirements for significant investment in technology and infrastructure,
the training of personnel, and the evolution of appropriate legal and
institutional frameworks to support the use of these technologies.
Additionally, there is the matter of confidentiality and security of data,
which needs to be handled with caution.®

3. Blockchain Technology for Land Registration

Land registration systems are undergoing a transformative shift as
blockchain technology is increasingly integrated. This section offers a
comprehensive exploration of how blockchain, a cutting-edge technology
known for its robust security and transparency features, is reshaping the
landscape of land registries.

3.1  Overview of Blockchain Technology and Its Characteristics
Blockchain innovation was first conceived as the fundamental foundation
for cryptocurrencies such as Bitcoin, is a dispersed digital ledger that keeps

14 Yu Cao and others, ‘BIM-GIS Integrated Utilization in Urban Disaster Management:
The Contributions, Challenges, and Future Directions’ (2023) 15 (5) Remote
Sensing, 1331.

15 Olaolu Kayode-Ajala, ‘Establishing Cyber Resilience in Developing Countries: An
Exploratory Investigation into Institutional, Legal, Financial and Social Challenges’
(2023) 8 (9) International Journal of Sustainable Infrastructure for Cities and Societies, 1.
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track of transactions over several computers in a way that prevents
subsequent alteration. Its primary features include decentralization,
immutability, and transparency, making it an ideal solution for applications
where secure and tamper-proof record-keeping is essential .16

Decentralization in blockchain indicates that the register is not under the
authority of one person or kept in one place, which enhances security and
reduces risks associated with centralized data storage. Once a transaction is
recorded on the blockchain, it cannot be altered or deleted, which is known
as immutability. This feature is essential for preserving the accuracy of the
records. Transparency in blockchain is achieved through the ledger being
accessible to all participants, making certain that every transaction is
transparent to and confirmed by each party.!’

3.2  Blockchain Application in Enhancing Transparency and
Security in Land Registries

The security and clarity of land registration processes may be greatly
improved by using the blockchain system. Fraud, dishonesty, and
inefficiency are among the problems plaguing land registers in several
nations. Blockchain can address these issues by offering a safe, open, and
unchangeable database of land deals.®

3.3  Security Enhancement through Blockchain

The security features of blockchain can prevent unauthorized access and
alterations to land records. Conventional land register systems are
susceptible to manipulation, data loss, and unauthorised access as they

16 Kanika Agrawal and others, ‘An Extensive Blockchain Based Applications Survey:
Tools, Frameworks, Opportunities, Challenges and Solutions’ (2022) 10 IEEE
Access, 116858.

17 ibid.

18 L_Luca Mario Comincioli and GE Governance, ‘The Role of Blockchain in Improving
Land-Users’ Rights (Can Blockchain Solve Corruption Problems in Land Administration
in Developing Countries?-The Case of India)’ [2021] Mémoire De Master Joint Global
Economic Governance and Public Affairs, CIFE European Institute, Luiss School of
Government, Rome, 100p.
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frequently rely on paper records or centralised digital databases. Given that
blockchain technology is decentralised, data is kept across a distributed
system of computers, making it very impossible for one entity to alter
entries without the network's consent.’® This feature considerably lowers
the possibility of deception and corruption in land transactions.

3.4 Improving Transparency and Trust

Blockchain enhances transparency in land registries by creating a verifiable
and accessible ledger of transactions. In blockchain-based land registries,
every transaction, once recorded, is visible to all participants, ensuring that
all changes in ownership and other relevant land data are clear and
accessible. This level of transparency builds trust among stakeholders,
including landowners, potential buyers, and government agencies.?

For instance, in Sweden, the Lantmateriet (the Swedish Mapping, Cadastre,
and Land Registration Authority) has been experimenting with blockchain
for land registrations, aiming to simplify property transactions and foster
greater public confidence in the land management system.?

3.5  Case Studies: Blockchain in Land Registry

Several countries have begun implementing the blockchain innovation in
their systems for registering land. In Georgia, a blockchain land titling
project was initiated to enhance security and transparency in property
transactions. This initiative has reportedly led to increased confidence in
the land registry system and a reduction in fraudulent activities.?

19 Bela Shrimali and Hiren B Patel, ‘Blockchain State-of-the-Art: Architecture, Use Cases,
Consensus, Challenges and Opportunities’ (2022) 34 (9) Journal of King Saud University-
Computer and Information Sciences, 6793.

20 ibid (n4).

2L ibid (n1).

22 Jennifer Ayala, ‘Increasing Transparency within City Government Using Blockchain
Technology’ [2024] < https://repository.usfca.edu/studentwork/14/> accessed 17 April
2024,

199 https://doi.org/10.59568/KIULI-2023-5-2-09



Kampala International University Law Journal (KIULJ) [2023] Vol. 5, Issue Il
[ISSN: 2519-9501] Website: www.kiulj.kiu.ac.ug

In Dubai, the government launched a blockchain strategy aimed at securing
all government documents, including land registries, by 2020. This move is
part of a broader effort to establish Dubai as a leader in blockchain
technology and enhance efficiency and trust in public services.?

3.6  Challenges and Considerations

While blockchain technology holds significant promise for enhancing
security and transparency in land registries, its successful implementation
involves navigating a complex array of challenges and considerations. The
technical complexity of blockchain technology is substantial; it requires not
only a deep understanding of its principles by those implementing it but
also a readiness among end-users to adopt this new system. This complexity
necessitates extensive training and education campaigns to ensure all
participants can effectively engage with the new system.?*

Furthermore, integrating blockchain into existing land registration systems
often demands significant infrastructural changes. This encompasses both
hardware, such as servers and secure storage solutions, and software,
including customized blockchain solutions that can handle large volumes
of transactions while ensuring data integrity and security. The infrastructure
must also be robust enough to handle potential scalability needs as
blockchain usage grows.

Legal and regulatory frameworks also need comprehensive revision to
accommodate blockchain in land registration. Current laws may not
adequately address the nuances of blockchain, such as data ownership,

2 Ahmed Alketbi and Qassim Nasir and Manar Abu Talib, ‘Novel Blockchain Reference
Model for Government Services: Dubai Government Case Study’ (2020) 11 (6)
International Journal of System Assurance Engineering and Management, 1170.

24 Barikisa Owusu Ansah and others, "A Systematic Review of the Institutional Success
Factors for Blockchain-Based Land Administration’ (2023) 125 Land Use Policy,
106473.

25 ibid.
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cross-border data management, and the legal validity of blockchain
transactions. New regulations must be crafted thoughtfully to support the
adoption of blockchain while protecting stakeholder interests and
maintaining compliance with international standards.?®

Interoperability with existing systems presents another critical challenge.
Blockchain solutions must be designed to interact seamlessly with current
land registry databases and other governmental information systems. This
requires standardized protocols and interfaces that allow for smooth data
exchange and integration without compromising security or performance.?’
Ensuring equitable access to technology is equally important. Blockchain
implementations in land registries should not exacerbate existing digital
divides but rather should aim to increase inclusivity. This involves ensuring
that the technology is accessible not only in urban centers but also in remote
and underserved areas. Strategies might include mobile solutions, localized
training programs, and support services to help all users adapt to the new
system.?

Moreover, the ethical considerations of implementing blockchain in land
registries should not be overlooked.?® Questions regarding data privacy, the
right to amend or delete personal information under certain conditions (in
line with GDPR and other privacy regulations), and the potential for misuse
of immutable data records need careful examination.*® These ethical
challenges require ongoing dialogue among technologists, legal experts,
policymakers, and the community at large to ensure that blockchain

26 jbid.

27 Shadab Alam and others, ‘Blockchain-Based Initiatives: Current State and Challenges’
(2021) 198 Computer Networks, 108395.

28 jbid.

29 Gianluca Miscione and Christine Richter and Rafael Ziolkowski, ‘ Authenticating
Deeds/Organizing Society: Considerations for Blockchain-Based Land Registries’

In Responsible and Smart Land Management Interventions, (CRC Press, 2020) 133.

30 Eugenia Politou and others, Privacy and Data Protection Challenges in the Distributed
Era. Vol. 26. (Heidelberg, Germany: Springer, 2022) 1.
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technology serves the public good without infringing on individual rights
or societal norms.%

4. Digital Databases and Record-Keeping in Land Administration
The modernization of land management frameworks through digital
databases and record-keeping is an important step in the direction of
dependable, clear and effective management of land. This evolution from
traditional, often paper-based systems to digital formats has revolutionized
land administration globally.

4.1  Role of Digital Databases in Land Administration

Digital databases in land administration provide a centralized, accessible,
and secure platform for storing and managing land records. These databases
facilitate the efficient handling of land-related data, including ownership
details, boundaries, land use, and historical transactions. The key
advantages of digital land databases include improved data accuracy,
streamlined administrative processes, enhanced transparency, and better
accessibility of information for stakeholders.®2

Among the main advantages of digital databases is the reduction in
paperwork and manual record-keeping, which significantly reduces errors
and data loss risks. Digitalization allows for quick data retrieval and
updates, improving the responsiveness and efficiency of land
administration services.® It also plays a crucial role in dispute resolution,
as digital records provide clear and reliable evidence of land transactions
and ownership.®*

3L ibid (n29).

32 R Joannides, ‘Towards Improved Land Administration Services: A Model to Support
Spatial Data Interoperability among Land Agencies in Accra, Ghana’ [2023] Master's
Thesis, University of Twente.

33 Eunice Taurus and Peter Wamae, ‘Land Records Digitization and Service Delivery in
the Ministry of Lands in Kenya’ (2022) 6 (3) International Journal of Current Aspects, 59.
3 ibid.



Al Uwadinma & K Nwakalo-imu: Comparative Analysis of Technological
Advances in Land Registration and Management Across Global Jurisdictions

In terms of data management, digital databases enable the integration of
various types of land-related information into a single platform. This
integration is vital for comprehensive land management, supporting
decision-making in urban planning, environmental conservation, and public
policy.*®

4.2 Case Studies on Successful Implementation of Digital Record-
Keeping Systems

Several countries have successfully implemented digital land record
systems, setting valuable examples for others to follow.

4.2.1 Estonia’s Digital Land Registry System

Estonia, known for its advanced digital governance initiatives, has
implemented a fully digital system of land registry. This arrangement
allows for the electronic submission of land transactions, digital signing of
documents, and web-based access to land documents for citizens and
businesses. The Estonian land registry system is renowned for its
efficiency, security, and user-friendliness, significantly reducing
transaction times and increasing public trust in land administration.*

4.2.2 India’s Digital India Land Records Modernization Program

India’s Digital India Land Records Modernization Program (DILRMP)
aims to modernize land records management across the country. This
ambitious program involves digitizing land records, integrating textual and
spatial data, and providing online access to these records. In several Indian

3 ibid (n26).

3 United Nations Committee of Experts on Global Geospatial Information Management
(UN-GGIM) “Future Trends in Geospatial Information Management: The Five to Ten Year
Vision® (3" edn, 2016).

203 https://doi.org/10.59568/KIULI-2023-5-2-09



Kampala International University Law Journal (KIULJ) [2023] Vol. 5, Issue Il
[ISSN: 2519-9501] Website: www.kiulj.kiu.ac.ug

states, the program has led to more transparent and efficient land record
management, reducing disputes and improving land market operations.®’

4.2.3 Rwanda’s Land Tenure Regularization Program

Rwanda’s Land Tenure Regularization Program 1is another notable
example. This program involved the land records digitization and the
issuance of digital land titles. It resulted in increased land tenure security,
reduced land disputes, and improved land market functionality. The digital
land registry system in Rwanda is acclaimed for enhancing landowners'
rights, particularly for women, and for contributing to economic
development.®

4.3  Challenges and Considerations in Implementing Digital
Record-Keeping Systems

Implementing digital land record systems is not without challenges. Issues
such as the digital divide, particularly in developing countries, need to be
addressed to ensure equitable access to digital land services. Data security
and privacy are other significant concerns, as land records contain sensitive
personal information.®

Moreover, the successful implementation of digital databases requires
substantial investment in IT infrastructure, capacity building, and legal

%7 Klaus Deininger and Harris Selod and Anthony Burns, The Land Governance
Assessment Framework: Identifying and Monitoring Good Practice in the Land Sector
(World Bank Publications, 2012).

% Thierry Hoza Ngoga, ‘A Quick, Cost-Effective Approach to Land Tenure
Regularisation: The Case of Rwanda’ [2019] International Growth Centre, London
<https://www.theigc.org/sites/default/files/2019/03/Land-tenure-regularisation-the-case-
of-Rwanda-March19-FINAL.pdf> accessed 18 April 2024.

39 Daniel Ayalew Ali and others, ‘Sustaining Land Registration Benefits by Addressing
the Challenges of Reversion to Informality in Rwanda’ (2021) 110 Land Use
Policy, 104317.
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framework adjustments. Ensuring interoperability between various data
systems and maintaining data accuracy and integrity are also crucial.*

5. Technology in Resolving Land Disputes

The settlement of land conflicts, a common challenge in land
administration, is being redefined through the use of technology. This
evolution presents an opportunity to resolve disputes more efficiently and
accessibly, a critical aspect under land laws globally.

51 Role of Technology in Dispute Resolution under Land Laws
Land disputes often arise from issues such as boundary disagreements,
inheritance conflicts, land grabbing, and unclear land rights. Traditionally,
resolving these disputes has been a time-consuming and often opaque
process, involving lengthy legal proceedings. However, the integration of
technology into this process is opening new avenues for quicker, more
transparent, and fair resolutions.*

Technological tools like Geographic Information Systems (GIS), online
dispute resolution platforms (ODR), blockchain, and artificial intelligence
are changing how land disputes are managed and settled. These innovations
provide mechanisms for evidence collection, data analysis, and facilitate
communication between disputing parties, which can streamline the
resolution process.*?

5.1.1 Geographic Information Systems in Dispute Resolution

40 Hossein Omrany and others, ‘Digital Twins in the Construction Industry: A
Comprehensive Review of Current Implementations, Enabling Technologies, and Future
Directions’ (2023) 15 (14) Sustainability, 10908.

41 peter Cashman and Eliza Ginnivan, ‘Digital Justice: Online Resolution of Minor Civil
Disputes and the Use of Digital Technology in Complex Litigation and Class
Actions’ (2019) 19 Macquarie LJ, 39.

42 Serene Ho and others, ‘Scaling Emerging Geospatial Technologies for Land
Administration:  Understanding Institutional Innovation Dynamics through a
Technological Innovation System Perspective’ in Proceedings of the 2019 World Bank
Conference on Land and Poverty, Washington, DC, USA, [2019] 25.
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The GIS technology plays an important role in settling conflicts over the
utilisation and boundaries of land. By providing accurate, detailed maps
and spatial data, GIS helps in clearly defining land boundaries, a common
source of disputes. In the context of land disputes, GIS can be used to
overlay historical data, cadastral maps, and other relevant information to
objectively assess and resolve boundary issues.*®

5.1.2 Online Dispute Resolution Platforms (ODR)

ODR platforms are increasingly being adopted to resolve land disputes,
providing a more accessible and less intimidating environment than
traditional court settings. These platforms allow parties to engage in
negotiations or mediation remotely, facilitated by technology. ODR
platforms are especially helpful in areas with limited availability of legal
services since they may drastically save the time and expenses involved in
settling disputes.*

For example, platforms like Modria, an online dispute resolution service,
have demonstrated success in resolving a range of disputes, including land-
related issues, through mediation and arbitration facilitated online. This
approach is conducive to a more collaborative and less adversarial
resolution process.*

5.1.3 Blockchain Technology in Securing Land Transactions

Blockchain technology can also play a role in preventing disputes,
particularly those related to fraudulent transactions and land grabbing.
Blockchain guarantees the integrity and transparency of land records by
creating an unchangeable record of transactions involving land,

43 Carmen Femenia-Ribera and Gaspar Mora-Navarro and Lius J Santos Pérez, ‘Evaluating
the Use of Old Cadastral Maps’ (2022) 114 Land Use Policy, 105984.

44 Daniel Rainey and others, ‘Online Dispute Resolution-Theory and Practice: A Treatise
on Technology and Dispute Resolution’ [2021] 1. <
https://www.torrossa.com/en/resources/an/5486927> accessed 18 April 2024.

45 ibid.
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significantly reducing the potential for disputes over land ownership and
transactions.*®

5.1.4 Artificial Intelligence in Dispute Analysis

Al and machine learning algorithms offer sophisticated tools for analyzing
patterns in land disputes, predicting potential conflict areas, and suggesting
resolutions based on historical data. Al can analyse vast amounts of data
pertaining to disputes to spot patterns and recurring problems, giving
administrators and legislators in the management of land important new
information.*’

5.2  Challenges and Opportunities

Implementing technology in the resolution of land disputes presents both
challenges and opportunities. A primary challenge involves guaranteeing
equitable channel to these technological tools, particularly for
disadvantaged groups who may lack the resources or knowledge to engage
with digital platforms.®® Additionally, maintaining the protection and
confidentiality of sensitive information used in dispute resolution processes
is paramount.*®

Despite these challenges, the opportunities presented by technology in
dispute resolution are significant. Technology can lead to more efficient,
cost-effective, and fair resolutions of land disputes. It can increase

48 ibid (n4).

47 Amit Kumar Tyagi and Shrikant Tiwari, ‘The Future of Artificial Intelligence in
Blockchain Applications’ in Machine Learning Algorithms Using Scikit and TensorFlow
Environments (IGI Global, 2024), 346.

8 |ssabele Deganis and others, ‘Leveraging Digital Technologies for Social Inclusion’
[2021] United  Nations  Department of Economic and  Social  Affairs
<https://www.un.org/development/desa/dpad/wp-
content/uploads/sites/45/publication/PB_92.pdf> accessed 18 April 2024.

49 Samuel Oladiipo Olabanji, ‘Advancing Cloud Technology Security: Leveraging High-
Level Coding Languages Like Python and SQL for Strengthening Security Systems and
Automating Top Control Processes’ (2023) 29 (9) Journal of Scientific Research and
Reports, 42.
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confidence in the land administration system and contribute to the overall
stability and development of communities.>

5.3  Case Studies and Examples

Several jurisdictions have successfully implemented technology in
resolving land disputes. In India, for instance, the government has
introduced the e-Courts project, which includes digital tools for handling
land disputes. The goal of this project is to decrease the congestion of
circumstances, particularly those involving conflicts over property, by
improving the efficiency and accessibility of the legal system.>!

In Rwanda, the application of geographic information systems
innovation in the Land Tenure Regularization program has contributed to a
significant reduction in land disputes. The program involved mapping and
registering all land parcels in the country, with the data being made
accessible to the public, thereby reducing ambiguity and potential disputes
over land boundaries and ownership.>2

6. Integrating Technology with Customary and Statutory Land
Laws

The integration of technology into land administration regimes, particularly

within the complex milieu of customary and statutory land laws, presents

both significant opportunities and notable challenges. This integration is a

pivotal step in modernizing land governance and enhancing its efficiency,

transparency, and accessibility.

50 Adewale Akingbade and Olayinka Ajala, ‘Pro-Poor Land Administration for National
Security and Development in Nigeria’ (2021) 1 (1) Afrigist Journal of Land
Administration and Environmental Management, 30.

51 Soma Dey Sarkar and Subhajit Bhattacharjee, ‘A Study on Resolving Disputes in Trial
Courts Through Online Dispute Resolution in India’ (2023) 5 (10) Revista Brasileira de
Alternative Dispute Resolution-Brazilian Journal of Alternative Dispute Resolution-
RBADR, 307.
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6.1  Challenges in Integrating Technology within Different Legal
Frameworks

One of the primary challenges lies in the harmonization of technology with
existing legal frameworks. Customary land laws, often unwritten and based
on traditional practices, may not seamlessly align with modern
technological systems designed primarily for statutory legal frameworks.>
This discordance can lead to issues in recognition and registration of
customary land rights, potentially marginalizing communities that rely on
these traditional systems.>*

Another challenge is the disparity in technological infrastructure and
capacity between urban and rural areas, where customary land laws are
more prevalent.® This digital divide can hinder the equitable
implementation of technological solutions in land administration,
exacerbating existing inequalities.*

The integration of technology also raises concerns regarding data privacy
and security, especially in contexts where land records are sensitive and
subject to misuse. Ensuring the security of digital land records and
protecting them from unauthorized access and corruption is paramount.®’

6.2  Opportunities in Integrating Technology with Land Laws

53 Mireille Hildebrandt, ‘Legal Protection by Design: Objections and Refutations’ (2011)
5 (2) Legisprudence, 223.

5 Klaus W Deininger, Land Policies for Growth and Poverty Reduction [2003] World
Bank Policy Research Report <https://books.google.com.ng/books?hl=en&Ir=&id=-
3HWZigoZDMC&oi=fnd&pg=PR9&ots=3SmYf-
0Dpc&sig=MV95Seev2 AsO0TVKVr1KJI2Y X3564&redir_esc=y#v=onepage&q&f=false>
accessed 16 April 2024.

% Xiaopin Zhou and others, ‘Theoretical Logic and Implementation Path of
Comprehensive Land Consolidation for Promoting Common Prosperity: A Case Study of
Ningbo City’ (2024) 13 (2) Land, 253.

%6 ibid.
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Despite these challenges, the integration of technology in land
administration offers immense opportunities. It can enhance the clarity,
reliability, and accessibility of land records, which is particularly beneficial
in regions where land governance is fraught with inefficiency and
corruption. The accuracy of land documentation and the security of
transfers of land may both be greatly increased by using technologies like
blockchain and GIS, respectively.>®

Technological integration also opens up opportunities for more inclusive
participation in land governance. Digital platforms can facilitate broader
community engagement in land-related decision-making processes,
especially in areas governed by customary laws.*

6.3  Case Studies/Examples from Various Jurisdictions

6.3.1 Rwanda’s Land Tenure Regularization Program

Rwanda’s approach to integrating technology with land laws serves as an
exemplary case. The country’s Land Tenure Regularization Program
successfully registered over 10 million parcels of land, integrating
customary land rights into a formal system supported by digital
technologies. This program utilized high-resolution aerial imagery and GIS
technologies to map and register land parcels, significantly reducing land
disputes and increasing land tenure security across the country.%

6.3.2 Blockchain in Land Registration in Georgia

Georgia’s implementation of blockchain technology in land registration
showcases the potential of integrating cutting-edge technology with
statutory land laws. The blockchain-based land registry system enhanced

%8 ihid (n42).

%9 Prince Donkor Ameyaw and Walter Timo de Vries, ‘Blockchain Technology Adaptation
for Land Administration Services: The Importance of Socio-Cultural Elements’ (2023)
125 Land Use Policy, 106485.
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the security and transparency of land records, making Georgia one of the
first countries to implement blockchain in public services at this scale.

6.3.3 Australia’s Approach to Integrating Indigenous Land Rights
In Australia, there have been initiatives to integrate indigenous land rights
within the national land administration framework. The use of GIS and
other digital tools in recognizing and mapping native title rights showcases
how technology can aid in reconciling statutory and customary land laws,
although challenges remain in fully addressing indigenous land rights
within the national legal framework.?

7. Policy Recommendations and Future Directions in Technology
for Land Registration and Management

The adoption of technological solutions in land registration and
management is essential for modernizing land administration systems. To
successfully navigate this transformation, policymakers must be strategic
in implementing technology while considering its impacts on society and
the legal system. This section outlines key recommendations and
anticipates future trends in the field.

7.1  Policy Recommendations for Adopting Technological Solutions
7.1.1 Harmonizing Technology with Legal Frameworks:
Policymakers should ensure that technological advancements in land
management are harmoniously integrated with existing legal frameworks,

1 Nino Lazuashvili and Alex Norta and Dirk Draheim, ‘Integration of Blockchain
Technology into a Land Registration System for Immutable Traceability: A Case Study of
Georgia’ In Business Process Management: Blockchain and Central and Eastern Europe
Forum: BPM 2019 Blockchain and CEE Forum, Vienna, Austria, September 1-6, 2019,
Proceedings 17, (Springer International Publishing, 2019) 219.

62 Alice Maree Roughley and Susie Williams, The Engagement of Indigenous Australians
in Natural Resource Management: Key Findings and Outcomes from Land & Water
Australia and the Broader Literature, (Land & Water Australia, 2007) 1.
<https://library.dbca.wa.gov.au/static/Full TextFiles/070634.pdf> accessed 27 April 2024.
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including customary land laws. This requires legislative updates and
reforms to accommodate new technologies and methodologies.

7.1.2 Investing in Technological Infrastructure: Significant
investment is needed in technological infrastructure, particularly in
developing countries. This includes not only hardware and software but
also in human capacity building for managing and operating technological
systems in land administration.

7.1.3 Prioritizing Data Security and Privacy: As digital databases and
blockchain technologies become more prevalent, ensuring the security and
privacy of land records is paramount. Policymakers must establish robust
data protection laws and standards to prevent misuse and unauthorized
access to sensitive land information.

7.1.4 Promoting Inclusive Access: To avoid deepening the digital
divide, policies should ensure equitable access to technological tools in land
administration. This includes facilitating access to digital platforms for
marginalized and rural communities and providing necessary training and
support.

7.1.5 Public-Private Partnerships: Engaging in public-private
partnerships can be beneficial for leveraging private sector expertise and
innovation in technology while maintaining public oversight and control
over land administration processes.

7.1.6 Community Engagement and Transparency: Policies should
encourage transparency and community engagement in land administration
processes. Digital platforms can be used to facilitate public participation
and access to information, enhancing trust in the system.

7.2  Future Trends in Technology for Land Registration and
Management
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7.2.1 Blockchain Beyond Pilot Projects: Blockchain technology is
expected to move beyond pilot projects into more widespread adoption in
land registries globally. This transition will likely be accompanied by more
robust regulatory frameworks and standards for implementing blockchain
in public record keeping.

7.2.2 Combining the Use of Machine Learning and Artificial
Intelligence: Artificial intelligence and machine learning are poised to play
a more significant role in land management. Al could be used for predictive
analysis, risk assessment in land transactions, and automated processing of
land records, enhancing efficiency and reducing human error.

7.2.3 Advancements in GIS Technologies: Geographic Information
Systems will continue to evolve, offering even more precise and detailed
land mapping capabilities. Future GIS technologies might integrate more
seamlessly with other digital platforms and offer real-time data analysis for
land management.

7.2.4 Increased Use of Remote Sensing Technologies: The use of
remote sensing technologies, such as drones and satellites, for land
surveying and monitoring will likely increase. These technologies offer a
cost-effective and efficient method for land mapping and are particularly
useful in remote and inaccessible areas.

7.2.5 Smart Contracts for Land Transactions: The use of smart
contracts in blockchain platforms could automate many aspects of land
transactions, including the execution of sale agreements, transfers of
ownership, and payments, cutting expenses for transactions and the
requirement for middlemen. The future of land registration and
management is intrinsically linked with technological advancements. For
policymakers, the challenge lies in creating conducive environments for
these technologies to flourish while ensuring they serve the public interest
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and uphold fairness and security. As there are advances in technology,
cautious and thoughtful policy-making is destined to be crucial in
harnessing its full potential to improve land administration systems
worldwide.

8. Conclusion

The exploration of technological advancements in land registration and
management reveals a transformative landscape, driven by significant
innovations such as Geographic Information Systems (GIS), blockchain,
and artificial intelligence (Al). These technologies are reshaping land
administration by enhancing the precision of land demarcation, bolstering
the confidentiality and openness to land documentation, and providing
predictive insights that increase operational efficiency. However, their
integration in knowing current regulatory and administrative components
exhibits challenges including the need to update laws to accommodate
digital transactions, ensure data privacy, and address issues like the digital
divide. Nonetheless, the potential of these technologies to improve
transparency, reduce corruption, and increase the overall efficiency of land
administration is considerable, provided that policies are inclusive and
accessible to all, particularly marginalized and rural communities.

Looking ahead, the future of land registration and management is closely
linked with ongoing technological progress. The continuous evolution of
blockchain and Al is expected to further revolutionize this sector, leading
to more secure, efficient, and transparent systems that enhance trust in land
governance. The movement towards more widespread digitalization will
likely make land registration and management processes more user-friendly
and accessible, empowering individuals and communities, facilitating
smoother transactions, and promoting sustainable land use practices.
Additionally, the use of these technologies in land administration paves the
way for smarter, data-driven decision-making that can significantly
contribute to the United Nations Sustainable Development Goals. As
technology advances, it is crucial for policymakers, practitioners, and
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communities to engage collaboratively to ensure that the evolution of land
management regimes meets the diverse needs and aspirations of societies
globally.
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